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ERRATA 


Erratum. In the News and Views article "Dividends for 
Societies” (Nature, 220, 5; 1968) it was wrongly stated that 
the Fulmer Research Institute was in Sussex. It is, of 
course, in Stoke Poges, Buckinghamshire. 


“erratum. In the communication "Fracture in Bending, 
Torsion and Radial Pressure" by C. Gurney (Nature, 220, 
31; 1968), equation (4) should read 


E 


A 
E, = 4Xu, = 4Xu, + $ fodAe, 
0 


The reference to equation (7) in the fourth paragraph of 
the second column should be to equation (5), and in the 
last equation C should be c. 


Erratum. In the News and Views note “Swanscombe 
Re-excavated" (Nature, 220, 123; 1968) the second 
sentence should have read “This summer, very well 
preserved animal bones and Clactonian flake tools and 
chopper cores in mint condition, have been recovered 
from a two aere site owned by the Nature Conservancy", 
and not the National Trust as stated. 


ERRATUM. In the article “Effect of Antiserum to E. coli 
DNA Polymerase on Synthesis of DX174 DNA in Extracts 
of ®X-Infected Cells", by David T. Denhardt (Nature, 
220, 131; 1968), uumoles in the eighth paragraph and in 
the legend to Table 3 should read mymoles. 


Erratum. In the article “Implications of Shock Effects 
in Iron Meteorites" by Anant V. Jain and Michael E. 
Lipschutz (Nature, 220, 139; 1968) the second sentence 
of the tenth paragraph should read “The matrix of the 
unshocked meteorite seems somewhat altered (Fig. 2a) 
as noted previously!?". 


Erratum. In the communication ‘‘Polydeoxynucleotide 
'ntermediates in DNA Replication in Regenerating 
aver", by K. Tsukada et al. (Nature, 220, 162; 1968), 
the first sentence should read: ‘Observations made by 
Okazaki et al.}\? and Oishi? support the idea that relatively 
small . polydeoxynucleotides are intermediates in the 
replication of both strands of bacterial and phage DNA”. 
The second sentence of the third paragraph should read: 
“The rise in nuclear DNA synthesis began about 12h after 
the operation and the rate was about two-thirds of the 
maximimal after 16 h and maximal after 19 h (ref. 4)”. 
In the penultimate paragraph the first two sentences 
should read: “The results obtained when the unheated 
DNA preparation of Fig. 4 was exposed to exonuclease I 
(240 v/ml., 30 min, 37° C) and portions were chromato- 
graphed on hydroxyapatite or sedimented in neutral or 
alkaline sucrose gradient are not shown". 


Erratum. In the News and Views note “Saving the 
Lost Tin” (Nature, 220, 215; 1968) we referred to a 
mineral concentrator as the * "Mozley- Burch concentrator” 
Dr Burch has written to say the invention was solely the 
work of Mr Mozley. 
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EnRATUM. In the communication “Radiation and Matter 
in an Open Cosmological Model", by A. D. Chernin 
(Nature, 220, 250; 1968), the last equation in the first 
column of page 250 should read 


An = +C) (pe— £g)?" em. A (2) (Pe — ppt 


EnRATUM. In the article "Species Specificity in Growth 
Regulatory Effects of Cellular Interaction” by Harry 
Eagle, Elliot M. Levine and Hilary Koprowski (Nature, 
220, 266; 1968) the last twelve rows of the last column of 
Table 1 should read as follows: 


xO 


x 


e 


OX M. X X X X x x 
& gpro 


> 


In the letter from G. H. Keswani (Nature, 
1968) the last reference should be to A Die- 
The 


ERRATUM. 
220, 311; 
tionary of Scientific Units, and not to Relativity : 
General (Theory. 


CORRIGENDUM. In the article "A Pulsar «Supernova 
Association ?" by M. I. Large, A. E. Vaughan and B. Y. ` 
Mills (Nature, 220, 340; 1968) the correlation coefficient 
0:53 in the third from last paragraph should read — 0-53 


Erratum. In the article “Magnetic Models of Pulsars’ 
by V. L. Ginzburg et al. (Nature, 220, 355; 1968) the 
sentence beginning on the nineteenth line of the third 


a 


paragraph should begin “If we assume that v6, . . 
'The penultimate sentence of the same paragraph should 
read "Besides, we can see no real mechanism in pulsars 
for accelerating particles with «S>Mc*~10° eV. The 
second sentence of the sixth paragraph should read 
“With an asymmetrical orientation of the dipole, the 
intensity of the subpulses will be different”. The second 
reference should read Maran, 8. P. and Cameron, 
A. G. W., Physics Today, 21, 41 (1968). 


Erratum. The name of one of the authors of the com- 
munication “Ribosome Formation from Subunits: 
Dependenee on Formylmethionyl-transfer RNA in Ex. 
tracts from E. coli" (Nature, 220, 368; 1968) was in- 
correctly spelt. It should read Gudmundur Eggerteson. 


Erratum. In the communication "Evidence for Order 
in the Structure of «-Elastin" by M. Mammi et al. (Nature, 
220, 371; 1968) the last sentence of the fifth paragraph 
should read as follows: ‘The extended B-structure should 
be ruled out because it would show!^* strong amide I and 
II bands at about 1,630 and 1,530 em~. This conclusion 
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is. supported by the absence of bands in the 1,685 to 
1,700 cm~ region". 


2RRATUM. Dr J. G. Makari of Makari Research Labora- 
tories Incorporated, 223 South Dean Street, Englewood, 
New Jersey, has writtén to say that the article ^Produc- 
tion of Self-directed Antibody by Tumour Cells" by Dr J. 
Charney (Nature, 220, 504; 1968) did not refer to his earlier 
formulation of the eoncept of the formation by tumour 
cells of antibodies direeted at the tumour cells themselves 
(see J. Amer. Geriatrics Soc., 9, 8; 1961). Dr Charney has 
written to say that the claim is entirely valid and that he 
regrets his neglect of these references. 


Erratum: In the article by our neurophysiology corre- 
spondent "Leech Neurones” (Nature, 220, 539; 1968), 
work was attributed to Nicholls and Taylor which was in 
fact carried out by Nicholls and Baylor. 


Erratum. In the obituary notice of Professor J. E. 
Harris (Nature, 220, 626; 1968) it was incorrectly stated 
that Professor Harris died on July 1, 1968—he died on 
June 24. 


Erratum. In “Slower Pace of Growth in France" from 
our Paris Correspondent (Nature, 220, 645; 1968), there 
was a mistake in the last paragraph caused by an error 
in transmission. The last but one sentence should read: 
"One can already foresee that the level of investment of 
the Fifth Plan . . > 


CORRIGENDUM. In the introductory paragraph at the 
top of the article "Survey of Ross's Original Deep Sea 
Sounding Site" by Robert S. Dietz and Harley J. Knebel 
(Nature, 220, 751; 1968) it was wrongly stated that the 
first suecessful sounding of the ocean depths was carried 
out by Sir John Ross in 1840. It was in fact Sir James 
Ross who made the first abyssal sounding. 


Erratum. In the article "Early Experience and Im- 
munity” by George.F. Solomon, Seymour Levine and 
John Kersten Kraft (Nature, 220, 821; 1968) the correct 
,name of the journal in refs. 22 and 23 should have been 
. Fizio. Zh. SSSR Sechenow. oe 


"ERRATUM. In the article "Metabolic Approach to 
interpreting Animal Exploratory Activity" by Henry 
Mellwain (Nature, 220, 889; 1968) the first sentence under 
the heading "Proposed Mechanism” on page 889 should 
read “Mechanisms interpreting change in EA in terms of 


3 


depletion and competing metabolie processes . . .”’. 


Erratum. In the bibliography of the book Fundamentals 
of Mycology, the review of which was published in the 
December 7 issue of Nature (220, 1010; 1968), we should 
have stated that a paperback edition of the book was 
, also available at a price of 65s. 


Erratum. | The first sentence of the review of the book 
Plant Viruses (Nature, 220, 1011; 1968) should read: "Eight 
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years ago, when the third edition of Professor K. M. 
Smith's Plant Viruses was published, B. D. Harrison com- 
mented that it was regrettable that ...". i 


Erratum. In the communication "Short Caesium ^ 
Half-times in Patients with Muscular Dystrophy” by 
Ray D. Lloyd et ai. (Nature, 220, 1029; 1968) the fifth 
sentence of the seventh paragraph on page 1030 should 
read “(EC) and (EP) are sisters, and (EC) has had more 
than one dystrophie child". 


ÉnzRATUM. The name of one of the authors of the article 
“Polychlorinated Biphenyls in the Global Ecosystem” 
(Nature, 220, 1098; 1968) was incorrectly spelt. P. Rieche 
should have been P. Reiche. 


EnRATUM. The communication “Molluse of the Cambro- 
Devonian Class Monoplacophora found in the Northern 
Pacific” by Z. A. Filatova et al. (Nature, 220, 1114; . 
1968) was inaccurately classified in the list of contents as 
Invertebrate palaeontology. This error may have obscured 
the fact that the specimen described was living and not a 
fossil. 


CORRIGENDUM. In the article “Energy Flux from the 
3° K Radiation" by P. T. Landsberg and K. A. Johns 
(Nature, 220, 1120; 1968) the second displayed equation 


should read: 
Ky, (vivo)? f(vo) m^? f(mv) 


Erratum. In the article “Origins of Natural Gas and 
Petroleum” by W. G. Meinschein, Yaron M. Sternberg 
and Ronald W. Klusman (Nature, 220, 1185; 1968), the 
following corrections are necessary: (1) page 1185, 
column 2, last line should read: *... elements to form gas 
accumulations, and some gases, . . . "; (2) page 1186, 
column 2, line 7 should read: ^... lines, y, equals the 
concentrations of methane normalized to methane equal. 
to 100 per cent and y and... "; (3) page 1187, Fig. 3, 
curves A(a) and A(b) each should be shifted vertically - 
until the upper end of each curve intersects the left 
Y-axis at 100, thereby normalizing methane to 100 
per cent. 


CORRIGENDUM. In the communication “Experimental 
Multivalent Ionie Radi” by K. S. Chua (Nature, 220, 
1317; 1968), the ionic radii of Rh+, V** (in Table 1) and 
Ra?* (in Table 2) should be 0-93, 0-90 and 1-77 A respec- 
tively, and the value of Nb**: 1-00 À should be added to 
'Table 1. 


Erratum. In the communication “Cardiovascular 
Changes during Preparation for Fighting Behaviour in 
the Cat" by David B. Adams et al. (Nature, 220, 1339; 
1968), the fourth sentence of the secünd paragraph on 
page 1240 should read “If sympathetic dilatation of 
muscle vessels ever occurs during preparation for fighting, 
it must be completely concealed by an overwhelming 
vasoconstrictive influence". 
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BIOCHEMICALS 
CORPORATION 


26201 Miles Road 
Cleveland, Ohio 44128 U.S.A. 
Phone 216-662-0212 
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We are a clear and 
precise reference for 
all who are intereste 
in untraditional 
products 





We do not ignore tne past. If we did, we should be de: 


nying a long experience and neglecting a wealth of 
knowledge and technological skill acquired over eighty 


years of activity. There is ample room in our catalogue for, 
let's call them, “routine” plastics, but our eyes are turn. 


ed to the future, since the more advanced converter 
industries need semi-finished products having new and 
futuristic characteristics To get an idea of what we are 
producing with a mind to the future, a glance at the 
following will be sufficient. 





Styrene-acrylonitrile copolymer 





Oriented and unoriented polypropylene film 





Ethylene-propylene rubbers 





Fluorinated rubbers 





Vinyl-based thermoplastic alloy 





Fluorinated oils 





Polytetrafluoroethylene in powder, dispersion and 
paint form 


High-purity silicon for electronics 
Sulphur hexafluoride 











MONTECATINI EDISON S.p.A. 


Divisione Estero 20121 Milano (Italia) 


P 


Seravac announce 


ENZITE 


water insoluble 
catalytic reagents 


(1) Enzite is an enzyme modified by attachment to a 
solid matrix. 

(2) Enzite is water insoluble but retains the specific 
enzyme catalytic activity. 

(3) Enzite is simply removed from the reaction 


mixture by filtration or contrifugation and can be 
re-used. 


(4) Enzite can be used in the form of a column. 





Enzite Availability 


The following enzymes are available at present 


Enzite- TRY 
Chymotrypsin Enzite-CHT 
Ribonuclease Enzite- RNase 
GlucoseOxidase Enzite-GO 


Trypsin Code CM-A3/BT 
Code CM-A3/BC 
Code CM-A4 BR 


Code CM-AP/AGO 


Ficin Enzite-FIC Code CM-AT/F 
Papain Enzite-PAP Code CM-1/T 
All the facts about 'Enzite' are contained in this brochure. 


Please write for a complimentary copy to 
Seravac Laboratories (PTY) Limited, 
Moneyrow Green, 

Holyport, Maidenhead. 


NAME. 

ADDRESS 

Seravac products are available in the 
Gallard-Schlesinger Chemical Mfg 





584 Mineo!a Avenue, Carle Place 





NEW DUAL CHANNEL 


AUTO-GAMMA" SPECTROMETER 


Now you can get two-channel gamma 
operation at the single-channel price 


Model 5212 is a unique, automatic gamma counting 
system for either single or double-labeled samples. 
For two-channel analysis the system is automatically 
programmed to count each isotope sequentially, 
using a single scaler. Samples are changed automati- 
cally, and the data for each channel is recorded by a 
digital printer. Low, constant backgrounds are en- 
sured by a patented 100-sample automatic changer. 
a Though it has two-channel capability, Model 5212 
is modestly priced . . . costs less than you would 
expect to pay for Packard's single-channel system. 
It is an ideal instrument for the laboratory where 
analysis of double-labeled gamma samples is be- 
coming increasingly important, but volume of count- 
ing does not justify purchase of a full two-channel 


~ 
mi 
M 


system. = Model 5212 is one of Packard's complete 
line of gamma counting instruments, which range 
from manual, single-channel instruments to auto- 
matic, 400-channelsystems for the most sophisticated 
analysis. Your Packard Sales Engineer can recom- 
mend a system exactly suited to your needs. Call 
him, or write for Bulletin 1064Z to Packard Instru- 
ment Company, Inc. 2200 Warrenville Road, Downers 
Grove, Illinois 60515, or Packard Instrument Interna- 
tional S.A., Talstrasse 39, 8001 Zurich, Switzerland. 


Packard 
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Craftsman 
in Miniature 


The first Elizabethans saw Isaac Oliver, the famous miniaturist, creating portrait 
masterpieces no more than 3" high. As a craftsman he used, to the utmost, the 
technical know-how of his time. 

Now the second Elizabethans micro-miniaturise the miniatures! One tenth of an 
inch square becomes a potent and purposeful solid state circuit. The 
craftsmanship is all there, though contributors are diverse. 

Wray, lensmakers to the World, embody the craft skills of the first Elizabethans 

in the making of fine lenses. And it is the Wray f/4 special copying lens, that 
makes possible micro-miniaturisation with resolution down to 200 line/pairs per mm 







WRAY Lenses bad “ain 
for Micro-miniaturisation (wars) 


WRAY (OPTICAL WORKS) LTD. . ASHGROVE ROAD . BROMLEY . KENT 01-460 0112 
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HI PRECISION 
RESEARCH NANOLITER LABORATORY CRYOMATIC 


HERE’S OUR OSMOMETER LINE, TODAY... 


What more can you expect from a leader? 


All of these outstanding the first modular osmometer, less than one millimicroliter. 
osmometers are available from the first thermo-electric We are adding others to our 
Advanced Instruments, the refrigerator, the first portable growing line. 
company which first introduced model, and the first To us LEADERSHIP means 
a freezing point osmometer Hot Line (tm) service system. continuing programs of product 
back in 1955. Now, in addition to the improvement, outstanding 

We set out to become the improved 1968 version of our service, and fast delivery. 
leaders in osmometry . . . and, if original model, we also have: a We think this is the way a leader 
sales are any indication, we have new air-cooled refrigerator with should act. Don't you? 
succeeded. A few of the the longest life guarantee in —— 
contributions we have made to the field, a Hi-Precision Research ( A € ADVANCED 
the science of osmometry are: Osmometer, and a gu y 
The first schools of osmometry, Nanoliter Osmometer for samples es INSTRUMENTS, INC. 


86 Kenneth Street / 617 DEcatur 2-8200 
WRITE FOR FREE INFORMATION STATING PRODUCT INTEREST. Newton Highlands, Massachusetts, 02161 


precise - predictable - practical 
— PEARSE CRYOSTATS 


APPLICATIONS... 

Diagnostic Biopsies * Routine Histology 

Enzyme Cytochemistry - Autopsies 
Immunohistochemistry (Fluorescent Antibody Methods) 
Auto Radiography - Fluorescent Microscopy 
Analytical Histochemistry 

Undecalcified Bone Sectioning 


ALSO ... 
Botanical Research. Technological Materials 


PERFORMANCE DATA... 
Section sizes up to 120x90 mm. 
Section thickness down to 0.2 micron 
Automatic or manual operation 








^ ats, 


Type HR 


SLEE MEDICAL EQUIPMENT Co. Ltd. 


LANIER WORKS, HITHER GREEN LANE, LONDON, S.E.13, ENGLAND. Tel 01-852 4814 Telex 262586 


SLEE INTERNATIONAL INC. S.L.E.E. G.m.b.H., 65 MAINZ GONSENHEIM 
PENNSAUKEN, N.J., U.S.A. Tel 609-663-3848 WEST GERMANY Telex 203-4187-511 


ASK for demonstration 
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Ferranti have put a lot 
of research into lasers 


Now you have a lot of laser 
to put into your research 


nature ~ 

concentra 

t me indispens c 

A range of Ferranti ja ! E it ie lasers with 
outputs up to 


make them v 


LASER SALES DEPT., FERRANTI LT 
SCOTLAND. Tel: 0382- 


DUNDEE, 


mation on 
utputs up to & 


vH 
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NE 110 Plastic Scintillator rea//y does have an attenuation length of over 
2.5 metres. This new scintillator, with light transmission superior to that of any other 
available plastic scintillator, is especially recommended for use with large area sheets 
and large volume scintillators. It is resistant to crazing and has long term stability 
against ageing and radiation damage. 

Technical data:- Light attenuation : 0.004/cm; Light output: 58% anthracene 
or 90% relative to NE 102A; Decay constant: 3.3 x 10"? s. 


Full details on request from 


& NUCLEAR 
g, ENTERPRISES LIMITED 


Sighthill, Edinburgh 11, Scotland. Tel: 031-443 4060. Telex 72333. Cables ‘Nuclear’ Edinburgh 
Bath Road, Beenham, Reading, England. Tel: Woolhampton 2121. Telex 84475 
Associate Company: Nuclear Enterprises Inc., 935 Terminal Way, San Carlos, California 94070, U.S.A. 
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The Crescent 
Wy G 1-BUG 


(Patented) ® 





WONDER ELECTRIC MORTAR 


INVALUABLE TO 





SPECTROSCOPISTS 
GEOLOGISTS 

AGRICULTURE RESEARCH 
AND ALL ANALYSIS FIELDS 











INFRA-RED 
EMISSION 


X-RAY * FASTER 


* CHEAPER 
* SIMPLER 


* BETTER 


MIXING and GRINDING 


FORGET tendency to cake, differences in 
hardness 


IMPROVE mixing and grinding are identical 
REPRODUCIBILITY from sample to sample 


AVOID plastic vials, caps, and ball pestles 
CONTAMINATION cannot introduce metallic impurities 


REDUCE entire assembly easily cleaned with 
EFFORT mineral acids 


| 3116 SAVE TIME 10 seconds are sufficient for most 
| 3115 samples 

DL - 

| SAVE SPACE one vial used for weighing, mixing 
| and storing 





SAVE MONEY per sample cost is 4.2 cents— less than 
the cost of an ordinary container alone 


L | 
With these new plastic and metal vials, the WIG-L-BUG is an indispensable tool in YOUR LABORATORY. 
The plastic vials are recommended for mixing powders or preparing mulls with mineral oil. For hard materials 
requiring grinding action use our metal vials, in which coarse sand can be ground to face powder consistency in 
one minute. 
The action of the Wig-L-Bug is reciprocating in the form of a figure-8. Swung through a 6-1/2^ arc at 3,200 R.P.M. 
the ball pestle thus strikes the ends of the vial some 2,000 times in ten seconds. 


Prices Available on Request 


RESCENT DENTAL MANUFACTURING CO. cucico 23, tLLINOIS 


Ss + — 


* 








DARTON 


INSTRUMENTS FOR 


MEASURING 


PRESSURE 


MERCURIAL BAROMETERS 


B.O.T. PATTERN 

FORTIN'S PRINCIPLE 

TEST BENCH 
(altimeter calibrator) 


KEW PATTERN 
etc. 


FOR : 
OBSERVATORY 
LABORATORY 
INDUSTRY & EDUCATION 


TEMPERATURE & 
HUMIDITY 








HAIR THERMO-HYGROGRAPH 


Records Temperature and Relative Humidity 
on one chart 


F. DARTON & CO. LTD. 


MERCURY HOUSE, VALE ROAD, 
BUSHEY, WATFORD, HERTS. 


Available through your usual laboratory furnisher 
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"PREPARING TISSUE SECTIONS? 


If so, certain if not all of the commodities 
listed below will be of interest 


PARAFFIN WAXES (Various m.p's) 
"PARAMAT" IMPROVED WAX 
AQUAX (Water Soluble) 
Water Soluble Waxes 
ESTER WAX 
CELLOIDIN 
BIOLOGICAL STAINS 


PARAFFIN SECTION MOUNTING 
BATHS 


Details of a comprehensive range of products 
and equipment for use in Histology and 
General Microscopy are available on request. 


GEORGE T. GURR LIMITED 


14, Carlisle Road, The Hyde, London, N.W.9 
Colindale 5432 MICROSTAIN London N.W.9 
















University 
Life Assurance Society 


Established 1825 Incorporated by Royal Charter 


The Society invites enquiries for life assurance from 
past and present members of Universities, Public 
Schools, and similar educational institutions within 
the United Kingdom, for whose exclusive benefit the 
Society was established. 

The Society does not pay commission for the intro- 
duction of new business. 


Special plans for Students or Young Graduates 


The “Minimax” Policy Reduced Premium Policy 
Young Graduate’s Policy 
Other plans include 
Whole-life and Endowment assurance 
Educational Policies Children’s Policies 
Pension Policies Family Protection 
Annuities 


4 Coleman Street, London, E.C.2 
Telephone : 01-606 6225 





Sorry, we just never ship 
[$H] acetic anhydride to 
anyone until after lunch. 


Because on the morning of the day that we ship it to you, 
we are busily distilling it. Doub/e-distilling it. 

Why? Because (if the truth were known) everybody's 
benzene solutions of [^H] acetic anhydride form, on 
standing, radioactive, non-volatile impurities which can— 
and often do—jeopardize the results of your subsequent 
efforts. So, to minimize problems, we periodically distil! our 
[^H] acetic anhydride and then finally double-distill it on 
shipment day. Result: an exceptionally pure product less 
likely to lead your research astray. Purity, incidentally, is 
determined by quantitative gas/liquid chromatography and 
all applicable analytical data are included on the detailed 
Product Analysis Report that accompanies your shipment. 

But despite this extra processing and unusual purity, the 
prices are low. To get a listing of these prices and further 
details, write [?H]AcOAc on a postcard with your name, 
address and zip code, please. 





On another subject entirely: Schwarz now announces the 
availability of [g/ucose—'*C] uridine diphosphate 
with specific activity of 125-200 mc/mmole, an enzymatic 
purity of >98%, and a radiochemical purity of >97%. For 
details, write ['*C] UDPG on a postcard. Please include your 
name, address and zip code. 

On yet another subject: We offer high quality labeled 
orotic acid (affectionately knowri around here as 1,2,3,6 
tetrahydro-2, 6-dioxo-4-pyrimidine carboxylic acid). For 
further information, write that—or “O : 
postcard with your name, address and zip code too 





Schwarz BioResearch S > 





Orangeburg, New York ) 
Division of Becton, Dickinson and Company B9 





See our arent: Cambrian Chemica 


xil 


The offactiveness of 


is well proved... 


The MSE 100W 
Ultrasonic Disintegrator 
adds REPRODUCIBILITY 









MSE Ultrasonic Disintegrators have long been used for the disruption 
of tissue cells, bacteria, etc., without destruction of the morphological 
components. 

They are also used for the preparation of antigenically active extracts, 
the preparation of DNA, the study of subcellular fractions, enzyme 
systems and other biological subjects. 

Now, the variable output of the MSE 100 Watt Disintegrator gives 
greater selective possibilities of disruption, whilst measurement and 


control of probe amplitude permit accurate reproducibility of 
experiments. 


The cell shown above is from an electron micrograph of pseudomonas 
after treatment with an MSE Ultrasonic Disintegrator. 
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disruption by ultrasonics 





GD 460 


MEASURING & SCIENTIFIC EQUIPMENT LTD. 
25-28 BUCKINGHAM GATE, LONDON S.W.1. ENGLAND 
Telephone: 01-834 5426 Telex: 22666 Cables: Emesetool, Sowest, London 








In USA: MSE INCORPORATED, 811 SHARON DRIVE, WESTLAKE, OHIO 44145 
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This Glass Sample Holder 


helps bring automation to a new range of Pye chromatographs 


The new range is called the Pye Series ionization isothermal chromatograph chart and the baseline is zeroed 

106 Automatic Analytical fitted with an Auto Solids Injection automatically. The Auto Solids 
Chromatographs. It combines all the System. Injection System can be fitted to 
sensitivity and reliability of the well The sample holder—made of glass existing Pye Series 104 

established Series 104 has low absorption and can hold chromatographs. 

chromatographs with a sophisticated up to 40ul. If you would like to take a closer look 
automatic injection system. Each sample holder is automatically at the new Pye sample holder, write to 
The first of the new series is the Model injected and ejected. Up to 36 samples us today. We will send you one free 
6—an automatic instrument for the can be analysed with an injection with our brochure on the Series 106 
analysis of steroids and other solid cycle of between 10 and 90 minutes. chromatographs. 

samples. It consists of a single flame The sample number is indicated on the *See Column 2, 4. 








PYE UNICAM 


Official sunnter of gas chromatograpts 
to tw XL Ohyemeic Games Mecco 


Pye Unicam Ltd 
York Street Cambridge England 


Precision Instruments Tel (0223) 58866 Telex 81215 
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PHYSICAL SCIENCES 
Pulsars—-Dispersion and pulse length of PSR 1749- 
28—LARGE and VAUGHAN (Sydney) : 


Galactic OH— Pumping mechanisms for maser action 
—4 COOK (NPL) 


Interstellar bands--Image “nibs observations of 
the 14430 interstellar band— -BRÜC K (Edinburgh) and 
NANDY (Royal Observatory, Edinburgh) 


X-ray spectrum —Spatial variability of the šolar 
X-ray spectrum below 20 À—NEGUS and GLEN- 
CROSS (London) . 


Astronomy — interpretation of the diffuse galactik 
light—WITT (Toledo) A 


Solar radiation—Events at | 
BECKMANN (London) . 

lonosphere—Transmission of hydromagnetic waves— 
ALTMAN and a cae KOW (Israel Institute of Tech- 
nology) x : 


Venus-——Sources of HCI and HF in the atmospheres 
MUELLER (NASA) . : 


Photochemistry — High frequency modulation of 
photometer monitoring light — BUCHWALD and 
RÜPPEL (Technical University, Berlin) 


Holography---Production of three-dimensional X-ray 
images—REDMAN, WOLTON (Atomic Weapons Re- 
search Establishment, Aldermaston} and SHUTTLE- 
WORTH (Hammersmith Hospital, London} 
Polymers—Fracture of oriented 'Perspex'—CURTIS 
and TRELOAR (Manchester) . : : z 
Fracture mechanics—Cracking of glass rods under 
various kinds of pressure--GURNEY (Hong Kong) 


Physical chemistry---Method for growth of ice 
crystals-~K NIGHT (National Center for Atmosphëtic 
Research, Boulder) 


Chemistry-—Interstitial RM of póťassium 
with carbon fibres--HÉRINCKX, PERRET and 
RULAND (Union Carbide, Brussels) x 
Materials——A chemical treatment to increase the 
harshness of chrysotile asbestos--GOLDEN (Enfield 
College of Technology, Middlesex) s I 


mm Wavelengths - 


Chemistry--Muscarinic activities of acetylcholine— 
ARMSTRONG, CANNON and LONG (lowa} 
Chemistry — Self-oxidation of methylene blue — 
SCHAEFER and ZIMMERMANN COUP Cyan- 
amid Company) 


Mineralogy—Decomposition | oi croc idolite to pyr- 
oxene is strongly dependent on temperature— FREE- 
MAN and FRAZER (Wellington) : à ; 


BIOLOGICAL SCIENCES 
Phage RNA-- Identification of the terminus of nascent 


12 RNA—ROBERTSON and ZINDER (Rockefeller 
University) 


Molecular conformation active ing high resolution 
NMR to polypeptides in solution —BRAD BURY, 
CARPENTER, CRANE-ROBINSON and RATTLE 
(College of Technology, Portsmouth) ; 
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Biochemistry —-Optical rotatory dispersion of stendo- 
mycin—BODANSZKY and BODANSZKY (Case 
Western Reserve) 


Biogenic amines-—Functional interactions with " 
S'-cyclic AMP and manganese— PAPAVASILIOU, 
MILLER and COTZIAS (Brookhaven National Lab- 

oratory) . 


Biochemistry —Mouse liver Hüclkig acid DNase 
activity declines in first month after birth--LESCA 
(Institut Gustave Rousy, France) 


Toxicology Metabolism of ‘Propham’ RENS 
N-pheny lcarbamate) in the rat—HOLDER and RYAR 
(Sydney) i 


Toxicology—A —— toxin m Penicillium 
cyclopium grown on food—-WILSON, WILSON and 
HAYES (Vanderbilt University, Tennessee} 7 
Mitosis—High rate of mitosis in endothelium around 
aortic branches--PAYLING WRIGHT {Royal C ollege 
of Surgeons, London) 


Cardiac physiology-—Effect al adrenergic broki 
on the calcium pump of the fragmented cardiac sarco- 
plasmic reticulum — HESS, BRIGGS (Pittsburgh), 
SHINEBOURNE and HAMER (London) : ‘ 


Marine biology — Further evidence for seasonal 
breeding cycles in desp sea—GEORGE and MEN 
ZIES (Florida) ; : 


Animal behaviour—E xplanation. for dmfesoculas 
mirror-image reversal in pigeons—BEALE (Auckland) 
and CORBALLIS (McGill) : 


Antlers— Inhibition of growth and Jedding by sex 
hormones—GOSS (Brown University, Rhode Island) . 


Gibberellins—Effect of chilling on concentrations in 
hazel seeds—ROSS and BRADBEER (London) 


Plant physiology —Detection of abscisic acid in xylem 
sap of willow by gas-liquid chromatography-—LEN- 
TON, BOWEN and SAUNDERS (Aberystwyth) 

Cytology-— Distortion hypothesis for radiation-induced 
chromosome exchange in Campelia—SAVAGE and 
PAPWORTH (MRC) i 3 ^ 


GENERAL 
Parapsychology—iIdentification of concealed ran- 
domized objects through acquired response habits-- 
PRATT, STEVENSON (Virginia), ROLL (Psychical 
Research Foundation, North Carolina), BLOM, 
MEINSMA (Amsterdam), KEIL (Tasmania) and 
JACOBSON (Lund) z : y : A 
Ancient writing-— Investigations of the inks used to 
write the Dead Sea Scrolls——STECKOLL (Jerusalem) . 


Computing—-Contour maps and scattered data==- 
COLE (St Andrews) : ; i , 
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Annales de l'Institut National 
de la Recherche Agronomique 


ANNALES AGRONOMIQUES (General 
science), 6 issues annually. 


ANNALES DE L'AMELIORATION DES PLANTES (Plant 
breeding), 4 issues annually. 


ANNALES DES EPIPHYTIES (Plant pathology, agricultural 
zoology, pesticides and plant protection), 4 issues annually. 


ANNALES DE ZOOTECHNIE (Animal breeding and animal 
production), 4 issues annually. 


ANNALES DE TECHNOLOGIE AGRICOLE (Agricultural and 
food technology), 4 issues annually. 


ANNALES DE BIOLOGIE ANIMALE, BIOCHIMIE, BIO- 
PHYSIQUE (Animal biology, biochemistry, biophysics), 
4 issues annually. 


ANNALES DE PHYSIOLOGIE VEGETALE (Plant physiology), 
4 issues annually. 

ANNALES DE L'ABEILLE (Bees and beekeeping), 4 issues 
annually. 


ANNALES DES SCIENCES FORESTIERES (Forestry), 4 issues 
annually. 


agronomy, soil 


Subscriptions should be sent to: 
SERVICE DES PUBLICATIONS I.N.R.A., 
route de St-Cyr, 78-VERSAILLES, France. 


Specimen copy on request 


(Orders can also be sent through any bookseller) 


DYES? 


CHEMISTS, PHYSICISTS: if you are looking for 
dyes with specific chemical and physical properties 
suitable for particular manufacturing and/or testing 
processes you are invited to contact 

EDWARD GURR LIMITED 
for supplies and advice. 


DYES FOR USE IN ALL INDUSTRIES 


We hold stocks of an enormous variety of dyes, ready for immediate 
despatch, including: 

Cyanine, Dicyanine, Fast Bordeaux O, Aurantia, Crystal violet, BPC, 
Scarlet R, BPC, Diazonium salts, Neutral violet, Lacmoid, Nile blue 
Janus green, Brilliant green BPC, Rosolic acid, Methyl green, Mag- 
Methyl red, Nitrazine yellow, Pina- 


neson, p-Ethoxy-chrysoidin, 
cryptol green, etc. 


BIOLOGISTS are invited to send for 
catalogue of: 


«MIBKCIHTISSO MIE? 


STAINS & REAGENTS FOR BIOLOGY 


Acridine orange, Aquamount, Fluormount, Lipid crimson, Matamount, 
May-Grünwald, Leishman, Giemsa, Toluidine blue, Cresyl fast violet, 
Papanicolaou stains, Rhodanile blue, Thioflavine S, Brilliant cresyl 
blue, Nile blue, Pyronin Y, Trifalgic acid, Haplo, etc. 


EDWARD GURR LTD 


42 Upper Richmond Road West, London, S.W.14 
Cables: Micromlabs London SW14 Telephones : 01-876 8228/9 
Quality, Reliability, Prompt delivery and Technical 
Information Service. 


our latest 














This instrument, in its modern styling, still 
embodies the requirements laid down by 
Mr. Guild of the National Physical Labora- 
tory and the advice of research workers in 
various laboratories. 


2 CAN BE SUPPLIED WITH A DIFFERENTIAL 
CELL COMPLETE WITH COLLIMATOR AND 
SLIT FOR MEASUREMENT OF REFRACTIVE 
INDICES OVER THE RANGE 1-26 TO 1:95. 


The interchangeable prisms, each covering a 
recommended range of refractive index, are of 
60° refracting angle and are mounted in individual 
water jackets. 


We now have capacity for aluminising certain 


types of mirrors, at short notice. 





SOLE DISTRIBUTORS IN U.K. OF SCHOTT 
| NTERFERENCE FILTERS 


Bs | -Precision Instruments - 


















The Improved Type 


Pultfrich 
Refractometer 





Please ask for Details ‘N’. 
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NATURE 


The Other American Election 


LATER this month there should be some news from the 
committee of the National Academy of Sciences in the 
United States which is picking a name to put forward 
as president of the national academy in succession to 
Dr Frederick Seitz. By the end of the year, when they 
are changing round the furniture at the White House, 
there should also be a new incumbent at the academy, 
which has recently been winning for itself the kind of 
influence which Mr Benjamin Franklin and his con- 
temporaries sought for it the best part of two centuries 
ago. But present circumstances are such that few 
members of the nominating committee can thoroughly 
enjoy their work. The pleasures of being asked to 
pick a name are on this occasion alloyed with the know- 
ledge that the vacant presidency is much sought after. 
Many people would give their professional reputations 
for the job, and may yet be tempted to do just that. 
But then, of course, there is always the chance that the 
nominee will be rejected by the membership in favour 
of some dark horse in much the way in which Conant 
was overlooked in favour of Bronk 18 years ago. 
But these are comparatively minor difficulties. The 
real problem is to write a job specification for the new 
president. Fortunately the nomination committee 
can count on plenty of help in this assignment, although 
it would, of course, be presumptuous for outsiders 
actually to say which name it should pick. 

The choice of the new president has a special interest 
just now, because it must rest on a close analysis of 
the functions the academy can seek and may hope to 
perform in the next five years and longer. To make 
this analysis accurately is of great concern to every- 
body, not just to scientists in the United States. Much 
depends on how the committee will assess the academy’s 
success in the two decades since the war, when its 
influence has grown quite remarkably. The growth of 
the academy’s stature owes much to the energy, 
flair and cheek of Dr Detlev W. Bronk, who was 
president from 1950 to 1962. It is true that the fifties 
were years during which the academy had an obvious 
part to play in providing advice on all kinds of subjects, 
from the best way to organize the Government’s 
administration of science to the best criteria for regulat- 
ing radioactive fallout. Throughout the fifties, the 
advice of members of the academy was eagerly sought, 
both individually and in committee. During this period 
and in the years which have followed, the academy has 
done well to preserve its independence and freedom in 
spite of the formal link with the United States Govern- 
ment through the Constitution. 

But what does the academy do ? Is it—or is it meant 
to be—vet another Washington lobby, this time in 


the interests of scientists? Is it an instrument of 
government, able to tackle problems where its special 
blend of objectivity can do things which other govern- 
ment agencies cannot touch? Or is it perhaps a do- 
gooder, fixing conferences, arranging exchange visits 
and providing occasional banquets? Is it, in other 
words, just another Royal Society? The simple 
answer to all this, which most members of the academy 
will almost automatically provide, is that the academy 
has recently become a political force as well, with an 
educational and perhaps even a substantive influence 
on publie policy. After all, the argument will go, is 
there not now a Committee on Science and Public 
Policy (under Dr Harvey Brookes), a preoccupation 
with the social sciences (and an interest in problems 
such as how to get rid of rubbish) and a public presence 
as well? All this is true, of course; the academy has 
done noble work in the past few years and only fools 
would deny as much. But the danger now is that the 
academy will become ossified in the pattern of past 
success. One obvious difficulty is that the whispers 
of professions! scientists are no longer mandatory 
for the rest of society. The seventies will be more 
competitive and more strident than the fifties were. 
What the nomination committee has to watch out for 
is the danger of fuddyduddyism. 

The Committee on Science and Public Policy is 
itself an admonitory example. In the past few years, 
Mr Brookes’s committee has been the powerhouse of 
much innovation at the academy. This, for example, 
was the committee which set in train the surveys for 
the prospects of scientific research in separate fields. 
The same committee has constantly been on the look- 
out for ways of extending its scope beyond strict 
disciplinary boundaries. Yet it remains a somewhat 
passive and even bland committee. Although the 
committee, through the academy, has more recently 
been active in Congress, and has in particular helped 
with the recasting of legislation that would give the 
National Science Foundation more liberal terms of 
reference, even here its activities have been somewhat 
aloof. Indeed, in its relations with Congress (as distinet 
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The group of review articles which appeared in 
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British Association meeting at Dundee, will be 
published in November by Macmillan at 7s. 6d. 
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from the administration), the academy seems to regard 
itself as a kind of Supreme Court and not a kind of 
lobby. What the nomination committee should now be 
asking is whether these genteel conventions should be 
abandoned. 

There is no doubt that there is at present a great 
vacuum to be filled in Washington. As things have 
turned out, the profession of science is woefully unre- 
presented by independent organizations. Gone ere the 
days when PSAC (the President's Science Advisory 
Council) could expect to be giving advice on thermo- 
nuclear weapons in the morning and the development 
of university research in the afternoon. Quite properly, 
government agencies now have full-time professionals 
to give advice instead, so that the distinguished 
committees of advisers have necessarily declined in 
influence. Moreover, there is no reason why scientists 
should complain that the Office of Science and Tech- 
nology at the White House has had less independence 
under Dr Donald Hornig than it used to enjoy in the 
glamorous days of Wiesner and Kennedy. The truth 
is, of course, that the Office of Science and Technology 
is an integral part of the machinery of government, 
with administrative responsibility for things like the 
science budget. There is no reason why the office 
should keep more sensitively in touch with professional 
opinions than is necessary to ensure that government 
policies function as they are intended to. 

But what about the National Science Foundation ? 
Should not this be the kind of independent link between 
the administration and the scientific professions that 
the University Grants Committee used to be in the 
relations between the British Government and British 
universities ? Unfortunately, even if this had been a 
realistie goal, the NSF has never been strong enough 
to act as other than a grant-giving orgenization. Even 
though there will be a new chairman at the NSF in 
the new vear, it is likely to remain a broken reed for 
at least as long as penury persists. 

This is where the national ac ademy, in the next few 
years, could play a part which did not exist in the 
fifties. It could, for example, and indeed it should, 
be much more outspoken on the way in which Congress 
deals with the science budget each year. It should, for 
example, be the duty of the pr esident of the academy to 
insist on confronting Congress and the administration 
with the views of the scientific community on the 
imbalance between public expenditure on the long 
distance transport of human bodies beyond the atmo- 
sphere and the resources devoted to sober and com- 


paratively cheap activities such as ground based 
astronomy. By the same test, the academy could 


have done a great deal to head off the administration 
from some of its recent extravagance on oceanography. 
But the real problems, still fully to crystallize, concern 
the financing of university research and higher educa- 
tion. Just what does the future hold and how should 
the real needs of science be defined and then forced on 
longress and the administration ? This is the role the 
next president of the academy could fill most usefully. 
What the nomination committee should be looking for 
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is a kind of politician—somebody who can first make 
sure that the academy defines common views on policies 
which concern it which are more than just lowest 
common denominators of people’s prejudices and some- 
body who can then give these views a fair wind in 
public life. In the next few years, a talent for dis- 
passionate adviee is probably less important than an 
ability to cajole, shame and even frighton the Govern- 
ment into sensible policies on the allocation of resources. 
Obviously the committee has a tough job on its hands. 
But if it finds the right man it will win not merely a 
loeal harvest, but will also provide an example for 
academies elsewhere. 


SCIENCE MUSEUMS 


What Manchester does Today 


THE city of Manchester, the university and the Insti- 
tute of Science and Technology have just achieved 
something that has been talked about in Manchester 
since the 1790s—the setting up of a science museum. 
This is entirely proper, for there are few cities in the 
world which can boast as rightly as Manchester does 
of anything like a comparable continuous association 
with the development of science and technology from 
its very beginnings. Dalton, Joule, Reynolds, Ruther- 
ford, Weitzmann and Robert Robinson, to name but a 
few, were all associated with Manchester. Now the 
city, the university and the institute have agreed 
to put up £4,000 each for a science museum, partly to 
keep memories alive. 

The plan, however, is to build a museum, not a 
mausoleum. Those associated with the project, and 
especially its newly appointed director Dr R. L. Hills, 
are determined that it shall be a living museum. In 
the best Mancunian tradition, the science museum, 
like the Manchester Museum, will be closely associated 
with the cultural life of the city, the research work of 
the two universities and science education in the city’s 
schools. Where school science is concerned, the hope 
is that the museum will be so intimately involved in 
sixth form science teaching that it will act as an 
antidote to the Dainton disease. 

Although discussion of a science museum in Man- 
chester dates from the 1790s, when proposals for 
starting a museum there, along the lines of the Royal 
Institution in London, were being tried out, the museum 
really dates from discussions about five years ago 
between Dr D. S. L. Cardwell, the head of the newly 
ereated Department of History of Science and Tech- 
nology at the Institute of Science and Technology, and 
his colleague, Professor W. Johnson. They developed 
a scheme “for a science museum, using the Manchester 
Museum as a model, and Mr Hills, as he then was, 
supported by an SRC grant, harnessed the enthusiasm 
and goodwill of the city, local industrialists and the 
universities. The museum is being housed, to begin 
with, in the Oddfellows Hall, a building destined to 
provide a site for a hall of residence. It will be opened 
in the next few months to groups of sixth-formers. 

There is no shortage of exhibits, Apart from the 
university's collections of apparatus and papers left 
by Dalton, Joule and Reynolds and many others, the 
museum has been overwhelmed with offers of industrial 
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machinery and the chief problem has been persuading 
donors to keep material until the museum has space to 
house it all. The museum is at work moving a Boulton 
and Watt beam engine donated by the National Coal 
Board, which is to be shown in working order. As many 
exhibits as possible will be made to work, and steam 
engines will be driven by steam, not electric motors. 
Where original machinery is not available, the museum 
intends to make replicas from contemporary plans 
and its first project is the construction of a Newcomen 
atmospheric engine. "The philosophy at Manchester is 
that a science museum must explain scientific principles, 
and a working replica is more valuable than a broken 
antique, an explanation of an escapement is better than 
a gallery of clocks. As well as exhibiting working 
machinery the museum is to re-create a series of period 
laboratories, ranging from the 18th century to the 
present day and, wherever possible, furnished with 
original apparatus which works. 

In four or five years’ time, the museum will probably 
have to find new accommodation. There is no site in 
view, though people seem firmly convinced that a 
permanent home is bound to turn up. Initiative and 
enthusiasm promise suecess, although it is plain that 
outside help could provide still further assurance. 


INDUSTRIAL INNOVATION 


Bridging the Gap 


Sixes 1965, when the National Research Development 
Corporation became a dependant of the Ministry of 
Technology instead of the Board of Trade, its capital 
has been increased ten-fold. First, in 1965 it was 
raised from £5 million to £25 million and then in May 
this year was doubled. For the first time since the 
NRDC was set up in 1948, it looks as if the Government 
is taking the corporation seriously. Indeed, with 
£50 million to work with, there is no reason why the 
corporation should not fill its statutory function and 
secure "where the public interest so requires, the 
development or exploitation of inventions resulting 
from publie researeh and any other invention as to 
appear to the corporation that it is not being developed 
or exploited sufficiently". With luck and good man- 
agement, indeed, it ought not to be difficult for the 
corporation to do this and make a profit—that cer- 
tainly is the optimistic forecast of the director, Mr 
J. C. Duekworth. Although all his colleagues do not 
agree, he believes that the corporation will be making a 
profit in the near future. In the short term, profits 
are perhaps not the chief consideration, but in the 
long term the NRDC should aim for nothing less and 
the report for the past financial year now ‘publi ished 
(HMSO, 7s.) is encouraging if not dazzling. The net 
returns to the corporation were £1-35 million, of which 
£1-17 million was income from licences, more than 
half of it from the United States. Outgoings, however, 
were £3-321 million. Although on the face of things, 
these are poor results, the total return in the past 
19 years has been only £8.22 million and income has 
more than doubled since 1965. To earn its £8-22 million, 
the corporation has invested £23-255 million, but Mr 
Duckworth maintains that the real cost to the country 
has been the £1-2 million or so which has been invested 
in failed projects which the Treasury has agreed can 
be written off. 
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The Bailey bridge is no longer the corporation's 
chief money spinner. Revenue from pharmaceuticals, 
and in particular cephalosporin which is being p d 
by Glaxo in Britain and Eli Lilly in the USA, far 
outweighs that from all the other projects put together. 
So long as cephalosporin is not superseded, and Mr 
Duckworth is quick to say that that could happen at 
any time, licence revenue should keep on growing. 
The corporation's much greater investment in hover 
craft is also beginning to show returns, and the air 
cushion industry as a whole—hovercraft, hovertrains, 
hoverbeds and now hover pottery kilns in which the 
pots to be fired are kept suspended hy jets of hot air 
—is potentially one of the corporation s biggest money 
spinners. 








PHARMACEUTIC 


COMPUTER S 





The cumulative receipts from projects in various sectors of 
industry supported by the NRDC. 


With its increased capital the NRDC has shed the 
image, thrust on it by a derisory budget, of being fairy 
godmother to garden shed inventors. Industry is 
eager to get its hands on risk capital and the NRDC 
is finding itself increasingly involved in financing 
industrial inventions, the innovation of better produe- 
tion techniques and—as a new activity started last 
year—it has underwritten the performance guarantees 
of newly developed chemical plant that has been 
exported. This would have been outside the corpora- 
tion's terms of reference in the old days. It does not, 
however, follow that the NRDC has lost interest in 
small projects and in individuals with bright ideas. 
Of more than 1,000 submissions from private i div iduals 
last year, eleven are being investigated further. Of 
the 254 projects on the NRDC books at the end of 
March, 61 are in the £1,000 to £5,000 rang At the 
other end of the scale, five projects are to receive 
nearly £15 million between them. 


























In the long run, however, the acid test will be 
whether the NRDC can make a profit and, more 





important, stimulate the development of really profit- 
one 


able industries 





Recognizing bright ideas is 





from the isolation of locust attractants from grass í 
pharmacological compounds from raspberry leaves to 
further development of carbon fibre laminates—but 
no one knows better than British industry that turning 
them into commercially suecessful ventures is quite 
another matter. 
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UNIVERSITY ADMISSIONS 


Who will Get into University ? 


Now is the time of year when aspiring university 
entrants in Britain are choosing courses and filling in 
application forms which the Universities Central Council 
on Admissions (UCCA) will distribute to the universi- 
ties of their choice. Some idea of their chances of 
suecess can be obtained from last year's figures (pub- 
lished in the fifth report of UCCA, 1966-67). "The 
percentage chances of being accepted for courses which 
began in October 1967 are shown in the table, which 
are in error to the extent that acceptances are shown 
under the candidates' first choice. 


Per cent 
University course Applied Accepted chance of 
acceptance 
Education 654 148 22-6 
Medicine, dentistry and 
health 8,255 2,434 29-4 
Engineering and technology 13,686 7,677 56 
Agriculture, forestry, veter- 
inary science 1,975 896 45-5 
Pure science 18,306 12,850 70 
Social, administrative, busi- 
ness studies 24,882 9,533 39-4 
Architecture and other pro- 
fessional and vocational 
subjects 2,049 485 23-7 
Language, literature 13,181 6,509 49-5 
Arts other than languages 7,633 3,986 52.2 


* 


The difficulty facing candidates for medicine and the 
Social sciences is underlined by UCCA's figures for 
candidates placed in universities during the clearing 
operation in October 1967. "The object of this opera- 
tion is to assist the universities to fill their remaining 
places with suitably qualified candidates before the 
academic year begins. In October 1967, 1,273 
candidates for medical courses were still unplaced. 
In the end, places were found for 331 of these, some in 
courses other than medicine. Fifty of those finally 
placed had A-level results consisting of grades AD and 
E or B and B or their equivalents in UCCA's scoring 
system, on which 4-5, B=4, C=3, D-2.and E- 1. 
In sociology, ninety-one out of 1,043 candidates were 
placed during clearing, most of whom had A-level 
grades ADE, BB or better, that is scores of 8 to 11. 
Nineteen of them had grades equivalent to ABE or 
AA. Two hundred and eleven out of 1,784 unplaced 
economies candidates were placed during clearing. 
Most of these had scores of between 6 and 12, and the 
largest proportion (forty) had grades ADE, BB or the 
equivalent. 

The situation was brighter for mathematics and 
physies, and as a result of the clearing operation 206 
out of 488 mathematicians and 215 out of 366 physicists 
were placed in universities. Thirty-four of the mathe- 
maticians had A-level grades BE, CD or their equiva- 
lent, and thirty-five of the physieists had DE. In 
engineering the situation was similar. A total of 505 
out of 1,603 candidates were placed during clearing. Of 
these the largest number had A-level grades BE, CE 
or the equivalents. A slightly higher standard was 
evident in biology. Out of 360 candidates remaining 
in October 1967, 109 were placed and the largest 
proportion of them had A-level grades BD, AE or the 
equivalent. 
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DISTINCTIONS 


Fermi Prize for Wheeler 


Tur Enrieo Fermi Prize, worth $25,000 and a great 
deal of public acclaim, has been awarded to Professor 
J. A. Wheeler of Princeton University, according to a 
statement by the US Atemic Energy Commission. The 
intention is that there should be some kind of a cere- 
mony to mark the presentation on December 2 this 
year, the anniversary of the oecasion when the Fermi 
pile at Chicago first became critical twenty-six years 
ago. By the award of this prize, Dr Wheeler joins 
the small band of people who have by now lent the 
Enrico Fermi award such distinction that it must 
soon come to match even the Nobel Prize in grandeur. 
Dr Wheeler's most direct contribution to the subject 
with which the AEC is chiefly concerned is the paper 
with Niels Bohr in which, in 1939, a rudimentary theory 
of the fission process was worked out. During the 
Manhattan Project he worked at Chicago on the design 
of production reactors which culminated in the building 
of the Hanford plutonium reactors. Academically, 
however, Dr Wheeler is best known for his contributions 
to the theory of particle scattering in the years before 
the Second World War, for his work on nuclear struc- 
ture immediately after it and, more recently, for his 
provocative and continuing interest in the foundations 
of quantum theory and of gravitational theories. 

With the addition of Professor Wheeler to the list of 
recipients, interest is bound to quicken in the long- 
term future of the Enrico Fermi award. Sooner or 
later, it would seem, the AEC is bound to have to decide 
whether it can continue to make the award to people 
who have contributed directly to the development of 
atomic energy as such. The fact that the terms of the 
1954 Atomic Energy Aet which authorized the awards 
allow the commission to look outside the United States 
for potential recipients does offer some latitude, and 
there is still a plentiful supply of potential recipients 
in the United States. But how long will this last ? 
Will progress in fusion research be quick enough to 
augment the supply of recipients? Or will the AEC 
find itself turning to high energy physics, with all the 
dissension that could bring ? 


ELECTRICAL ENGINEERING 


Turbogenerators keep Growing 


Encusu ErEcrRIC Lro must be pleased that, in the 
midst of the battle betaveen Plessey and GEC for con- 
trol, Mr J. W. H. Morgan, the general manager of its 
electrical machines group, has received an award from 
the Royal Society marking his contribution to the 
development of large hydrogen cooled turboalternators. 
The award is the S. G. Brown medal, given annually to 
a recipient nominated in turn by the Institutions of 
Civil, Mechanical and Electrical Engineers. Mr Morgan 
has been involved at English Eleetric in the sequence 
of increases of output from a single turboalternator 
which have now made it possible to manufacture units 
of 800 and 1,100 MW. Mr Morgan talked last week of 
how these advances have come about. 

In 1950, the largest turboalternators in Britain were 
air cooled 60 MW machines. The trend towards larger 
units has been made possible chiefly by new cooling 
methods. The 500 M'W units now in service produce 
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three times as much power per unit of weight as did 
the generators of the early 1950s. 


The first important step was the introduction of 


hydrogen gas as a coolant, which made possible the 
building of machines up to 100 MW. There have been 
no explosions in turboalternators in Britain, although 
they are not unknown in installations in the United 
States. The next development was to pump hydrogen 
through hollow tubular conductors, taking the limit up 
to 275 MW. But it became clear that for larger units, 
water cooling would be better than hydrogen cooling, 
at least for the stator, and a prototype 120 MW unit 
was built in 1961. Turbogenerators with water cooled 
stators and hydrogen cooled rotors are now operating 
up to 500 MW, and this design is being used for the 800 
and 1,100 MW units which are on order. The next 
water cooled rotor—has already been de- 
veloped -by English Electric, 
designing watertight inlet and outlet connexions to the 
rotor have been overcome. The rotor which has been 
built is designed to be interchangeable with the rotors 
of the 500 MW units supplied to the power stations at 








Final stages in the completion of the 500 MW turbo- 
generator for the West Burton power station. 


West Burton, Cottam and Fiddlers Ferry; it is expected 
to be fitted into a turboalternator at West Burton in 
1969. It is true that the Russians are said to be building 
à large water cooled rotor, but nobody seems to have 
seen it. 

English Electric hopes that they will have gained 
operating experience with water cooled rotors before 
having to use them in the units of 1,500 MW which may 
soon be built. And what will come after that ? English 
Electric is talking of obtaining higher volteges and 
reduced currents, with savings in size thrown in, by 
enclosing the stator and its winding in an oil bath. But 
the prospect of using cryogenic techniques in turbo- 
alternators scems as far away as ever. 


FUEL POLICY 


Two More Views on Coul 


THE impact of North Sea gas on British fuel strategy 
is analysed in two reports that have just come out. 
An appraisal, carried out for the Coal Board by the 
Economist Intelligence Unit, of the likely financial 
and social repercussions of emphasizing different com- 


and the problems of 
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binations of four main fuel sources—coal, oil and 
nuclear power—has coincided with the publication of 
a report by the Select Committee on Nationalized 
Industries on the various methods of exploiting natural 
gas (HMSO, 34s.). 

Although both surveys make several useful and 
incisive inroads into the problems of introducing a 
new and abundant source of power into an economy 
that has often been found sadly ill-equipped to absorb 
change and innovation, one obvious conclusion is that 
the imponderables involved in this type of forecasting 
are so numerous as to make any reasonable balance 
between the four fuels acceptable. It is not startling, 
therefore, that the EIU report lands firmly and 
coherently on the side of a compromise in which the 
run-down of the coal industry and the parallel increase 
in the use of natural gas are tempered by the need 
to alleviate the social consequences of these changes 
and to maintain as healthy a balance of payments as 
possible. The main surprise is the extent to which the 
increase in the use of North Sea gas should be subdued 
in favour of capitalizing on the continued potential of 
the coal industry. 

In a recent speech to the Institute of Fuel conference 
at Eastbourne, the Minister of Power, Mr Roy Mason, 
referred to the contradictions apparent between the 
Brookings Institute Report earlier this year, the EIU 
report and the Government's actual fuel policy. The 
figures discussed in the EIU report add some credibility 
to these differences by emphasizing the small size of 
any financial saving by adopting one fuel policy rather 
than another, but the report claims that, when cost, 
capital outlay, social upheaval and the contribution to 
the balance of payments are taken into account, the 
slightly less optimistic case for North Sea gas stands 
out as more realistic. 

The report by the Select Committee on Nationalized 
Industries deals specifically with accommodating the 
supply of North Sea gas in the present structure of 
the industrial and consumer markets, and sets out to 
exemine how the cost of electricity, coal and rail 
linked with the cost and supply of natural gas. The 
large capital expenditure involved in supply lines and 
in converting appliances to burn natural gas is deemed 
to be justifiable in the light of the large sums that 
would anyway have to be spent on new equipment, 
but some of the arguments presented in the report 
smack of the conviction that what is needed is a justi- 
fication for using natural gas on a large scale rather than 
an appraisal of the merits of incorporating it in varying 
measure into the national scene. 

This may be a viable strategy, since the point at 
which policy decisions are injected into an investiga- 
tion can easily be delayed too long, but the publication 
of two independent reports on fuel policy, each with a 
different emphasis, draws attention vet again to the 
difficulties with which the Ministry of Power will have 
to wrestle in the long winter ahead 


gas, 


SPONSORED RESEARCH 


Dividends for Societies 


THE Fulmer Research Institute in Sussex will have : 
new director in 1969—Dr W. E. Duckworth, who is at 
present the assistant director of BISRA (British Iron 
and Steel Research Association). Meanwhile the insti- 
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tute carries quietly on with its profit making research. 
It boasts of being the only contract research organiza- 
tion owned by a professional scientific body and as 
such it is remarkably successful, having increased its 
capital assets from £40,000 when it was founded in 
1946 to £250,000 in 1966. 1t was sold in 1965 by 
Imperial Chemical Industries to The Institute of 
Physies and The Physical Society (which is the name 
of a single organization). Mr E. A. G. Liddiard, the 
director of the institute since its foundation, is retiring 
next year. 

The institute is run on strietly commercial lines and 
receives no grants from outside sources or its parent 
body. Much of its research work is carried out for the 
Government (about 30 per cent) and for the Atomic 
Energy Authority (35 per cent). About 15 per cent of 
the research is for sponsors overseas and the rest for 
individual British industries. The institute is chiefly 
engaged in metallurgy, physical, inorganic and ana- 
lytical chemistry, solid state physics and engineering. 
Long-term projects include work on the structure of 
liquid metals using X-ray diffraction techniques and 
studies of superconducting materials and the problems 
associated with the production of high magnetic fields. 
The metallurgy department is at present looking at 
chromium-base alloys and has studied uranium and 
aluminium alloys. Precision measurements of heats 
of formation, and investigations of the physical 
chemistry of metal producing reactions, heat and mass 
transfer phenomena and the mechanisms causing stress 
corrosion and corrosion fatigue, have been sponsored. 


UNIVERSITY CURRICULUM 


Chemists into Economists 


Can economics be usefully introduced into under- 
graduate chemistry courses ? A group of chemists and 
economists met at ICI Mond Division, Runcorn, some 
days ago to discuss the question. The meeting was 
instigated by Dr Duncan Davies, deputy chairman of 
ICI Mond Division and à member of the Swann 
Committee. The discussion was haunted by the now 
familiar spectre of the unwillingness of bright science 
graduates to enter industry. The potential contribution 
of economies to chemistry courses was seen in this light, 
as a way of informing the students of the urgency and 
variety of problems that await them in industry. 
People were less hopeful that such studies might make 
a direct contribution to the future industrialist’s 
industrial skill. 

The group came to two conclusions. First, there is 
scope for the inclusion of an economic dimension into 
chemistry courses, even as they are organized at present 
The opportunity is clearest where economic factors run 
counter to chemical expectation in industrial practice. 
This is exemplified by the manufacture of acrylonitrile, 
where propylene rather than the chemically more 
expedient acetylene is the starting material of choice. 

To make this teaching effective, the group recom- 
mends a one week economics course just before the 
beginning of the second year of the usual undergraduate 
course. There would be business games, plant visits, 
ease studies and economic lectures. The Careers 
Research Advisory Centre, which organized a similar 
week for postgraduates some time ago, was suggested 
as a possible manager. A second possibility, more 
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radical, is to create new courses in which chemistry 
and economics stand in equal partnership. There is 
some precedent for this in the Stirling Technological 
Economies School, and a combined Chemistry and 
Economies course has been proposed at Oxford. The 
course at the University of Manchester known as 
Liberal Studies in Science was held up as an example, 
although some people feared that this course is more 
humanistic than industrial It is unlikely that a 
satisfactory course of this kind could be formed by the 
mere grafting together of existing courses—a fairly 
thorough reworking of current practice would be 
necessary from both the chemical and economic sides. 

Coming so soon after Dainton, Swann and Pippard 
(see Nature, 919, 1307; 1968), there is little doubt that 
the group's recommendations will find an audience 
receptive to the need for change. And the group was 
confident that some of the academic high flyers, at 
present set on a career of cloistered research, may be 
tempted into industry by early exposure to the kind, 
and the severity, of the problems that would confront 
them there. The group was less sure that it had an 
answer to student idealism, a more insidious opponent 
than academic fastidiousness. A chemistry professor 
reported with mixed pride and trepidation that the 
embryo Kropotkins and Proudhons who until very 
recently gathered themselves exclusively in sociology 
departments were now making a showing in his fresh- 
man classes. Nobody yet knows what, if anything, will 
persuade these youngsters to molhfy their absolutism 
and yield to the needs of profit-directed industry. 


ENVIRONMENTAL NOISE 


Non-destructive Testing 


As the two-tier postal charges are to the British General 
Post Office, so are sonic booms to the Ministry of Tech- 
nology. Taxpayers do not like them. But if anyone 
expects a report on the series of sonic booms over 
London and elsewhere in the summer of 1967, the 
ministry is quick to point out that they were not tests— 
nothing was measured except the capacity of the 
ministry's telephone exchange—but simply an exercise 
to acquaint the public with the sound of a sonic boom. 
There has not and will not be any report specifically 
on that exercise. On the other hand, the investigations 
of the effect of sonic bangs on cathedrals, which were 
announced on September 20 this year, are real measure- 
ments although they will not involve real sonic booms. 
No one apparently had time to organize seismic 
measurements in places like Westminster Abbey 
during the three booms in 1967. 

The measurements at cathedrals are being organized 
by the Royal Aircraft Establishment at Farnborough, 
which is chiefly responsible for the ministry’s sonic 
boom test programme, but the actual measurements 
are being made by members of the Institute of Sound 
and Vibration Research at Southampton University 
under contract to the RAE. If the church authorities 
agree—and not all of them have done so yet—the 
RAE intends to include twelve or thirteen cathedrals 
in the survey. Winchester, York, Canterbury, Ely. 
Durham and Manchester are apparently on the list: 
work at Winchester and Canterbury has been completed 
and this week Lincoln was tested. The objective is to 
find out how the cathedrals respond to everyday 
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environmental sounds, traffic noise and vibration, 
winds, thunderstorms, ringing the bells and even 
playing the organ. ‘There are seismographs on the 
ground and accelerometers on the windows. From the 
measurements, the structural transform 
the buildings can be calculated, and the RAE hopes to 
establish a relationship between this and differences in 
maintenance costs of cathedrals in quiet and noisy 
sites. The transform functions will also be used to test 
predictive mathematical models of the effects of sonic 
bangs on buildings, which have been derived from 
model experiments at Farnborough and elsewhere. 
The ministry and the RAE say they have chosen 
cathedrals for the tests because their complexity 
provides an exacting test of the theoretical models, 
because the history of cathedral buildings is well 
doeumented and because their longevity is in some 
sense a guarantee of immunity from damage. The 
RAE insists that the tests in no way imply that 
cathedrals are likely to be partieularly susceptible to 
sonie boom damage and, in fact, the RAE is claiming 
that the cumulative effect of sonic booms would only 
increase the maintenance costs by a fraction of one 
per cent. Although some alarm has been caused by the 
mention of using small explosive charges in some of the 
tests, this seems to be a red herring. Apparently the 
charges are no greater than many of the fireworks 
whieh will be let off on Guy Fawkes night, and Mr 
D. R. B. Webb of the RAE says that the noises in 


Canterbury Cathedral on. bonfire night will be greater 


than that of the charge which was used in the test there. 
Judging, however, from the reluctance of some of the 
cathedral authorities to allow tests involving explosions, 
Mr Webb's confidence is not everywhere shared. 

Each cathedral will be tested for between two and 


function of 


seven days: the whole survey is due to be completed 
by November 18. 

"The whole operation is costing several thousand 
pounds, but Professor Clarkson of Southampton said 
on the telephone last week that, even if he knew the 
exact amount, he would probably not be prepared to 
say what it is. 


EXHIBITIONS 


Insects on Show 


A COMPLETE break from the traditional and rather 
musty displays of insects in natural history museums 
has been made by the new insect gallery 
the public last Tuesday in the British Museum (Natural 
History) in South Kensington. The new gallery occupies 
part of the old Shell Gallery which was damaged during 
the Second World War. This has since been repaired 
and completely re-equipped. A riveting vertical panel 
of butterflies, moths and large colourful beetle 
at the entrance to the gallery. Around the sides are 
attractive and well chosen displays illustrating the 
different types of insects, their structure and distribution 
and the various adaptations which make insects such a 
In the middle of 
room other cases are temporarily filled with photo 
graphs but will eventually contain displays of insects 
in relation to man—carriers of 
pests and soon. Daylight has been completely excluded 
from the gallery and light in the display 
the only illumination. Round the dark upper part of 
the gallery is a striking frieze of large line engravings 
on glass illuminated from behind illustratig the 
diversity of insect form 


opened to 


stands 


diverse and fascinating group. the 


disease, agricultural 


cases provides 





The new insect gallery at the British Museum (Natural History). 
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The planning and arrangement of the displays have 
been earried out by members of the Department of 
Entomology and the Exhibition Section of the museum. 
Part of the gallery's success lies in the use of a variety 
of display tools—three-dimensional models, paintings, 
diagrams and drawings, and specimens of insects 
themselves selected from the store of about 20 million 
in the museum. The lettering of what little text there 


is is large and clear, and there is a welcome lack of 


the lengthier Latin names and strange technical terms. 
It will be interesting to see how quickly the designers 
of the gallery discover that an exhibition intended for 
non-specialists is thronged with specialists for much of 
the time. 


ENVIRONMENT 


All Change for the Biosphere 


A PROPOSAL for a UN conference on man and his 
environment is to come up before the current session 
of the United Nations General Assembly. (The pro- 
posal was originally made by the Swedes and was taken 
up and endorsed recently by the Economie and Social 
Council during its forty-fifth meeting.) The September 
“Biosphere” conference sponsored by Unesco in Paris 
is now seen to have been a kind of curtain raiser to 
the larger UN congress. Representatives of about 
sixty nations took part in Unesco's deliberations, but 
it would be expected that all UN member countries 
join in the proposed conference. The twenty-odd 
resolutions finally adopted at the Paris meeting are 
considered a suitable scientifie basis for the big UN 
meeting. 

The resolutions were divided into three categories 
relating to the three working commissions from which 
they emanated—research, education and policy and 
struetures. Eight resolutions were concerned with 
research, the most interesting relating to environ- 
mental pollution and the preservation of “gene pools", 
especially of the variants of domesticated species 
such as cereals and cattle. The five education and 
training recommendations included one urging 
that *ecological thinking" be introduced into curri- 
cula throughout the world, starting in the primary 
school. 

The most substantial recommendations were in the 
last category—policy and structures. An "umbrella" 
resolution called for national governments to develop 
comprehensive and integrated policies for the manage- 
ment of the environment and for international aspects 
to be considered in the formulation of such policies. 
Nine objectives for such policies were listed, of which 
perhaps the most significant is the aim of "optimal 
productivity consistent with continued usage of the 
biosphere into the long-term future". It was also 
pointed out that there is already a large body of 
knowledge about how to get the best out of natural 
resources without exhausting them; what is lacking is 
the mechanism for implementing this knowledge. 
The resolution suggested that governments should 
bring in a wider range of experts (including sociologists) 
when drawing up policies for land use and other develop- 
ment. 

The International Biological Programme (IBP) 
now seems set for a run of at least a decade. It is 
already engaged in most of the background research 
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called for and so it was patted on the back and a resolu- 
tion adopted urging follow-up and extension of the 
IBP after the statutory five years (due to end in 1972). 
In parallel a plan for an "international and interdis- 
ciplinary" programme on the rational use and conserva- 
tion of the biosphere was called for, this to be carried 
out on an intergovernmental basis (with some coopera- 
tion from non-government organizations). Unesco 
was charged with drawing up this plan during the 
1969-70 biennium—all its funds are committed until 
then. The programme itself could then start at about 
the time that the initial IBP comes to an end, during 
1972. The big UN conference on man and his environ- 
ment is expected to be some time between now and 
then. 


BRITISH FLOODS 


Who is to Blame? 


Now that the first impact of the flooding in southern 
England has subsided, and with it the spirit of neigh- 
bourliness it engendered, recriminations and analyses 
have begun. Praise for the volunteer and local organ- 
izations has been lavish, but it is debatable whether 
the police, fire brigades and the army were called in 
soon enough and whether they should in any case be 
expected to cope with disasters on this scale. So should 
there be a standing organization quickly and effectively 
to mount rescue operations, as Lord Robens suggested 





Swirling floodwater on a Surrey road. 
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to the British Association last month ? The Govern- 
ment also has to decide how much it can afford to pay 
the victims of the latest floods—should the financial 
load fall on the general body of taxpayers or should 
individuals be more responsible for their own in- 
surance ? 

The Meteorological Office has come in for a share of 
the prevailing blame for failing utterly to predict 
even that there might be heavy rain. It has defended 
its recently acquired computer, with its ability to 
"forecast many features of the weather", by explaining 
that there is no computer anywhere sufficiently power- 
ful to make accurate forecasts on a day to day basis. 

The Natural Environment Research Council is sup- 
porting a research project to be undertaken at the 
Institute of Hydrology on the prevention and fore- 
casting of floods in England. Large scale investigations 
of the entire tidal length of the Thames are also 
under way (Nature, 919, 1097) and everybody now 
hopes that a barrier will be built across the Thames to 
ensure that London is never flooded. 


WATER POLLUTION 


Cleaning Up the Trent 


CONSERVATIONISTS and gourmets may jump with joy 
at the news given in the latest annual report of the 
Trent River Authority that two spent cock salmon 
have been caught in the river near Newark—the first 
salmon to be landed in the Trent since 1931. Cele- 
bration may, however, be premature, for the salmon in 
question were caught nearly two years ago, in January 
1967, and there have been no more since then. Indeed, 
when the salmon were caught the water conditions in 
the Trent were rather better than usual because of 
heavy falls of rain, and it was the end of the year when 
the fish had probably moved upstream. The fact that 
the fish had spawned was one good sign, but the reap- 
pearance of the salmon does not necessarily mean that 
the river is getting cleaner, although Mr C. A. Hobday, 
deputy pollution and fisheries officer, said this week 
that the river has improved slightly during the 
past five years—not before time. In the summer 


* 
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months, about a third (250 million gallons) of the 750 
million gallons of water flowing past Nottingham is 
sewage effluent, and the proportion of sewage to natural 
water is likely to increase unless measures are taken to 
improve the network of sewage systems and the sewage 
treatment works. The Trent is not alone in Britain in 
being so polluted, of course, but it does have a serious 
problem peeuliar to itself. About 5-5 million people 
live within the Trent catchment area, nearly half of 
them around the head waters of the Trent and its 
tributary, the Tame. This means that there is very 
large pollution at the source of the system and not, as is 
more usual, at the mouth. 

The problems of the Trent are therefore very large, 
and this is why a special committee, the Trent Steering 
Committee, has been set up by the Water Resources 
Board in conjunction with the Ministry of Housing and 
Local Government and the Trent River Authority. This 
committee is looking into the possible ways in which 
the present polluted waters of the Trent and some of its 
tributaries can be rehabilitated, and this project will 
evidently be helped along by the Water Pollution 
Laboratory, the latest annual report of which (HMSO 
£1) says that about seven per cent of the laboratory's 
rescarch effort over the next three vears will be devoted 
to a programme of research in connexion with the 
Trent and its pollution problems. 

The Water Pollution Laboratory has other irons in 
the fire than river pollution. In 1967, coastal pollution 
was the largest single project in the laboratory's pro- 
gramme. This involved among other things the 
continuing development of methods of tracing the 
distribution of sewage from sewage outfalls in estuaries. 
Some of these techniques are being used to study the 
feasibility of disposing of London's sewage sludge 
through a pipeline terminating several miles offshore. 
This investigation is being carried out in collaboration 
with the Hydraulics Research Station and with a firm 
of consulting engineers on behalf of the Greater London 
Council. The cost of such a scheme would probably be 
about £20 million, but the present system by which 
sludge is dumped at a point about 70 miles from 
London Bridge in the Thames Estuary is becoming 
inereasingly expensive. 








Scientific Manpower in Britain and the USA; 


the McCarthy Study 


ONE of the chief pieces of evidence commissioned by 
the Swann Committee, The Employment of Highly 
Specialized Graduates : a Comparative Study in the UK 
and USA, by a young ICI economist, Mr M. C. 
McCarthy, was published on October 1 (HMSO, 4s. 6d.). 
The degree of specialization and the extent of the 
mismatch between the supply and demand for science 
based generalists in Britain, which Mr McCarthy has 
revealed, come as a rude surprise even after the 
Robbins report and the last few triennial surveys of 
engineers, technologists and scientists in Britain. 

The difference between the education of the American 
generalist and the British specialist at undergraduate 


level is summarized simply in Tables 1 and 2, which 
speak for themselves. Between 65 and 75 per cent of 


Table 1. CURRICULUM CONTENT OF TYPICAL AMERICAN UNDERGRADUATE 


COURSES 
Percentage of total programme devoted to 
subjects other than major: 


Humani- 
Mathe- ties, social Elec- Other 
maties Science science tives 
Undergraduate field 
B.A. English 2 1 31 29 4 
Natural science 3-14 $12 30-37 18-20 3 
Social science 2 8 34-86 — 28-20 $-4 
B.S. Engineering 12-14 18-28 16-19 3-8 3-7 
Biological science 4-5 12-14 29-33 21-25 Bud 
Physical science and 
mathematics 11-15 7-12 32-83 13-27 8-4 
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Table 2. TYPE OF FIRST DEGREE COURSE TAKEN BY UNIVERSITY STUDENTS IN 
ENGLAND AND WALES 1961-62 AND ESTIMATED 1963-64 
Percentage 
First year Final year 
(1961-62) (1963—64) 

Honours 

1 subject 56 68 

2 subjecta 5 9 

3 subjects il 

Total honours 72 ši 
Pass 

1 subject 1 6 

2 subjects 1 7 

3 subjects g 3 

Total pass 4 16 
Common studies* 

1 subject 6 3 

2 subjects 2 — 

3 subjects 16 — 

Total common studies 24 3 
All undergraduates 100 100 


* First degree eourses common to those taking honours and pass degrees, 
for details see Cmnd 2154, Table 33. 
all American science and engineering graduates take a 
general course whereas in Britain since 1961 the 
number of science generalists has fluctuated between 
15:3 and 16:4 per cent (Table 3), and if candidates for 
Higher National Certificates and Diplomas, which many 
American companies recognize as equivalent to a first 
degree, are included, the figure falls to less than 5 per 
cent. The generalized nature of American education is 
also reflected in the extent of interchange between 
disciplines at undergraduate and postgraduate levels. 
Tn the first year at college a very large proportion, in 
some colleges more than 50 per cent, of the students 
change their choice of major subject. Sixteen per cent 
of physies graduates do postgraduate work in some 
other subject and 16 per cent of those starting post- 
graduate physies courses graduated in some other 
subject. In mathematics only 53 per cent of those with 
masters degrees have read mathematics as under- 
graduates, and in all sciences only 68 per cent of those 
reading for masters degrees have first degrees in the 
same subject. 

Differences in scale between the British and American 
higher education systems are, of course, as great as the 
differences in approach. In 1964 in the USA, 1-238 mil- 
lion men aged 18 and 19 (51 per cent of the age group) 
and 958,000 women (34 per cent of the age group) were 
enrolled at colleges. Whereas in Britain in 1962 (the 
latest year for which figures are available) the corres- 
ponding numbers were 37,000 men, only 9-2 per cent 
of the age group, and 27,000 women, 7:3 per cent of 
the age group. 

What are the patterns of employment in the two 
sountries ? Characteristically there is little information 
on the types of jobs filled by science graduates in 
Britain. The 1961 Census is the latest comprehensive 
survey, and according to that 19 per cent of scientists 
and technologists were in jobs where they were unlikely 
to be making direct use of their qualifieations. But 
this is altogether too rosy a picture of specialists finding 
jobs which require specialized education. McCarthy 
gives several most convincing reasons for believing that 
Table 3. FIRST DEGREE GRADUATES IN COMBINED OR GENERAL COURSES IN 


SCIENCE AS A PROPORTION OF ALL FIRST DEGREE GRADUATES IN SCIENCE: 
GREAT BRITAIN 


Percentage 
1961-62 1962-63 1963-64 1964-65 1965-66* 

Arts/biological sciences 0-5 0-5 0-6 0-6 11 
Arta/physical sciences 18 2-6 2-5 2-5 24 
Biological sciences 3.9 34 3-9 39-4 3-8 
Biological sciences! 

physieal sciences 2-8 3:3 2-8 3:3 2:5 
Mathematies/physics 8-4 6-3 6:5 $-0 5-5 
Total per cent 153 16-0 163 15-7 16-4 
Total number graduates 

in these 1,043 1377 1,369 1,411 1,556 


* Excludes graduates from the former Colleges of Advanced Technology. 
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Table 4, PERCENTAGE OF SCIENTISTS AND ENGINEERS ENGAGED IN RESEARCH 
AND DEVELOPMENT IN MANUFACTURING INDUSTRY IN UK AND Usa 1062 


UK USA 
Percentage Percentage Percentage Percentage 
ofengineers ofscientists ofengineers of scientists 








ineach and engineers ineach and engineers 
sector in each sec- sector in each sec- 
engaged in torengaged engagedin tor engaged 
R&D inR&D Rap in R&D 
Chemical excluding 
mineral oil refining 20-1 224 36.2 
Mineral oil refining 22-7 12:1 16:5 
Electrical and elec- 
tronic engineering 21 43:0 
Motor vehicles 3 32-7 
Aircraft 557 5b5 
Total manufacturing 
industry 31:3 34-1 





the figure is a gross underestimate. For example, all 
graduates employed as school teachers were classified 
as specialists. American evidence allows a more 
rigorous analysis and the American National Register 
of Scientific and Technical Personnel shows that 
about 71 per cent of scientists consider themselves 
working in fields broadly related to their academic 
discipline. But what is certain is that in both countries 
only 30 to 40 per cent of all science and engineering 
graduates are employed in research and development 
(Table 4), where a specialist may be at an advantage, 
whereas 60 to 70 per cent are employed in management 
production or sales. Furthermore, there is general 
agreement that, in both countries, the proportion of 
research and development jobs is unlikely to increase 
significantly in the future. Thus in Britain there is a 
fundamental mismatch between the «demand for 
generalists (60 to 70 per cent of the jobs) and the 
supply (on the most generous estimate only 16 per cent. 
of those graduating). By contrast, in the USA supply 
and demand for generalists are matched. 

The other fundamental difference between science 
education in the two countries is that in Britain it is a. 
quantum process, all over bv about the age of twenty- 
five, whereas in the USA industry really encourages 
in-career training to cope with technological change 
and the onset of technological obsolescence amongst its 
employees. Surveys of American companies in 1962 
and 1964 showed that they appreciated the "very 
serious problem" of technological obsolescence in all 
fields except basie research, which suffers least, and 
were full of praise for the adaptability of non-specialist, 
graduates. In America a third of all masters degrees 
in engineering are gained by people already in employ- 
ment. And engincers are not exceptional: 20 per cent 
of graduate physicists took masters degrees while they 
were employed and in one electronics firm 319 masters 
degrees and 60 PhDs were awarded to staff in one year. 
The Engineering Master Plan Study for the University 
of California gives perhaps the best impression of the 
American commitment to continued education. At 
present about half the engineers in the state are engaged 
in continued education and more than three-quarters 
of these are involved in Delta programmes designed to 
bring them up to date after periods of employment. 
This is simply put into a British perspective: by 1965 
there were more engineers in the state of California than 
in the whole of Britain. Needless to say, comparable 
figures for continued education in Britain are not 
available; if they were they would no doubt be lament- 
able by comparison. 

Both the Swann report and McCarthy s study are 
epitomized by one British witness who said, of the 
number of physicists going into industry, “I don't 
think it’s worse—it’s always been catastrophic.” 
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Ethics for and by Biologists 


from our Special Correspondent 


CONTRIBUTIONS to the symposium “Biology and 
Ethics" held last week by the Institute of Biology fell 
into two eategories—those concerned with the ethical 
issues raised by biological advances and those which 
sought to show how biology can provide a support or 
even a foundation for ethical systems. The symposium 
was at its best on specific issues in the first category— 
organ transplants and fertility, for example—although 
in the diseussions that followed each address there 
were too many individual credos and too few dialogues. 

Professor M. Woodruff discussed the problems of 
obtaining organs for transplantation. The survival 
rate of kidney transplants has been 75 per cent after 
one year and 67 per cent after two years with kidneys 
from a living donor; with cadaver kidneys, the figures 
are 45 and 38 per cent respectively. In view of this 
success rate, Professor Woodruff said he thought it 
proper to offer a renal transplant to every patient with 
irreversible renal failure, with the proviso that the 
patient should be allotted further time on the scarce 
renal dialysis machines if the transplant failed. As for 
the sources of kidneys, it seemed perfectly proper to 
allow a volunteer to give a kidney to a close relative, 
provided that he was made aware of the risks involved 
and that there was no pressure on him from other 
members of the family. At the slightest sign of such 
pressure the doctor should declare the potential donor 
unsuitable on medical grounds. 

Dr Eliot Slater, editor of the British Journal of 
Psychiatry, declared that the donation of organs is 
immoral because social pressures acting within an 
individual will make him act to his own detriment. 
Professor Woodruff's Shakespearian reproof was that 
conscience may make cowards of us all, but it also 
makes heroes, a process with which no external prescript 
should be allowed to interfere. 'The rapid deterioration 
of transplantable organs brings a new urgency to the 
definition of death, but because of the difficulty of 
finding any hard and fast criterion, Professor Woodruff 
said, we should stick to the ordinary person's idea of 
death, whieh is when a body is ready for burial. If 
this means that transplantable organs cannot be ob- 
tained, we should then ask whether it is proper to take 
organs from patients sustained on machines after the 
machine has been switehed off. Machines are switched 
on to improve a patient's otherwise fatal condition; 
if no improvement occurs, Professor Woodruff said, it 
is perfectly proper to turn the machine off. The 
question then arises as to whether it is right to take 
organs from the contingently dead patient. 

Professor C. Clarke made the welcome observation 
that once a new discovery is made, there is a tendency 
for its ethical implications to be blown up out of all 
proportion. Much has been said about the supposed 
problems of sex control—for example, that it would 
lead to a surplus of boys, of which war would be the 
inevitable consequence. But the only form of sex 
control that Professor Clarke could envisage would 
entail artificial insemination, à technique that would 


not be used by any significant number of people. 

Professor Sir Alan Parkes took issue with what little 
the United Nations Declaration of Human Rights has 
to say about reproduction. World population is in- 
creasing by about 2 per cent a year, a rate of growth 
that cannot be maintained indefinitely. The Vatican's 
attempts to maintain its crumbling dogma on birth 
control, Professor Parkes said, was “a sign of monu- 
mental arrogance and a gross violation of human 
rights", but he expected that wiser counsels would 
prevail in time. In the preprint of his address Professor 
Parkes raised an issue that could profitably have fallen 
within the symposium's scope—the power of soci 
attitudes to inhibit scientific research. The long- 
taboos on contraceptives were such that, “with the 
honourable exception of J. R. Baker in Oxford, tech. 
nical problems received little or no practical attention 
from biologists, and, as a result, available methods 
of contraception remained technically archaic and 
aesthetically objectionable to many people". 

Dr J. H. Humphrey called for all countries to 
renounce the use of biological weapons. Professor 
Woodruff, casting himself as devil's advocate, observed 
that the cheapness of biological weapons made them 
accessible to weaker nations. Would it be right, he 
asked, for a country of the size of Czechoslovakia to 
use such weapons in defence against a country of the 
size, for instance, of the Soviet Union ? 

Dr Malcolm Potts provided the biological facts and 
figures on which discussion of the ethics of abortion 
should be based. He argued that reproduction is a 
continuum and that no legal or theological status should 
be ascribed to the embryo during the first two weeks 
after fertilization. Abortion may be widely used, he 
said, during the first three months of pregnancy, but 
more reluctantly thereafter. Though it may be difficult 
to decide to terminate a pregnancy, "the responsibility 
to refuse a request to induce an abortion is also a grave 
one”. No member of the symposium chose to reply to 
a speaker who held that the right and responsibility 
for deciding on an abortion rested solely with the 
pregnant woman herself. ` 

The second category of addresses was distinguished, 
at its worst, for the naivety of supposing that animal 
behaviour provides a relevant basis for human ethics. 
Speakers who adopted this view neglected to offer 
grounds for supposing that "nature" is anything other 
than ethically neutral and perhaps, in consequence of 
this logical oversight, were led to propose me bizarrely 
simplistic arguments. One speaker, for example, argued 
that because homosexual activity is frequently observed 
in the animal kingdom, it should be tolerated in human 
societies. Another seemed to be in genuine confusion 
as to the difference between ethology and ethics. 
Progress in ethology, he said, “means that biology will 
be able to underwrite the main assumption of eth 
that behaviour can be changed in a given direction”. 
But in reality, of course, ethies is to do with what ought 
to be, not with what is or can be. E 
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Short Commons for Canadians 


from our Special Correspondent 


Ottawa, September 26 

Tue enthusiasm for balancing the Canadian budget 
which has seized the Government of Mr Pierre Trudeau 
has provided some shocks for Canadian scientists. Last 
week the Federal Government announced the cancella- 
tion of two major projects, and followed this week with 
the publication of sharply reduced figures for govern- 
ment grants to science. The saddest are the astrono- 
mers, who have lost for the time being at least the plan 
to build a 150 inch telescope at Mount Kobau. At the 
same time, the plan for an intense neutron generator 
has also been deferred, and it is not clear whether it 
will ever be built. 

The tendency in Ottawa is to dismiss the cuts as 
inevitable, even salutary. Attitudes among astrono- 
mers and high energy physicists are harder to gauge, 
because neither the telescope nor the neutron generator 
had unanimous support. The intense neutron generator, 
or ING, was a project which originated in the labora- 
tories of Atomic Energy of Canada Ltd. The design 
provided for a machine one mile long in which protons 
would have been accelerated to the equivalent of one 
thousand million volts, before striking a lead/bismuth 
target to produce very fast neutrons. The genorstor 
was to have been used for chemical studies of the heavy 
elements, activation analysis, radiation chemistry and 
for providing data about the behaviour of fast neutrons 
which might have been useful for the design of fast 
breeder reactors. The Science Secretariat carried out a 
study of the project, and suggested that ING would 
indeed be worth the $155 million it was expected to 
cost, an opinion which conflicted with those held in 
Canadian industry. (According to a survey by the 
Department of Industry, Canadian business "saw little 
opportunity for a continuing market outside the field 
of nuclear physics arising from ING".) 

The opinion in Ottawa is that although the project 
was sound enough technically and worthy enough 
scientifically, too little effort had been made by Atomic 
Energy of Canada Ltd to interest the rest of the scienti- 
fic community. Dr O. M. Solandt, chairman of the 
Science Council of Canada, criticizes AECL by saying 
that "they have not been very open in letting outsiders 
use other facilities at the Chalk River Laboratory". 
This, he suggests, has meant that the ING proposal 
has failed to gain overwhelming support in the universi- 
ties. The Hon. C. M. Drury, president of the Treasury 
Board, says that the decision is a deferment rather than 
a cancellation, and suggests that it may well be possible 
to build ING in perhaps five years. He seems doubtful 
whether the machine could in any ease have been built 
for $155 million, and says that it would have done 
nothing for the imme diate teaching problems in physies. 
The Tri-University Meson Facility (which now involves 
at least four universities) has been funded by the 
federal government, and will be built. It is not; how- 
ever, on quite the same scale as ING and will cost a 
mere $19 million. 

Many of the same arguments are used to defend the 
cancellation of the Quee n Elizabeth II telescope. This 


project would have cost $20 million, and $4 million has 
already been spent. Dr Solandt points out that the 
telescope would have appealed primarily to astronomers 
in Canadian government institutions, most of whom 
do their work within Canada. University astronomers, 
Dr Solandt says, would much prefer Canada to buy a 
share in the telescope being built with American money 
in Chile, chiefly because Mount Kobau in British 
Columbia is not a particularly favourable site. Experi- 
ence with a 16 inch telescope there does not seem to have 
been encouraging. The result is that the Government 
has seized on the Queen Elizabeth II as the target for 
its enthusiastic cost cutting. In this case, there is no 
official optimism that the project can be saved, although 
there is à suggestion that several of the universities 
in the west might club together and raise the money 
without government support. Ifthis can be done, the 
Federal Government would, of course, be only too 
happy. 

The Government has followed up these two sub- 
stantial cuts by lopping $2 million off research grants 
for 1968-69. The Medical Research Council has been 
provided with a budget of $26,043,000, more than 
$0-5 million less than the earlier estimate, and the 
National Research Council has had some $1:5 million 
taken from its initial estimate of $60,589,000. The 
new budget also reduces the estimates of grants from 
the health resources fund, which comes down to 
$37-5 million from $40 million. Grants for improving 
technology in industry—a major theme among official 
spokesmen here—will also be held within a lower limit, 
$10 million instead of $15 million. 

To an observer used to crises of British dimensions, 
it is hard to see why all this self-imposed restraint is 
necessary. The real reason seems to be that govern- 
ment spending has been increasing at a rate which 
Canadians find frightening, in part at least because 
welfare and health programmes entered into a few 
years ago are now beginning to cost money. Educa- 
tional building has also been going on at an impressive 
rate. The way in which the programmes are designed 
also seems to include a degree of built-in escalation, 
and the bill the Federal Government has to pay covers 
some eommitments entered into by the provincial 
governments. Hence the rate of expenditure has 
been rising more rapidly than the ability to pay. 
Because Canadians already regard themselves as 
heavily taxed, the alternative of raising taxes would 
be unpopular. It may, however, prove to be necessary. 
Despite the reductions made in the attempt to balance 
the budget (more than $80 million worth of expenditure 
has been cut from estimates published in February) 
federal spending has burst through the limits. An 
increase of $433 million has been re corded, mostly 
for reasons outside the Cabinet’s immediate control— 
payments to the provinces, debt charges and the first 
charges for medical care insurance. This means that 
Finance Minister E. J. Benson will either have to find 
room for more cuts or raise taxes if he is to keep to his 
aim of producing a balanced budget this year. 
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NEW TITLES FROM PERGAMON 


PRINCIPLES OF ZOOPHYSIOLOGY—VOLUME 1 
B. Ryback, University of Caen 


Special, molecular and comparative physiology are all dealt with in this book. The theory 
of "Mega-evolution" of living beings is developed along with the associated development 
of the energetic system which is discussed in the context of thermodynamics and chemistry. 
As well as the nervous system, the development of all the organs on the body prior to birth 
through to maturity is covered. 

598 pages £10 $25.00 


A LABORATORY MANUAL OF ANALYTICAL METHODS OF 
PROTEIN CHEMISTRY—VOLUME 5 
P. A. Alexander and H. P. Lundgren 


The first contribution describes a staining procedure which has a high degree of selectivity 
for basic proteins and has the unique ability to visualize qualitative variations in terms of 
colour changes. The technique described by Yang provides valuable information on the 
conformation of proteins. In the next section Benzinger presents his refined technique of 
microcalorimetry and the final section shows how molecular weight buoyance density, 
solution and ion binding of proteins can be determined using sedimentation methods. 

236 pages 80s. $10.50 


EXPERIMENTS IN PHYSICAL CHEMISTRY (2nd edition) 
J. M. Wilson etal. 


Designed for undergraduate students in chemistry and those reading for professional 
qualifications. The first part contains experiments which, in general, have a simple theoretical 
background. Part II consists of experiments which are associated with more advanced 
theory or require a greater degree of experimental skill. The final part contains investigations 
which can be developed into research projects suitable for final year students. 

400 pages 35s. $5.00 


THE PHARMACOLOGICAL AND EPIDEMIOLOGICAL ASPECTS 
OF ADOLESCENT DRUG DEPENDENCE 
Proceedings of a Symposium held by the Society of Addiction in September 1966 


Edited by C. W. M. Wilson 


These edited proceedings provide an up-to-date survey of the scientific, clinical, sociological 
and legal aspects of drugs of dependence as they are being investigated and used by the 
adolescent culture at present. Attention is drawn to the relation between the legal restric- 
tions on the use of drugs of dependence and the adolescent abuse of these drugs in relation 
to the United States and eight European countries. 

506 pages £8 $21.00 


DISORDERS OF SEXUAL POTENCY IN THE MALE 
J. Johnson, Consultant Psychiatrist, University of Manchester 


The author provides the first comprehensive review of the medical, literary, legal and 
biological references to disorders of male sexual function, particularly impotence and 
premature ejaculation. A scheme of classification for these disorders is suggested. This 
book will prove an invaluable reference source for post-graduate students in psychiatry, 
neurology, gynaecology and genito-urinary surgery, as well as for general practitioners. 
126 pages 55s. $7.00 
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MATHEMATICS—NEW AND RECENT TITLES 


: 
Reactor Dynamics and Control. Lynn E. Weaver 
Nuclear Engineering Department, University of Arizona, Tucson, Arizona, U.S.A, 
CONTENTS: Preface; System representation in the state space; equations of reactor dynamics; 
stability in the state space; stability of nuclear systems; optimization in the state space; closed-loop 
optimal control; optimal control of nuclear systems; control-system design by state-variable feedback; 
state-variable-feedback design of reactor control systems; appendices; index. 150s. 


Asymptotic Methods in the Theory of Linear Differential Equations. 
S. F. Feschenko, N. |. Shkil, and L. D. Nikolenko 


Mathematical Institute, Academy of Sciences of the Ukr. S.S.R. 


CONTENTS: Introduction; construction of asymptotic solutions for second-order linear differential 
equations with slowly varying coefficients; construction of an asymptotic solution for a system of 
second-order linear differential equations with slowly varying coefficients; asymptotic decomposition 
of a system of linear differential equations; construction of an asymptotic solution in the case of multiple 
roots of the characteristic equation; asymptotic solutions of differential equations in a Banach space; 
asymptotic methods of solving linear partial differential equations; references; index. 140s. 


Approximate Methods for Solution of Differential and Integral Equations. 
S. G. Mikhlin and K. L. Smolitskiy 
Leningrad State University 


CONTENTS: Preface; approximate solution of the Cauchy problem for ordinary differential 
tions; grid methods; variation methods; approximate solution of integral equations. Bibliogr 
Index, 





Cybernetics and Forecasting Techniques. A. G. lvakhnenko and V. G. Lapa 


Institute of Cybernetics, Ukrainian Academy of Sciences, Kiev 





CONTENTS: Preface; introduction; prediction of deter 
polation; prediction of stationary random processes; summary of probability theory and the theory 
of random functions; predicting nonstationary random processes; cognitive systems used as predicting 
filters and regulators; references; index. 130s, 


: processes, interpolation and extra- 
bd 









T" ; "-- . 
Conditional! Markov Processes and Their Application to the Theory of Optimal Control. 
R. L. Stratonovich 
Department of Mechanics and Mathematics, Moscow University, U.S.S.R. 
CONTENTS: Pref some auxiliary questions on the theory of Markov processes; the main results 
of the theory of conditianal Markov processes; application of the theory of conditional Markov 
processes to the theory of optimal control; Appendices. Supplement: solution of certain problems 
of mathematical statistics and sequential analysis. Bibliography. 165s. 








Wave Propagation and Turbulent Media. R. N. Adams and E. D. Denman 
R. N. Adams, University of Kentucky; and E. D. Denman, Vanderbilt University, U.S.A. 
CONTENTS: Preface; introduction; wave propagation in inhomogeneous medium; derivation of the 
recurrence equations using signal flow graphs: solution to the Epstein variation; turbulent medium: 
results and accuracy; conclusions; references; appendices; index. 75s. 
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NEWS AND VIEWS 


Mussels Not for Eating 


A CHAIN of ecological events extraordinary for the 
British Isles is reported in this week’s issue of Nature 
(pages 21-27) and the corresponding issue of the Lancet. 
They concern the unusual bloom of a planktonic alga, 
the dinoflagellate Gonyaulax tamarensis, off the North- 
umbrian coast of Britain in May this year. This 
eventually led to the illness of more than eighty people 
through mussel poisoning and the deaths of about 
80 per cent of the breeding population of shags on 
the Farne Islands. The principal events—the cases of 
illness and the deaths of the birds—lasted less than a 
month, but it has taken until now for the scientists 
concerned to untie the tangled strings and to present 
their conclusions. It was not until nearly the end of 
August that the toxin accumulated by the molluses 
had fallen everywhere to safe levels. What has now 
emerged is a neat piece of coordinated research, cover- 
ing a wide range of subjects and involving at least ten 
different groups of people. But, as so often with events 
of this kind, more questions are posed than answered. 
Certainly the laboratories concerned were caught un- 
prepared, principally because they had no previous 
experience in Britain to fall back on. 

Blooms of phytoplankton are common all over the 
world, but blooms of toxic dinoflagellates are usually 
found only in such places as the coasts of Japan, 
Peru, Africa and the eastern and western coasts 
of the United States and Canada. Toxie blooms are 
almost unknown in Britain, and it seems there is only 
one recorded case of toxic mussel poisoning. Dinoflagel- 
lates are common enough in British waters, but this year 
there must have been just the right conditions of climate 
and nutrients to cause a particularly large bloom of the 
Gonyaulax tamarensis. The sea birds were the first 
casualties. Agricultural chemicals and pesticides 
were soon ruled out as causative agents, and, when 
poisoned mussels became involved, all the signs pointed 
to toxic dinoflagellates as the cause. At first, however. 
it was difficult to pin the blame on them. partly 
because of difficulties in identification. Fortunately 
for all involved, routine plankton samples had been 
taken in May in the North Sea by the Oceanographic 
Laboratory in Edinburgh, and when these came to be 
analysed, G. tamarensis was found to be very abundant 
during the crucial time. But there were several other 
factors operating-—some quite incidental. In most 
parts of the British Isles, mussels are not caught 
during the summer months. It so happens that in the 
Northumberland area, where the climate is favourable, 
there is no closed season for mussels. If the toxic bloom 
had occurred elsewhere, the toxicity might never have 
been recorded, although the cockle industry might 
have been affected. As it turned out, the toxicity 
recorded in mussels in Northumberland must rank 
among the highest natural toxicities ever recorded. 
Fortunately for the mussel eaters of Northumberland, 





most of the mussels eaten had been well cooked, the 
juices had been drained away, and in this way some of 
the poison was eliminated. Otherwise there would 
probably have been much more serious effects and even. 
some deaths. 

This event may have caught everyone off guard, 
but moves are afoot to try to stop people getting 
poisoned again. Talks are in fact going on to try to get 
a system of routine checking of shellfish toxicities 
during the crucial spring months. This type of sampling 
goes on already in countries where toxic blooms are 
fairly regular occurrences. The event will also have 
sparked off research into fundamental questions of 
the ecology of dinoflagellates and their part in food 
chains of shellfish and other animals. 


FISHERIES SOCIETY 


Growing and Watching Fish 


from a Correspondent 


THE autumn scientific meeting of the Fisheries Society 
of the British Isles was held in London on September 28. 
Mr I. D. Richardson of the White Fish Authority 
spoke about some cultivation techniques for marine 
fish. He emphasized that most marine fisheries are 
currently based on the hunting of natural populations 
and, because many of these are being over-fished, 
it is necessary to seek alternative species, new grounds 
or to attempt artificial cultivation. Despite a lack of 
biological information on many aspects of the life of the 
species upon which cultivation techniques were being 
tried, the work had been started and was having con- 
siderable success. 

Because it had been shown that there was a thirty 
per cent mortality each month if young fish were placed 
in the sea, attempts were made to culture the fish to a 
marketable size in tanks and in enclosures in the sea. 
The effects of using heated seawater from power 
stations, artificial fertilization of the environment and 
additional feeding of the fish were also tried. In three 
years it had been shown that such cultivation tech- 
niques were biologically feasible, but the primary 
resource, whether of eggs or young, must be reliable. 
Fully marketable fish had been raised in an enclosed 
sea loch in two years, and in tanks using heated sea- 
water from a power station, 7°-8° C above ambient, in 
eighteen months. For example, sole had grown from 
3 cm to 25 cm in this time. A commercial judgment on 
cost had vet to be made. 

Dr N. B. Marshall of the British Museum (Natural 
History) talked about deep sea fish, with particular 
reference to fish occurring on the sea floor at depths 
of about 3,000 m. His study was based on thousands 
of photographs taken of the sea floor by workers at the 
Woods Hole Oceanographie Institution. Some of these 
photographs showed fish in their natural swimming 
attitudes at these great depths. Dr Marshall also 
showed a film taken from a bathyseaphe at 2,500 m 
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during the search for the Ameriean submarine Thresher. 
The film elearly showed the rather uniform nature of 
the sea bottom at these depths, and also some fish 
swimming just above the bottom, apparently not dis- 
turbed by the bathyscaphe or the bright lights required 
for filming. 

The reproductive habits of charr of the English Lake 
District were summarized by Dr W. E. Frost of the 
Freshwater Biological Association. He found a marked 
diversity of spawning time and depth of water in which 
spawning took place, which had presumably originated 
since the populations were isolated from each other 
some 12,000 to 14,000 years ago. In Windermere two 
populations have been shown to exist, one spawning in 
mid-November in 2 to 3 m of water along the lake shore 
and in the streams at the head of the lake. The second 
population spawns from February to the end of March 
in 20 to 30 m of water on a gravel spit off the mouth of 
Holbeck. Tagging proved that the fish return to the 
same spawning grounds each year, and the two popula- 
tions appear to be separated only by their breeding 
habits. 

In the other seven lakes containing charr in the Lake 
Distriet, investigations were carried out to find out 
whether two populations existed. In Coniston Water a 
March spawning population was found, and in Enner- 
dale Water the charr spawned in the autumn in the lake 
and also in the River Liza at the head of the lake. The 
five other lakes containing charr—Thirlmere, Hawes 
Water, Buttermere, Crummock Water and Wast Water 
— were found to contain populations which spawned 
in the middle of January in deep water. 


FISH DISTRIBUTION 


Which Fish Live Where ? 


Somz interesting and surprising results are emerging 
from the scheme to map the distribution of freshwater 
fish in the British Isles. Two species new to Scotland 
have, for example, come to light, and several species 
are being found in areas from which they were previ- 
ously thought to be absent. The scheme, started at the 
beginning of 1967, is being organized by Dr Peter 
Maitland of the Nature Conservancy’s office in Edin- 
burgh. His aim is to have a list of the species of fish 
oceurring in each of the 3,500 ten-kilometre squares 
of the Ordnance Survey National Grid so that distribu- 
tion maps for each species can be prepared. This is 
not such an easy task as it may sound, because each 
square may contain thirty different species or more. 
The information now being collected in different parts 
of the country is recorded on specially prepared cards 
and it eventually finds its way to the Biological Records 
Centre at Monks Wood Experimental Station near 
Huntingdon. 

The response to the scheme seems to have been good, 
and Dr Maitland estimates that between 200 and 250 
have contributed records. Some of the river authori- 
ties have been particularly helpful and have offered 
to complete a card for every 10 kilometre square in 
their areas, some of which involve more than 100 
squares. At present there is enough information to 
produce a preliminary map for each species known to 
oecur in the British Isles and it is hoped to publish a 
complete list of these maps about the middle of next 
year. There are still, however, several gaps in the 
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Preliminary distribution map of the occurrence of the common 
perch Perca fluviatilis in the British Isles. 


records. For example, there are very few records of 
the distribution of the common species in very remote 
areas such as north-west Scotland and parts of Ireland 
and Wales; and for rare species, the authenticity of 
many of the records needs checking because of the lack 
of specimens. Apart from its inherent interest, this 
project does suggest that it may eventually make 
possible answers to questions such as the way in which 
fish are likely to populate the proposed barrage across 
Morecambe Bay. 


CROP BREEDING 


Growing New Hybrids 


from a Correspondent 

On September 4-6 the National Vegetable Research 
Station at Wellesbourne near Warwick was host to a 
specialist meeting of the Horticultural Section of Eucar- 
pia. Of the forty-six participants, all concerned with 
Brassica improvement, twenty-one were from Holland, 
France, Denmark, Sweden and the United States. 

After the opening address given by the president, 
Dr O. Banga from Holland, a wide range of subjects 
was considered. M. Nieuwhof from IVT, Holland, 
discussed results obtained with single-cross and double- 
cross hybrids and explored the possibilities they sug- 
gested. Speaking about the same topic, J. Y. Blanchet 
from Clause, France, discussed the hybrid breeding 
scheme which is being developed and the difficulties 
involved. Similarly Mrs J. Hoser Krauze from 
Shierniewice, Poland, described progress and problems 


NATURE, VOL. 220, OCTOBER 5, 1968 

in her work on cabbage. From his study of male 
sterility, Nieuwhof indicated how temperature sensitiv- 
ity in this character might contribute to a practical 
breeding scheme. To produce truly homozygous lines 
for use in hybrids, G. R. Mackay from Pentlandfield 
advocated the induction of "matromorphs"—formed 
entirely from the female gamete—following pollinations 
by other Brassica species. Such di-haploids could 
save much time. I. H. MeNaughton, also from Pent- 
landfield, reviewed interspecific crossing and amphi- 
diploidy for Brassica and suggested that there is special 
promise in combinations with Raphanus as a route to 
new crop species. 

Problems with incompatibility as a basis for produc- 
ing hybrid seed received considerable attention at the 
meeting. K. F. Thompson from Cambridge explained 
the genetic relationships of the S alleles so far analysed, 
emphasizing differences in activity in stigmas and 
pollen. Incompatibility reactions could now be 
assessed directly and easily from pollen tube behaviour, 
using ultraviolet fluorescence microscopy: this was 
stressed by both J. G. van Hal from Unilever, Holland, 
and G. du Crehu from INRA, France. The use of sero- 
logical techniques for such assessments was suggested by 
M. E. Nasrallah from Cortland, USA. Van Hal showed 
the important extent to w hich incompatibility behavi- 
our is subject to modification, particularly the inci- 
dence of temperature effects and changes correlated 
with age. 

During biochemical discussions, B. te Nijenhuis, 
from Unilever, Holland, showed that characteristic 
iso-enzyme patterns determined by electrophoresis 
provide a practical test for samples of hybrid seed; 
the proportion of hybrids can be assessed immediately 
after harvest. S. Ellerstrom, E. Josefsson and J. 
Sjódin from Svalóf, Sweden, reported marked differ- 
ences in the content of thiocyanate-producing glucosides 
both between and within populations of kale and rape. 
Such glucosides caused disorders when stock were fed, 
but selection for low content has been achieved and 
was recommended. Also, these thioglucosides have 
been found to act as feeding stimulants for insect 
larvae, a point with interesting implications. 

Suecessful in vitro culturing of young embryos of 
Brassica was reported by D. J. Harberd from Leeds, 
who suggested that crosses which tend to abort in 
the ovary could in future be handled in this way. Miss 
J. C. Wilmar from Unilever, Holland, has tried embryo 
culture to save time in Brussels sprout breeding, but 
the use of immature seed gave greater advantage and a 
one-year breeding cycle had now been introduced. 


INFECTIOUS DISEASE 


New Look at Scrapie 


from our Social Medicine Correspondent 


A NEW hypothesis for the infective process in scrapie, 
the disease which produces degeneration of the brain 
and nervous system in sheep and goats, is outlined in 
the current issue of the Lancet by Professor E. J. Field 
and Dr D. H. Adams of the Demyelinating Diseases 
Research Unit, Newcastle upon Tyne. In essence, they 
propose that the essential part of the scrapie infection 
process is the transfer from an infected host of a 
"linkage-substance" which enables incomplete "sub- 
virus" in the susceptible recipient to bind strongly to 
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cellular membranes, thereby becoming a complete 
infectious complex (Lancet, ii, 714; 1968). 

The scrapie disease, which in many ways resembles 
a typical slow-developing viral infection, has been the 
subject of speculation for some time. But according 
to Professor Field and Dr Adams, all the proposals 
concerning the nature of the scrapie agent that have 
been put forward so far assume in one way or another 
that the actual replicating or multiplying unit. itself 
must be transferred from the infected host to the 
recipient (although the occurrence of replication in 
the commonly accepted sense has recently been ques- 
tioned). This assumption, the two workers suggest, has 
led to difficulties in explaining, for example, the 
stability of the agent when exposed to radiation and 
the lack of antibody production. 

Professor Field and Dr Adams have approached the 
problem from a different angle. They suggest that, 
alternatively, some incomplete replicating factor which 
absorbs thymidine and polysaccharide precursors is 
always present in the susceptible recipient (Nature, 
218, 102: 1968), and that what is transferred may well 
be a small specific molecule which is necessary to 
complete and set into motion the otherwise incomplete 
system of the recipient. Although they do not guess at 
the specific nature of this "linking substance", they do 
suggest that it could be a substance which does not 
contain nucleic acid and which does not itself replicate. 
The mechanism of attachment of incomplete virus to 
cell membranes—which they postulate—is in many 
ways similar to Racker’s conclusions concerning the 
attachment of part of the cytochrome system to mito- 
chondrial membranes. 

Professor Field and Dr Adams maintain that not 
only would their hypothesis explain some of the 
puzzling features of scrapie—failure to stimulate anti- 
body production could be a reflexion of the small size 
of the protein and/or carbohydrate linkage substance, 
for example—but it may throw some light on other 
disorders of the nervous system such as multiple 
sclerosis and kuru. The emergence of scrapie in animals 
given preparations of these two would only require 
that the linkage material should be the same in the 
three diseases. The specificity of the resulting disease 
in any given case would then be conferred by the host 
spectrum of the incomplete, replicative "sub-viruses" 
and their specific avidity (when “‘linkage-substance”’ 
becomes available) for different types of membranes. 
Thus some might become associated with the mito- 
chondrial membrane, others with cytoplasmic or 
nuclear membranes, and this might determine the 
pattern of cell sickness. 


HEART DISEASE 


Diets and Death 


Tux MRC has now completed a trial of the potential 
value of a diet which lowers serum cholesterol in the 
prevention of myocardial infarction (Lancet, September 
28). The patients concerned in the trial were men 
aged less than sixty who had recovered from a first 
attack of coronary heart disease. The two groups-— 
test and control—were chosen completely at random. 
None of them suffered from severe hypertension or a 
disability which could make them unduly liable to a 
second attack. 
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The 199 men in the experimental group were fed a 
diet low in saturated fats and containing 85 g of soya 
bean oil, chosen because it is highly unsaturated and 
has been shown to cause a lowering of the serum chol- 
esterol. The men in the control group were fed their 
normal diet. The ratio of saturated fat to unsaturated 
fat was approximately 1 : 2 for the experimental group, 
but was 6 : 1 for the control group. 

The patients had regular check-ups, their serum 
cholesterol concentrations, blood pressure and ECGs 
were measured and their smoking habits and working 
records investigated. About half the men were on the 
diet for four years or more; some stayed on it for 
Six years, others for only two years. 

Both groups had a starting cholesterol concentration 
of about 272 mg/100 ml. In the experimental group 
the concentration fell in the first six months to 213 mg/ 
100 ml., a decrease of 22 per cent. The se dr 
of cholesterol in controls fell to 259 mg/100 ml., 
decrease of 6 per cent. These concentrations tended 
to increase slightly during the trial period, but the 
difference between the two groups was maintained. 

Sixty men on the test diet suffered a relapse during 
the trial compared with seventy-four of the controls. 
Forty of the relapses were "major", that is definite 
reinfarctions or deaths from coronary heart disease, 
compared with thirty-nine in the controls. These 
differences are not significant; relapses were not related 
to the initial concentration of cholesterol or to a change 
of eoncentration during the trial. A comparison has 
been made with the results of a similar trial in Oslo. 
The initial concentrations of cholesterol of the patients 
in Oslo were greater than the concentrations measured 
in London; it is interesting that in Oslo, those with 
highest initial concentrations of cholesterol produced 
the highest incidence of infarction relapses. There was 
no indication, however, in Oslo or in London that the 
diet in any way affected mortality. 


CONNECTIVE TISSUES 


Collagen Club 


from a Correspondent 


Tue fourth meeting of the Collagen Club took place 
on September 20 at the National Leathersellers College, 
London, and was attended by some thirty members. 
Organized by Dr J. E. Eastoe, the proceedings took the 
form of a "Workshop Diseussion". The morning 
session was devoted to descriptions of the isolation of 
collagen, and special physical techniques. Dr I. 
Freeman (Manchester) spoke about the isolation of 
collagen from tissues of the eye (cornea and sclera), 
and Dr G. Herring (Oxford) dealt with bone. These 
two very different types of tissue create special prob- 
lems and both speakers gave a useful account of the 
practical steps for producing good preparations. 

Mr C. H. Pearson (Bradford) described the technique 
of differential thermal analysis. "This records endo- 
thermic or exothermic changes with rise of temperature 
which provides useful information regarding bond 
breakage and alteration of shape in macromolecules. 
The techniq ue has been used for various types of 
collagen ane is particularly useful for the examination 
of complex tissues such as intervertebral disks. 

Drs J. Weiss and J. Bowden (Manchester) described a 
new method for localizing particular amino-acids in 
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electron micrographs of collagen. A film is treated with 
a reagent which is specific for an amino-acid and which 
labels the side chain with a chelating group. This 
can then fix a heavy metal to give an electron-dense 
derivative. In this way, treatment with the Sakaguchi 
reagent, and later with an iron salt, enables the arginine- 
rich zones in the collagen fibril to be demonstrated. 
Delightfully simple in conception, this method is not 
without practical difficulties, but has great poten- 
tiality. 

The afternoon session, led by Drs J. E. Eastoe, R. 
Consden and J. H. Bowes, was devoted to a general 
discussion of amino-acid analysis and to a considera- 
tion of tyrosine and hydroxyproline. 


PHAGE GENETICS 


^ Phage Lysogeny 


from our Cell Biology Correspondent 


In the current issue of Proc. US Nat. Acad. Sci. (60, 
1282; 1968), Ptashne and his colleague Hopkins report 
another step in their analysis ofthe function ofthe Aphage 
repressor. They have proved that the repressor protein 
binds to at least two distinct sites in the immunity 
region of the A phage DNA and in so doing independ- 
ently controls two adjacent operons. As Ptashne has 
already shown, the A phage repressor is a protein, coded 
for by the C, gene, which in vitro binds specifically to 
A DNA and presumably does the same in vivo and so 
blocks transcription of RNA and expression of the phage 
genome. 

The DNA binding site, the immunity region, is only 
a few per cent of the total A genome and it is flanked 
on either side by genes of two operons. Transcription 
of these two operons proceeds outwards from the 
immunity region in opposite directions, which means 
that the genes on one side (the left) of the immunity 
region are transcribed off one strand of the DNA 
duplex (the Watson strand) while genes on the other 
side (the right) of the immunity region are transeribed 
off the complementary DNA strand (the Crick strand). 
The products of both these operons appear to be 
essential for the expression of the rest of the genome. 
The question is whether the repressor binds to one or 
two sites in the immunity region, and consequently, 
whether the control of the two operons adjacent to 
the immunity region is coupled or independent. 

To answer this, Ptashne and Hopkins exploited a 
mutant strain of A phage, A virulent, so called because 
it grows in lysogenie bacteria and thus must be un- 
affected by the E repressor. Using DNA from this 
strain in a repressor binding assay, they have found 
that repressor binds at least ten times more readily to 
wild type DNA than to the mutant DNA. In fact, the 
A virulent strain has three separate mutations, v}, v, 
and v}, all of them in the immunity region and all of 
them decreasing the affinity of repressor for the DNA. 
By using strains containing only one or two of these 
mutations (they can be separated with the exception 
of v, which has not yet been separated from v,) in 
complementation experiments, they have found that 
mutation v, allows synthesis of the left hand adjacent 
operon, containing the N gene, but not the right hand 
operon. The opposite is true for mutant v4, which 
only allows transcription of the right hand operon 
containing the gene O. Thus the v, and v, mutations 
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both decrease the affinity of A DNA for repressor and 
allow expression of only one of the two adjacent 
operons. The conclusion, of course, is that v, and v, 
are mutations in two separate operators each controlling 
independently one of the two operons adjacent to the 
immunity region by independently binding repressor. 
What the products of these two operons are and why 
they are essential for the functioning of the rest of 
the A genome is still a mystery. 

Apart from controlling the expression of the A phage 
genome, the A repressor directly prevents A DNA 
replication. By superinfecting bacteria lysogenic for 
A with one of the three A virulent strains, Avy, Av, or 
Av,v, and another A strain, Ptashne and Hopkins have 
found that only the Av,v, strain replicates in these 
conditions. Why do the v, and v4 mutations in com- 
bination release the inhibition of DNA replication by 
the repressor ? There seem to be two possible alterna- 
tives; either the v, mutation is not in the operators 
containing the v, or v4 mutations but in a third site 
where DNA replication is initiated, or v, might be a 
second mutation in the operator already mutated at 
va and this might still further decrease the affinity 
of this operator for the repressor and so allow even 
more of the right hand operon to be made. This 
operon might contain some as yet undetected gene 
the product of which is required. in replication; at the 
moment the second alternative seems the most 
favoured. 


MOLECULAR BIOLOGY 


More Polynucleotide Interactions 


from our Molecular Biology Correspondent 


Some weeks ago the new results of Bangerter and Chan 
on the binding of purine to polyuridylie acid (poly U) 
were published (see Nature, 919, 679; 1968). "The 
mechanism of interaction was shown by nuclear 
magnetic resonance to involve planar association of the 
heterocycles. The same authors have now made a 
further study (Bangerter and Chan, Proc. US Nat. 
Acad. Sci., 60, 1144; 1968), in which purine is replaced 
by adenosine, so that there is the additional possibility 
of base-pairing with the uridylic acid residues. When 
adenosine is introduced into a solution of poly U at 
high concentration, the uracil proton resonances shift 
upfield, indicating that the adenosine stacks onto the 
bases of the polymer. There is little change of the 
spectrum with temperature above about 20? C. Below 
this temperature, however, a striking broadening 
occurs, until at 4° C no lines are resolved. This may be 
taken to reflect the cooperative appearance of an 
ordered structure, and the inference is that this is a 
base-paired, rather than merely a stacked, complex. 
The downfield shift of the adenine (A) resonances, 
moreover, indicates that stacking of A upon A prevails 
in this complex, whereas, because the uracil (U) 
resonances are undisturbed, there is no appreciable 
stacking of Aon U. (Stacking of U on U is not detect- 
able by this method, because the ring-current aniso- 
tropy is too small.) The effect is strong in 1 : 2 com- 
plexes of A and poly U, whereas in 1 : 1 mixtures, only 
half the adenosine appears to be involved in the com- 
plex. It thus appears that at low temperatures a triple 
stranded complex is formed between poly U and mono- 
merie adenosine. 
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These results are complemented by the work of Ts'o 
and his group, also just published. Ts’o and Huang 
(Biochemistry, 7, 2954; 1968) have prepared complexes 
of poly U with adenine nucleotides—AMP, ATP and 
their deoxy-analogues. The presence of magnesium is 
a necessary condition for association, for charge repul- 
sion between the phosphates would otherwise evidently 
be too great for stability of the complexes. In these 
circumstances, and at low temperatures, a precipitate 
is formed. The stoichiometry is again LA : 2U. On 
warming, the complex breaks down in strongly coopera- 
tive fashion, at a temperature which depends on the 
concentration of magnesium, and a sharp pH-induced 
transition can also be observed. In the corresponding 
system of polycytidylic acid (poly C) and guanosine 
phosphates, 1 : 1 complexes usually seem to be formed 
(though one 2 : 1 complex is reported). At appreciable 
concentrations of magnesium ions, poly U and poly A 
have long been known to form three-stranded com. 
plexes, whereas the poly G-- poly C system is always 
two-stranded. 

In their second article, Ts’o and Schweizer (Bio- 
chemistry, ?, 2963; 1968) have examined the nuclear 
magnetie resonance spectra of the same mixtures in 
solution to confirm that soluble complexes with 
nucleotides do not form. With adenosine, in the 
absence of magnesium ions, at 28° C the nuclear 
magnetic resonance spectra of mixtures are the sum 
of their constituent parts, indicating the absence of 
complex formation. (Although Bangerter and Chan did 
observe association of these components, their concen- 
trations were usually higher. When magnesium is 
added, there is broadening of both adenine and uracil 
resonances. It is interesting that when the magnesium 
(0-033 M) is replaced by a high concentration (0-82 M) 
of sodium ions, the broadening of the uracil resonance is 
diminished but that of the adenosine is increased. 
Thus although the extent of the association is reduced, 
relatively more adenosine is bound. This is consistent 
with a change in stoichiometry towards a 1 : 1 complex. 
(Thus between these results and those of Bangerter and 
Chan, a pseudo-phase diagram could be compiled, to 
relate the stability of 1 : 1 and 2 : 1 complexes to con- 
centrations of sodium and magnesium ions and tem- 
perature.) With adenine nucleotides (as in the mixtures 
of poly C and guanine nucleotide) the spectrum is 
throughout the sum of its parts, down to the tempera- 
ture at which precipitation occurs. This confirms, as 
expected, that the formation of hydrogen-bonded 
complexes is cooperative and perforce involves a phase 
separation. 


PROTEIN CHEMISTRY 


Homologous Protein Molecules 


from a Correspondent 


Tux Biochemical Society has included two colloquia on 
protein chemistry at recent meetings. In Aberdeen 
two weeks ago the term "homologous proteins" took 
on a special significance. As Professor A. Neuberger, 
the chairman, pointed out, “homologous proteins" 
should be reserved for proteins with a common 
ancestral gene. In practice, a common ancestry is 
usually inferred only for proteins the functions of 
which are sufficiently alike to warrant their comparison 
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in the first place. It was a great surprise to find that 
lysozyme and a-lactalbumin, which have no apparent 
common function, show a high degree of homology in 
primary structure. 

In his discussion on lysozymes, P. Jollés of Paris 
took the opposite case—analogous proteins, where 
convergent evolution from quite different ancestry 
produces proteins of different primary structures, all 
performing similar functions. The French group have 
purified three types of lysozymes: from bird (or man), 
Papaya latex and phage. All three proteins are capable 
of hydrolysing bacterial cells walls, but their primary 
structures are very different. 

In his talk on the heterogeneity of immunoglobulins, 
Dr C. Milstein of Cambridge pointed out that he was 
dealing with a heterogeneous system to the tune of 
more than 10° different homologous proteins. This 
formidable picture has been greatly simplified in recent 
years, although the genetics of the system are by no 
means clear. The immunoglobulin molecule is known 
to consist of two pairs of polypeptide chains, each pair 
containing a heavy and a light chain, and it now appears 
that the basic building block in both these chains may 
be a 60 residue loop, closed with an intrachain disul- 
phide bridge. The light chains can be visualized as 
two such loops in series, a C-terminal "constant" 
section and an N-terminal "variant" section. The 
heavy chains may contain four such loops, of which 
two in the C-terminal half (the Fc fragment) and one 
in the N.terminal half (the Fd fragment) are also 
"constant". The key problem is to relate this simple 
basic pattern to the enormous number of different 
antibodies which ean be produced. In the first place 
it is the “constant” sections that are responsible for the 
so-called isotypie variants, common to all members of 
a species, but serving to differentiate classes of immuno- 
globulins in terms of complement fixation and placental 
passage. By contrast, it is the comparatively short 
"variant" sections, comprising only a single loop. 
that give the so-called idiotypie variants responsible 
for each individual antibody. Genetically, at least 
three non-allelic genes and some somatic hypermuta- 
tion are thought to be responsible for this part of the 
molecule. 

The generous bonus of answers predicted (Nature, 
219, 330; 1968) after publication of the X-ray analysis 
of a-chymotrypsin is already extending to proteases 
originating outside the pancreas. This was clear from 
S. Magnusson's comparison of thrombin (from pro- 
thrombin, produced in the liver) and the pancreatic 
serine proteases trypsin, chymotrypsin and elastase. 
Thrombin qualifies as a serine protease because its 
specific hydrolysis of the arg-gly bond in fibrinogen 
is inhibited on blocking a single serine with DFP. But 
the similarities may go much deeper than this: both 
the tertiary structure and the mode of activation from 
prothrombin show signs of resembling that of the pan- 
creatic enzymes. Activation of prothrombin produces 
two chains, a 49 residue A chain bearing no apparent 
homologies with the pancreatic enzymes, and a B 
chain (about 270 residues) which has extensive sequence 
homologies with chymotrypsin, particularly in the 
buried regions around the methionine loop and the 
active serine. Further, the N-terminal isoleucine of 
thrombin, trypsin and chymotrypsin all correspond 
to ile 16 in the zymogen. Therefore in both mode of 
activation and tertiary structure, a-chymotrypsin 
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may prove a model for a wide range of serine 
proteinases. 


NEUROPHYSIOLOGY 


Corollary Discharge ? 


from our Neurophysiology Correspondent 


Tur visual world shows great stability even though the 
eyes through which it is observed are continually mov- 
ing. On the other hand, during passive eye movements 
the visual world is unstable, appearing to move in a 
direction opposite to eye motion: this is easily verified 
by tapping one eyeball with a finger and was well known 
to Helmholtz (Physiological Optics, ITI, 243, Dover; 
1962). When the extraocular muscles are anaesthe- 
tized the visual world appears to move in the same 
direction as an attempted, voluntary, cye movement. 
It is clear that the information necessary for establish- 
ing the direction of gaze must therefore derive from the 
motor outflow to the extraocular muscles rather than 
from proprioceptors in the muscles themselves. It was 
suggested that a “corollary discharge" signals the 
difference between present and past eye positions and 
allows anticipation of and correction for the change in 
sensory input due to eye movement. Until recently 
there has been no direct evidence of such a discharge. 

In 1966, Bizzi (J. Neurophysiol., 29, 1087) made 
microelectrode recordings from the cat’s lateral genicu- 
late body and found units which fired during the rapid 
eye movements of sleep. Because these were obviously 
not excited by changing retinal input he postulated 
that the corollary discharge might be responsible for 
their activity. More recently he has found units 
in the frontal lobes of unanaesthetized macaques which 
also fire during eye movements. The frontal lobes 
are known to be involved in some way in oculomotor 
function: Ferrier in 1875 showed that electrical stimula- 
tion of the frontal lobes in a monkey could cause con- 
jugate horizontal and vertical eye movements, although 
lesions of the frontal lobes do not seem to produce 
gross, permanent, oculomotor disturbance. Bizzi 
found two types of neurone (Exp. Brain Res., 6, 69; 
1968). Those in class I fired during voluntary saccades 
and the fast phase of nystagmus, but not during slow 
pursuit movements or the slow phase of nystagmus. 
Class II neurones discharged steadily when the eyes 
were pointed in a specific direction and also fired during 
slow pursuit movements when these caused the optic 
axes to coincide with their preferred direction, but they 
remained silent during saccades. Out of seventy 
neurones of both classes, only two were found to fire 
before the initiation of a rapid eye movement, so it is 
unlikely that these neurones were involved in initiation 
of eye movements. Neither class of neurone was 
affected by change in background illumination, so the 
source of their activity could not have been retinal. 
Although it would be possible to explain the discrimina- 
tion shown by class I neurones as the effects of differ- 
ential gamma efferent activity if their firing were due 
to afferent stimulation from stretehed eye muscles 
the same could not be said of class II. Bizzi suggests 
that both types are representing the corollary discharge. 
It would be useful to know whether changes in head 
position also affected the activity of these neurones, 
for this must also be signalled in the corollary dis- 
charge, should it exist. 
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FARADAY SOCIETY 


Homogeneous Catalysis 


from a Correspondent 

Tue "discussion" meeting of the Faraday Society held 
at the University of Liverpool on September 17-19, 
on the subject of homogeneous catalysis, was attended 
by 210 people, of whom seventy-eight were from over- 
seas. The growth of catalytic studies in recent years 
has been so rapid that it was necessary to confine the 
discussion to hydrogenation and oxidation. Many 
of the topics which were discussed were of recent origin. 
The impetus for these new developments has been 
provided by an increased understanding of the bonding 
and electronic structures of coordination compounds 
and the discovery of whole new classes of compounds 
(for example, hydrido, organo and z-bonded complexes 
of the transition metals) with unusual catalytic proper- 
ties or bearing a significant relation to intermediates in 
catalytic reactions. 

A range of transition metal complexes has been found 
to effect homogeneous hydrogenation of olefins, and in 
common with the corresponding heterogeneous reac- 
tions these complexes also induce olefinic bond migra- 
tion. Among the most interesting active catalysts 
in this group are the (triphenyl phosphine) rhodium 
halides. The first group of five papers was concerned 
with the kinetics and mechanism of the hydroisomer- 
ization of olefins, especially oct-l-ene, pent-l-ene and 
cis-2-pentene using this catalyst and the corresponding 
ruthenium, platinum, palladium and nickel complexes, 
and also cobaltocyano complexes. Many examples of 
selective hydrogenation of alkynes and dienes to the 
intermediate alkenes were discussed. Although it 
was generally accepted that both olefin coordination 
and hydride metal complexes are reaction intermedi- 
ates, there was no agreement as to whether both 
reactants need to be simultaneously coordinated and 
activated. Neither was the sensitivity of the reaction 
to the nature of the solvent fully understood. 

The oxidation of olefins to partially oxidized products 
represented one of the outstanding triumphs of homo- 
geneous catalysis. The oxidation of ethylene to acet- 
aldehyde by PdCl, was the first homogeneous process 
to be commercially utilized and this discovery caused 
an intense research effort in the oxidation of the higher 
olefins and on the catalysed reaction of olefins with 
acetic acid. Whereas the mechanism of the simple 
oxidation of olefin to aldehyde is fairly well understood 
that of the other olefins (or ethylene) to other products 
is not nearly so clear; at the meeting much discussion 
centred on the effects of acetate ion and solvent in 
the palladous acetate catalysed oxidation of ethylene 
and propylene. 

The oxidation of alkyl and aryl hydrocarbons has 
received considerable attention in recent years and 
the general mechanism of these reactions through 
hydroperoxide intermediates is now fairly clear. It is 
generally accepted that in the presence of heavy metal 
salts the reaction sequence is modified principally by 
catalysed decomposition of the hydroperoxide. There 
is, however, considerable evidence that metal ions 
take part in other specific reactions and that these are 
largely responsible for the wide variety of products 
prepared by catalytic oxidation processes. Papers 
presented on the Co and Mn-catalysed oxidation of 
saturated and unsaturated aldehydes and the inhibition 
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of oxidation were particularly relevant to this problem. 
Other contributions dealt with the very specifie effecta 
of cobalt bromide in acetic acid. This is an extra- 
ordinarily active catalyst of the oxidation of hydro- 
carbons to the organic acids and one of the most impor- 
tant examples discussed was the CoBr,-catalysed 
oxidation of p-xylene to terephthalic acid, which is a 
prime intermediate in the industrial manufacture of 
terylene. 

The discussion as a whole was of interest in regard to 
both the theory and mechanism of the basic reactions 
involved in catalysis by transition metal ions and 
complexes and also in relation to the reactions of 
immediate or future practical importance to the chemi- 
cal industry. 


POLYMER CHEMISTRY 


Studying Long Polymer Molecules 


from a Correspondent 


A SYMPOSIUM on the application of structural analysis 
to polymers was held by the plastics and polymer group 
of the Society of Chemieal Industry at Cambridge from 
September 11-13. Three papers on highly cross-linked 
polymers showed that the symposium did not wish to 
shrink from difficult subjects. All three of them, from 
the Ciba company, dealt with the use of chromato- 
graph, electron microscopy and visco-elasticity studies 
of gel permeation as a means of relating morphological 
and physical properties. Professor M. Gordon of the 
University of Essex explained how topological statistics 
(concerned with gel point and the molecular weight 
distribution, for example) can be used instead of more 
familiar parameters (such as bond lengths and angles) 
to indicate molecular structure and configuration. This 
theoretical treatment was complemented by Mr J, 
Millns of Bradford University, who described experi. 
ments intended to identify parameters which can 
characterize the degree of branching in polyethylene. 

On polymers in the solid state, both Professor Schoon 
of Würzburg University and Dr Qyale of Derby 
College of Technology outlined methods of sample 
preparation for electron microscope studies. "The 
former advocated the use of silica replicas and of gela- 
tine layers to transfer thin films from polymer surfaces 
to the microscope grids. Dr Qyale indicated that dilute 
polymer solutions could be dispersed in solvent- 
precipitant mixtures and atomized directly onto any 
thin substrate. Dr Richardson of the National Physical 
Laboratory, who pointed out that large discrepancies 
existed when the degree of crystallinity of a polymer was 
determined by established techniques. 

The nature and significance of molecular motions and 
relaxation effects were considered during the final 
session. Dielectric, viscoelastic, electro-optic and 
mechanical measurements were all reported and dis. 
cussed. For flexible polymers, Dr North of Strathelyde 
University pointed out the necessity of comparing the 
results of relaxation studies from more than one 
technique before assigning any particular molecular 
motion to an observed relaxation. One welcome aspect 
of the meeting was the presentation of papers deseribing 
the development and application of somewhat novel 
experimental techniques. Dr Reynolds of Vinyl 
Products Ltd described the integration of solid pyro- 
lysis with gas chromatography, and its use in indiceting 
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the relationship between sequence length and poly- 
merization parameters for copolymers. The use of the 
"rotating frame" magnetie resonance method to study 
molecular motions was described by Dr Connor of the 
National Physical Laboratory. Dr Jennings of Queen 
Elizabeth College, London, deseribed how electric fields 
could be applied to solutions during light-scattering 
experiments to give information on both the electric and 
geometrie parameters of the solute. 


ANTARCTIC GLACIOLOGY 


Ice Sheets Laid Bare 


from a Correspondent 


A COMPREHENSIVE review of knowledge about the 
Antarctic ice sheet and of techniques for its exploration 
took place from September 3 to 7, at the Hopkins 
Center of Dartmouth College in Hanover, New Hamp- 
shire. The International Symposium on Antarctic 
Glaciological Exploration was staged by Dartmouth 
College and the US Army Terrestrial Sciences Center 
for the Glaciology Working Group of the ICSU Scien- 
tific Committee for Antarctic Research (SCAR), with 
support from the International Association of Scientific 
Hydrology and especially from the US Army Research 
Office. About 100 delegates and visitors attended the 
fifteen technical sessions, while the working group and 
its specialist sub-committees met in evening sessions to 
review progress and international cooperation in the 
analysis of ice cores, the study of ice shelves, and the 
planning of a major new study of the East Antarctic 
ice sheet. 

Glaciological research has come a long way since 
the IGY and now involves advanced techniques of 
dating with stable and low-count radioactive isotopes, 
radar measurements of ice deformation and thickness 
and of internal layering and vertical penetration of 
the ice sheet by core drilling and melt sondes. In his 
presidential address, Dr A. P. Crary predicted that the 
exploration of the ice-rock interface and the study of 
the basal layer of "dirty" ice will form the key activi- 
ties in Antarctic glaciology during the next few years. 
At the same time, the symposium showed that theoreti- 
cal and computer modelling of ice sheets and field 
observations are now converging to the point where it 
will be possible to establish the present trend of the 
Antarctic glaciation and to clarify some of the history 
of this and earlier Pleistocene ice sheets. 


ARCHAEOLOGY 


iron Age West Wales 


from our Archaeology Correspondent 


Ir now seems that the Demetae, a relatively impover- 
ished iron age tribe living in Pembrokeshire, must 
have had some contact with peoples in the north of 
Scotland at least by the very end of the iron age. This 
is the surprising but inescapable conclusion from an 
excavation of a fortified iron age homestead a few 
miles from Milford Haven, which has been carried out 
by Dr G. J. Wainwright of the Ministry of Public 
Building and Works this summer. The site, which 
was excavated completely by a team of up to ninety 
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people working from April until September, is a 
roughly half-aere circle enclosed by a single bank and 
ditch and is superficially typical of many others in 
Pembrokeshire, Cornwall and Ireland. But in spite of 
being so very common in Pembrokeshire, virtually 
nothing was known about these sites before this 
summer's dig. Estimates of their age, for example, 
ranged from 500 Bo to Ap 1500. 

Within the enclosure, at the level of the subsoil, 
Dr Wainwright and his colleagues have found the post 
holes of six roughly circular huts, 20 to 50 feet in 
diameter, which must have been made of timber and 
wattle but not daub. Apart from typical late iron age 
pottery, disappointingly few domestie artefacts, no 
coins and not even a single bone have been recovered, 
presumably because remains had been destroyed by 
the very acid soil. But the pottery and a single glass 
bead, characteristic of those probably made in Somer- 
set, date the settlement to the time of the sc/ADp 
boundary. Because only one of the six huts shows 
signs of having been rebuilt, the settlement probably 
lasted only fifty or sixty vears. Although no iron or 
bronze implements have survived, iron and bronze 
slag, pottery crucibles, lumps of baked clay and coal 
prove that the people worked metals. "There are coal 
outcrops close to the homestead, but the closest source 
of good ore is in Glamorgan, then the territory of the 
Silures, so the people may have used the local lime- 
stone, a poor quality ore. The only clue to their 
agrieulture is some stone querns, which prove that 
cereals were cultivated. 

The evidence for some sort of contact with northern. 
Scotland is two-fold. First, a spindle whorl made of 
steatite has been unearthed and in Britain steatite 
only occurs in Seotland. Second, immediately within 
the earth bank, which had a single stone gateway, there 
were three concentric rings of post holes (each post 
hole being 2 to 3 feet in diameter) extending some 15 
feet into the enclosure. Dr Wainwright believes these 
posts supported a roof running all round the inside of 
the enclosure, and this style of building is characteristic 
of the smaller and stone-built brochs in Scotland. It 
was under this roofed area that the traces of metal 
working were found—-clearly the inhabitants used the 
covered area for their industry. 

Luckily, part of the ditch lies below the water table 
and a few water-logged wooden objects in the ditch 
were perfectly preserved. As well as an oak post and 
some birch wood complete with bark and buds, a 
wooden spear has been recovered. This spear is stylistic- 
ally quite different from metal spears of the period 
and is not likely to have served as a pattern for metal 
workers. This find raises the possibility that the 
inhabitants of the homestead were so poor that they 
sold most of their metal work and used wooden weapons 
themselves. Of course, because the acid soil has 
presumably destroyed most evidence, it is easy to over- 
interpret the few artefacts that have survived. Never- 
theless the overall impression of the site is that the 
inhabitants were impoverished. Superficially, at least, 
the settlement looks characteristic of the many neigh- 
bouring contemporary sites, but there is always the 
chance that it is atypical. Only further excavations 
ean prove that and throw more light on the contact 
with Seotland, but it may be no exaggeration to say 
that the dig has opened up a new field for archaeology 
in West Wales. 
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Dinoflagellate Crop in the North Sea 


The following communications describe effects of the unusual bloom 
of the dinoflagellate Gonyaulax tamarensis off the north-east coast of 
Britain during May 1968. 


Introduction 


UnwusvaAL conditions off the Northumbrian coast first 
became apparent on May 12 when a number of sea birds 
around the Farne Islands were found to be dying. Investi- 
gations were immediately started by ornithologists and 
other biologists in the vicinity, but when on May 30 
more than eighty people were affected with paralytic shell- 
fish poisoning the taking of mollusean shellfish was 
prohibited over a large area, and the scale of investiga- 
tions was greatly increased to deal with the medical, 
fishery and general biologieal aspects of the event. 

Circumstantial evidence pointed to a bloom of toxic 
dinoflagellates as the most likely cause of the mortalities 
and poisoning, although this had never oceurred before 
in the open sea round the British Isles. To test this 
hypothesis, plankton samples were obtained at sea and 
along the beaches, but only small numbers of dinoflagel- 
lates were found. Fortunately, routine plankton observa- 
tions are made in the area by continuous plankton 
recorders of the Oceanographic Laboratory, Edinburgh, 
and phytoplankton productivity observations by the 
Dove Marine Laboratory of the University of Newcastle. 
Subsequent examination of these records has shown that 
a bloom of Gonyaulax tamarensis did occur, but had 
completely subsided by the end of May. Nevertheless, 
it was not until towards the end of August that the toxin 
accumulated by the molluses had everywhere fallen to 
safe levels. 

Table 1 summarizes the sequence of events and the 
following four statements give briefly the results of the 
investigations made into the continuous plankton recorder 
samples, the bird mortalities, the general marine bio- 
logieal observations and the concentration and distribu- 
tion of toxin in shellfish. More detailed accounts of these 
observations will be published subsequently, while the 
medical aspects have already been described}. 
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Gonyaulaz tamarensis n. sp., 36 long, Tamar Estuary, near Plymouth. 
(a) Ventral; (b) dorsal: (e) epitheca; (d) hypotheca. 





Table 1. SUMMARY OF THE PRINCIPAL EVENTS ASSOCIATED 
WITH THE BLOOM OF Gonyaulax tamarensis OFF THE EAST 
COAST OF BRITAIN, APRIL-AUGU&ST 1968 


Date Observations 


April 19-May 6 
Gonyaulax tamarensis first detected in continuous 
plankton recorder samples (CPR) off Firth of 
Forth, with subsequent spread towards Farne 
Islands. 


May 11-16 

Water phosphorescent and G. tamarensis present 
in increasing numbers (CPR) around Farnes; 
phosphorescence off Isle of May until end of 
month; first deaths of sea birds near Farnes: 
and of pigeons (Columba sp.) at Berwick; come 
mercial batch of mussels (Mytilus edulis) from 
Holy Island non-toxic for humans. 


May 17-27 s 

Peak concentrations of G. tamarensis (CPR); 
water phosphorescent off Staithes. (Yorkshire) 
and G. tamarensis present (72,000/1.); bloom of 
G. tamarensis 4 miles off Blyth; Ammodytes spp. 
dead near Farnes; peak of shag (Phalaerocoram 
aristotelis) and sandwich tern (Sterna sandwicen- 
sis) mortalities; two commercial batches of 
mussels from Holy Island non-toxic: six sporadic 
cases of illness following consumption of mussels 
gathered privately. 


May 28-31 
Few G. tamarensis off coast (CPR); patches of 
discoloured water 10 miles ENE of mouth of 
Tyne and 2-5 miles N of St Abb's Head; peak 
mortalities of common and Aretie terns (Sterna 
hirundo, S. paradisaea); dead Ammodytes spp. 
off Rosehearty (Aberdeenshire); invertebrates 
dead, Northumberland eoast; seventy-nine per- 
sons ill after eating cooked mussels from Holy 
Island; paralytie shellfish poison detected. in 
mussels; gathering of mussels, scallops (Peeten 
maximus) and cockles (Cardium edule) stopped. 


June 1-12 
G. tamarensis in low numbers widely distributed 
but absent from CPR samples; invertebrates 
dead, Northumberland coast; six pigeons dead, 
Whitley Bay; Ammodytes spp. dead, Blyth; 
toxin in shellfish gathered from Rosehearty to 
Bridlington (Yorkshire), but none outside this 
area; levels of shellfish toxin begin to decrease. 


June 13-August 20 
Concentration of toxin in shellfish continues to 
decrease; concentrations of toxin at acceptable 
level in all shellfish at the end of this period. 


P. C, Woon 
Ministry of Agriculture, Fisheries and Food, 
Fisheries Laboratory, 
Burnham-on-Crouch, 
Essex. 
Received September 28, 1968. 
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Distribution of Gonyaulax tamarensis 
Lebour in the western North Sea in April, 
May and June 1968 


Tur deaths of sea birds, sand eels and invertebrates, and 
the oceurrenee of shellfish poisoning during May 1968 
suggested there may have been a “red tide" of toxic 
dinoflagellates off the north-east coast of England. Red 
tides are caused by an abnormally high rate of reproduc- 
tion of dinoflagellates, usually Gonyaulax spp., and are 
relatively rare events in British coastal waters but occur 
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fairly frequently in tropieal and sub-tropical waters off 
the coasts of Peru, Japan, Africa and both eastern and 
western coasts of the United States and Canada. 
Continuous Plankton Recorders? are towed by mer- 
chant ships at intervals of a month or less along a number 
of standard routes at a depth of 10 m. The plankton is 
caught on a band of silk with sixty meshes to the inch, 
and preserved in a storage chamber containing formalde- 
hyde. The silk is cut into sections, each corresponding to 
10 miles of tow through the sea. 'The method of analysis 
of recorder samples has been described by Colebrook’, 
Although the recorder was designed primarily for sampling 























Fig. 1. 


the Humber from samples taken by the Continuous Plankton Recorder. 
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Distribution of Gonyaulax tamarensis Lebour in April, May and June 1968 in the western North Sea from the Firth of Forth to 


A key to the numbers and letters used in the chart is given at 


the bottom right-hand corner of the figure. 
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zooplankton, experience has shown that the samples 
reflect both the geographical distributions and fluctuations 
in abundance of the small organisms of the phytoplankton‘. 

Plankton recorders were towed on four standard routes 
in the region of the toxicity (Leith-Bremen, Leith-Copen- 
hagen, Leith-Rotterdam and Hull-Copenhagen). Large 
numbers of a dinoflagellate, now identified as Gonyaulax 
tamarensis Lebour, were found in the samples near the 
coast of north-eastern England and south-eastern Scotland, 
and are probably the origin of the mussel poisoning. 

Fig. 1 shows the distribution of G. tamarensis in April, 
May and June 1968. The centre of each 10 mile sample 
has been indicated by a dot and the number of cells of G. 
tamarensis per sample ( x 10-4) is given above each dot. 
Usually every alternate sample is analysed (as in the charts 
for April and June in Fig. 1), but all samples were examined 
within the region of the outbreak during May. The cell 
contents of G. tamarensis contract into a cyst-like body 
when preserved; the epitheca also tends to break away 
from the hypotheca in the region of the girdle so that in 
most specimens only one part of the theca was attached 
to the cell and in some the theca was absent altogether. 
Prakash’ also found that the cells of this species shed 
their thecae when they come into contact with form- 
aldehyde or are exposed to abrupt temperature changes. 

G. tamarensis first appeared east of the Firth of Forth 
in samples taken between April 19 and 21. Numbers 
increased and spread south-eastwards at the beginning of 
May, reaching a maximum of 240,000 cells per sample 
during the middle of May. Rough estimates, based on 
sampling tests with diatoms, suggest that this maximum 
represented at least 10,000 cells of G. tamarensis/l. Cell 
densities as high as 13-54 10° cells/l. were found by 
Prakash and Taylor* in the Strait of Georgia. Samples 
taken on the Leith-Rotterdam line at the end of May 
showed a reduction in numbers, and had almost dis- 
appeared by the middle of June. It is possible that the 
recorders were not towed through the areas of maximum 
abundance of G. tamarensis, but Fig. 1 shows that it was 
both widely distributed and numerous in waters near the 
coasts where toxicity occurred. 

Red tides in other areas have been caused by Exuviella 
sp., Prorocentrum micans Ehrenberg, Gymnodimium breve 
Davis, Gonyaulax polyedra Stein, G. acatenella Wheden and 
Kofoid, and G. catenella Kofoid, but the species of the 
genus Gonyaulax are the chief ones associated with the 
production of the paralytie toxin found in shellfish. In 
the Bay of Fundy, poisoning of shellfish was attributed to 
G. tamarensis but there was no discoloured water; speci- 
mens taken in the plankton recorder survey were feebly 
coloured. The conditions which favoured the develop- 
ment of G. tamarensis along the east coast are not known 
but in previous reports (for example, refs. 7-9) red tides 
in other areas have been associated with higher than 
average water temperature, a high nutrient content, calm 
conditions, proximity to land and usually a lowered 
salinity. 

I thank P. C. Wood of the MAFF Fisheries Laboratory, 
Burnham-on-Crouch, for a culture of G. tamarensis and 
Dr J. D. Dodge of Birkbeck College. London, for assist- 
ance in identification. 

G. A. RoBINSON 


Scottish Marine Biological Association, 
Oceanographic Laboratory, 
Edinburgh. 
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Mortality of Shags and other 
Sea Birds caused by Paralytic 
Shellfish Poison 


THE mortality of sea birds caused by paralytic shellfish 
poison resulted in 636 bodies being found on the North. 
umberland and north Durham coasts'. The shag ( Phala- 
crocorax aristotelis) was by far the worst affected and some 
80 per cent of the breeding population in Northumberland 
died. Only 17 per cent of the shag population at risk 
were found dead on the eoast, however, and it is suggested 
that many of the dead shags sank or were eaten and were 
not recorded. In no other species were more than 5 per 
cent of the population at risk found dead and the majority 
of species had a mortality rate of the order of 1 per cent. 

The susceptibility of the shags at risk was not age 
specific, but because many of the young immature birds 
were dispersed along the east coast of England and 
Seotland, most of these eseaped the poison and a higher 
proportion of the old birds belonging to the populati 
died. It seems likely that many of these young birds 
which survived will return and breed in the next few years. 

The timing of the mortality of the individual species of 
sea birds was different. The first deaths were recorded in 
the shag and the sandwich tern (Sterna sandvicensis) in 
the middle of May, followed a week later by the Arctic 
and common terns (S. macrura and S. hirundo), while 
those in the cormorant (P. carbo) had a greater spread in 
time than any of the other species. In all three terns, the 
mortality eoincided with the onset of egg laying and a 
large majority of females were among the dead birds, but 
this was not apparently the case in the other species 
affected. 








Table 1. NUMBERS OF DEAD SEA BIRDS FOUND ON THE NORTHUMBERLAND 
AND NORTH DURHAM COASTS MAY 25-31, 1968, IN RELATION TO THE POPUDA- 
TIONS AT RISK IN NORTHUMBERLAND 


Population : 
Species at risk Total At risk died 
(birds) found dead (per cent) 
Fulmar 400 21 5 
Gannet — VW = 
Cormorant 600 24 4 
Shag 1,200 199 i7 
Common scoter — 2 = 
Eider 2,500 60 2 
Great black-backed gull — 1 / 
Lesser black-backed gull 3,000 2 <1 
Herring guli ,800 26 2 
Common gull — 1 v— 
Black-headed gull 200 $ xi 
Kittiwake 7,000 50 1 
Common tern 3,000 4i i 
Arctic tern 7,000 7 1 
Sandwich tern 4,000 58 i 
Roseate tern 300 3 1 
Razorbill 404 6 i 
Guillemot 4,000 53 1 
Puffin 45,000 6 «1 
Total dead birds — 836 


Symptoms in the dying birds and subsequent post- 
mortem examination suggested a neurotoxin as the cause 
of death. It has been possible to exclude pp'/DDE and 
dieldrin as possible causes of the mortality. 

Many of the terns which died were females in the act 
of egg laying while in all species there was evidence of 
extensive inflammation of the alimentary canal and often 
haemorrhages at the base of the brain and elsewhere in 
the body. These symptoms are similar to those recorded 
in the only other known case of sea bird mortality caused 
by paralytic shellfish poisoning. 

It is evident that there is considerable variation in 
the susceptibility of sea birds to paralytic shellfish poison. 
The great majority of sea birds breeding off the North- 
umberland coast feed on fish, chiefly sand-eels (4mmodytes 
spp.) and the toxin must have passed along two or three 
stages in a food chain to reach the birds. 1n general, the 
offshore feeders, puffins ( Fratercula arctica) and kittiwakes 
(Rissa tridactyla), escaped extensive mortality as did the 
lesser black-backed gull (Larus fuscus) which feeds pre- 
dominantly inland at that time of year, and it seems that 
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the greatest concentration of the toxin was in inshore 
waters. By far the highest levels of toxins have been 
recorded from mussels (Mytilus edulis) yet, although the 
eider (Somateria mollissima) feeds predominantly on these, 
very few died and it seems that this species at least has 
some means of reducing the toxic effect of the poison. Full 
details of this investigation have been published else- 
where}, 


J. C. COULSON 
G. R. Porrs 
I. R. Deans 
S. M. FRASER 
Department of Zoology, 
University of Durham. 
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Biological Observations associated with 
the Toxic Phytoplankton Bloom off the 
East Coast 


On May 24, 1968, about a fortnight after the first of the 
many reports of dying sea birds, the Dove Marine Labora- 
tory received reports of dead sand eels (Ammodytes sp.) 
being caught by trawl, just south of the Farne Islands, 
and washed up on the beaches. It seemed that the two 
phenomena were directly connected through the food 
chain (many sea birds vomited sand eels!) and that some 
toxie material was present. It seemed possible that agri- 
cultural chemicals or pesticides were involved and on 
May 28 freshwater biologists made a survey of many 
freshwater run-offs in the area. No apparent mortality of 
any fauna was found, but when patients with symptoms 
attributed to paralytic shellfish poisoning were admitted 
to hospital and further reports of dead sand eels were 
received from off Rosehearty, Aberdeenshire, on both 
May 30 and 31, a bloom of toxic dinoflagellates was 
indieated and further efforts were made to detect it. 

Two research vessels of the Department of Agriculture 
and Fisheries for Scotland (FRV Mara and FRV Gold- 
seeker) were instructed to sample in the Rosehearty 
and Firth of Forth-Holy Island areas respectively, 
while FRV Tellina of the Ministry of Agriculture, 
Fisheries and Food, RV Alexander Meek of the Dove 
Marine Laboratory and RV Njord of the Wellcome 
Marine Laboratory worked from Berwick-upon-Tweed 
southwards. Samples off Rosehearty were collected on 
June 3 with a Pettersson—Nansen water bottle at 0, 10, 
20, 30 and 40 m for phytoplankton sedimentation? and 
with a net of 200u mesh aperture for zooplankton; in the 
Firth of Forth-Holy Island area phytoplankton samples 
were taken at 0 and 10 m during June 5-7. 

Off Rosehearty, where surface temperatures ranged from 
9:0? to 9-6? C, two species that have been associated with 
paralytic shellfish poisoning and “red tide" were present: 
Gonyaulax tamarensis Lebour, at a maximum of 120 
cells/l. at 0 and 10 m, and Prorocentrum micans Ehrenb. 
at a maximum of 810 cells/l. at 10 m. Zooplankton 
organisms present were typical of coastal waters in this 
area, the most abundant species being Evadne nordmanni 
Lovén. There was no evidence by then of dead sand eels. 
In the Firth of Forth-Holy Island area, surface tempera- 
tures ranged from 10-3? to 11-1? C. Surface water samples 
examined in a white bucket indicated nothing abnormal 
while the phytoplankton samples had 0-180 67. tamarensis/ 
l. and 0-90 P. micans[l. at 0 m, with 0-120 G. tamarensis]. 
at 10 m. Similarly, observations by Dr N. Reynolds 
(personal communication) between Holy Island and Skeg- 
ness during June 6-12 showed only small numbers of 
G. tamarensis up to 15 miles offshore. 

A shore survev on May 28 showed large numbers of 
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Venus striatula (da Costa), in the Beadnell-Seahouses 
area, in a moribund state, gaping and lacking muscle 
tonus while, at Budle Bay, large numbers of the edible 
cockle Cerastoderma (Cardium) edule (L.) were also mori- 
bund and lying on the sand surface. Further observation 
in the latter area on June 6 showed a 30 per cent mortality 
of C. edule with a further 30 per cent moribund. About 
25 per cent of Macoma balthica (L.) were also then affected, 
but Mytilus, although highly toxic, showed no mortality. 
A sublittoral benthos survey, up to 5 miles offshore (also 
on June 6) gave very little evidence of unusual mortality, 
with the single exception of Lucinoma borealis (L.) which 
was collected in considerable quantities with sheils gaping. 
The scallop Pecten maximus (L.), although apparently 
unaffected, contained toxin. Thus although the surveys 
had shown deaths of a number of invertebrates in the area 
of high mussel toxicity (dead ragworms were also seen by 
a local fisherman on May 25 at the Ooze, Holy Island, 
together with very many dead sand eels), the numbers of 
G. tamarensis and P. micans found were insignificant. 

In an attempt to establish the organism or organisms 
responsible, retrospective examination of the available 
observations was necessary. In this Mr G. A. Robinson was 
particularly successful and he has shown a marked peak in 
the numbers of G. tamarensis about May 17-19. Observa- 
tions of unusual phosphorescence—around the Farne 
Islands and Holy Island on May 14, off the Isle of May 
from May 14 intermittently to at least May 24 (personal 
communieation from Dr J. C. Coulson) and 1 mile off 
Staithes, north Yorkshire on May 22 (personal communica- 
tion from Dr L. Carter), where 72,000 cells/l. of G. tamaren- 
sis were present—also indicate high numbers of dinoflagel- 
lates. In addition, brown discolorations of the sea were 
seen during a routine survey on May 23 4 miles off Blyth, 
and by fishermen 10 miles ENE of Tynemouth between 
May 29 and 31, and a red diseoloration 2:5 miles off St 
Abb's Head on May 31. The brown discoloration off Blyth 
coincided with a heavy concentration of a light brown 
dinoflagellate, probably G. tarnarensis, and a high chloro- 
phyll a concentration (Table 1) but the red discoloration 
off St Abb's Head (in two strips, one estimated at 75 feet x 
3 feet, the other 50 feet by 2 feet) was perhaps due to 
Peridinium depressum Bailey which was also found in 
large numbers by F.R.V. Ernest Holt off the Farne Islands 
on May 30. 


Table 1. SURFACE CHLOROPHYLL @ ESTIMATIONS OFF BLYTH, NORTHUMBER- 
LAND, MAY 23, 1968, AND (IN BRACKETS) APRIL $0, 1968 
Station No. 1 2 3 4 5 6 
Miles offshore 2 4 6 8 10 12 
east of Blyth 
Chlorophyll a 2-43 11.60 2:62 1-44 1:99 1:36 
(Qigjl.) (1:65) (59) (0:97) (0:81) 


Although there can be little doubt that G. tamarensis 
was the source of the paralytie shellfish poisoning, it is 
surprising that other animals were affected. The toxin 
responsible for paralytie shellfish poisoning is believed to 
differ from those causing mass mortalities of marine 
animals?s, and Prakash’, noting that the G. tamarensis 
toxin is chiefly an intracellular constituent, believes that 
actual ingestion of toxic dinoflagellates is unlikely to 
cause death in cold blooded animals. As his cultures of 
G. tamarensis aged, cells died, however, lysing liberated 
toxin into the medium. It is therefore interesting to note 
that the first deaths of sand eels oceurred during the 
period May 24-27, about a week after the peak numbers 
of G. tamarensis recorded by Robinson and immediately 
before the low numbers recorded on May 29-30. Lowered 
oxygen values resulting from mass deeay of the bloom could 
have contributed an added stress. 

Two similar mass mortalities of sand eels have been 
recorded in Scottish waters in recent years. From July 
20 to August 26, 1964, dead sand eels were caught 18 miles 
east of Isle of May and from August 1-11. 1967, in the 
Buckie to Troup Head area of the Moray Firth. AR 
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those sand eels examined were Ammodytes marinus Raitt. 
Unlike the fish kill reported by Rae et al., other fish, 
although searce, were not affected. Recently Robinson 
has kindly re-examined Continuous Plankton Recorder 
samples obtained in June, July and August 1964 from 
near the Isle of May and from near Troup Head on July 
22-23, 1967, together with Plankton Indicator samples 
from the Moray Firth for July 24-29, 1967. No cells of 
G. tamarensis were identified in any sample examined, but 
beeause they tend to disintegrate, this is perhaps not 
significant. Very small numbers of G. polyedra Stein?! 
were, however, present in the Moray Firth samples. 

If toxic sand eels were the main cause of sea bird 
deaths, it is unlikely that the sand eels became toxie 
other than through the food chain. Macer!! has shown 
that many of the Ammodytidae are chiefly copepod 
feeders. It is therefore possible that copepods or other 
planktonie herbivores formed the link between the toxie 
phytoplankton bloom and the sand eels. The possible 
concentration of toxins by planktonic herbivores is 
obviously in need of investigation. 

Finally, it must be noted that the presence of some toxic 
species, other than G. tamarensis, cannot be ruled out. 


J. A. ADAMS 
D. D. SgATON 
Department of Agriculture and Fisheries for Scotland, 
Marine Laboratory, 
Aberdeen. 
J. B. BUCHANAN 
M. R. LoxcBoTTOM 
Dove Marine Laboratory, 
Cullereoats, 
North Shields, 
Northumberland. 
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Distribution of Toxin in Molluscan 
Shellfish following the Occurrence of 
Mussel Toxicity in North-East England 


Ox May 30-31, 1968, patients with symptoms and signs 
attributed to paralytie shellfish poisoning! were admitted 
to the Royal Victoria Infirmary, Newcastle upon Tyne. 
Most of the patients involved in the outbreak had eaten 
mussels which were gathered from Holy Island and 
Budle Bay (Fig. 1) between May 27 and 29 and cooked 
by a retailer before sale; a few patients cooked the 
mussels at home. On May 31 raw mussels from the same 
source were received at the Regional Publie Health 
Laboratory for examination, and the level of toxin present 
in cooked mussels sold by the retailer was estimated by a 
simulated cooking process. 

By June 14 the geographical distribution of toxie 
mussels had been determined by examination of samples 
of mussels taken from representative points along the 
east coast of England and Scotland. Fish and other 
species of shellfish from the Northumberland coast were 
also examined for toxin. Control mussels were obtained 
from the west coast where there was no toxicity. The 
seaward extent of toxicity was determined by examination 
of scallops (Pecten maximus) from the Farne Bank, about 
8 miles east of Budle Bay, and of queens (Chlamys 
opercularis) taken 8 miles ENE of Flamborough Head. 
Changes in the distribution and concentration of toxin 
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were determined by repeated sampling from selected 
stations between Rosehearty and the Thames estuary. 

Undiluted acidic extracts?-* of whole raw mussel were 
sereened for the presenee of toxin by intraperitoneal 
injection of 1 ml. into white mice weighing 23 g (range 
20-30 g). Highly toxic extracts were diluted with dis- 
tilled water so as to produce death in 5-7 min, and the 
concentration of toxin was estimated from the dose 
mortality curve of Sommer and Meyer’. Toxin in cooked 
mussels sold by the retailer was estimated by simmering 
batches of whole mussels in their own juice for 20 min, 
and washing the meats for 5 min in running water. The 
level of toxin was also determined in raw mussels and 
in cooked unwashed meats. Toxicity is expressed as 
mouse units/100 g of tissue, one mouse unit being defined 
as the amount of toxin which, when injected intra- 
peritoneally, kills a 20 g mouse 15 min later with typical 
neurotoxic signs’. Concentrations of toxin below 200 
mouse units/100 g can be detected but not measured 
accurately. 

Mice receiving undiluted extracts of control mussels 
survived overnight, so demonstrating the absence of 
toxin in normal mussels. Mice receiving 1 ml. of the 
undiluted extracts of raw mussels associated with illness 
died within 50-60 s with typical neurotoxic signs*. The 
amount of toxin in these shellfish ranged from 10,062 to 
20,800 mouse units/100 g of raw tissue. The geographical 
distribution of toxin in shellfish samples taken from 
May 29 to June 14 is summarized in Fig. 1. Except for 
one sample taken at Montrose, toxin was present in every 
mussel sample collected from Rosehearty to Bridlington, 
values greater than 20,000 units/100 g occurring in samples 
from Eyemouth, Holy Island, Alnmouth and Blyth. No 
toxicity was detected in fifty samples of mussels, cockles 
(Cardium edule) and oysters (Crassostrea angulata) from 
the west of Scotland, the Moray Firth or the coast between 
the south shore of the Humber and the Thames estuary. 
Seallops from the Farne Bank contained 7,840 units/ 
100 g and queens off Flamborough Head 1,280 units/100 g. 
Toxin could not be detected in winkles (Littorina littorea) 
whelks (Buccinium undatum), lobsters (Homarus vulgaris), 
crabs (Cancer pagurus), plaice (Pleuronectes platessa), 
flounders (Platichthys flesus), haddock (Melanogrammus 
aeglefinus), or herring (Clupea harengus), taken between 
June 1 and 11 off the Northumberland coast. The con- 


, 
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centrations of toxin in shellfish sampled repeatedly from 
selected stations between May 29 and August 23 are 
summarized in Fig. 2. During this period shellfish taken 
from stations south of the Humber, the west coast of 
Scotland and the Moray Firth continued to be free of 
demonstrable toxin. 

In North America it has been elearly established that 
shellfish become toxic after feeding on certain dino- 
flagellates?.*5. Toxic species are often found in coastal 

raters and normally have no public health significance, 
but when hydrographie and climatic conditions permit 
toxic species to multiply rapidly or “bloom”, molluscan 
shellfish may become highly toxic. Several species of 
dinoflagellates are associated with shellfish poisoning in 
man; others may kill fish or other sea animals’, The 
dinoflagellates Gonyaulax catenella and G. tamarensis 
have been associated with shellfish toxicity on the east 
and west coasts of North America?:t5; other toxic species 
include Prorocentrum micans? and Exuviaella mariae- 
lebouriae*. Among the species associated with fish kills, 
Gymnodinium breve is probably the best known!*, 

There is considerable evidence that the toxin extracted 
from shellfish during the present incident is similar to 
Gonyaulax and Prorocentrum toxins. The clinical symp- 
toms of the present incident! resemble those caused by 
G. tamarensis elsewhere!, and the standard North American 
bioassay method which we used revealed high concentra- 
tions of toxin in the raw and cooked mussels taken from 
the same source as those which caused the illness. "The 
magnitude of the toxicity of these samples is evident by 
comparison with the value of 400 units/100 g of tissue 
which is the maximum concentration of toxin permitted in 
North American shellfish, In the present study, toxin 
was readily extracted by aqueous acid, and the shape of 
the dose-mortality eurve of mice and the signs observed 
before death were features typical of Gonyaular and 
Prorocentrum toxins described elsewhere?:*5, The toxins 
of Gymnodinium breve cannot be extracted by the methods 
we used!*!*, Significant concentrations of toxic dino- 
flagellates could not be found in the coastal area at the 
beginning of June (J. Dodge and N. Reynolds, personal 
communication), but Mr G. A. Robinson reported high 
concentrations of Gonyaulax tamarensis off the north-east 
coast during the middle of May and there can be little 
doubt that this species was the source of the toxicity. 
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Fig. 2. 


Toxicity of mussels and other shellfish from May 29 to August 23, 1968, 
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The uptake of toxins by shellfish is related to their mode 
of feeding. The filter-feeding bivalves such as mussels, 
cockles, scallops and clams accumulate toxin by straining 
eut small organisms, including dinoflagellates, from a 
current of seawater filtered by the gills. The level of 
accumulation varies between different bivalves*?; in the 
present study, cockles contained less than one-sixth and 
soft clams (Mya arenaria) less than one-thirtieth of the 
concentration of the toxin in mussels from the same site. 
Mussels accumulate more toxin than other species, and 
those growing at low water level contained substantially 
more than those taken higher up. Scallops showed a high 
level of accumulation; winkles, which feed on sessile 
algae, contained no demonstrable toxin. Whelks feed at 
times on filter-feeding molluses, but toxin could not be 
detected in a sample of whelks taken from the affected 
area. Laboratory tests have since shown, however, that 
whelks which have fed exclusively on highly toxic mussels 
may aceumulate up to 1,096 units of toxin/100 g of flesh 
within 12 days. Jabs, lobsters, plaice, flounders and 
haddock may at times feed on bivalves, but toxin could 
not be found in the edible portion of their tissue. No 
toxin was demonstrated in the plankton-feeding herring, 
nor in the dead sand eels (Ammodytes spp.) recovered from 
the area at the time of the toxicity. 

The cooking tests showed that 60-5 per cent of the 
original toxin was present after cooking for 20 min, the 
juice containing 32 per cent and the meats 28-5 per cent. 
A single raw mussel of about 6 g contained on average 
1,750 units of toxin, but after cooking for 20 min this was 
reduced to 500 units; washing in running water for 
5 min did not further reduce the amount of toxin in the 
meats. Fortunately, the retailer discarded the juices 
after cooking the mussels; this probably accounted for 
the absence of severe illness and mortality. The doses of 
toxin received by the patients were between 3,000 and 
30,000 mouse units!. 

The toxicity was widely distributed over more than 
300 miles of coastline between Rosehearty and Flam- 
borough Head and extending at least 7 miles offshore. 
Over many years, large quantities of shellfish have been 
gathered from this coast during the summer months by 
the general publie and in particular by commercial 
fishermen in the Holy Island-Farne area. The absence 
of previous outbreaks of shellfish toxicity indicates that 
toxie dinoflagellates do not usually appear in significant 
numbers in this area, a conclusion supported by the other 
unusual biological events which occurred in May this 
year. 

During the period of our observations, mussels and 
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scallops from all stations showed a slow but steady redue- 
tion in toxicity and from August 12-23 measurable eon- 
centrations of toxin were detected in samples from only 
two stations (Fig. 2), in both instances in amounts less 
than the maximum permitted. There was no evidenee 
that toxicity had spread to other areas. 

We thank all those who contributed to this investiga- 
tion, in particular the technical staff of the Newcastle 
Public Health Laboratory, who worked for long hours. 
during the early part of the outbreak; the district 
inspectors of fisheries (MAFF), the fishery officers 
(DAFS), and medical officers of health and their staffs, 
for the collection of samples of shellfish, often at short 
notice; the directors of the Public Health Laboratories at 
Leeds and Chelmsford, and Dr G. Hobbs and Mr D. €. 
Cann of the Torry Research Station, Aberdeen, for permis- 
sion to quote results of toxicity tests carried out in their 
laboratories. 
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Simultaneous Initiation of Transcription and Translation 
at Internal Sites in the Tryptophan Operon of E. coli 


by 
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Japan 


Tug tryptophan operon of Escherichia coli is composed 
of at least five structural genes E, D, C, B and A, each of 
which specifies a different polypeptide chain. A presumed 
operator region for the frp-operon has been located at the 


Transcription can sometimes be initiated at internal sites in the 
tryptophan operon of E. coli. There are also at least two sites in the 
operon where translation can be initiated. 


E gene end'. A polyeistronie messenger RNA corre- 
sponding to the érp-operon is synthesized and the synthe- 
sis is initiated at a single site (promoter) located at the 
E gene end of the operon?-. Translation of the poly- 
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cistronic mRNA is believed to be initiated at one prineipal 
site of ribosome attachment located at the E gene end**, 
It has been sugzested that translation and transeription 
of the trp-operon are closely coupled’. Translation of 
the frp-operon has been observed to occur virtually 
simultaneously with transcription**. ^ This evidence 
makes it likely that ribosomes attach to incomplete mRNA 
molecules still in the process of synthesis on the trp- 
operon. Ribosomes presumably attach at the principal 
attachment site of the incomplete mRNA molecule and 
move along the mRNA chain in a fixed direction, 5’ to 
3’, as synthesis of the messenger proceeds!?-!?, In view 
of this probable evidence, it might be supposed that the 
single site of ribosome attachment on a polycistronic 
mRNA is a reflexion of the coupling between translation 
and transcription. 

We present here evidence that in certain conditions 
transeription can be initiated at internal sites in the trp- 
operon, and that there are at least two sites in the operon 
where translation can be initiated. 

Transcription begins at an operator-proximal site 
within the trp-operon after the initiation of derepression, 
and proceeds sequentially along the operon, Repres- 
sion. bloeks the initiation of transeription but does not 
interfere with its progress?-9. Thus after one round 
of transcription has been completed in repression con- 
ditions, the operon becomes inactive. The process of de- 
repression (operon opening) or repression (operon closing) 
of the trp-operon has been found to be independent of 
transeription!?, 

When bacteria (E. coli strain W3110, K12) growing in 
the absence of tryptophan are treated with 2,4-dinitro- 
phenol (DNP), a compound which inhibits transcription’, 
and then the DNP is removed, the synthesis of both bulk 
RNA and trp-mRNA is promptly restored, attaining the 
normal rate of synthesis within 1 min. In the conditions 
used the synthesis of both bulk RNA and trp-mRNA is 
inhibited more than 90 per cent immediately after the 
addition of 5x 10-^ M DNP. The details of the effect of 
DNP on transeription of the trp-operon will be described 
elsewhere. After treatment with DNP the synthesis of 
irp-mRNA is found to involve initiations at sites within 
the operon. The results of a typical experiment are 
presented in Table 1. After ineubation with vigorous 
shaking at 30° C for 1 min, 5x 10- M DNP was added to 
the derepressed culture which was then incubated with 
vigorous shaking for a further 14 or 29 min, The bacteria 
were sedimented quickly by centrifugation at 0° C, then 
suspended without washing in minimal medium containing 
nineteen amino-acids? but no tryptophan, and incubated 
with vigorous shaking at 30° C. The trp-mRNA synthe- 
sized during the first minute after the removal of DNP 
corresponds to the whole region between the E and A 
genes (IIT and IV). In the conditions of ordinary dere- 
pression, trp-mRNA synthesized during the initial 2 min 
after derepression corresponds only to the E gene (I)°. 
Hf the cells are treated with DNP for only 4 min, then 
synthesis of most of the trp-mRNA proceeds over the 
regions corresponding to the E and D genes, but not the 
C, B and A genes (I1). This indicates that the trp-operon 
is derepressed (opened) sequentially in the direetion from 
E gene to A gene in almost the normal time without normal 
transeription. Additional experiments confirming this 
result will be presented elsewhere. As Table 2 shows. 
trp-mRNA synthesis initiated at internal sites in the 
operon as a result of treatment. with DNP is not affected 
by the addition of tryptophan (II and III). In repression 
conditions, restoration of trp-mRNA synthesis appears 
to be effieient in the operator-distal region but rather 
inefficient. in the operator-proximal region of the operon. 
This tendency can be seen when the values for trp-mRNA 
synthesis in the DNP conditioned state (II and IIT) are 
compared with those for trp-mRNA synthesis in steady 
state conditions (I) after derepression. 

"These experimental results make it seem likely that the 
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Table 1. 
RNA source 
Period of DNP- 


INTERNAL INITIATION OF TRANSCRIPTION DURING DEREPRESSION 


Amount of trp-mRNA synthesized (per cent) 





treatment (min) EmRNA DmnRNA C-BeaRNA AmRNA 
H 0* 0-281 0 0 0 
It 4 0-284 0-174 0:023 0 
iH 14 0.276 0-üR3 0-124 0-045 
IV 29 0-248 0-081 0:104 0-044 


Conditions for production and decection of the trp-mRNA have been 
described in detail elsewhere!*-*?, 5 x 10:3 M DNP was added after incubation 
with vigorous shaking at 30° C for 1 min in the conditions of derepression 
and the culture was incubated with vigorous shaking for a period indicated, 
Pulse labelling with *H-uridine (15 Ci/mmole) was carried out with bacteria 
CE. coli, W3110, K12) grown at 30? C in Vogel-Bonner medium?! supple- 
mented with nineteen amino-acids (each 6-5 mM), but no tryptophan. 
Bacterial cultures (5 ml.) at a cell concentration of 1-5 x 108/ml. were pulse 
labelled with 100 &Ci of *H-uridine for 1 min immediately after the start of 
incubation after removal of DNP in the conditions of derepression. In stan- 
dard conditions, 77 ug of *H-RNA (specific activity, 2,360 cpm Jag (D, 
65 ug of *H-RNA (specific activity, 2,550 c.p.m./ug) (ID, 64 ug of ?H-RNA 
(specific activity, 1,580 ¢.p.m./ug) (HI) or 62 ug of * H- KUNA (specific activity, 
1,785 c.p.m./ug) (IV) was annealed with 5 iig of heat-denatured phage DNA 
in a 0:25 ml. reaction mixture. The values are expressed as the percentage 
of trp-imR NA relative to the total labelled RNA, The radioactivity hybridized 
to wild type ¢ 80 DNA (0-02--0-03 per cent of the total) and the background 
values obtained by bybridizing *H-RNA from repressed cultures of strain 
W3110 with pE, ptE-D, ptC-A and ptA DNA (0-005, 0-011, 0-033 and 0-028 
per cent of the total, respectively) were subtracted in each case, The trp- 
mRNA. values obtained oy hybridization with ptE-D DNA were corrected 
by dividing by 0-80, based on the fact that the hybridization efficiency with 
the ptE-D DNA used was 20 per cent lower than that with pik DNA used 
(unpublished results of F.M.) The values reported are the averages of 
duplicate determinations. trp-mRNA hybridizable with pth, ptE-D, ptC-A 
or pLA DNA is represented as EmRNA, E-DmaRNA, C-AmRNÀ or AMRNA, 
respectively. The values given for Dn RNA and C-BmRNA were caleulated 
as the difference between the values for E-DmRNA and EmRNA or 
C-AmRNA and AmRNA, respectively. Minus values obtained by subtrac- 
tion (less than 0-008 per cent) are expressed as zero here. The (rp-operon 
segments carried by the various 980 pts have been reported elsewhere’, 

* The culture was preincubated without tryptophan for 1 min and then 
treated with the same procedure as the cultures treated with DNP. 


Table 2. INTERNAL INITIATION OF TRANSCRIPTION DURING REPRESSION 
RNA source 


Period of 


Amount of trp-mRNA synthesized (per cent) 
Period of 


DNP-treat- pulse label- EmRNA DmRNA C-BmRNA AmRNA 
mont (min) ling (min) 
I 0 16-17 12123 OTST 0-149 0-040 
Ir 14 0-1 0-085 6:110 0:110 0:043 
HI 29 0-1 0:048 fy 095 0-076 0-044 


Conditions were the same as described in Table 1, except that 50 g/ml. of 
L-tryptophan was added at the sixteenth minute after derepression (I) or at 
the start of incubation after removal of DNP (IT and IIT). In standard 
conditions, 48 ug of *H-RNA (specific activity, 13,790 c.p.m./ug) (1), 58 ug of 
*H-RNA (specific activity, 9,320 e.p.m./ug) (ID or 48 ug of *H-RNA (specific 
activity, 6,700 e.p.m./ug) (III) was annealed with 5 jut of heat-denatured 
phage DNA in a 0-25 ml. reaction mixture. 


trp-mRNA molecules synthesized during the initial minute 
after the relief of inhibition by DNP would be smaller in 
size than those synthesized in steady state conditions. 
This expectation is the case. As Fig. L4 shows, most 
irp-nmRNA molecules corresponding to the C-A region 
(C-AmRNA) sedimented faster than 23S rRNA when 
pulse labelling was carried out for 1 min at the fifteenth 
min after derepression. This indicates that the C-A 
region of the mRNA occupies the operator-distal portion 
of the polycistronic trp-mRNA molecule?. In contrast 
to this, C-AmRNA molecules labelled with *H-uridine for 
1 min immediately after the removal of the inhibitor from 
a bacterial culture treated with DNP for 29 min sedi- 
mented slower than 16S rRNA (Fig. 15). It seems 
therefore that after treatment with DNP synthesis of 
trp-mRNA is initiated simultaneously at internal sites 
located throughout the operon in contrast to the initiation 
at a single site located at the operator-proximal end 
of the E gene in ordinary conditions of derepression. 
Results similar to these were obtained when we examined 
C-AmRNA molecules synthesized from the tp-operon 
conditioned with DNP for 14 min (to be deseribed later). 

Experiments were also performed to determine whether 
translation could be initiated on DNP trp-mRNA 
molecules lacking the operator-proximal segment. Condi- 
tions were established as follows: bacteria (E. colt strain 
W3110, K12) growing exponentially in rich medium were 
washed twice and transferred to minimal medium eon- 
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Fig. 1. Sedimentation profiles of the trp-mRNA molecules synthesized 


in steady state conditions after derepression and at the initial stage after 
internal initiation of transcription. Critiated RNA was prepared from 
cultures pulse labelled for 1 min at the fifteenth minute after derepression 
(A) or at the start of incubation with 50 ug/ml. of L-tryptophan after 
removal of DNP from a culture treated with 5 x 10? M DNP for 29 min 
(B). Tritiated RNA preparations were sedimented in a 5-30 per cent 
linear sucrose gradient, containing 0-01 M tris-HCl buffer, pH 7-3, and 
0-05 M KCI, for 5 h at 36,000 r.p.m. in the cold in a SW39 rotor. After 
centrifugation the bottom of the tube was punctured and fractions were 
collected. Two neighbouring RNA fractions were combined and a 
portion was hybridized with 5 ug of heat denatured phage DNA in a 0:25 
ml. reaction mixture. The values presented were obtained with a 





quarter of each fraction. (----- ) Optical density at 260 mu; ( ) 
radioactivity of *H-RNA; (6) difference between hybridization values 


with ptC-4 and 980 DNA (C-AmRNA); (©) difference between 
hybridization values with ptE-D DNA and 980DNA ( E-DmRN A). 
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taining nineteen amino-acids, not tryptophan’, After 
incubation with vigorous shaking at 30° C for 1 min, 
5x10 M DNP was added to the derepressed culture 
which was then incubated with vigorous shaking for a 
further 14 or 29 min. The bacteria were sedimented 
quickly by centrifugation at 0° C, suspended without 
washing in minimal medium containing nineteen amino- 
acids with 50 pg/ml. of L-tryptophan, and incubated with 
vigorous shaking at 30° C. Inhibition of RNA synthesis 
by DMP was not observed at all at concentrations below 
10- M. Tryptophan blocks initiation of transcription 
at the promoter site located at the E gene end, and so 
transcription, which ean commence only at internal sites 
in the operon, will proceed for one round in the presence 
of tryptophan (to be described elsewhere). 

The synthesis of proteins specified by the E, C and A 
genes (E, C and A proteins, respectively) was measured 
during one round of transcription starting at sites within 
the conditioned operon. The results obtained are pre- 
sented in Fig. 2. In conditions of ordinary derepression, 
synthesis of the E, C and A proteins begins sequentially 
as derepression of the operon progresses; the synthesis 
of E, C and A proteins begins 2:5, 6-5 and 8:5 min, respec- 
tively, after the onset of derepression. In contrast to this 
sequential appearance of protein, simultaneous initiation 
of synthesis of the C and A proteins can be observed when 
the operon is conditioned by treatment with DNP for 
either 14 or 29 min. Initially the rate of synthesis of 
both proteins was nearly equivalent, but after the 
fifth minute the rate of synthesis of the C protein was 
slower than that of the A protein. These data are con- 
sistent with the sequential termination of synthesis of 
trp-mRNA corresponding to the respective genes; in 
corresponding conditions transeription of the C gene 
ceases between the fourth and the fifth minute but that 
of the A gene continues for several minutes after that 
time (to be diseussed elsewhere). No signifieant synthesis 
of E protein was observed when the operon was condi- 
tioned with DNP for 29 min. All these results are con- 
sistent with the finding that when trp-mRNA synthesis is 
restored in the presence of tryptophan after inhibition by 
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Enzymes formed during one round of transcription commencing at internal sites 


in thetrp-operon. E.coli K12,strain W3110, was grown in L-broth containing 100 pg/ml. 
of DL-tryptophan at 37° C with vigorous shaking. The exponentially growing culture was 
cooled rapidly in ice and centrifuged in the cold. Cells were washed twice with cold 
minimal medium and suspended in the same buffer. The washed cells were then trans- 
ferred to prewarmed minimal medium lacking L-tryptophan but containing 1 per cent 
glucose and nineteen amino-acids at 0-5 mM each. After 1 min of derepression, DNP 
was added to the culture (final concentration 5 x 10-* M), and vigorous shaking continued 
for 14 (4) or 29 min (B). The culture was then cooled rapidly and centrifuged and the 
tells were suspended in prewarmed minimal medium containing 1-0 per cent glucose, 
nineteen amino-acids at 0-5 mM each and 50 ug/ml. of L-tryptophan. These cell suspen- 
sions were shaken vigorously at 30° Cin a water bath. At the indicated times cells were 
collected, treated with chloramphenicol (100 ug/ml), and cooled rapidly in ice water. Cells 
were collected by centrifugation, washed and resuspended in 0-1 M tris-chloride buffer at 
pH 7-8. Extracts were prepared and enzyme activities and protein were measured as des- 
eribed previously*?*. The calculation of the molarity of each enzyme has been described 


elsewhere (ref. 23 and unpublished results of Ito and Yanofsky). 


(@) A protein; 


€O) € protein: (P) E protein, 
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DNP, it is initiated at sites between the distal portion of 
the E gene and the A gene but not at the beginning of the 
E gene (to be diseussed elsewhere; see also Table 2). 
Although there might be a small amount of E protein 
synthesized, when the operon is conditioned by treatment 
with DNP for 14 min, this synthesis could be caused by 
undecayed EmENA molecules the synthesis of which 
had been initiated during the incubation for 1 min before 
the addition of DNP. It has been reported that DNP 
does not interfere with the incorporation of “C-valine 
into proteins in vivo!^. The synthesis of the E, C and A 
proteins was appreciably inhibited by 5x 10-5 M DNP. 
This inhibition, however, was promptly reversed by 
removal of DNP as indicated in Fig. 2. 

In other experiments, it was shown that when bacteria 
were treated with 5x10- M DNP for 14 min in the 
absence of tryptophan, washed to remove DNP and incu- 
bated in the absence of tryptophan, the synthesis of E 
protein began after a lag of 2 min approximately. The 
synthesis of A protein, however, began immediately 
without any detectable lag (unpublished results of J. 1.). 


Table 8. AMOUNT OF AmRNA AND A PROTEIN SYNTHESIZED DURING ONE 
ROUND OF TRANSCRIPTION AFTER REPRESSION 
Amount of A pro- 
Period of "Time of Amountof 4mRNA tein synthesized 
DNP- initiation synthesized during repression 
treatment for repression during repression (Guanoles/mg 
(min) (min) (per cent) protein) 
0 At the second 0:177 1:48 
14 0 0-154 1:97 
29 0 0-186 1:319 


The values for AmRNA are the total of the specific hybridization values 
obtained by pulse labelling for 1 min successively during 8 min after the 
addition of L-tryptophan (50 ug/ml.) at the second minute after derepression 
or at the start of incubation after removal of DNP, The values for A protein 
are the amount synthesized during 20 min after theinitiation ofrepression. 
The other conditions are as deseribed in Table 1 and Fig. 2. 


To examine whether the rate of translation of the 
trp-mRNA molecules lacking the region corresponding to 
the operator~proximal segment of the operon is normal, 
the relative amount of trp-mRNA corresponding to the 
A gene (AmRNA) and the amount of A protein synthe- 
sized during one round of transcription after the com- 
mencement of repression were compared in normal 
conditions and with cells conditioned with DNP. The 
results obtained are shown in Table 3. When repression 
is initiated at the end of the second minute after dere- 
pression, it has been established that one molecule of RNA 
polymerase has attached to the promoter site of the 
trp-operon and begun one round of transcription of the 
operon?*. The amount of AmRNA synthesized during 
this time is nearly equivalent to that synthesized during 
one round of transcription of the trp-operon conditioned 
by treatment with DNP for 14 or 29 min. The amount 
of A protein accumulated after one round of transcription 
is roughly the same in the three cases, although rather less 
A protein was observed when the operon was conditioned 
for 29 min. Thus the efficiency of translation of the 
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trp-mRNA molecules lacking the operator—proximal 
segment appears normal. 

Table 4 shows that the number of C and A protein 
molecules, accumulated after the completion of one round 
of transcription initiated as sites with the operon, was 
proportional to the number of the corresponding mRNA 
molecules synthesized during this period. The relative 
numbers of trp-mRNA molecules corresponding to the 
E, D, C-B and A genes were calculated on the assumption 
that the lengths of these transcribing regions are propor- 
tional to the hybridization values of trp-mRNA, pulse 
labelled for a short time during steady state transcription. 
The hybridization values were 0-171, 0-189, 0:143 and 
0-051 per cent for E, D, C-B and AmRNA, respectively, 
when hybridization was carried out with *H-RNA pre- 
pared from bacteria pulse labelled for 30 s immediately 
after the addition of tryptophan at the fifteenth minute 
after derepression. The numbers of E, D. C-B and 
AmRNA molecules were calculated by dividing the 
amount of the respective trp-mRNA by the hybridization 
value. The relative numbers of E, D, C-B and AmRNA 
molecules synthesized by internal initiation during 8 min, 
the time for one round of transcription, after the recovery 
from inhibition by DNP were normalized by the value of 
AmRNA or C-BmRNA (Table 4, third column). The 
amount of intact C or AmRNA molecules synthesized 
during this time would be expected to equal the amount 
of trp-mRNA molecules synthesized on the next proximal 
gene to the C gene or the A gene. The AmRNA contains 
a part of the B gene, and so the amount of intact dmRNA 
molecules would be assumed to range between the values 
for C-BmRNA and AmRNA (Table 4, fourth column). 

When the relative numbers of trp-mRNA molecules and 
of protein molecules synthesized following internal initia- 
tions are compared for the C and A genes, it is evident 
that the trp-operon can be translated efficiently (Table 4, 
fourth and fifth columns). 

It has been proposed that the trp-operon in Salmonella 
typhimurium is subdivided into two subsections, each 
possessing a promoter like initiator element!*. Because 
the five trp genes of Salmonella typhimurium appear to 
constitute an operon which is regulated by a single 
operator element at the proximal region of the operon!’, 
the second initiator element located at the irp B-trp E 
gene boundary (corresponding to the trp D-trpO gene 
boundary in E. coli) has been assumed to be a site for 
the initiation of translation rather than transcription’. 
A similar promoter like element may exist in E. coli 
(personal communication from C. Yanofsky). The results 
of the translational experiments presented in Fig. ? 
indieate that the synthesis of A protein commences 
simultaneously with the synthesis of C protein after the 
internal initiation of transeription. In ordinary conditions 
of derepression, the synthesis of A protein lags 2 min 
behind that of C protein. It therefore seems plausible 
that not only trp-mRNA fragments corresponding to the 
C-A genes but also those corresponding to the B-A and 
A gene alone can be translated efficiently. This conclu- 
sion is also supported by the evidence presented in Table 4. 


Table 4. COMPARISON OF THE NUMBERS OF trp-mRNA AND PROTEIN MOLECULES SYNTHESIZED DURING ONE ROUND OF TRANSCRIPTION INITIATED AT SITES 
WITHIN THE trp-OPERON 


Amount of trp- Relative number 


Period of DNP- trp-h^RNA = mRNA synthesized of trp-in RNA 
treatment for during repression molecules 
(min) (genes) (per cent) 
14 A 0:154 100 
C-B 0-289 87 (100 
D 9-207 36 (550 
E 0-039 * (19) 
20 E! 0-186 100 
C-B 0-273 52 (100) 
D 0-273 38 (75) 
E 60-089 1i (2D 


intact Relative number Amount of protein Relative if 
trp-mRNA of intacttrp-mRNA — synthesized dur- number of pro- 
for molecules ing repression tein molecules 
(genes) (uimoles/mi protein) 
A 106 1-97 100 
C 36-54 1-06 55 
E <12 020 10 
A 100 1:19 100 
eC 38-75 77 $5 
E «91 0-08 7 


The values for E, D, C-Band AmRNA are the total of the specific hybridization values obtained by pulse-labelling for 1 min successively during 8 min 
After the start of incubation in the presence of L-tryptophan (50 ug/ml.) after removal of DNP. The other conditions are as deseribed in Table 1 and Fig. 2. 
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Thus after treatment with DNP which allows internal 
initiation of transeription, translation can be initiated at 
a minimum of two sites inside the trp-operon in E. coli. 
The possibility of the existence of more sites of initiation 
for translation than the two sites for C and A gene expres- 
sion remains to be examined by quantitative determination 
of the synthesis of the D and B proteins. 

It has been reported that bacteriophage f2 RNA 
lacking the 5’ region corresponding to the coat protein 
efficiently directs the synthesis of non-coat proteins!*. This 
is interpreted as an indication that the initiation sites for 
the formation of non-coat proteins are normally blocked—~ 
perhaps by the secondary structure of the RNA—as a 
result of interacting with ribosomes'®. In the trp-operon 
of E. coli, translation immediately follows transeription?/?. 
This makes it likely that the first ribosome attaches to the 
principal ribosome binding site of the incomplete mRNA 
molecule soon after this region has been synthesized. 
Ribosomes attach to and then apparently move along the 
mRNA chain as its synthesis proceeds?. When trans- 
lation of the D and C genes is in progress, mRNA regions 
corresponding to the A gene have not yet been synthe- 
sized’, - Initiation of translation at internal sites in the 
trp-operon cannot therefore be observed in ordinary 
conditions of derepression. When transcription begins 
at internal sites, however, translation can apparently 
be initiated at operator-distal mRNA fragments according 
to the coupled mechanism between transcription and 
translation which we have mentioned. It is at present 
difficult to guess whether the ribosome ean attach at 
many different sites on the trp-mRNA molecules, or only 
at specifie sites corresponding to the beginning of each 
gene of the trp-operon. 
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Immediate Cessation of Transcription of the Operator- 
Proximal Region of the Tryptophan Operon in E. coli 


after Repression of the Operon 


by 
FUMIO IMAMOTO 


Department of Microbial Genetics, 
Research Institute for Microbial Diseases, 
University of Osaka, 

Japan. 


Iw studies with the trp-operon of E. colt it has been estab- 
lished that a repressor blocks the initiation of transcrip- 
tion at the operator end of the E gene, the first gene of the 
operon, but does not interfere with transcription which is 
already in progress!-*. In this article evidence is presented 
that transcription which is in progress over the operator- 
proximal region of the first gene of the trp-operon is 
promptly blocked by the onset of repression. This 
repression-sensitive region is estimated to be 30-40 per 
cent of the length of the first gene of the operon or approxi- 
mately 10 per cent of the length of the entire operon. 

The trp-operon of E. coli consists of at least five con- 
tiguous genes* with an operator at the E gene end* (see 
Fig. 1). The frp-operon segments carried by the ¢80pts 
used as DNA sources in DNA-RNA hybridization assay 
for irp-mRNA (that is, mRNA specifically hybridizable 
with the DNA of phage 980 carrying the trp-region of the 
E. coli chromosome’) are indicated in Fig. 1. The lette: 
designation of each g80pt indicates the region of the 
trp-operon that it contains. The operon segment carried 


Support for the hypothesis that transcription is initiated before 
the operator region of the trp-operon of E. coli, and that the re- 
pressor, in binding to the operator region, directly blocks the 
progress of transcription. 


by ọ80ptE was determined and the result obtained is 
presented in Fig. 2. 980ptE carries the E gene and only 
a small segment of the D gene. The irp-mBRNA hybrid- 
izable with 980ptE, o80ptE-D, g80ptC-A or o80pt4 
DNA is called EmRNA, E-DmRNA, C-AmRNA or 
AmRNA. The values for DnRNA and C-BmRNA are 
the differences between the values for #2-DmRNA and 
EmRNA or C-AmRNA and AmRNA, respectively. The 
trp-operon regions to which the trp-mRNA fragments 
correspond are indicated in Fig. 1. 

A polycistronic messenger RNA corresponding to the 
trp-operon is formed and its synthesis is normally initiated 
at a site (promoter) located at the end of the # genetta, 
"lTranseription proceeds sequentially from the Æ gene 
to the A gene, taking about 8 min for completion of the 
first set of full length irp-mRNA molecules in the 
conditions used here?*. The rate of synthesis of trp-m NA 
increases until the first round of transcription is com- 
pleted at 8 min after derepression, at which time it reaches 
a steady state level*. 
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Fig. 1. ZTrp-operon segments in deletion mutants and q80pts. Each region indicated by a solid 


line is carried by the deletion mutant or the g80pt. The relative sizes of thetrp-genes are estimated 
from the molecular weights of the corresponding polypeptides*. The order of the mutationally altered 
sites indicated on the map is based on previous studies*-?2*, Distances between the mutant sites are 
only approximate. The position of the deletion terminus in phage ptC-A is taken from the data of 
Deeb et al, Location of the termini in ptE is based on the experimental result presented in Fig, 2, 
and those in pLE-D and ptA are only approximate. The trp-operon regions to which the trp-mRNA 
fragments correspond are indicated by solid lines. Phages were kindly supplied by Dr A. Matsushiro 
(g80), S, Deeb and B. Hall (p80ptC—4), M. Taylor (g80ptA), J. P. Gratia (g80ptE) and K. Sato 
(pROptE-D). Deletion mutants, 4 E5, AES, AD28 and AD5, were kindly supplied by Dr C. Yanofsky 
and AC4 was given by Dr I. P, Crawford. 


Table 1. CHANGES IN THE RATE OF TRANSCRIPTION OF THE VARIOUS frp- 
ARNES FOLLOWING A SHIFT FROM DEREPRESSION TO REPRESSION 
RNA source 
Repression 
initiated at 


When pulse-labelling with ?H-uridine is carried out 
in E. coli strain W3110, K12 wild type for 20, 30 or 40 s 
around the eighteenth minute after derepression, the 
amount of irp-mRNA synthesized during these labelling 


Amount of trp-mRNA synthesized 


Period of (per cent) 


the fifteenth pulse-labelling EmRNA DmRNA C-AmRNA E-AmRNA : ; npe bow j 
minute periods is relatively constant as indicated in Table 1 (1). 

i 90-19. 0-808 0-181 Meee 0:807 The amount of EmRNA is approximately twice the 
Ne 5 -15'20" . 0-188 -233 Bi "pr , I A 
a ib 1830" 0-30 Sn 0-213 0-793 amount of DmRNA or C-AmRNA. Unequal amounts 

(D a 5 doin. 0:368 0-213 0:200 oaar of trp-mRNA molecules are consistently synthesized on 
+ i» NI in meee 0-194 (-554 different regions of the (rp.operon, on the basis of the 
* 15/ 15°40" 0-133 0-196 0-183 0-512 molecular weights of the polypeptides specified by the 
+ 15/307-16' 0-048 0-164 0-187 0-399 A netti vE venas ; hlishec t 
à is’ 15/20" 39 86 74 59 respeetive genes (my unpublished data). 

aD + — 18°80" 44 99 01 70 When repression was initiated by the addition of 
* 15, — —15^40" 36 92 89 85 L-tryptophan (50 ug/ml.) 15 min after derepression, the 
P. Bc HE 59 fy vptop (50 ug/ml.) 15 min after derepression, the 


rate of synthesis of frp-mRNA corresponding to the 
whole operon (-AmRNA) was promptly reduced by 
30—41 per cent. This is shown in Table l in which *H- 
RNA preparations were obtained from cells pulse-labelled 
for 20, 30 and 40 s immediately after the addition of 
tryptophan. After repression, the rates of synthesis of 


Assay conditions for the trp-mRNA have been described in detail else- 
where", Pulse-labelling with *H-uridine (15 Ci/mmole) was carried out with 
bacteria (E. coli, W3110 K12) which were grown at 30° in Vogel-Bonner 
medium" supplemented with nineteen amino-acids (each 6-5 mM), but no 
tryptophan. Bacterial cultures (5 ml.) at a cell concentration of 1:5 x 105/ml. 
were pulse-labelled with 100 «Ci of *H-uridine during the period indicated 
after derepression or simultaneously with the onset of repression. Repression 
was initiated by addition of 50 ug/ml. of r-tryptophan. In standard condi- 
tions, 85-04 ug of "H-KNA (specific activity, 3,500-7,400 c.p.m./pg) was 








annealed with 5 ug of heat-denatured phage DNA in a 0:25 ml. reaction 
mixture, I. The values are expressed as the percentage of £rp-imRN A relative 
to the total labelled RNA, The radioactivity hybridized to wild type «80 
DNA (0-02 to 0-03 per cent of the total) and the background values obtained 
from the hybridization values of *H-RNA from repressed cultures of strain 
W3110 with ptE, ptE-D, ptO-A and pt4 DNA (0-005, 0-011, 6-038 and 
(-028 per cent of the total, respectively) were subtracted in each case. The 
irp-mRNA values obtained by hybridization with ptE-D DNA were corrected 
by dividing by 0-80, based on the faet that the hybridization efficieney with 
the ptE-D DNA used was 20 per cent lower than that with pte DNA used 
(my unpublished data), The values given for E-A;mRNA are caleulated as 
the sum of EmRNA, DmRNA and C-AmRNA. All values in the table are 
the averages of duplicate determinations. II. The relative amount of trp- 
TORNA after repression is compared with the corresponding amount in 
derepression conditions as a percentage. The trp-mRNA pulse-labeled 
between 15/820" and 16’ in repression conditions is compared with the trp- 
mRNA labelled between 15’ and 15°80° in derepression conditions. 





irp-mRNA corresponding to the E, D and C-A genes 
(E, D and C-AmRNA, respectively) were nearly equivalent 
(Table 1 (D). When the percentage decrease in the 
synthesis of E, D and C-AmRNA is caleulated (Table 1 
(II)), it is evident that the apparent decrease in the rate 
of E-AmRNA synthesis pertains chiefly to frp-mRNA 
synthesis in the Æ gene region. ?H-RNA preparations 
from repressed cultures pulse-labelled for 20, 30 and 40 s 
had specific activities which were 36, 25 and 20 per eent 
higher than those from derepressed cultures. The reduc- 
tion in the rate of HmRNA synthesis following repression 
seems to be much greater than could be accounted for 





1968 


NATURE, VOL. 220. OCTOBER 5. 


oc h 





Amount of Irp-m RNA (per cent) 











; - 7 i 

| ) i oid l PO 

Sites of AES AES AD28 ADS ACA 

deletion termini 
Pc TRIP UNS 

E gene D gene C gene 
i PEE ag Stott aed eat a 
Trp-operon segme mt in «SOptE 
Fig. 2. Determination of the trp- operon segment carried by $80 pth. 


Tritiated RNA was prepared f from strains 4 E5, A ER, A D28, ADS and 
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by dilution as a result of the synthesis of different RNA 
molecules of high specifie activity. 

This reduction was exerted very promptly following 
repression; the rate of EmRNA synthesis decreased to 
39 per cent within 20 s of repression and the decreased 
rate remained constant for at least the subsequent 20 s. 
Because repression blocks the initiation of transcription, 
one must take this into consideration in estimating the 


Gene sequence 
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reduced rate of EmRNA synthesis. The theoretical reduc- 
tion of EMRNA synthesis for labelling gee of 20, 30 
and 40 s after repression would be 8, 13 and 17 per 
cent, respectively, of the rate of EmRNA synt besis in 
steady state conditions. This estimation is based on 








the faet that 2 min are required to transcribe the E gene? 
The 


in the conditions used (see also Table 3 and Fig. 3). 
reduction of EmRNA synthesis immediately afte 
sion was 56-64 per cent of the normal rate (T 
It is evident that this reduction indieates that there 
prompt cessation of the transcription that was in progress 
in the E gene region. When pulse-labelling is carried 
out for 30 s beginning at the thirteenth sec after the 
onset of repression, EmRNA synthesis is reduce d to 12 
per cent of that during derepression (Table 1 (11)). cba 
EmRNA synthesis proceeds for only 1 min after repre 
and then ceases (see Table 3 and Fig. 3), a reduction of 
88 per cent in the rate of EmRNA synthesis during that 
period agrees with the expeetation that these would be à 
rapid termination of transcription after repression. 
Similar experiments were performed with deletion 
mutants to determine whether prompt cessation of 
transcription after the onset of repression oceurred 
over all or only the operator-proximal part of the # gone. 
AES, a deletion mutant lacking genes D, C, B and A and 
a part of the E gene (see Fig. 1), showed a reduetion of 
88 per cent in the rate of Em RNA synthesis when repres- 
sion was initiated 7 min after derepression (Table. 2). 
This reduction aed within as short a period as 3s 
after repression. It was observed earlier that AHS 
produces trp-mRNA molecules that are only one-eighth 
the length of the intact irp-mRNA* This length cotre- 
sponds to one-half the length of the Æ gene, assuming 
that the relative lengths of the trp-genes are proportior al 
to the molecular weights of their respective polypeptide 
products’. A trp-nRNA molecule of the. same size is 
produced by transcription for the ‘first. mute after : 
derepression in conditions where it takes 2 
cribe the E gene (my unpublished eade). 
more, the amount of trp-mRNA produced by AB: Ai 










































irp-operon 
D C B A 








Time (min) 


Diagrammatic representation of the time process for transcription on the irp-operon. The 


relative size of the trp-operon is estimated from the molecular weights of the corresponding poly- 
peptides’. Solid lines represent transcription which is in progress. Further explanations are in the text. 
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Table 2. CHANGES IN THE RATE OF TRANSCRIPTION OF 
IN DELETION MUTANTS FOL 
SION 


RNA source Amount of 


Repression Amount of EmRNA Relative 
j initiated at EmRNA decreased by decrease of 
Strain the seventh synthesized repression EmRNA 
minute (per cent} (per cent) synthesis 
ABS ~ 0-128 
+ 0-016 (112 88 
ABS ~ 0-208 
+ 0-105 0-103 50 
ADIs - 0-258 
* 0-138 0:115 45 


Conditions were the same as described in ‘fable 


labelling was carried out for 30 s, 7 min after derepression, In standard 





THE (rp-E GENE 
LOWING 4 SHIFT FROM DEREPRESSION TO REPRES- 


1, except that pulse- 


conditions, 106-202 ug of 7H-RNA (specific activity, 5,000-9,700 c.p.m./ug) 


was annealed with 5 ug of heat-denatured 


phage DNA in a 0-25 ml. reaction 
mixture, 


Table 3. 


irp-imRNA 0-1 1-2 2-8 3-4 4-5 5-6 6-7 
FEmRNA 48 84 OE 86 &8 86 92 
DmBRNA 0 0 30 68 88 943 115 
C-BmRNA— 1 1 1 Is al oe 74 
AmENA 11 13 13 2 1i 13 36 


f Conditions were the same as deseribed in T 
initintion of derepression, and for 8 min after the 
relative to the amount. 
cent for EmRNA, 0-161 per cent for DnRNA 
EmRNA, 0-187 per cent for DmRNA, 0-149 pe 


the time when only the first polymerase molecule could 
have progressed over the initial region of the frp-operon 
is half the amount produced from the whole E gene*. 
From the foregoing considerations, it is apparent that the 
deletion terminus in strain AE5 must be located near the 
middle of the E gene. In conditions where it would take 
? min to transeribe the E gene, the theoretieal rate of 
EmRNA synthesis expected in strain AE5 during 30 s 
after repression would be 75 per cent of normal. Thusa 
deficit of at least 63 per cent, based on the theoretical 
rate of EmRNA synthesis, was observed promptly after 
repression. 

Two deletion mutants, AE8 and 4D28, in which the 
deletion termini are located at the distal end of the E 
gene and at the beginning of the D gene, respectively*:® 
(see Fig. 1), were also examined. As shown in Table 2, 
after the onset of repression AES and 4D28 showed a 
reduetion of 50 per cent and 45 per cent, respectively, in 
the rate of EmRNA synthesis. The absolute reduction in 
the amount of EmRNA observed immediately after 
repression was nearly equivalent with AE5, 4ES8 and 
AD28. This indicates that repression promptly reduced 
the rate of transeription over only the operator proximal 
region of the E gene. This repression-sensitive region is 
therefore assumed to cover 63-88 per cent of the operator 
proximal half of the E gene preserved in AES, or roughly 
the proximal 30-40 per cent of the E gene. 

In the conditions used, 2 min are required to transcribe 
the E gene. In the experiment summarized in the left 
half of Table 3, after a shift from repression to derepres- 
sion, the synthesis of EmRNA began without a lag, and 
the synthesis of D, C-B and AmRNA lagged 2, 3 and 6 
min, respectively, behind that of EmRNA. The segments 
of the operon corresponding to E, D, C-B and AmRNA 
are indicated in Fig. 1. The estimation of the length 
of these segments is based on the molecular weights of 
the polypeptides specified by the respective trp-genes and 
the genetic map of deletion termini in 980pt phages (see 
legend of Fig. 1). Fig. 34 is a diagrammatie representa- 
tion of the time course of transcription of the respective 
messenger segments after derepression. When the relative 
lengths of the trp-genes are set on the time scale indicated 
in Fig, 3. and the operator-proximal termini of D, C-B 
and AmRNA molecules are aligned with the time scale, 
the starting times for D, C-B and AmRNA synthesis are 
found in accord with the experimental results presented 
in Table 3. Thus it is estimated that 2 min are required 
for transcription of the E gene, the next 2 min for the D 
gene, and approximately 8 min for the whole trp-operon. 


7 


gs 
121 
96 
vi 


able 1, except that pulse-labelling 
onset of repression at 16 min after d 
Observed at 8 min after derepression, or in the first minu 
, 0-141 per cent for C-BmRNA and 
T cent for C-BmRN A and 0-040 per cent for AmRNA. 
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lf transcription of the operator-proximal 30-40 per 
cent of the E gene is immediately blocked by repression, 
it might be expected that, after repression, the time 
course of cessation of transcription of the various trp-genes 
would be shortened by 1 min or so. This expectation was 
realized as is shown in the right half of Table 3; the 
synthesis of E, D and C-BmRNA terminated after lapses 
of l. 3 and 5 min, when repression was started at 
16 min after derepression. When the operator-distal 
termini of the E, D and C-BmRNA molecules are aligned 
with the 1 min-shortened time scale (Fig. 3B), the times 
of termination of E, D and C-BmRNA synthesis are found 
to agree well with the experimental results presented 
in Table 3. From the foregoing evidence, it is concluded 
that transcription of an operator- proximal segment of the 


SEQUENTIAL TRANSCRIPTION OF THE irp-OPERON DURING DEREPRESSION AND REPRESSION 
Period of pulse-labelling after derepression (min) 


Period of pulse-labelling after repression (min! 


8-9 0-1 1-2 2-3 3-4 4-5 5-6 8-7 7-8 
100 100 5 2 0 0 2 0 5 
100 160 72 24 ] 6 2 0 3 
100 1060 93 87 42 27 5 3 i 
100 100 10á 138 120 98 as 40 $t 


was carried out for successive periods of 1 min for 9 min after the 
erepression. The values are expressed as the percentage of trp-mRNA 
te after the onset of repression. The former values were 0-863 per 
0-045 per cent for AmRNA: the latter values were 0:195 per cent for 


irp-operon, estimated to be the initial 30-40 per cent of 
the E gene, is promptly blocked by repression. 

In the trp-operon of Salmonella typhimurium, operator 
constitutive mutants have been isolated which are 
mutated in the first structural gene of the operon®n, 
This has been interpreted as indicating that the first 
structural gene has a regulatory function and may be the 
operator for this operon!!, Recently, the operator in the 
lactose operon of E. coli has been mapped between the 
promoter and the first structural gene (Z gene). This 
finding has led to the presumption that transcription is 
initiated before the operator region, and that the repressor, 
when it binds to the operator, directly blocks the progress 
of RNA polymerase along the structural genes of the 
operon". More recently, operator constitutive mutants 
have been isolated and mapped at the operator-proximal 
end of the trp-operon in E. coli. It is, however, at present 
obseure whether these mutations are located within the 
region whieh can be transeribed (unpublished results of 
Hiraga). 

The evidence presented in this paper provides tentative 
support for the hypothesis that transcription is initiated 
before the operator region of the trp-operon and that the 
repressor, in binding to the operator region, directly 
blocks the progress of transeription. 
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Since the early experiments of Avery, MacLeod and 
McCarty? which demonstrated that transformation could 
be obtained by the addition of DNA extracted from wild 
type cells to a culture of auxotrophic bacteria, there has 
been much interest in the possibility that such phenomena 
could occur in mammalian cells. Kraus? prepared DNA 
from bone marrow of a human homozygous for haemo- 
globin (84) and incubated this DNA in vitro with bone 
marrow cells from a patient with sickle cell anaemia. 
The ability to produce the normal BA polypeptide haemo- 
globin was apparently transferred to the defective sickle 
cell anaemia cultures in the conditions used. Transforma- 
tion of permanent tissue culture lines has also been 
described by Szybalska and Szybalski*. 

In vivo, the problems of studying uptake of and possible 
transformation by exogenous DNA are numerous and the 
field has been extensively reviewed by Ledoux’. Of par- 
ticular interest in recent years has been the possibility 
of uptake of DNA from tumour cells by surrounding 
normal cells and the consequent possibility of transfer of 
genetic information®~’. 

It is now well established that DNA can penetrate 
mammalian cells in a macromolecular form?-!!. Recent 
evidence” has indicated that, although quite substantial 





1-0 





01 


Surviving fraction 





601 








TX 5T "Y 


id 2-3 42 3-6 
Dose of IUdR x 10-* M 


Fig. 1. 

P388FjI20 clone (©) after exposure to IUdR for 8 h followed by 

plating in 0-4 cent agar. Points from three experiments are plotted. 
Plating efficiency of both lines 60-70 per cent. 


Survival of colony forming ability of P388 cells (6) and the 


A mutant line of the P388F lymphoma has been used as recipient 
for labelled DNA. A distinct peak of DNA resulted which was 
well separated from those given by donor and recipient DNA. 
This suggests true integration of DNA into the recipient genome. 


amounts of DNA (up to 5 per cent) may be incorporated 
into recipient cells, only very small amounts are actually 
integrated into the host cell genome. 

The question still remains unanswered as to whether the 
DNA integrated in mammalian cells can become genetic- 
ally active in a similar fashion to that described in þat- 
terial transformation!?-15, 

The experiments to be reported here were designed to 
study uptake, integration and the possibility of trans- 
formation of a mutant line of lymphoma cells by bomo- 
logous DNA. 

Kit, Dubbs, Piekarski and Hsu" have shown that 
L.-strain mouse fibroblasts resistant to 5-bromo-2’-de- 
oxyuridine (BUdR) utilize thymidine very inefficiently or 
not at all because of a deficiency in the enzyme thymidine 
kinase. The use of such a mutant as recipient could 
reduce problems of interpretation in uptake experiments 
because of degradation of DNA and therefore a line: of 
P388F cells resistant to 5-iodo-2’-deoxyuridine (IUdR) 
was used in the study reported here. 

The isolation and methods of culture of the JP388E . 
clone derived from the P388 mouse lymphoma have been . 
described'*-*, P388 cells resistant to 5-iodo-2'-deoxy. . 
uridine (IUdR) were isolated from the control population... 
after growth of sensitive cells in gradually increasing 
IUdR concentrations over a 54 day period. Clones were 
isolated by the agar colony method 20 from a population 
which had grown in 5-6 x 10-5 M IUdR for 30 days with 
a doubling time similar to that of the control population, 
that is, 14-15 h. Since isolation, the clones have been 
cultured in drug-free medium and have maintained their = 
resistance to IUdR. One, designated P388#'/120, has- 
been used in all subsequent experiments. s 

A comparison of the responses to IUdR treatment of < 
the sensitive control population and of the P388/1260 
clone was made using the agar colony technique described 
by Nias and Fox?* and by the differential toxicity test 
as used by Pasternak, Fischer and Handschumacher*. 
The results of these tests are shown in Figs. 1 and 2. 

The uptake of *H-TdR and *H-IUdR was compared in 
control and P388F/I20 cultures as follows. Replicate 
cultures of P388F and P388F/I20 in exponential growth 
with a cell concentration of 10,000/ml. were given *H-TdR 
(0-1 uCi/ml., specific activity 17-7 Ci/mmole) or *H-TUJIR 
(0-1 uCi/ml., specific activity 1-2 Ci/mmole); the dose of 
IUdR was 1x10-* M, incubated in the presence of 
the label for 8 h. Samples were taken and prepared for 
autoradiography as previously deseribed!*. The results 
of two experiments were pooled and are shown in Table 1. 
The uptake of both *H-TdR and *H-IUdR was found to 
be markedly reduced in the mutant line. 

The medium in which cells are normally cultured con- 
tains neither thymidine nor cytidine except for small 
amounts present in the 10 per cent horse serum supple- 
ment? Wild type cells must therefore usually synthesize 
DNA de novo. Resistance to IUdR therefore seems to be 
a consequence of deletion of enzymes involved in the 
"salvage" pathways; for example, thymidine kinase as 
described for BUdR resistant cella!" 


36 


Cells/mlL x 10* 





| 
| 
| 








—E—————- 
107 104 i975 i0 
Molar concentration of IUdR 
"ig. 2, Comparison of total cell numbers of P388F cells (6) and 
the P388F[I20 clone (©) after growth in various concentrations of 


TAR for 4 days. Initial inoculum 2,000 cells/ml. Points from two 
separate experiments are plotted. 


DNA from P388 cells labelled with either *H-TdR or 
*H-IUdR was used as donor DNA in subsequent experi- 
ments, and unlabelled P3887F/I20 cells as recipients. 

P388 cultures in exponential growth were labelled 
with *H-TdR or *H-IUdR and DNA was prepared as 
follows. For labelling with *H-TdR the initial concentra- 
tion of cultures was ~ 300,000 cells/ml. and the cultures 
were exposed to *H-TdR (0-1 uCi/ml.) for 8 h so that, as 
shown by autoradiography (Table 1), virtually all cells 
would contain labelled DNA. To produce DNA labelled 
with ?*H-IUdR, 500 ml. cultures, initial cell density 100,000 
cells/ml., were exposed to the label (0-25 uCi/ml.) for 28 h, 
that is, about two cell doublings at control rate. The cell 
concentration on harvesting was ~ 400,000 cells/ml. in 
both cases. The proportion of dead cells was never greater 
than 2:5 per cent in replicate cultures. The dose of 
*H.IUdR was 2-5-fold greater than that used in the 
autoradiographie experiments in order to provide DNA 
of more comparable specifie activity to that labelled with 
*H-TdR. 


Table 1. COMPARISON OF THE UPTAKE OF 'H-TdR snp ?H-IUdR Into 
CONTROL AND P388F/120 CULTURES AFTER INCUBATION OF CELLS IN 
EXPONENTIAL GROWTH FOR 8 h WITH THE ISOTOPES 


Percentage labelled 
cells (8 h) 





Grain count/labelled cell 


SH-TdR ?H-IUdR *H-TAR 3H-IUdR 
Control 91-2 91-0 95-0158 31-742-0 
P388.F (120 45 25 12-4134 6:9 x 0-04 


Control grain counts and percentage of labelled cella were determined 
after 3 days’ exposure of the autoradiographs, those of P388 F/I120 after 
24 days’ exposure. Five hundred cella from each of two slides were counted 
for percentage labelled cells. Grain counts are the average of those over 
fifty labeHed cells. Grain count background was 5+ I. 


The cells were collected by centrifugation at 17,000 
r.p.m. for 20 min and washed once with 200 ml. of 0-15 M 
NaCl containing 0-1 M EDTA, pH 8-0. The cells were 
resuspended gently in 10 ml. of saline-EDTA, pH 8. 
Sodium dodecylsulphate (SDS), 20 per cent, was added to 
give a final concentration of 2 per cent and the cells were 
then homogenized at 40° C for 5 min using a "Teflon -glass 
homogenizer. A sharp transition was obtained from 
intact unlysed cells to a clear viscous gel. Deproteinization 
was carried out by the addition of an equal volume of 
chloroform-isoamyl alcohol (24:1) and gentle shaking 
' by hand for 20 min at 0° C. This mixture was centrifuged 
at 3,000 r.p.m. for 30 min at 0° C and the upper layer was 
obtained, This was repeated twice. Nucleic acids were 
precipitated by gentle mixing with an equal volume of 
ethoxyethanol at 0? C. The thread-like precipitate was 
collected and dissolved in 5 ml. of 0-15 M NaCl containing 
0-015 M sodium citrate, pH 7-0 (SSC). RNA was removed 
by digestion with RNase (50 ug/ml.) for 30 min at 37° C, 
followed by deproteinization as described. Finally, DNA 
was precipitated with an equal volume of ethoxvethanol 
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and dissolved in 5 ml. of SSC. The concentrations of the 
DNA solutions were caleulated from measurements of 
extinction at 260 my using the equation of Sueoka and 
Cheng??. The yield of DNA by this method was 1-1-2 mg/g 
wet weight of cultured cells and the sedimentation value 
for different unlabelled DNA preparations was 24-255. 
Similar methods of isolating DNA have been used by 
others?!-?5 and have given homogeneous and representa- 
tive preparations. 

Sedimentation coefficients were determined in a Spinco 
model E centrifuge fitted with ultraviolet optics. De- 
terminations were carried out at 35,000 r.p.m. using DNA 
solutions in a concentration of 50 ug/ml. dissolved in 
0:15 M NaCl containing 0-015 M sodium citrate, pH 7-0 
The sedimentation coefficients are reported as $?,,,, and 
have been corrected to zero concentration. It was found 
that the sedimentation value of the DNA preparation 
from unlabelled P388F cells was 24S and that of the 
*H-IUdR labelled DNA from the same cells was 225. 

Analytical caesium chloride density gradient analysis 
of *H-IUdR labelled and unlabelled DNA was carried out 
using a Spinco model E centrifuge and the results are 
shown in Fig. 3. The *H-IUdR labelled DNA gave a 
single peak with a density of L:812/em^?. The density 
of unlabelled DNA was 1-694/em-* 

After normal semiconservative replication of DNA in 
the presence of non-inhibitory concentrations of *H-IUdR 
for 28 h, one would expect two cell doublings. The re- 
sultant DNA should therefore be labelled 50 per cent in 
one strand and 50 per cent in both. In various DNA 
preparations, however, a single peak was found and this 
would suggest that the cells completed only one doubling 
in the presence of the *H-IUdR. The cell counts and 
sedimentation data would, however, tend to contradict 
this. Hakala? and Kajiwara and Mueller*® have postu- 
lated that the presence of IUdR at special sites in the DNA 
prevents replication at those sites, or that there is mal- 
function of IUdR-containing genes at sites responsible for 
DNA synthesis. The extent and nature of incorporation 
of *H-IUdR into the genome of these cells are at present 
under investigation. 

Preparative caesium chloride density gradient centri- 
fugation of the DNA solutions was carried out at a con- 
centration of 15-50 ug/ml. DNA was added to solid CsCl 
to give a refractive index of 1-4010 and centrifuged at 
35,000 r.p.m. for 66 h in the SW39 rotor of the Spinco 
model L centrifuge and 60 ul. fractions were collected. 
One drop was used to measure the refractive index and 
the rest diluted to 0-3 ml. with 0-15 M NaCl containing 
0:02 M K,HPO,, pH 6-8, and extinction at 260 my was 
measured. Fraction samples of 0-1 ml. were assayed for 
radioactivity using the Packard ‘Tricarb’ liquid scintilla- 
tion counter. 

Samples of 0-1 ml. of *H-labelled DNA were mixed with 
0:2 ml. of hyamine hydroxide and heated for 2h at 60°C, 
then 10 ml. scintillator (0-4, 2,5-diphenyloxazole and 0-04, 
1,4 bis 2-(-4-methyl 5-phenyloxazolyl)-benzene dissolved 
in xylene) was added. The samples were counted in the 
Packard "Triearb' liquid scintillation counter using one 
channel with a gain of 35 per cent and respective window 
setting of 100 to 215. A quench window with a gain of 
2 per cent and respective window setting of 300 to 1,000 
was used. 

To investigate the fate of *H-TdR labelled donor DNA, 
500 ug (specific activity 269 x 10* c.p.m./ug) was added to 
500 ml. cultures of P388 7/120 cells in exponential growth 
(cell concentration 300,000/ml.). After different intervals, 
50 ml. samples were withdrawn from recipient cultures 
and incubated for 3 min with DNase (5 ug/ml.) at 37° C. 
DNA was isolated and counted as described previously. 
There was an initial rapid uptake of the DNA during the 
first 2 h followed by a slow linear increase with time up to 
30 h. The results are shown in Fig. 4. 

The fate of *H-IUdR labelled DNA (specific activity 
90» 10° e.p.m./ug) was investigated by adding 100 ug 
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Fig. 3. Tracing of analytical CsCl density gradient of (a) "light" 
recipient DNA and (b) "heavy" *H-IUdR substituted DNA. A sample 
(0-5 ug) of a DNA preparation from Bacillus subtilis (native 1-703 gjem-? 
or heat denatured 1-720 giem) was used as an internal standard. 


aliquots to 100 ml. cultures of exponentially growing 
P388F/120 cells (400,000 cells/ml.). The cultures were 
incubated for 4 h, then collected. DNA was isolated and 
fractionated by preparative CsCl as described. 

The results of a typical experiment are shown in Fig. 5a. 
Three distinct peaks can be seen; the first (fraction 
numbers 5-11) represents "heavy" donor (p=1-816 g/ 
em-?) labelled with *H-IUdR. The second labelled peak 
(fraction numbers 23-35) represents DNA of an inter- 
mediate density (p= 1:7329 g/em-?) and the third peak 
“light” recipient DNA (fraction numbers 36-43) which 
was unlabelled (9 = 1-695 g/em~*). Fig. 5b shows donor 
*H-IUdR labelled DNA alone and Fig. 5c “light” recipient 
DNA alone which was unlabelled. There was little or no 
contamination of the “light” recipient unlabelled DNA 
with radioaetivity from the labelled donor DNA; the 
DNA peak of intermediate density was, however, signi- 
ficantly labelled. The amount of DNA bound was calcu- 
lated as follows. The amount of DNA in the intermediate 
and recipient peaks was calculated from the optical 
density determinations using the equation of Sueoka and 
Cheng?. The amount of DNA in the intermediate peak 
as a percentage of that in the recipient peak was 1-5 + 0-04 
per cent. 

There remains, however, the possibility that the °H- 
IUdR labelled donor DNA is degraded by intracellular 
nucleases and incorporated as nucleotide fragments into 
the recipient genome, thus forming the intermediate 
density peak in Fig. 5a. Because the efficiency of uptake 
of *H-TUdR and *H-TdR by the mutant is so low (Table 1). 
the following experiments were performed using wild type 
cells. 

Cultures of exponentially growing P388F cells (100 ml.) 
were incubated with “C-TdR (0-1 pCi/ml., specific activity 
11-0 Ci/mmole) and 10 ug/ml. of *H-IUdR labelled DNA 
for 4 h. 'The eultures were collected and DNA was isolated 
and fraetionated as deseribed. When native DNA was 
fractionated, three peaks were obtained: (1) "heavy" 
containing ?H, representing the donor; (2) "light". repre- 
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Fig. 4, Time course of uptake of *H-TdR labelled donor from P3883F 
cells by recipient P388 F/I20 cells, 
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senting the recipient labelled with 4C; (3) DNA of inter- 
mediate density labelled only with *H. There had there 
fore been incorporation inte the recipient of fragments: 
of donor DNA which were sufficiently large to cause ac 
change in density. If degradation had occurred and 
donor DNA labelled with *H-IUdR had been utilized 
randomly during the 4 h of incubation with “C-TdR, the 
ratio of “C to *H would be expected to be equal to 1, 
but no material labelled with C was found in the inter- 
mediate peak. 

After denaturation of the DNA isolated from this 
incubation, two peaks only were obtained as shown in 
Fig. 6a. No material labelled with “C was fonnd under 
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Fig. 5. a, Buoyant density distribution of DNA fractions isolated 
from P388F/I20 recipient cells after incubation with *H-IUGR labelled 
donor DNA for 4 h. H, "Heavy" *H-IUdB donor DNA; L labelled 
DNA fraction of intermediate density; L, "light" unlabelied recipient 
DNA. b,*H-IUdR labelled donor DNA control; e, unlabelled recipient 
DNA control. ©, Optical density at 260 mu; @, cpm. ipi mi, 
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Fig. 6. e, Buoyant density distribution of DNA isolated after incuba- 
tion of *H-IUdR labeled donor DNA for 4 h with recipient P388F 
cells in the presence of "C-TdR. DNA was heat denatured (100° C for 
10 min) before loading onto the gradient. @, °H c.p.m./0-1 ml; O, C 
c.p.m./0-1 ml. b, Buoyant density distribution of *H-IUdR labelled 
P388F donor DNA mixed with an unlabelled cell lysate of P388F 
cells after isolation and denaturation but before loading onto the 
gradient. 6,*H c.p.m./0-1 ml; ©, optical density at 260 mu. 


the "heavy" peak fractions (1-15) or material labelled 
with *H under the "light" peak fractions (30-40). No 
degradation could therefore be demonstrated. 

Partially denatured fragments of DNA from both 
absorbed and incorporated heavy DNA and from “light” 
recipient DNA could become randomly aggregated during 
isolation, but this can also be largely discounted on the 
basis of the evidence in Fig. 65. DNA labelled with 
*H-IUdR was added to a non-labelled cell lysate; the DNA 
was then extracted, denatured and fractionated. Two 
peaks only were obtained: (1) labelled with *H-IUdR 
(donor DNA); (2) unlabelled DNA representing the 
recipient. If partial denaturation and aggregation 
oceurred, four peaks would be expected: (1) partially 
denatured heavy donor (labelled); (2) partially de- 
natured light recipient (unlabelled); (3) native heavy 
donor (labelled); (4) native light recipient (unlabelled). 

The use of P388F cells for this experiment ean therefore 
be justified on the following grounds. First, the DNA 
metabolism in the two cell lines is likely to be similar as 
diseussed earlier, and second, when either mutant or wild 
type cells were used as recipients, the peak of DNA of 
intermediate density was of similar magnitude and 
oceurred at a similar position in the gradient. In addition, 
normal semiconservative and not repair replication?* 
seems to occur. 

Thus the possibility that the intermediate peak results 
from the breakdown and re-utilization of donor DNA, 
either extra or intra-cellularly, can be largely discounted. 
The presence of unincorporated donor, labelled DNA 
fragments in the cytoplasm of recipient cells which might 
be sufficiently “light” to sediment with the recipient 
DNA is also unlikely because there was no radioactivity 
under the “light” peak (Fig. 5a). The radioactive peak of 
intermediate density (Fig. 5a) would therefore appear to 
be due to true integration of DNA into the recipient 
genome. 
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It is interesting to compare the figure obtained, in the 
present study, for the ratio of bound DNA to recipient 
DNA, that is, L:5--0-04, with those given recently by 
Robins and Taylor!? which varied between 0-06 per cent 
and 0-31 per cent. The techniques used by these workers, 
however, differed from ours in several respects, and 
because many factors influence the total DNA bound it 
is perhaps not justified to compare the two results directly. 

Robins and Taylor used a 30 min incubation of donor 
DNA with recipient cells at a concentration of 2 x 10? ml., 
whereas our values for bound DNA were estimated after 
4 h incubation of DNA with exponentially growing cells. 
In addition, they described enhanced uptake of DNA in 
cultures containing increased proportions of dead cells 
and a lack of dependence of uptake of DNA on oxidative 
phosphorylation or active transport. processes. Integration 
of DNA into the genome, though not uptake into the 
uucleus, may therefore be dependent on the presence of 
the active DNA synthesis found in exponentially growing 
cells. The heterogeneity of the BU-DNA used as donor 
by Robins and Taylor!?, which resulted in contamination 
of the recipient peak with radioaetivity, is a further 
complication in comparing their values for bound DNA 
with those obtained in the present study. 

In summary, therefore, a mutant line P388 //120 of the 
P388F lymphoma has been isolated which is resistant to 
IUdR and has a considerably reduced capacity to in- 
corporate *H-TdR and *H-IUdR. In this respect it is 
similar to the BUdR resistant mutant described by Kit 
et al.. This mutant has been used as the recipient in 
studies of uptake and integration of homologous DNA 
isolated from P388F cells. Donor DNA labelled with 
?*H. was taken up linearly by the recipient cells. A distinct 
peak of integrated DNA, well separated from those given 
by donor and recipient DNA, was shown to be present by 
caesium chloride density gradient analysis. This suggested 
uptake and integration to DNA in its macromolecular 
form. The extent of integration of donor DNA was 1-5 
per cent of the recipient genome. The possibility of the 
integrated DNA functioning as a template is at present 
being studied using the two cell lines described. 

We thank Professor G. R. Barker and Dr L. G, Lajtha 
for helpful discussions, Mrs M. Bloomfield and Mrs I. 
Dimond for technieal assistance and Miss S. Warrior for 
carrying out the analytical ultracentrifugations. 
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Is the Troodos Massif of Cyprus a Fragment of 


Mesozoic Ocean Floor? 


by Available geological and geophysical data indicate that the Troodos 
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ALTHOUGH the major physiographie features of the ocean 
basins have been known for some time, it is only during 
the past decade that, through the monumental efforts 
of the oceanographic geophysicists, the fascinating pattern 
of ocean floor structure and evolution has been revealed. 
Seismic, magnetic, and to a lesser extent heat flow data, 
support the view that new ocean crust is created at 
the axes of the mid-ocean ridges and that the oceanie 
magnetic anomalies reflect strips of ocean floor created 
during periods of alternating normal and reversed 
polarity!-. The major mechanism invoked in this 
concept is convective flow within the upper mantle rising 
and diverging under the mid-ocean rises. 

Despite the wealth of indirect evidence, several facets 
of the problem are unlikely to be rapidly resolved unless 
direct observations can be made on the ocean floor. 
Even now, only isolated cases exist! where linear magnetic 
strip anomalies have been directly correlated with re- 
versely magnetized rock exposed on the sea-floor. 
Controversies as to whether the ocean crust represents 
the surface expression of a convecting mantle* or the 
injection of dykes and the extrusion of lava resulting 
from convection at depth rely on inductive reasoning: 
what is really needed is a sub-aerial exposure of ocean 
crust. 

Present day oceanic islands are of little value, for as 
well as being only minute fractions of the ocean strueture 
they are often merely peaks of central vent volcanoes, 
and their form is therefore controlled by eruptive processes 
and their petrochemistry is strongly affected by high level 
fractionation. Even Iceland, where there is good evidence 
of outward movement from a central rift concomitant 
with dyke injection®, is a sub-aerial consequence of ocean 
floor mechanisms and as a result the surface geology of 
the island is dominated by the effusion of lavas. 

Naturally, most of the areas now exposed at the surface, 
that are considered to have been ocean floor, were formed 
in a geosynelinal environment and have been uplifted 
during subsequent orogenesis. For example, it has been 
suggested/-!^ that the ophiolite masses of the young 
fold mountain chains represent oceanic crust (layer 2); 
however, these masses have usually suffered metamorph- 
ism, almost invariably have been tectonieally deformed 
and are often allochthonous. Sub-aerial oecurrences of 
undeformed, unaltered oceanic crust are rare indeed; it 
is proposed that the Troodos massif of Cyprus is such an 
occurrence and therefore is worth looking at with the 
geophysical data on present day oceanie erust in mind. 


Geological Data 

The Troodos massif occupies a roughly oval area of 
some 2,300 km? in the southern part of Cyprus and is 
surrounded by undeformed, largely calcareous sediments 
of Upper Cretaceous to Recent age which, in turn, are 
flanked to the north by the intensely deformed Cretaceous- 


massif is a Mesozoic volcanic complex the structure of which is com- 
parable with that, deduced from geophysical data, for present day 
mid-ocean rises. It is suggested that the massif evolved beneath an 
oceanic Tethys and may represent a fragment of a mid-Tethyan rise. 


Middle Miocene sediments of the "Alpiue" Kyrenim. - 
range. 

Exceptional differential uplift, greatest in the eentre 
of the range, and subsequent deep erosion have resulted 
in the massif having a three-fold, roughly annular struc- 
ture; basie and ultrabasie plutonie rocks of the Troodos 
Plutonie Complex erop out in the centre of the range 
and are surrounded by the Sheeted Intrusive Complex, 
a broad zone where basic dykes predominate. The 
periphery of the massif is formed of the Troodos Pillow 
Lava Series, a sequence of pillowed basaltic lavas and 
their related intrusives (Fig. 1). 

No satisfactory isotopie age has been established for 
the igneous rocks of the massif. Maestriehtian (Upper 
Cretaceous) calcareous sediments overlie the massif" 
and a Lower Campanian (Upper Cretaceous) age, based 
on the identification of radiolaria by Passsgno'^, was 
proposed by Allan} for the ferro-manganiferous sediments 
within the Pillow Lava Series. Although radiolarian ages 
are questionable, these data are the best available and 
an Upper Cretaceous age is tentatively accepted for the 
Troodos Pillow Lava Series. 

Rocks of the Troodos Plutonic Complex range from 
central dunites and peridotites through pyroxenites and 
olivine gabbros, gabbros and uralite gabbros to marginal 
granophyres. A broad regional pattern can be discerned 
in that the rocks become more silicic with increasing 
distance from the central ultrabasic occurrence. With the 
exception of the dunite the boundaries of which transgress 
other ultrabasie rocks in the area, there is a gradual 
transition upwards and outwards from the ultrabasic 
rocks through the more basic gabbros to the uralite 
gabbroM. No floor to the Complex has been recognised, 
there are no compositional changes towards the margin 
and the surrounding host rocks are not metamorphosed. 
Developed locally within the Complex, and particularly 
well developed near the contact of the dunite with the 
adjacent ultrabasie rocks, is a N/S vertical banding in 
which olivine and pyroxene are concentrated with their 
long axes parallel or sub-parallel to the orientation of 
the bands themselves. The outcrop distribution of this 
Complex indicates that these plutonic rocks belong to a 
differentiated ultrabasie mass of batholithie dimensions. 
Differentiation has led to the upward and outward gra- 
diation from central ultrabasic varieties through median 
gabbros to marginal acidic rock. Field evidence strongly 
suggests that the proportion of dunite and peridotite 
to the more acid members increases markedly with depth 
and that the silicic varieties of the Complex, although 
abundant at the surface, are relatively minor in quantity 
compared with the vast mass of ultrabasic material thai 
underlies Troodos; this postulate is supported by gravity 
data presented later. 

The Sheeted Intrusive Complex is a NÆS, basie dyke 
swarm of unusual density in which the near vertical 
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intrusive display a striking parallelism. In a cross-strike 
section of more than 100 km, more than 90 per cent of 
the outcrop consists of dykes, only occasional screens of 
the original basic lava host rock are present. The dykes 
vary in width from 0-5 to 3 m, were originally basaltic 
but are saussuritized and uralitized. There is no evidence 
that they were deformed during emplacement and the 
uniformity of their trend suggests that they were injected 
during a period of regional E/W tension. 

The Troodos Pillow Lava Series, although divided into 
two units in the presence of a partial unconformity and 
petrographic differences, is of basaltic composition 
throughout; however, the main rock types in the lower 
unit are oversaturated basalts whereas those in the upper 
division are dominantly olivine basalts. Although not 
proved, the thickness of this sequence of pillow lavas is 
probably of the order of 1,000 m. Dykes vary in abundance 
and, as they are feeders for the pillow lavas, become 
markedly less abundant towards the top of the series. 
The evolution of the Pillow Lava Series was characterized 
throughout by the gentle effusion of basaltic lava into a 
subaqueous environment. 

Chemically, the whole massif has a marked tholeiitic 
character. On the basis of their normative composition 
and using the divisions proposed by Yoder and Tilley!*, 
the roeks are dominantly oversaturated tholeiites with 
olivine and saturated tholeiites common in the upper part 
of the Pillow Lava Series. 
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The Troodos massif with a core of layered and ultrabasic 
plutonic rocks surrounded by a dyke swarm of remarkable 
density, which in turn is unconformably overlain by basic 
pillow lavas, represents a Mesozoic voleanie pile of 
tholeiitie character that evolved in a subaqueous environ- 
ment. The Plutonic Complex could be peridotitie material 
fused sufficiently so that gravitational differentiation 
could operate to form the layered sequence exhibited and 
to provide a liquid phase to be extruded to form the 
Pillow Lava Series. 


Geophysical Data 

Geophysieal data available for the Cyprus area concern 
chiefly the gravity field (Fig. 1), although some seismic 
and magnetie information is available. 

Cyprus is covered by à strong positive Bouguer gravity 
anomaly principally between 100 and 250 mgal the axis 
of which lies over the Troodos massif and parallel to the 
trend of the Kyrenia range!*. No other gravity anomaly of 
this size has so far been found in the eastern Mediterranean 
and Cyprus lies within a regional areuate zone of negative 
gravity (—18 mgal) The high density rocks, which 
appear to have produced this large anomaly, have the 
form of a rectangular, near surface, sub-horizontal slice. 
which measures 240 km E/W x 110 km N/S and the centre of. 
which is displaced about 30 km to the NW of the centre 
of Cyprus. This mass must have a density of at least 
3:3 g/cm? and must be at least 11 km thiek under the 
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Fig. 1. 


The Troodos massif of Cyprus; Bouguer isogals at 20 mgal intervals. 
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centre of the massif, whereas at its north-western margin 
a thickness of over 32 km is estimated (ibid.). A correla- 
tion between the ultrabasic rocks of the Troodos Plutonic 
Complex and the high density material causing this 
gravity anomaly is well substantiated. 

Seismie data are sparse, but oil company information 
shows a thickness of at least 3 km of sediments in the 
area between 10 and 20 km north of the Troodos massif, 
while Gaskell et al.“ established basement rock with a 
velocity of 6-7 km/s at between 2-5 and 3-0 km below 
sea level in Famagusta Bay (35° 13' N; 34° 07' E) off 
the east coast of Cyprus. Gaskell et al. correlate this 
velocity to the altered basaltic rocks of the Sheeted 
Intrusive Complex and the seismic information substan- 
tiates the gravity data in confirming the eastward extent 
of the Troodos massif under the sea. 

The total magnetic intensity chart of the eastern 
Mediterranean published by the US Naval Oceanographic 
Office shows that the residual field over most of the area 
is featureless. In their discussion of this survey Vogt 
and Higgs!'5 conclude that most of the area between 
Italy and Cyprus is characterized by very low N/S 
anomalies with amplitudes in the order of 50y and 
wavelengths of 100 km. Within 50 miles of Cyprus, in 
the area corresponding to the Cyprus positive gravity 
anomaly, the residual field is infinitely more complex. 
Off the west coast of Cyprus magnetie anomalies in the 
order of 500y with a wavelength of 40 km appear to have 
a roughly N/S trend. This survey stops about 10 km 
from the coast of Cyprus. Over the island the only 
results available are those of an airborne magnetic survey 
flown in 1959 by Hunting Geology and Geophysies Ltd 
(London) over part of the pillow lava outerop on the 
northern flank of Troodos. This survey showed extensive 
areas of anomalies with a wavelength of 4-5 km and a 
peak to peak range of 2,000y elongated N/S, parallel to 
the strike of the dykes in the Pillow Lava Series. Only 
à few oriented specimens have been colleeted from the 
Troodos massif but these all have a natural remanence 
in the direction of the present horizontal field but with 
a near-zero inclination; a few specimens are reversely 
magnetized. 


What do these Data Mean ? 


Geological evidence based on mapping at a scale of 
1:5,000 shows the Troodos massif to be a volcanic associ- 
ation in the Kennedian!* sense, that evolved during the 
Mesozoic in a marine, probably oceanic, environment. 
Gravity data suggest that the massif forms the upper 
part of a high density slab which, in turn, has been 
interpreted as part of the Earth's mantle detached 
during the Alpine orogeny when the African “foreland” 
underthrust Eurasia; regional isostatie readjustment in 
response to a regional negative anomaly subsequently 
uplifted the Troodos massif to its present topographic 
eminence, The magnetic data available strongly sug- 
gest that there are N/S linear strip anomalies over 
Cyprus and the adjacent waters which are concordant 
with the strike of the dykes in the Sheeted Intrusive 
Complex and the Pillow Lava Series. These anomalies 
are also orientated in the same direction as the broader 
and shallower anomalies that characterize the eastern 
Mediterranean as a whole. Geological evidence is 
quite definite, the gravity interpretation appears to be 
most acceptable on the information available whereas 
the magnetic evidence, at this stage, can only be accepted 
as suggestive. 

It is now pertinent to consider (1) the extent of the 
marine area during the evolution of the Troodos massif 
and the position of this volcanic complex within the 
postulated ocean basin. and (2) if the structures and 
rock types exposed on the Troodos massif are in any way 
consistent with those of present day ocean basins. 

Various authors'*:*°-*? have suggested that the Troodos 
voleanie complex evolved in an oceanic environment 
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when the continental masses of Africa and Eurasia stood 
farther apart than they do today. That an extensive 
marine area existed between Africa (Gondwanaland) and 
Eurasia during the Mesozoic is as irrefutable as any 
geological deduction can be. To this marine area, which 
seems to have existed since Cambrian times, Suess”? 
gave the name Tethys. Several workers, notably Carey? 
and Van Hilten?, have reconstructed the outlines of 
Tethys at various stages in its evolution. During the 
Mesozoie they postulate that it was à vast wedge-shaped 
sea extending from the Iberian peninsula and widerting 
eastwards. At its maximum extent, probably during 
the Upper Palaeozoie, this marine area was larger than 
the present day Atlantie and even in Mesozoie times 
certainly seems to have been large enough to justify the 
title of ocean’. 

In the time since the Troodos massif was formed, the 
Tethyan area has been deformed by the Alpine orogeny 
and Troodos itself is now completely surrounded by 
younger sediments or formations brought into juxta- 
position by later tectonic events. So, although Troodos 
is probably autochthonous or para-autochthonous, there 
is no spatial evidence to indicate its position within the 
Tethyan ocean. Two lines of indirect evidence, however, 
are indicative in this respect. 

First, the basalts of present day abyssal ocean floor 
are remarkably uniform?5, invariably tholeiitie and 
characterized by high alumina and low alkali, particularly 
a low potash, content. Oceanic islands seem to vary in 
their composition depending on their distance from the 
mid-ocean rises. 

Of the thirty-three analyses available for the Troodos 
massif, all are tholeiitie but are so varied as a result of 
hydration, saussuritization, uralitization and chloritization 
that it is difficult to present any meaningful average. In 
Table 1 two estimates of 'Troodos basalts are given 
as well as analyses of abyssal oceanic basalts and basalt 
averages from oceanic islands. 
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Analyses 

a) (3) (4) () (e 
SiO, 50-90 48-53 50°30 50-06 4607 
TiO, 0-82 1-54 1:38 2-23 945 
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MnO 0-18 0-20 0-09 0:12 Og 
MgO 7-09 842 7-56 R18 7 
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q 2.62 10-8 == — 2-96 
or 6-27 17 0-95 1-11 1-67 
ab 23-44 157 24-96 23-06 20-96 
an 25-64 30-9 30-79 30-58 26.07 
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hy 19:74 19-8 7.22 21.27 
ol — — 11-66 -— 
mt 454 2-6 322 add 3 
i r56 0-9 2-02 z 4-26 ES 
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(1) Average of four Troodos volcanic rocks, composition proposed for 
Troodos parental magma”, (2) Glassy basalt, least altered of pillow lavas 
analysed. Lower Pillow Lavas, Kambia". (3) Carlsberg Ridge™, (4) Mid- 
Indian Ocean Ridge**. (5) Average composition of tholelitic basalfs, Koolau 
Range, Oahu, Hawaii’, (6) Average trachybasalt; ‘Tristan da Cunha. 


The analyses of the Troodos voleanie rocks most 
clearly resemble the Hawaiian tholeiite (5), but even here 
TiO, and combined ferrous and ferric iron are too low 
and K,O in analyses (1) is too high. There is no meaning- 
ful comparison with the alkali association (6) and when 
compared with the abyssal basalts (3) and (4) TiO, 
AlO, CaO and Na,O are too low and K,O is too high. 
If Troodos was a mid-ocean island in Tethys, then a 
voleanie pile of this size could be expected to produce 
more evolved products than those of the ocean floor. 
A comparison with ocean islands shows an affinity to the 
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tholeitic variety and these, in turn, seem to be most 
common in the areas over or immediately adjacent to 
the mid-ocean rises rather than those arising from the 
abyssal depths which tend, almost invariably, to belong 
to the alkali association??, 

This tenuous petrological argument, that the Troodos 
massif probably formed on a mid-Tethyan rise, is supported 
by the magnetic data. In their appraisal of the residual 
magnetic field of the eastern Mediterranean Vogt and 
Higgs" note that the broad, low anomalies of the region 
may reflect a warped remnant of Tethyan ocean crust 
generated during Permian and Triassic times when 
geomagnetic polarity reversals were infrequent. Bearing 
in mind the here accepted Upper Cretaceous age of the 
massif, the appearance of narrower more intense N/S 
anomalies over and adjacent to Cyprus could reflect 
the increasing abundance of magnetic reversals during 
that period. In the Upper Cretaceous, between 65 and 
80 million years ago, seven reversals have been noted? 

lf the Troodos massif represents a voleanie pile that 
evolved on the mid-Tethyan ridge, it is relevant to con- 
sider whether the structure of the massif is at all com- 
patible with those deduced from geophysical data for 
present day mid-ocean rises. 

Vine and Matthews*, in their analysis of the linear 
magnetie anomalies lying parallel to the mid-ocean 
ridge systems, suggest that these anomalies are caused 
by the injection of basaltic material at the centre of 
the ridge which moved aside to form new ocean crust 
as subsequent material is injected at the ridge axis. The 
magnetic strip anomalies reflect reversals in the Earth's 
magnetic field, the injected material being normally or 
reversely magnetized according to the orientation of the 
Earth's magnetic field at the time of emplacement. 

The structure of the Sheeted Intrusive Complex with 
the parallel or sub-parallel emplacement of dykes in 
such number that they form more than 90 per cent of 
the outcrop would certainly meet the geophysical require- 
ments. But a cross-strike distance of only 120 km over 
the Sheeted Intrusive Complex outerop and 250 km 
over the linear magnetie anomalies around and over 
Cyprus makes it extremely difficult, even with further 
magnetic data, to decide whether Troodos lies athwart 
the mid-ocean ridge of Tethys or is part of one flank. 
Despite this uncertainty it is interesting to note for the 
sake of present day ocean floor analogy that the Sheeted 
Intrusive Complex is probably betwoen 2 and 4 km thick 
and that the dykes, although rarely more than 3 m wide, 
commonly lack chilled margins. It is calculated that 
about 48,000 dykes crop out within the Sheeted Intrusive 
-omplex, and that lack of chilled contacts together with 
the altered nature of the rocks makes it virtually 
impossible to decide, on a regional scale, the order of 
emplacement. With magnetie anomalies in the mind, 
however, it seems quite feasible that dvkes emplaced 
within this Complex would be intruded alongside older 
dykes and that although no longer molten (1,000? C) 
these could easily be well above their Curie temperature. 
This “hot” environment, together with the low thermal 
conductivity of basaltic material, could well mean that 
tens, if not hundreds, of dykes could cool through the 
Curie isotherm together and thereby obtain the same 
magnetie imprint. 

Another problem that the magnetic strip anomalies 
pose is that, if these anomalies are a consequence of the 
injection of dykes, then are the dykes injected only at 
the centre of the ridge, or are they emplaced some distance 
away from the axis ?**55 The petrography of the Sheeted 
Intrusive Complex does not answer this problem, but it 
is relevant to note that the feeder dykes of the Pillow 
Lava Series are parallel to those in the Sheeted Intrusive 
Complex and are present around virtually the entire 
periphery of the massif. Field evidence suggests that 
the Pillow Lava Series is younger than the Sheeted 
Intrusive Complex and is separated from it by an exten- 
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Sive unconformity representing à period of volcanie 
quiescence. On the evidence available the Pillow Lava 
Series cannot be said to have issued from an axial zone 
unless the entire Troodos massif is axial. 

If the sheeted Intrusive Complex of the massif represents 
oceanie layer 2. then the Troodos Plutonie Complex may 
represent layer 3. The erudely stratiform arrangement 
ranging from central ultramafic varieties through gabbros 
to marginal silicie members is the type of structure that 
could be formed in areas of excessive heat flow, sueh as 
the crest of mid-ocean ridges, where the upper part of 
the mantle was fused sufficiently to provide a liquid 
phase to be injected as dykes to be poured out as lava 
flows. In the case of the Troodos massif, the material 
would have to be fused suffieiently to allow gravity 
fractionation to operate at depth and thereby produce a 
gross compositional layering. If the Troodos massif does 
lie athwart the mid-Tethyan ridge, then the most obvious 
place to draw the axis of this ridge would be N/S through 
the Troodos Phitonie Complex. 

Finally, palaeogeographie reconstruction of "Tethys 
during the Mesozoie shows it to be elongated E/W, 
narrow at the west and widening eastwards. In these 
circumstances, it might have been expected that the 
mid-Tethyan ridge would run E/W. 1f, however, the 
eastern Mediterranean, and the Troodos massif in par- 
ticular, are remnants of Tethyan ocean floor, then the 
geology and the magnetic pattern is most definitely N/S. 
Orientation of strip anomalies with present day ocean 
basins would not exclude trends normal to the long axis 
of the ocean basin. Alternatively, in an area such as the 
Mediterranean it is quite possible that the eastern Mediter- 
ranean block has been rotated by some such lateral 
movement as the Tethys mega-shear®:*6, 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Dispersion and Pulse Length of the 
Pulsating Radio Source 
PSR 1749-28 


Turtle and Vaughan! discovered the pulsar PSR 1749-28 
and measured its position coordinates at the Molonglo 
Radio Observatory. This pulsar is particularly interesting 
because it is situated only 2 degrees from the direction 
of the galactic centre. Observations have now been made 
to determine the frequency drift rate and pulse length 
of PSR 1749-28. 

The observations were made at 408 MHz using the 
fan beam of the east-west arm of the Molonglo Radio 
Telescope. The bandwidth of the telescope was divided 
to form two narrower channels separated in frequency. 
The pulses received in each channel were recorded using a 
multiple channel ultraviolet recording oscillograph with 
a chart speed of 50 em s~. The impulse response of the 
system and the shape and separation of the pass bands 
were measured by injecting radio frequency pulses into 
one of the 408 MHz preamplifiers of the east-west arm 
of the telescope. The pulse width and amplitude were 
adjusted to give a response on the oscillograph record 
similar to that of the pulsar signals. 


Table 1. OBSERVATIONAL DATA 


No. of 

Date Receiver band pass (MHz) Observed pulses (ms) pulses 

1968 Av Bi Bn At Wi Wh added 
Aug. 9 1-02 1:28 135 5:32 124 12.3 6 
Aug. 10 1-02 1-28 1:15 5:62 12-1 12-6 10 
Aug. 11 178 0:31 0-32 10-6 10-4 8-6 5 


The separation in frequency, Av, of the centroids of 
the two pass bands for each of the three days of observa- 
tion is shown in Table 1. The r.m.s. widths Bj and By 
of the lower and higher frequeney pass bands are also 
given. The r.m.s. bandwidth is defined as 


rf i. y(v)vidy \4 
-œ 





where y(v) is the frequency response of the channel. The 
r.m.8. bandwidth defined this way is twice the standard 
deviation of the band shape. The post-detector time 
constant in each channel was 4:5 ms. The r.m.s. noise 
level on the records was approximately 1-0 B-i flux units 
(10-8 W m- Hz-!), where B is the bandwidth in MHz. 
Pulses were recorded from PSR 1749-28 on each of the 
3 days of observation. The transit time of the source 
between the half power points of the beam was 7 s (~ 12 
pulse intervals). During the transits, every pulse was 
observed. The pulse amplitude varied randomly within 
a5tolrange. No significant variation of pulse shape was 
observed on the records, On each day of observation, 
the pulses with the best signal to noise ratio were selected 
aad added to give an average pulse shape with improved 
signal to noise. The r.m.s. widths (2x standard devia- 
tion) of the observed pulses, W; and Wh, and the separa- 
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A pulse from PSR 1749-28 observed on two frequencies on 


Fig. 1. 
August 10, 1068, 


tion, At, of the centroids of the pulses on the two channels 
were measured. The results, and the number of pulses 
added in each case, are given in Table 1. Fig. 1 is a tracing 
of one of the pulses observed on August 10. 

The frequency drift rate of the pulses (dv/dt) is caleu- 
lated from the ratio Av/ At. Giving each day's observation 
equal weight, we obtain 


-F= 18110 MHz s^ at 408 MHz 


The observed pulse width is the result of the convolu- 
tion of the true pulse profile (at a single frequency), the 
dispersion of the pulse in the receiver bandwidth and the 
impulse response of the recording channel. Under con- 
volution the mean square widths are additive so that the 
r.m.s. width of the pulse Wputse can be caleulated by the 
expression 


ayn e 
{W pulse)? = W* B? à ) 4 


where W is the observed r.m.s. width and 2 + is the effective 
r.m.s. width of the receiver impulse response (of time 
constant 7). 

The r.m.s. value of the pulse width calculated from 
the data given in Table 1 is Wpuase- 47:1 ms. "These 
observations are inadequate to determine further détails 
of the pulse shape. A rectangular pulse of width 8 ms 
or a Gaussian pulse of width 5-5 ms between half power 
points both have r.m.s. widths of 4-7 ms. 

The integrated flux density of the pulsar has been 
measured (using the pencil beams of the full cross tele- 
scope) to be ~1 flux unit. Our observations support the 
conclusion of Turtle and Vaughan! that although there is 
considerable pulse to pulse variation, the mean flux 
density over a number of pulses is reasonably constant. 
The mean energy per pulse is —0:5x 10-75 J m” He. 
The average flux density of a single pulse, assuming an 
equivalent width of 8 ms, is ~ 60 flux unit. The physical 
properties of PSR 1749-28 are summarized in Table 2. 


Table 2. PHYSICAL PROPERTIES OF PSR 1740-28 

a (1950-0) 17^ 49% 484.8 + 083 
6 (1950-0) ~ BB" 0b. $7" t 8" 
p ie 
bu -450 
Ps) 0-5621 + 0-0001 

dv 4 e 1j 
- (€) MHz s 181210 
Wpuise ms 7£i 
Mean flux density (408 MHz) flux unit ~i 


OS x 10-88 
4baü 


f450] 


Mean pulse energy (408 MHz) J m° Hz 
Integrated electron density pc em-? 
Distance pe 
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The pulse duration of PSR 1749-28 (~5 ms) is the 
shortest known. CP 0950 appears to have a pulse which 
extends over about 10 ms”. The pulse widths of CP 0328 
and PSR 2045-16 are not available. Other pulsars?*-5 
have pulse widths in the range 12 to 100 ms, frequently 
with strueture. 

Previous observations of pulsar frequency drift rates 
have established that (dv/d/) is proportional to the cube 
of the frequeney*". This dependence of (dv/dt) on v is 
consistent with the assumption that the pulse frequency 
drift is produced by dispersion in the ionized interstellar 
medium. The frequency drift rates of the seven pulsars 
for which data are available?-* range from 3-6 MHz s- to 
20 MHz s-i at a frequency of 81:5 MHz. If the frequency 
drift rate of PSE 1749-28 is produced by interstellar 
dispersion, the frequency drift rate of 181 MHz s~ at 
408 MHz becomes 1-45 MHz s-! at 81-5 MHz. The inter- 
stellar dispersion is thus 2-5 times greater than for any 
previously reported pulsar. The corresponding integrated 
electron density [Nd] between the Earth and the pulsar 
is 45 pe em-*. This figure establishes that the pulsar is 
within the galaxy, since the integrated electron density 
through the centre of the galaxy must be much greater 
than 45 pe em. On the assumption made by most previ- 
ous workers that the local electron density is 0-1 cm, 
the distance of PSR 1749-28 is 450 pe. 

The mean integrated pulse energy of PSR 1749-28 is 
~ 0:5 x 10-26 J m- Hz-! at 408 MHz, making it one of the 
strongest known pulsars at this frequency. The four 
pulsars originally discovered at Cambridge have mean 
integrated pulse energies of ~0-1x10-°* J m= Hz- at 
408 MHz*. Pulsars CP 0328 and HP 1506 have mean 
integrated pulse energies of about 0-2 x 10-8 J m- Hz-! 
at 81-5 MHz‘ and presumably considerably less at 408 
MHz. CP 0808 has & mean integrated pulse energy of 
2x102* J m- Hz- at 81-5 MHz* and at 408 MHz 
the pulse energy may be comparable with that of 
PSR 1749-28. 

This work raised the question of whether the observed 
dispersion is a valid measure of the distance of pulsars. 
On the assumptions that the frequency drift is produced 
by interstellar dispersion and that the electron density 
is uniform PSR 1749-28 is several times farther away 
than the other seven pulsars for which the drift rates are 
known. The mean integrated pulse energy (and mean 
flux density) of PSR 1749-28, however, is several times 
greater than that of the other pulsars (except CP 0808). 
It follows that either PSR 1749-28 has an absolute power 
at least an order of magnitude greater than that of the 
other pulsars or that the dispersion is not a reliable distance 
indicator. 

The low value of — dv/dt for PSR 1749-28 may be partly 
accounted for by processes at the source. It is therefore 
important to obtain frequency drift measurements over 
a wide range of frequency to find out whether they are 
consistent with interstellar dispersion 


Cr 


It is likely that the local electron density is concen- 
trated towards the galactic plane. The available data 
on pulsar dispersions (including PSR 1749-28) suggest 
that there may be a systematic tendency for the dispersion 
to increase with decreasing galactic latitude. The pulsar 
HP 1506 is an exception for it has a high dispersion at a 
latitude of 53^. Discovery of more pulsars will probably 
make it possible to estimate the local distribution of 
electron density. 

We thank Professor B. Y. Mills for advice and encour- 
agement, and Mr W. N. Smiley of Warburton Franki, 
Ltd, for the loan of the recording oscillograph. This work 
was supported by grants from the Australian Research 
Grants Committee and the US National Science Founda- 
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Pumping Mechanisms for Maser 
Action in Galactic OH 


Various pumping mechanisms depending on the absorp- 
tion of radiation have been proposed as competent to 
invert the A-doublet of the ?II,,, ground state of the OH 
molecule and so to explain the origin of anomalous 18 em 
emission from galactic OH as stimulated emission. I 
argue here that the available power of radiation is likely 
to be too small for the purpose. 

If the distribution of the directions of 18 em radiation 
from separate sources is random, then it may be shown! 
that the total 18 em power radiated from the neighbour- 
hood of an H.II region is 


N n? di[Idy 


where N is the number of sources seen from the Earth in 
that neighbourhood; d is the average diameter of a source; 
I is the intensity of a component of the spectrum; f Z dv 
is the intensity integrated over the speetrum. 

Only for one source, W3, are there sufficient data to 
enable this expression to be evaluated; for that, however, 
long baseline interferometrie observations have shown? 
that, for the radiation at 1,667 MHz, N is 5, d is about 
10 a.u. (L:5x 10!* em), the peak brightness temperature 
is about 10!5?K, the corresponding intensity being 
9 x 10-* erg cm sterad-!, and that the spectrum may be 
represented by about five components with half widths 
of 2 kHz. Then fI dv is about 9 erg s~ em-? sterad and 
the total power radiated at 1,667 MHz is about 2.10?" 
erg s^. 

"This figure should perhaps be doubled to take account 
of radiation in the other three of the A-doublet transi- 
tions; the total number of 18 em photons emitted from 
the W3 neighbourhood is then estimated to be about 
5-10** photons s~. 

The number of photons available for radiation pumping 
is certainly required to exceed this number of 18 em 
photons, and should probably do so by several orders of 
magnitude, if radiation pumping is to be effective. One 
possible mechanism depends on the absorption of Ly-« 
radiation? with the subsequent decay from a negative 
parity level of the C electronic excited state to the upper 
(positive parity) levels of the A-doublet; the mechanism 
is certainly not sufficient in all circumstances because 
radiation at 4,765 MHz has been detected from the 
A-doublet of the ?II,;, state (unpublished Harvard College 
report by B. Zuckerman, P. Palmer, H. Penfield and 
A. H. Lilley) the upper level of which has negative 
parity and so would not be preferentially populated by 
the mechanism. The number of available photons will 
none the less be estimated. Suppose that a single O or B 
star excites the H-II region and suppose that all the radia- 
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tion of frequency greater than the limit of the Lyman 
continuum is converted through ionization of hydrogen 
and recombination radiation to Ly-« radiation. 

The effeetive temperatures of O and B stars lie in the 
range 1-3 to 4x 10* °K and the surface areas in the range 
16 to 300 times the area of the Sun. The total output of 
photons at frequencies greater than the Lyman limit 
then lies within the range 3 x 10!* to 5 x 1048/s. 

Because of eompeting transitions approximately one- 
third of the photons absorbed will result in transitions to 
the ?II,,, state, while it may be expected that most of the 
Ly-« photons will be absorbed in hydrogen and not in 
OH. Thus, in extremely favourable circumstances, the 
supply of Ly-« photons from the hottest O stars might 
be adequate to produce the estimated 18 em power but 
it is more likely that it is inadequate, even if the H.IT 
region is supposed to be maintained by a group of up to 
ten stars. 

The radiation pumping mechanism that has been 
examined in most detail involves the absorption of radia- 
tion at about 3080 A, corresponding to transitions between 
the ground (X) and first excited (A) electronic states of 
OH‘. If thermal radiation is incident on OH gas, 
it will be absorbed at frequencies corresponding to 
transitions between the various vibrational and rotational 
levels of the X and A states and will, to begin with, be 
depleted in the frequencies of the strongest transitions. 
As the radiation travels into the gas, its spectrum changes 
from that of thermal radiation to one relatively enhanced 
in the less strong transitions, absorption from which now 
preferentially populates certain levels of the A state. 
Detailed calculations have shown that over a certain 
range of depth within the OH gas, those levels of the A 
state are preferentially populated that decay to the upper 
of the A-doublet levels of the ?II,,, state. Of the whole 
band of thermal radiation covering all A-X transitions 
that is incident on the OH gas, not all is effective in pump- 
ing. Most of it is filtered out, leading to a roughly Boltz- 
mann distribution of populations. The maximum number 
of photons that can be considered to be available for 
pumping is the number in the incident thermal radiation 
at frequencies which correspond to transitions to the 
(J = 1/2, —), (J = 3/2, —) and (J = 5/2, —) levels of the A elec- 
tronic state. Assuming that the y a, J=3/2 and J=5/2 
and the I,e} j— 1/2 levels of the ground state are all 
equally populated, seven such transitions at wavelengths 
close to 3080 À are effective. If the absorption lines are 
Doppler broadened at a temperature of about 100° K, 
the total width of these transitions will be about 0-1 À. 
This might be increased to 0-2 A to allow for mass motions. 
The power available from an O or B star in that range of 
wavelength lies between 8 x 10°! and 2 x 10% erg s-1, the 
corresponding photon rate being between 1-2 x 1043 and 
3-5x 10 s-t, Ultraviolet photons are also produced in 
free-free transitions of the electrons in the ionized gas of 
the H-II region but, taking the temperature to be 104 °K, 
the total number in the specified wavelength range is 
less than 10" 5-1, 

It has also been suggested® that pumping can occur 
through upward transitions to the higher vibrational levels 
of the ground state followed by downward transitions to 
the upper of the A-doublet levels. The mechanism has 
not been worked out in detail so it is difficult to know 
what should be taken as the effective bandwidth of the 
pumping radiation. I shall, somewhat arbitrarily, suppose 
it to be 10 A. The number of photons available from an 
O or B star in this range at a wavelength of 3-5 um lies 
between 2 x 10 and 10** s-t, 

To summarize, then, a typical O or B star, or even a 
group of ten such stars, produces insufficient near infra- 
red or near ultraviolet radiation to account for the estim- 
ated 18 em power, while the Ly-« output is sufficient in 
the most favourable circumstances to account for the 
radiation from the 'IL,, state but Ly-« absorption will 
not give inversion in the *"IT,,, state. 
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No detailed mechanisms have been suggested by which 
collisions with particles might invert a A-doublet popula- 
tion. Suppose that protons streaming through the ioniza- 
tion front surrounding an H-IT region are responsible for 
the pumping. Because protons are much lighter than OH 
or dust grains, collisions with either of which might give 
inverted populations, a proton will lose its high velocity 
after an inverting collision and so the rate at which protons. 
cross the boundary of the ionization front must ab least 


exceed the overall rate of 18 em photon emission, namely ooi 


about 5107 photons s-'. The proton rate is caleulated 
from data in Table 1 for an H-H region maintained by ac 
single exceptionally hot O star of mass thirty times the.’ 
solar mass and an effective temperature of 4-2x 10* "K. 
emitting 8-8 x 10!5 photons s~ in the Lyman eontinuum 
range. The values are calculated for successive times 
after the H-IT region begins to develop‘. 


Table 1 
'Time (10* vr) 0-9 3 2 
Radius of H-IT region (em) ; 2:5 x 103? “Lx 1p dd xd. 
Radial velocity of protons (cm s~) 8x 104 10* 15x10 
Proton density (cm-?) 10 i3 30 
Proton rate (s) 2:4 x 1005 2-5 x 1087 Pixa 


If the H-II region were maintained by five to ten of sach 
very hot O stars, the rate at which protons cross the front 
might reach between 10 and 100 times the rate of 18 em 
photon emission. In the absence of a detailed model for 
population inversion, it is impossible to say whether such 
a ratio is adequate, but at leastit does not rule out the 
process a priori. 

This argument seems to exclude inversion of the A- 
doublet by the radiative processes that have been sug- 
gested and it seems that studies of inversion processes 
should be concentrated on collisional sehemes. 

The argument depends on the assumptions that the 
OH sources radiate in random directions and that the | 
Earth is in an unprivileged position relative to any of 
the sources. The latter may be confidently accepted, but 
the former is perhaps more doubtful, for it includes the 
assumption that all the supposed sources in an H-H 
neighbourhood radiate in directions that bear no relation 
to each other, so that the chance of seeing at the Earth a 
particular source that radiates into a solid angle da is 
$w/4 and is independent of the chance of seeing any 
other source. If there is correlation between the directions 
in which the sources in a given H-II neighbourhood 
radiate, then the estimate of total power given about 
could be too great. A rough idea of the factor by which 
the power is overestimated might be given by the ratio 
of the number of H-II regions which show OH radiation 
to the total number from which it has been sought, On 
that basis, the total power might be overestimated by a 
factor of 10—a factor that would not significantly change 
the conclusions I have drawn. It is of course important 
to remember that numerical data in sufficient detail are 
available only for W3. The characteristics of the spectra, 
however, are very similar for other sources and the 
products Iada’, where I, is the apparent peak intensity 
and da the corresponding apparent source diameter, are 
comparable in many sources, so that the data for W3 
seem reasonably representative. 

The estimates also indicate rather strongly, if there is 
any validity at all in the arguments put forward, that 
only H-II regions supported by the hottest O stars will 
emit 18 em power at the rate observed in the W3 neigh- 
bourhood. 

The situation can be summarized by the remark that 
the photons emitted by a star are ultimately the source of 
the 18 em photons and that it is only in the Lyman con- 
tinuum that even the hottest stars produce photons at a 
rate exceeding the rate of emission of 18 em photons. 
Inversion must therefore be caused directly by ultraviolet 
photons or indirectly through protons ionized by the 
ultraviolet; the fact that the rate at which protons cross 
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the ionization front is comparable with the rate of ultra- 
violet photon emission is a consequence of the processes 
that maintain the H-II region. 

It also seems that OH emission will be observed only 
after an H-II region is well developed and before the 
temperature of the central star or stars falls significantly. 

Finally, it may be noted that the total power radiated 
by the infrared object discovered by Kleinmann and 
Low? in Orion is about 8 x 10%% erg s-!, comparable with 
that from an O star, and that the number of photons 
emitted in a band of relative width 1 in 10° around the 
wavelength of maximum brightness (43 ym) is about 
1047 s-!, somewhat less than the number of 18 em photons 
from W3 but perhaps greater than the number from 
Orion. 

I thank Dr P. L. Bender for pointing out the significance 
of the correspondence between the numbers of photons 
absorbed in a pumping process and the number of 18 em 
photons emitted. 
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Image Tube Observations of the 
44430 Interstellar Band 


‘THe interstellar absorption band at 14430 has been exam- 
ined on a number of high quality image-tube spectra 
taken at Edinburgh. The spectra were analysed by the 
automated spectrophotometric method developed by 
Thompson! and the data reduced with the Observatory's 
Elliott 4130 computer. The profile of the band has been 
measured, and an interesting new feature, namely, a 
slight emission band at about 44400, to the violet of the 
principal absorption band, has been discovered which 
cannot be accounted for by instrumental effects and 
which we take to be a real feature of the interstellar band. 
We describe here the spectra, their method of reduction 
and the results. 

Unsóld?, in suggesting that the interstellar bands might 
be due to colour centres in crystals, was the first to 
emphasize the importance of examining the profiles of 
these bands for asymmetry or possibly even emission 
features. Recently, Wickramasinghe et ai? considered a 
general class of impurity band which is caused by an 
electronic transition in a foreign ion or radical which 
occupies a lattice site of a erystal, and proposed that such 
transitions coupled to lattice vibrations of the erystal 
could give rise to the diffuse interstellar bands. They 
also derived an asymmetrical shape for the profile which 
such a band would be expected to exhibit. For compari- 
son with their theoretical model, an examination was 
made by the same authors of the profile of the 44430 band 
using Edinburgh spectrophotometrie data‘, and the 
result suggested that the band is not symmetrical but 
steeper on the red side than on the blue, in agreement 
with the predicted theoretical band. 

Determinations of the profile of the band from photo- 
graphie speetra are hampered by the difficulty of fixing 
a continuum against which to measure it, and by the 
presence of lines within the band. With the Edinburgh 
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photographie work, great care was taken to allow as far 
as possible for continuum effects (ref. 4 and earlier papers); 
and in the profile determination of Wickramasinghe et al. 
an attempt was made to eliminate both continuum and 
lines altogether by a subtraction method. Image-tube 
spectra, however, do not suffer from the variation in 
emulsion sensitivity which makes it so difficult to define 
a continuum in photographie work. Furthermore, the 
highly accurate method used here in the analysis and com- 
putation provides a continuum for a range of 600 A 
against which the profile of the interstellar band can be 
measured more confidently than in the case of photo- 
graphic spectra where only a short region of the spectrum 
can be considered at one time. 

The image tube spectra were taken with the 36 inch 

Jassegrain (f/18) telescope, using a 4 inch grating blazed 
for the first order, and an f/3 camera giving a dispersion of 
40 A/mm at 24430. The projected width of the slit is 17p, 
and the spectra were widened to 3 mm. The image tube. 
which replaced the camera back, is a ‘Spectracon’ designed 
and made by Professor MeGee of Imperial College, 
London®. Details of the use and performance of the tube 
used have been given already by Brand*. A total of 
about eighty spectra have been obtained by Dr Brand. 
of which nine have been selected which show the 14430 
band. The stars are of magnitudes between 5 and 6, and 
exposures were 20 min or less. 

Each spectrum was measured and recorded on punched 
tape at intervals of 12-5. on the film with the Observa- 
tory's digitized Joyce-Loebl densitometer, at 1,000 points 
between 44000 and 24600. With image tube spectra, the 
density of the image is a direct measure of light intensity, 
and therefore the output at each point could be converted 
to intensity by a simple scaling factor. 

The computing procedure represents the spectrum 
by a model consisting of a eontinuum, expressed as a set: 
of orthogonal polynomials, plus lines. It is presumed 
that the positions of the lines are known and that they 
all have the same profile which is already given. The line 
positions are found by a separate program which con- 
volutes the spectrum with a function which is roughly 
equivalent to differentiating twice, so that the continuum 
is destroyed and a list of line centres is printed out. 
Then the positions corresponding to the strongest 
unblended lines are used with the wavelengths to set up 
a dispersion formula. The line profile is assumed to be the 
instrumental profile. This has previously been determined 
in a separate experiment. 

The region +45 A on either side of 44430 was not used 
in the reduction. Also, because Hy would not be correctly 
represented by an instrumental profile, a small region 
about its centre was not used. The rest of the spectrum 
between 44000 and 24600 was assumed to contain about 
seventy lines, identified using published wavelength lists. 
The maximum degree of the set of polynomials represent- 
ing the continuum was determined by program and 
never went beyond the 6th degree. In fact, only the 
Oth, Ist and 2nd were strong; the higher degrees, if 
present at all, were only marginally significant. 

Allowing for the omitted regions, 750 datum points 
were used. The program solves for the equivalent widths 
and continuum constants simultaneously; as each equiva- 
lent width "uses up" the information in the equivalent 
of about 7 data, there are about 250 data available for the 
continuum estimation. On account of the very valuable 
property of image tube spectra whereby light intensity is 
directly proportional to image density equally for all 
wavelengths, the eomputed continuum can be taken as 
truly representing the continuum over the whole spectral 
range, including the 44430 band interval. 

Finally, the intensity within the band is computed as a 
fraction of the Computed continuum, and this then is the 
true profile of the band relative to the stellar continuum. 

Nine stars were analysed (Table 1) whieh gave profiles 
the shapes of which were to some extent masked by the 
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Fig.1. The mean profile ofinterstellar 44430 band for two groups of stars. 


stellar lines within them and also by the grain noise. 
In order to minimize the effect of noise, the stars were 
divided into two groups (Table 1), each group being made 
up of stars of similar spectral type. Group .4 contains 
three stars of types B8 to 40; group B contains six stars 
of types BO to B3. A point to point mean was taken of 
each group, and the resulting mean profiles are produced 
in Fig. 1. 


Table 1, STARS OBSERVED 


Group A HD 12301 — B8Ib Group B HD 2905 Bula 
HD 20041 AQT HD 13854 Bllab 
HD 21389 401a HD 41117 B2la 
HD 200165 B2Ib 
HD 36371 B3I 
HD 198478 B3Ia 
The effect of noise has largely disappeared in both 


cases, leaving only stellar lines the identifications of which 
are marked on the diagrams. 

Two features emerge which are noteworthy: an asym- 
metry, and an apparent emission band in the blue wing. 
The asymmetry is clearly seen on profile A, which is less 
affected by stellar lines than profile B. In the absorption 
part of the band a marked steepness is apparent on the 
red side of the profile compared with the blue. This 
confirms the photographically observed result of Wick- 
ramasinghe et al., and supports their idea proposed about 
the band's origin. The group B profile is overlaid by 
stellar lines and it is therefore impossible to come to a 
decision as to its shape. 

The emission feature shows up in both profiles on the 
blue side of the principal absorption band, at about the 
position 44400, and is about 20 A wide. Individual spectra 
show the feature to a greater or lesser extent, and as far 
as these observations go, there does not seem to be any 


Ly 


correlation between height of emission and depth of. 
absorption. 

It can be remarked that the presence of the emission 
wing in no way contradicts the results of Wickramasinghe 
et al., who did not record any such phenomenon. The 
profile derived by them related to a band width of only 
60 A centred on 14430, and could not in any ease have in- 





cluded a feature at 44400. In this case it has been possible — :. 
to detect this emission wing through the improved objec- 


tive methods of reduction as well as through the use of. 
image tube for observations. 1t will be worth extending 
observations to stars with stronger 14430 absorption. 


In connexion with the emission wing, it is interesting 


to refer again to Unsóld's paper of 1964, mentioned earlier, — : 


in which he points out that colour centres "may notalways | 


produce symmetrical absorption lines but—depending in 
a complicated way on size and physical constants—-imay 
turn asymmetrically or symmetrically into emission”: 





Reference may also be made to work by Greenberg? and —— 


by van de Hulst*, who predicted an emission wing on the 
blue side of an absorption band on the basis of the presence: 
of absorbing atoms or molecules in the grains. Van de 
Hulst pointed out that if the interstellar grains contain ab- .— 
sorbing atoms or moleeules, then both the imaginary and 
the real part of the refractive index would show a rapid 
change in the neighbourhood of a spectral line, and the ex- : 
tinction curve in this spectral region could assume various 
shapes. He followed this up by computing possible profiles 
for various grain. sizes (Fig. 2), and it is interesting to see 
that the emission feature in our observed 24430 profile 
bears a close similarity to van de Hulst’s case of pæl 


21 
(where p — ES (m—1) a being the particle diameter 


and m the complex refractive index). Fig. 2 indicates. 
that the ratio of the sizes of the emission to the absorption... 


features is a measure of the size of the absorbing grains, 


and therefore this ratio could well be used as a parameter — 
to provide information as to the size distribution of grains 
in different parts of the galaxy. E 


Apparent absorption 


Apparent emission 





å low 


À high 


Fig.2. Variation of the extinction by spheres of various sizes across an 
absorption line (reproduced from ref. 8), 











48 


We thank Dr P. W. J. L. Brand, who put the image tube 
spectra at our disposal; Dr G. I. Thompson for valuable 
assistance in applying his automated spectrophotometric 
methods; and Mr G. Bromage, who recorded the spectra 
and carried out the computing. 


M. T. BRÜCK 
Department of Astronomy, 
University of Edinburgh. 


K. N. Nanpy 


Royal Observatory. 
Edinburgh. 


Received Auguat 22, 1968, 


1 Thompson, G. L, Pubs. Roy. Obs. Edin., 5, 245 (1966). 

? Unsold, A, Pubs. Roy. Obs. Edin., 4, 35 (1964). 

3 Wickramasinghe, N. C., Ireland, J. G., Nandy, K. N., Seddon, H., and 
Wotsteneroft, R. D., Nature, 217, 412 (1968). 

*Seddon, H., Nature, 214, 257 (1967). 

5 Phird Symp. on. Photoelectric Image Devices, Adv. in Electronics and Electron. 
Physica, 22 A and B (1966), 

* Brand, P, W.J, L., thesis, Univ. Edinburgh (1967). 

7 Greenberg, J. M., Stars and Stellar Systems, VII (Univ. Chicago, 1968). 

‘van de Hulst, H, C., Light Scattering by Small Particles (Wiley, London: 


1957). 


Spatial Variability of the Solar X-ray 
Spectrum below 20 A 


X-ray images of the Sun have recently been obtained in 
a number of relatively narrow wavelength bands below 
90 A. The instrument consisted of a gas-filled proportional 
counter with a six channel pulse-height discriminator to 
provide energy resolution’. To provide spatial resolution 
and increase the collecting area of the detector a method 
discussed by Giacconi and Rossi was used?. This involved 
the use of a grazing incidence paraboloidal mirror, a 
small stop in the focal plane of which limited the field of 
view to a half-angle «=r/(1—d) (Fig. 1). By a suitable 
choice of r the field of view was reduced to a fraction of 
that subtended by the whole Sun. An image was built up 
by scanning the instrument in a systematic 
way across the Sun. 

Two payloads have been launched on Sky- 
lark rockets which had been designed to 
perform a raster scan of the Sun. The scans 
were produced by stage l, triaxial stabiliza- 
tion units developed by Elliott Brothers. 
Frimley, England. Each unit was set to 
scan the axis of the instrument over a 38 are 
minüte square centred on the Sun and to 
maintain a lateral axis of the instrument 
parallel to the solar equator throughout the 
flight. 

Two sets of pictures in the wavelength 
region of 8 A to 20 A have now been obtained. 
The first flight, which took place on May 5. 
1966, occurred nearly 2 yr after the solar 
minünum. Although the pictures were 
slightly out of focus, the general features of 
the X-ray emission below 20 A were clearly 
shown. There were no flares during the 
flight, nor did any oecur near the time of 
launch. Strong emission came from regions 
of the corona which lay above the plage areas 
seen in Ca II K radiation. The more intense 
X-ray emission was associated with the larger 
plage areas. There was weak X-ray emission 
from. the plage-free disk and this came pre- 
dominantly from the northern hemisphere 
where, during the present solar eycle (1964- 
75), the initial development of solar activity 


oceurred. 
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Fig. 1. 

A second flight took place on August 8, 1967. Again, 
no reported flares occurred during or near the time of 
füght. The rocket carried two instruments, one to sub, 
divide the 8 À-20 A band into four wavelength intervals- 
and a second to map out the solar emission in tho hydrogen 
Lyman-« line at 1216 A. All contour maps showed that 
an increase in solar activity had occurred since the earlier 
flight. The 15 À-20 À map (Fig. 2) shows the general 
features of X-ray emission. The Lyman-« contour map is 
shown in Fig. 3. 

By August 1967 strong X-ray emission in the spectral 
region below 20 À came from the non-plage area in the 
southern and northern hemispheres., The intensity of this 
emission, which in 1966 was confined to the northern 
hemisphere, had increased. There was also an increase in 
the number of X-ray active regions which at this phase of 
the solar cycle were fairly evenly distributed about the 
Sun’s equator. The regions of enhanced X-ray emission 
were associated with known eentres of activity as shown 
in the Ca II K spectroheliogram at 3934 A taken on the 
same day as the flight (Fig. 4). Thus the increase in the 
intensity of the slowly varying component of X-ray 
emission, which is known to occur as the solar maximum 
is approached, is caused by an intensification of the 
emission from the quiet corona and a rise in the number 
of active regions. 

The X-ray emission is seen to come from a wide range 
of heights in the corona, as is evident from the radial 
extension of the X-ray picture. The largest extension 
above the undisturbed corona was on the north-eastern 
limb. There it extended beyond 9 are minutes or 4 x 10° km 


d 
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i 
| 
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X-ray spectroheliograph. 





Fig.2. X-ray emission from the Sun on August 8,1967. (The contours are in 
units of recorded pulses per second.) 
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Fig.3. Lyman-a emission from the Sun on August 8, 1967. 
above the photosphere. Above active regions the extension 
was even greater. In the south-eastern quadrant, where 
two plage areas were close to the limb, the extension was 
greater than 12' or 5 x 105 km. 

The hydrogen Lyman-« emission is produced in the 
low ehromosphere. Any signs of emission above the disk 
are due to the 2-6 are minute spatial resolution of the 
instrument and small errors in the determinatioa of the 
scanning performance of the vehicle. 

It is known that the X-ray spectrum below 25 A (refs. 
3 and 4) contains many emission lines arising from highly 
ionized atoms, and that the major part of the solar flux 
down to 10 Å lies in the emission lines rather than the 
continuum*, 

To convert the measured pulse-height distributions 
into spectra, the efficiency of the instrument as a function 
of wavelength has been taken as the product of the 
quantum efficiency of the detector, which was calculated 
from mass absorption data, and the measured reflexion 
efficiency of the mirror. At 8:34 À the reflexion efficiency 
was 35 per cent and rose to 57 per cent at 44 Å. The 
resolution of the proportional counter was measured 
at 834 A and its fractional standard deviation was 
taken as proportional to £E'/, where E is the photon 
energy. 

By assuming that the X-ray flux can be expressed as a 
polynomial in wavelength, smooth spectra were con- 
strueted which gave the observed eount-rate histograms. 
Smooth speetra for two active regions and that of the 
undisturbed Sun on August 8 have been constructed, 
using a fourth order polynomial, and are shown in Fig. 5. 
The strongest emission came from the active region in the 
south-eastern quadrant and was associated with plage 
areas 926 and 929. The other active-region spectrum was 
for the enhanced region in the south-western quadrant 
which lay above plages 914 and 918. The spectra for all 
the active regions were similar in shape and not very 
different from that of the undisturbed corona. The active 
regions show broad peaks in the 8-12 A and 15-18 A 
ranges, which may indicate stronger line emission from 
the active areas than from the undisturbed corona. The 
strong intensification of emission from the active regions 
is more striking in the 15-18 A band than in the 8-12 A 
band. 
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All the observed spectra were similar i — 
shape to the spectrum caleulated by Mandel 
stam’ for the emission from a plasma at 
2x10% °K. His calculation alowed for 
emission lines as well as continuum. E 

An uncollimated spectrometer flown on. 
the first vehicle (May 1966) measured a line | 
spectrum in the 12 A-22 A region*. The ling 
profile indicated that the lines came pre. 
dominantly from the two active regions 
present at that time. This line spectrum has 
been integrated over 1 A intervals and cone | 
pared with those obtained by us for theactive 
and non-active regions on May 5, 1966, and 
August 8, 1967. The agreement between 
them all is good. 
the bulk of the active region was at 3x 10* 
“K. The only detected emission lines from. 





22 À region and were identified as resonance: 
transitions in the ion of oxygen VIL A’ 


temperature of (1— L-5) x 10° °K was cons 





observed intensity of these line 

Our spectrum of the non-active 
clearly indicates X.ray emission down to 
9 A. The short wavelength tail of this. i 
spectrum would have been produced by frees | 
bound transition of electrons in the coulomb 
field of the positive ions. "There appears to 
be a possibility of detecting shorter wave- 
length emission lines (from the quiet corona) than the 
resonance lines of O VII. 

X-ray photographs have shown that the shorter wave- 
length emission from an active region comes from a small 
core of high density and high temperature, the diameter of 
which is less than 1 are minute‘, The X-ray spectrohelis- 
graph reported here had insufficient angular resolution to 
discriminate between these cores and the bulk of the active 
regions. The overall size of active regions was found to 
be typically 5 are minutes in diameter. 

Assuming that the main difference between the active 
and the undisturbed corona is due to a change in density, 
then density variations of approximately 3 would be 
required, and this is not unduly high. The vertical 
extension of an active region which produces X-rays 














Fig. 4. Ca II K filtergram of the Sun taken on August &, 1967. 
(Courtesy of the Director, Astrophysical Observatory, Kodaikanal} 
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the undisturbed corona lay in the 17 À- | 
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Fig.5. X-ray spactra from an area 1 arc minute in diameter, 


below 20 A seems to be about 50 per cent greater than the 
undisturbed corona. 

X-ray emission from the undisturbed corona was 
observed to have increased in intensity by a factor of 2 
in the 15 months between the flights. Assuming again 
that the increase in X-ray emission is due solely to an 
inerease in density, then the inerease would be consistent 
with a 40 per cent rise in the electron density. Observa- 
tions of the scattered photospheric light by electrons in 
the corona indicate a difference in density of a factor of 2 
between solar minimum and solar maximum. 

The project was carried out jointly with the Department 
of Physics at the University of Leicester. We wish to 
acknowledge the excellent work carried out by that group 
in the design and testing of the proportional counters. 
This project was initiated by Professor R. L. F. Boyd of 
the Mullard Space Science Laboratory, University College, 
London, whose continued interest and encouragement are 
considerably appreciated. We thank all personnel asso- 
ciated with the building, preparation and launching of 
the payload, as well as our colleagues with whom we have 
had many helpful discussions. 


C. R. Neeus 
W. M. GLENCROSS 


Department of Physics, 
University College, 
University of London. 
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Interpretation of the Diffuse 
Galactic Light 


I RECENTLY presented new photoelectric measurements 
of the intensity and distribution of the diffuse galactic 
light for two sections of the Milky Way!, and attempted 
to interpret these data using a model for the radiative 
transfer of direct and scattered starlight in our galaxy 
originally developed by Henyey and Greenstein?*. The 
aim was to derive scattering properties of interstellar 
particles. 

Assuming that the Henyey-Greenstein model* provides 
an adequate description of the actual transfer of radiation 
in our part of the galaxy and allowing for absorption and 
true scattering only, 1 found that interstellar particles 
probably have an albedo close to unity and an isotropic 
phase function for the observed wavelength range from 
3600 A to 6100 A. I further concluded that the observa- 
tions differ significantly from predictions for particles 
consisting of dirty ice, pure graphite or graphite covered 
with a shell of ice, as long as the scattering properties of 
these particle types are deseribed by the classical Mie 
theory for spherical isotropic or composite particles. The 
differences seemed large enough to rule out these models 
for an explanation of the observational data. 

Wickramasinghe? has challenged these conclusions by 
advancing two claims. First, he states that a significant 
decrease of «, the ratio of stellar emission per unit volume 
to interstellar extinction per unit distance, is to be 
expected towards the galactic plane. The parameter « 
occurs in the two equations 


al 
c0 yz =Z- fleda—a (1) 
and 


buc qe Le (2) 
dz 
The first equation describes the transfer of radiation 
consisting of direct and scattered starlight through the 
galaxy model. The second equation applies to the direct 
starlight only. In my study! constant values of « were 
assumed for the different wavelength regions. The dif- 
ference between the two assumptions—for the effective 
wavelength 4348 A and for the same region in Cygnus——is 
shown in Fig. 1. Second, Wickramasinghe suggested that 
the omission of the assumption of variable values of a 
in my study has the effect of totally vitiating my con- 
clusions. I wish to show that there is no evidence for 
either of Wickramasinghe’s claims. 

I first determine the variation of stellar emissivity and 
interstellar extinction with distance z from the galactic 
plane. The stellar luminosity function as a function of z 
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Fig. 1. Ratio of stellar emission per unit volume to interstellar extinc- 

tion per unit distance as assumed by Wickramasinghe’ and myself’, 

as function of optical depth measured perpendicularly to the galactic 
plane (Cygnus, 2 4348 A). 
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Normalized stellar emissivity per unit volume as function of 


Fig. 2. 
distance z from the galactic plane, 


is fairly well known for our part of the galaxy, and 
Upgren! and Schmidt*:* have reported basic observational 
data. Fig. 2 shows the decrease of stellar emission per 
unit volume with increasing distance z from the galactic 
plane. For the necessary computations I have assumed 
star distributions of the form 


9 (2.M») = 9o(Me) exp [ — x22/4hCM y)*] (3) 
where 9 (42) is the luminosity function in the galactic 
plane near the Sun and À(M*) is the equivalent height of 
the stars of absolute magnitude Mv. These star distribu- 
tions have equivalent heights identical to the values listed 
by Sehmidt*. In the integration for obtaining the total 
emissivity, all stars in the range —5<Me< +19 were 
included. According to these data the stellar emission 
per unit volume drops to one half of its value in the central 
plane at a height z between 90 and 100 pe. 

Indireet methods must be used to determine the dis- 
tribution of interstellar dust particles as a function of z. 
Radio astronomical observations have shown that the 
average distance between the galactie H I layer is 110 pe 
in our part of the galaxy’, and the ratio of dust to neutral 
hydrogen on a large scale is known to be approximately 
constant’. Following this line of reasoning, the inter- 
stellar extinction per unit distance should decrease to 
half its value in the galactic plane at an average distance 
of 110 pe from the plane. 

Additional information about the thickness of the 
galactie extinetion layer ean be obtained from galaxy 
counts. Allen* has reported a value of 0-34 visual mag- 
nitude for the effective extinction measured at the Sun's 
position in the direction of the galactic poles along a 
random sight-line. Assuming an average extinction of 
2-0 visual magnitude/kpe along a random sight-line in the 
galactic plane, the galaxy counts yield an equivalent 
height of the galactic dust layer of 170 pe. 

The data discussed so far seem to indieate that the 
stellar emissivity per unit volume is concentrated slightly 
more strongly towards the galactic plane than the material 
causing interstellar extinction. There also seems to be 
evidence from galaxy counts that interstellar dust is 
present at relatively large distances from the central plane 
to account for an equivalent height of 170 pe. 

I conclude that the observational data do not support 
Wickramasinghe’s assumption? of a decrease of x towards 
the galactic plane as indicated in Fig. 1. If there is a 
systematic variation of a with z, the data would require 
a to increase slightly towards the galactic plane. 

In order to substantiate Wickramasinghe's second claim, 
it would be necessary to solve the radiative transfer prob- 
lem for an identieal combination of albedo and phase 
function for the two cases of « illustrated in Fig. 1 and 
to demonstrate a substantial difference in the results thus 
obtained. 

Wickramasinghe* assumes that the scattering para- 
meters characterizing the albedo and the phase function 





st 


of graphite particles covered with ice are as follows 
y 2 0-63; g ~ 0-40 at A = 3597 A 
y & 0-59; g ~ 0-37 at X = 4348 A 
y x 053; g x 0-25 at A = 6100 A 
These values of g were not determined from Mie theory - 
but were obtained by forcing a best fit of Wickramasingho's | 
solutions to observations of the diffuse galactic light... 
In Fig. 3 I compare solutions obtained with Wiekrama- | 
singhe's assumed values of a and those derived from the — 
original Henyey-Greenstein model using corresponding — 
constant values of «. For comparison I also plot the | 
solutions for constant « values for particles with an iso- . 
tropic phase function and unit albedo and my observations 
of the diffuse galactic light in Cygnus. B 
The interesting result of this comparison is that different 
assumptions concerning the dependence of « on donot | 
produce significant differences between model curves, 
especially when compared with the scatter in the observa- 
tional data. This is contrary to Wickramasinghe’s celain: 
Furthermore, when the observational data are conmpare 
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Fig. 3. Comparison of theoretical profiles of the diffuse galactic light 


with observations, ~*~» ~ , Graphite-ice particles, with variable. a 
(Wickramasinghe); ~--~, graphite-ice particles, with constant a 
(myself); ———, isotropic scatters with unit albedo, with constant u 


(myself), The points are my observations’. 
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with the model profiles, the curves for the isotropic 
scatterer with unit albedo still best represent the data 
points.” : 

In order to improve the present situation of the analysis 
of diffuse galactic light observations, I suggest that efforts 
be made to obtain more accurate information of the 
dependence of « as a function of z. The effect of using 
Eddington's approximation in solving the equation of 
transfer should also be evaluated and the possibility of 
scattering in frequency or fluorescence should be con- 
sidered. Last, but not least, accurate diffuse galactie 
light observations over a large range of wavelengths and 
for many seetions of the Milky Way should be obtained. 

ApoLr N, WITT 
Ritter Astrophysical Research Center, 
University of Toledo, Toledo, Ohio. 
Received August 12, 1908, 
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Solar Events at One Millimetre 
Wavelength 
Clark and Park! reported regions of enhanced variable 
emission at millimetre wavelengths on the solar disk. 
In this communication I compare mechanisms, and 
suggest a model for these sources. 

Two “hot spots" with a mean brightness temperature 
100? K above ambient chromospherie temperature were 
seen, within their bandwidth of 0-9-2-0 mm, to fluctuate 
rapidly. A mean observed excess energy of 1 erg em~? s~ 
per event at the solar surface integrated over the area of 
an event (Fig. 2 of ref. 1) gives 10% ergs s-! per event, and 
for the whole duration, between 10?* and 10% ergs per 
-event. In radio astronomical units, the flux S at the 
Earth was 3x 10-?* W m-* Hz- per source, or 10-? of the 
flux seen at lower frequencies in strong solar outbursts?. 

Aecepting Clark and Park's identifieation of the hot 
spots with filamentary prominences, and a simple promin- 
ence model based on optical data?', the optical depth 
Ty and emission Jy at frequency v can be calculated? from 


vy m Ky ol~ 1-8 x 1072 Z*gy-* TN Np ol (1) 


Jy oc 5:44 x 10-39 Z* Vge-hvIET T-3N Npe” ergs s- 
sr! Hz- (2) 


where V is the volume (10:5 erm), Np the proton density 
(10 proton em}, N, the electron density (3x10 
electron cm), | the linear thickness (5 x 10* em) and g 
the Gaunt factor, given by 


g= 1-27(2-8+ log T —& log Ne) (3) 


The equations apply to free-free transitions in thermo- 
dynamic equilibrium, with Z —1 for protons; equation (2) 
holds if ty 1. 

With t,=1, T becomes 6x10? °K, reasonable for a 
prominence, which could be optically thick at 3 x 10" Hz. 
Integrating Jy over all solid angles and the observed 
frequency range then gives 


y. 
J= f Judy 1033 ergs s~? 
^" 
This is more than adequate, but could be suitably 
réduced by assuming T'—10* ^K, which is typical of 
prominences. 
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That enough kinetie energy is stored in such a promin- 
ence is seen from the mass of the model outlined, and the 
observed collective velocity’, namely ~1 km s-, which 
gives 3x 10** ergs. This energy is released magnetically 
from beneath the photosphere. Alternatively the well 
observed coronal condensations’ can release electrons of 
kinetic temperature 2 to 3x 10* °K downward into the 
magnetic prominence loops. Energy of 3x10-!* ergs/ 
particle is available to heat the plasma, so at most 
~3x 103 particles would supply the heat needed. This 
is a tiny fraction of the ~108* particles in our model 
prominence. 

Two objections arise to this thermal model. Clark and 
Park state that a thermally balanced source at 5,800° K 
would emit principally at wavelengths shorter than | mm. 
A true increase in T by 100° K at 5,700° K over the un- 
resolved source areas implies fluxes of ~ 10? ergs em-? s-!. 
This could be increased by 10° if the actual areas are those 
of prominences. This objection is weak, because the 
emissive layer might be optically thin at shorter wave- 
lengths, giving a non-Planckian energy function. Much 
stronger is the observed time scale of 10 s for the 100° K 
fluctuations. Kinetie heating must, with this model, feed 
in between 10? and 10!* ergs cm~ s-', which must be re- 
radiated. Pressure fluctuations, a more plausible alterna- 
tive, would demand 10? to 10° ergs ern? s-*, Such energies 
are characteristic of explosive events, such as flares. 
No optical enhancement at H«, nor photographic nor radio 
evidence of flares at the relevant solar points was seen on 
April 5, 1968 (ref. 8). 

Solar radio bursts have been explained by two mechan- 
isms?, plasma oscillations (with or without magnetic 
fields) and synchrotron emission. The natural frequency 
vp of plasma emission is given by 


vp=vyo Favn; Voc 8°98 x 10-7(N.)t MHz; 
oH 
Vie DRA MHz (4j 
2rme 


vp being the natural frequency in zero field, v; the gyro- 
frequency at H gauss, and a an integer. In the chromo- 
sphere, Neg 10! electrons cm, so vyoS9x 10% MHz. 
The highest maxima for H are ~ 4 x 10° gauss (in sunspots), 
for which vy~1-12x 104 MHz. It is difficult to see how 
the observed frequency could be produced in a prominence. 
There is no solar magnetogram? for April 5, but no large 
sunspots were observed at the relevant positions. 

Synehrotron radiation demands relativistie eleetrons, 
with energies greater than 1 MeV ; solar electrons with 
energies > 100 MeV have been detected at the Earth". 
An electron of energy E, measured in terms of y, where 
y= Eme? (for H=100 MeV, y — 200) spiralling in a field 
H, emits!! at peak frequeney v where 





3eH 
v 0-3 ( Ir) Y! 2x 10*H«y? Hz (5) 
4m,c / 
For 1 mm emission v= 3x 10", so 
Hy? ~ 1-5 x 108 (6) 


For H=1 gauss, typical of the solar field outside active 
regions, Y ~ 400, well above all observed values. To obtain 
Y^ 10, often seen for solar electrons, H —1,500 gauss. 
Such an electron radiates energy™ at a rate 


B=mery=1-7 x 10-y2H? (7) 
If this is to produce 10% ergs s-', N, the number of 
radiating electrons, must be 
1020 = N(I-7 x 10-My2H?) 
and using equation (6) 
N —9 x 10°H- electrons (8) 
Using H=1 gauss, N —9 x 10?* s, and the energy in 
the electrons ~ 5 x 10% ergs; for the whole event this gives 
5x 10% ergs—the energy of a small flare. Large, well 
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|. A New Book. By CHARLES JEFFREY 





Trenino 
mm AIR 


Back Volumes of 
Periodicals for sale 


Problems of Oncology 
Vols. 3-7 (1957-1961), London/Oxford. 


Unbound. £740 0 
Problems of Virology 

Vols, 2-6 (1957-1961), London/Oxford. 
Unbound. £65 0 0 


We are always interested in buying your — 
collections of duplicates of Scientific, Technical 
and Medical Journals at the highest prevailing 
prices. Please send us your lists of surplus 
journals which will receive our immediate 
attention. 


We invite you to write in for our regularly issued 
Bulletins and Catalogues and should be pleased 
to be of assistance in your acquisitions. 


Robert Maxwell & Co Ltd 


Back Issues Department, 4, Midland Road, Olney, 
Bucks, England. 


Offices also at 

4/5 Fitzroy Square, London W.1. 

Headington Hill Hall, Oxford 

2/3 Teviot Place, Edinburgh 1 

2/3 Richmond Street, Glasgow C.1. 

Maxwell House, Fairview Park, Elmsford, 
New York 10523 

24 rue des Ecoles, Paris Ve. 
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HISTOCHEMISTRY 

Theoretical and Applied (2 vols.) 

New (3rd) Edition. By A. G. EVERSON PEARSE. 

Vol, I. 173 illustrations, including 14 colour plates. 130s. 
Vol. 2. In Preparation. 


PRINCIPLES OF HUMAN PHYSIOLOGY 
(Starling & Lovatt Evans) 

New (14th) Edition. Edited by HUGH DAVSON and GRACE EGGLETON 
914 illustrations. 120s. 


CALORIE DEFICIENCIES AND PROTEIN 
DEFICIENCIES 


A New Symposium. 
Edited by R, A, McCANCE and ELSIE M. WIDDOWSON 
129 illustrations 80s. 










‘Recent Advances’ Series—New Issues 
Belated E a o adobe 


PHARMACOLOGY 

New (4th) Edition. By J. M, ROBSON and R. S. STACEY 

96 illustrations. Ready shortly 95s. 
CLINICAL PATHOLOGY 

Bacteriology; Chemical Pathology; Haematology; 
Histology; Immunology 

New Series V. General Editor: S. C. DYKE 


168 illustrations. Ready Shortly About 75s. 
ENDOCRINOLOGY 

New (8th) Edition, Edited by V. H. T. JAMES 

Hlustrated. Ready Shortly About 75s. 





INTRODUCTION TO PLANT TAXONOMY 


8 pp. Plates. Ready Shortly, (Paper) 24s. 





J. & A. CHURCHILL LTD. 
104 GLOUCESTER PLACE, LONDON, W.1 





Meromorphic Functions 


. W. K. Hayman 


This book is concerned with the study of 
functions meromorphic in the plane and in 
the unit circle. It should be accessible to any 
student who has had a first course in the 
theory of functions of a complex variable, arid 
introduces the reader to modern research. 
The basic tool is the fundamental theory of 
Nevanlinna which relates the frequency of 

the roots of the equation /(z) —a for different - 
values of a with the rate of growth of the 
characteristic function T (r, f). This isa 
corrected reprint of a book first published in 
1964. 75/- net, paper covers 63/- net 


Introduction to 

the Chemistry of 
Carbohydrates 

R. D. Guthrie and John Honeyman 


This well-known textbook provides an in- 
troduction to the chemistry of carbohydrates 
for students of chemistry and of biochemistry. 
It emphasizes modern aspects of the chemistry 
of carbohydrates, including conformational 


analysis, and the chapter on physical methods 
has been completely rewritten and consider- ` 
ably enlarged. In this new edition the authors 
have given more attention to sugar deriva- 

tives such as those containing carbonyl groups: 
or carbon-carbon double bonds. Though 
primarily a student text, the book will te 
helpful to industrial chemists and others who 
wish to bring their knowledge of the chemistry 
of carbohydrates up to date. Third edition 
140 text-figures 45/- net, paper covers 21/- net 


Angular Momentum 
D. M. Brink and G. R. Satchler 


This book introduces the quantum theory of 
angular momentum to those who are un-. 
familiar with it and develops it to a stage useful 
for research. The first part contains the basic 
theory of rotations and angular momentum. 
The second part contains examples of applica- . 
tions to a wide range of physical phenomena 
and presents a collection of results helpful in. 
solving problems. There is also a new chapter 
on graphical methods. 

2nd edition paper covers 25/- net 

Oxford Library d Physical Sciences 


Oxford University Press 








Physics for Chemists 
and Biologists 
By D. O. Hughes and J. L. Latham 


The main feature of this book is the selection of those 
topics in physics that have a direct bearing on chemistry 
atid biology. The treatment is such that the reader is able 
tó appreciate the applications of the topics in his field 
of interest without having to deal with first principle 
derivations or elaborate theoretical discussions. 


378 pages, Illustrated, 525. 


Laboratory Techniques 
in Botany 


Second Edition 
By M. J. Purvis, D. C. Collier and D. Walls 


One of the Laboratory Techniques Series, this work will 
be particularly useful to technicians, students and 
teachers in universities, schools and technical colleges. 
It is a practical manual covering all the main techniques 
and apparatus used in a botanical laboratory, and is well 
illustrated with diagrams and drawings. 


448 pages, illus., 57s. 6d. 


The Locust 


By Robert Barrass 


A guide for school and other laboratories which describes 
practical laboratory work with emphasis on experiments 
and research with living animals. The student is 
introduced to the features of arthropod and insect 
organization, to insect life cycles, and, through experi- 
ments, to the development, growth and ecology of the 
locust. 

70 pages, illus., 1os. 


‘Microbiological Methods 


Second Edition 


‘By C. H. Collins 


This revised, expanded edition of a popular textbook 
in the Laboratory Techniques Series is written for 
students preparing for the examinations in microbiology 
of the Institutes of Science Technology and Medical 
Laboratory Technology, Higher Endorsed Certificates 
in biology, and university degrees in microbiology. 


416 pages, illus., 62s. 
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THE FARADAY SOCIETY 


— Oe 


The Bourke Lectures 


PROFESSOR WILLIAM KLEMPERER 
(Harvard University) 


will give a lecture on 
MOLECULAR BEAM ELECTRIC 
RESONANCE SPECTROSCOPY 
at The University of Southampton 
on Thursday, October 31st 1968 
at 5.00 p.m. 


Chairman: Professor Alan Carrington 


Prof. Klemperer will also give lectures at Leeds | 
University on “The Spectroscopic Studies of Reactive 
and Collisional Systems", and at the University of 
Newcastle upon Tyne on “The Electronic Structure 
of Excited States of Molecules”. Details to be 
announced. 


Admission free, without ticket. 
Non-members will be welcome. 





THE FARADAY SOCIETY, 
6 GRAY'S INN SQUARE, LONDON W.C.1 





DILLON’S UNIVERSITY 
BOOKSHOP Ltd 


ALL CURRENT SCIENTIFIC AND TECHNICAL TEXTBOOKS 
NEW GEOGRAPHY CATALOGUE AVAILABLE OCTOBER 


1 MALET ST., LONDON, W.C.1. MUSeum 2128 


Advertisement Managers for 


Nature E 


Full details of rates and 
circulation supplied on request. 


T. G. SCOTT AND SON LIMITED 
1 Clement's Inn, London WC2 : 
Holborn 4743 
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PROGRESS IN INORGANIC 
CHEMISTRY Volume 9 


edited by F. Albert Cotton, Massachusetts Institute of 
Technology 


Critical and authoritative articles on important new 
advances in inorganic chemistry. 


313 pages 122s. October 1968 


TREATISE ON ANALYTICAL 
CHEMISTRY, Part 1, Theory & 
Practice Volume 8 


edited by I. M. Kolthoff, University of Minnesota and 
Philip J. Elving, University of Michigan, with the assistance 
of E. B. Sandell, University of Minnesota 


This volume, prepared with the cooperation of Dr. 
John K. Taylor, extends the concise and critical treat- 
ment of all aspects of classical and modern analytical 
chemistry. 


Approx. 515 pages. Approx. 178s. Due October 1968 


MASS SPECTROMETRY IN SCIENCE 
AND TECHNOLOGY 


by Frederick A. White, Renselaer Polytechnic Institute 


An up-to-date monograph that presents an appraisal 
of both the present and potential relevance of mass 
spectrometry and isotopic measurements to science and 
technology. it brings a perspective to the subject that 
is of value to those engaged in research in the physical 
and life sciences, and to engineers who are concerned 
with product monitoring and process control. 


352 pages. 140s. September 1968 


LOGIC DESIGN WITH INTEGRATED 
CIRCUITS 


by William E. Wicks, Hughes Aircraft Company 


A self-contained presentation of the essential theory 
and techniques of designing with digital circuits. The 
book highlights techniques of applying commercially 
available micro-digital circuits to special-purpose 
digital problems. 


249 pages 94s. October 1968 


l Approx. 479 pages. 


ENVIRONMENTAL EFFECTS ON 
POLYMERIC MATERIALS, Volume 11 


by D. V. Rosato, Technical Editor, Plastics World and 
R. T. Schwartz, Air Force Materials Laboratory, Ohio. 





























Articles by industrial and technical experts continue 
the exhaustive coverage of recent technical and 
economic developments in the plastics field. (A 
Volume in the Polymer Engineering and Technology ' 
Series). 


1002 pages. 400s. October 1968 


FUNDAMENTAL PROBLEMS IN 
ELEMENTARY PARTICLE PHYSICS 


Proceedings of the Fourteenth Conference on Physics of the 
International Institute of Physics founded by Ernest Solvay. 


This volume contains the proceedings of the [4th corn- 
ference on Physics at the University of Brussels, held 
in October, 1967. 


320 pages 100s. Due November 1968 . 


MECHANISTIC ASPECTS IN 
AROMATIC SULFONATION AND 
DESULFONATION 


by Hans Cerfontain, University of Amsterdam 


This book reviews automatic sulfonation and related 
reactions from the mechanistic point of view. The 
arrangement of the subject matter is based on the type 
of reaction. The book, a volume in the series Inter- 
science Monographs on Chemistry, Organic Chemistry: 
Section, covers the literature up to April 1967. ` 


Approx. 314 pages. Approx. !3ls. Due November [68 


PRINCIPLES OF APPLIED BIO- 
MEDICAL INSTRUMENTATION 


An Extensive Survey of the Methods used to Measure a 
Large Number of Physiological Phenomena. 


by L. A. Geddes and L. E. Baker, both at the Baylor 
University College of Medicine 


The book is designed primarily for the life sciences: 
It emphasises the basic principles used to convert 
physiological phenomena to electrical signals. Mathe- 
matical presentations are to a minimum. The book | 
includes an extensive Bibliography. 


Approx. 126s. Due October 1968 
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New high resolution 
electron microscopes 


Thel FM} series-3A resolution available 


The [FM] series 


allows you to choose 
the best instrument 
for your research. 


t 


zs 


SCIENTIFIC 
«^ APPARATUS 


[If] -The ultimate 
in high resolution 


microscopy. 


m 3A resolution point-to-point 
guaranteed 

m Most powerful, commercially 
available, objective lens 

m Fully corrected lens system 

m 6 specimens at one loading 


[EMI] -The 


microscope with the 
best biological 
facilities 


= 6 specimens at one loading 

um Double tilt stage 

m Serial section stage (designed 
in conjunction with Prof. 
Sjostrand) 

m Large distortion free field of, 
view 

m 5À point-to-point resolution 
guaranteed withallaccessories 


MWA -The 

microscope with 

unique goniometer 

facilities 

= Goniometer stage allows 5A 
resolution even at the highest 
angle of tilt 

m Push-button selected area 
diffraction at variable camera 
lengths 

= Push-button selection of 
bright or dark field images by 
all electrical beam deflector 

m Multi- purpose specimen 
chamber to meet a wide range 
of applications at high 
resolution 


AH instruments in 


the series are 
fitted with: 


e selected area diffraction 
LH: Te ETSI 
eanticontaminators 
e automated vacuum systems 
e push-button controls 
è space for accessory control 
modules 


The E8 series continues AEI’s tradition of simplicity 
of operation-without loss of performance. 


GEC-AEI (Electronics) 
Limited, 

Scientific Apparatus 
Division, P.O. Box 1, 
Harlow, Essex. 

Tel: OBS96 (Harlow) 
26761 


In North America to: 
Picker Nuclear, 

1275 Mamaroneck 
Avenue, 

White Plains, 

New York,10605 
Tel:914-948-0080 


Please send leaflet and specifications to: 


Name 
Laboratory 
Address 


| would like a representative to call YES/NO 
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MASS RANGE 


1 to over 500 amu. 


RESOLUTION 


Greater than 150 amu 
(Less than 1% adjacent peak contribution) 


SENSITIVITY 


10—? Torr for N2 


SCAN RATES 


Variable from 1°5 seconds to 
60 minutes for 2-200 amu. 














APPLICATIONS SPECIAL 
Gas Chromatography Monitoring FEATURES 


ES Simultaneous viewing of 
COMPLETE spectrum on 





Fast Reaction Studies 








Residual Gas Analysis (Nude source available) oscilloscope PLUS monitoring of 
———— two mass peaks or fast scanning 
Routine Organic & Inorganic Analysis of two parts of spectrum. 





3K Analyzer bake-out to 300^C. 


X Ultra-fast scanning without 
loss of resolution. 


3K Plug-in solid-state electronics 
for high reliability and ease 
of service. 


For full particulars write to :— 


i = No. 2. Maintenance Area, Heathrow Airport, London, 
ndixg FreldTech Ltd: 


U.K. Distributors, service and installation for Bendix International Operations. 
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Photomicrograph by Dr. George B. David 
(original magnification 1,250x enlarged to à 





Zeiss opens 
the doors of knowledge 


This photomicrograph of a No other optics can provide Full details from Carl Zeiss at 
diatom was taken through a such clarity and definition. Degenhardt & Co. Ltd., Carl Zeiss 
regular Zeiss research House, 20/22 Mortimer Street 
microscope with built-in Zeiss constantly opens doors of London, W1N 8AP 

automatic camera and Nomarski knowledge in every field . . . in 01-636 3050 (15 lines) 
interference contrast science, research, and industry. 

attachment. 


Doesn't your work justify the 
ultimate in optical performance? 


ZEISS ES] Megnar 
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NEW TITLES IN BIOLOGY @ 


ORGAN CULTURE 


edited by L. ANDRE THOMAS, Department of Cellular Biology, Sorbonne Academy of Medicine, Paris, France 





Discusses the techniques of organ culture in vitro, 
emphasizing the differentiation of organs in natural 
and synthetic media. Beginning with a review of the 


general principles of organ culture the authors' discuss 
various specialized topics. 


SECTIONS 


ETIENNE WOLFF: The General Principles of Organ 
Culture in vitro 


GEORGES LE DOUARIN: Differentiation of Organs in 
Natural Media 


MADELEINE KIENY: 
Synthetic Media 

KATY HAFFEN: 
sexuality in vitro 

F. DIETERLEN-LIEVRE: The Action of Hormones and 
Inhibitors on Organs Cultured in vitro 


Culture of Embryo Organs in 


Sexual Differentiation and Inter- 


BERTHE SALZCEBER: 
Blastoderms 

C. ZILLER-SENGEL : Organ Culture in the Invertebrates 

MICHEL SIGOT: in vitro Reassociation of Dissociated 
‘ells 


PHILIPPE SENGEL: Study of Organogenesis by 
Dissociation and Reassociation of Embryonic Rudi- 
ments in vitro 

EMILIENNE WOLFF: Organ 
Culture of Malignant Tumors 


Culture and Parabiosis of 


Chimeras and Organ’ 


November 1968, about 375 pp., 200s. ($21.50) 


ADVANCES IN ECOLOGICAL RESEARCH, Volume 5 


edited by J. B. CRAGG, Environmental Sciences Centre, University of Calgary, Alberta, Canada 


Presents a comprehensive account of selected topics 
of ecological research in such a way that biologists 
with a general interest in ecology, as well as the sub- 


ject specialist, can obtain a balanced picture of what 
is taking place. 


CONTENTS 


D. M. GATES: Toward Understanding Ecosystems 

A. R. MAIN: Ecology, Systematics, and Evolution of 
Australian Frogs 

N. WALOFF: Studies on the Insect Fauna on Scotch 


Broom Sarothamnus Scoparius (L) Wimmer 
R. DAUBENMIRE: Ecology of Fire in Grasslands 
Author Index 
Subject Index 


August 1968, 283 pp., 80s. ($13.00) 


CURRENT TOPICS IN DEVELOPMENTAL BIOLOGY, Volume 3 


edited by A. A. MOSCONA, Department of Zoology, University of Chicago, Chicago, Illinois, 
and ALBERTO MONROY, Institute of Comparative Anatomy, University of Palermo, Palermo, Haly 


Presents short topical reviews on current research and 
concepts. The scope of this international serial 
publication is interdisciplinary, coordinating cellular, 
biochemical, and molecular approaches to the subject. 
It provides a forum for critical discussions of recent 


work on control mechanisms in embryonic develop- 
ment and differentiation, thus helping to overcome the 
present “ inter-disciplinary information gap” in this 
field. 


CONTENTS 


EDWIN J. FURSHPAN and DAVID D. POTTER: Low- 
Resistance Junctions Between Cells in Embryos and 
Tissue Culture 

HERBERT STERN and YASUO HOTTA: Biochemical 
Studies of Male Gametogenesis in Liliaceous Plants 

ROGER W. TURKINGTON:  Hormone-dependent 
differentiation of Mammary Gland in vitro 

J. BRACHET: Synthesis of Macromolecules and 
Morphogenesis in Acetabularia 


G. GERISCH: Cell Aggregation and Differentiation in 
Dietvostelium 

ETIENNE WOLFF: Specific 
Tissues During Organogenesis 

F. HEINMETS: Computer Analysis of Cellular Inter- 
actions 

Author Index 

Subject Index 


Interactions Between 


October 1968, about 228 pp. 


ORIGINS OF PHYSIOLOGICAL REGULATIONS 


by E. F. ADOLPH, The University of Rochester, Rochester, New York 


Discusses the origins of physiological regulations, 
especially in fetal and infant mammals. Examples of 
developmental stages are drawn from over fifty 


regulated activities, many of which the author has 
investigated at first hand. 


1968, 147 pp., 70s. ($7.50) 


GENE ACTIVITY IN ANIMAL DEVELOPMENT 


by ERIC H. DAVIDSON, 
The Rockefeller University, New York, New York 


December 1968, about 320 pp. 


ACademic Press 


PRINCIPLES OF REGENERATION 
by RICHARD J. GOSS, 


Brown University, Providence, Rhode Island 


December 1968, about 320 pp. 
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observed flares have energies ~ 10°? ergs, so H=1 gauss 
is not ruled out. For H = 1,500 gauss, the electron energy 
is 5x 10% ergs at an instant and 5x 10°% ergs overall. 
A synchrotron explanation of the 10 s fluctuations 
invokes the “synchrotron lifetime’ of the radiation 
process, given by 
te=y/7~9x 105 Hs (9) 


With H=1,500 gauss, t= 10 s but a 1 gauss field would 
give too long a lifetime. Another energy dissipation 
process is that of electron collision with the plasma, as 
suggested by Boischot and Denisse? to explain fluctua- 
tions in type IV radio bursts. The collisional lifetime is 


tm = 1/N poe ~ 1:3 x 10? s (10) 


where Np, the plasma particle density is ~5x 10“ cm~, 
and c, the collision cross-section for electrons at 5,600" K 
is —5x10-* em? (ref. 12). Because fm is so large, ts 
limits the radiation, and H is determined, between 1 x 10° 
and 2x 10? gauss. 

To maintain the radiation for 10! s as observed, 
relativistie electrons must continually be injected into the 
field. Takakura” suggests that the betatron mechanism 
eould produce these bursts. The energy gained during 
one gyration of an electron round an increasing field is 


AE =(eJe)nrg@H; rj - (T2) V (11) 


where ry is the gyro-radius, T' the period and V the elec- 
tron velocity. This transforms to 


y=b'y/H)H (12) 


where b is a numerical factor, 1 for the non-relativistic 
and 4 for the highly relativistic case. The electron may be 
accelerated as field loops break the photospheric surface. 
If the chromospheric field rises from H,~1 gauss to H~ 
1,000 gauss in a few seconds, y : Yo (=H : Hy) would be 10°. 

Initial values of a few keV are needed to produce final 
values of y ^ 10 (note also that no acceleration occurs for 
E <1 keV because radiation and collision losses outweigh 
betatron gains for low values of E). Such electrons are 
needed only in the proportion 1:10! of prominence 
particles, and may be found in the Boltzmann tail of the 
thermal distribution at 104 °K, later strongly supple- 
mented by coronal condensation. To summarize, a 
quiescent prominence with a large magnetic field at its 
base can accelerate a very few electrons sufficiently to 
produce millimetric bursts. Some protons would also be 
accelerated, to much lower limiting velocities. 

No metric or decimetric radiation was recorded’ 
during the time of the millimetric events. From equation 
(5), vocHy?, so that electrons which are decelerated, or 
are moving in lower fields, should emit at lower frequen- 
cies. If deceleration occurs before escape from the plasma 
the Razin effect!^i^35, peculiar to synchrotron sources, 
gives a cut-off frequency 

yn 20N,H-1 (13) 


For a derived H of 1,500 gauss, and N, at the chromo- 
spheric base between 10" and 10? cem, the cut-off lies 
between 10 em and 1 em wavelength. This mechanism 
could not prevent electrons which had escaped to the 
corona from metric or decimetric emission; I conclude 
that very few do escape. 

Synchrotron self-absorption could also filter out low 
frequencies. The critical frequency vs is given!! by 

HS? ~ 4 x 10-5%5564 (14) 


where 8 is the angular diameter of the emitter, and S the 
observed terrestrial flux. With S=3x 10° W m Hz-!, 
vs~ 105 Hz. This is too low to signify, compared with the 
Razin cut-off. 

The observed spectrum reinforces the conclusion that 
the events take place low in the chromosphere, in high H 
regions. The bursts resemble type IV radio emission’ 
more than type II (the suggestion of Clark and Park) 
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differing only in their higher frequency and deeper origin. 

No observed flare activity was correlated with the milli- 
metric events. On April 5 a flare was observed at 1300 h 
UT, but at one solar radius from each emission region. 
Corresponding radio activity lasting several hours was 
monitored. The timing—2 h after the millimetre bursts 
began—and position imply no causal link. 

A terrestrial magnetie storm having two peaks, ab 
2100 h on April 5 and 0900 h on April 6, might be related 
to the two millimetrie events. The storm, presumably 
caused by solar protons!5, might be associated with the 
flare, but no similar storm occurred during April, while 
many similar flares were seen, Further observations are 
clearly needed. 

I thank Dr M. Rowan Robinson and Dr M. Rees for 
useful diseussions and the Department of Physies at 
Queen Mary College, especially Dr J. A. Bastin, for 
facilities. 
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Mechanism of Transmission of 
Hydromagnetic Waves through the 
Earth's Lower lonosphere 


Sce the initial report of elliptically polarized hydro- 
magnetic waves in the magnetic ground records at 
College, Alaska! and later of their propagation along 
geomagnetic field lines from the magnetosphere down to 
the Earth's surface, a great deal of information has 
accumulated on the rapid variations, or mieropulsations, 
of the Earth's magnetic field in the frequency range 
0-002-4-0 Hz. The information, summarized by Camp- 
bell?, indicates that the mieropulsations usually oceur at 
pairs of geomagnetically conjugate stations with com- 
paratively little lateral spread, so that the field-aligned, 
left polarized Alfvén L wave must be invoked to carry 
energy from one hemisphere to the other along geomag- 
netic field lines. At high northern latitudes the ground 
polarization is most often left-handed (counter-clock - 
wise), but at some stations at frequencies of 0-025 Hz 
this is true only at night with the sense of daytime 
polarization varying irregularly’. Gendrin et al have 
shown that two frequency groups received simultaneously 
may have opposite senses of polarization, although for a 
given frequency group the absolute sense of polarization 
with respect to a field line is preserved at the two ground 
ends. Finally, Campbell has observed, at frequencies 
of 0-5—1-0 Hz, a transmission loss which is characteristic 
of the R rather than of the more heavily attenuated L 
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Fig.1. Thenormalized inter-mode coupling coefficients C ; gas a function 
j of altitude. 


wave. To summarize, the correlation of micropulsations 
at geomagnetically conjugate stations requires an L wave 
to propagate between hemispheres, but the ground 
polarizations are not infrequently right-handed, and the 
attenuation losses are generally characteristic of the R 
rather than the L wave. 

The solution, that an inter-mode coupling process in 
the ionosphere channels energy from the L to R modes, 
has been suggested by Campbelb^. Investigators who 
have analysed the ionospheric transmission process have, 
however, usually considered either longitudinal ("polar")? 
or transverse (“equatorial”)! propagation, but unfortun- 
atelv in both these cases the two modes are effectively 
decoupled. Our purpose here is to present the results 
of a generalized analysis and to clarify the mechanism of 
the coupling and transmission process. 

The ionosphere, assumed horizontally plane stratified, 
is divided into thin layers or slabs, and vertical propaga- 
tion is considered. 2x2 interface transfer coefficient 
matrices are calculated (as in a paper by C. Altman and 
H. Cory presented at the Symposium on Electromagnetic 
Waves, Stresa, Italy, in June 1968), to compare the 
magnetic wave fields, H, across a plane interface separating 
media ¿ and j. The interface transmission matrix, Dos is 
defined by 

: - 

H} =H fag (1) 
with summation over a, (8=1,2), where « and 8 refer to 
either of the two hydromagnetie modes, L and R. The 
off-diagonal elements are the inter-mode coupling coeffici- 
ents, and one of these, with suitable normalization, is 
referred to later as Cir. Within each elementary layer all 
partial reflexions are given as a geometric series of matrix 
produets which are summed to yield the overall transmis- 
sion and reflexion coefficient matrices of the given elemen- 
tary layer. An iterative procedure, layer after layer, 
yields the overall ionospheric transmission matrix Tg. 
“Tt is found (Fig. 1) that for various values of 8 
(the angle between the geomagnetic field line and the 
vertical wave normal) the coupling coefficient Cir peaks 
strongly within a very narrow altitude range, especially 
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for 9z 10^, with peak values increasing strongly with 4, 
starting from zero at 0—0. This narrow coupling region is 
found to be the site of a rapid transition of wave-polariza- 
tion from circular at low altitudes to "linear" (highly 
eccentric ellipses} at high altitudes, or alternatively from 
a quasi-longitudinal form of the hydromagnetic dispersion 
equation? to a quasi-transverse form. (Note that at high 
altitudes the L wave is "ordinary", that is, the major 
axis of the left-handed electric polarization ellipse is in 
the plane of the magnetic meridian.) Another significant 
feature is that Cr; peaks at a higher altitude than the L 
wave absorption peak in the E-layer?'5, at least for 0:5 60°. 
An L wave incident on the ionosphere from above will 
generate at the ground two circularly polarized left and 
right-handed waves with amplitudes proportional to 
Tr, and Tır respectively. Their superposition will 
generate an elliptically polarized wave of amplitude 
proportional to Tz, the total L wave transmission coeffiei- 

ent. The axis ratio of the polarization ellipse will be 
Lu — Tun] (3) 


and the polarization will be left or right-handed according 
as 7 is positive or negative. 

Computed daytime values of elements of the transmis- 
sion coefficient matrix 7' are shown in Fig. 2 as a funetion 
of 0 for a frequency of 1-0 Hz. T, peaks at 6= 20° and 
Tit=Tir at 0— 8^. Thus for "polar conditions" (0« 8°) 
the ground polarization should be left-handed and for 
§>8° right-handed. The rapid drop in value of T, 
for 02: 70? is attributed to the coupling, Cz, peak having 
dropped in altitude into or below the K; absorption peak 
(whieh is partieularly large for large 0) so that the L wave 
is heavily absorbed before it manages to be coupled into 
the moderately absorbed R mode. Night-time curves of 
T, yield broad, flat maxima, with Tz = 2, extending from 
0—0? to 6=60°, The angle of polarization cross-over 
(where Ti,-— Tig) varies between 0-15? to 0-25 
depending on frequency. Fig. 3 shows the elements of 
T as a function of frequency for typical daytime (0 = 207) 
conditions. At most frequencies T; is of the same order 
as the direct R mode transmission coefficient 7'ng. 

We summarize the transmission mechanism which has 
emerged as follows: the L wave enters the ionospheric 
F-region as a “linearly” polarized "ordinary" wave (that 
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is, a wave characterized by a highly elongated left-handed 
polarization ellipse) and propagates with relatively low 
absorption until, somewhat above the E-layer absorbing 
band, it undergoes a rapid transition to left-handed circu- 
lar polarization, whereupon a considerable proportion 
of the energy is coupled into the R mode which then passes 
through the E-layer with only moderate absorption. The 
inerease both of absorption and coupling eoefficients with 
angle 0 yields à maximum in the overall L wave trans- 
mission coefficient T'; at intermediate angles 0 and determ- 
ines also a cross-over angle (where T';;- T5), at which 
the sense of ground polarization reverses. The cross-over 
angle increases with frequency, and in cases where two 
distinct micropulsation frequencies with opposite polar- 
izations are received simultaneously we should expect 
the higher frequency to be left-polarized. This is precisely 
what is observed in a Sonagram record published by 
Gendrin e£ al.6. Furthermore, the cross-over angle is 
generally larger at night than by day, and the night-time 
ground polarization is thus more likely to be left-handed 
than the day-time polarization. This also accords with 
experimental evidence® discussed earlier. 
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Sources of HCI and HF in the 
Atmosphere of Venus 

Recent planetary probe measurements within the atmo- 
sphere and in the near vicinity of Venust? make possible 
further interesting correlations between the physical 
eonditions and the chemistry of the atmosphere and litho- 
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sphere. It is particularly interesting to see whether the 
recently reported abundances of HCl and HF in the 
atmosphere? are compatible with the chemieal interaction 
model which was proposed earlier*? to account for the 
other atmospheric constituents. 

The data necessary for the caleulation may be obtained 
from the Venera, 4 measurements! as interpreted by Reese 
and Swan*. According to these sources, the probe descen- 
ded into the atmosphere approximately 5 degrees from the 
equator and on the dark side approximately 80 degrees 
from the terminator. Temperature, total gas pressure 
and atmospheric chemistry readings were obtained from 
26 km elevation to very near the surface. Altitudes were 
measured by radar. The atmosphere was found to con- 
sist of 90-95 per cent CO, and 0-1 to 0-7 per cent water 
vapour as measured by the pressure drop on absorption 
in the gas analysis apparatus. At or near the surface, 
whieh is the reading that matters here, the temperature 
was 543-- 7? K and the gas pressure, which is essentially « 
the CO, partial pressure, was 20+ 2 atm. 

The abundance data for HCl and HF were obtained 
before? from infrared absorption spectra. The spectra 
refer to an atmospheric level corresponding to 'T 240° K 
and P (total) ~10-1 atm. These results check quite well 
with the Venera 4 data for an atmospheric region between 
30 and 40 km. Connes et al.* speculated that the observed 
partial pressures of HCl and HF were consistent with 
values expected from dilute solutions of these gases in 
"water ice". As far as this report is concerned it is im- 
material whether or not HCl and HF are in equilibrium 
with liquid water or ice in any part of the atmosphere. The 
solubilities of these gases in such condensed phases would 
be determined by the temperature and their ambient 
partial pressures in the atmosphere. It is the source of 
the latter we wished to determine. Consequently we 
assume that the observed mixing ratios of HCl to CO, and 
HF to CO, are essentially the same at every level below 
40 km including the surface. Indeed, we have found that 
this postulate is consistent with results. 

If these data are accepted, and if the upper limit in the 
H,O abundance is rounded off to 1 per cent, we obtain 
values for the atmosphere near the surface which are 
shown in Table 1. 


Table 1. VALUES OF THE PHYSICAL AND CHEMICAL QUANTITIES NEAR THE 
SURFACE OF VENUS AS OBTAINED FROM THE DATA OF VENERA 4 (REF. 1) 
AND CONNES ef gl. (REF. 3) 


Temperature 643+ 7° K 
P (total) = Peo, 20+2 atm 
PH,0 1039 — 15°88 atm 
(PR Peo) 16-8 
(PHF/Peo,) 104e 


In Table 1 the abundances and abundance ratios can 
be equated to their corresponding fugacities and fugaeity 
ratios. In the case of CO, this approximation is probably 
quite accurate at the prevailing temperatures and pres- 
sures. Éven in the case of the other constituents, however, 
with unknown fugacity coefficients, the approximation 
probably introduces errors which are less than the other 
uncertainties. 

If we now assume, in conformity with the interaction 
model, that the lower atmosphere reacts chemically with 
the planetary surface rock, then the HCi and HF abun- 
dances should be determined approximately by the 
thermodynamic equilibria corresponding to the reactions 
involved. Furthermore, the spectrographically observed 
abundances which apply to the middle atmosphere rep- 
resent these equilibrium values in a quenched state. 
These assumptions have been justified already’. 

The nature of the heterogeneous reactions postulated 
here is difficult to deduce. A good guide is that they are 
restricted to phases which are stable in like conditions in 
terrestrial rocks and that they are compatible with other 
chemical characteristics of the atmosphere’. ft is likely. 
however, that the results will be relatively insensitive to 
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Fig. 1. Comparison of thermochemical and observational data for the 
abundance of HCl and HF in the atmosphere of Venus. The cosmic 
abundances" of Cl and ¥ are also plotted. The hatched bandwidth of 
each curve corresponds to the limiting values of the water fugacity. 
These and the temperatures of the observational points are from 
the Venera 4 (ref. 1), while the observed ratios of HCl to CO, and 
HF to CO, are from Connes*. The 1/7 scale is multiplied by 10*. 


the precise reactions selected, for the energetics will be 
dominated by the reaction of Cl, F and O with much the 
same rockforming constituents in any case. Two reactions 
which appear to meet these requirements and for which 
adequate thermochemical data are available are as 
follows 


halite andalusite quartz gas plagioclase gas 
2NaCl + Al,SiO, + 58i0, + H,O=2NaAlSi,0,+2HCl (1) 


fluorite quartz gas  wollastonite gas 
CaF, + SiO, -H,O = CaSiO, +2HF (2) 


Andalusite was chosen for reaction (1) because it is the 
stable Al,SiO, polymorph at the observed pressure and 
temperature conditions’. But it would make little 
difference if either sillimanite or kyanite was used instead. 
If we now assume that all the solid phases of these reac- 
tions are stoichiometric, we may obtain Ppgj/Pco, and 
Pyr/Pco. as a function of the temperature for any given 
value of Pg,o. The equations of equilibrium are then 


Pao = (Ky Puo)? (3) 
Par=(K, Pio)” (4) 


The equilibrium constants K, and A, are essentially 
functions of the temperature and are independent of the 
total pressure in this low pressure range. They may be 
evaluated as functions of T from existing thermochemical 
data*-!! with the results shown in Table 2. 


and 


Table 2. LOGABITHMS OF THE EQUILIBRIUM CONSTANTS FOR REACTIONS 
(1) AND (2) AS A FUNCTION OF TEMPERATURE 


TK log K, log K, 
400 ~ 13-0 -187 
500 -885 -13-6 
600 —0-14 ~10-2 
700 ~ 4-24 — 7-83 
800 — 2-88 — 6-03 
900 — 185 — 4-64 

1,000 — 1-08 — 3°55 


If the limiting values of Puo are substituted into equa- 
tions (3) and (4) we obtain Pym /Pco, and Pgg/Pco, as a 
function of T. These are shown plotted on a 1/7 scale in 
Fig. 1 with the areas between the limiting PH,o values 
showing as a hatched pattern. 

The observed values of Pyo/Pco, and Pyg/Pco, from 
Table 1 as well as those corresponding to the cosmic 
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abundances are also shown in Fig. 1. It is clear that the 
observed values fall quite close to the theoretical curves 
at the surface temperature from Venera 4 and that they 
correspond closely to the predictable greater reactivity of 
HF as compared with HCl. The temperature probably 
varies across the Venus surface, and so we should not 
expect perfect correspondence even in the absence of 
errors. Indeed, it is a further postulate of the interaction 
model that each reaction has a certain "effective tempera- 
ture" which corresponds to some intermediate ambient 
temperature in the lower atmosphere", If the data and 
the assumptions which enter into the equations were 
perfectly correct, the observational data would correspond 
to some effective temperature slightly lower than that 
obtained from Venera 4. In this connexion it is interest- 
ing that the effective temperature for the CO,-producing 
reaction or reactions turns out to be slightly higher than 
600° K’, although this value is subject to the usual un- 
certainties of the thermochemical data and model assump- 
tions. Unfortunately, it is not possible to evaluate the 
uncertainties in K, and K, precisely because these are 
unknown for the thermal data of Al,SiO, and the high 
temperature heat capacities which enter into the calcula- 
tions. A crude estimate, however, indicates that the 
uncertainties are somewhat larger than those introduced 
by Py.o. Consequently, both observational points in Fig. 1 
could fall directly on the theoretieal curves. 

Another modifying faetor on the theoretical curves is 
the possible deviation from stoichiometry of certain of the 
minerals. NaCl, for example, may occur as a component 
in such minerals as scapolite or KCl, while NaAISi,O, is 
usually mutually dissolved with CaAl,Si,0, Although 
it is not possible to evaluate these effects from the avail- 
able information, it seems clear that they will tend to 
negate each other because both activities should be 
reduced somewhat in solution. In any ease, it is likely 
that the uncertainties from this source will be smaller than 
those which are inherent in K, and K,. 

The thermodynamic relations of HCl and HF on Venus 
point to some interesting features of planetary atmo- 
spheres. It is clear first of all that, contrary to some 
eurrent hypotheses, there can be no relation between the 
atmospheric abundances and those of the hypothetical 
solar nebula. This is quite clear from the plot of the cosmic 
abundance data™ in Fig. l. Also it is clear that these 
reactive constituents are not derived by any simple 
"degassing" process, although they are, according to our 
hypothesis, closely related to the lithospherie minerals. 
It seems, however, more suitable to view this relation as a 
two way process in which absorption is equal in importance 
to volatilization. Furthermore, the extensive reaction 
with surface material implied by these data takes some 
emphasis from the role of voleanism in determining the 
atmospheric characteristics. At temperatures which may 
vary between 400^ and 800^ K along the surface or to 
shallow depths, widespread and pervasive chemical 
exchange through pores and fissures in the erust should be 
far more important than that which could occur through 
isolated vents. Finally, it should be mentioned that the 
HCi and HF relations have important implications in 
comparative planetology, particularly in relation to the 
history of halogens on Earth. 

I thank Dr L. S. Walter for helpful comments and 
support. 
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Suppression of Disturbing Light Signals 
in Rapid Flash Kinetic Measurements 


Iw the flash kinetic method for investigating rapid photo- 
chemical reactions!, a reaction is initiated by a short flash 
of light and measured by a rapid-response photometer. 
Improvements of this method (refs. 2-5), particularly by 
the use of repetitive excitation followed by signal averag- 
ing, have inereased the sensitivity of the method by a 
factor of about 100. Although the repetitive procedure 
eliminates the disturbance caused by statistically random 
signals, it does not remove disturbing signals related by 
a fixed phase to the flash sequence. In the study of the 
primary processes of photosynthesis such a false signal is 
caused by the fluorescence of chlorophyll, excited by the 
flashes, which interferes with a photometer signal in the 
same spectral range. This strong interference can be 
reduced by restricting the aperture and by electric com- 
pensation*., The rejection ratio which results, however, 
limits the sensitivity to & level far above that which 
might be normally obtained by repetitive signal evalua- 
tion’, 

To improve the suppression of interference, a rapid and 
sensitive photometric measuring device has been devel- 
oped, using monitoring light modulated by a high fre- 
quency. Light modulation at high frequencies by means 
of electro-optical crystals was first used in communication 
applieations*?. The principle of this method can be 
simply explained if the frequeney spectrum of the output 
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voltage at the light-detector is considered. Suppose the 
cut-off frequencies of the interfering signal and of the 
required signal are f'™ and f 8, then a zero-band of the 
spurious signal amplitudes exists in the frequency range 
from fy=0 to a and a high frequency carrier band 
of the measuring signal amplitudes in the frequency 
range from fy—fe® to fy t+fe*. If the carrier band is 
filtered out by selective amplification, a highly efficient 
separation of the measuring signal from interference is 
obtained if fi" < fy — J58. 

The equipment for flash kinetic measurements using 
modulated monitoring light is depicted schematically in 
Fig. l. The monitoring light source Q is a high pressure 
xenon lamp (Osram XBO 75 W 2) stabilized to 104. An 
almost parallel monochromatic beam of light at a wave- 
length à is produced by the lens L, and the interference 
filter F,. The monitoring light is modulated by the 
electro-optical arrangement consisting of the polarizer P," 
Pockels cell (erystal), 4/4 plate and analyser A (crossed 
with P). The special Pockels cell is provided with a 
KH,PO, monoerystal (KDP). The modulating voltage 
having an r.m.s. value 3 kV is applied to gold ring elee- 
trodes on the crystal so that the electric field is parallel 
to the light beam. "The Pockels cell in parallel with an 
air-core coil forms a resonance circuit which is tuned to 
a frequency of fy — 14 MHz and is excited by an oscillator 
by means of a power stage. As for normal photorneters, 
the modulated light passes through the cuvette and falls 
onto the photocathode of a photomultiplier (PM) through 
an interference filter F, An essential condition for an 
effective separation of measuring signal from interference 
is a photomultiplier with an exactly linear characteristic, 
fairly well realized with the PM type RCA 7326. 

The photochemical reaction is excited by a repetitive 
flash unit (flash tubes Osram XIE 200 or EGG XE 9-3)". 
The excitation light is filtered by a colour filter F,. The 
absorption change Aa which is produced within the 
cuvette causes a change in the intensity of the monitoring 
light I: Av=— AI/I. The corresponding variation in the 
a.c. voltage at the PM output is fed into a selective ampli- 
fier with low cross modulation having a centre frequency 
fu 14 MHz and a bandwidth of 2 MHz. The repetitive 
signals are detected by a push-pull demodulator and are 
fed into a digital averager (for example, Enhancetron, 
Nuclear Data) to enhance the signal-to-noise ratio. The 
average signal is written out on an X-Y recorder. 

The first measurements with this equipment were 
carried out in connexion with investigations by Déring 
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Fig. 1. Block diagram of kinetic spectrophotometer using high frequency modulated monitoring 


light. Q, Monitoring light source; Lis, lenses; Fi-a light filters; P, polarizer; A, analyser; 4/4, 

retardation plate; PM, photomultiplier with anode load 1002; power amplifier, modified short 

wave transmitter: oscillator, hp 606; delay, tek 162; trigger, tek 161; recorder, Moseley 185 C; 
averager, Enhancetron; flash unit, AEG LS 5. 
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For comparison, the corresponding 
absorption-time curve shown in Fig. 
3a was obtamed with the normal 
repetitive equipment using steady 
monitoring hght*. The disturbing 
fluorescence signal was reduced in this 
arrangement by the optimum aper- 
ture reduction giving a ratio of 
interference to measuring signal of 
less than 100: 1. After electric com- 
pensation, the interference signal is 
still of the order of the absorption 
change (Fig. 3a). In this case the dis- 
turbance lasts for a time interval 
which is about three times the tenth- 
width of the flash emission. The 
absorption time curve obtained with 














Time 
Fig. 2. 


TeREDO us (tenth-width). 


change of Chi-an-light reaction. 


et al. concerning the properties of the Chl-ayy-absorption 
change in vivo. This change is brought about in a suspen- 
sion of spinach chloroplasts treated with digitonin’? by 
flash excitation in the wavelength range between 390 and 
500 nm. The photoreaction was measured at a wavelength 
of 685 nm, which is near the maximum of the chlorophyll 
fluorescence emission band at 683 nm. The left-hand part 
of Fig. 2 shows the envelope of the peak-to-peak high 
frequency voltage at the PM output, which is produced 


by the modulated monitoring light intensity I-T,4 Al 
superposed on the disturbing fluorescence light signal Jint. 
The maximum of the interference signal is approximately 
equal to I, and about 5x 10* times higher than that of 
the measuring signal. The recorder plotting of the Chl-arr- 
absorption change signal is shown on the right-hand part 
of Fig. 2 as having a maximum value of about 2 x 10-*. 
The interference signal is reduced below the residual 
noise level, whieh corresponds to an absorption change 
of a2x10-5. The fluorescence signal is therefore sup- 
pressed by a ratio zz 5x 108: 1. 
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Fie. 3. Absorption change in Chl-an-light reaction time curve measured 
by (a) steady monitoring light I (a) and high frequency modulated 


monitoring light T (b). te, Tenth-width of flash emission. 


Absorption change measured by modulated monitoring light I versus time. 
The absorption change was initiated by flash excitation of a suspension of spinach chloro- 
plasts treated with digitonin and measured at a wavelength of 685 nm. Flash duration 
Left: photomultiplier output, envelope of peak-to-peak high 
frequency input signal mixed with fluorescence signal, Right: output signal, absorption 
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modulated monitoring light (Fig. 35) 
ms does not show any sign of distortion. 
As expected in this experiment, the 
absorption change rises within the 
tenth-width of the flash. Thus it is 
possible to determine the signal curve 
precisely even within the excitation 
time interval. 

We thank Quartz and Silice GmbH, 
Bad Pyrmont, Germany, for the good quality ADP and 
KDP erystals which they kindly donated for modulation 
tests, and H. T. Witt for his interest in the progress of 
this work. 
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Use of Holography to make Truly 
Three-dimensional X-ray Images 


Two of ust? recently described how holographic multi- 
plexing has been used to produce three-dimensional recon- 
structions of people and large scenes from a sequence of 
conventional einé camera views. This communication 
reports an extension of the technique to the production 
of truly three-dimensional X-ray images which display 
all the usual characteristics of holographic reconstructions, 
The first step is to take a sequence of ciné fluorographic 
single shot exposures on an X-ray image intensifier from 
differing viewpoints along an are centred on the patient. 
The radiological information on this series of exposures 
is then stored in one hologram plate in such a way that, 
however it is viewed, the "correct" radiological view of 
the patient is seen. 
Fig. 1 shows the way this is done. Light from a helium- 
neon laser is split into a reference beam and an object 
beam. The latter is apodized, broadened and collimated 
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using a lens-pinhole arrangement so as to fill the useful 
aperture of the ciné frame. An afocal lens combination 
projeets a magnified image of the frame on to a high 
resolution photographie plate—the hologram plate. The 
reference beam is diverged and made to fall obliquely 
on the hologram plate by way of a plane mirror, which is 
linked to the hologram plate holder in such a way that 
when the hologram is rotated the reference beam follows 
it round; that is, the reference beam always strikes the 
hologram plate at the same angle. 

Successive ciné frames are stored by exposing the 
hologram plate to each in turn. Between exposures the 
hologram plate is rotated by an amount corresponding 
to the original angular movement. The result is a multi- 


plexed hologram. When it is illuminated by a replica of 


the reference beam a multiplicity of spatially modulated 
collimated beams is reconstrueted at the hologram plate. 
Each beam corresponds to a particular portion of the 
holographie exposure and is thus associated with a par- 
ticular frame of the original ciné sequence. Furthermore 
the beam corresponding to any given frame leaves the 
hologram plate at an angle which corresponds to the 
direction of the axis of the X-ray equipment when the 
frame was originally exposed. 

When the eye intercepts one of the reconstructed waves 
it foeuses on infinity despite the modulation, and the 
observer sees a spot of light. As the viewpoint is changed 


HOLOGRAM PLATE 


REFERENCE WAVE 


RECONSTRUCTION OF 
TYPICAL OBJECT 
ON CINE FILM 





PIN HOLE 
Fig. 1. Optical arrangement for multiplexing. 
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so that successive predominantly plane waves strike the 
eye, the observer sees an array of spots located at infinity 
—one for each of the original frames. 

If a converging lens is placed between the observer and 
the hologram plate, as shown in Fig. 2, however, each 
modulated plane wave then strikes the converging lens 
and is brought to a focus in its focal plane, It now 
becomes possible for an observer to see any structure 
present on the original frames. For example, if the eye is 
placed so that the back focal plane of the converging lens 
coincides with the front focus of the relaxed eye lens, the 
light is recollimated and a spatially modulated plane 
wave falls on the retina. The observer then sees the 
structure on the original frame. Even if the eye is moved 
further back or focused, the structure is still seen although 
at a different scale. 

The structure on the retina resembles a contact print of 
the original frame and, if the eye is moved to another view- 
point so as to accept another reconstructed wave, another 
quasi contact print is formed on the retina. Thus as the 
observer moves from one reconstructed wave to another 
he sees a succession of views of the patient. If the angular 
interval between the waves leaving the hologram is small, 
however, several can enter the eye at any given viewing 
position and several “contact prints" will be formed 
simultaneously on the retina. The observer can then 
select a feature which is common to them all and focus on 
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Fig. 2. Effect of a converging lens on the reconstructed waves. 
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it. This means that if the geometry of the system is 
arranged so that at any given viewpoint at least two 
reconstructed waves enter the eye a continuous three- 
dimensional view of the scene can be produced. 

The technique has been successfully applied to inanimate 
objects and to an anaesthetized rabbit. Typically sixty 
exposures are made over an angular range of 30°. The 
reconstructions showed all the predicted characteristics 
and could be viewed either with a laser or preferably with 
a mercury are lamp. We feel that these principles could 
be adapted to provide a useful clinical radiodiagmostie tool 
using cinéfluorographie equipment, a pulsed X-ray genera- 
tor and transaxial tomography movements. 

J. D. REDMAN 
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Fracture of Oriented 'Perspex' 


A MARKED disparity in strength in the longitudinal and 
transverse directions is a characteristic property of 
oriented crystalline polymers, and accounts for the readi- 
ness with which they can be split or cleaved in the 
longitudinal direction. We have recently observed a 
closely similar type of behaviour in a non-crystalline 
glassy polymer, namely ‘Perspex’. 

The material used was commercial sheet, 0-25 in. thick. 
Various degrees of orientation, as indicated by the bire- 
fringence, were obtained by stretching the material at 
different temperatures and allowing it to cool in the 
stretched state. Test pieces were cut from the oriented 
sheet with their length directions both parallel and 
perpendicular to the direction of orientation; these were 
shaped to the usual dumb-bell form and subjected to 





Fig. |. Tensile fracture of highly oriented ‘Perspex’. 





Fig. 2. 


Early stage of tensile fracture. 
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Fig. 3. Transverse impact for different degrees of orientation. (a) Un- 
oriented; (b), (c) and (d), birefringence 3-0, 6-2 and 9-3 x 10-* respectively 


‘static’ tensile tests. For the direction of orientation 
the tensile strength (referred to the cross-sectional area 
at break) increased from 8-2 kg/mm? for the original iso- 
tropic sheet up to 16-3 kg/mm? for the most highly oriented 
specimen (birefringence 12-8x 10-*); for the transverse 
direction the strength decreased to 5:9 kg/mm*. 

All the transversely cut specimens showed a single 
plane of fracture perpendicular to the applied tensile 
stress. The longitudinally eut specimens at high degrees 
of orientation, however, fraetured by multiple splitting 
at a small angle to the direction of the applied stress. An 
example of such a split specimen is shown in Fig. 1, in 
which the specimen is held slightly bent to display the 
fibrillar type of fracture. 

The process of development of the longitudinal type of 
fraeture is more clearly seen in a less highly oriented 
sample such as that illustrated in Fig. 2. Examination of 
the fracture surfaces indicates that fracture starts from a 
point on the surface (not necessarily at the edge of the 
specimen) and develops in a plane perpendicular to the 
direetion of the stress, the crack boundary at any instant 
being of semicircular form. Subsequently this fracture 
front forks or branches, extending in both directions from 
the original source to form the longitudinal type of 
fracture. 

These effects suggest that oriented glassy polymers 
have a tendency to fibrillate in a manner characteristic of 
oriented crystalline polymers such as polypropylene. 

Transverse impact on notched specimens of oriented 
‘Perspex’ produced the saw-toothed type of fracture 
shown in Fig. 3, in which b, c and d represent increasing 
degrees of orientation. 'The specimens were supported at 
each end and impacted at a point directly opposite the 
notch. The angle of the saw-tooth (with respect to the 
transverse plane) increased continuously with increasing 
orientation. The most highly oriented sample did not 
produce & saw-tooth in the conditions used in these 
experiments. 
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The occurrence of fracture at a definite angle to the 
transverse plane could be accounted for in terms of the 
variation of the inherent strength of the material with 
direction. It is only necessary to assume that the rate of 
decrease of the inherent strength as this angle increases 
is greater than the rate of decrease of the normal com- 
ponent of stress across the plane considered. 


J. W. Curtis 
L. R. G. TRELoAR 
Department of Polymer and 
Fibre Science, 
University of Manchester Institute 
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Fracture in Bending, Torsion and 
Radial Pressure 


I nave shown! that glass rods with normally damaged 
surfaces, and subjected to sustained loading, fracture in 
equal times when subjected to numerically equal prior 
principal stresses, in bending, torsion and radial fluid 
pressure. The term prior stress refers to the stress distribu- 
tion which exists before any cracking has occurred. I 
interpreted these results in terms of quasistatic crack 
growth with consequent increase in the stress concentra- 
tion at the ends of the cracks, and I now re-interpret 
them in terms of work based fracture mechanics theory. 

Figs. 1-3 represent a cracked body in three states of 
loading. X is the external foree and « the relative cor- 
responding displacement. In Fig. 2 the prior stress (s) 
is applied so as to open the crack. In Fig. 3 the reversed 
prior stress is applied so as to keep the crack closed. 

Applying the reciprocal theorem to the linearly elastic 
body we have 


A 
Figs. 1 and 2: Xu, = fodAe, (1) 
f A 
Figs. 2 and 3: 0 = Xu, — fodde, (2) 
i A 
Figs. 1 and 3: Xu; = Xu, — fodAe, (3) 


where dA is an element of area of one side of the crack 
surface and e is the relative displacement in the direction 


x4 9 C 
X ( Xu, C us X t 
Fig.1 Fig.2 Fig. 3 


Figs. 1-3. A cracked body in three states of loading. 


of the prior stress of corresponding points on the crack 
surface, 

From equations (1) and (2) we see that €i76,. The 
strain energy under loading 1 is 1/2 Xu, and from equa- 
tion (3) we see that 
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hA Dc 1 
à Xu, = 97 + sf dAe, (4) 
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Using equation (2.8) of ref. 2, quasistatic crack growth 
under loading 1 gives 


_ (9E 
R= D. 


VEA (5) 
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where Æ, is the strain energy in state | and R is the facture .- 
toughness. 
Now the stress system and hence the strain energy in- 
loading 3 is invariable with the crack area (at constant X). 
Applying equation (5) we see that for a linearly elastic: 
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e, tends to zero at the crack ends, so equation (6) can be 
rewritten 
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It should be noted that equations (6) and (7) are valid. 
only when the distribution of external loading, if any, on 
the crack surface is invariant with crack area. They are 
not valid for a crack subjected to fluid pressure. 

Applying equation (7) to circular glass rods containing 
cracks so small that the prior stress across the erack faces. 
in bending and torsion is sensibly constant, we see that 
the prior principal stresses across the crack faces will be 
equal to an order of accuracy to which (8¢,/34)y is equal 
for the two loading systems. In the torsion system, equal 
and opposite prior stresses +o exist, the negative stress 
being applied parallel to the crack. To the order of 
accuracy to which this negative stress is without influence 
on the crack opening, we deduce that 





o (torsion) = c (bending) 


in agreement with the experiments. 

À state of radial fluid pressure (p) can be regarded as 
a state of isotropic pressure, on which is superimposed 
an axial tensile stress, numerically equal to the pressure. 
Under isotropie fluid pressure, the strain energy is in- 
variant with the crack area, so that the only contribution 
(Ei) to the right-hand side of equation (7) comes from the 
tensile stress system. "Thus 


(8) 


where Æ, is the strain energy associated with a uniform 
axial tensile stress numerically equal to p. s 

Thus fracture under radial fluid pressure should oceur a 
when the pressure is numerically equal to the uniform | 
axial tensile stress to produce fracture. This deduction 
is true for cracks of any size. For cracks so small that 
prior stress variation in bending is negligible over the 
crack area, we deduce that fracture in 
bending and tension should oceur at the 
same prior principal stresses, provided 
statistical effects of crack distribution size 
are unimportant. Thus the experimental 
results are consistent with work based on 
fracture mechanics. 

In my earlier communication! T attrib- 
uted delayed fracture of glass to gradual 
crack growth under stress. Shand® hasin- 
terpreted such crack growth in terms of 
variation of R with time rate of increase of crack area. 
For the small cracks with which these experiments are 
concerned, quasistatic crack growth entails? 

dR  cdR (9) 
dC o de 
where 2c is a typical crack dimension. When this condi- 
tion fails unstable cracking ensues. 
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Growth of Ice Crystals after a 
Method by Helmholtz 


I REPORT here a method of studying the free growth from 
the melt of ice or any other material, at very small and 
very accurately controllable supercoolings. Helmholtz’s 
experiment! was brought to my attention by Dr E. 
LaChapelle, who discovered large, single ice crystals 
growing into water-filled cavities within a temperate 
glacier, and explained them by a natural variation of the 
present technique*. 

To demonstrate the effect of pressure on melting points, 
Helmholtz partly filled a flask with water, evacuated and 
sealed it; the water was frozen and then mostly melted, 
leaving a floating ice cake. The entire flask was then 
immersed in an ice bach for several days, and ice erystal 
growth was observed on the walls of the flask, proving the 
pressure dependence of the freezing point.  Helmholtz 
noted that the crystals formed faces ("schart begrenzte") 
and recommended the method as a means of ice crystal 
growth. Miksch* has studied the growth rate of poly- 
erystalline ice by this method. 

My method differs from Helmholtz's only in that the 
ice crystal seed, here a single crystal, is fixed at the centre 
of the volume of water in the flask. Thus the growth is 
free growth into the water rather than along the walls or 
along the water surface. The flask, in this case, is a bell 
jar held upside down in the ice bath, with a vacuum-tight 
lid provided with a window and connexions to a vacuum 
pump and a manometer. Growing erystals were photo- 
graphed, and the ice bath replenished at intervals of 1 or 
2 days. 

It is important for the purity of the water in the 
growth chamber and in the outer ice bath to be the same. 
In this preliminary experiment I used tap water that had 
passed through a filter designed to remove organic con- 
taminants and then through an 10n-exchange filter. Its 
resistivity was greater than 2-5 MQ. The container was 
a ‘Pyrex’ glass cylinder, 24 cm in diameter, 40 em high 
and with walls 5 mm thick. In the experiment illustrated 
here, however, the pressure difference was nearly one 
atmosphere, causing a sizable difference in the concen- 
tration of dissolved air. 

Fig. 1 shows several stages in the growth of an ice 
erystal fastened to the end of a nylon post with a stainless 
steel serew and washer. A hole was drilled through the 
seed crystal, a cube approximately 1:7 em on each side, 
to accommodate the screw. Ice did not grow on the 
nylon post, but did grow on the stainless steel, and two 
new crystal orientations were produced in the illustrated 
experiment. At other times no new orientations appeared. 
The striped background at the bottom of the container 
was to provide visibility, and was formed from a piece 
of laminated plastic. 

The familiar, basal growth mode of ice was found as 
expected. At a pressure difference of one atmosphere, 
the imposed supercooling of the water in the growth 
chamber is about 0:01? C (ref. 4). The growth rates found 
were 0-037 4- 0-004 mm/h parallel to the basal plane and 
undetectable (less than 6x 10-* mm/h) parallel to the 
c-axis. This growth rate parallel to the basal plane is 
smaller by about a factor of ten than that found by 
Miksch', presumably because he used a much smaller 
growth chamber, and heat flow is rate controlling. 

It is interesting to note the growth habits of the plates 
in Fig. 1b and c. The plates growing from the seed 
crystal, the c-axis of which is parallel to the line of sight, 
are dendritic and have one tapered side, as shown in 
Fig. 2a. In contrast, another plate, which grew upward 
from the screw, was not dendritic and had both basal 
faces developed out to the rim (Fig. 2b). This difference 
is explicable in terms of heat flow. Dendritie growth 
occurs when heat flow is an important rate-controlling 
factor and heat dissipation from the growing interface is 
largely into the liquid. Portions of the interface with 
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Fig. 1. Three stages in the growth of ice erystals by the Helmholtz 
method. a, Single crystal seed, with its c-axis parallel to the line of 
sight; b, after 19 days; c, after 28 days. Diameter of the washer 


beneath the screw head is 11:1 mm.  Dendritic plates grow from the 
corners of the cube, and a regular disk (rom the head of the screw. 


small radii of curvature dissipate heat faster and con- 
sequently grow faster. In this system, however, especially 
in the case of Fig. 2b, much if not most of the heat can 
be dissipated into the crystal itself, and thence into the 
liquid across the basal faces, because the basal faces are 
not significant heat sources themselves and the con- 
ductivity of ice is about five times that of water. This 
situation mitigates against dendritic growth, as is observed, 
while in the case of Fig. 2a the heat source is distributed 
over the tapered side as well as at the rim, and more of 
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Fig. 2. a, Dendritic plate in plan view and in cross-section, showing the 
one tapered side. b, Disk crystal in plan and in cross-section, showing 
both basal faces developed, ‘The disk is not drawn circular because that 
in Fig. 1 was slightly oval, probably because of non-uniform heat flow. 


the heat produced at the growing rim must dissipate 
directly into the liquid. 

Measured growth rates support this explanation. The 
linear growth rates of the dendrites in Fig. 1 are 0-034 to 
0-035 mm/h, while the radial growth rate of the disk is 
0-039 mm/h. This supports the contention‘ that heat 
flow is rate-controlling in the growth of ice parallel to 
the basal plane at this supercooling. Presumably the 
erystallographic control of the dendrite orientation must 
be due to anisotropie step growth rates on the basal 
plane, on the tapered side. 

The principal use of this crystal growth method, which 
for most materials other than ice obviously requires à 
higher pressure in the growth chamber than in the bath, 
may be to grow crystals of high perfection. Thermal 
stress, a major source of dislocations, must be negligible. 
We plan to measure the contact angle of water on the 
basal face of ice grown in this way, with the captive 
bubble method*. 

CHARLES A. Knicutr 
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Interstitial Compounds of Potassium 
with Carbon Fibres 


Tae formation of interstitial compounds of potassium 
in graphite is well known and the phases CK, C,,K, Ca K, 
C,,K and others have been identified and their physical 
and chemical properties measured by several authors!-*. 

Most non-graphitizable earbons studied so far do not 
form such compounds with alkali metals and this be- 
haviour is generally attributed to the cross-linking of the 
graphitie planes which is assumed to block the diffusion 
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of the metal atoms!*:!, This is, however, not the case 
with carbon fibres prepared from cellulose yarn although 
this is basically a non-graphitizable carbon. 
experiments were carried out, Halpin and Jenkins!! have 
reported the formation of a C,,K compound with glassy 
carbon, also a non-graphitie carbon.) 

Our experiments were made on commercial fibres, grado 
WYB and WYD (Thornel) prepared by the Carbon 
Products Division of Union Carbide Corporation. Ab 
though both types of fibres are heat treated at tempera- 
tures above 2,500° C, they do not graphitize and have high 
tensile strength and Young modulus, which cannot easily 
be explained without assuming the presence of cross-links. 

The change in weight of the fibres has been measured 
with an automatic spiral balance at several sample tem- 
peratures between 125° C and 300° C as a function of the 
partial pressure of potassium. The maximum value for 
the molar ratio K/C (potassium/carbon) is obtained at 
140° C (at 125° C absorption is so slow that the equilibrian 
value is not reached within a reasonable time). At this 
temperature the absorption of potassium starts at a 
potassium pressure between 10-5 and 10-* mm of mereury 
and increases up to a K/C ratio of (-16 for the WYH- 
fibre and 0-15 for the WYD. The difference between the s 
values and the ratio 0:125 corresponding to C,K observed 
with graphite very probably results from the physical 
adsorption of potassium on the walls of mieropores in the 
fibres. These micropores are closed and inaccessible to 
gases but can be measured by small-angle X-ray scatti 
ing. In order to reach these pores, potassium has to diffuse 
through the space between the graphitic layers. The 
excess absorbed corresponds roughly to a monolayer cover- 
ing the internal surface as determined by small angle 
scattering. Ultimately, equilibrium is established between 
the potassium vapour, the potassium compound C,K and 
the adsorbed potassium. 

The isotherms measured at 300^ C show that at this 
temperature the physieal adsorption becomes negligible 
and the saturated fibre corresponds to C,K as in pure 
graphite. This conclusion from our thermogravimetric 
measurements is corroborated by the brown colour of the 
fibre which presents the same aspect as C,K from graphite. 
The absorption of potassium is reversible and does not 
destroy the structure. The fibres recover at least qualita- 
tively their initial physical properties after the elimina. 
tion of the absorbed potassium. 

The introduction of metal has a pronounced effect on 
the electrical properties of the carbon fibres: the conduc: 
tivity is increased by a factor of 20 for the WYB fibro 
and 28 for the WYD. The variation of the resistivity as a 
function of temperature between room and liquid helium 
temperatures is very low in carbon fibres and this be- 
haviour, which we attribute to a mechanism of scattering 
of the carriers by structural defects, remaing the same in 
fibres saturated with potassium. 

X-ray studies on the starting material show an essen. 
tially non-graphitie (random-layer) structure for both 
fibres, a moderate preferred orientation for WYB and a 
higher preferred orientation for WYD. The average layer 
size is about 60 A, the number of layers in each stack 
about ten. Absolute small angle scattering measurements 
show that the inaccessible pores of diameters smaller 
than 100 A occupy about 27 per cent of the total volume; 
from Porod’s law observed at higher angles an internal 
surface of 500 m*/cm? is determined. The pores are needle. 
like with the long axis preferentially oriented parallel to 
the fibre axis and have diameters in the 15 A range. The 
fibres saturated with potassium show (001) lines cor- 
responding to an alternation of carbon layers and potas- 
sium layers in the C,K graphite compound. The potassium 
layers have a two-dimensional hexagonal close-packed 
structure as in the graphite compound; the mutual 
orientation of the layers is, however, at random as indi- 
cated by the presence of asymmetrie (hk) lines for the 
potassium layers as well as the carbon layers. 
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` The preferred orientation as well as the pore structure 
is at least qualitatively unaffected by the intercalation of 
potassium. No interferences of metallic potassium are 
observed. 
In a partly desorbed fibre a sequence of two carbon 
layers and one potassium layer as in the graphite com- 
pound C,,K has been deduced from the (001) lines; 
however, only (hk) interferences corresponding to the 
carbon layers are observed on a relatively high diffuse 
background, which may indicate that in this case the 
potassium layers have a highly disordered internal struc- 
ture. A fibre with still lower potassium content (K/C 
~ 0-028) shows (001) lines which do not correspond to any 
of the known graphite-potassium compounds. 
C. HÉRINCKX 
R. PERRET 
W. RULAND 

Union Carbide European 

Research Associates, S.A., 

Brussels. 
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Whisker-like Fibres from Chrysotile 
Asbestos 


THE majority of the asbestos deposits at present being 
developed are of chrysotile, which emerges as fine, white 
fibres when the asbestos rock is separated or "opened" 
at the mine'. Amphibole asbestos usually has a harsher, 
more needle-like cleavage and in some applications where 
coarse straight fibres are desirable these latter forms are 
preferred. Chrysotile is more heat resistant than crocido- 
lite (one of the amphiboles) which is its chief rival as a 
reinforcing agent and is, moreover, appreciably less dense 
than the de. forms, 2:5 g/ce instead of 3-2 g/cc. This is 
a significa dvantage in a reinforcing fibre. because the 





Fig. 1. 


Clinton chrysotile untreated ( x 5). 
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Fig. 2. 


Clinton chrysotile treated ( x 5). 


actual mechanical properties of the principal varieties of 
asbestos are all rather similar*, (Young's modulus approxi- 
mately 16 x 10* kg mm-?; tensile strength 140-350 kg 
mm-?.) | 

Studies have already been made of factors influencing 
the harshness of naturally occurring chrysotile (private 
communication from A. M. Langer and P. F. Kerr). In 
the work deseribed here a direct approaeh was made to 
obtain the best of both worlds by modifying the micro- 
structure of chrysotile and thereby making it needle or 
whisker-like. 

In agreement with earlier interpretations?, the ultimate 
fibres or fibrils of chrysotile have recently been shown to 
be in the form of thick walled tubes*. The diameter of 
these fundamental units usually falls in the range of 
150 to 300 A but the upper limit ean be as high as 1000 A. 
Each of these tubes is essentially a “Swiss roll" made of 
two or three double layers. 

The double layer consists of a silicate sheet to which a 
brucite layer is bonded. Two out of every three hydroxyls 
on one side of the brucite (Mg(OH),) sheet are replaced by 
the oxygens at the apices of the SiO, tetrahedra which 
form the network of the silicate sheet. The mismatch 
between the sheets results in complete curvature to form 
the tubes, with the magnesium hydroxide-like sheet on 
the outside*. In nature the tubes appear to be only 
loosely bonded together. This leads to the observed easy 
cleavage and fluffy texture (Fig. 1); it is also the reason 
for ready colloid formation*. 

A chemical treatment has been found which appears to 
increase the bonding between the tubular fibrils. This 
consists of immersion of the mass of asbestos fibres in 
near boiling concentrated orthophosphorie acid for a short 
time; for example, 20 s at 160^ C followed by copious 
washing on a suction filter funnel. Mild agitation in water 
by a domestie mixer disrupts the iridescent material 
whieh has been formed, to produce whisker-like fibres 
having a Young's modulus of 14x 10?-16 x 10? kg mm-* 
and retaining most of the inherent strength of the fibre*, 
The photomicrographs show samples of Clinton chryso- 
tile from Canada, before treatment (Fig. 1) and after 
treatment (Fig. 2). Fig. 1 is not out of focus. 

Work is now proceeding on the mechanism of the 
treatment, which produces two main effects. First, the 
tangled fibres seem to be attaeked at junetions and dis- 
continuities of high surface area to leave substantially 
straight sections, in which the fibrils are well adhering. 
Second, these adhering fibrils appear to be coated with a 
form of silica sheath thought to surround each fibril. 
R. L. Thompson (private communication) has noted the 
formation of a tough coating of polymerized silica of low 
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permeability when Wittenoom crocidolite (an amphibole 
asbestos) was treated with 5 M HCl at the boiling point. 
Immediate uses foreseen for this treated fibre are to 
produce highly oriented asbestos reinforcements and to 
give high drainage rates in filtration work. 
The problem was suggested by N. J. Parratt of Materials 
2 Department, Explosives Research and Development 
Establishment, Ministry of Technology, Waltham Abbey, 
and work was begun there under his supervision during 
my sabbatical leave. Further work is continuing in the 
laboratories of this college and I wish to record my 
thanks to the college authorities for their encouragement. 
JOHN GOLDEN 
Materials Science Section, 
Enfield College of Technology. 
Queensway, 
Enfield, Middlesex. 
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Conformationally Rigid Analogues 
of Acetylcholine 


In spite of the simplicity of its chemical structure, details 
of the mode of action of acetyleholine (ACh) remain 
unknown. We have considered stereochemical attach- 
ment of ACh at its nicotinic and its musearinie. receptor 
sites, and compared these two stereochemical attach- 
ments. A logical working hypothesis, proposed by many 
in the past (and so far not proved), is that the flexible 
ACh molecule assumes different conformations and hence 
different molecular shapes and different interatomic 
distances at the nicotinic and muscarinic receptors. These 
conformations are imposed on the ACh molecule by the 
chemical and the steric nature of the receptor area. 

In the past, the relationship of conformational varia- 
tions of ACh to its nicotinie and muscarinic effects has 
been studied from two approaches: first, conformations 
of ACh itself have been considered and, second, attempts 
have been made to correlate pharmacological activities 
of certain compounds related to ACh with their configura- 
tions and preferred conformations. Various conforma- 
tions have been proposed for ACh in the crystalline state 
and in solution, on the basis of X-ray studies! and nuclear 
magnetic resonance and infrared spectral studies?^. 
Schueler* suggested the possible significance of conforma- 
tions (1) and (2) in the muscarinic effects of ACh. 
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Archer and co-workers? proposed that muscarinic 


activities of ACh are associated with its trans form (2). 
and nicotinic activities with its eis form (1). This group 
prepared a series of quaternary tropanyl acetates of 
known stereochemistry whieh were intended as "frozen" 
conformations of analogues of the eis and trans ACh 
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conformers. The compounds showed a low order Gf. 
biologieal activity. but the biological data were consistent 
with the premise of frans-muscarinie, cis-nicotinic effects, 

A trans-diaxial 2-acetoxy-3-trimethylammonium trans- 
deealin system prepared by Smissman and co-workers 
coincided well sterically with trans ACh in the distance 
between the carbonyl group and the quaternary head. 
This decalin derivative had, however, only 1/400 the 
musearinic activity of ACh. 

In our work, the cyclopropane ring was chosen as the 
smallest synthetically feasible system capable of conferring 
conformational integrity and rigidity on an ACh-Ike 
system. The target compounds were the isomers (3) and 
(4) which represent “frozen” forms of the trans and the 
cis ACh conformers, respectively. It was hoped that these 
isomeric systems would permit demonstration of the 
stereospecificity of the nicotinie and the musearinic 
receptors. 


O~-CO—CH, 
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Preparation of (3) began with trans-(5) (separated from 
a reaction mixture of the cis and trans-isomers by spinning 
band distillation), as shown 
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The di-N,N-dimethylamino derivative (10) was resolved 
using I-tartaric acid, and each enantiomer was converted 
to the optically active quaternary acetate (3). 


N(CH,), 





EN 
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(10) 


The compounds were bioassayed for musearinie activity. 
The terminal portion of the ileum from ten guinea-pigs 
was used; intestinal segments were approximately 4 em 
in length, and l g tension was placed on the tissue. 
Contractions were recorded using an Offner reeorder, type 
RS, and a Statham. transducer (GT-0-3). The tension 
developed was expressed in grams. The ilea were super- 
fused using Krebs bicarbonate solution (g/l: NaCl, 6-93; 
KCl, 0-354; CaCl,-2H,O, 0.373; KH,PO,, 0-163; MgSO,., 
0.143; NaHCO, 2-09; glucose, 1:80). Solutions of the 
compounds were prepared in distilled water and con- 
eentrations used in the assay were varied by 0-6 log 
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intervals (0-005 ug and 0-02 ug for ACh bromide and the 
(+)-isomer and 2-5 ug and 10 ug for the (— )-isomer). 
The maximal volume of solutions used was 0-02 ml. The 
test compounds were added to the perfusing solution just 
before coming into contact with the tissue. 

The relative potencies and their 95 per cent confidence 
limits were caleulated using a four-point bioassay as 
deseribed by Finney’. Calculations of potency are based 
on the molar concentrations of the cation, and all criteria 
for a valid assay were met. The administration of doses 
and compounds was randomized. 


Table 1. RELATIVE MUSCARINIC ACTIVITY OF + AND — ISOMERS WITH 
RESPECT TO ACETYLOHOLINE 
Compound Relative poteney 95 per cent confidence limits 
Acetylcholine. LO . 
bromide 
[£327 i3 sl P46 
(~)}3 Poors? t-0018-0-0025 


The results outline the relative muscarinic activities. 
This conclusion is based on the following: (a) hexa- 
méthonium (10 ug/ml.) produced no antagonism to the 
responses to the {+)- or ( — )-isomers or to acetylcholine; 
and (b) the (+)- and (— )-isomers are less than 1/200 as 
active as acetylcholine when evaluated using the frog 
rectus abdominis muscle. As indicated in Table 1, the 
muscarinic activity as evaluated using the guinea-pig 
ileum of the ( -- )-isomer is not significantly different from 
that found for ACh. The (— )-isomer was less than 1/500 
as active as ACh. A direct comparison of the (+ )- and the 
{~)-isomers was made and the (+ )-isomer was found to 
be 330 times more active. (The 95 per cent confidence 
limits were 187 to 550.) 

In three preparations, the addition to the ilea of 2 ug 
of atropine sulphate completely blocked the muscarinic 
activity of the isomers as well as of ACh. Neostigmine 
bromide (5x 107 M) in the Krebs bicarbonate solution 
was superfused over three additional ilea. This inhibitor 
of acetylcholinesterase produced marked potentiation 
(ten-fold) of the responses to both isomers and to ACh. 
This indicates that the isomers are substrates for acetyl- 
cholinesterase. 

Thus evidence is presented which suggests that the 
trans conformation of acetyleholine is involved in its 
attachment to the muscarinie receptor. In addition, the 
pronounced stereospecificity of this receptor is suggested 
by the significant difference in activity of the (+)- and 
the (— )-isomers of the trans-system (3). 

This work was supported by grants from the National 
Institute of Neurology and Blindness and the US Public 
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Self-oxidation of Methylene Blue 


ANOMALOUS colour changes exhibited by methylene blue 
(Fig. 1, I) in organie media containing amines in the 
dark have been reported and rationalized in various 
waysi-?. These observations are of interest in connexion 
with studies of the photochemical reduction of I by 
amines!, the use of I in photosensitized autoxidation of 
amines*^ and the investigation of dye-amine catalyst 
systems for photopolymerization®. We have encountered 
similar events in our own work in these areas and have 
identified the cause as base-catalysed self-oxidation™* 
or disproportionation of compound I followed by hydro- 
lysis of the oxidized species VII to the demoethylated 
dye II which is pale red in basic solution. This provides 
a general explanation for the various observations 
referred to. 

Fading of compound 1 oceurs rapidly at 25° C in the 
dark in the presence of simple primary, secondary or 
tertiary aliphatic amines in nominally anhydrous acetone. 
ethanol, acetonitrile or dioxan despite free access of air. 
It is accompanied by a gradual shift of the cationie dye 
spectrum toward shorter wavelength and the appearance 
of a new weak absorption band near 560 my which is 
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typical of the basic spectrum of acidic thiazine dyes. 
In acetone, Pr,NH (0-02 M) caused 50 per eent fading 
of compound I (initially 2-6 x 10-* M) in 1 h and 90 per cent 
in24h; BuNH, and Et,N cause comparable but somewhat 
slower degradation of the dye. Higher concentrations of 
amine strongly accelerate these changes. If a moderately 
faded solution is acidified, the blue colour is partially 
recovered but with Amax shifted. Drastically faded 
solutions, however, do not recover appreciably. 

By thin-layer chromatographic monitoring of appro- 
priate reaction mixtures and identification of the products 
by spectral and chromatographic comparison with 
standard dyes*, we have found that degradation of 1 
by these amines in all cases follows a common course. 
demethylation to II taking place rapidly, followed by 
slow formation of III. Other products characteristic of 
the particular amine used were readily distinguished at 
later stages but could not be identified with certainty. 
Thus BuNH, produced three purple dyes concurrently 
with II and III. Their spectra, which exhibited broad 
bands at 575-630 my, rule out diaminophenothiazine 
structures such as might arise by displacement of another 
amino group by BuNH, (ref. 9). Such products might be 
triaminophenothiazine dyes produced by addition of amine 
to I, II or III followed by air oxidation?:!", Ammonia also 
catalyses demethylation to TI and III, but at concentra- 
tions below 1-0 M displacement of dimethylamine pre- 
dominates, leading to IV and more slowly to V. Slow 
interaction of IV and V with Pr,NH, BuNH, or NH, in 
ethanol gave new dyes the spectra of which suggest 
both di and triaminophenothiazine structures. Gradual 
development of colourless degradation produets is evident 
in all cases, but identification of these has not been 
attempted. Covalent hydration of the dye structures 
or hydrolysis of amino groups is presumably involved. 
In acetone, large amounts of water are present when 
BuNH, is used. (Contrary to a widely held opinion", 
nearly immediate formation of the ketimine can be 
observed by infrared spectroscopy.) Some water is also 
to be expected in the NH, and Pr,NH solutions. 
In this solvent irreversible bleaching is especially 
favoured. 

These demethylation reactions are comparable with 
base-catalysed oxidation of I in water at pH 11. which is 
well known in stain technology*, and is a common mode 
of amine oxidation (see for example refs. 12-14). In the 
present case only compound I can initially serve as the 
oxidant; the reductant, being activated by base, is 
plausibly the ylide formed by deprotonation of a =NMe, 
group. This anaerobie process (reaction 1) would be 
coupled with continuous reoxidation of the leuco dye VI 
by air. Although any cationic dye present might subse- 
quently serve as oxidant, only those having residual 
dimethylamino groups would seem to be suitable sub- 
strates. This is in accord with the conversion of I to III 
but not to IV. We recognize that the observed degrad- 
ation sequence, l-—II—III, contradicts the series, 
I—II—IV, strongly supported for aqueous alkaline self- 
oxidation by the early work of Kehrmann'. This dis- 
erepancy remains unresolved. 

Photoactivated self-oxidation of I in less basic con- 
ditions may well have been involved in several reported 
studies!*-7, Evidence of this is best provided by the 
observation of oxidative dealkylation, which, however. 
has usually been explained otherwise. I is very slowly 
degraded by illumination in neutral water in anaerobic 
conditions, but at pH 11 or in the presence of certain 
buffers fading is rapid with concurrent partial demethyl- 
ation!**, An explanation along the present lines accommo- 


*Standard samples were recrystallized reagent grade dyes(I, Amaz 656 mu; 
V, Amax 605 mu) or were isolated chromatographically from biological stains. 
"Azure A’ (Allied Chemical Corporation) proved to be nearly pure IV (Amax 
624 mj); ‘Azure B’ contained approximately equal partsof Iand II (Amax 640 
my); ‘Azure C", nominally monomethyldiazine, contained five blue dyes, of 
which the chief components were I, IT and III (Amax 617 mag). Our identifi- 
cation of ITI rests on its chromatographic and speetral similarity to IV which 
was not Itself present, 
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dates the reported data without invoking oxidation of 
hydroxy! ion as has been postulated. f 

Even V appears to undergo photoactivated self: 
oxidation. In deaerated neutral water, illumination. 
causes slow fading and gives a difficultly soluble, possibly 
dimeric product having typical infrared and ultraviolet 
spectra (Amas, 600 mu) for a thiazine dye. This seems to 
us to cast new light on recent work with V (ref. 19}. These. 
results have close parallels in the photochemistry of 
riboflavine?*? and fluorescein“. 

F. C. SCHAEFER 
W. D. ZIMMERMANN 
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Stamford, Connecticut. 
Received June 21; revised July 25, 1968, 
‘McKay, R. B., Nature, 210, 296 (1966). 
* Yushina, V. V., and Nikolaev, L. A., Russ. J. Phys. Chem., 37, 1226 (1963). 
* Obata, H., and Koizumi, M., Bull. Chem. Soc. Japan, 30, 136, 142 (1967). 
* Weil, L., and Maher, J., Arch. Biochem., 28, 241 (1930). 
* Schenk, G. O., Angew. Chem., 69, 579 (1957). 
* Oster, G., and Yang, N-L., Chem. Revs., 68, 125 (1968). 
7 Bernthsen, A., Ann., 280, 73 (1885); Ber., 89, 1804 (1900). 
* Holmes, W. C., and Snyder, E. F., Stain Tech., 4, 7 (1099). 
* Gnehm, R., and Kaufler, F., Ber., 39, 1016 (19006). 
° Kehrmann, F., and Schaposchnikoff, W., Ber., 88, 3201 (1900). 
u Layer. R. W., Chem. Revs., 68, 487 (1903). 
?* Barnes, K. K., and Mann, C. K., J. Org. Chem., 82, 1414 (1907). 
8 Smith, P. A. S., and Loeppky, R. N., J. Amer. Chem, Soe., 88, 1147 (1967). 
H Bacon, R. G. R., and Stewart, D., J. Chem. Soc. (C), 1384, 1388 (1968). 
? Kehrmann, F., Ber., 89, 1402 (1906). 
x8 ves Obata, H., and Koizumi, M., Bull. Chem. Soc. Japan, 84, 1049 
1961). 
"n Koizumi, M., Obata, H., and Hayashi, 8., Bull. Chem. Soc, Japan, 87, 108 
1964). 


1$ Matsumoto, S., Bull. Chem. Soc. Japan, 97, 499 (1964). 
* Usui, Y., Bull. Chem. Soc. Japan, 88, 206 (1965). 

? Holmström, B., Arkiv Kemi, 22, 329 (1964). 

1 Lindqvist. L., Arkiv Kemi, 18, 79 (1960). 


Pseudo Polymorphic Transition: f 
the Amphibole—»Pyroxene Reaction 


SILICATES of the amphibole group are known to decompose 
endothermically, at temperatures above 600° C, to give a 
pyroxene and other products!-*. The composition of the 
pyroxene and other products is dependent on the comi- 
position of the amphibole and on the conditions of reac- 
tion. For example. the amphibole crocidolite decomposes 
according to the following scheme*': 


Crocidolite 
[Na Mg, Fes Fej BiO, (OH) 
rae ^ 
Air 


y * 
450-6007€  , M 
zl 
/ 


P. 
^ 


Inert atmosphere 
450--600* €? 
a 


Crocidolite anhydride + water 
(Na, Mg, Fef Fe; Si, O44] 
| 


r4 
Oxyerocidolite + water 
[Na,, Mg, Fej Si, O2,) 


| Air 
íi 890°C 


Inert atmosphere 
i 695° C 
Y 
Pyroxene 
*FejO, + 810, 


y 
Pyroxene 
+ Fe,O, + Si0, 


These reaction sequences give rise to well ordered 
erystalline products; in other words, the reactions are 
topotactic? 4, 

We have attempted to study the kinetics of the de- 
composition processes erecidolite anhydride--pyroxene 
and oxyerocidolite—pyroxene, using a sample of ero. 
cidolite from Wittenoom Gorge, Western Australia. The 
crocidolite sample had the approximate composition 
shown?. 























ea 


The reaction was followed quantitatively by X-ray 
powder diffractometry using a Philips PW 1010 X-ray 
generator and goniometer. In this method we assume 
that the area under a given diffraction peak is propor- 
tional to the relative amount of a given phase in a mix- 
ture. Tt was found possible to use the (110) and (310) 
amphibole reflexions for quantitative analysis, but the 
strongest pyroxene reflexion could only be used in a 
semi-quantitative manner. We therefore attempted to 
follow the decay of the amphibole peaks quantitatively 
using the growth of the pyroxene peaks as a qualitative 
check. The relative proportions of amphibole and 
pyroxene, in a mixture, were obtained by reference to a 
calibration curve. This curve was obtained by determin- 
ing the peak areas for a series of known mixtures of 
ground, unreacted crocidolite and fully reacted crocidolite 
-—that is, erocidolite containing only pyroxene, iron oxide 
and silica, An external standard was run before and after 
each quantitative diffraction determination, as a check 
on the stability of the diffractometer. 

The crocidolite was pre-treated, before kinetic runs 
were started, by grinding to — 40 mesh and then reacting 
to the oxyerocidolite stage, or the crocidolite anhydride 
stage, as shown in the scheme. The absence of the OH- 
stretching band in the infrared was taken to mean that 
these stages had been reached. The kineties of the oxy- 
erocidolite—pyroxene and crocidolite anhydride—pyrox- 
ene processes were studied by placing several samples in 
a pre-equilibrated electric muffle furnace. The furnace 
could be maintained to within +5° C of a desired tem- 
perature. Samples were removed from the furnace and 
quenched at specified time intervals. In the case of the 
oxycrocidolite->pyroxene process, the samples consisted 
of about 0-5 g oxyerocidolite spread lightly over the 
bottom of shallow nickel trays. For the study of the 
erocidolite anhydride—pyroxene process, the samples 
were packed into thin walled ‘Vycor’ test tubes approxi- 
mately 8 em x 0:9 em. In each case about 0-5 g of sample 
was used and the remaining 5 em of each tube was filled 
with tightly packed magnetite powder. This effectively 
prevented any oxidation by air of the crocidolite an- 
hydride or of reaction products. 

It soon became clear that both the oxycrocidolite— 
pyroxene and the crocidolite anhydride-+pyroxene pro- 
cesses were strongly dependent on temperature. For 
example, in the case of the oxycrocidolite—pyroxene 
process there was no observable reaction after heating 
for 20 h at 880° C. At 900° C the oxyerocidolite reflexions 
had completely disappeared after heating for less than 2 h. 
At temperatures between 880? and 900? C it was impossible 
to obtain reproducible results; of twelve samples placed 
in the furnace at 890^ C, and removed at intervals over 
24 h, some were completely reacted within 9 h and others 
showed no signs of reaction after 24 h. These observations 
were confirmed by a number of other runs at various 
intermediate temperatures. 

A similar phenomenon was observed for the crocidolite 
anhydride—»pyroxene process; at 690° C no reaction was 
observed in samples heated for 24 h; at 700°C the 
reaction process was complete within 3 h. At 695° C it 
was frequently observed that part of a sample in a par- 
ticular tube was completely reacted whereas in another 
part of the same tube there was no observable reaction. 
This effect was observed even after several hours’ heating, 
and long after thermal equilibrium had been established. 
With this process the progress of the reaction is visually 
obvious because crocidolite anhydride is light blue in 
colour whereas the product of reaction is whitish-grey. 
The demarcation line between reactant and product— 
between the blue and grey colours—was always sharp and 
frequently lay along the axis of the test tube. The grey 
reaction products were always on the side of the tube 
nearest the furnace heating elements. Quantitative con- 
firmation of the degree of reaction of those samples show- 
ing both colours was obtained by removing a sample 
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from the tube in one piece, slicing the sample into two 
parts along the line of demarcation, and analysing each 
part separately by X-ray powder diffractometry. This 
analysis did indeed show that the grey material was fully 
reacted to the pyroxene stage and that the blue material 
contained only crocidolite anhydride reflexions at the 
original level of intensity. 

The difference in the degree of reaction of the same, 
homogeneous sample within a single tube is clearly the 
result of the existence of a thermal gradient across the 
sample. A careful check of the temperature distribution 
in the furnace, at any particular stage of the beating- 
control cycle, showed that there was a temperature dif- 
ference of 4? C between the hottest and coldest parts. 
The temperature difference across a tube, or even from 
one end of a tube to the other, is very much less than this. 
It is apparent, then, that this process has a fixed tempera- 
ture below which the reaction will not start. The threshold 
temperature, as we call it, seems to be 695° + 5° C for the 
eroeidolite anhydride—pyroxene process. For the oxy- 
crocidolite—pyroxene process, the threshold temperature 
is 890?-- 10? C. With the temperature control presently 
available to us we have not been able to study quantita- 
tively the rate of reaction at the threshold temperature. 
At this temperature, however, the rate does appear to be 
fast. 

The behaviour shown in both these processes is com- 
parable with that of a solid undergoing a polymorphie 
transition, for example, a-quartze-quartz. The chief 
distinetions between these reactions and a polymorphic 
transition are: (1) the reactions studied here are not 
reversible; (2) there is a change in overall stoichiometry 
in the amphibole—pyroxene process. The point of simi- 
larity between the processes described here and a typical 
polymorphie transition is the fixed transition temperature 
under a given pressure. The reason for this similarity 
most probably lies in the close structural relationship 
between amphibole and pyroxene’. This close relation- 
ship is evidenced by the fact that the reaction processes 
are topotactic. The structures of oxycrocidolite and of 
erocidolite anhydride are not known in detail, but their 
X-ray diffraction patterns are almost identical with those 
of the parent amphibole?. Any distortion of intermediate 
structures, from the amphibole strueture, may well be in 
the direction of the final pyroxene structure. Thus only 
very minor atomic movements will be necessary to achieve 
the pyroxene structure. The sort of movements that are 
necessary have been discussed previously?*^^. 

To our knowledge. these are the first reported examples 
of processes exhibiting what may be called pseudo- 
polymorphic behaviour. It is clear that such processes 
will only occur when there is a very close structural and 
chemical relationship between reactant and product. If 
such a close relationship exists, then the process will 
almost certainly be topotactic in character. Further 
examples of such behaviour will most fruitfully be sought 
among reactions which are known to be topotactic. 
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BIOLOGICAL SCIENCES 


Identification of the Terminus of 
Nascent f2 Bacteriophage RNA 


Previous studies have identified the 5’ terminus of several 
bacteriophage RNAs, including f2, as pppGp! *. A num- 
ber of other experiments using phage RNA and fragments 
derived therefrom as messenger in an in vitro amino-acid 
incorporating system have led to the suggestion that the 
viral coat protein is encoded near this 5' end?-*. This inter- 
pretation depends on assumptions made about the trans- 
lation of fragmented RNA or the causes of differential 
rates of protein synthesis from different cistrons in vitro. 

For some time it has been clear that RNA replication in 
cells infected with phage involves structures which, when 
isolated, have been shown to contain double stranded 
RNA with nascent single strands attached’. Engelhardt 
et al.® have shown that these replicating structures, when 
purified and used to stimulate protein synthesis in vitro, 
cause the nearly exclusive production of f2 coat protein. 
Further experiments showed that this messenger activity 
is due to the nascent, single stranded tails on these inter- 
mediates. It is clear that the identification of the terminus 
of the tails with one of the ends of the intact single stranded 
RNA molecule would allow us not only to ascertain the 
direction of synthesis of f2 RNA in vivo but also to specify 
the location of the coat protein cistron on the f2 genome. 
We now present experimental evidence showing that the 
5' terminus of the tail is the same as that on the phage 
RNA (pppGp). 

Bacteriophage RNA labelled with P was grown and 
purified by the method of Webster et al.*, while *2P 
labelled replicative ensemble was prepared by the method 
of Engelhardt et ai. The tails were separated from 
the double stranded portion of the replicating structures 
by treatment with the E. coli enzyme ribonuclease III, 
which digests double stranded RNA specifically?. followed 
by phenol extraction and cellulose chromatography as 
described by Franklin' and Robertson et al.*. Several 
experiments have been performed to characterize these 
tails, and we shall report their results elsewhere. 

Tails were compared with single stranded f2 RNA for 
the presence or absence of the pppGp moiety. The RNAs 
were solubilized in 0-3 M KOH at 37° C and subjected to 
high voltage electrophoresis (25 V/em) on Whatman 3MM 
paper in 0-05 M sodium citrate, pH 3:5. Material with 
the greatest mobility (faster than GTP) from both f2 
and tails was eluted and subjected to a variety of analyses, 
the details of which we shall report elsewhere. Usually 
an excess of fast migrating material was isolated from 
the tails, per mole of internal phosphate, as compared 
with intact viral RNA. The comparative properties of 
the two preparations are summarized as follows. 

(1) Both adsorb to charcoal. and therefore contain 
organic phosphate. (2) Both migrate as single peaks of 
identical mobility when electrophoresis is repeated at 
pH 4-0. (3) Both show identical Ry values when ascend- 
ing chromatography is carried out on Whatman No. 1 
paper in 0-1 M sodium phosphate. pH 6-8, containing 60 
per cent ammonium sulphate and 2 per cent n-propanol. 
(4) Both release pGp to a similar extent when treated 
with venom phosphodiesterase as described by Roblin! 
or when exposed to mild acid hydrolysis as reported by 
Watanabe and August?. The 3’, 5’ nucleoside diphosphates 
were separated using two-dimensional paper chromato- 
graphy as described by Lane and his collaborators!t:12, 
(5) Neither released detectable amounts of pAp, pCp or 

Up. 

i These results show that the tails of the f2 replicating 
structures contain the same 5' endgroup as f2 RNA. This 
fact and our failure to find the other three nucleoside 
tetraphosphates indicate that in vivo f2 RNA synthesis 
oceurs in a 5' to 3' direction. Together with the experi- 
ments of Engelhardt et al, already mentioned, these 
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results constitute direct evidence that the coat cistron of 
f2 RNA is near its 5’ terminus. 
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grant from the US National Science Foundation. 
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Application of High Resolution 
Nuclear Magnetic Resonance to 
Conformational Analyses of 
Polypeptides in Solution 


Tue considerable interest attached to conformational 
studies of gramicidine S has resulted from the use of this 
compound as a model for computations of polypeptide 
conformations. Two conformations have been postulated 
from energy considerations: Vanderkooi ef al? have 
postulated a compact conformation for gramicidine S in 
which two identical pairs (L val-L orn) of the ten ammo- 
acids of this cyclic peptide form a short length of anti- 
parallel extended 8-conformation while the conformation 
postulated by Liquori et al.? is quite different in that the 
two identical segments (L val-r. orn-t leu) form segments 
of a right handed «-helix. Spectroscopic techniques such 
as optieal rotatory dispersion and infrared which have 
been applied with success to conformational analysis of 
synthetic homopolypeptides and proteins have given 
inconclusive results when applied to gramicidine S; this 
results from the cyclie form of this peptide and the fact 
that any regular structure, if present, can only involve a 
very small number of residues. Liquori and Conti? have 
attempted to adduce evidence from NMR spectroscopy in 
favour of the conformation? for gramicidine S by com- 
parison of the chemical shifts of the «CH protons with 
those of synthetic homopolymers. The salient point made 
by Liquori e al. from unpublished results is that “the 
chemical shift of an «CH proton in a homopolypeptide 
seems to be strongly dependent on the backbone con- 
formation of the amino-acid residues, to a smaller extent 
on the nature and conformation of the side chains and it 
is fairly insensitive to the solvent". Thus by comparison 
of the chemical shifts of the «CH protons of gramicidine 
S in dimethyl sulphoxide with those of the helical forms 
of poly L-leucine in trifluoroacetic acid/deuterochloroform 
(TFA/CDCI,) mixtures and poly L-ornithine in D,O, they 
deduce that there are helical segments in gramicidine S. 
We are not concerned here with the correctness or other- 
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Fig. L Poly-f-methyl DL-aspartate (1) and poly-y-benzy! DL-glutamate 
A c. 


(2) at 60 MHz in: A, CDCl, at 100° €; 


H B, cDOl/195 TFA; 
CDCL/595 TFA. 


wise of the theoretically predicted conformations of 
gramicidine S, but would like to demonstrate from our 
experimental NMR studies of polypeptides that consider- 
able diffieulties are involved if the chemical shift of the 
«CH. peak is used in a simple manner for conformational 
analyses of polypeptides. 

The polypeptides used in this study were poly-y-benzyl 
1-glutamate, poly-y-benzyl (30 per cent D 70 per cent L) 
glutamate, poly-y-benzyl (40 per cent D 60 per cent L) 
glutamate, poly-y-benzyl Dpr-glutamate', poly-g-benzyl 
L-aspartate and poly-B-methyl pr-aspartate, all synthe- 
sized by W. E. Hanby, of Courtaulds, Ltd. Poly-g-ethyl 
L-aspartate and copoly (r-glutamie acid??, L-lysine HBr’, 
r-alanine?) were purchased from Pilot Chemicals and 
copolymers of B-ethyl L-aspartate and §-benzy] L-aspartate 
were synthesized in this laboratory’. NMR spectra were 
recorded at 60 MHz on the Perkin Elmer R.10, at 100 MHz 
on the Jeol Co. Ltd JNM 4H.100 and at 220 MHz on the 
Varian H.R.220 spectrometers. The chemical shifts were 
determined with respect to the reference tetramethyl- 
silane or its water soluble derivative DSS. Optical 
rotatory dispersion curves of the same solutions as used 
for the NMR studies were recorded at the same tem- 
peratures on the Bendix ‘Polarmatic 62’ and were analysed 
according to the Moffitt and Yang* equation to give the 
b, parameter. The b, values were used to determine the 
helix content of the solutions by interpolating between 
the values obtained for the fully helical and fully random 
forms of the polypeptide. Thus for the benzyl glutamate 
polypeptides the b, value for the random coil form was 
-- 70? and for the helical form — 630° so that the expres- 
sion (b, -- 70)/700 was used to obtain intermediate values 
of helix content, while for the water soluble copoly 
(glu??, lys?5, ala?) a scale of b, from 0° to — 630° was used. 

In order to use the chemical shift of the «CH resonance 
for conformational analysis it is necessary to demonstrate 
that the different conformations have measurably different. 
chemical shifts. Ferretti? has shown this to be the case 
for helix and coil forms of poly r-leucine and poly-6-methyl 
L-aspartate in TFA/CDCl, mixtures. We have found for 
poly-y-benzyl r-glutamate in TFA/CDCl, solutions that 
the chemical shift of the «CH peak is 555r for the 
random coil form and 6-00-6-057 for the right handed 
'a-helieal form and these peaks are sufficiently widely 
separated to allow an estimate to be made of the helix 
content through a range of TFA/CDCl, solvent mix- 

. tures*. Tt has been suggested that the upfield shift of 
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the «CH peak on helix formation? in TFA/CDCI, solvent 
systems can be attributed to the anisotropy of the peptade 
bond and that the observed shift is thus an intrinsic 
property of helix formation. It is also well known, how- 
ever, that TFA strongly interacts with polypeptides and 
the difference in ehemical shift between the helix and coil 
forms may result from the solvation of the random coil 
portion with TFA. To check this we have studied the 
behaviour of poly-8-methyl pr-aspartate and poly-y-benzyl 
pL-glutamate in deuterochloroform and mixtures of TFA/ 
CDCl,. The results for the «CH resonance are shown in 
Fig. 1, where it can be seen that in chloroform at 100? C 
a single peak is observed at 559r for poly-$-methy! 
DL-aspartate and at 6:05« for the pr-glutamate polymer. 
Films of poly-y-benzyl pr-glutamate have been shown to 
contain a large proportion of the random coil form’ and 
it is reasonable to suggest from this that poly-y-benzyl 
pr-glutamate in CDCI, at 100° C contains a substantial 
random component. The single peak observed at 6-07 for 
the «CH proton resonance is thus characteristic of the ran- 
dom coil form in pure CDCI, as well as for the helical form 
in this solvent. Addition of small amounts of TFA to the 
deuterochloroform solution results in a gradual displace- 
ment of the single peak to 5-57, the position characteristic 
of the random coil form of poly-y-benzyl r-glutamate in 
mixtures of TFA and CDCl, It may therefore be con- 
cluded from this behaviour that the helical and random 
coil forms of poly-y-benzyl glutamates have the same 
chemical shift in pure chloroform, but in the presence of 
TFA the xCH of the random eoil form shows a displace- 
ment to 5-57 as a result of solvation. Similar behaviour 
was observed for poly-8-methyl pr-aspartate but with 
different chemical shift values; the single «CH. peak at 
5-597 in CDCl, at 100° C is displaced to 5'207 on the 
addition of 5 per cent TFA. This identity of the chemical 
shift of the «CH peak for the helix and coil forms in pure 
chloroform does not hold for all pure solvents, for we 
have found that in dimethyl formamide d, the chemical 
shift of the «CH peak of the helical form of poly-y-benzyl 
L-glutamate is 5-907 while the position for the random 
coil form of the pr polymer is 575r. This shows further 
that the same conformation in different solvents may have 
different chemical shift values for the «CH peak. 

It has been predicted that resonance peaks from «CH. 
protons in an infinite right handed helix would occur 
"approximately 0-5 p.p.m. downfield of the corresponding 
resonance for infinite left handed polypeptides"'*. Poly- 
f-benzyl r-aspartate is anomalous when compared with 
other L-polypeptides in that it takes up the left handed a- 
helix in chloroform and other organic solvent solutions!?:, 
Thus it might be thought that a comparison of the NMR 
spectrum of poly-8-benzyl r-aspartate with that of the 
right handed «-helical form of poly-y-benzyl r-glutamate 
in the same solvent systems would show whether the 
predicted chemical shift difference of the «CH. peak for 
the different helix senses occurs. The results given in the 
previous paragraph show that the position of the «CH 
peak for the r-glutamate polymer is approximately 
0-45 p.p.m. upfield of that found for the r-aspartate 
polymer. Similar observations have been made by 
Markley et al.*. The shift is therefore in the opposite 
direction to that predieted by Sternlicht and Wilson". 
In contrast, Ferretti? has shown that the chemical shift 
of the «CH peak for the right handed helix form of poly 
L-leucine in 42 per cent TFA/58 per cent CDCI, is 5-637, 
approximately 0-1 p.p.m. downfield of the peak position 
for the left handed form of poly-B-methyl L-aspartate in 
5 per cent TFA/95 per cent CDCl, The question arises, 
however, as to whether one is justified, from a simple 
comparison of these spectra, in attributing the observed 
difference in chemical shift of the helical «CH peak to the 
different geometries of the L-peptide group in the two 
helix senses. In addition to the possible effect of helix 
sense it ean be shown that two further factors govern the 
peak position; these are the nature of the side chain and 
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the proportion of TFA in the solvent mixture or both. 
The influence of the latter factor can be seen from our 
observations that the chemical shift of the «CH peak for 
the helical form of poly r-leueine in 20 per cent TFA/ 
80 per cent CDCI, (b,— —523^) is 578: (which agrees 
with the values shown by Liquori and Conti’), while in 
40 per cent TFA/60 per cent CDCI, (in agreement with 
Ferretti’) it is 5-637. If it were possible to dissolve poly 
L-leucine in mixtures containing less TFA, the «CH peak 
might be expected to shift closer to 6-0 as was observed"! 
for poly p-norleucine and poly p-«-amino-n-butyrie acid 
in 10 per cent TFA/90 per cent CDCl, It is, however, 
possible to evaluate the effect of helix sense on the 
chemical shift of the «CH proton from studies of other 
aspartate polymers, for it has recently been shown that 
the anomalous behaviour of benzyl r-aspartate is not 
general to all aspartate polymers. Thus of the ten poly 
aspartate esters studied® 1516, only two, the benzyl and 
methyl esters, are found in the left handed form in 
chloroform at room temperature, while the other eight 
are in the right handed a-helix form. These observations 
allow a comparison of the chemical shifts of the «CH 
peak for the left handed and right handed helix senses of 


aspartate polymers in similar solvent mixtures. Fig. 2 
Table 1. aCH CHEMICAL SHIFT VALUES 
Polymer Solvent Helix Random 
y-Benzyl n1-glutamate CDCL, 605r 6-051 
y-Benzyl L and Dr-glutamates CDCL,/TFA 6-05r 5-55 


B-Benzyl L-aspartate CDCL,/295 TFA $2r(L1) — 5:350 





B-Ethyl L-aspartate CDCI,/2% TFA 56r 53r 
Copoly fl-ethyl benzyl (50/50) 
L-aspartate CDCl/195 TEA G1 CL) 
B-Methyl pr-aspartate CDCI, 5-597 559r 
B-Benzyl, S-ethyl and copoly 
benzyl ethyl L-aspartate UDCI/59; TRA — 5:15-5-201 
L-Leucine 6095 CDCI, 565r hr 
: 40% TFA 
L- Leucine $0% CDCI, STRT 
20% TFA 
Copoly glut? Lys? ajast D,O pD22:5 yTRT VIRT 
y- Benzyl r-glutamate Dimethyl! 
formamide d; 5-907 
Benzyl pi-glutamate Dimethyl 
formamide d, 55r 


(L) indicates a left handed helix, all the others are right handed. 


shows the 220 MHz spectra for the partly helical forms 
in TFA/CDCI, mixtures containing <5 per cent TFA of 
the left handed benzyl r-aspartate polymer and the right 
handed x-helical form of poly-8-ethyl r-aspartate, together 
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Fig. 2. A, Poly-D-ethy! L-aspartate in ~2 per cent TFA/CDCI, (220 
MH») B, poly-8-benzy! L-aspartate in ~2 per cent TFA/CDCI, (220 
MHz); C, poly-y-benzyl L-giutamate in 8 per cent TFA/CDCI, at 12° C 
{100 MHz). H, Helix position; R, random coil position of the aCH peak. 


Fig.3. Spectra at 100 MHz of: 4, poly-y-benzyi 60 1/40 p ghttamate is 
3 per cent TFA/CDCL; B, poly-y-benzyl 70 1/30 D glutamate im. ~ 0S 
percent TFA/CDCI,; C, ET 100 L giitamate in ^ (i5 per cent 
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with the corresponding region at 100 MHz for a partially 
helical poly-y-benzyl r-glutamate. Although in the spectra 
of the aspartates the «CH. peaks are partly obseured by 
the CH, peaks of the ethyl and benzyl ester groups, it can 
be seen that chemical shifts of the «CH peaks for both the 
helical and random coil forms are similar for both helix 
senses and are quite different from those observed for 
right handed poly-y-benzyl r-glutamate. Analysis of the 
curves by reflecting the shape of the non-overlapping 
edges of the ester CH, resonance peaks results in the 
chemical shift values given in Table 1. This table also 
includes chemical shift values for the «CH peak of other 
polypeptides in different solvents and it is interesting 
that the chemical shift of the «CH peak of poly-fi-benzyl 
L-aspartate in 5 per cent TFA is 5-15+ and is appreciably 
lower than the random coil peak position for the partially 
helical system in ~2 per cent TFA. The origin of this 
chemical shift difference is not clear and may result from 
the interaction of TFA with the aspartate amide group 
in a conformation which is not fully random-—-the ba 
values of about — 250° found for aspartate polymers in 
solutions containing more than 5 per cent TFA are 
anomalous for random coil forma! 3. Of course, the. 
comparison of chemical shifts for the two helix senses of 
aspartate ester polymers may be questioned because the- 
side ehain-main chain interaction may be different in. the 
two cases and the different magnetic anisotropies might 
lead to a fortuitous agreement in chemical shifts of the; 
xCH peaks. To obtain further information on the chemical 
shift of this peak for residues included in heliees of the 
"wrong" sense, we have examined a series of benzyl 
DL-glutamate polymers with differing proportions of p 
and r residues. Optical rotation data* have shown that 
for the copolymer series 100 L to 70 per cent L 30 per 
cent D, a single right handed helix form exists in chloro- 
form, that is, the higher proportion of the rn residue is 
able to dictate the helix sense of the copolymer in this 
range. For higher proportions of the p residue the single 
helix sense breaks down and some random coil regions are 
formed together with helical segments of both senses. 
The polypeptides used in this study are the series 373 of 
ref. 4, and Fig. 3 shows the 100 MHz spectra of helical 
poly-y-benzyl L-glutamate and the 70 r:30 n copolymer 
both m CDC], to which small amounts of TFA (about 
0-5 per cent) have been added to avoid aggregation. ` 
These spectra show that although 30 per cent of the n 
residues are included in a fully right handed helical poły- 





mer, a single resonance peak is observed for the CH o 




















72 





Ap 4 
Jo und 
¥ 
C [o 
& a H 
Ai a ÀJ i M 
B ti i ist Miti niren 














NATURE. VOL. 220. OCTOBER 5. 1968 


similar for both random coil and a- 
helical forms. Furthermore, in solu- 
tions of low TFA content the peak 
position is not dependent on whether a 
given residue is included in a left or 
right handed helix. Thus it follows 
that the position of the CH peak is 
not necessarily sensitive to the con- 
formation of the backbone. 

Tt has been shown further that for 
certain polypeptides, for example, 
aspartates and glutamates, the differ- 
ent side chains have a marked effect 
on the «CH positions. This result 











Fig. 4. Copoly (r-glutamic acid??, L-lysine HBr”, r-alanine?*) in D,O (pH = 2-5) at 220 
' 507 E (ba 


MHz: 4.135 C (b= — 448°), B. AP C (bom = 271°): 
protons which is identical to that of the L polypeptide. 
The spectrum of the 60 L : 40 D copolymer in 3 per cent 
TFA/97 per cent CDCI), is also given in Fig. 3 and shows 
identieal positions for the random coil and helix peaks as 
the single helix sense begins to break down. It ean be 
coneluded from this that the chemical shift for the 4CH 
peak of a p residue included in a right handed helix is 
very similar to that for an L residue in the same helix. 

In view of the interest in the application of high 
resolution NMR to studies of proteins and changes in 
their eonformations, results obtained from water soluble 
model polypeptide systems are particularly interesting. 
Thus it is interesting. to know whether helix-^coil 
transitions in water soluble polypeptides are accom- 
panied by measurable changes in the «CH peak position 
and whether these ean be applied to conformational 
analysis of proteins. Studies have been made at 60 MHz 
of poly r-glutamie acid*!*, poly L-lysine! and copoly 
(L-glutamic acid*?, r.lysine HBr**, r-alanine?")!*, Very 
small shifts upfield of the «CH peak of 0-1 p.p.m. 
were observed for poly r-glutamie acid in helix forma- 
tion and a shift of similar magnitude was observed 
for poly r-lysine HBr. In contrast, the copolymer 
(1-glutamie acid*, r.lysine HBr**, r.alanine?") showed 
no shift in the position of the «CH peak which remained 
at 5-787 for a change of helix content, estimated from the 
b, values, of from 10 per cent to 60 per cent. A remark- 
able feature of the high resolution NMR spectra of the 
copolymer is that the «CH resonance peak remains un- 
changed in area and width for the same range of helix 
contents. Thus for this range the residues have sufficient 
mobility to give rise to a well developed high resolution 
peak and the observed linewidth of 16 Hz indicates that 
the motions of these segments have correlation times of 
~l0 s, To confirm that the peak observed for the 
«CH at 60 MHz is single and not the envelope of two 
overlapping peaks with a small chemical shift difference, 
spectra were recorded at 220 MHz. These spectra are 
shown in Fig. 4 and it ean be seen that for helix contents 
of 32 per cent and 43 per cent a single peak is observed 
which does not change in area or width. For a helix 
content of 71 per cent a marked broadening of the «CH 
peak is observed. In addition a small upfield displacement 
of the «CH peak of about 0-04 p.p.m. is observed at 
220 MHz for a change in helix content of 32 per cent to 
71 per cent. From these observations it can be concluded 
that there is only a very small chemical shift difference 
between the «CH peaks for helix and random coil forms 
in aqueous solutions. 

In conclusion, the topic of discussion is whether or not 
the chemical shift of the «CH peak can be used for con- 
formational analysis of peptides and polypeptides. We 
have shown that for polypeptide systems in chloroform 
and water the chemical shift of the «CH peak is very 


must be attributed to different mag- 
netie anisotropies arising from differing 
interactions between side chains and 
backbone. "This is not unreasonable, 
for the anomalous behaviour of the 
poly L-aspartate esters has been 
attributed to a destabilizing dipolar interaction between 
the side chain ester groups and the amide groups of the 
poly peptide backbone!*, 

Concerning the effect of solvents, studies of pr, polymers 
have shown that solvation of the random coil with TFA 
in CDCI, solutions results in a marked downfield shift of 
the «CH. peak, irrespective of the nature of the side chain. 
Furthermore, polypeptides (for example, poly r-leucine) 
which retain a partially helical conformation in solutions 
of high TFA content show that the position of the helical 
«CH peak is also dependent on the amount of TFA. 

These conclusions are eontrary to the assumptions of 
Liquori and Conti? and demonstrate that it is very 
difficult to use the chemical shift of the «CH peak for 
conformational analyses of peptide systems by com- 
parison with the peak position of homopolypeptides in 
different solvent systems. 

We thank the staff of the NMR laboratory, ICT Ltd, 
for the 220 MHz spectra and Dr S. Murakami, of Jeol, 
Paris, for 100 MHz spectra. One of us (H. W. E. R). 
thanks the governors of Portsmouth College of Technology 
for a research assistantship. The work was supported by 
the Science Research Council. 
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Optical Rotatory Dispersion of the 
Peptide Antibiotic Stendomycin: the 
Architecture of Microbial Peptides 


A STUDY of the peptide antibiotie stendomycin' resulted 
in the tentative formula? 


FAÀ-—Pro—NMe'Thr-—Gly— Val—alle-—Ala— A-But —aThr— Val — Val 


| 
*"B'"—alle—Ser 


where FA stands for fatty acids (isomyristic acid, isotri- 
deeanoie acid and their lower homologues), NMeThr is 
N-methyl-n-threonine, A-But is dehydrobutyrine, a is 
allo, and “B” is 


CH, 


CH, 

Observations were made suggesting the existence of 
a preferred conformation of the molecule, and a tendency 
for aggregation or association between molecules. | The 
modified Rydon reagent? butylhypochlorite! gave no 
reaction with spots of stendomycin on thin-layer plates 
coated with silica gel. There are not less than twelve 
—CONH-— groups in the antibiotic, so the assumption 
had to be made that the hydrogens on the amide nitrogens 
are in the "inside" of the strueture and hence unavailable 
for the reagent. The partition coefficient of stendomycin 
in several solvent systems was dependent on concentration 
to a considerable degree. This behaviour can be inter- 
preted as a consequence of association, probably related 
to a preferred conformation. Stendomycin (hydrochloride) 
is significantly more soluble in water at 4° C than at 25° C, 
which suggests? that the hydrophobic side chains of its 
constituents* are principally on the outside of the mole- 
cule. The existence of a preferred architecture for the 
antibiotie is also supported by the fluorescence of its 
aqueous solution with the hydrophobie probe ammonium 
8-anilino-1-naphthalenesulphonate?. This fluorescence is 
striking in the ease of dihydrostendomyein as well, but is 
weak in the derivatives of the antibiotie where the lactone 
ring has been opened by hydrolysis or ammonolysis. 

In order to gain some more information on its architec- 
ture, the optical rotatory dispersion (ORD) of stendomycin 
was studied. The measurements were performed with a 
Carey model 60 recording spectropolarimeter, at room 
temperature, in fused silica cells of 1 em and 0-1 em 
path length. Solutions (1 per cent) of the antibiotie were 
prepared from weighed samples and diluted to keep the 
optical density below 2 at any wavelength. Solutions 
of the antibiotic in water exhibit a peak at 240 mp, and 
in aleohol a trough appears at 310 mu. In chloroform the 
ORD spectrum is similar to that found in alcohol; in 
aqueous ethanol the speetrum is intermediate between 
those observed in water and in ethanol. The Cotton 
effects are unrelated to the chromophore, the double 
bond in the dehydrobutyrine moiety of stendomycin. 
This was shown by the optical rotatory dispersion spectra 
of dihydrostendomyein, in which this chromophore is 
absent. These spectra are not significantly different 
from those observed on the parent molecule. While no 
interpretation can be offered for the above Cotton effects, 
the trough at 310 my could be related to the lactone ring: 
no trough is observed after opening the ring with dilute 
alkali. The solutions exhibited no measurable circular 
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dichroism in this wavelength region. The ORD curves 
and ultraviolet absorption speetra are shown in Figs. 
l and 2. 

Our observations are insufficient for the defini 
the architecture of stendomyein. Neve 
point to the existence of a well defined arch 
least to a preferred conformation. A reasonable assump- 
tion, offering an explanation for the pecu- 
liar eharacteristies of the antibiotic, ean 
| be made by visualizing the "side chain" 
aThr of the molecule (the part outside the lac- 
| tone ring) as bending over the ring and 
covering it from one side. A molecular 
model of stendomyein built on this 
assumption reveals that the ring contains a hole or cleft, 
and the latter is in the environment of the single but 
strong cationic centre of the "B" moiety. ‘The cleft could 
accommodate anions and the molecule could serve as an 


tion of 






1,500 , 


(aya 





250 300 350 400 450 5060 
À (mg) 


Optical rotatory dispersion of stendomycin solutions, 
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Fig. 2. Ultraviolet absorption spectra of stendomycin solutions, 
1, Stendomyein in water (x); EtOH (C); CHCl, (A). 2, Dihvdro- 
stendomytin in EtOH. 
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“ionophore”! bringing anions through lipid rich mem- 
branes. 

Reported optical 10tatory dispersion spectra of peptide 
antibioties*-? all point towards the existence of preferred 
eonformations in these moleeules. Moreover, the cyclic 
nature of most peptide antibioties, and of many miero- 
bial peptides with no known antibiotic properties, suggests 
that they play (or played during earlier stages of evolution) 
some part in the life processes of the micro-organisms 
producing them. The holes or clefts may have a signifi- 
eance similar to that of holes and elefts in enzymes such 
as lysozyme, or in other functional proteins such as 
myoglobin or haemoglobin. 

This speculation is supported by the finding that the 
mierobial peptides (the peptide antibioties are a rather 
pragmatically classified part of these compounds) formed 
m the evolution of life after the establishment of the 
principle of the construction of functional compounds 
from L-amino-acids. The rule of c-epimerization!* which 
shows that the p-amino-acids of microbial peptides stem 
from r-amino-acids provides sufficient evidence for this 
assumption. The biosynthesis of microbial peptides is 
independent of the DNA-RNA ribosome way of protein 
synthesis", yet it seems likely that they are functional 
moleeules, possibly vestiges, of a form of life preceding 
protein synthesis", 

'This work has been supported by a US Publie Health 
Serviee grant. 
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Functional Interactions between 
Biogenic Amines, 3',5'-cyclic AMP and 
Manganese 


Tuer similarities between the dysfunctions of Parkinson- 
ism and chronic manganese poisoning have been noted 
earlier. Evidence has recently suggested that subjects 
with either of these diseases could have diminished cerebral 
concentrations of dopamine: dihydroxyphenylalanine 
(DOPA) has ameliorated Parkinsonians? in whom diminu- 
tion of striatal dopamine is an established fact‘. The 
game amino-acid has lessened the rigidity of individuals 
with chronic manganism!, and so it is thought that in 
these cases, too. there must be a low concentration of 
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dopamine in the brain: DOPA is an immediate precursor 
of dopamine. 

These parallel studies of Parkinsonism and manganism 
deal with symptoms, shared by both diseases, which 
respond to the administration of the same catecholamine 
precursor—DOPA. When these studies were being 
carried out a persistent question was whether the meta- 
bolism of manganese is linked to that. of catecholami 
Earlier studies have suggested that this was so*/^. 
systems studied earlier, however, could not have made 
possible the identification of an intracellular entity on 
which the two metabolic pathways might converge. 
Neither did it seem promising to search for sueh a system 
in the brain: the blood-brain barrier and the great 
struetural complexity of this organ militated against this. 
The liver, however, seemed promising: it has fast trans- 
port, relative homogeneity and is a large organ drained 
by a small pool. Minor metabolie changes in the liver 
could therefore be amplified into major changes in the 
composition of the bile. Only the future will show, 
however, whether insight gained from the liver will apply 
to the brain. 

Interaetion between manganese and DOPA (or one 
of its active metabolites) was first shown on thirty-six 
mice, each receiving 10 mg of DOPA/g of diet. Neutron 
activation analysis showed a gradual inerease of the 
concentration of manganese in their livers. This reached 
40 per cent more than control values at the end of 4 weeks. 
'There was no overlap between these and the control data. 

We wondered whether the increase in manganese 
concentration was associated with a decrease in its biliary 
excretion. Because it is difficult to apply catheters to 
the bile ducts in mice, we used rats. Nembutal was used 
because some other anaestheties affected the biliary 
excretion of manganese as well as the bile flow. 

The rats were laparotomized, their bile ducts were 
catheterized and earrier-free *Mn** was injected intra- 
venously. Excretion of this radioisotope was quantified 
as follows: serial bile samples were collected, weighed, 
assayed for radioactivity and expressed as ¢.p.m. of 
*!Mn/g of bile. After the establishment of a baseline, 
various substances or their vehicles were injected and we 
looked for evidence of a perturbation of the baseline. 
Whenever we quantified both the artificial and the natural 
isotopes of manganese, we used neutron activation 
analysis^* without changing the experimental design. 

Intravenous injections of L-DOPA (5-20 mg) were 
followed in each of six rats by the anticipated decrease in 
the biliary excretion of Mn. The output of isotope 
diminished by 40-75 per cent of the baseline within 40 
min and rose to control values at the end of an additional 
60 min. Because this phenomenon was not dependent on 
dose we wondered whether one of the active metabolites 
of DOPA had induced this effect. We therefore tried 
using some biogenic amines. 

Intravenous injections of tyramine HCl (50 and 75 mg) 
produced no significant perturbations of the baseline, 
whereas noradrenaline HCl (0-04-0-7 mg) gave sub- 
eutaneously equivocal results in five experiments. By 
contrast, the following amines induced in every experi- 
ment a significant drop in the excretion of **Mn : dopamine 
(2-5 mg. given subcutaneously); t-adrenaline HCl 
(0-04-0-1 mg. given subcutaneously); D.L-isoproterenol 
(0-5-1 mg given intravenously or subeutaneously). 

Although the magnitude of these responses was not 
dependent on dose, it was perhaps meaningful that only 
some of the amines tested were capable of inducing 
diminished excretion of manganese: it was unlikely that 
this phenomenon was a consequence of the formation of 
complexes between manganese and these amines. Indeed, 
in different experimental conditions, Sutherland? has 
demonstrated varying potencies among various amines, 
which he correlated convincingly with the capability of 
each amine to increase the production of cyclic 35'- 
adenosine monophosphate (cyelic 3,5/-AMP). Thus it 
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Fig. i. Excretion of “Mn into the bile of rats. The data were normal- 

ized at the time of injection of the substances indicated. (€) 0-5 ml. of 

water: (A) 0-04 mg of adrenaline; (8l) 2:5 mg of 3,5' cyclic AMP; (W) 
0-1 mg of glucagon, 


seemed to be possible that the phenomenon encountered 
by us was also linked to the intracellular concentration of 
eyclic AMP. 

To increase this concentration cyclic AMP was injected 
intravenously or subcutaneously (2-75 mg). Each of 
eight experiments was strongly positive. The experiment 
shown in Fig. 1 was representative, but again this re- 
sponse was not dependent on dose. Furthermore, an 
artificial radioisotope had been measured here, whereas 
the isotope that had accumulated in the livers of the 
mice fed on DOPA was the natural one. Thus the natural 
as well as the artificial metal had to be measured in the 
bile together. When cyclic AMP was administered as 
shown in Fig. 1, there was a perturbation in the concentra- 
tions “Mn and **Mn in the bile. The specific activity 
of Mn behaved identically to control animals?, how- 
ever, without showing any perturbation. Similarly, 
adrenaline (0-5 mg, given subeutaneously) induced a sharp 
diminution in the rate of excretion of both isotopes, but 
not in the rate of their mutual exchange. The cellular 
pools involved in this phenomenon must therefore have 
contained readily exchangeable manganese. 

Consistent though these results were, they did not 
prove that cyclic AMP constituted a link between the 
metabolism of amines and that of manganese. Hormones 
other than amines are also known to increase the concen- 
tration of cyclic AMP'!*, Of these, glucagon has as its 
prime target the liver. Thus, if glucagon were to affect 
the excretion of manganese like the amines had done, it 
would be much more likely that cyclic AMP was the link 
which we were seeking. In five out of six animals receiv- 
ing 150-300 mg of glucagon/kg subcutaneously, there 
were induced responses like that recorded in Fig. 1. 

This diminished exeretion of manganese, induced by 
the action of glueagon, was compatible with enhanced 
accumulation of manganese in the liver. Enhanced 
accumulation might be accompanied by an increased liver 
uptake of “Mn. This was therefore investigated next. 

Rats anaesthetized with nembutal were injected with 
either glucagon (300 ug/kg, subcutaneously) or with water 
for injection. After 30-40 min, all rats were given 3 pCi 
of “Mn*+ intravenously. They were killed after a 
further 20 min. The mean percentage of **Mn in the livers 
of ten animals treated with glucagon was 38-0 per cent 
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whereas for ten controls it was 30-7 per cent (P « 0-001). 
This indicated that glucagon bad induced not only-&à 
depression of the output but also an enhancement of the 
uptake of **Mn by the liver. 

This enhanced accumulation of manganese took place 
while the hormone was releasing glucose from ihe liver 
into the extracellular compartments. Manganese can be 
made to aceumulate in the liver without using this hor- 
mone, simply by administering a manganese load! 
Thus it was interesting to determine whether manganese 
itself could mimic the action of glucagon on the concentra- 
tion of extracellular glucose. Indeed, intravenous injee. o 
tions of manganous sulphate (1-2 mg of Mn/kg) to six 
rats induced in all a sudden inerease of the serum glucose 
concentration. This increase approximated 35 per cent 
higher than the baseline values. It lasted for 30. 
min and then slowly declined. The baseline values of 
the serum sugar, however, were unexpectedly elevated, . 
that is, they were 145-190 mg/100 ml. This seemed to 
be a consequence of nembutal anaesthesia. In one. 
experiment, however, such a baseline value (150 mg 
per cent) was increased by glucagon (300 pg/kg, given 
subeutaneously) to 336 mg per cent and there appeared 
to be demonstrable glueose!? in the bile. 


Table 1. SUMMARY OF THE TRENDS DISCUSSED IN THE TEXT 


Liver Extracelinlay 
Substances Cyclic Bile Serna 
administered AMP Manganese manganese glucose 
L-Dopa + i 
Dopamine H 
Adrenaline f $ 
D,L-Isoproterenol 1 i 
Cyclic AMP $ i 
Glucagon 1 $ $ 1 
Manganese 1 t 


Changesin the levels of cyclic AMP are surmised from the literature, whereas 
those of manganese and of glucose were measured as indicated in the text. 


Table 1 summarizes the evidence we have mentioned. 
The use of an anaesthetie precludes the choice of a single 
biochemical model in interpreting these relationships. 
At present the only permissible conclusion seems to be 
that cyclic AMP linked the metabolism of amines with 
that of manganese in the experimental conditions prevail- 
ing here. Higher resolution of this system might be 
helpful to eventual studies of brain. 

This work was supported by the US Atomic Energy 
Commission and, in part, by the National Institutes of 
Health. 
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Age Variations of Acid 
Deoxyribonuclease Activity in 
Mouse Liver Nuclei 


THERE are at least two endonucleases in mouse liver. 
One of these, probably identical to the enzyme in rat 
liver described by Curtis et al.!?, at an optimum pH of 7, 
hydrolyses RNA and DNA denatured by heat, prefer- 
entially to native DNA (personal data). The other is 
an aeid deoxyribonuelease (DNase), the partial purifica- 
tion and properties of which have been described else- 
where*. These properties are very similar to those of the 
acid DNases extracted from several organs of higher 
mammals. Although these acid DNases are widely 
distributed, their role in the cell is still unknown. A 
relationship may exist between the activity of these 
enzymes and the replication of DNA*. We have investi- 
gated variations in aeid DNase activity in mice of different 
ages. A nuclear fraetion and a cytoplasmic fraction con- 
taining the mitochondria and lysosomes were isolated 
from liver cells. The nuclear activity is high at 24-48 h 
and decreases markedly during the first month of life, 
while the activity of the cytoplasmic fraction remains 
constant. 

Isogenie Swiss mice were killed at different ages from 
birth up to 7 months. Enough animals were used to 
obtain 1 g of liver. The separation of fractions was 
carried out according to the technique described by Chau- 
veau®, The sample was homogenized in 10 ml. of 2:2 M 
solution of saccharose, and then centrifuged for 1 h at 
50,000g in a Spinco (model L), rotor 40, preparative centri- 
fuge. The pellet containing the nuclei was collected and 
suspended in 1 ml. of 0-25 M saccharose. Whole cells, 
broken cells and the other free subcellular organites 
gathered on the surface of the 2-2 M saccharose solution 
were suspended in 10 ml. of 0-25 M saccharose solution 
and centrifuged at 700g for 5 min. The supernatant 
liquid containing chiefly free mitochondria and lysosomes 
was centrifuged for 15 min at 22,000g and the pellet 
suspended in 1 ml. of 0-25 M saccharose solution. The 
liquid which stayed between the pellet of nuclei and the 
material lying on the surface of the 2-2 M saccharose 
solution formed another cytoplasmic fraction and this 
was used to carry out the contamination controls. 

The medium for assay of acid DNase activity (acid 
solubilization of calf thymus DNA) was: acetate buffer 
0-1 M and EDTA 0-01 M; pH 5. In 1 ml. of incubation 
medium the quantity of DNA was 400 ug; the quantity 
of proteins of the enzymatic preparations, introduced in 
40 ul, varied between 0-1 and 0-7 mg. Preparations of 
nuclei counted with a Malassez cell varied very little and 
amounted to 1:45+0-05 x 105/ml. of incubation medium. 
For each experiment five determinations of enzyme 
activity kinetics were carried out at 37° C for 120 min. 
The acid soluble oligonucleotides were assayed by the 
Dische-Burton technique, and proteins by Lowry's 
technique. The results are expressed in umoles of phos- 
phorus (P-DNA) liberated as acid soluble oligonucleo- 
tides in 1 min by 1 mg of protein. 

We performed several control experiments to ensure 
that variations in enzymatie activity were not linked 
with the technical conditions of extraction and enzyme 
assay. Eventual contamination of the nuclei by the 
DNase contained in the cytoplasm was a possible source 
of error, and to evaluate the importance of contamination, 
we assayed in each fraction the acid DNase and eyto- 
chrome oxidase which is absent from the nuclei? by the 
speetrophotometrie method of Smith* (Table 1). If pre- 
parations of nuclei are contaminated by cytoplasmic 
fractions, most of the nucleie acid DNase activity cannot 


—ba caused by this contamination. We measured the acid 


ivity of nuclear preparations without having 
destroyed the nuclear membranes and we 
two preparations of liver nuclei from mice 
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Fig.1. Acid DNase activity of subcellular fractions of mouse liver. The 
results are given as the mean + the standard deviation. The number of 
experiments for each point is: 
Age (days) 1 2 10 12 15 20 80 180 200 
Nuclear fraction (@) 11 7 7 5 — 6 7 5 5& 
No. exp. - 
Cytoplasmic fraction (©) i11 


24 h and ! month old before and after grinding the 
nuclei by a "Turrax'. The DNase activities are similar: 
205 and 187 for the liver nuclei of 24 h old mice and 47 
and 53 for the liver nuclei of 1 month old mice. 


Table 1. ACTIVITY OF ACID DNase AND OF CYTOCHROME OXIDASE IN THE 
NUCLEAR AND CYTOPLASMIC FRACTIONS Acid 
ci 


Activity Activity ot DNase 
ofacid eytochrome 4stivity 
DNase oxidase* Cyto- 

(umolos (log,,ODat chrome 

P-DNA/ 550mpz/min oxidase 


Cellular fractions 





min x 105) x 105) activity 

Livers of Nuclei 184 79:18 2-323 
mice 24h Cytoplasm (mitochondria 

old and lysosomes fraction) 184 716-94 0-287 
Cytoplasm (soluble frae- 

tion) 24 729.01 0-303 


Nuclei 51 73.26 0-696 
Cytoplasm (mitochondria 
and lysosomes fraction) 150 77694 0-193 
tion) 20 75-92 9.278 


Livers of 
mice 1 
month old 

Cytoplasm (soluble frac- 


* The rate of oxidation of reduced eytochrome c is determined hy measur- 
ing the d. erease of the optical density at 550 my in 1 min. 


The age variations of the acid DNase activity in the 
nuclei and in the cytoplasmic fractions containing the 
mitochondria and the lysosomes are shown by the curves 
in Fig. 1. The activity of the cytoplasmie fraction con- 
taining the lysosomes does not undergo any great modifica- 
tions from birth to adulthood. On the other hand, the 
activity varies a great deal in the nuclear fraction: in 
the liver nuclei of young mice (24-48 h), the specific 
activity of DNase is as high as that in the cytoplasmic 
fraction and then decreases up to the age of 1 month. 

The existence of a nuclear acid DNase strongly active 
during the first days after birth raises questions con- 
cerning its fate and function, Various explanations can 
be put forward to explain the decrease of DNase activity 
in the nuclei: (1) certain types of cells, the nuclei of which 
might be rich in acid DNase, may exist soon after birth 
and then disappear; (2) the enzyme existing at birth dis- 
appears by degradation or dilution after interruption of 
synthesis (repression); (3) the enzyme may be inhibited 
by the synthesis of an inhibitor. Such an inhibitor has 
already been isolated from the cytoplasm of the liver cells 
of 1 month old mice (my unpublished results with C. 
Paoletti). Several authors have demonstrated a relation- 
ship between the activity of acid DNase and the impor- 
tance of DNA synthesis. Goutier and Leonard’, for 
example, have shown that there is a close relationship 
between the acid DNase activity, the mitotic index and 
the speed of multiplication of liver, spleen, kidney and 


180 200 
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brain cells of rats killed at various times after birth. Our 
work reinforces these suggestions. 
This work was supported by the SEITA. 
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Metabolism of ‘Propham’ 
(Isopropyl N-phenylcarbamate) 
in the Rat 


SEvERAL N-phenylearbamates are currently used as 
selective pre and postemergent herbicides to control 
weeds in agronomie erops. Much is known of the fate of 
the N-phenylearbamates in soils where micro-organisms 
play an important part in their decomposition'?, and 
their metabolism has also been studied in plants?-*. 
Although these compounds are relatively non-persistent® 
their fate on ingestion by mammals is of major sig- 
nificance in estimating safe limits for residues in food’. 
Toxicological studies on *Propham' and ‘Chloropropham’ 
have been undertaken using the mouse, rat, pig. dog and 
rabbit*, but no work has been done on their mammalian 
metabolism. 

The simplest of these N-phenylcarbamates is ‘Propham’ 
(IPC or isopropyl N-phenylearbamate). We have exam- 
ined the metabolism of ‘Propham’ in the rat and identified 
a major urinary metabolite as the sulphate of isopropyl 
N-p-hydroxyphenylcarbamate. 

The 24 h urine obtained from rats which had received 
30 mg of ‘Propham’ intraperitoneally in ethanol (0-4 ml.) 
was successively extracted with heptane, then ether, and 
was then saturated with salt and extracted with ethanolic 
ether (1: I). Thin-layer chromatograms of the extracts 
and their hydrolysates were compared with those obtained 
using extraets of urine from rats which had received only 
ethanol (0-4 ml.) intraperitoneally. Using rhodamine B 
and short wavelength ultraviolet light (253-7 my) for 
visualization, a metabolite was detected in the ethanolic 
ether extract. The metabolite gave negative tests for 
phenols and primary aromatie amines using ferrie ferri- 
cyanide solution and Ehrlich reagent respectively. Hydro- 
lysis with N hydrochlorie acid at 100? C for 2 h or with 
limpet sulphatase type III (Sigma) at 37° C for 17 h 
gave a different spot on thin-layer chromatography, which 
gave a positive phenol test but a negative amine test. 
No such spot occurred when bacterial 8-glueuronidase was 
used for hydrolysis. That the carbamate link was stable 
in these acidic conditions was confirmed by identical 
treatment of 'Propham'. No aniline could be detected 
and recovery of ‘Propham’ was virtually quantitative. 

The hydrolysed metabolite was converted to p-amino- 
phenol by refluxing in 4 N hydrochlorie acid for 2 h. This 
was identified by cochromatography with an authentic 
sample and reactions with chromogenic reagents. Thus 
the hydrolysed metabolite was identified as isopropyl 
N-p-hydroxyphenyl carbamate and the metabolite itself 
was identified as the O-sulphate of isopropyl N-p-hydroxy- 
phenylearbamate. 
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Table 1 


Rr hydrolysed Ar phenol 





Solvent system metabolite* (aynthetic)* 
Ethyl acetate : benzene (3 : 7) O71 
Ether : petroleum ether boiling point £50 
60°-80° C (2 :3) 
Ethanol ; chloroform : petroleum ether 0-78 0.70 


boiling point 60^-80^ C (3:3 :14) 
* RF compared with isopropyl N-p-acetoxyphenylearbamate. 


Confirmation of the identity of the hydrolysed meta- 
bolite was achieved by its synthesis. p-Aceto ybenzoyl- 
azide, prepared from p-acetoxybenzoyl chloride and 
sodium azide, was rearranged (Curtius rearrangement) to 
p-acetoxyphenylisocyanate. The latter was not isolated, 
but was treated directly with isopropanol to yield iso- 
propyl N-p-acetoxyphenylcarbamate melting point. 135?— 
136.5" C. Mild hydrolysis with sodium bicarbonate in 
methanol afforded the phenol isopropyl N.p-hydroxy- 
phenylearbamate, melting point 987-99" C. (Baskakov 
and Mel'nikov? report melting point 112? C for the phenol) 
The structures of the acetate and phenol were confirmed 
by their infrared and nuclear magnetic resonance speetra, 
and by elemental analysis. The phenol and hydrolysed 
metabolite behaved identically in three thin-layer 
chromatography systems (Table 1). 

The metabolism of ‘Propham’ is unexpectedly simple. 
No hydrolysis appears to take place in vivo, for no meta- 
bolites with free or conjugated amino groups were found. 
‘Propham’ itself resists acid hydrolysis. In view of the 
stability of the carbamate it would not have been sur- 
prising if oxidation had occurred in the isopropyl group, 
for alkyl oxidation frequently takes place more readily 
than aryl hydroxylation in molecules containing both 
groupings. But only a phenolie metabolite with an intact 
isopropyl group was found. Hydroxylation of the aromatic 
ring in the para position is in agreement with the known 
pattern of such biotransformations in the rat. 

This work was supported by a grant from the Aus- 
tralian Meat Research Committee, 
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Tremorgenic Toxin from Penicillium 
cyclopium grown on Food Materials 


Dnvcs and other compounds capable of causing sustained 
trembling are rare; in a survey of ten thousand compounds 
Everett et al. found less than ten with this property?. 
One of the best known is tremorine (1,4-dipyrrolidine- 
2-butyne) which is converted into a more active compound, 
oxotremorine?, by body tissues. Various synthetie 
amino aleohols also stimulate prolonged tremors, but 
their mechanism of action differs from that of tremorine 
and other more familiar compounds’. 

Wilson and Wilson previously described a tremorgen- 
convulsant^ as a metabolite of Aspergillus flavus, a 
common soil fungus which produces several other toxic 
compounds including aflatoxins’. In subsequent, unpub- 
lished work a microcrystalline preparation of the toxin 
was isolated from extracts and found to have a molecular 
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weight of 501. The mass spectrometer fragmentation 
pattern suggested a condensed atomic arrangement. 
Low yields of this tremorgen have delayed detailed 
investigations. 

* When sereening other moulds for this toxic property, 
three isolates of Penicillium cyclopium were obtained 
with neurotoxic properties nearly identical to those of 
the compound from A. flavus. Two of the organisms 
were the principal contaminants of feedstuffs causing 
outbreaks of disease among farm animals. One lot of 
contaminated feed (mostly corn) was lethal to several 
prize sheep. One animal surviving the enzootic was 
classed as a “dummy” because of impaired responses 
to stimuli. The second fungus was isolated from visibly 
moulded pelletized horse feed which became wet during 
delivery from a feed cooperative to the customer's farm. 
The third organism was derived from peanuts not involved 
in food intoxieation. 

Toxin was formed only within the mycelial mat grown 
on various aqueous food suspensions. Toxin was detected 
by thin-layer chromatography after incubation for 1 
week at 25° C, and maximum levels were reached after 
two to three weeks. A crude preparation containing 
toxin was obtained by extracting the chopped, heat- 
dried mat with ethyl ether in a Soxhlet apparatus. 
The extract residue, in appropriate solvent, was placed 
on 200 mesh ‘Florisil’ column and eluted with either 
3 per cent methanol in chloroform or with a 1: 1 mixture 
of ethyl ether and petroleum ether. In tubes containing 
sufficient. toxin, long feather-like microcrystals formed 
as the solvent evaporated. These were vacuum filtered 
and washed free of small amounts of yellow impurities 
with 1:3 ethyl ether : petroleum ether. 

Pure toxin gave a single spot (Rr approximately 0:4) 
when chromatographed on silica gel G plates developed 
in 5 per cent methanol in chloroform. A green colour 
developed slowly after the spot was sprayed with 2 per 
cent ferric chloride in butanol. The colour was stable 
and distinetive for 48 to 72 h. Variable green to blue 
eolour changes were also noted when the chromatograms 
were sprayed with other acidie substances. 

The compound underwent thermal decomposition during 
mass spectral analysis. The heaviest detectable ion was 
m/e 633-2807 which was assigned the formula Cy Ha; 
NO,CI. Isotope ratios and elemental analyses were con- 
sistent with this formulation. Crystals began to decom- 
pose gradually at 180° C to 200° C without melting. 
They were soluble in various polar solvents, had limited 
solubility in saturated aliphatic hydrocarbons, and were 
insoluble in water and in 5 per cent concentrations of 
both hydrochloric acid and sodium hydroxide. The 
toxin was rapidly degraded at 25° C to form a yellow 
progressing to green, and then blue solution when dis- 
solved in alcohols and treated with various dilute acids. 
These changes coincided with a loss of toxicity. Chloro- 
form solutions of pure toxin exposed directly to light 
were also unstable, presumably as a result of acid form- 
ation from the solvent. Further studies of the structure 
of the toxin are under way. 

The toxicological actions of either intraperitoneally 
injected or orally administered toxin in mice and in 
rats were most unusual. As little as 250 pg/kg toxin 
dissolved in 0-05 ml. propylene glycol and injected intra- 
peritoneally caused perceptible tremors which persisted 
for several hours. Increasing the dosage caused several 
behavioural and neurological signs including increased 
general irritability, weakness of limbs, grasping loss, 
pinna loss and slight exophthalmos in addition to marked 
tremors. With doses of 2-5 mg/kg and higher. the initial 
tremors soon progressed to elonie or tetanic convulsions 
often terminating in the death of the animal. In sur- 
vivors, however, convulsive seizures were replaced after 
an hour or two by trembling which sometimes persisted 
for 24 to 72 h. Repeated small doses daily produced no 
evidence of tachyphylaxis. 
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‘The tremor response in mice caused by cyclopium 
tremorgen was compared with that elicited by tremorine 
and arecoline. Preliminary tests suggested the mould 
toxin was several times more effective in this respect 
than the other two compounds. As was the case with 
the tremorgen of A. flavus, tremors were not abolished 
by injeetions of atropine or other anticholinergie agents. 
Only near lethal doses of curare and pentobarbital 
caused a diminution or cessation of trembling. Microgram 
quantities of toxin stimulated a marked and sustained 
contraction of isolated longitudinal smooth musele of 
guinea-pig intestine, but the toxin failed to exhibit anti- 
pseudocholinesterase activity in preliminary tests. The 
relatively high poteney of erude toxin suggested that 
some of the non-tremorgenic impurities possessed poten- 
tiating effects for the active compound. 
Intraperitoneal injection of eyclopium toxin caused 
mice to void an unusually large amount of sticky urine. 
Orally administered toxin in rats caused a marked 
diuresis in which abnormal quantities of electrolytes 
and glucose were excreted over a period of 4:5 h after 
administration. These data suggest the toxin may 
prevent kidney tubular reabsorption. 
Holzapfel recently described  eyclopiazonic acid, 
C,,H4,N,0,, as the principal toxin from one strain of 
P. cyclopium’. This organism was one among other 
toxigenic isolates from samples of domestic cereal products. 
The substance reportedly caused convulsions in mice 
at low dosage levels, but we found no evidence of cyelo- 
piazonie acid in any of the three strains of P. cyclopium 
studied. 
We thank Dr T. M. Harris of Vanderbilt University, 
and Dr I. H. Slater and associates of Eli Lilly and Co., 
for their assistance. This work was supported in part by 
the Allergy and Infectious Diseases Institute, US Public 
Health Service. 
BENJAMIN J. WILSON 
Crristina H. WirsoN 
A. WALLACE HAYES 

Department of Biochemistry, 

School of Medieine, 

Vanderbilt University. 

Nashville, 

Tennessee. 

Received June 24; revised July 29, 1968. 


i Everett, G. M.. Blockus, L. E., and Shepperd, 1. M., Science, 124, 79 (1958). 
? Hammer, W., Karien, B., Rane, Aand Sjequist, F., Life Sei., 7, 197 (1068). 


' Ahmed, A.. Marshall, P. B., and Shepherd, D. M., J. Pharm. Pharmacol, 
10.672 (1958). 


* Wilson, B. J., and Wilson, C. H., Science, 144, 177 (1964). 
' Wilson, B. J., Baet. Rer., 30, 478 (1966), 
* Holzaptel, C. W.. Tetrahedron, 94, 2101 (1968), 


Endothelial Mitosis around Aortic 
Branches in Normal Guinea-pigs 


ALTSCHUL! states that "it is well known that endothelium 
is an extremely thin cell layer. . . . This lining of single 
cells is exposed to pressure of the blood, whorling and 
shearing forces and displacement and compression due to 
vascular contraction, to decreased or abolished blood 
flow and to other impaets which act from inside and 
outside the body. ... It is difficult to assume that these 
thinned-out, battered endothelial cells survive . . . from 
early childhood to old age without replacement". Yet he 
proceeds to show that mitosis is seldom encountered. 
Poole, Sanders and Florey? reported slow regeneration of 
endothelium from the edges of experimentally denuded 
areas in rabbit aorta and illustrated mitotie division in 
their photomicrographs. Denudation of endothelium 
was produced by Fry? by raising the blood velocity to 
379-85 dynes/cm? for 1 h which caused cell disintegra- 
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tion, dissolution and erosion; but he made no observations 
of subsequent recovery of the tissue. 

Born suggested in 1966 (personal communieation) that 
normal vaseular endothelium may be influenced by the 
type of blood flow to which it is exposed and that this 
might show itself in a higher rate of endothelial replace- 
ment in areas where the turbulence of flow is greatest. I 
have therefore recently made observations on strips of 
endothelium taken from areas around the mouths of 
arterial branches for comparison with control areas where 
there are no branches. Three normal guinea-pigs, weigh- 
ing approximately 600 g, were injected intraperitoneally 
with tritiated thymidine, 0-5 uCi/g body weight, 24 and 
16 h before killing. Endothelium was prepared for auto- 
radiography by a modification’ of the methods of Poole, 
Sanders and Florey? and Warren*. After exposure of the 
autoradiographs for 6 weeks, the proportions of labelled 
cells were determined on the en-face preparations, in 
control areas and around the mouths of bifurcations chiefl y 
in the thoracic aorta. The average counts for the three 
animals are shown in Table 1. 


Table 1. AVERAGE COUNTS OF LABELLED CELLS IN CONTROL AREAS AND 
AROUND BIFURCATION AREAS 

. Control area Bifurcation area 

Guinea- Cells Cells Per Celis Cells Per 

pig No. counted labelled cent counted labeled cent 
1 3,010 53 1:76 1,691 46 2-72 
2 3,067 20 0-65 3.749 34 0-91 
3 2,030 1 0:37 2,841 17 0-60 


Though the percentage of labelled cells between control 
and bifurcation areas varied from animal to animal, the 
proportion of such cells was almost identical, being 
l:L54, 1-40 and 1-59, respectively. Thus mitosis is 
encountered one and a half times as frequently at bifurea- 
tions compared with control areas. Further statistical 
analysis is not possible on so small a number of animals, 
but my findings indicate that the rate of mitosis in endo- 
thelium is high where vascular turbulence is great. This 
is probably a replacement response for cells damaged by 
wear and tear. 

With standardized times and doses of tritiated thymi- 
dine it seems possible to obtain comparable uptake 
measurements by this method and to test the reactions 
of endothelium in varying conditions. Work is proceeding 
along these lines. 
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Effect of Adrenergic Blocking Agents 
on the Calcium Pump of the Fragmented 
Cardiac Sarcoplasmic Reticulum 


THe introduction of effective and specific adrenergic 
blocking drugs has quickly been followed by the demon- 
stration that they depress myocardial contractility!?, A 
negative inotropic effect is produced by both alpha!-3-§ 
and beta-adrenergie blocking agents?:*.?, and is not de- 
pendent on the adrenergic blocking activity of the 
drugs*.* or the availability of catecholamines’. Although 
the mechanism of the negative inotropic action is un- 
known, a study by Fleckenstein!? has shown that adren- 
ergie-blocking agents interfere with the utilization but 
not the production of high energy phosphate compounds. 
Impaired utilization could result from either direct de- 
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pression of the activity of the contractile protein or 
interference with the mechanism coupling electrical 
activity to myofibril activity. Honig" has presented 
evidence that it is the contractile proteins which are 
depressed. The alternative hypothesis, however, that 
adrenergic-blocking drugs act on the exeitation-contrae- 
tion coupling mechanism at the sarcoplasmic reticulum, 
must also be considered. Briggs, Gertz and Hess“ have 
shown that the negative inotropic effect of amylobarbitone 
is associated with a reduced uptake of calcium by the 
sarcoplasmic reticulum. A similar effect might be expected 
from the adrenergie blocking agents, for many of these 
drugs are, like the barbiturates, local anaestheties?:!2, The 
alpha blocking drug, thymoxamine, and the beta blocking 
drug, propranolol, were selected because of their specific 
blocking activity, 

Isolation of the sarcoplasmic reticulum was achieved 
by rapidly removing the heart from dogs anaesthetized 
with sodium pentobarbitone during positive pressure 
ventilation with 100 per cent oxygen. The heart was 
washed, chilled to 0° C, diced and homogenized for 40 s 
in four volumes of 10 per cent suerose with 0-2 mM 
ascorbie acid. The resultant homogenate was subjeeted 
to differential centrifugation, the fragmented sarcoplasmic 
reticulum being isolated between 16,000g and 66,000g. 
Measurement of calcium uptake activity was made at 
37° C after 1 min preincubation with or without the drugs 
being investigated. The reaction was started by the 
addition of calcium and ATP. Calcium uptake was 
measured by the loss of “Ca from the incubation 
medium), 

The rates of uptake of calcium in ten control prepara- 
tions of fragmented sarcoplasmic reticulum, assayed as 
described in Table 1, averaged 0-42 umoles of ealeium/ 
mg of protein/min, with a standard error of 0-06. Pro- 
pranolol (0-5—1-0 mM) depressed the rate of ealeium uptake 
by 20-80 per cent, and thymoxamine in the same con- 
centrations by 13-40 per cent (Table 1). 

Although there is evidence that the negative inotropic 
action of the blocking agents takes place at a site distinct 
from the adrenergic receptor, a series of experiments was 
undertaken to determine whether the inhibition of cal- 
cium uptake could be antagonized or reversed by catechol- 
amines. The results of this study (Tables 2 and 3) indicate 
Some degree of interaction between the catecholamines 
and the blocking agents. Isoprenaline was found to reduce 
the inhibition of ealeium uptake by propranolol from 77 
per cent to 60 per cent. Noradrenaline, on the other hand, 
did not significantly influence the effect of thymoxamine 


Table 1. EFFECT OF ADRENERGIC BLOCKING AGENTS ON CALCIUM UPTAXE 
OF FRAGMENTED CARDIAC SARCOPLASMIC RETICULUM 
Per cent depression No, of 
Drug of calcium uptake preparations 
Propranolol 
1:0 mM 83-6 x 37* 10 
0-75 mM 50-9 + 3-0 10 
0-50 mM 20-4 + 2-1 10 
0-10 mM 57426 7 
0-01 mM 4025 7 
Thymoxamine 
10 mM 41-04 1-0 10 
0-5 mM 120410 T 
0-1 mM 6-0+41-0 T 
0-01 mM 2024-0 10 
Calcium uptake was measured during 2 min at 37°C. Incubation media: 


104 mM KCl: 18 mM imidazole; 5:0 mM MgCl; 1-8 mM K4UH,0,; 5-0 mM 
ATE m pH was 7-0. 
* S.E.M. 


Table 2. EFFECT OF PROPRANOLOL, ISOPRENALINE AND PROPRANOLOL 
PLUS ISOPROTERENOL ON CALCIUM UPTAKE OF FRAGMENTED CARDIAC SARCO- 
PLASMIC RETICULUM 


Tsoprenaline Propranolol lso-l mM; 

Experiment Control i mM i mM Prop.i mM 
I 0-286 0-286 0-065 0118 
H 0-369 0410 0-140 0-170 
Tit 0-304 0-270 OLS 0-172 
IV 0-402 0-372 0-080 0086 
Mean 0-340 0:334 0-087 0-135 
S.E. +0-027 20-011 +0021 i022 


Rates of uptake are in umoles of ealeium/mg of protein/min. 
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Table 3. EFFECT OF THYMOXAMINE, NORADRENALINE AND THYMOXA MINE + 


NORADRENALINE ON CALCIUM UPTAKE OF FRAGMENTED CARDIAC SARCO- 


PLASMIC RETICULUM 


Nor- Thymox- 

adrenaline amine Nor-1 mM; 

Experiment Control 1mM H Thy-1mM 
i 0-267 0-392 0-118 0-130 
I 0:847 0-450 0-240 0-120 
UI 0255 0:296 0-115 0-100 
Iv 0-369 0-410 0-226 0-205 
Mean 0-309 0-387 0:175 0-138 
B. +0020 +0032 + 0033 +0023 


Rates of uptake are in pmoles of caleium/mg of protein/min. 


on the uptake of calcium. Although isoprenaline alone 
had no effect on uptake, noradrenaline was found in this 
series of experiments to increase the rate of caleium 
uptake by about 25 per cent. 

Our results show that adrenergic blocking drugs are 
capable of depressing the sarcotubular calcium pump in 
concentrations that clearly result in decreased cardiac 
contractility. A decrease in the activity of the sarco- 
tubular calcium pump would lead to a reduction in 
calcium uptake activity by the sarcotubular system which 
would, in the steady state, result in a decreased calcium 
content making less calcium available for release during 
excitation-contraction coupling. 

Addendum. Since this communication was submitted, 
two studies by Scales and McIntosh have been published!* 
reporting the effects of alpha and beta blocking agents on 
"steady state" calcium filling by skeletal and cardiac 
sarcoplasmic reticulum fragments. Our studies are con- 
cerned with the effect of these classes of drugs on the rate 
of uptake of calcium. In brief, we found that propranolol 
(1 mM) is a much more potent inhibitor of uptake (84 
per cent) than Scales and McIntosh reported for steady 
state filling (30 per cent). Thymoxamine (1 mM) inhibited 
the rate of uptake by 41 per cent, while Seales and 
McIntosh reported that phentolamine (1 mM) inhibits 
filling by 65 per cent. In contrast to the results of Scales 
and McIntosh, we found a slight reversal of the effect of 
propranolol brought about by isoprenaline. 

This investigation was supported by a US Publie Health 
Service grant. F. N. B. is the recipient of a research 
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Further Evidence for Seasonal 

Breeding Cycles in Deep Sea 

INDICATION of cyclic reproductive activity in abyssal 
benthie organisms was revealed in an analysis of data 
on isopod crustaceans from the Scotia Sea near Antarctica’. 
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successful benthic trawls with bottom animals and the 
Abyssal reproductive peak is based on the 


Reproductive activity in abyssal isopod crustaceans from the North Central Atlantic. The total number of 
number of trawis with isopods are given below each month. 
average percentage gravidity for each month. 
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Table 1. BREEDING ACTIVITY IN NORTH CENTRAL ATLANTIC DEEP-SEA SPECIES OF ISOPOD ORUSTACHANS 


RV Total No. ofspeci- , 
Zone and depth Eastward i Position No.of  mensin Percent Remarks on breeding 
(M) Station Date Latitude Longitude Species speci- reprodue- gravi- condition 
No. mens ivestages  dity 
Archibenthal (400-600) f 
515 m 5257 Nov. 10, 1966 34° 01-5°N 75° 56-3’ W  Munnopsis sp 2 2 — With oostegites 
400-590 m 9277  Mar.30,1968 33*5£2' N 76° 11:3’ Ws Cirolana sp. 4 1 25 Marsupium with eggs 
Abyssal (1,000-2,000) 
1,970-2,015 m 4072 May 12,1900 33?50-5'N 75° 46:3° W Desmosoma sp. C T 1 — With oostegites 
1,500-1,540 m 5811 Sept. 23,1966 33° 40-6 N 75° 54° W Haploniscus sp. B 1 1 100  Witihempty brood pouch 
1,000-1,020 m 6241 Nov. 9,19866 33? 13' N 76? 13-5/ W Desmosoma sp. A i 1 100 Well developed pouch 
1,000-1,020 m 6241  Nov.9,1966  33*13' N 76° 13-5’ W Macrostylis sp. F 2 2 100 With brood pouch 
1,000-1,020 m 8241 Nov. 9,1966  33*13' N 76° 13-5 W Macrostylis sp. J 3 2 66 With brood pouch 
1,090 m 6249 Nov. 9,1966  Á33^3L1.0/,N 76° 02-2 W Desmosoma sp. A 1 1 100 With brood pouch 
1,000 m 8249  Nov.9,1066 33°31-6 N  76°02-2 W Macrostylis sp. F 1 1 100 With brood pouch 
1,090 m 6249 Nov. 9, 1966  33*3L60 N  76°022 W = Notozenoides sp. i i 100  Gravid with eggs 
Abyssal (2,600-3,100) 
8,035 m 6228 Nov. 7,1966  34*05-2'N 75°16:5’ W Hydroniscus abyssi 1 1 100 With brood pouch 
3,100 m 7814 Aug. 26,1967 33*4L0 N 75°24 W Macrostylis sp. N 29 3 ~~ With brood pouch 
3,100 m 9263 Mar. 29,1968 33°51-5'N 75° 23° W Astacilla sp. A 10 1 i0 With embryos in brood 
ouch 
Abyssal (3,900—5,000) » 

,500 m 2756  Sept.15,1908 36? 02-5'N  73?51'W Macrostylis sp. D 10 4 40 With brood pouch 
4,940 m 7810 Aug. 26,1966 33° 06° N 73° 3 W Macrostylis sp. A 2 2 100 With brood pouch 
4,940 m 7810 — Aug.26,1060 33? 06 N 73° 31' W Macrostylis sp. C 7 1 14 ‘With brood pouch 
5,025 m 7770 Aug. 16, 1967 32°31-0°N 73227 W Macrostylis sp. G 2 2 100 With brood pouch 
4,100 m 6218 Nov. 5,1966  32* 4L5'N 75° 01-5° W Antennuloniscus sp. 1 i 100 With brood pouch 


further information about seasonal breeding in the uniform 
climate of the deep-sea environment. It might be 
possible that some abyssal species propagate throughout 
the year; however, Orton's view? of continuous breeding 
as a general rule for all animals inhabiting stenothermal 
regions such as the polar seas and tropies, as well as the 
deep sea, is not true in the light of present findings. 
Hult‘, basing his ideas on his collections of Skagerrak 
isopods, argued that a rich population sample containing 
reasonably equal proportions of all stages of female in 
any given locality suggests that there is breeding through- 
out the year. Such samples are seldom seen in deep-sea 
collections and, as pointed out earlier, females in repro- 
ductive stages are usually very rare in abyssal collections!. 

In an extensive Burvey, carried out from RV Eastward, 
of the continental slope and the Hatteras abyssal plain in 
the North Atlantic off the Carolinas, 69 out of more than 
134 trawls captured 529 specimens of isopods belonging to 
126 species and 46 genera. Only thirteen stations con- 
tained females in reproductive conditions (Table 1) 
involving sixteen species and nine genera. More than 
90 per cent of the collections with gravid females were 
made after the end of the surface summer season from 
August to November. The “Ingolf” and “Thor” materials 
collected during the summer months (May, June, July) 
had a very low percentage of females with brood pouches, 
and this information influenced Wolff* to state that bathyal 
and abyssal asellotes of the North Atlantie cannot be sum- 
mer breeders. He also speculated that the breeding period 
may be the winter season although he had no data about 
collections from winter months. Our data indicate that 
fourteen out of the fifteen female specimens collected in 
five stations in November were found to be in the reproduc- 
tive phase. In contrast, 152 isopod specimens from a 
single abyssal trawl taken from a depth of 2,025 m (RV 
Eastward, Sta. 9268) in March contained seventy-four 
females but none was gravid or had an empty brood pouch, 
or developed oostegites. 

The “abyssal reproductive peak" noticed here, which is 
based on the average percentage gravidity for each month, 
commences in August (56 per cent) and reaches its climax 
in November (95 per cent) in the North Atlantic at 35° N 
(Fig. 1). Our earlier studies! of Antarctic deep-sea species 
showed that the “abyssal reproductive peak" was at its 
maximum in July (57 per cent), and declined to 25 per 
cent in October. The duration of the reproductive period 
falis between July and October at the southern high 
latitude (60-4? S) and between August and November 
at 34° N. Although there is a slight shift of 1 month 
ahead in the onset of breeding in Antarctic abyss, it is 
interesting that the breeding period for abyssal isopods 
in both deep-sea regions seems to endure for 4 months 


more or less in the same part of the year (July to Novem- 
ber) Observations of the reproductive behaviour of the 
Antarctic isopod, Glyptonotus, and the temperate-tropical 
isopod, Limnoria, and previous studies of shallow water 
asellotes*" adequately show that 2-4 months is quite 
sufficient for the completion of the sequential breeding 
phases, namely, oostegite formation, egg «deposition, 
incubation and hatching. Our data on the deep-sea 
isopods suggest that there is pronounced reproductive 
activity during the autumn and winter (Fig. 1), confirming 
our indications of periodicity!. 

Specimens of two genera, Cirolana (590 m) and Astacilla 
(3,100 m), are out of phase with the deep-sea reproductive 
cycle (Fig. 1). These breed in March and both belong to 
groups that are not typieal deep-sea animals, beeause 
most species belonging to these two genera are found not 
in the deep sea but in shallow water. The females of 
asellote deep-sea genera captured with Astacilla in March 
such as Macrostylis, Ilyarachna and Hurycope were not 
gravid. 

These data suggest to us that at least two kinds of 
breeding cycles are present in the deep-sea environment, 
an autumn-winter cycle for true deep-sea species and a 
spring cycle for the more typically shallow water genera 
now living in the deep sea. 

Deep-sea cyclic reproductive activity could refleet the 
early origin of deep-sea animals as we have suggested, or 
may be the result of periodic inflow of nutrient energy 
to the abyss as suggested by Schoener?. A breeding non- 
feeding hypothesis, as elaborated by Schoener’, is, how- 
ever, not applicable to isopods and incompatible with the 
general nutrient deficiency of the abyssal environment (low 
organie carbon content everywhere in the sediments). 

This work was supported by the US Antarctic Research 
Program and by the Cooperative Oceanography Program 
at Duke University. We thank all those who helped in the 
collection at sea. 
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Beak Shift: an Explanation for 
Interocular Mirror-image Reversal 
in Pigeons 


M£rro! has reported that pigeons, trained with one eye 
open to peck at a key displaying a stimulus pattern, 
tend to peck most often to the lateral mirror-image of 
that stimulus when tested with the other eye open. We 
propose here an explanation for this phenomenon based 
on the premise that a bird viewing monocularly responds 
on the basis of cues on one side of the key only—the side 
of the seeing eye. On the right half of a key, for example, 
a 45° line would occupy the upper portion of the key, while 
its mirror-image, a 135° line, would occupy the lower 
portion. A bird trained with its right eye open therefore 
might, if it attended only to the right half of the key, 
learn to discriminate the lines on the basis of up-down 
cues rather than of orientation per se. Furthermore, the 
up-down cues are reversed on the left half of the key, 
so that the 135° line now occupies the upper portion and 
the 45° line the lower portion. If the bird is now tested 
with its left eye open and attends to the left half of the 
key, it should therefore favour the mirror-image of the 
stimulus it preferred with its right eye open. 

This explanation is supported by the observation that 
pigeons wearing goggles restricting vision to the frontal 
field of one eye, as in Mello’s experiments, showed lateral 
displacement in pecking?. The displacement is towards 
the seeing eye. A pigeon can see only about 12° past its 
beak with one eye open?, and probably less if it is wearing 
goggles, so this displacement implies that a bird viewing 
monocularly can see only that part of the stimulus to one 
side of the key while it is pecking. The extent to which a 
bird pecks on the opposite site of the key when tested 
with the untrained eye open should determine that extent 
to which it then favours the mirror-image of the stimulus 
it preferred with the trained eye open. We present 
evidence that this is so. 

The experiment was performed in a standard operant 
conditioning apparatus’, containing a single transparent 
key with a diameter of 1 inch located 15 cm above a grain 
magazine, Stimuli were projected onto a screen located 
0-5 em behind the key by means of standard multiple- 
stimulus projeetors. 

Seven experimentally naive homing pigeons, maintained 
at 80 per cent of their free-feeding weights, were trained to 
peck the key during a green stimulus. Pecks were rein- 
forced on a 1 min variable interval schedule, which rein- 
forced the first peck following variable intervals averaging 
1 min since the previous reinforcement. Reinforcements 
consisted of access to grain in the magazine for 5s. After 
at least four 1 h sessions on this schedule, the birds were 
trained to peck the key when lines oriented at 135° (S+) 
were displayed, but not when lines oriented at 45° (S—) 
were displayed. Pecks were reinforced on the 1 min 
variable interval schedule during 8+, but were never 
reinforced during S—. S+ and S— alternated irregularly 
at intervals of 1, 2 or 3 min, separated by 5 s intervals 
during which the key was dark. 

For the first three birds (4, B and C) the stimuli were 
three parallel dark lines 2 mm wide and separated by 
3 mm, on a white background (Grason-Stadler model 
4580-165). These stimuli were modified for the other four 
birds, and consisted of two parallel white lines 3 mm 
wide and 2 mm apart on a black background. The lines 
in both sets of stimuli were parallel with and symmetrical 
about the 135° (S+) and 45° (S—) diameters of the key. 
The stimuli provided the only illumination in the experi- 
mental chamber, except for a light which lit up the 
magazine during reinforcement. 

All birds wore brass goggles, made to the specifications 
reported by Catania‘, which restricted vision to the 
anterior visual fields and which could be fitted with plastic 
occluders preventing visual input to either eye. During 
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discrimination training, three birds (C, D and E) wore 
occluders over their left eyes and four (4, B, F and G) 
wore oecluders over their right eyes. 

Tests for interocular transfer were carried out when 
more than 85 per cent of a bird's responses on the previous 
day's training session had been toS+. The pigeons were 
tested first with the oecluder over the trained eye, then, 
on the next day, with the occluder over the untrained eye. 
No reinforcements were given during test sessions, which 
lasted 40 min. The first three birds received only one test 
session with each eye open. Birds D, F and G received 
two, and bird E three, sessions with each eye open; 
pairs of test sessions were separated by training sessions. 
During test sessions, as during training, 5+ and 5— 
alternated irregularly, though the total time of presenta- 
tion of each was the same. 

For the test sessions, but not for the training sessions, 
the left and right halves of the key, which was split down 
the middle, could be operated separately. This permitted 
a separate count of pecks to the left and right of the 
centre line. Pecks in the middle of the key which depressed 
both halves of the key at once (centre pecks) were also 
counted. The two halves of the key were cemented 
together during training to prevent the birds from learn- 
ing to peck on one side or other on the basis of possible 
pressure difference. 

Table 1 summarizes the results obtained from each bird 
during test trials. The percentage of pecks to the open 
side of the key—the side of the open eye—was calculated 
by dividing the number to that side by the total number 
of off-centre pecks, and multiplying by 100. The percent- 
age of pecks to S+ is based on all pecks, including centre 
pecks. It is clear that when the trained eye was open all 
birds favoured the open side of the key, confirming our 
earlier observations?. Furthermore, all birds directed 
more than 90 per cent of their pecks to 8+. 

Responses during test sessions with the untrained eye 
open were less consistent. Only three birds (B, C and F) 
favoured the open side. Moreover, discrimination between 
S+ and 8 — deteriorated, though 8 + was favoured slightly 
overall. These results might suggest lack of interocular 
transfer rather than mirror-image reversal. Closer analysis 
has revealed, however, that whether birds tended to favour 
S4- or S— depended on which side of the key they pecked. 
The correlation between percentage of pecks to the open 
side and percentage to S+ is — 0-83, which is significantly 
different from zero (P < 0-02). There were two extreme 
cases: bird B showed the most marked displacement to 
the open side and the most marked mirror-image reversal, 
and bird G continued to peck on the side preferred with 
the trained eye open and continued to peck most often 
to S+. These data support our contention that mirror- 
image reversal depends on the extent to whieh a bird 
with the untrained eye open pecks on the side of the key 
opposite to that which it favours during training. In 
short, reversal depends on beak shift. 

Fig. 1 shows, furthermore, that when the birds did 
peck on the open side when tested with their untrained 
eyes open, they tended overall to favour S-— slightly, 
while they strongly favoured S-- when pecking on the 
closed side (the side they favoured with the trained eye 
open). Analysis of variance of the average number of 
pecks per session showed this interaction to be significant 
(P«005) although neither principal effect was. The 


Table 1. PERCENTAGE OF OFF-CENTRE PECKS TO THE OPEN SIDE OF THE KEY, 
AND PERCENTAGE OF TOTAL PECKS TO S+, DURING TEST SESSIONS WITH 
TRAINED AND UNTRAINED EYES OPEN 


Trained eye open Untrained eye open 


Bird Per cent to Per cent Per cent to Per cent 
open side to $+ open side toS 
A 70-5 97-9 59-8 63-3 
B 94-9 90-9 97-0 29-9 
c 71-0 93-2 46-8 40-1 
D 57-1 100-0 48-8 66-8 
E 90-8 92-8 46-9 62-8 
F 541 99-2 85-2 42-6 
G 98-3 93-4 20-4 81-2 
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Fig. 1. Distribution of pecks to open side (white bars), closed side (stippled 
bars), and centre (black bars) of key for S+ and S— during test sessions 
with untrained eye open. 


interaction helps to explain why bird C showed slight 
reversal even though favouring the closed side; reversal 
oceurred only when this bird did peck on the open side 
(40 pecks to S+, 105 to S—), compared with failure to 
discriminate on remaining pecks (102 to S+, 107 to S— ). 

Our results therefore suggest that mirror-image reversal 
depends on laterally displaced pecking, so that birds 
which show reversal may attend to different halves of the 
key with each eye. Mello* has discounted such an explana- 
tion, however, on the grounds that three of her birds still 
showed mirror-image reversal when the stimuli consisted 
of 45° or 135^ parallel lines covering the entire key. 
This experiment is not conclusive, because even these 
stimuli can be said to differ with respect to up-down cues 
if one eonsiders only the left or right half of the key. 
For example, the intersections between the lines and the 
right-hand circumference of the key are predominantly 
in the upper quadrant for the 45° lines and in the lower 
quadrant for the 135° lines. The reverse is true of the 
intersections of the lines with the left-hand cireumference. 
Again, a pigeon might selectively attend to that line 
whieh meets the cireumference at right angles, in which 
case it is as though there were just a single line in each 
stimulus. This may have occurred in Mello's experiment 
because the three birds tested with parallel lines had 
previously been trained and tested, and had shown 
mirror-image reversal, with single-line stimuli. 

More puzzling is the fact that Mello's birds showed 
more pronounced and more frequent reversal than did 
ours. We interpret this as evidence that her birds showed 
more marked displacement in pecking towards the open 
side of the key when tested with the untrained eye open. 
The pigeons in our experiment evidently showed some 
learning during training sessions which opposed the 
tendency to peck on the open side during testing with 
the untrained eye open. We do not know why this should 
have been the case in our experiment and not in Mello's, 
but it may reflect procedural differences. 

This research was supported in part by an American 
Psychological Foundation grant to M. C. C. We thank 
Miss 8. Mandl and Mrs J. Presland for assistance. 

I. L. BEALE 
Department of Psychology, 
University of Auckland. 

M. C. ConBALLIS 
Department of Psychology, 
MeGill University, 
Montreal. 
Received June 17, 1968, 


83 


' Mello, N. K., Science, 148, 252 (1965); J. Exp. Anal. Behav., 9, 11 (1966); 
Physiol. and Behav.,1, 293 (1966); Nature, 214, 144 (1907). 

* Beale, I. L., and Corballis, M. C., Psychon. Sci., 9, 603 (1967). 

* Catania, A. C., J. Exp. Anal. Behav., 7, 301 (1964), 

* Ferster, C., and Skinner, B. F., Schedules of Reinforcement (Appleton- 
Century-Crofts, New York, 1957). 

* Catania, A. C., J. Exp. Anal. Behav., 6, 627 (1963). 

* Mello, N. K., Science, 148, 252 (1965). 


Inhibition of Growth and Shedding 
of Antlers by Sex Hormones 


"Ir stags be mutilated,” wrote Aristotle’, "when, by 
reason of their age, they have as yet no horns, they never 
grow horns at all; if they be mutilated when they have 
horns, the horns remain unchanged in size, and the 
animal does not lose them." What Aristotle already knew, 
other biologists confirmed centuries later*, and today we 
know that if an adult deer is castrated in the autumn or 
winter after the velvet has been shed, its bony antlers are 
lost within several weeks and replaced by new ones that are 
retained permanently in velvet. Such “castrate antlers” 
will continue to undergo annual increments of growth, 
and may eventually develop into very grotesque head- 
pieces, or "perukes". Only by administering testosterone 
or oestrogen can the velvet be induced to peel off and the 
antlers shed?, 

I have investigated the influence of sex hormones on 
the growth and shedding of antlers in normal sika deer 
(Cervus nippon). Hormones were injected intramuscularly 
by shooting a loaded hypodermic projectile into the 
animals with a 'Cap-chur' gun (Palmer Chemical and 
Equipment Company, Douglasville, Georgia). When neces- 
sary, deer were immobilized with succinylcholine (‘Anect- 
ine', Burroughs-Wellcome). 

Adult sika bucks usually shed their old antlers in April 
or May in the northern hemisphere, whereupon new ones 
are regenerated throughout the remaining spring and 
summer. In this species, the antlers normally develop 
four points and grow to a length of up to 50 em (ref. 4). 
The velvet is shed in early September as the rutting season 
approaches. 

The influence of sex hormones on the shedding of the 
old antlers was investigated in five deer. Beginning on 
March 28, well before the antlers were due to be shed, 
and eontinuing until October 16, testosterone propionate 
was injected into two deer and oestradiol benzoate into 
three deer in doses of 200 mg in 1 ml. of sesame oil each 
week. In all cases, antler shedding was completely in- 
hibited, nor were there any indications of regrowth from 
the pedieles. With one exception, in which the antlers 





Fig. 1. Unhealed pedicle with exposed bone as it appeared on May 30, 
2 months after the old antler had been shed and testosterone injections 
were begun (deer 08), 
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Fig. 2a, b and c. Antlers of deer 131 before (M 
and after the course of testosteron 


y 23), during (June 18) 
njections. 





were shed in the late autumn, these animals retained their 
old antlers for an extra year, until they were shed and 
replaced in the normal way during the following spring 
and summer. 

In another experiment involving only one animal, 
testosterone propionate was injected in doses of 200 mg 
per week beginning on April 4, only a few days after the 
old antlers had been shed. This treatment not only pre- 
vented new antlers from regenerating, but inhibited wound 
healing on the frontal pedicles from which the antlers 
had been detached (Fig. 1). Weekly injections were 
continued until October 16. Throughout this period, and 


until the following January (when the animal died of 


unrelated causes), skin did not heal over the exposed 
pedicle bones. 
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Finally, the premature arrest of growth in regenerating 
antlers was achieved by administering sex hormones to 
two pairs of deer starting a few weeks after the onset of 
antler growth. Five injections of 200 mg of testosterone 
propionate were given at weekly intervals from May 23 
to June 18 to two deer with young growing antlers. 
Although limited elongation occurred during treatment 
(Fig. 2a and b), the velvet was shed in the fifth week of 
the experiment. The bony antlers (Fig. 2c) were retained 
until the following spring when they were shed at the 
normal time. 

Similar experiments with oestradiol benzoate (200 mg 
per week from May 29 to June 25) were carried out on 
two other deer. This hormone was even more effective 
than testosterone in promoting the precocious maturation 
of growing antlers. Not only did growth cease after the 
first injection, but the velvet was shed after only 3 weeks 
of treatment (Fig. 3a and b). In all such cases of arrested 
development by sex hormones, the points of the resulting 
antlers were abnormally blunt, as shown in Figs. 2c 
and 3b. 

To test the efficacy of smaller doses of hormones, the 
same deer were treated in the spring of the next year, 
when their antlers had begun to grow again, with either 
one or three weekly injections of 100 mg of testosterone 
or oestradiol. Testosterone was without effect in either 
of these doses, while oestradiol in both doses arrested 
growth and induced the velvet to shed in 1 month. 
Growing antlers seem to be at least several times more 
sensitive to oestradiol than to testosterone. 


b 


"Fig. 3a and b, Antlers of deer 136 at the beginning (May 29) and 
end (June 25) of the series of injections of oestradio! 


NATURE, NOL. 220, OCTOBER 5, 1968 


The ability of testosterone and oestradiol to prevent 
the old antlers from being shed, to inhibit new ones from 
regenerating, and to cause the velvet to shed prematurely 
from growing antlers may be taken to indicate a general 
tendency of either sex hormone to bring about or to 
preserve the mature condition of antlers. The theories of 
Wislocki and Tachezy®, to the effect that the annual 
eyeles of antler replacement are coordinated by seasonal 
fluctuations in sex hormones, are therefore consistent 
with these results. 

It is curious, however, that both sex hormones affect 
antlers similarly, although antlers normally occur only 
in males (except for caribou and reindeer). When, for 
unexplained reasons, they are encountered in female deer®, 
the velvet is rarely shed. 

Apparently it is the frontal pedicles, not the antlers, 
that differ in their reactions to sex hormones. Unless the 
pedicles develop, antlers cannot grow’. Castration pre- 
vents the development of pedicles in male fawns, but does 
not inhibit the growth of antlers in adult bucks, and so it 
is plausible that the growth of pedicles may not only be 
stimulated by testosterone but may normally be inhibited 
in females by oestrogen. 

This work was supported by a grant from the US 
Public Health Service. I thank the Southwick Animal 
Farm, Blackstone, Massachusetts, for care of the animals. 
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Concentrations of Gibberellin in 
Chilled Hazel Seeds 


Frankland and Wareing? reported that chilling treatments 
which break the dormancy of hazel (Corylus avellana L.) 
seeds were also accompanied by an increase in the gib- 
berellin content of the seeds, but that the resultant 
concentrations of gibberellin appeared to be much too 
low to account for the subsequent germination of the 
chilled seeds. On the basis of germination experiments 
in which hazel seeds were treated with chlorocholine 
chloride, either during or after a chilling treatment, one 
of us concluded that gibberellin synthesis in hazel seeds 
may be an essential part of dormancy-breaking, but that 
it oecurs chiefly after the end of the chilling process?. 
We have therefore re-investigated the gibberellin content 
of hazel seeds after subjecting them to 28 days’ chilling 
at 5° C in moist sand, and we have made determinations 
on similarly chilled seeds after further treatment for 2 
or 7 days at 20? C. Before extraction, the testa and peri- 
carp of the seeds were discarded and the embryonic axes 
were removed from the cotyledons for separate extraction. 
‘Treatment of the seeds, extraction with 80 per cent 
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Fig. 1. Assay, using excised epicotyls of dwarf peas, of thin-layer 

chromatograms of the acidic diethyl ether fractions from cotyledons of 

chilled hazel seeds. A, From cotyledons of eight seeds after 28 days at 

5°C; B, from cotyledons of five seeds after 28 days at 5° C and 2 days 

at 20°C: C, from cotyledons of 6-8 seeds after 28 days at 5° C and 

7 days at 20°C. Darkened areas indicate growth significantly greater 
P=0-05) than controls, 


methanol and the preparation of the acidic diethyl ether 
extracts were carried out as described previously*. 


The 





(15:5:1)*. Strips of material from the thin-layer pla 
were scraped into tubes, to each of which were added 
4 ml. of water, 0-1 ml. of streptomycin (250 v) and ten 
excised etiolated 5 day old pea epicotyls. Gibberellin 
was bioassayed by the growth of the pea epieotyl above 
the first node during 3 days at 22-5" C under eontinuous 
illumination of 2,500 lux*. A blank thin-layer plate 
was chromatographed and assayed with each set of bio- 
assays so that an accurate blank value and the least 
significant differences (P=0-05) could be calculated’. 
Responses of the bioassay to a British Drug Houses 
gibberellin preparation (largely gibberellin A,) which was 
chromatographed on thin-layer plates indicated that only 
10 per cent of the gibberellin was re-extracted from. the 
‘Kieselgel’ so as to influence the bioassay. Standards of 
0-01 and 0-1 nmoles of gibberellin were used, which, after 
chromatography, gave typical mean stimulations of the 
upper internodes of the pea epicotyls of 3-9 and 6-9 mm 
respectively. 

In Fig. 14, which is a histogram showing the distribu- 
tion of gibberellin-like activity on a thin-layer plate 
prepared from the acidic diethyl ether extract of cotyledons 
from 28 day chilled seeds, the first peak close to Ry 0-4 
may correspond to gibberellin A, and/or gibberellin A, 
while not even a tentative identification of the fast running 
component can be offered. After 2 days at 20°C the 
cotyledons of chilled seeds contained at least four gib- 
berellin-like components (Fig. 1B) and after 7 days at 
20° C significant amounts of at least five gibberellin-like 
compounds were present (Fig. 1C). 

The gibberellin contents of the cotyledons expressed in 
terms of gibberellin A, equivalents per seed for 28 days 
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chilling, chilling and 2 days at 20°C and chilling and 7 
days at 20? C were respectively 0-03, 0-2 and 2 nmoles. 
The value for the gibberellin content of chilled seeds is 
200 times greater than that reported before'. It is possible 
that this difference can be accounted for by differences of 
technique; for example, we did not include the testa of 
the hazel seeds (which contains inhibitors?) in our material 
for extraction and we used a bioassay procedure which 
seerns to be both more sensitive to gibberellin and less 
sensitive to natural inhibitors than those used before!. 
The gibberellin content of seeds which had been chilled 
for.28 days followed by 7 days at 20° C was 10,000 times 
the value previously reported for hazel seeds chilled for 
even as long as 12 weeks (ref. 1). This difference is too great 
to be aecounted for merely by differences in extraetion and 
assay technique. It seems clear that gibberellins accumu- 
late in chilled hazel seeds as a consequence of chilling but 
that their accumulation occurs after transfer from the 
chilling temperature to a suitable higher temperature such 
as 20? C. 

Preliminary studies of the embryonie axes have estab- 
lished the presence of a complement of gibberellin-like 
substances similar to those of the cotyledons. In seeds 
subjected to a temperature of 5? C for 28 days followed by 
20^ C for 7 days, however, the gibberellin content of the 
axis, whieh accounts for less than 1 per cent of the fresh 
weight of the seed, seemed to be equal to that of the 
cotyledons (99 per cent of the seed fresh weight). This 
indicated that the concentration of gibberellin in the axis 
is of the order of 100 times the concentration in the 
cotyledons. If the increased concentrations of gibberellin 
result from synthesis of gibberellin, this observation sug- 
gests that at least the principal site of gibberellin synthesis 
is in the embryonic axis. The gibberellin content of the 
hazel seeds after 28 days at 5°C and 7 days at 20°C 
(about 4 nmoles) is close to the amounts of exogenous 
gibberellin A, which will induce significant germination 
of dormant hazel seeds (10 nmoles per seed gave a 30 per 
cent stimulation of germination)*. 

These results provide support for the hypothesis? that 
the essential effect of chilling hazel seeds, which is the 
natural means of breaking their dormancy, may be to 
activate the mechanism for gibberellin synthesis, the 
subsequent synthesis of gibberellin being thought to occur 
at the germination temperature (20? C) and not appre- 
ciably at the chilling temperature (5? C). This phenomenon 
can be compared with that in which the gibberellin con- 
centration in dormant lettuce seeds, the dormancy of which 
could be broken by red light, increased as an early 
response to illumination with red light’. It may be that 
the dormancy breaking effects of both chilling and 
illumination in seeds are concerned with the activation 
of gibberellin synthesis and that the resultant gibberellin 
triggers subsequent stages of the germination process. 
Although the function of chilling may be thought of as an 
activation of the mechanism for gibberellin synthesis, in 
some seeds appreciable synthesis of gibberellin might 
also occur at the chilling temperature, particularly if 
ehilling was considerably prolonged. 
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Detection of Abscisic Acid in the 
Xylem Sap of Willow (Salix 
viminalis L.) by Gas—Liquid 
Chromatography 


Tue recently characterized plant growth inhibitor, 
abscisic acid*?*, has been shown to occur in the phloem 
sap of willow by spectropolarimetry of a purified aphid 
honeydew extract?^. The pronounced Cotton effect ex- 
hibited by abscisic acid*? provides a highly specific test 
for the presence of this compound in plant extracts, but 
relatively few plant physiology laboratories are equipped 
with facilities for spectropolarimetry. Many laboratories, 
however, possess equipment for gas-liquid chromato- 
graphy (GLC) which has already been successfully applied 
to the analysis of auxins*" and gibberellins*? in plant 
extracts. We therefore decided to investigate the poten- 
tialities of GLC as an alternative means of detecting 
abscisic acid in willow sap. As a preliminary assessment 
of the technique, GLC was used to confirm the presence 
of abscisic acid in aphid honeydew. 








Table 1. CONDITIONS FOR GLC OF ABSCISIC ACID 
Gas chromatography Hewlett Packard, F and M 402 high efficiency 
Columns Dual, 6 x a” i.d. glass, U shaped — — 
Packing ue Q.F.1 coated on A. W.-D.M.C.S. ‘Chromosorb 
py 


Carrier gas 

Flame ionization 
detector 

Injection temperature 

Detector temperature 

Chart speed 

Sensitivity 


N, 40 ml. min“ 


H: 25 ml. min“, air 245 ml. min! 

160° € 

200° € 

0:25" min-! 

Range 10 attenuation x 4 (unless otherwise stated) 


Samples of honeydew were collected and processed as 
described in the original investigation’. Briefly, the ethyl 
acetate-soluble acids were purified by thin-layer chromato- 
graphy (TLC) on silica gel in n-propanol, n-butanol, 
0-880 ammonia, water, 6:2:1:2 v/v (solvent 1). The 
active inhibitory zone was located by the wheat coleoptile 
elongation test!" and rechromatographed on silica gel with 
ethyl acetate (solvent 2). The inhibitory zone from the 
second thin-layer separation was eluted with ethanol, 
methylated with diazomethane and subjected to GLC 
(Table 1). The chromatogram indicated the presence of 
a component with a retention time similar to that of 
synthetie methyl abscisate (MeABA) and retention times 
were shown by co-injection to be identical (Fig. 1). These 
results, obtained with material in whieh the presence of 
abscisic acid has already been clearly indicated by 
spectropolarimetry, demonstrate the value of GLC as an 
alternative means of detecting the compound.  Further- 
more, GLC offers the advantage of considerably greater 
sensitivity. 

In view of the success achieved with phloem sap the 
technique was next applied to the detection of abscisic 
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Fig. 1. GLC of methylated inhibitory zone from phloem sap after TLC 

in solvents 1 and 2. Oven temperature, 150° C, delay 10 min, programme 

at 2? min“ to 220° C, hold at limit. (Arrows on abscissa indicate start 
and finish of programme.) 
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acid in xylem sap collected by water displacement!! from 
willow shoots in November. The sap was acidified to 
pH 3-5 with 5 N sulphuric acid and partitioned with three 
equal volumes of ether. The bulked ether layers were 
extracted alternately with 5 per cent sodium bicarbonate 
solution and water. The aqueous fraction was acidified 
to pH 3-5 and re-extracted with ether. After TLC of the 
acid ether fraction on silica gel in solvent 1, the wheat 
coleoptile test indicated the presence of inhibitory material 
at Re 0-3-0-4 and at Rp 0-5-06. The major zone of 
inhibition occurred at Rr 0-5-0-6 and corresponded in Rr 
with synthetic abscisic acid. This zone was eluted and a 
sample was methylated with diazomethane. GLC of the 
methyl esters gave an ill-defined peak with the same 
retention time as MeABA together with many other 
components, three of which were present in very high 
concentrations (Fig. 2). 

The remainder of the eluate from the abscisic acid zone 
of the first TLC separation was loaded on to a second 
silica gel plate which was developed twice in solvent 2. 
The wheat coleoptile test showed significant inhibition at 
Rp 0-3-0-4, Rp 0-6-0-7 and Rp 0:8-0-9. The inhibitory 
material running at Rr 0-3-0-4 corresponded in Rr with 
authentic abscisic acid and this zone was eluted and 
methylated. GLC indicated the presence of four com- 
ponents including a sharp peak with the same retention 
time as MeABA as indicated by co-injection with the 
authentic compound (Fig. 3). Further confirmation of 
the identity of this peak, for example by combined gas 
chromatography and mass spectrometry, is clearly 
desirable. Nevertheless, the foregoing results strongly 
suggest that a considerable proportion of the inhibitory 
activity in willow xylem sap can be attributed to abscisic 
acid. 

The remaining inhibitory zones on the second thin-layer 
chromatogram were found after methylation and GLC to 
contain the components present at high concentrations in 
the inhibitory zone of the first thin-layer chromatogram. 
Many compounds in high concentrations have a toxic 
effect in the coleoptile elongation test, and so the physio- 
logical significance of these “inhibitors” is difficult to 
assess. 

The occurrence of abscisic acid in both phloem and 
xylem sap of willow suggests that the compound is trans- 
located and is in keeping with its postulated hormonal 
function. Rough estimates of endogenous abscisic acid 
concentrations, based on GLC data, were of the order of 
10 pg of abscisic acid/100 ml. of phloem sap (assuming 
6 per cent of total solids), and 1-5 yg of abscisic acid/ 
100 ml. of xylem sap. Further data on concentrations of 
abscisic acid in phloem and xylem sap are clearly needed, 
and studies of the effects of short photoperiods, which 
induce dormancy in this species, are of particular interest. 
Recent, experiments using paper chromatography and 
bioassay indicate that short days increase the amount of 
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Fig. 2. GLC of methylated inhibitory zone (Rp 0-6) from xylem sap 


after TLC in solvent 1. Oven temperature 140° C, delay 10 min, pro- 
gramme at 2? min^ to 220° C, hold at limit. 
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Fig. 3. GLC of methylated inhibitory zone (Rr 0-4) from xylem sap 
after TLC in solvent 2. Oven temperature 146° C, delay 10 min, 
programme at 2° min- to 220° C, hold at limit. 


inhibitory material in both phloem and xylem sap of 
willw!*. This change may well represent an increase in 
content of abscisic acid. These results indicate the 
potentiality of GLC as a means of verifying this hypothesis 
and the technique may also prove of value in many other 
investigations concerning the physiological role of abscisic 
acid. 

J. R. L. and M. R. B. acknowledge research student- 
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Radiation-induced Chromosome 
Exchanges in Campelia zanonia (L.) 
H.B.K.: Distortion Hypothesis as an 
Alternative to a Limited Number of 
Sites 


It is generally assumed that radiation-indueed lesions 
are produced in chromosomal material at random, and 
that chromosome exchanges arise from pairs of these 
lesions in spatial and temporal proximity. The places 
within the nucleus where these conditions are fulfilled 
have been termed "sites"'?. On the basis of the o 
vations that in some materials exchanges of the dicentrie 
and centric ring types are distributed between nuclei m 
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an under-dispersed manner (^binomial")-?, and that 
the radiation dose-response curves for these changes 
eventually saturate, it has been inferred that the 
number of such sites must be very limited. 

In this communication we present in outline an alter- 
native hypothesis, which has been applied to dicentric 
and centric ring chromosome exchanges induced in the 
pollen of Campelia zanonia (L.) H.B.K., and which 
accounts for both the observed “binomial” distributions 
and the dose-response curve saturation, without the 
necessity of invoking any limitations of the number 
of sites or of the number of exchanges which can take 
place. 

We define a pair of lesions in a state of exchange 
initiation’ as an “event”, and assume as a first approx- 
imation that following a single acute radiation dose, these 
eventsare distributed between nuclei according to the terms 
of a Poisson distribution. An event may mature into an 
asymmetrical exchange, which is normally observable 
and can be scored at the following metaphase, or 
into a symmetrical exchange most of which are not 
sufficiently distinctive to allow accurate scores to be 
made. 

Then: (1) For those nuclei in the population having 
n events (n=1,2....) the proportions having 0,1,2.... n 
exchanges at metaphase, will conform to the terms of 
the binomial (a+(1—a))" where a is the probability 
of the exchange being asymmetrical (and therefore 
scorable). (2) The overall distribution of asymmetrical 
exchanges in the population is therefore the sum of a 
number of individual binomial distributions, each derived 
from a corresponding term of the original distribution 
of events. If this original distribution is Poisson, the 
final distribution of asymmetrical exchanges will also 
be Poisson regardless of the value of a. (3) As the number 
of events, n, increases, so also does the probability that 
the same chromosome arm will be involved in exchange 
more than once. Because a given arm can never be 
observed actually participating in more than one exchange, 
fewer exchanges will be seen than have actually occurred. 
Various other interactions that can occur between 
exchanges also contribute to this "loss". (4) The immed- 
iate consequence of this is that the expected binomial 
distributions of asymmetrical exchanges (1 above) 
become distorted, the lower frequeney classes being 
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augmented at the expense of the higher ones. This 
distortion will become more marked as n gets larger. 
(5) The final distribution of observed exchanges between 
nuclei is therefore derived from the summation of a 
number of distorted binomials, and will itself be dis- 
torted in a similar manner, having a reduced mean and 
variance. 

The extent of the interactions between exchanges 
involving common arms, and the consequences thereof, 
have been investigated for Campelia zanonia by sampling 
from a theoretical chromosome exchange population 
containing all the possible exchange combinations between 
the sixteen arms in their relative frequencies. This popu- 
lation was constructed on the following postulates. 
fi) Asymmetrical and symmetrical exchanges are equally 
likely (@=0-5)’. (ii) The probability with which a given 
arm participates in exchange is a simple function of 
its length as measured at metaphase*. (iii) The probability 
of interarm intrachange (centric rings and their sym- 
metrical counterparts) is greater than the probability 
of interchange (dicentrics and transloeations) by a 
factor of ~6. 

The second postulate was tested by comparing the 
observed and expected frequencies of the twenty-eight 
recognizable exchange categories in this species, using 
only those nuclei with one observable exchange, and the 
agreement was satisfactory. 

The third postulate is derived from the fact that the 
observed ratio of dicentrics to centrie ring exchanges 
(in cells with only one exchange) is 2-7 whereas that 
expected on the basis of random arm assortment is 16-1, 
This discrepaney probably reflects the proximity condi- 
tions which arise at anaphase, and which are retained 
throughout interphase. It is therefore necessary to 
augment the number of interarm-intrachanges in the 
sampling population to provide for this probability 
difference. 

Six hundred samples for each of 2,3 . . . . 6 events 
were drawn from the population, and the most likely 
number of observable exchanges determined in each 
case after taking into account the various interactions 
and eliminations which ean arise when common chromo- 
Some arms are involved. In this way, the distorted 
binomial distributions of observed exchanges arising 
from different numbers of events were derived. The class 
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frequencies of these binomials are termed "distortion 
constants", and these can be used to construct the 
frequency distribution of observed exchanges from any 
initial distribution of events. For example, starting 
with a Poisson distribution of events with mean = 2-0, 
each term is multiplied by the appropriate set of dis- 
tortion constants, and the resultant distributions summed. 
Fig. 1 shows the result with and without distortion. 
Distortion results in a typical underdispersed (“binomial”) 
distribution of exchanges. 

In Fig. 2 this procedure has been repeated for a range 
of Poisson distributions, and the effects of distortion 
are shown as a plot of relative variance (that is variance/ 
mean) against the final distribution mean. The line 
approximates closely to that expected for a binomial 
with index 4-0. The points shown are relative variances 
actually observed in Campelia, the data being taken 
from an X-ray dose-response curve of dicentric + centric 
ring exchanges. The agreement indicates that the 
“binomial” exchange distributions in this species can 
be fully accounted for in terms of distortion, and there 
is no need to place a limit upon the number of exchanges 
that can take place. 

It is clear that the process of distortion leads to a 
progressive "loss" of exchanges as the number of events 
increases. This has two consequences. (a) The shape 
of the dose-response curve for dicentrics and rings is 
modified, and therefore parameters, such as the ‘‘coeffi- 
cients of aberration production”, derived from it are 
liable to be in error. It should be noted that this modi- 
fication is operating to some extent even at low doses. 
Using the distortion constants, it is possible to obtain 
a plot of expected and observed mean exchange yields. 
The parameters of a curve fitted to this plot (‘distortion 
coefficients") enable corrections to be made to dose- 
response curves, so that the “true” (undistorted) yields 
and parameters can be determined. (b) The increasing 
"loss" of exchanges with inereasing radiation dose 
leads to eventual saturation of the dose-response curve. 

There is no reason to assume that the process of dis- 
tortion is confined to Campelia, and it may well account 
for other cases of non-random exchange distributions, 
and saturating dose-response curves. 


JOHN R. K. SAVAGE 
D. G. PAPWORTH 


MRC Radiological Research Unit, 
Harwell, Berkshire. 
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GENERAL 


Identification of Concealed Randomized 
Objects through Acquired Response 
Habits of Stimulus and Word 

Association 

Srxce 1962 several investigators have reported experi- 
mental results supporting the claim that Pavel Stepanek 
of Prague could demonstrate an ESP ability in a simple 


test situation. In the test used, Stepanek attempted 
on each trial to say whether the green or the white side 
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of a card hidden in an opaque cover was presented upward. 
Two of ust summarized the literature dealing with this 
subject and presented confirmatory evidence obtained 
in stringently safeguarded experimental conditions. 

In 1965 the research with Stepanek was interrupted 
when it was found that his response of "green" or “white” 
no longer correlated with the randomized sequences of con- 
cealed targets. Later it was discovered that he was 
associating his responses with the opaque covers in which 
the cards were hidden. Although unexpected, these 
association habits were psychologically understandable, 
for the test procedure was one in which a limited set of 
covers, randomized out of the subject’s sight before each 
"run", was used over and over. It seemed that the 
subject, during his repeated calling of these two colours, 
had shifted his attention away from the cards and had 
formed habits associating the word "white" or "green" 
with particular covers. 

As long as the covers were exposed to the subject it 
seemed obvious that the associative habits would be 
guided by sensory cues. But the circumstances suggested 
that something more was involved. When new covers were 
first introduced Stepanek began calling certain ones white 
and others green, regardless of which sides were presented 
upward. Because he never turned the stimulus objects 
over, it was difficult to see how he could have lnked 
the two sides on a sensory basis; we were thus led to 
consider the hypothesis that he might be using ESP in 
discriminating among the covers, and we tested it by 
concealing them inside opaque containers in various condi- 
tions. 

The hypothesis has been investigated in relation to a 
selected set of stimuli. Strong tendencies were observed 
in the first series with these test materials (ten covers, 
each one containing a card and envelope) in May 1967, 
So far, they have been used in eighteen experiments, 
Before the sixth series the number of stimuli was reduced 
from ten to eight, and before the eighth series it was 
further reduced to four. In each reduction we kept those 
covers that had shown the most striking response tenden- 
cies. All the work was carried out at the University of 
Virginia except series 6 and 7, which were carried out in 
Prague. 

To illustrate the findings, we will present the results 
for cover 15/16 (numbers marking the two sides) for which 
the subjeet showed the most striking associative habit. 
Table 1 shows the distribution of white and green responses 
for this cover for each series and also the distribution of 
white and green responses for all the other covers com- 
bined. For convenience of comparison these two ratios 
are converted to percentages of white responses in 
relation to the trials, and the difference between the 
ratios of white and green responses is evaluated by the 
y? test. 

The covers were randomized outside the subjects 
sight and the prepared stack was placed in front of him. 
He then responded to the stimuli one after the other, laying 
them aside into a new stack as he did so. The experi- 
menter recorded his responses and, at the end of the run, 
the order of the covers. From series 8 onward, the mixing 
was done on the basis of random numbers by one experi- 
menter and the testing by the other, and each experi- 
menter made an independent record of responses and 
stimuli. All analyses and statistical evaluations were 
done by computer. 

In series 1 the subject (in sensory contact with the 
objeets for the first time) responded to eover 18/16 by 
saying white eighty-six times and green only fourteen 
times. This consistency of choice showed that he some- 
how recognized this cover as an object regardless of which 
side was presented upward. 

Before series 2 the contents of cover 15/16 were inter- 
changed with those of another cover for which green had 
been the preponderant choice. The response preferences 
followed the covers rather than the contents. 
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Series 3 and 4 were done in parallel with alternation 
from one condition to the other after every ten runs. 
Series 3 used the covers exposed as before. In series 4 
they were concealed inside larger individual jackets made 
of two sheets of cardboard cut from manilla file folders 
and stapled together on three sides. Table 1 shows that 
the response tendency to cover 15/16 continued in the same 
way in these two conditions. 

Before series 5 new jackets were made with a double 
thickness of manilla cardboard for each side, stapled 
together along three sides through ribs of heavy cardboard. 
The open end of the jacket extended at least 0-5 inch 
beyond the end of the enclosed cover, and that end 
always pointed away from the subject. Thus he had no 
opportunity to see what was inside. In these conditions 
the same response tendency for cover 15/16 continued. 

In series 6 all of the aspects of the stimulus material 
(cards, envelopes, covers and jackets) were randomized 
separately before each run. The associative tendency was 
found to be localized entirely in the covers. In the time 
available only a series consisting of fifty runs could be 
completed, but the white preference for cover 15/16 was 
statistically highly significant. 

In series 7, Stepanek was asked to work in the presence 
of two Czech citizens (a psychologist and a government 
official) who were strangers to him. The results in this 
further series of fifty runs were in the same direction 
though less striking than before. (All other series except 
17 and 18 were of 100 runs.) 

Series 8 was the first test with only four selected stimuli 
concealed in four of the double thickness jackets. The 
results showed the same tendencies present in approxi- 
mately the same strength after an interruption of 6 
months. 

Before series 9 the open ends of the four covers were 
closed up by taping onto them a folded piece of card- 
board. 'lhis was done because the ends of the covers had 
become pliable and droopy from repeated use and we 
wished to make sure that Stepanek was not recognizing 
them through differences in the degree to which they 
caused the jackets to bulge. The response tendency to 
cover 15/16 remained as it was previously. Series 10 was 
a repetition of the test in the same conditions after an 
interval of 6 days. 

Before series 11 several cotton balls were inserted 
between the two layers of the jackets on both sides to 
make the outer layer stand out from the inner one. We 
wanted to guard against the possibility that any small 
differences in the shape of the covers might be transmitted 
through the jackets. The cotton served this purpose by 
keeping the pressure exerted by the cover from changing 
the shape of the outer layer of the jacket. As Table 1 
shows, Stepanek still significantly favoured the "white" 
response for cover 15/16. 

After thirty runs of series 12 the covers were made equal 
in weight within a limit of variation of 0-1 g and this 


Table 1. 
No. of 
Series Date Experimenters taking part targets 
(Section I: covers exposed) 
1 16/¥/67 J.G.P. 10 
2 17/V]67 J.G.P. 10 
3 18-19/Vj67 J.G.P. 10 
(Section II: covers concealed in opaque jackets) 

4 18-19] V/67 J.G.P. 10 
5 30-31/ V/67 J.G.P., W.6.R. 10 
6 13/1X/07 J.G.P., J.G.B., N.J., G.L.M 8 
1 17/1X/67 J.G.P., N.J. 8 
8 7} 11/68 J.G.P., H. H.J.K. 4 
9 8! II/68 J,G.P., H.H.J.K. 4 
10 14/ 11/68 J.G.P., H.H.J.K. 4 
11 15/ [1/68 J.G.P., H.H.J.K. 4 
12 16-17] I1/68 J.G.P., H.H.J.K. 4 
13 16/ 11/68 J.G.P., HHIK., ES 4 
14 19/ 11/68 J.G.P., H.H.J.R. 4 
15 20-21] 11/68 J.G.P., H.H.J.K. 4 
16 12/111/68 J.G.P.,, F.H.J.K. 4 
17 19/111/608 J.G.P., H.H.J.K. 4 
18 19/TIT/68 OG.P., HJR. 4 
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control remained in effect thereafter. The white preference 
for cover 15/16 was not affected. 

In series 13 a third experimenter took the responsibili ty 
of observing Stepanek closely on each trial while he was 
handling the target materials. No evidence was found 
suggesting that the performance depended in any way 
on glimpsing an edge or corner of the enclosed covers. 

For more objeetive safeguarding on this point, before 
series 14 the jacket sides were stapled together throughout 
their entire length so that short flaps left previously at 
the open end for convenience of access were fastened 
down. The first series done with this modification of 
the jackets did not show significant performance on 
cover 15/16, but there was a significantly different pattern 
of response among the other three objects that does not 
show up in Table 1 (P«2x10-3). (But in series 15 the 
tendency to call 15/16 white was again present to a signifi- 
cant degree.) Also in series 16 there was a shift in the 
pattern of response that yielded statistical significance 
not shown in the table (P< 10-*). This was a consequence 
of the subject’s tendency in that session to associate one 
colour with one side of the cover and the other colour 
with the other side. 

Table 1 shows changes in the strength of the response 
habit connected with cover 15/16, but these are not the 
result of changes in experimental conditions involving 
the imposition of tighter controls. As already stated, 
statistically significant results were obtained in every 
case until series 16 (even though in two cases this fact is 
not revealed in Table 1). Only the last two series failed to 
yield any statistically significant resulta, and no changes 
in controla were introduced in them. Rather, there were 
special psychological cireumstanees that could explain 
the absence of the usual discrimination through associative 
habits. During most of the runs of series 17 photographers 
were present making a motion picture film of the testing 
procedure. Series 18 was carried out in the evening 
immediately before the subject's departure to return to 
Czechoslovakia. 

The statistical significance shown in Table 1 is not due 
to the result of a post hoc selection of favourable instances, 
for when the results from all the work carried out during 
this period are combined the total data are overwhelmingly 
significant (P< 10-%*), The experiments already com- 
pleted will be reported elsewhere in more detail, and the 
prospects seem good for continuing the investigations. 

On whatever basis the habits of object-and-word 
association were acquired by Stepanek, these patterned 
responses could not have continued with only slight 
variations through all the changes in experimental condi- 
tions if the habits had been guided solely on a sensory 
basis. We therefore consider that the results already 
obtained provide strong evidence for an extrasensory 
factor in this performance. The findings suggest that 
these associative habits have become in this subject the 
means by which ESP impressions are brought to overt. 


PERSISTENCE OF A RESPONSE TENDENCY TOWARD PARTICULAR STIMULI IN DIFFERENT CONDITIONS OF EXFOSURE AND CONCEALMENT 


Chi square 


Cover 15/16 Other covers Cover 15/16 
Called Percentage Called Pereentage — versus 
W/G WAW 4G) WG WHW +G) others 
86/14 86 370/524 42 70-8 «1029 
16/24 76 338/562 38 54-8 «1039 
74/26 T 351/549 30 45:1 «102 
73/27 73 370/630 41 37-1 «10-* 
66/34 66 367/533 41 23-3 «10-5 
42/8 84 139/211 40 34-6 <10? 
33/17 66 165/185 AT 6:2 0-02 
77/23 77 108/192 36 50:7 < 10-38 
70/30 70 103/197 34 38-9 «10-9 
77128 77 92/208 31 86- «1039 
64/36 64 111/189 7 22-2 «10-75 
66/34 66 102/198 84 31:5 «10-7 
64/36 64 119/181 40 17-9 «103 
44/56 44 117/183 39 O-8 -04 
67/33 67 133/108 44 15:6 «10-3 

144 56 136/104 45 3-4 0:07 
26/24 52 77173 51 0-0 205 
32/18 64 71/79 4T 4-2 0-04 
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expression, and the high level and reliability of perform- 
ance suggest that such a habit may be an especially 
favourable ESP vehicle. Research is needed to see 
whether other individuals would show similar performance. 
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The following is an extraet from the report of one of 
two referees. The other referee recommended that the 
communication should not be published. 

I consider that the facts with which this deals deserve 
to be brought before a wider scientific publie than would 
be attainable if they were to appear only in a specialist 
journal. 

The one point on which criticism could alight is that the 
subject himself handles the target-packets the content 
of which he is required to guess. Inevitably this gives 
rise to the suspicion that the effects may be due to certain 
subtle cues connected with the differential warping of the 
target-materials. It seems, however, that the effect 
has stood up under such a variety of conditions (see 
especially series 11, fourteenth paragraph) that such a 
possibility can be ruled out. I would have been still 
happier if the outer jackets had been made of rigid 
materials rather than the double-thickness manilla file 
folder card mentioned in the ninth paragraph, but I 
cannot fault the authors’ claim to have effeetively elimin- 
ated all normal counter-hypotheses. Accordingly, I 
see no way of avoiding the conclusion that, in the situation 
described, a particular verbal response was being elicited 
by a concealed stimulus-objeet even though this object 
could not have been recognized by the use of any known 
sensory mechanism. The general interest and impor- 
tance of such a conclusion speaks for itself. 


Investigations of the Inks used in 
Writing the Dead Sea Scrolls 


FUNERAL texts written on stones found inside a grave in 
the cemetery at Qumran have recently been described’, 
This discovery necessitated an investigation of the com- 
position of the inks used by the Qumran community. 
chiefly because the ink on the stones had faded and could 
only be seen with the aid of ultraviolet fluorescent lamps, 
while photographs taken with ultraviolet lighting and 
infrared film were not satisfactory. 
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Brief reports on the inks used to write the Dead Sea 
Scrolls have been published??, but most of the testa to 
determine the nature of these inks, carried out nearly 
20 years ago, have not been published. I report here 
work carried out by Dr H. J. Plenderleith, formerly 
keeper of the Researeh Laboratory of the British Museum, 
on the Dead Sea Serolls, and by Professor D. Vofsi, of 
the Weizmann Institute of Science, on the Qumran 
funeral texts. f 

Plenderleith's work confirms published reports that the 
inks had a carbon base; reference is also made to ink 
with an iron base. Professor Yigael Yadin has pointed 
out that a metal based ink was apparently used for 
writing the Apecryphon of Genesis scroll’. This was, 
however, acquired by Yadin and unrolled several years 
later so that it could not be the major scroll on which 
iron ink was found, as mentioned in the report by 
Plenderleith. We have been unable to ascertain who 
conducted these tests on the six scrolls then extant. 

Wherever writing was found, the ink was quite black 
and showed no tendency to turn rust coloured. Twelve 
separate fragments bearing vestiges of seript were 
collected and tested with potassium ferricyanide—a 
sensitive method of detecting the presence of iron-—but 
results were all negative. Bleaching agents seemed to 
have no effect on the writing and, there being no loss of 
intensity, the conclusion was that all the writing was 
done with carbon ink. This has been taken by some 
archaeologists as à criterion for dating. but iron as well 
as carbon inks were available before the Christian era; 
iron had been used, at least sporadically, ever since the 
invention of tanning. Iron occurs universally, and has 
only to be present in solution with tannins for à writing 
ink to be formed, so that the fact that some of the main 
scrolls were written in iron ink is no indication of their 
age. It is also fair to claim, because the writing is legible, 
that it could not have been done when the skins were old 
and absorbent—there can be no doubt that the ink is as 
old as the skins. 

While I accept that the presence of earbon or iron ink 
is no criterion for dating the Dead Sea Scrolls, it should 
be noted that the oldest known specimen of an iron-based 
ink dates from the seventh century ap (ref. 5). It is 
generally accepted that the Dead Sea Serolls were 
written during the two centuries before the present era 
and in the first half of the first century ap, and so the 
presence of an iron based ink at that time, while not 
refuting the dating of the documents, could have a 
bearing on the work on Qumran texts. 

In 1954 Plenderleith used a spectrograph to examine 
two samples from Qumran. The first was a mass of white 
crystals with a spectrum indicating a high content of 
calcium. Chemical analysis showed sulphate to be present 
in quantity and a heat test showed the presence of water 
crystallization. The sample was therefore a residue of 
gypsum and had no particular association with ink. The 
second sample also contained calcium, but in association 
with traces of copper, tin, lead, silver, iron and man- 
ganese. The chief constituent was carbon. The sample 
was the residue of a carbon ink, no doubt contaminated 
with the corrosion products of a metal (bronze) inkwell. 

Three inkwells, one bronze and two clay, were found 
during excavations at Qumran by Pere Roland de Vaux 
of the Ecole Biblique, and another clay inkwell was 
found later during my own excavations in conjunction 
with the Department of Antiquities of the Government 
of Jordan. An analysis of the ink residue in this specimen 
is being prepared by Dr George Adler, of the Brookhaven 
National Laboratories, New York. A preliminary exam- 
ination has shown that this ink does not contain an 
appreciable amount of iron, for it did not fluoresce when 
tested with a copper X-ray tube. 

The results of these tests suggested that a carbon ink 
should be used in any subsequent experimental work, 
The stones used were collected in Qumran, in gloved 
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hands to avoid contamination by humic acids. 
stones were thus of the same type and geological age as 
those on which the texts were found. 


Dr A. Meyer prepared some ink from an ancient recipe. - 


Gum arabic (3-4 g) was dissolved in 30 ml. of boiling water 
and 10 g of pulverized wood charcoal was added. This 


was boiled seven times and the hot solution was then. 


filtered through cotton wool. 


The idea of using this ink on stones-from Qumran, in’ 


an attempt to find a method of making the writing 
legible, in an atomic reactor, was abandoned because it 
was not known which isotope would act selectively on the 
carbon of the ink and not be washed out by the calcium 
carbonate of the stone. A different method was used by 
Professor D. Vofsi, whose preliminary report follows. 

The problem under investigation was the enhancement 
of a faded script which consists of the eroded remains of 
a seript which was written on stones with an ink based 
on a mixture containing a carbon powder in a vegetable 
gum. The idea was to enhance the ink by graft copoly- 
merizing on to the organic content a polymer which would 
attach to the areas covered by the writing and not to 
the other parts of the stone. After accumulating polymer 
on to the script we hoped to be able to stain the polymer 
by chemical or physical means to make the script legible. 

Stones were painted with a 10 per cent solution of gum 
arabic in water. After drying, the stones were submitted 
to y-irradiation in air from a cobalt source. Doses varied 
from 0:5 to 5 Mrads. It was hoped that irradiation would 
produce peroxides in the organic material—on the gum 
arabic. 

The stones were then subjected to the vapours of 
various monomers—acrylonitrile, vinyl-chloride and a 
mixture of styrene-acrylnitrile 1: 1—and graft copoly- 
merization was carried out in these atmospheres at 60"— 
80° C. As blank experiments we repeated the procedure 
on gum arabie powder. After polymerization we heated 
the stones and the gum arabic samples in air to 120°, at 
which temperature the polymers became yellow-black in 
colour. Neither the stones nor the gum arabic showed 
any signs of polymers having been grafted on. So far 
results are negative, but it is felt that additional work 
is necessary before a final verdict is passed on the method. 

Although these funeral texts become quite clear under 
ultraviolet fluorescence, photographs taken under ultra- 
violet lighting were unsatisfactory and, indeed, infrared 
film gave better results, although not good enough. 
During the photography, for which Allen ultraviolet visual 
inspection lamps were used, placed 15 cm from a stone 
(using Kodak ‘Royal Pan 400° ASA film, f8, exposure 
1 min, Wratten 2E filter and developed in DK50 for 
8 min at 23° C) words and letters appeared “in reverse". 
Some words and letters in the same script written in ink 
and scratched on the stones appeared black on the 
negatives and white on the print. It was first thought 
that this could be explained by the properties of ultra- 
violet photography which shows up erased writing as 
white on a print and black on the negative. This idea 
had to be abandoned when the same phenomenon 
appeared for the same words and letters, in "reverse", 
that is, black on the negatives, when the stones were 
photographed using infrared film. The infrared photo- 
graphs were taken on Gevaert infrared film type 52486, 
exposure time 1 s at /90, using a Wratten 884 filter with 
two 1,000 W sun guns each 50 em from the stone and 
developed in DK50 for 10 min at 20? C. An explanation 
for this "reverse" printing of words and letters could, 
perhaps, be found in the use of invisible ink, and in this 
regard it should be noted that the use of invisible inks 
was known in antiquity and in one case this ink is 
described as being an extract of oak-galls “which became 
legible by sprinkling the paper with a solution of chalk- 
anthos” (iron vitriol)*. Another solution to this problem 
could be that red ink was used. One scroll fragment has 
been found with an inscription in a red ink of unknown 


These | 
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composition ; this ink appeared black in a negative 
obtained by infrared photography’. 
Mr E. B. Kennedy earried out the photographie work. 
Sotomon H. STECEOLL 


PO Box 746, 


Jerusalem, Israel. 
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Algorithm for the Production of Contour 
Maps from Scattered Data 


THE production of contour maps from data measured at 
a set of points randomly scattered over some given region 
is a common problem. For example, geologists are inter- 
ested in the production of trend surfaces and the associated 
contour maps from data consisting of the x,y map co- 
ordinates of bore locations and the corresponding depths 
below sea level at which a certain type of rock was found. 
Although the points at which data are available are not 
random, in general they are not at points of a rectangular 
grid. Similarly, for meteorological purposes, although the 
sites for weather stations can be chosen more rationally 
they are neither sufficiently dense nor precisely sited to 
form a complete grid. Many techniques have been used 
to produce grid values from the given data, most of which 
use either some triangulation method or else a local or 
global fit of polynomial or Fourier surfaces. James! 
indieates some of the disadvantages of these methods, in 
particular the fact that in regression of either polynomial 
or two-dimensional Fourier series both represent finite 
expansions of infinite series with an increasing number of 
extrema and inflexions on further expansion. Both are 
linear with respect to their coefficients so they are both 
specific cases of the general linear model and thus are 
subjeet to the mathematical restrictions inherent in such 
models. James and Krumbein? list those restrietions of 
importance geologically. James describes a method 
whereby a non-linear model in general mathematical 
terms is assigned as an educated guess based on the user’s 
geological intuition. The method is iterative in the sense 
that the original model can be revised after further 
analysis of the residuals. 

The method proposed here is in two distinct phases. 
The first of these is very flexible and consists of assigning 
approximate values at the mesh points of a rectangular 
grid imposed on the data area. The overall shape of this 
area need not be rectangular, but for simplicity of ex- 
position we will suppose that it is. Assuming that this 
grid G has m rows and n columns, the total number of 
mesh points mn should be chosen so that mn is approx- 
imately sixteen times the total number of data points, 
but this choice is not critical. The reason for this choice 
will be apparent later. In the examples given later the 
approximate values on this grid were calculated by fitting, 
by least squares over all data points, à polynomial surface 
of low order. Again in general this is not critical, but if 
the initial fit is good then fewer iterations are required. 
In the case of meteorologieal maps, for example, the fore- 
cast map could well be used for this initial stage except 
when it has been very wrong, in which case some other 
fit to the eurrent data could be used. Two important 
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Focus on Ultramicrotomy 


This is the second of a series presenting the LKB Ultrotome 
Ill by explaining its ability to solve problems in Ultra- 
microtomy. 


LKB ULTROTOME Ill SOLVES 
PROBLEM OF ORIENTATION. 


The grain of the structural detail of many specimens, such 
as fibers, films, membranes, muscle, skin and others, lies 
in more than one direction. Therefore this structural detail 
within the specimen must be located and the cutting cor- 
rectly aligned to enable the best sections to be produced. 


lt is a great advantage to be able to produce sections 
either by cutting the specimen longitudinally or by making 
transverse cuts. The universal orientation head of the 
Ultrotome Ill used together with the vise-type specimen 





holder allows one and the same specimen to be adjusted 
in three directions perpendicular to each other without any 
need to loosen the specimen in the holder. Due to the 
goniometer-type construction of the orientation head with 
its unique 45" arc displacement, the axis of the specimen 
block can be positioned, and rigidly fixed at angles up to 
45" with respect to the axis of the specimen arm. This 
provides the fastest and most precise structure orientation 
possible without the need for any reembedding or other 
additional procedures. 


Having all-round mobility, and a vernier scale on the arc 
which allows adjustments of 0.1°, the orientation head 
needs only one precision adjustment to enable cutting se- 
quences in two or three directions to be carried out 


This orientation head is exclusive to the LKB Ultramicro- 
tome LKB 8800 


LKB INSTRUMENTS LTD. « LKB HOUSE 
232 Addington Road « S. Croydon, Surrey. CR2 8YD « TEL: 01-657-0286 


SALES AND SERVICE THROUGHOUT THE WORLD: WASHINGTON, THE HAGUE, COPENHAGEN, VIENNA, STOCKHOLM 
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Cambridge Monographs in 
Experimental Biology 3 


Bird Navigation 
Second Edition 


G. V. T. MATTHEWS 


The second edition has been completely rewritten in the 
light of recent work. 
Comment on the first edition: 
‘A remarkably lucid and compact statement, effectively 
illustrated by diagrams. It canbe thoroughly recommended 
not only to every ornithologist but to all who find interest 
in this fascinating special topic.’ Science Progress 

40s. net 


The Soil Resources of 
Tropical Africa 
Edited by R. P. MOSS 


Based on a symposium held by the African Studies 
Association of the United Kingdom, this book considers 
soil as a resource. It discusses its characteristics, potential 
and problems, in relation to some new technologies, to 
land use, and to the planning of agricultural development. 

40s. net 


Society for Experimental Biology Symposium 22 


Aspects of Cell Motility 


Edited by PETER MILLER 


A review of the present state of knowledge of the variety 
of motile mechanisms in living organisms. Particular 
topics include the ultrastructure and biophysicsof muscle, 
ciliary and flagellar mechanisms, cytoplasmic streaming 
and organelle movements. 75s. net 


Some Exercises in 
Pure Mathematics 
J. D. WESTON and H. J. GODWIN 


200 exercises on, and explanations of, some of the ideas 
that are now important at the level of the transition from 
school to university. They cover a wide range of topics 
in elementary analysis, and in algebra and geometry, and 
will be useful to teachers and to all students who want 
to extend their basic knowledge of pure mathematics. 
135. 


Discovery Reports, Volume XXXV, p. 31-133 


Seasonal Cycles and 
Reproduction in Sei Whales 
of the Southern Hemisphere 
RAY GAMBELL 


A comprehensive and detailed study of seasonal rhythms 
in the genitalia, reproductive capacity, foetal growth, 
rate of breeding, and the timing of the breeding cycle 
in relation to seasonal migrations, feeding and associated 


processes in the sei whale. 8os. net 
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considerations here are to choose surfaces of reasonable 
smoothness unless surfaces which reflect known eccentric 
features without badly distorting other areas are known, 
and to ensure that sparse data areas are not given detailed 
features which cannot possibly be justified by the known 
data. It is for this reason that in the absence of anything 
better low order polynomials of order not greater than 
three give & suitable starting point. 

The iterative process now begins, with each original 
data point being treated quite independently. For each such 
data point the nearest grid point of G is taken as the centre 
C of a 3x 3 square of grid points, but using points twice 
the basic cell dimensions of the grid away from the centre 
(see Fig. 1). The coarser grid is chosen here so as not 
to localize too much the effect of the given data point. 
The choice of the number of grid points is now seen to 
be chosen so that if the data are reasonably evenly dis- 
tributed over the whole region there will be on average 
only one data point in the larger nine point square. 

The nine grid points with weight 1 and the corre- 
sponding single data point with weight 4 are then fitted 
by least squares to a quadratie polynomial 


z=ax +bxy+cy+dr+ey+f 
The weighting scheme is chosen so as to give some, but 


not too much, bias to the current data point. New 
function values are now calculated at the grid points of 


Fig. 1. Data point and nine grid points used for local quadratic fit. 
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Fig.2. Iterative fit based on a global linear fit. 




















Fig, 4. Iterative fit based on a global quadratic fit. 


G forming the 5x5 square with centre C, but with tho | 
distance between adjacent points now equal to the basic 
cell dimensions of G. The process is repeated for each 
data poit. ; 
nor searching for near points. During one application: of 
the process certain of the grid values will be altered more. 
than once. b 

At the end of this stage the surface represented by the 
values at the grid points may be thought of as a smooth 
basic surface with quadratic bumps on it. There will in| 
general be discontinuities in the first derivatives on the’ 
surface at the edges of the bumps. These are now smoothed - 
out by a local smoothing process described by Cole and 
Davie*. The particular smoothing formula used is 8 
generalization in two dimensions of a method deseribed 
by Lanczos‘ and Hildebrand. It is a quadratic smoothing 
using a 3x3 square of grid points based on the point at 
which the correction is to be made as centre and gives 
the correction 


— UY Bravyfo 


where 3;,,,f, denotes the central difference of order four 
with differences taken twice in the œ direction and twice 
in the y direction. This smoothing, being quadratic, does 
not affect the values at the centre of a pure quadratic 
bump, but does smooth out the intersection of the loval 
quadratic with the global surface. 





Note that it requires no sorting of data ^ 
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The error at the original data points can also be com- 
puted and used to determine whether or not the iteration 
has proceeded far enough. A satisfactory criterion seems 
to be a comparison of the standard deviation of the errors 
with the standard deviation of the z values of the original 
data, In cases in which there may be bad initial data 
points it is advisable to restrict the total number of 
iterations. In practice there has been little improvement 
after three or four iterations. 

If another iteration is required, then the quadratie 
bumps and smoothing sections are repeated. Finally the 
grid data may be contoured by a standard procedure to 
give the required surface map. It is also useful to plot the 
global fit surface and the difference surface between 
global and final surface plots. 

Figs. 2, 4 and 6 show contour maps derived by this 
method from the same data set but using linear, quad- 
ratie and cubie bases, respectively, these bases being 
shown in Figs. 3, 5 and 7. Data points are marked with 
& cross excepting those at which the error exceeds 5 per 
cent of the standard deviation of the original data and 
these are marked with a triangle. Fig. 8 is an example of 
a difference map, in this case the difference between the 
linear map and the derived map of Figs. 3 and 2, re- 
spectively. 

The method seems to have a number of advantages 
over previous methods. It does not depend heavily on 
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Fig. 6. Iterative fit based on a global eubic fit, 
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Fig. 7. Global cubic fit surface, 




















Fig. 8. Difference map between linear and corresponding derived map of 


Figs. 3 and 2, 


intuition. Indeed, if the programme is allowed to choose 
its own global polynomial, then it is intuition free. On 
the other hand, with well documented data the user 
may well choose an initial surface based on his knowledge 
of the problem. 

The process is iterative, but round off and truncation 


error do not accumulate because at each stage the original 


data and not the residual set are used. By choosing differ- 
ent initial global fit surfaces the convergence may be 
compared empirically as in Figs. 2, 4 and 6. 

Finally, the process is not excessively time consuming, 
for it involves no searching or sorting. With a given grid 
it varies lmearly with the number of data points and the 
number of iterations required. 


A. J. COLE 


Computing Laboratory, 
University of St Andrews. 


Received July 23, 1068, 
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BOOK REVIEWS 


DANCING BEES 


The Dance Language and Orientation of Bees 

By Karl von Frisch. Translated by Leigh E. Chadwick. 
Pp. xiv+566. (Belknap Press of Harvard University 
Press: Cambridge, Mass.; Oxford University Press 
London, 1968.) 1105. 

Tais splendid book is a translation of Tanzsprache und 
Orientierung der Bienen (Springer-Verlag: Berlin; Heidel- 
berg: New York, 1965). Previous books by Professor 
K. v. Frisch have included Der Farbensinn und Formensinn 
der Biene (1914), Uber den Geruchsinn der Biene (1919), 
Über die Sprache der Bienen (1919), and Dujtgelenkte 
Bienen im Dienste der Landwirtschaft und Imkerei (1947). 
A more general account of his work first appeared in 
Aus dem Leben der Bienen (1927), and the fifth edition of 
this was translated into English by Dr Dora Ilse and 
appeared under the title The Dancing Bees (Methuen: 
London, 1954). A similar but shorter account in English 
entitled Bees, their Vision, Chemical Senses and Language 
based on lectures given in the United States was published 
by Cornell University in 1950. Thus the present volume 
differs from all previous ones in that it is an extensive 
review of the research findings of von Frisch and his co- 
workers over a period of more than 50 years (some 800 
references are given) and it is the first time that most of 
the information appears in English; for both of these 
reasons it is more than welcome. 

In the opening few pages von Frisch sets the scene for 
what is to follow by giving a fascinating historical survey 
of how the dance language was discovered. He first 
realized during his early experiments on the colour vision 
and sense of smell of bees that some form of communica- 
tion must exist; these experiments necessitated training 
bees to a source of food and he found that the trained 
bees were soon joined at the food by many companions. 
Curiosity prompted him to observe the behaviour of these 
foragers, when they returned to their nearby hive, and he 
soon noticed that they performed the well known “round 
dances" which induce reeruits to fly out and search for 
food with the same smell as that collected by the dancers. 
He saw other foragers with pollen loads doing "tail. 
wagging" dances and for many years supposed that this 
behaviour pattern was associated with pollen gathering 
while the “round dance” was associated with collecting 
nectar. He modestly reveals, however, how, after a gap 
of about 20 years, he was able to correct this early mis- 
apprehension and to make the astonishing discovery that 
the different types of dance were not related to the type 
of forage collected but to its distance from the hive, and 
that the dance contains precise information about the 
direction and distance of the food supply. Nothing 
like this behaviour has been found in any other animal 
group; indeed, it is sobering to reflect with von Frisch 
that we need many extrasensory appendages (for example, 
stopwatch, protractor, measuring tape, assistants, and a 
pre-calculated distance curve) before we can begin to 
understand the bee language. 

It is not surprising that once this discovery was made it 
attracted much research effort and the vast amount of 
intricate information which has accumulated forms the 
basis of the first half of the book; indeed, it is doubtful 
whether any other behaviour pattern has been so exten- 
sively analysed. Even so, much is not understood; 
thus von Frisch is unable to come to any stronger conclu- 
sion than that the decisive signal announcing the distance 
of the food source "seems" to be the duration of the 
straight run of the "tail-wagging" dance. Any inter- 
pretation of the dance language is complieated because 
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of many factors (for example, nearness of food source, 
floral odour and form of food container) which mtermesh 
to determine the final dance that is performed, and the 
relative effects of these factors vary with different condi- 
tions of weather, natural food supply, stage of colony 
growth, and so on. Furthermore, although these factors 
have been studied singly their interrelationships are stall 
largely guesswork and we still do not know to what 
extent the effect of different stimuli can be additive. 

It is evident that criticisms of von Frisch's interpreta- 
tion of different aspects of the dance language have been 
made in the past and will continue to be made; it is equally 
evident that von Frisch will continue to weleome them. 
The polite but effective manner in which he rebuffs those 
whose data or reasoning he finds inadequate is itself an 
object lesson in eriticism. 

It is often difficult to envisage how a complicated piece 
of behaviour like the bee dance can have evolved, especi 
ally as the stimuli are received at one site and the be 
our pattern occurs at another some time later. To try 
to shed some light on this, studies have recently been 
made on the possible forms of communication im different 
types of social bee, from the primitive meliponine, which 
activates its nest mates by agitated and unorientated 
vibratory behaviour on its return home, to the dwarf 
honeybee (Apis florea) which dances on the horizontal 
surface of its nest and directly indicates the way to the 
food source but is unable to make the necessary transla- 
tion of solar angle to gravitational angle when on a vertical 
surface. So far, few examples of the possible evolutionary 
steps have been revealed; but this is an active research 
field and one that might well give large returns in the 
near future. 

The dance language of the bee depends on its ability 
to orientate successfully, and the methods by which bees 
find their way to far off food sources and back to their 
hives are described in the second half of the book. Partieu- 
lar attention is paid to experiments, many of them very 
recent, that have investigated the bees' ability to orientate 
by the position of the Sun and the plane of vibration of 
the polarized light in a blue sky, and the analysis of the 
polarized light by the rhabdomeres of the ommatidia. 
Discoveries about the honeybee have often instigated 
similar researeh on other animals and this is especially 
true of their use of polarized light in orientation. From 
1949, when von Frisch published Die Polarisation des 
Himmelslichtes als orientierender Faktor. bei den Tanzen 
der Bienen, to 1964 no fewer than sixty-four publications 
appeared demonstrating the use various animals make 
of the plane of polarized light when orientating, and 
thirty-four of these publications were concerned with 
invertebrates other than insects. No doubt there have 
been many more since. 

The final fifty pages are concerned with the use a bee 
makes of its sense of sight, taste and smell when near its 
goal. Although the sense of smell plays such an important 
part in communication and orientation both in the hive 
and in the field, it is surprising that the sensitivity of bees 
and man is similar and that only a few scents that are 
especially important to bees have an appreciably more 
intense odour for them than for man. The bee, however, 
is more adept at discriminating between local qualitative 
and quantitative differences in odour such as it encoun- 
ters in close proximity to flowers. 

One of the most enlightening parts of the book is an 
early chapter entitled “Methods in General". It is a 
synthesis of useful advice and hints on such subjects as 
the construction of observation hives and methods of 
observing bees without disturbing them, on the construc- 
tion of flight rooms in which colonies ean be enclosed and 
rear brood and forage throughout the year, and on methods 
of marking bees and training them to dishes. Much of 
this has never appeared in print before and it will be 
particularly valuable to students of bee behaviour, who 
will do well to heed his warnings on the errors that can 
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creep into experiments; indeed, this is a book which no 
research worker on social inseets should be without. 

The very few misconceptions present in the book prob- 
ably arise because material for it was collected not later 
than 1964; thus I do not think that von Frisch would 
now write that as a rule bees gather either nectar or 
pollen and only occasionally both at once; nor that 
swarming is necessarily or primarily associated with a 
period of superfluity of food. 

'The book is written in a clear, readily understandable 
style which is complemented by numerous explanatory 
diagrams and photographs, many of which have not 
previously appeared. The publishers are to be con- 
gratulated for the clear format and absence of typo- 
graphical errors and L. E. Chadwick for the most success- 
ful translation. 

The subject matter has been arranged with a masterful 
touch, and although there is inevitably some overlap 
between ehapters this is skilfully handled and repetition 
is kept to the minimum required to complete the picture 
at hand. Each chapter has a most useful and concise 
summary. The conclusions are supported by a wealth 
of examples of experimental results, and in particular 
recent findings are treated in depth, but even so von Frisch 
reminds us that in order to be thoroughly convinced 
of the aetual intensity and persistence of a particular 
behaviour pattern there is no substitute for watching it. 
Throughout the text he makes suggestions for future 
work, although experiments required are often by no 
means easy to devise. In his preface von Frisch reveals 
that for a long time it had been his intention to write 
this book, but that he was deterred from doing so by the 
large gaps in our knowledge. It is quite remarkable 
that so many of the gaps have been filled by this one man. 

J. B. FREE 


TWENTY YEARS OF BEE RESEARCH 


Traité de Biologie de l'Abeille 

Edited by Remy Chauvin. 1: Biologie et Physiologie 
Générales. Pp. xvi--547. 2: Système Nerveux. Com- 
portement et Régulations Sociales. Pp. viii+566. 3: 
Les Produits de la Ruche. Pp. viii--400. 4: Biologie 
Appliquée. Pp. vii--434. 5: Histoire Ethnographie et 
Folklore. Pp. vii--152. (Masson: Paris, 1968.) 578 
francs for the 5 volumes. 

Ters five-volume treatise has been prepared under the 
direction of Professor R. Chauvin with a view to making 
available the results of bee research during the past twenty 
years. The title refers to the honeybee, not to bees in 
general, and apart from a chapter on the genus Apis and 
occasional comparative references to other Apis species 
and to other bees, the whole treatise is on Apis mellifera. 

The quality of production and illustration is outstanding 
but, even so, the book is very expensive. The five volumes 
ean be purchased separately. 

All sections of the treatise will be found interesting, 
both to those directly concerned with the subject matter 
and to others working in related fields. The volumes 
differ from, say, R. A. Grout’s The Hive and the Honeybee 
(1963), or A. Büdel and E. Herold's Biene und Bienenzucht 
(1960), in that the emphasis is on the bee, not its ex- 
ploitation. They are more on the lines of C. R. Ribbands' 
The Behaviour and Social Life of Honeybees (1953), but 
whereas that book was designed for reference, Chauvin’s 
seems designed to be read rather than consulted: in- 
eomprehensibly, for a work of this size and stature, 
there is no subject index, and in the contents list many of 
the page numbers are incorrect. 

Professor Chauvin is at present in charge of the Labor- 
atoire de Psychophysiologie, Faculté des Sciences, 
Université de Strasbourg. But from 1949 onwards he 
built up the Station de Recherches sur l'Abeille et les 
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Insectes Sociaux, at Bures-sur-Y vette near Paris, and he 
and other scientists working there have written about 
half the seventy-eight chapters. Many of these chapters 
describe the authors’ work at Bures, most of which was 
originally published in Annales de UAbeille, Insectes 
Sociaux, and various Comptes Rendus. For instance, 
Dr R. Darchen writes on the production and use of wax 
by honeybees, Dr P. Lavie on antibiotic substances in the 
honeybee eolony, and Dr J. Louveaux on the collection of 
pollen by bees. Seven chapters are by Drs J. Lecomte and 
J. Pain. Lecomte diseusses interaction and aggression 
between bees, their foraging behaviour and pollinating 
activity. Mlle Pain writes on caste determination and, 
especially, on pheromones produced by the queen honey- 
bee. (The reason for the French spelling pherormone is 
the phonetic similarity between pheromone and fair 
aumône, “to give alms".) Her work at Bures, and that of 
Dr C. G. Butler in England in the same field, covered 
roughly the same period, but there has been little inter- 
action between the two. Dr Pain discusses Dr Butler’s 
experiments and conclusions in the second volume 
(page 203 et seq.). 

Dr M. Barbier, of the Institut de Biologie Physico- 
chimique in Paris, who collaborated with the work at 
Bures on pheromones, ete., has contributed a useful 
chapter on the biochemistry of the honeybee in the first 
volume. Professor Chauvin himself has written fifteen 
chapters, mostly on biological problems of special interest. 
to him, such as the physiological and therapeutic action 
of hive products (in volume 3), or on subjects not closely 
related to work at Bures, such as honeybee dances (volume 
2). Dr A. Maurizio (Switzerland) and Professor F. Ruttner 
(Austria and Germany) have each contributed five lucid 
chapters on their own special fields of research. The first 
includes the collection and treatment of pollen and 
nectar by bees, factors affecting the length of life of bees, 
and the enzymes of the hypopharyngeal glands. The 
second covers systematics, bee breeding and geneties, and 
the special features of mating in the honeybee. 

Most of the remaining chapters in volumes 1—4 are 
written by German workers; the rest are contributed by 
authors of other nationalities, two being British and two 
American. The fifth volume differs from the others in that 
it is written not by honeybee specialists but by specialists 
in other subjects at various French institutions of learning 
and research who, for the purposes of this book, have 
delved into the history and folklore of bees. These 
chapters contain many interesting and little-known 
details, and serve as a supplement to the classical works of 
such authors as J. G. Bessler, F. S. Bodenheimer, H. M. 
Fraser and H. M. Ransome. The volume is in no way 
comprehensive, but as a finale it adds leaven to the whole. 

The contents of this treatise relate largely to research 
findings in the past two decades. "They seem to have their 
nucleus in the work done at Bures, and then to radiate out 
to related subjects. The chapters have their own biblio- 
graphies; these are good and detailed, although they omit 
many papers published in English, and each stops short at 
the year in which the chapter was written, which may be 
1963 or earlier. An English or German book with the 
same title would probably treat the subject more 
systematically than is done in these volumes, but it might 
well be less readable. Eva CRANE 


DEVELOPMENTAL BIOLOGY 


Control Mechanisms in Developmental Processes 
Edited by Michael Locke. (26th Symposium of the Society 
for Developmental Biology, La Jolla, California, June 
1967.) Pp. xiv+302. (Academic Press: New York and 
London, 1967.) 1125. 


Tms series of symposia was originally published as supple- 
ments to the journal Growth, but for many years now it has 
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been published independently. Starting with the present 
volume, the symposia will appear as annual supplements 
to the journal Developmental Biology. This volume con- 
tains some most interesting and useful articles which will 
interest nearly all embryologists. My only eriticism is the 
title. This was presumably chosen because, as happened 
in the previous year, the contributed articles have no 
special feature in common. "Though they concern control 
mechanisms in development, so do a great many others 
not covered here. To describe these simply as "Essays in 
Developmental Biology” would be an equally informative, 
and to some a less misleading, way of describing the con- 
tents, which are now considered separately. 

The first three papers concern cytoplasmie organelles 
which contain DNA. Bogorad describes the development 
of plastids from a biochemical point of view and devotes 
special attention to changes in RNA metabolism and RNA 
polymerase activity that immediately follow illumination. 
Tatum and Luck are primarily concerned with the analysis 
of some slow-growing Neurospora mutants which show 
non-nuclear inheritance and lead to quantitative, but not 
qualitative, changes in cytochromes a, b and c. Sir John 
Randall and his colleagues review the morphogenesis of 
flagella and the development of basal bodies which con- 
tain DNA, in Chlamydomonas. 

Genetic "controlling elements" in maize are compared 
by MeClintoek with à number of not obviously related 
phenomena in other organisms. As the author says, there is 
still no direct evidence for comparable regulatory elements 
in organisms other than maize. Stebbins' contribution 
deals with faetors which determine the direction of mitosis 
in plants and hence accounts for some important features 
of plant morphogenesis. Epphrussi and Weiss present 
some interesting ideas on certain aspects of the cell cycle 
in fused culture cells. 'They suggest that the coordination 
of events in the cell eyele may depend on the simultaneous 
initiation of DNA synthesis in all ehromosomes, and that 
this is only achieved in ehromosomes which are included 
in and attached to the same nuclear membrane. An exten- 
sive review of messenger RNA synthesis and of cytoplas- 
mie DNA in sea urchin embryos, by Tyler, is orientated 
towards the currently popular topie of masked messenger 
RNA. It is suggested that developing cells become deter- 
mined when messenger RNA is synthesized and masked. 
In relation to erythroid cell differentiation, London and col- 
leagues discuss haem biosynthesis, and the part played by 
haem in regulating the synthesis of globin and assembly of 
haemoglobin. Auerbach summarizes, briefly, what is known 
of the identity of the tissue from which immunocompetent 
cells originate early in animal development. Finally, Segal 
diseusses the early effects of oestrogen on the uterus, as 
well as his own work, which has shown the remarkable 
capacity of RNA extracted from hormone-stimulated 
uterine tissue to simulate most of the effects of the 
hormone, when introduced into ovariectomized animals. 

J. B. GURDON 


GENETICS OF FARM ANIMALS 


Genetics and Animal Breeding 

By Ivar Johansson and Jan Rendel. 
the Swedish by Michael Taylor. Pp. xi+ 489. 
and Boyd: Edinburgh and London, 1968.) 105s. 


Tue authors’ intention was to write a "general and fairly 
popular survey of the present knowledge about the 
geneties of farm animals and the methods of their im- 
provement through breeding". In this they have succeeded 
admirably and the result is an authoritative and highly 
readable book which is certain to have a wide appeal. 
This is not simply a translation of the original Swedish 
text first published in 1963. In preparing the English 
edition the material has been thoroughly revised, Professor 
J.C. Bowman rewriting the chapter on production char- 


Translated from 
(Oliver 
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acters in poultry, and some of the examples with speci- 
fically Swedish connotations have been replaced by others 
of more general interest. 

In a general survey of a subject the amount of detail 
included must inevitably be curtailed. For example, the 
section on hereditary abnormalities deals only with some 
typical cases which are used to illustrate the various 
modes of inheritance, and for further information the 
reader is referred to other specialized works. A full 
bibliography has not been included, but the few selected 
references given at the end of each chapter bave been 
carefully chosen, and will prove a good guide to those 
wishing to extend their study of animal geneties beyond 
the authors' self-imposed limits. The many other papers 
quoted are referred to in the text by author and year so 
that the complete reference can be found in an abstract 
journal if required. 

The contents fall naturally into three parts. In the 
first, a brief but interesting historical survey is followed 
by three chapters on the physical basis of reproduction, 
Mendelian and population genetics. These provide a good 
outline of the basic principles and are a sound foundation 
for what follows, though some knowledge of statistics is 
a necessary prerequisite for à proper understanding of the 
introduction to population genetics. 

The second and largest part contains an account of the 
inheritance of the more important qualitative and quan- 
titative characteristics in farm livestock. The primary 
grouping of the subject matter is by characteristic rather 
than by species, so that the body size and carcass traits 
of cattle, sheep and pigs, for example, are all dealt with 
in the same chapter. This gives a very well integrated 
presentation. 

Biochemical genetics could yield information. of value 
to livestock breeding in the future, and the chapter on the 
inheritance of blood characteristics, with its useful dis- 
cussion of practical applications, is worthy of note. 
Special mention should also be made of the section 
on the use of monozygous twins in research, a field in 
which Swedish scientists have made a considerable contri- 
bution. 

The third and last part is, in some ways, the most 
interesting, for it is here that the authors draw together 
the information they have presented on economically 
important characteristics and discuss its application in 
practical schemes for the genetic improvement of farm 
livestock. Examples are given of methods currently used 
for evaluating the merit of breeding stock, and of im. 
provement schemes now in operation. 

The book provides an excellent introduction to the 
subject of animal breeding and will be weleomed by 
students of agriculture and veterinary science, and by 
others concerned with the improvement of animal pro- 
duction. L. K. O'CowwoR 


SPECIFICITY OF ANTIBODIES 


The Structural Basis of Antibody Specificity 

By David Pressman and Allan L. Grossberg. (Microbial 
and Molecular Biology Series.) Pp. xvii +279. (Benjamin: 
New York and Amsterdam, 1968.) $16.75. 

IwrEREST in immunology tends to alternate between the 
chemical and the cellular aspects of the subject. The 
great advances in the ‘thirties were made when bio- 
chemists began to investigate antibodies as they would 
any other specific reagents, an approach associated with 
the names of Landsteiner, Heidelberger, Marrack and 
many others. But in time it became Glear that the physico- 
chemical approach, naively applied, was hopelessly 
blocked by the heterogeneity of the systems which were 
being studied, and more sophisticated analysis was both 
excessively complicated and biologically meaningless, 
though fun for the mathematicians. Interest at the same 
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time was increasing in the specificity of the reactions 
which had been demonstrated by the immunochemical 
approach, and in the question as to how this specificity 
arose. Thus antigen handling and antibody production 
as a function of individual cells, the cell biology of the 
immune process, became the centre of concentration. 

In this book a preparation of antibody is treated 
essentially as a simple test tube reagent, without concern 
with its mode of origin. The senior author (and later Dr 
Grossberg also) were associated with Linus Pauling and 
D. H. Campbell in the series of papers in the forties which 
crowned the efforts of the immuno-chemists and high- 
lighted the need to think next about biosynthetic processes 
in the cell. He and his school have kept alive physico- 
chemical thinking at a time when it was comparatively 
unfashionable in immunology, and this summary of work 
in the field over the past twenty years is all the more 
valuable in that now a more sophisticated biology demands 
once again a precise physico-chemical approach to such 
problems as modulation of antibodies with time and the 
still unsolved problem of the origin of specificity. 

By and large. then, this is a useful and timely book and 
a valuable source of information and references. As it 
represents so much the work of one school, there are 
naturally points of detail and interpretation which are 
still controversial, and many items on which one could 
welcome more discussion. I am disappointed, for example, 
that there is comparatively little reference to possible 
conformational changes of the antibody molecule as a 
whole, both after combination with antigen and after 
chemical coupling with reagents such as alkylating agents 
and diazonium salts. Throughout, there is a tendency to 
treat the antibody combining site in isolation as inde- 
pendent of the rest of the molecule. This approach seems 
to one like myself, with very little training in the physical 
chemistry of proteins, to be open to the risk of errors of 
interpretation. I also have a personal regret that Dr 
Pressman, who covers the specificity of antibodies in such 
expert detail, has nothing to say of the specificity of 
"delayed" reactions—dependent on a messy biological 
test though they may be. 

The book, however, covers fully the field indicated by 
its title and is written with great clarity; it has many 
diagrams of extreme elegance and simplicity, including a 
number of pictures of molecular models. 

P. G. H. GELL 


ITCHES AND INFECTIONS 


Red Mites and Typhus 

By J. R. Audy. (University of London Heath Clark 
Lectures 1965, delivered at the London School of Hygiene 
and Tropical Medicine.) Pp. x--191. (Athlone Press, 
University of London: London, 1968.) 45s. 


Is his Heath Clark Lectures the author adopted for his 
main theme the ecology of the trombiculid mites and 
their role in spread of rickettsia infections. This is no 
mere treatise on the life history of a troublesome para- 
site, however, but an interesting and at times exciting 
tale of the annoyance and diseases produced by these 
red mites at various times and in many places. 

The story begins with the observations of the English 
naturalist Gilbert White on the itch caused by the red 
harvest mite. It is the larval stages of these mites of 
the family Trombiculidae, subclass Acarina which attach 
themselves to the skin of man and animals, but they do 
not suck blood. Instead they feed on tissue juices and it 
is their salivary secretion which causes the local irrita- 
tion known as serub-itch. In Japan for many years the 
dreaded Tsutsugamushi disease was known to be asso- 
ciated mainly with the mite Leptotrombidium akamushi, 
and to occur in localized areas, known as “poisonous 
places" near certain rivers. When this disease was shown 
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to be caused by a rickettsia (R. orientalis) it was possible to 
explain the localized areas of infection on ecological 
grounds. In his wartime studies mainly based on Imphal, 
the author was able to demonstrate the higher incidence of 
infection in areas of waste land where the natural balance 
had been disturbed by cultivation, or wherever culti- 
vated areas had been abandoned. This encouraged the 
rapid increase in rats, the natural reservoir of the ricket- 
tsia and the wild host of the vector mite. Thus troops 
operating in such areas were liable to suffer outbreaks 
of scrub-typhus. The text contains many accounts of 
these outbreaks including the one which took the Royal 
Navy by surprise when a base was set up in Addu Atoll 
in 1941. Another interesting epidemiological facet is 
the description of the outbreaks of serub-typhus on the 
Indo-Burma front. Although this disease was causing 
concern to the Japanese as well as the Allies, the former 
failed at first to recognize it as their native Tsutsugamushi 
disease and even speculated that it might be transmitted 
by fleas. 

Throughout the lecture the author makes interesting 
comments on many other topies. He discusses research 
workers, their fantasies and some of their foibles. He 
retells the story of the Weil-Felix test, and how a wrongly 
labelled antigen culture helped to differentiate serub- 
typhus from other similar rickettsiae diseases. The 
ecological aceounts are excellent and the author’s theory 
on the evolution of the typhus group of diseases must 
be read in full to be appreciated. This book can he 
confidently recommended to the general reader as well 
as to those specially interested. ANDREW B. SEMPLE 


CULTIVATING PARASITES 


The Cultivation of Parasites in vitro 
By Angela E. R. Taylor and J. R. Baker. Pp. ix +377. 
(Blackwell Seientifie: Oxford and Edinburgh, 1968.) 70s. 


THE parasites of animals, to which this work is restricted, 
comprise a large and heterogeneous collection ot species 
ranging from the simplest of Protozoa to highly complex 
helminths. The host-parasite relationships, physiological 
adaptations and life cycles of these organisms cover an 
equally broad spectrum. Dr Taylor and Dr Baker have 
performed a phenomenal task in selecting for inclusion in 
this book the most successful of the innumerable methods 
that have been proposed for the in vitro cultivation of 
parasites. Not only do the principles of the media and 
techniques vary from genus to genus but frequently it is 
necessary to modify a technique to cater for the foibles of 
even closely related species, or strains within a single 
taxon. 

The subject has been divided into three parts. The first, 
dealing with the Protozoa, gives a general account of the 
problems involved and steps that have been taken to over- 
come them. Then follow detailed methods for the culti- 
vation of the Trypanosomatidae (trypanosomes and leish- 
mania), the Sporozoa (especially the genus Plasmodium), 
flagellates other than trypanosomes and ciliates of the 
intestinal and genital tracts and finally the parasitic 
amoebae. References are provided conveniently at the 
end of each of the sections dealing with the major 
taxonomie groups. 

The second part follows the same general plan and covers 
the cultivation of parasitic helminths in four sections, the 
Trematoda, Cestoda, Nematoda and Acanthocephala. 
Throughout these and the previous sections. tables are 
provided of the most important references to techniques 
successfully employed for the in vitro cultivation of the 
various species and, where applicable, the different stages 
of their life cycles. 

A final section deals with general principles of the prepar- 
ation of apparatus and media as well as giving a very brief 
account of tissue culture methods. A useful directory 
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is provided to the suppliers of the main basie laboratory 
items to which reference is made throughout the text. 
'There is no doubt that this work will provide a valuable 
handbook for all who are concerned with the cultivation 
of parasites of animals (particularly those of medical and 
veterinary importance), be this for the purpose of teaching. 
research or, for example, the commercial production of 
vaccines and similar biological products, It fills a gap that 
has long existed between the standard textbooks of labor- 
atory formulae and the vast and scattered literature on this 
subject by individual research workers. In addition, the 
authors offer to those less familiar with the topic critical 
guidance on the best approach to their particular problems. 
One unfortunate defect is the paucity of information on the 
cultivation of parasites in tissue culture. Although the 
matter is given a passing mention in the last section, it is 
too important an aspect of this field to brush aside. Per- 
haps Drs Taylor and Baker will make this the subject of 
their next book. W. PETERS 


PERSONAL CONSTRUCT THEORY 


The Evaluation of Personal Constructs 
By D. Bannister and J. M. M. Mair. Pp. 232. (Academic 
Press: London, April. 1968.) 50s.; $8. 


‘Tuts well written, well organized book deals with the theo- 
ries and methods of the late G. A. Kelly; it presents his 
theoretical contributions (often in the form of very lengthy 
quotations) and also goes in eonsiderable detail into 
empirical studies, many of which have in fact been contri- 
buted by the authors and their various associates. The 
theory of personal constructs may be said to have few more 
eager and hard-working proselytes than this band of for- 
mer Students from the University of London's Institute of 
Psychiatry, Maudsley Hospital, and the exemplary statis- 
tical rigour of their analyses bears witness to their locus 
of origin. The theory is described in the first chapter, and 
linked with the "grid" methods of analysis in the second; 
later chapters go into considerable detail about both theory 
and method, compare the repertory grid with the semantic 
differential, consider reliability and validity of the method 
and finally deal with some practical and theoretical prob- 
lems. 

As a clear and concise introduction to this field of 
researeh the book could hardly be bettered, and it will 
undoubtedly be used by many psychologists and psychia- 
trists as their point of departure into these relatively un- 
charted regions of cognitive structure. Unfortunately they 
will find that the authors are not only concerned with an 
objective appraisal of an interesting and promising 
method; instead, Bannister and Mair seem intent on deni- 
grating all other, alternative approaches to personality 
study in partieular, and psychology in general, and on sug- 
gesting that there can be only one royal road to advance, 
namely the theory of personal constructs. This leads them 
to eschew all reasonable criticism of this theory, and leaves 
the reader with many unanswered questions; a more mod- 
est claim, accompanied by a more open-minded discussion 
of alternative views, might have won more friends for 
Kelly's theory. 

Kelly's main point seems to be that the dimensions of 
personality description must not be arbitrarily decided on 
by the psychologist, but must be derived empirically from 
the performanee of the subjects themselves; it follows 
from this that different dimensions may (and usually will) 
be appropriate for different people. In criticism of the 
traditional method, the authors state that “it is the kind of 
dimensional structure, within which the psychologist 
chooses to examine his patient, which governs the type of 
pieture which emerges. His test measures, whether show- 
ing stable or variable results, are governed as much by 
these prior conceptualizations as by features of the per- 
son". This is a curious statement; it seems to leave out of 
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account entirely the important fact that these conceptual - 
izations are in fact theories derived from objective data, 
that they lead to testable predictions, and that unless they 
are in some ways and to some considerable degree con- 
gruent with the “features of the person” such testable pre- 
dictions would in fact be falsified. We might with just as 
much justification accuse the physicist of "imposing" con- 
ceptualizations relating to length, or electric conductivity, 
or magnetic properties on physical reality, and of being 
governed in his measurement more by these than by 
features of physical reality. Such has always been the 
method of science, and while Bannister and Mair recognize 
clearly enough the close association between theory and 
measurement in relation to Kelly’s system, they seem 
unwilling to recognize a similar association in the work of 
other psychologists. Conceptualizations may be an im- 
portant characteristic of a person. but they are not the 
only one, and methods which are reasonably adequate for 
one feature may be quite inappropriate for others. 

This blind spot of the authors becomes almost ludicrous- 
ly clear when we read a sentence like this: “Anaiety loses 
its physiological trappings and is seen as a structural limit- 
ation with a person's construct system; theawareness that 
one's constructs, as so far elaborated, are inadequate to 
deal with new events on hand". And they go on to quote 
Kelly: “Anxiety is the recognition that the events with 
which one is confronted lie outside the range of convenience 
of one's construct system". Finally, they claim as a 
supreme virtue of Kelly’s theory that he "is proposing one 
psychology (not two psychologies, one of ‘cognition’ and 
one of 'affect/) with an integral language". No doubt it 
would be nice if we had such a unification, but it cannot be 
achieved on a purely verbal plane; no amount of rechrist- 
ening will eliminate the firm physiological anchoring of 
anxiety responses in the autonomic system, and the equally 
firm association of cognitive events with the cortex. Tt will 
be seen, as typical of the strategy of Bannister and Mair, 
that they do not discuss the difficulties introduced into 
their conceptualization by the knowledge we have of these 
physiological mechanisms and anatomical structures; all 
is simply swept away by a sovereign wave of the hand. On 
all existing theories the autonomic system and the visceral 
brain are fundamentally and causally linked with the ex- 
perience of anxiety; to dismiss them as "trappings" is 
hardly a reasonable or acceptable way of dealing with the 
difficulties presented to the theory of personal constructs. 
The same remarks apply to the dismissal of "traits" from 
personality psychology; there is no reasonable discussion 
of the large experimental literature, but simply an im- 
patient, purely verbal denunciation of the potential use- 
fulness of such concepts. 

All this might be acceptable if personal construct theory 
had in fact proved its value, either theoretically or prac- 
tically. But. as the authors themselves clearly recognize. 
this is not so: “Mainly isolated and unreplicated studies 
have been carried out, which serve only to illustrate the 
potential usefulness of grid methods and construct theory 
ideas, rather than providing confirmation of their value". 
Bannister and Mair do not seem to stand on too secure a 
platform from which to dismiss most. of modern psychology 
if this is all they have to point to by way of confirmation; 
a somewhat more modest claim, and a less wholesale re- 
jection of other approaches, might be more acceptable to 
orthodox psychologists. Personal construct theory. and 
the repertory grid method, are useful and potentially val- 
uable contributions; there is no doubt that further work 
in this field is amply justified. In due course we will no 
doubt know if this approach helps us to understand person- 
ality theoretically, or will give us practical leads on how to 
cure neurotics, how to rehabilitate prisoners, or how to im- 
preve the education of our children. At the moment, there 
is no proper evidence on any of these points, and until there 
is we can only accept this new-comer into our midst with 
many qualifications; shouting his virtues from the house- 
tops will not merease his welcome. H. J. EvsENCK 
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FIBRES AND WHISKERS 


Fibre Science and Technology 
Vol. 1, No. 1, July 1968. Quarterly. (Elsevier: London.) 
150s. per annum. 


Iw recent years there have been important developments 
in the production of carbon fibres and of “whiskers” of 
various types. These materials are exceptionally strong 
and when incorporated into plastics yield new products 
which can often be used to replace metals. Research and 
development in this field have been associated with en- 
gineering science rather than the science of textile fibres 
and processing, and it is therefore perhaps understandable 
that special provision should be made for the publication 
of results. 

The new journal Fibre Science and Technology provides 
such a medium. It is edited by distinguished scientists 
and will be devoted “primarily to fibre and whisker pre- 
paration, their structure and related physical properties, 
their incorporation into a matrix, forming methods 
and the application of products”. The subjects of the 
original papers in the first issue illustrate clearly the types 
of investigation which are fittingly included: for example, 
carbon-fibre reinforced plastics; preparation of silicon 
carbide-coated boron filaments; preparation of cast boron 
aluminium composites; controllable shrinkage properties 
of fibres; processing partieulate composites. 

In one sense the new journal will duplicate the facili- 
ties offered by such journals as the Textile Research 
Journal and the Journal of the Textile Institute, but with 
a new and expanding subject there is room for additional 
opportunities for publication. If the launching of a new 
journal encourages engineers and those interested in 
materials science to become familiar with the work which 
has been and is being done on "textile fibres", nothing 
but good can emerge. 

The title of the journal is, perhaps, unfortunate, for 
Fibre Science and Technology embraces a far wider range 
of topics than those associated with the production of 
strengthened materials and composites. This is, however, 
a minor criticism and the many research and develop- 
ment workers in fibre science will look forward to the 
publication of high quality contributions in an exciting and 
extremely important field. C. 8. WHEWELL 


HIGH TEMPERATURE MATERIALS 


High Temperature Materials 
The Controlling Physical Processes. Edited by A. J. 
Kennedy. Pp. vii--102. (Oliver and Boyd: Edinburgh 
and London, 1968.) 475. 6d. 


Iw 1965, Professor Kennedy organized a meeting in 
London, whose object was to clarify understanding of 
the factors which limit the engineering use of materials 
at high temperatures. Tho five review papers presented at 
that meeting have been brought up to date, and form, 
with an introduction by Dr Kennedy, the basis of this 
new book. 'l'hese short reviews cover, in order, deformation 
during ereep (D. MeLean), structural stability in high 
temperature materials (C. N. Reid), rate limiting reactions 
in high temperature oxidation processes (B. B. Argent 
and N. Birks), brittleness in ceramics (G. D. Miles and 
F. J. P. Clarke), and elevated temperature failure processes 
(C. J. Beevers). 

Dr McLean's thesis is that recent studies of the three- 
dimensional dislocation networks formed in metals during 
creep indicate that the steady state creep rate can be 
interpreted on a recovery theory: the mesh size of the 
networks is continuously being expanded by recovery 
and refined by strain-hardening. In multi-phase alloys, 
the restraint of recovery of networks by dispersed particles 
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is discussed—the growth of particle spacing with time 
being considered a controlling feature. 

This conclusion leads us to Dr Reid’s contribution, 
where he observes that oxide in metal dispersions offers 
stable creep resistant structures of high dislocation 
density. This paper consists of a conventional qualitative 
account of the principal methods of strengthening of 
metals—by solid solution, by work hardening, by precip- 
itation hardening and oxide dispersion, and their depen- 
dence on temperature. 

Dr Beevers gives a stimulating review of the high 
temperature fracture of metals, in particular the role of 
grain boundary sliding on the nucleation of inter- 
granular failure by processes of wedge cracking or of 
cavitation. Although the relation between theory and 
observation is encouraging, considerably more research 
is clearly needed before these processes can be understood 
in. detail. 

The paper by Miles and Clarke is the only one concerned 
with non-metals, thereby justifying the use of that fash- 
ionable word "materials" in the title of the book. It 


single crystals and polycrystals at high temperatures. 
In these cases, and in the deformation of the other poly- 
crystalline ceramics briefly considered, the mechanical 
behaviour is shown to be governed by the number and 
distribution of the available slip systerns. 

The article on oxidation processes in metals by Professor 
Argent and Dr Birks has no common ground with the 
other papers in the book, although it must be faced that 
oxidation resistance is a key requirement for high tem- 
perature materials. It gives a scholarly account of the 
possible processes involved in the formation of solid 
films on metals, discussing iron and nickel in partieular 
and also the behaviour of alloys under these conditions. 
Liquid and gaseous oxides are also briefly considered. 

The book itself is well produced and clearly illustrated, 
and can be recommended for all students of metallurgy 
and materials science. J. W. MARTIN 


HYPERFINE STRUCTURE 


Hyperfine Structure and Nuclear Radiations 

Edited by E. Matthias and D. A. Shirley. (Proceedings 
of a conference held at Asilomar, Pacific Grove, Cali- 
fornia, USA, August 25-30, 1967.) Pp. xiii- 1,097. 
(North-Holland: Amsterdam, 1968.) 186s. 


IT is well known that the electric or magnetic coupling 
between the spin of the nucleus and its surrounding 
electrons is responsible for the hyperfine structure seen 
in atomie spectra. In the past twenty years, with the 
development of refined detection methods the influence 
of hyperfine structure on nuclear disintegration processes. 
can now be seen and this is rapidly becoming a rewarding 
method for investigating nuclear structure and for 
studying fields in solids. Because of the growing interest. 
in this interdisciplinary area a conference was arranged 
at whieh were presented nearly 100 papers ranging from 
reviews to short contributions and these are included 
verbatim in this volume. 

A number of the contributed papers describe Móssbauer 
measurements of excited state moments and of internal 
fields in solids. Similar information can also be obtained 
from the precession of a gamma ray angular correlation 
caused by coupling with a magnetic field and a number 
of elegant experiments were reported in which this effect 
was studied. In some of these the ion-implantation 
technique was used to embed the excited nuclei in a 
supporting foil and values of the internal fields at these 
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impurity nuclei showed evidence for disturbing effects 
which occurred while the ion was coming to rest. Several 
papers reported partieularly accurate values of hyperfine 
fields which were obtained from the nuclear resonance 
disturbance of nuclear orientation and angular correlation 
experiments: this technique although still in its infancy 
seemed promising. Among the more powerful methods 
for investigating the static properties of nuclei is that 
of the hyperfine structure of the X-rays which follow the 
capture of mu-mesons by atoms. This structure is parti- 
cularly sensitive to the distribution of electric quadrupole 
moment in the nucleus. The availability of mu-mesons 
beams combined with the use of high resolution germ- 
anium counters has opened up this important field. 

For those who attended the conference this volume is 
an excellent record of what must have been a valuable 
and delightful meeting set in the sunshine of California: 
the editors are to be congratulated on the quality of 
its preparation. For those familiar with the field and 
wishing to get up to date and for those wanting to acquaint 
themselves with these important developments, it is a 
collection containing many useful and stimulating papers: 
reading them in this form is certainly easier than searching 
through learned journals. Nevertheless, this book, which 
is both large and expensive, has neither the coherence 
and completeness of a monograph nor the permanent 
worth of a series of definitive papers and it may not 
appeal to the discriminating purchaser. M. A. GRACE 


RADIO COMMUNICATIONS 


lonospheric Radio Communications 

Edited by Kristen Folkestad. (Proceedings of a NATO 
Institute on Ionospheric Radio Communications in the 
Arctic, organized by the Canadian Defence Research 
Telecommunications Establishment and the Norwegian 
Defence Research Establishment, at Finse, Norway, 
April 13-19, 1967.) Pp. xi--468. (Plenum: New York, 
1968.) $25.00. 

Rovtine radio sounding of the ionosphere started nearly 
forty years ago and, although over the years there have 
been some significant advances in the application of 
ionospheric data to certain radio communication problems 
(as, for example, in the forecasting of long-term trends in 
ionospheric conditions), many practical problems still 
remain unsolved. This is particularly true of radio 
communication in high latitudes where the ionosphere is 
frequently subject to a variety of minor and major 
unpredictable disturbances. The extreme variability of 
the polar ionosphere was clearly recognized as early as 
1932 at the time of the Second International Polar Year, 
when the occurrence of the so-called "polar radio blackout” 
was first identified. Considerable progress has recently 
been made in understanding many of the basic causes of 
polar ionospheric disturbances, but much less has been 
done to combat the consequent problems of radio com- 
munication in the Arctic and Antarctic. The satisfactory 
solution of all long distance radiowave propagation 
problems calls for the cooperation of the ionospheric 
physicist, the communication engineer and the practical 
operator, and in April 1967 a joint meeting of experts in 
these three fields was organized at Oslo under the auspices 
of the North Atlantic Treaty Organization. Particular 
attention was directed to radio communication problems 
in Arctic regions. 

The present volume summarizes the proceedings of that 
meeting and consists of some thirty papers grouped under 
the following main sections: morphology of the Aretic 
ionosphere and ionospheric absorption, LF and VLF 
communication, scatter communication, HF communica- 
tion, system techniques, existing communication facilities 
and user problems in the Arctic. Each section includes a 
short summary of the discussions which took place at the 
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conference and a final section is devoted to a survey of 
future developments in this field. It is clear that the 
conference, itself concerned with radio communication 
problems, certainly succeeded in focusing attention on a 
communication problem of another sort, viz., a certain lack 
of communication between the various interested parties 
referred to above. Indeed, the concluding chapter of the 
volume is entitled “Bridging the Gap between Physicist, 
Engineer and User". 

Although much of the material is necessarily of a general 
review character and many of the scientific results quoted 
have appeared in papers published elsewhere, nevertheless, 
for those specifically concerned with the problems of radio 
communication in polar regions, the volume should prove a 
valuable and convenient reference book. The volume is 
well produced and provided with an adequate author and 
subject index. W. J. G. BEYNON 


OBITUARIES 


Dr D. W. W. Henderson 


Davrp Wirus Witson HENDERSON was born in Glasgow 
on July 23, 1903, the only child of the late John and 
Mary Henderson. A boyhood interest in science and 
agriculture led him to choose agricultural bacteriology 
as his major subjeet when he entered the University of 
Glasgow and he graduated there in 1926. He moved to 
a teaching post at King's College, University of Durham, 
where he started research on the diseases of sheep, sub- 
mitting the results as a thesis for his MSe, which he 
obtained in 1930. In the same year, he married his first 
wife, Beatrice Mary Davenport, daughter of Sir Westcott 
Abell. 

In 1931 Henderson obtained a two year Carnegie 
Research Fellowship with which he went to the Lister 
Institute of Preventive Medicine and followed this with 
a Beit Memorial Fellowship from 1932 to 1935, Here 
Henderson's interest turned to human pathogens, par- 
tieularly anaerobes, and he began to publish papers both 
under his sole name and with his colleagues. He sub- 
mitted a thesis, "Studies on the Spore Bearing Anaerobes 
with Experiments on Active and Passive Immunity", to 
the University of London for his PhD, which he received 
in 1934. He was awarded his DSe in 1940 for his pub- 
lished work. 

Soon after the outbreak of the Second World War, 
Henderson's experience of the toxins of the Clostridia 
led him to try to deliver a toxic dose to mice by the 
respiratory route. The experiment was so successful that 
his director, Sir John Ledingham, arranged for him to 
spend part of his working time at the Chemical Defence 
Experimental Station, Porton, where considerable experi- 
ence in the handling of toxic aerosols already existed. In 
1940, when an MRC Unit was moved to Porton to assess 
the risk of the use of biologieal agents against man, 
Henderson joined it, though he remained a member of the 
staff of the Lister Institute until 1946. After the United 
States entered the war, Henderson was sent to assist 
them to establish an experimental unit and thereafter 
spent a good deal of time in the USA, where he success- 
fully collaborated with a number of American micro- 
biologists and made many lasting friendships. In recog- 
nition of his contribution he was awarded the Medal of 
Freedom, bronze palm. 

By the end of hostilities, it was clear that biologieal 
attack was feasible, but Henderson considered that the 
ad hoc approaches used during the war were unlikely to 
yield any estimate of the magnitude of the threat. A 
long term programme of basie research was required and 
Henderson offered to direct it. After some argument over 
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objeetives and priorities, he was appointed director of the 
Microbiological Research Department in January 1946. 
' His first tasks were to recruit staff and to plan new 
laboratories. Neither was easy, but Henderson threw 
himself into both with determination, recruiting staff one 
by one on: the basis of their individual research potential 
. rather than their scientific discipline or the specific 
requirements of the research programme. In June 1951 
he and his staff moved into the new laboratory, specifically 
designed for the safe production and study of micro- 
, organisms, ‘including pathogens, on a large laboratory 
scale. Shortly afterwards, he recommenced publishing 
papers, sometimes alone, as when the “Henderson 
apparatus” for exposing animals to aerosols was described 
in detail (J. Hygiene, 50, 53; 1952), and also with col- 
leagues. By 1954, he was able to report good progress 
in person to the Royal Society (Proc. Roy. | Soc., B, 143, 
192; 1955). In the following year he had sufficient con- 
fidénce in hi$ staff and in the self generating momentum 
of the research programme to take a year's sabbatical 
leave. ‘Since no other laboratory could offer better 
facilities for studies on respiratory infection, he spent it 
at the bench in his own laboratory. The results were 
published in a short series of papers in 1956. 

Henderson continued to expand the Scope and extent 
of research, and his efforts to establish a ‘“‘eentre for miero- 
biologieal research" with emphasis on the prevention or 
curtailment, of the infectious process rather than on 
therapy. and treatment were acknowledged by his admis- 
sion as a Commander of the Most Excellent Order of the 
Bath (1957). By 1959, the establishment had acquired 
a national reputation and in some spheres an international 
one, and Henderson's personal contribution was recog- 
nized by his election as a Fellow of the Royal Society. 
Henderson spent the next few years trying to balance up 
his research team and to open up leads to civil application 
from the defence research done in the establishment, but 
the strain of his many battles was beginning to tell. 
Hypertension was mounting steadily and he was increas- 
ingly subjeet to attacks of acute respiratory infection 
during the winter. By 60, he, who had never understood 
why men retire early, was eagerly seeking a successor, 
and no one was more pleased than he when Dr C. E. G. 
Smith was appointed in August 1964. By the end of the 
year he had completed the handover, and withdrawing 
wholly and tactfully from “management” and “policy” 
he went back to the labore Mory. At about the same time 
he eompleted his two years' term as President of the 
Society of General Microbiology. 

Back at the bench, Henderson sought to apply to viral 
aerosols the same quantitative methods that he had used 
fifteen years earlier with bacteria. He became increasingly 
interested in the sequence of pathological events and 
showed the rapidity with which a respiratory infection 
with Semliki Forest virus reached the brain of the hamster 
(Brit. J. Exp. Pathol., 68, 228; 1967). He made good 
recoveries from several minor trombose, but another in 
July 1967 brought his active work to an end. He was in 
and out of hospital several times in the ensuing year, 
but his condition slowly deteriorated and he died in his 
sleep on August 16 this year. 


Professor V. B. Stockmann 


PROFESSOR VLADIMIR BORISOVICH STOCKMANN, who was 
born in Moseow on Mareh 10, 1909, devoted his whole 
career to physical oceanography. He began in the State 
Oceanographic Institute in 1931 as a laboratory assistant, 
but was quickly promoted to the senior research position. 
In 1934 he organized the Laboratory of Physical Oceano- 
graphy in Bakou on the Caspian Sea. In 1938 the Faculty 
of Physies of the University of Leningrad awarded him 
the first scientific degree (candidate of sclences) honoris 
causa. Since 1939 he has worked in the Institute of 
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Theoretical Geophysics and in the Aretic Research Insti- 
tute. When, in 1943, the USSR Academy of Sciences 
established the Laboratory of Oceanology, he moved 
there and worked in this laboratory (ater reorganized 
into the Institute of Oceanology) until his sudden death 
on June 14 this year. He received his DSe degree in 1943. 

Stockmann’s most important contribution was to the 
theory of ocean currents. In the early forties he drew 
attention to the importance of the w ind stress vorticity 
in determining circulation patterns in the ocean. Applying 
this principle to the major features of the ocean circulation, 
he succeeded in developing the theory of the well known 
equatorial countercurrents in the oceans. 

In 1946 he developed a new method for studying general 
ocean circulation—the method of total flows-—used later 
by many other scientists. On numerous examples he 
demonstrated the effectiveness of the practical application 
of this method and proposed various ways of overcoming 
some of its natural restrictions (analogy with elastic 
membranes, density model, and so on). 

Very early in his scientifie career he became interested 
in oceanic turbulence and mixing processes. He paid 
particular attention to developing indirect methods for 
evaluation of eddy viscosity and eddy diffusivity in the 
ocean and to the theory of TS diagrams. During his last 
years he gave much of his energy to the planning and. 
implementation of multi-ship and multi-buoy operations 
for the continuous study of oceanic tur bulence and its 
spectral charaeteristies. 

In the Institute of Oceanology, Stockmann built up a 
strong research team of young and enthusiastic scientists 
interested in the theoretical aspeets of modern oceanology. 
In 1946 this group was administratively organized as the 
Laboratory of Marine Hydrodynamics (later Department 
of Theoretical Studies) and Stoekmann remained its head 
until he died. 


Erratum. In the communication "Molecular Pathology 
of Human Haemoglobin" by M. F. Perutz and H. 
Lehmann (Nature, 218, 902; 1968) the third sentence of 
the seventh paragraph on page 903 should read “This 
means that in a 0-65 per cent solution of haemoglobin 
Kansas half the molecules would be dissociated into dimers, 
compared with about one-twenty-sixth in a similar solution 
of haemoglobin A." "The word “molecules” at the end 
of the fifth line of the second paragraph should read 
“globin chains". The footnote marked by an asterisk in 
Table 1 should read personal communication from J. 
Yreer; that marked by a dagger should read Opfell, 
R. W., Lorkin, P. A., and Lehmann, H., J. Med. Genet., 
,257 (1968) (in the press). The asterisk by Santa Ana 
in column 2 of the table should, in fact, be a dagger. 
Reference 57 should read Biochim. Biophys. Acta, “140, 
231; 1967). 





Erratum. In the article “Molecular Biology Comes of 
Age" (Nature, 219, 825; 1968) reference 13 on page 829 
should refer to R. R. Traut, and not P. R. Traub. 


CORRESPONDENCE 


Naming the Units 

Sm.—Re the letter "Naming the Units" in the issue of 
August 17 (Nature, 219, 765; 1968), and in case no one 
else has pointed this out, in French à unit of 10* is un 
milliard, and one of 1079 is un trillion. 


Yours, ete, 


A. LODGE 
31 Swanley Lane. 
Swanley. Kent. 
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International Meetings 


November 5-7, Application Related Phenomena in 
Zirconium and Hafnium and their Alloys, Phila- 
delphia (Mr E. F. Baroch, Metallurgical Research and 
Development, Wah Chang Albany Corporation, PO Box 
460, Albany, Oregon 97321, USA). 


November 8-9, Cell Population Kinetics of Human 
Tumours in Relation to Therapy, Manchester (Dr 
R. W. Baldwin, Cancer Research Department, University 
of Nottingham, Nottingham NG7 2Rd). 


November 13-15, Powder Metallurgy Joint Group 
Annual Meeting, Swansea (The Secretary, Powder 
Metallurgy Joint Group, 17 Belgrave Square, London 
SWI1). 

November 15-16, Properties and Applications of Poly- 
vinyl Chloride, Bradford (School of Polymer Science, 
University of Bradford, Bradford 7). 


November 18-21, Basic Mechanisms of the Epilepsies, 
Colorado (J. Kiffin Penry, Section on Epilepsy, Building 
31, Room 8A-03, National Institute of Neurological 
Diseases and Blindness, National Institutes of Health. 
Bethesda, Maryland 20014, USA). 


November 18-22, Nuclear Desalination, Vienna (Inter- 
national Atomic Energy Agency, Karntner Ring 11, 
Vienna, Austria). 


November 19-20, Lasers and the Mechanical Engineer, 
London (Institution of Electrical Engineers, 1 Birdeage 
Walk, London SW1). 


November 19-21, Physics in the Metal Forming Indus- 


tries, Harrogate (The Meetings Officer, Institute of 


Physies and the Physical Society, 47 Belgrave Square, 
London SW1). 


November 20-22, Plastics in Machinery and Vehicle 
Industry, Budapest (Laszle Prekel, Gepapiri Tudo- 
manyos Egyesulet, Szabadsag Ter 17, Budapest 5, 
Hungary). 


November 20—December Pediatric Allergy, Mexico 
(Dr Luis Gomez-Orezco, Hospital Infantil de Mexico, 
Calle Dr Norma, Mexico City 7, DF, Mexico). 


November 21-22, Breast Cancer, Houston (Frances 
Goff, Special Projects, M.D. Anderson Hospital and 
to Institute, University of Texas, Houston, Texas 
77025, USA). 


HA 22-30, Food, Barcelona (OTAC, Provenza 257, 
Barcelona 8, Spain). 


November 24-29, New Sources of Proteins in Human 
Nutrition, Amsterdam (International Commission for 
Agricultural and Food Industries, 18 Avenue de Villars 
15-Paris 7, France). 


November 24-29, New Sources of Proteins in Human 
Nutrition, Amsterdam (International Commission for 
Agricultural and Food Industries, 18 Avenue de Villars, 
75—Paris 7, France). 


November 25-26, Motor Vehicle Air Pollution Control, 
London (Automobile Division, Institute of Electrical 
Engineers, 1 Birdcage Walk, London SW1). 


November 25-27, Metabolic Function of Vitamin A, 





Massachusetts Institute of Technology (Dr G. Wolf, 
Department of Nutrition and Food Science. Massa- 
chusetts Institute of Technology. Cambridge, ssa- 


chusetts 02139, USA). 


November 26-27, Challenge for Steel, London (The 
Iron and Steel Institute, 4 Grosvenor Gardens, London 
SWI1) 


November 28, Hydrostatic and Hy drodynamic Trans- 
mission, London (Railway Engineering Group. Institute 
of Electrical Engineers, 1 Birdeage Walk. London SWI). 


"q08. 


FORTHCOMING EVENTS 


(Meetings marked withan asterisk are open to the public) 


Monday, October 7 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, Wt o8); 
at 2 p.m.— Discussion meeting on “The Protection of High- Voltage. Trans- 
mission Systems” opened by Mr J. H. Naylor, Mr J. E. Hall, Mr P.C. Colbrook 
and Mr J. C. Whittaker. " 


SOCIETY OF CHEMICAL INDUSTRY, PEsTICIDES GROUP (at Woodstock 
Agricultural Research Centre, Sittingbourne, Kent), at 5 pan,-—Dr H 
Hurtig: “A Commentary on Pesticides and Perspective". 


ROYAL SOCIETY OF MEDICINE, LIBRARY (Sc jentific Research) Sie TION Cat 
1 Wimpole Street, London, W1), at 5.30 p.m.—Mr Glyn 
ment of an Automated Periodicals System at the Royal Society ' of Medicine”. 


INSTITUTION OF MECHANICAL ENGINEERS, THERMODYNAMICS AND FLUID 
MECHANICS GROUP (at 1 Birdcage Walk, Westminster, London, SWi),-at 
6 p.m.—Discussion meeting on **Nucleate Boiling and €avitation". i 


SOCIETY or CHEMICAL INDUSTRY, LONDON SEcTION (af 14 Belgrave 
Square, London, SW1), at 6.30 p.m.— Professor G. Wilkinson, FRS: '"Homo- 
geneous Hydrogenation and other Reactions of Olefins Using.Platinnm Metal 
Catalysts”. š 





Tuesday, October 8 


INSTITUTION OF MECHANICAL ENGINEERS, RAILWAY ENGINEERING GROUP 
(at 1 Birdcage Walk, Westminster, London, SW1)—All-day Convention on 
“Workshops Engineering in the Railway Industry". 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WU). 
at 5,30 p.m.— Professor J. H. Westcott: “The Transition from Research to 
Development in Control". 


INSTITUTION OF MECHANICAL ENGINEERS, STEAM PLANT GROUP (al | 
Birdcage Walk, Westminster, London, SW1), at 6 p.m.— Discussion meeting 
on “Can the Tendency for Specifications to Grow be Reversed %7. 


UNIVERSITY OF LONDON, DEPARTMENT OF EXTRA MURAL STUDIES; and 
the LINNEAN SOCIETY OF LONDON (at the Linnean Society, Burlington 
House, Piecadilly, London, W1), at 6.30 p.m.—Mr R. B. Freeman: "Com- 
parative Studies of Animals in the 17th and 18th Centuries", (Second of 
twelve lectures on ‘The Historical Background to Modern Zoology") 


INSTITUTION OF THE RUBBER INDUSTRY (at the Eccleston Hotel, Eceleston 
Square, London, SW1), at 7 p.m.—Mr R., P. Barwell: “Blanking”: Mr 
B. J. W. Miller and Mr A. J. Wardle: "Developments in New Materials", 








Wednesday, October 9 


MEDICAL RESEARCH COUNCIL (at the National Institute for Medical 
Research, Mill Hill, London, NW7), at 4.30 p.m.— Professor J, F. Heremans 
(University of Louvain): “Immunoglobulin and Antibody Production in 
the Intestinal Tract of Mice", 


INSTITUTE OF FUEL (at the Duke of York's HQ, Sloane Square, London 
SW3), at 5.30 p.m.—Mr J. R. H. Schenkel: “Gas and Oil-Fired Plant— 
Hazards and their Reduction", 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, COMPONENTS AND 
c IRCCITS GROUP (at 9 Bedford Square, London, WEL), at 6 p,m.—Mr K, d. 
Dean: "Large Scale Entegration-—1ts Effects on Logic Design”. 


SOCIETY OF ENVIRONMENTAL ENGINEERS (in the Mechanical Engineering 
Department, Imperial College, London, SW7), at 6 p.m.-—Mr J. A, C. 
Cramer: “Low-Cost Environmental Test Equipment”. 


Society OF CHEMICAL INDUSTRY, Foop GROUP (at 14 Belgrave Square, 
London, SW1), at 6.15 p.m.— Dr E. M. Widdowson: ‘Infant Nutrition with 
special reference to New Feeding Formulations". 


Thursday, October 10 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, Wegt- 
minster, London, SW1)—All-day Conference on “Technical Information for 
Engineers—What They Need and What They Get". 


CHEMICAL SOCIETY (in the Chemistry Lecture Theatre, Imperia! College, 
London, SW7), at 2.30 p.m.—Symposium on "Orbitals in Small Moleeules 
and Tons”. 


ROYAL INSTITUTION OF NAVAL ARCHITECTS (in the Weir Leeture Hall, 10 
Upper Belgrave Street, London, SW1), at 5 p.m.— Sir Alfred J. Sims, KCB, 
OBE: “The Contribution of Warship Design to Industrial Technology", 
(Fifth Amos Ayre Lecture.) 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.—-Discussion meeting on "Customer Requirements of Reliability 
of Supply” opened by Mr T. B. Rolls. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WCQ), 
at 5.30 p.m.—Dr T. E. Allibone, CBE, ERS: "Long Spark Breakdown", 


UNIVERSITY COLLEGE LENDON (in the oa ing Theatre, Malet Place, 
London, WCI at 5.30 p.m.—Dr Eric A. Ash: "Applied Research in the 
University—the Case for the Defence’. (Inaugural Lecture. }* 

INSTITUTION OF MECHANICAL ENGINEERS, MANIPULATIVE AND ME 
HANDLING MACHINERY GROUP (at 1 Birdcage Walk, Westminst 
SW1), at 6 p.m.— Discussion meeting on "Automated Warehonsing". 














CHANICAL 






Friday, October 11 


FEDERATION OF BRITISH PLANT PATHOLOGISTS (in the Lecture Theatre, 
British Museum (Natural History), Cromwell Road, London, 8WT) at 
10.50 a.m.—Symposium on "Powde ry Mildews of Pe remnial C tops". 





Saturday, October 12 


Ixxen LONDON EDUCATION AUTHORITY (at the Horniman Museum, 
London Road, Forest Hill. London, 8E23), at 3 p.m.—Dr Warwick Bray: 
‘The Land of El Dorado—Fact and Fiction in Colombian Archaeology". * 
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Monday, October 14 


BRITISH Coan UTILIZATION RESEARCH ASSOCIATION (at the Confederation 
of British Industries, 21 Tothill Street, London, SWi ) at 5.30 p.m.— 
Dr H. E. Crossley: “Coal Science Techniques for the Electricity Generating 
Industry". (Seventeenth Coal Science Lecture.) 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
M 5-30 p.m—Dr H, E. Rowe: “Propagation in a Random One-Dimensional 
Medium". 


INSTITUTION OF MECHANICAL ENGINEERS, FLUID PLANT AND MACHINERY 
GROUP (at 1 Birdeage Walk, Westminster, London, SW1), at 6 p.m.— 
Discussion meeting on “Standardization of the Performance and Dimensions 
of the Centrifugal Pump". 


OIL AND COLOUR CHEMISTS’ ASSOCIATION, SOUTHERN BRANCH (at the 
Keppels' Head Hotel, Portsmouth), at 7.30 p.m.—Mr G. C. R. Russell: 
“Thick Coatings". 


Monday, October 14—Friday, October 18 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2)— 
Conference on “The Performance of Electrified Railways". (A Survey of 
Main-Line and Rapid Transit Systems in many Countries.) 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

TECHNICAL OFFICER (physicist or chemist, preferably with experience in 
radioactive and vacuum techniques) in the ISOTOPES LABORATORY— The 
Seeretary, The University, Dundee, Scotland (October 12). 

RESBAROH ASSISTANT (good honours graduate) in the DEPARTMENT OF 
BOTANY to work with Dr P. Newton in determining propagation treatments 
for crop plants using controlled conditions—The Registrar, The University, 
Manchester 18, quoting Ref. 171/68/Na (October 15). 

ASSISTANT .LHOTURER Or LECTURER (with qualifications in mathematics, 
physics or fluid mechanics) at the Tidal Institute and Observatory, Bidston, 
Birkenhead, Cheshire—The Registrar, The University, P.O. Box 147, Liver- 
pool, quoting Ref. RV/680 (October 18). 

LECTURER (with high academic qualifications including a degree in one of 
the sciences and postgraduate training in history and philosophy of science) 
in the School of History and Philosophy of Science, University of New South 
Wales—The Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall, Mall, London, SW1 (Australia and London, 
October 18). 

SENIOR LECTURER (preferably functional anatomist with research interests) 
in the DEPARTMENT OF HUMAN MORPHOLOGY-—The Registrar, The University, 
Nottingham (October 31). 

PROFESSOR and HEAD of the DEPARTMENT OF ZOOLOGY, Makerere Univer- 
sity College (University of East Africa), Uganda—The Inter-University 
Council, 33 Bedford Place, London, WC1 (November 2). 

LECTURER or Assistant LECTURER (with special interests within the 
fields of ore microscopy, mineral deposits or applied geology generally) in 
GEOLOGY at the University of Otago, Dunedin, New Zealand— The Secretary- 
General, Association of Commonwealth Universities (Branch Office), Marl- 
borough House, Pall Mall, London, SW1; or the Registrar of the University 
(New land and London, November 15). 

SENIOR LECTURER (preferably with research interests in theoretical nuclear 
physies) in PHYsics; and a LECTURER (preferably experimentalist with 
research interests in plasma physics or a.closely related field) in PHYSICS at 
Flinders University of South Australia—The Seeretary-General, Association 
of Commonwealth Universities (Branch Office), Marlborough House, Pall 
Mall, London, SW1; or The Registrar, The Flinders University of South 
Australia, Bedford Park, South Australia (November 15). . 

ASSISTANT EXPERIMENTAL OFFICER to work in a routine section dealing 
with toxicological analysis of body fluids—The Director, Forensic Labora- 
tory, Equine Research Station, Newmarket. 

SSISTANT LECTURER/LECTURER (appropriately qualified graduate in 
microbiology or microbial biochemistry) in MICROBIOLOGY in the DEPART- 
MENT OP CHEMISTRY—The Academic Registrar, Loughborough University 
of Technology, Loughborough, Leicestershire, quoting Ref. N. 

BIOCHEMIST or MICROBIOLOGIST to join a group working on the natural 
defence mechanisms of the udder against infection by mastitis pathogens— 
The Secretary, National Institute for Research in Dairying, Shinfleld, 
Reading, Berkshire, quoting Ref. 68/47. 

EXPERIMENTAL OFFICER (preferably with some experience of rock analysis 
and a knowledge of geology) to take charge of a semi-automatic X-ray 
fluorescence spectrometer and other equipmentin the rock analysislaboratory 
in the Department of Geology — Professor Simpson, Department of Geology, 
University of Exeter, North Park Road, Exeter. Devonshire. 

HEAD (with high academic qualifications, experience of both under- 
graduate and postgraduate work, and preferably some research or industrial 
experience) of the DEPARTMENT OF MATHEMATICS—Clerk to the Governing 
Body, Borough Polytechnic, Borough Road, London, SEI. 


HOW TO BUY NATURE 


Volumes start in January, April, July and October, but subscriptions 
may begin with any issue. 
The direct postal price per subscription for one copy of NATURE 


each week is: 

*12 MONTHS (52 issues and 4 indexes) 
Great Britain and Eire £14.0.0 each 
(by air freight) $48 each 
(by air freight) $52 each 
Elsewhere overseas by surface mail................. ...£14.0.0 each 
(Charge for delivery by air mail on application) 

*Shorter periods pro rata. (Minimum three months.) 








NATURE, VOL. 220, OCTOBER 5. 1968 


POSTDOCTORAL REsBARCH FELLOW (biochemist with an interest in the 
metal-building properties of proteins) to join a small research team working 
on heavy metal metabolism under Dr Donald Barltrop—The Secretary, 
St Mary's Hospital Medical School, Paddington, London, W2. 

SENIOR TECHNICIAN (with histological experience and preferably familiarity 
with methods of photomicrography and cytogeneties) in the PHYSICAL 
ÁNTHROPOLOGY LABORATORY, mainly to assist research in developmentat 
biology, immunology and transplantation—The Administrator, Department 
of Human Anatomy, The University, South Parks Road, Oxford. 

TECHNICIAN (female, with ATMLT or equivalent qualification) in the 
DEPARTMENT OF OBSTETRICS AND GYNAECOLOGY to assist in biochemical 
projects—The Secretary, University College Hospital Medical School, 
University Street, London, WC1. 


REPORTS and other PUBLICATIONS 


(Not ineluded in the monthly Books Supplement) 
Great Britain and Ireland 


Engineering Fracture Mechanies, Vol. 1, No. 1 (June 1968). Published 
quarterly, Pp. 1-238. Annual Subscription Rates: for libraries, university 
departments, government laboratories, industrial and other multiple-reader 
institutions, $60. For private subscribers who order from the publisher 
certifying that the journal is for their personal use only, $15. (Oxford, 
London and New York: Pergamon Press, 1968.) [119 

University of Cambridge, Department of Engineering: Report of the Head 
of the Department for the year 1966-67. Pp. 17. (Cambridge: The Uni- 
versity, 1968.) [119 

Technological Innovation in Britain, (Report of the Central Advisory 
Council for Science and Technology, July 1968.) Pp. v +25, (London: H.M. 
Stationery Office, 1968.) 3s. 6d. net. (129 


Other Countries 


Field Museum of Natural History. Fieldiana: Geology. Vol. 17, No. 5: 
Catalogue of Type and Referred Specimens of Fossil Ostracodes in the Field 
Museum of Natural History. By Matthew H. Nitecki and Diana Z. Handler. 
Pp. 417-518. (Chicago: Field Museum of Natural History, 1968.) [308 

Mental Health Book Review Index: an Annual Bibliography of Books and 
Book Reviews in the Behavioral Sciences, Vol, 13. Compiled by the Editorial 
Committee and Contributing Librarians. Pp.xxii--85. (New York: Council 
on Research in Bibliography, Inc., c/o Research Center for Mental Health, 
New York University, 1068.) $8. [308 

Man's Survival in a Changing World—United States Participation in the 
International Biological Program. Pp. 28. (Washington, D.C.: IBP Office, 
Division of Biology and Agriculture, National Academy of Sciences- 
National Research Council, 1968.) 

Unesco. National Sciences Policies of the USA: Origins, Development and 
Present Status. (Science Policy Studies and Documents, No. 10.) Pp. 170. 
(Paris: Unesco, 1968.) 12.50francs; 21s.: $3.50. 39 

International Atomic Energy Agency. Directory of High-Energy Radio- 
therapy Centres. Pp. xxxii+189. (Vienna: International Atomic Energy 
Agency; London: H.M. Stationery Office, 1968.) 91 Australian schillings; 
298. 2d.; 50. 39 

Conseil National de la Politique Scientifique— Commission Speciale. 
l'Expansion Universitaire. Pp. 178. Résumé du Rapport. Pp. 18. 
(Bruxelles: Conseil National de la Politique Scientifique, 1968.) 39 

Bulletin of the Florida State Museum, Biological Sciences, Vol, 12, No. 3: 
Some Mexican Land Snails of the Family Urocoptidae. By Fred G. Thomp- 
son, Pp.125-183. $0.85. Vol.12, No.4: Geographic Variation in Rhineura 
floridana (Reptilia: Amphisbaenidae.) By George R. Zug. Pp. 185-211. 


$0.60. (Gainesville: Florida State Museum, 1968.) [30 

Institutt for Atomenergi, Kjeller Research Establishment. Kjeller 
Report, 127: Corrosion of Carbon Steel. By E. M. Hornsveld. Pp. 11411 
figures--3 tables. (Kjeller, Norway: Institutt for Atomenergi, Kjeller 


Research Establishment, 1968.) [39 

South Africa. Council for Scientific and Industrial Research, National 
Building Research Institute. Bulletin 49: Hospital Design 8—The Hospital 
Laundry and Linen Service. By B. V. Cooke and D. G. Fairbairn. Pp. 16. 
Bulletin 52: Preliminary Report on some Aspects of Mechanization in the 
Building Industry in South Africa. By T. J. de Vox, J, K. Evenwel and 
T. W, Miners, Pp. 72. (Pretoria: Council for Scientifle and Industrial 
Research, 1967 and 1968.) [49 

Comité International des Poids et Mesures. Comité Consultatif des Unités, 
1r* Session 1967 (4—7 Avril), Pp. 34. (Sèvres: Bureau International des 
Poides et Mesures, 1968.) 49 

Environmental Space Sciences, Vol. 1, No. 1 (January-February, 1967). 
Translated from the Russian. Pp.ii--1-80. Subscription: (6 issues) $75; 
Single issue $30; Single article $15. (New York: Consultants Bureau, 


1968.) [49 

Comité International des Po et Mesures. Comité Consultatif pour la 
Définition de la Secondo, 4° Session-1967 (12-13 Juillet). Pp. 28. (Sèvres: 
Bureau International des Poids et Mesures, 1968.) [59 


New Zealand, Report of the National Research Advisory Council for the 








year ended 31 March 1968, Pp. 29. (Wellington: Government Printer, 
1968.  NZ$0.15. [59 
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Diamonds and STL 
are just good friends... 


When 100,000 atmospheres at 2000°C. is applied 
in this machine it has gone well past the stage at 
which diamonds are made. Synthesis of new 
materials is only one aspect of the wide variety of 
projects continuously engaging the attention of the 
materials division of Standard Telecommunication 
Laboratories. Often, unconventional methods may 
be devised, to produce new materials or unusual 
properties in known materials. Typical activities in 
this region are the 'silver-boat' ultra-pure 
preparational process and vapour phase techniques, 
the products of which may be evaluated by 
advanced measuring equipments including 
scanning electron miscroscope, microprobe 
analyser and electron microscope. STL is also 
turning its attention to work on amorphous solids, 
which open up entirely new possibilities; glass 
fibres for transmission systems are one of the 
applications in this field. 


Materials research is complementary to the other 
three main lines of work at STL: transmissions 
Systems, digital systems and acoustics. These 
disparate activities are integrated through project 
teamwork using the skills of men and women 
widely known in their respective fields. But common 
to all this work is a single goal — to provide the 
basic knowledge and practical information needed 
by manufacturing companies to produce better 
telecommunication products and systems. 


Standard Telecommunication Laboratories, 
London Road, Harlow, Essex, England. 


STL ESZA 





For specific coverage in the field of membrane 
structure and permeability ... 


BIOCHIMICA ET BIOPHYSICA ACTA 


BIOMEMBRANES 


The structure and organisation of biological mem- 
branes - solubilization and characterization of mem- 
brane components and membrane-associated enzymes 
- electron microscopy - model membranes and films - 
the transport of non-electrolytes and ions - perme- | 
ases and ATPases - excitation phenomena and bio- | 
electricity 


Some forthcoming papers: 

Properties of black lipid membranes of chloroplast pigments 
H.P. Ting, W.A. Huemoeller, S. Lalitha, A.L. Diana & H.T. 
Tien (East Lansing, USA) 

Erythrocyte membranes: Effects of sonication - S.A, Rosen- 
berg & J.R. McIntosh (Cambridge, USA) 


Monolayer characteristics of saturated 1,2-diacyl phosphat- 
idylcholines and phosphatidylethanolamines at the air~wa- 
ter interface - M.C. Phillips & D. Chapman (Welwyn, UK) | 
The action of cardiotonic steroids on sugar transport in mus - 
cle in vitro - I. Bihler (Winnipeg, Canada) 
Inclusion of L-glucose within the specificity limits of the ac- 
tive sugar transport system of hamster small intestine - W.F. 
Caspary & R.K, Crane (New Brunswick, USA) 
Ion-dependence of amino acid uptake in brain slices - R.K. 
Margolis & A, Lajtha (Ward's Island, USA) 


An anion-stimulated ATP-ase from the potassium transport- 

ing midgut of the larva Hyalophora cecropia - B.O. Tur- 
beck, S. Nedergaard & H. Kruse (Copenhagen, Denmark) 

Ouabain inhibition of ion transport and respiration in renal. 

cortical slices of ground squirrels and hamsters - 1,8. Willis 
(Urbana, USA) 

Compartmentation and exchange of chloride in carrot root 

tissues - W.J. Cram (Cambridge, UK) 

The intramembrane location of alcohol anesthetics - H. 
Schneider (Ottawa, Canada) 

Na- and Ca-dependence of threshold potential in frog skin 

excitation - B. Lindemann (Homburg, Germany) 


Subscription details for 1969: ; 
BBA-Biomembranes Vols. M4, M5 & M6: 8 is- | 
sues, total price Dfl. 195.00 (post-free). Air- | 

mail surcharge for USA & Canada: Dfl. 4.00 | 


p.a. 


Earlier Volumes (1967—1968): 
BBA-Biomembranes Vols. M1, M2 & M3 (Bio- 1 
chim. Biophys. Acta, Vols. 135, 150 & 163) 
Dfl. 72.00 per volume (post-free). 


Send orders to your regular bookseller or to: 


ELSEVIER PUBLISHING COMPANY 
P.O. BOX 211, JAN VAN GALENSTRAAT 335, 
AMSTERDAM (THE NETHERLANDS) 


€ Elsevier 
Publishing 
Company 
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Classified Adverlisements 


All copy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements ac their discretion. 
The Publishers will not be Hable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers' errors. 


although every care is taken to avoid mistakes, 
Semi-displayed £6 per single column inch, 


Minimum £3, each addi-ionai 1/I2th of an inch 
10s. Full page £158, Half page across £80. 
Colour (orange) £20 extra. 2/6 is charged 
for the re-direction of replies co advertise- 
ments with a box number. 
ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement's 
inn, Strand, London, W.C.2. Telephone: 
"ns 4743. Telegrams: Textualist, London, 





APPOINTMENTS VACANT 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
TECHNICIAN 
A Technician is required in the Department of 





Chemisiry to work with a research team on 
interesting preparative organic and inorganic 
chemistry. Knowledge of chemical theory to 


O.N.C. level is desirable but emphasis will be 
placed. on practical ability. Applicants should be 
over 21 years of age. 

Salary scale: The salary will 
scale £692 to £1,057 per annum 
qualifications and experience, 

Five day—374 hour week-—Superannuation 
Scheme—Canteen Facilities, 

Requests for application form quoting refer- 
ence no. CH 43 should be sent to the Registrar 
of the Institute, Sackville Street, Manchester, 
M60 IQD. (1049) 


VICTORIA UNIVERSITY OF 


be within the 
according to 





WELLINGTON 
NEW ZEALAND 
CHAIR OF MATHEMATICS 
Applications are invited for the above- 
mentioned appointment. Preference will be 


given to candidates with special qualifications ín 
a branch of pure mathematics or of statistics. 
Professorial appointments may be made within 
the range $NZ7,200 per annum to $NZ9,200 per 
annum with an average of $NZB8,000. ($NZ-— 
9s. 4d. stg). Approved fares to Wellington will 
be allowed for an appointee and his dependent 
family, together with actual removal expenses 
within specified limits. Superannuation is avail- 
able on an F.S.S.U. basis. 

Further particulars and information as to the 
method of application is available from the 
Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mali. 
London, S.W.1, Applications close on October 
31, 1968, (1064) 





UNIVERSITY OF LIVERPOOL 
TIDAL INSTITUTE AND 
OBSERVATORY 
Applications are invited from candidates 
with qualifications in mathematics, physics 
or uid mechanics for the post of Assist- 
ant Lecturer or Lecturer at the Tidal Insti- 
tute and Observatory, Bidstoa, Birkenhead, 

Cheshire, 

‘The successful candidate will be expected 
to engage in research in physical oceano- 
graphy, with particular reference to prob- 
lems asociated with either the analysis of 
geophysical time series in the study of 
oceanographic processes or the propaga- 
tion of long waves in shallow waters. 

Salaries will be within the range £1.105 
to £1,340 per annum for an Assistant Lec- 
turer and £1,470 to £2,630 per annum for 
a Lecturer, 

Applications, stating age, qualifications 
and experience, together with the names of 
three referees, should be received not later 
than October 18, 1968, by the Registrar. 
The University, P.O. Box 147, Liverpool, 


169 3BX. from whom further particulars 
may be obtained. Please quote Ref: RV/ 
680/N. (1036) 
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RESEARCH 
SCIENTIST 


DIVISION OF ANIMAL GENETICS 


GENERAL The Cattle Research Laboratory of the Commonwealth Scientific and Industrial 
Research Organization, located at Rockhampton, Queensland, is engaged in analytical 
studies of inherited characters of cattle affecting their general performance and adaptation 
to a tropical environment. The Laboratory is well equipped and air-conditioned. It operates 


AUSTRALIA 


in association with the National Cattle Breeding Station, "Belmont" 


, Which carries about 


1,500 head of experimental cattle, derived from Brahman, Africander, Hereford, and Short- 
horn breeds by a breeding programme designed to facilitate studies of genetic differences, 
Good facilities for experimentation are provided. 


The Cattle Research Laboratory is a section of the Division of Animal Genetics which has its 


headquarters at North Ryde, New South Wales. 


Research in the Division covers basic 


research in genetics and the application of genetics to animal production, 


Rockhampton is the principal city ot Central Queensland and has a population of approxi- 
mately 47,000, Secondary and tertiary educational facilities are available. 


DUTIES The appointee will be required to develop a research programme in one of the 


following fields, with emphasis in each case on analysis of genetic differences: 


Immuno- 


logical capacity in relation to parasites, and interactions between the immune system, 
environmental stresses, and thrift: Endocrine functions in relation to growth, adaptation, 
and fertility: Analysis of mechanisms in genetic differences in fertility. 


QUALIFICATIONS Applicants should have a Ph.D. degree or relevant postgraduate 
research experience of equivalent standard and duration, supported by satisfactory evidence 


of research ability. 


SALARY Depending upon qualifications and experience, the appointment will be made 


within the salary range of Research Scientist, 
Salary rates for women are $A428 p.a. less than the 
Considerations of appointment at a higher level would be 
given to applicants with an outstanding record of research achievement. 


Scientist, $A6,892— $A7,974 p.a. 
corresponding rates for men. 


$A5,250--$A6,622 p.a., or Senior Research 


Promotion 


within CSIRO to a higher classification is determined by merit. 


CONDITIONS The appointment will be conditional upon passing a medical examination 
and an initial probationary period of twelve months may be specified. Fares paid for the 
appointee and his dependent family. Further particulars supplied on application. 


Applications (quoting Appointment No.: 682/46) and stating full name, place, date and 


yeat of birth, nationality, 


marital status, present employment, details of qualifications and 


experience, together with the names of not more than four persons acquainted with the 
applicant's academic and professional standing, should reach: 


Mr. R. F. Turnbull, 

Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
64-78 Kingsway, 

LONDON, W.C.2, 


UNIVERSITY OF SOUTHAMPTON 
DEPARTMENT OF ELECTRONICS 


RESEARCH ASSISTANT required by the 
Department of Electronics to help with research 
into Microstrip Waveguides for Microwave Inte- 
grated Circuits. Applicants for the post should 
possess a good honours degree in Electronic 
Engineering or Physics. The successful candidate 
will be allowed to register for a higher degree. 
The salary after tax and fees have been paid will 
be commensurate with the SRC Scales for Post- 
graduate Studentships. 

Applications, giving a brief curriculum vitae 
and the names of two referees, should be sent as 
soon as possible to the Deputy Secretary, The 
University, Southampton, SO9 SNH. Please 
quote ref. N. (1098) 


by the 1st Noveniber, 1968 





UNIVERSITY OF SYDNEY 


LECTURESHIP/SENIOR LECTURESHIP IN 
PHARMACEUTICS 


Applications are invited for appointment to the 
above-mentioned post. Candidates should have 
had experience in teaching and research in the 
fields of either physical pharmacy or biopharma- 
ceutics. Salary: Lecturer. $45,400 by $4270 to 


$A7,300 per annum; Senior Lecturer, $47,600 
by $4230 to $48,750 per annum. 
Information about superannuation, housing 


scheme, sabbatical leave, etc, and method of 
application should be obtained from the Asso- 
ciation of Commonwealth Universities (Branch 


Office), Marlborough House, Pall Mall, London 
S.W.. Applications close in Australia and 
London on October 25, 1968. (1079) 


The Angel Hotel, Henley-on-Thames 
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British Scientists and Technologists in North America 
we're all set to welcome you back 


Unilever Research offers unsurpassed working conditions and facilities 
to scientists and technologists in Great Britain, and it offers very attrac- 
tive salaries too. 

If you are planning to return to Britain in 1969/7o, Unilever want to talk 
to you. Our interviewers, practising scientists, will be in North America 
during November to recruit scientists and technologists - particularly 
chemists, physicists, biochemists, microbiologists, chemical and mechan- 
ical engineers, statisticians and systems analysts. The tour willtake them 
to most of the main centres of academic research in the United States 
and Canada. 


Four Laboratories 

Unilever is one of the largest manufacturing and marketing companies 
in the world, operating in more than so countries. Our future depends 
on the continuing development of advanced products and processes. And 
we know that a progressive, vigorous research organisation, manned by 
the best men in the field, is vital. In Britain alone, Unilever Research 
has four laboratories employing more than 500 graduates in a total staff 
of over 2,500:- 


Port Sunlight, Cheshire 

Synthesis, physical chemistry, and properties of surfactants and related 
materials; mechanism of detergency; formulation and evaluation of new 
and improved detergent products; development of new processes. 


Colworth House, Bedfordshire 
Plant and animal biochemistry and physiology, physico-chemical 
studies of biological systems, microbiology, natural product studies. 
toxicology, horticulture, animal husbandry, food preservation, product 
and process development. Biochemistry and biology of marine animals 
&t an associated laboratory at Aberdeen. 


Welwyn, Hertfordshire 

Physics and chemistry of glycerides, phospholipids, and lipoproteins; 
mechanism of baking processes; rheology; formulation and assessment of 
fatty and frozen food products; process studies, 


Isleworth, London s 


Chemical, physical, microbiological and biochemical studies of hair, ski 
and teeth; formulation and assessment of toilet preparations, 





In Unilever, salaries are designed to atiract and to retain top scien tists and 
technologists. Advancement is determined by potential and performance, 
reflecting either scientific or managerial qualities. For those who wish, 
there are opportunities for transferring from Research Division to other 
parts of Unilever, 


Now meet the interviewers 

Dr. D. Cobern, organic chemist. At Colworth House for five years as 
Manager of a section engaged in research into the chemistry o 
Now Staff Officer to Unilever Research Division based in London. 





Mr. W. B. Hall, physical chemist. Joined Unilever eight years ago to 
undertake analytical research at Port Sunlight. Now Manager of a 
multi-disciplined section doing basic research into physical 3 
evaluating the performance of products in relation to the subj 
judgment of the consumer, 






Mr. D. Raynor, physicist. Spent five years at Port Sunlight, later joined 
Colworth House. Now carrying out basic research related to new food 
processing techniques, 


Dr. D. A. Walker, physical chemist. Joined Port Sunlight, moved to 
Welwyn to continue research into frozen products. Now Assistant 
Divisional Manager concerned with development and exploitation of 
special materials. 





Applications 
If you are interested, please contact us, giving details of qua 
and experience, the nature of your present appointment, and a 
for correspondence, We shall then send fuller information on th 
of our research interests and the arrangements for interviews, When we 
meet you in North America, we will have selected specific v. i 
which you would be interested and for which you would be 







In the first instance, 

please write to Dr. D. Cobern (Ref. A}, 
Research Division, Unilever Limited, 
Unilever House, London, E.C.4, 


Unilever 


LINTAS UR 188-2453 30 
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CSIRO RESEARCH 


SCIENTIST 
IN LEGUME 
BACTERIOLOGY 

AUSTRALIA 


DIVISION OF TROPICAL PASTURES 


GENERAL The Division of Tropical Pastures of the Commonwealth Scientific and 
industrial Research Organisation with headquarters at the Cunningham Laboratory, Brisbane, 
Queensland, is conducting a comprehensive programme of pasture research for tropical eastern 
Australia, based on major laboratories at Brisbane and Townsville. 


DUTIES The appointee will be based at the Cunningham Laboratory and will be required 
to conduct field and laboratory research principally in Rhizobium ecology, to determine the 
behaviour of seed inoculants in the field, in relation to factors such as pelleting, high soil 
temperature and competition from naturally occurring bacteria. The legume bacteriology 


section maintains a large culture collection from tropical legumes, and supplies inoculants, 
information and advice on nodulation problems to 50 research scientists in various disciplines 
within the Division; the appointee will be required to share these duties at the scientific level, 


QUALIFICATIONS Applicants should have a Ph.D. degree in an appropriate field, or 
postgraduate research experience of equivalent standard and duration, supported by 
satisfactory evidence of research ability. Proficiency in serotyping techniques is essential. 
Applications from candidates completing their Ph.D. studies in the near future will be 
welcome, 


SALARY Depending upon qualifications and experience, the appointment will be made 
within the salary range of Research Scientist, $A5,250— $A6,622 p.a., or Senior Research 
Scientist, $A6,892—$A7,974 p.a. Salary rates for women are $A428 p.a, less than the 
corresponding rates for men. Promotion within CSIRO to a higher classification is determined 
by merit. 


CONDITIONS The appointment will be conditional on passing a medical examination, 
and an initial probationary period of 12 months may be specified. An indefinite appointment 
carries with it Commonwealth Superannuation Fund or Provident Account privileges. Fares 
paid for the appointee and his dependent family. Further particulars supplied on application, 


Applications (quoting Appointment No.: 850/312) and stating full name, place, date and 
year of birth, nationality, marital status, present employment, details of qualifications and 
experience, together with the names of not more than four persons acquainted with the 
applicant's academic and professional standing, should reach: 


Mr. R. F. Turnbull, 

Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
64-78 Kingsway, 


LONDON, W.C.2, by the 8th November, 1968 


07D 
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UNIVERSITY OF 
LEEDS 


Applications are invited for posts in 
the following Departments ; 


PHYSICS 


LECTURER OR ASSISTANT 
LECTURER 


Preference will be given to candidates 
with qualifications in — Theoretical 
Physics, Reference No, 68/22/2/D. 
Closing date October 31, 1968. 


MECHANICAL ENGINEERING 


INDUSTRIAL UNIT OF 
TRIBOLOGY 
ENGINEER 


required for the Industrial Unit of Tri- 
bology, which has been established 
with the aid of a Ministry of Techno- 
logy grant and forms part of the 
recently created Institute of Tribology 
within the Department of Mechanical 
Engineering. 

The Unit provides a consulting, advi- 
sory and design service for industry 
and also undertakes contract research 
and development projects. The suc- 
cessful candidate will join a small team 
which is engaged in the problema of 
friction, lubrication and wear, and will 
be responsible to the Manager, Dr. 
M. D. Longfield. 

It is expected that the successful appli- 
cant will have experience in bearing 
analysis and design (preferably backed 
by computer experience) or lubricant 
technology. Reference No. 68/32/4/D. 
Closing date October 25, 1968, 


SCHOOL OF 
AGRICULTURAL SCIENCES 


RESEARCH ASSISTANT IN INSECT 
PATHOLOGY 


Applicants should be Honours gradu- 
ates in bacteriology, microbiology, 
zoology or agricultural zoology. The 
Programme of research, which is being 
carried out under a grant from the 
Agricultural Research Council, is con- 
cerned with a study of the occurrence 
and potentíal pathogenicity of bacterial 
Species occurring naturally in insect 
populations. The holder of the 
appointment will be permitted to work 
for a higher degree. Reference No, 
68/41/6/D. Closing date October 21, 
1968. 

Salary: £650 on appointment rising 
to £690 after one year; or possibly 
higher for a candidate with one or 
more year's postgraduate experience, 
The appointment will be initially for 
one year and renewable up to a maxi- 
mam of three years. 


Salary scales: Lecturer, £1,470 to 
£2,630 (efficiency bar £2.270); Assistant 
Lecturer, £1,105 to £1,340; Engineer, 
£1,470 to £2,060. 

Applications (hree copies), stating 
age, qualifications and experience, and 
naming three referees, should be sent 
to the Registrar and Secretary, The 
University, Leeds 2. Please quote 
reference numbers, (1077) 





NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 


BIOCHEMIST or MICROBIOLOGIST required 
for a group working on the natural defence mech- 
anisms of the udder against infection by mastitis 
pathogens. The natural inhibitors and antibodies 
in bovine blood, milk and mammary glands are 
being studied. The successful candidate should 
be able to register for a higher degree. Appoint- 
ment to grade of Scientific Officer £991 
to £1,684 (£1,020 to £1,740 on January 1, 1969), 
Senior Scientific Officer £1,866 to £2,306 (£1,925 
to £2,372 on January 1, 1969) acording to age 
and experience. 

Apply to Secretary, N.LR.D., Shinfield, Read- 
ing, naming two referees and quoting reference 
68/47. (1013) 


1968. 


UNIVERSITY OF HONG KONG 
CHAIR OF ANATOMY 


Applications are invited for the Chair of 
Anatomy which will fall vacant in September 
1969 on the retirement of Professor K, §. F. 
Chang. Applications from zoologists with ex- 
perience in human anatomy will be welcome. 
Annual salary (superannuable) is HK$83,200 fixed 
(or approximately £5,718 according to present 
sterling equivalent). 

Further particulars and application forms may 
be obtained from the Secretary-General, Associa- 
tion of Commonwealth Universities (Branch 
Office), Mariborough House, Pall Mall, London, 
S$.W.l, or the Registrar, University of Hong 
Kong. Closing date for applications S 31, 
t 


SOUTHMEAD HOSPITAL. DEPARTMENTAL 


Technician required. The post, which is on 
University establishment, is most suitable for 
a candidate wishing to pursue further qualifica- 


tions (LE.S.LM.L.TO. Opportunities for further 
speciabsed training in histology can be made 
available. In any case, it is hoped that the 
person appointed would be interested in the 
research aspects of this subject. Commencing 
salary according to age, qualifications and 
experience within University scale ranges up to 
a maximum of £1,057 (Technician), £1,275 
(Senior Technician) (or higher in the case of 
an exceptional candidate who might be appoin- 
ted within a Chief Technician scale).—Applica- 
tons, giving full details, should be sent within 
10 days to the Professor of Obstetrics and 
Gynaecology, Southmead Hospital, Bristol, BS10 
SNB, (057) 
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BEECHAM RESEARCH LABORATORIES 


require the following graduate staff 


PARASITOLOGIST 


with a minimum of two to three years' research experience, preferably in industrial research, for work in 
the Malaria Section of a newly formed and expanding Parasitology Department. 


Experience in haematological and histological techniques and the ability to work on own initiative are 


essential. 


This appointment is at our Vitamins Research Station, Walton Oaks, Tadworth, Surrey. 


BIOCHEMIST 


to join a team in the Biochemistry Department Unit of the Department of Medicinal Research at Brockham 
Park. The successful applicant will be engaged in studies on the metabolism and distribution of potential 
new drugs in various animal species, involving the use of radiochemical techniques. 


A degree in Biochemistry is necessary with familiarity of radiochemical techniques. Research experience 


would be helpful. 


Attractive salaries are offered, and reviewed annually, along with generous fringe benefits including profit 
sharing bonus and non-contributory pension scheme. 
Please write to The Head of the Personnel Department for an application form, Beecham Research Labora- 
tories, Brockham Park, Betchworth, Surrey. 


UNIVERSITY OF OTAGO 
and 
OTAGO HOSPITAL BOARD 
Dunedin, New Zealand 


LECTURER OR SENIOR LECTURER IN 
CLINICAL BIOCHEMISTRY 


Applications are invked from medical or 
Science graduates for this position. Duties in- 
clude teaching, participation in the clinical 
laboratory services of the Dunedin hospitals and 
research, 

Salary according to qualifications and experi- 
ence within the following scales : 

Science Graduate: $NZ3,000 by $NZ200 to 
$N24,400/$N24,400 by $NZ200 to $NZ5,400 per 
annum, The status of Senior Lecturer may be 
awarded as a mark of personal distinction, either 
on initial appointment or by subsequent promo- 
tion, The salary of a Senior Lecturer is not less 
than $NZ4,600 per annum. 

Medical Graduate: Lecturer—4A scale from 
$NZ4,270 to $NZ6,800 with a bar at $NZ5,600 
per annum, Senior Lecturer—A scale from 
$NZ7,000 to $NZ8,100 per annum. An allow- 
ance for clinical responsibility, not exceeding 5 
per cent of salary, may be available to Senior 
Lecturers in the light of the duties performed. 

(Note: $NZIOO equals £46 13s, 4d. sterling, 
SU.S.112, $4.100.) Family passages aad assist- 
ance with removal costs are provided. The 
appointee is expected to commence duties early 
in 1969. 

Further particulars are available from the 
Association of — Commonweakh Universities 
(Branch Office), Mariborough House, Pall Mall, 
London, S.W.1, or from the Registrar of the 
University. Applications close in New Zealand 
and London on November 15, 1968. a110) 


UNIVERSITY OF 
STRATHCLYDE 


DEPARTMENT OF MECHANICAL 
ENGINEERING 


RESEARCH ASSISTANT 


Applications are invited for a post of 
Research Assistant in the Thermodynamics 
Section to work under Professor H. C. 
Simpson on two-phase flow and heat trans- 
The appointment is for two 


fer problems. 
years and is supported bv a contract from 
ihe Ministry of Technology. 

The salary is £1,000 per annum with 


F.S.S.U. f the successful candidate is a 
graduate he will be encouraged to read for 
a higher degree. 

Application forms and further informa- 
iion. (quoting R15/68 may be obtained 
from Professor H. C. Simpson, Department 
“of, Mechanical Engineering, University of 
Strathclyde, Glasgow, C.1. (058) 





aos 





BRITISH MUSEUM 
(NATURAL HISTORY) 


DEPARTMENT OF MINERALOGY 
Principal Scientific 


Officer... 


required in the first instance for research in petrology, and later 
to be responsible both for the petrological research in the Depart- 


ment of Mineralogy and for the curation of the extensive collec- 
tion of rocks. 


QUALIFICATIONS : Normally Ist or 2nd class honours 
degree, or equivalent, in geology or other science subject. Age 
preferably between 30 and 50. Relevant research experience 


essential. 


SALARY (Inner London): £2,600-£3,550 as from 1.1.69. 
Starting salary may be above minimum. Promotion prospects. 


Non-contributory pension. 


WRITE to Civil Service Commission, 23 Savile Row, 
London, WIX 2AA, for application form, quoting $/6999/68, 


Closing date 28th October, 1968. 


OXFORD UNIVERSITY 


Technician required to assist in a research pro- 
gramme involving operation of amino acid 
analyser. Good basic chemical knowledge essen- 
tial. 

Application in writing giving details of age. 
qualifications and experience to Administrator. 
Department of Biochemistry, South Parks Road. 

(1101) 


TECHNICIAN OR STUDENT  TECHNI- 
CIAN, with experience in electrophysiology re- 
quired for research project. Starting salary up 
to £1,342 depending on experience and qualifica- 
tions.—Applicaions to Professor L. Wolpert, 
Department of Biology,  Middiesex Hospital 
Medical School, Cleveland Street, London, WIP 
6DB, (1054) 








UNIVERSITY OF MANCHESTER 
DEPARTMENT OF BOTANY 


Applications invited from good honours gradu- 
ates for the post of Research Assistant to work 
with Dr. P, Newton in determining propagation 
ireatmenis for crop plants using controlled 
ditions. The post, financed by ARGC., fs E 
one year in the first instance, starting on or about 
January 1, 1969, with possible extension for two 
further years. Initial salary £650 per annum. 
Some experience of growth analysis and field 
experimentation would be an advantage. 

Particulars and application forms (returnable 
by October 15) from the Registrar, The Univer- 
sity, Manchester 13. Quote Ref, 171/68/Na. 

(1612 
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UNIVERSITY OF AUCKLAND 
NEW ZEALAND 


a Applications are invked for the following 
BI BBY positions : 

SENIOR LECTURESHIP/LECTURESHIP IN 

CHEMISTRY. Preference will be given to 

candidates with experience of teaching and re- 


search in radiochemisiry. ‘The Uray, Radio- 
chemical Laboratory is moving into new labora- 


" = tory accommodation of 11,000 sq. ft, of “ hot 
space,” 

CI e n l S SENIOR LECTURESHIPS/LECTURESHIPS 

IN GEOGRAPHY. For one appointment candi- 


dates should have academic qualifications and 
experience in the regional geography of eastefn 
and south-eastern Asia. For the other appoint- 
ments, candidates should have qualifications and 


J. Bibby & Sons Ltd., require in their Liverpool Research and experience in either systematic cultural geography 
3 3 2 fespecially urban geography and geography of 

Development Laboratories a young graduate in chemistry or food settlement or social and political geography or 
n . economic. including industrial, geography) or 

technology to be responsible to, and to deputize for, the Product systematic physical geography (geography of 


soils). Regional interests in Europe or South 


Service Manager. He will be concerned with an expanding range of America or the Pacific would be desirable addi- 
tional qualifications, 


food products for the domestic market and for the bakery and LECTURESHIP IN BEHAVIOURAL SCIEN- 


catering industries and will be expected to be active in the develop- Dol ‘bee Panic poor ages 


SUR mental, with research interest in applied, psycho- 
ment of new products and of new uses for existing products. losv The eppointse welll take parc a (he peach 
ing and organization of the University’s new 
. r ] g i course in Human Biology. 

An appropriate salary will be paid related to experience and this SENIOR — LECTURESHIPS/LECTURESHIPS 
bur s euo A £ IN PSYCHOLOGY, Applicants should possess 
position offers an excellent opportunity to a group which is committed postgraduate — qualifications in Experimental 
: Psychology and have research interests in Mathe- 

to rapid growth. matical or Physiological Psychology. 
Salaries: Senior Lecturer, $NZ4,600 by 
$NZ200 to $NZ5,00 per annum; Lecturer, 








Please write giving brief details of age, qualifications and experience, $N23.000 by $N2200 to $NZ4,400 per annum. 
Commencing salaries will be determined in accor- 
to: dance with qualifications and experience, — In 


normal circumstances a lecturer whose services 
have proved satisfactory may expect in due 





N. F. Clift, course to be given the status of a senior lecturer, 

: Hh is not necessarily a prerequisite for appoint- 

Group Personnel Officer, ment as lecturer to have already held the posi- 

don of assistant lecturer or its equivalent at 

J. Bibby & Sons Ltd., another university institution, In the case of 

new members of staff coming from overseas the 

E King Edward Street, current practice is to pay salaries from an 
Ju 3 approved sailing date, 

n Liverpool 3. Travel and other removal expenses will be 

(1089) allowed within specified limits, Upon the com- 


pletion of five years’ satisfactory service, return 
fares on an approved basis to country of origin 
may be granted ta the person appointed and his 
dependent family, provided that such fares are 
not being met from some other source. 

Improved conditions are now in force for 
candidates holding F.S.S.U. policies. 

Further particulars and information as to the 
method of application may be obtained from the 
Association of Commonwealth Universities 
(Branch Office), Mariborough House, Pall Mall. 
London. S.W.l. Applications close in New 
Zealand and London on October 31, 1968. 

(1083) 


















The Imperial 
Tobacco Co. Ltd. 


has vacancies in its Research 
Department in BRISTOL for: 


G) A PHYSICIST 

to join a team working on problems concerned with the physical 
structure of, and measurement of, the particle size of tobacco 
smoke aerosol. 

(ii) A PHYSICAL CHEMIST 

to work on problems associated with the surface and absorption 
properties of synthetic materials. 





UNIVERSITY OF QUEENSLAND 
UNIVERSITY COLLEGE OF TOWNSVILLE 

Applications are invited for the following 
positions : 

TEMPORARY LECTURER IN GEOLOGY : 
Applicants should have a higher degree with 
particular interests in Crystallography, Minera- 
logy and Petrology. Closing date : October 31, 
1968. 

DEMONSTRATOR IN GEOLOGY: Apnli- 
cams should haye an honours degree: the 
appointee will be required to undertake demon- 
stration work in a variety of courses. 

C ng date: ber 31, 1968, 

Salaries : Leciurer/ Temporary Lecturer, 
$45,400 to 4 by $4250, 3 by $4300 to SAT7,300 
per annum; Tuori Demonstrator. $A3,375 to 3 
by SAI1ÍO, 1 by $4120 to $43,825 per annum. 
A Notthern Allowance of $A60 per annum is 
also payable. Travel and removal expenses are 
payable for all positions.  F.S.S.U. type Super- 
annuation and a Staff Housing Scheme are avail- 
able for Senior Lecturers and Lecturers. 

Additional information and application forms 
may be obtained from the Secretary-General, 
Association of Commonwealth Universities, Marl- 
borough House, Pall Mali, London, S.W.1. Ap- 
plications close in Australia and London on the 





















2nd Class Honours Degree and should be under 30 years of age. 
For (i) and (ii) experience in relevant fields would be advanta- 
geous but not essential. Starting salary will be within the range 
£910 to £1,570 per annum and for (iii) starting salary within the 
range £910 to £1,320 per annum. 

Application forms from : 

THE STAFF SECRETARY, IMPERIAL TOBACCO CO., 


BRISTOL 3. (1097) 










dates quoted for each position. (1080) 





December by medical foundation in central Lon- 
don, young graduate, preferably biologist or 
chemist, able to type, for publication of scientific 
conferences. Starting salary about £1,050 per 
annum.—Apply: Senior Editor, Ciba Foundation, 
4i Portland Place, London, W.1. (0102) 
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AUSTRALIAN NATIONAL 
UNIVERSITY 


RESEARCH OFFICER/SENIOR TECHNICAL 
OFFICER 

Applications are invited for the above- 
mentioned position in the Department of Pre- 
history, Research School of Pacific Studies. 

The successful applicant will be required in the 
first instance to set up and maintain in routine 
operation methane gas proportional, three 
channel, counting equipment, assist with the de- 
sign of new low background gas-proportional de- 
tectors and be responsible for the maintenance of 
liquid scintillation spectrometers and associated 
equipment in the Radiocarbon-Dating Labora- 
tory. He will be expected to become familiar 
with and participate in all phases of radio-carbon 
dating operations including sample handling, 
benzene and methane synthesis, data analysis and 
calculation of results. He will also be given the 
opportunity to take part in the Laboratory's re- 
search activities. 

Applicants should be thoroughly familiar with 
low-noise solid state pulse circuitry with special 
reference to low-background counting equipment. 
Experience with detector design, vacuum techno- 
logy and statistical procedures or a basic know- 
ledge of chemistry will be an added advantage. 

The Senior Technical Officer salary will be 
within the limits $A4,033/$A5,376 per annum. 
(This salary rate is currently under review.) In 
addition, a salary loading of $A200 for an ap- 
proved University degree or $AI00 for certain 
recognized Technical College diplomas or mem- 
bership of a professional body recognized by the 
University is payable. 

The Research Officer Grade I salary will be 
within the limits $A4,275/$5,643 per annum, with 
possibility of promotion on merit to Research 
Officer Grade 11 (SA5,885/$A7,115 per annum). 

Assistance with passages and accommodation 
will be provided. 

The successful applicant will be required to 
undergo a medical examination. Written appli- 
cations, quoting reference number 68242, and 
showing details of date and place of birth, marital 
Status, previous employment and the names of 
three referees, should be forwarded to D. K. R. 
Hodgkin, Registrar, at Box 4, P.O. Canberra, 
ACT, 2600, Australia. with whom applications 
close on October 31, 1968. (778) 





UNIVERSITY OF WINDSOR 
Windsor, Ontario, Canada 
DEPARTMENT OF CHEMISTRY 


Applications are invited from graduates hold- 
ing first and second-class honours degrees or 
equivalent for a number of Teaching Fellow- 
ships. Teaching Fellows are expected to study 
for a higher degree in addition to their labora- 
tory teaching duties (maximum six hours per 
week), M.Sc. and Ph.D. programmes are offered 
in the areas of Analytical, Theoretical, Inorganic, 
Organic, Physical, Radiation Chemistry and 
Biochemistry, — Stipends: $3,300 for first year, 
and up to $4,600 per annum for subsequent 
years. Advance of salary towards travel to 
Canada can be arranged. 

For further information, write to the Gradu- 
ate Admissions Officer, Department of Chemistry, 
University of Windsor, Windsor, Ontario, 
Canada. (1068) 


HAMPSHIRE COUNTY COUNCIL 
HAMPSHIRE COUNTY MUSEUM SERVICE 


Applications are invited for the post of 
KEEPER OF NATURAL HISTORY. Candi- 
dates should possess a degree in either Zoology 
with Geology subsidiary or Geology with an 
iwerest in Palaeontology. — Applicants should 
either hold the Museums Association Diploma 
or have had at least two years’ experience in 
museums. If the successful candidate has not 
obtained the Diploma, assistance will be granted 
for study purposes. 

The Keeper will be responsible for the 
development of Natural History displays and 
activities at the museums within the Service and 
in co-operation with neighbouring museums. In 
particular he will work closely with the trustees 
of the Gilbert White Museum in the develop- 
ment of the Natural History Museum at 
Solborne. A car allowance can be made avail- 
able. 


Salary—for applicants already holding the 
Museums Diploma A.P. IH/IV (£1,255 to 


£1,715), otherwise, A.P. I/II (£850 to £1,265) 
commencing salary according io qualifications 
and experience, 

Please write for further details and an appli- 
cation form to the Clerk of ihe County Council, 
Dept. SA 946, The Caste, Winchester. Com- 
pleted forms to be returned by October 18, 1968. 

(1059) 








FOOD RESEARCH INSTITUTE, 


CSIRO RESEARCH 


SCIENTIST 
IN PASTURE 
EVALUATION 

AUSTRALIA 


DIVISION OF TROPICAL PASTURES 


Applications are invited for appointment as Ressarch Scientist or Senior Research Scientist 
in pasture evaluation at the Cunningham Laboratory, Brisbane of the Commonwealth 
Scientific and Industrial Research Organisation. This is the headquarters of the Division 
of Tropical Pastures, which is conducting a comprehensive pasture research programme in 
summer rainfall environments in Eastern Australia. 


The development of productive pastures for dairy cattle is one of the important research 
projects undertaken by the Division. This involves studies of soil fertility,and the assessment 
of grass and legume species and mixtures, including the problems of growing and maintain- 
ing them in a number of environments. This programme is now being extended to include 
evaluation of quality in the pastures as it relates to milk production in the sub-tropics. 


DUTIES The appointee will be required to devel op, as part of the dairy cattle pasture work, 
studies of selected pasture species and mixtures under grazing and the factors affecting 
milk production from them. 


QUALIFICATIONS Applicants should have a Ph.D. degree, or have had postgraduate 
research experience of equivalent standard and duration in an appropriate field of science, 
agricultural science, or rural science, supported by satisfactory evidence of research ability. 


SALARY Dependent upon qualifications and experience, the appointment will be made 
within the salary range of Research Scientist, $A5,250— $A6,622 p.a., or Senior Research 
Scientist, $A6,892—5A7,974 p.a. Salary rates for women are $A428 p.a. less than the 
corresponding rates for men. Promotion within CSIRO to a higher classification is deter- 
mined by merit. 


CONDITIONS The duration of the appointment will be determined in consultation with 
the successful candidate; some applicants may prefer a fixed term appointment for three 
years. The appointment will be conditional upon passing a medical examination and an initial 
probationary period of twelve months may be specified. Confirmation of an indefinite 
appointment would carry with it Commonwealth Superannuation Fund or Provident Account 
privileges. Fares paid for the appointee and his dependent family. Further particulars 
supplied on application. 


Applications (quoting Appointment No.: 850/310) and stating full name, place, date and 
year of birth, nationality, marital status, present employment, details of qualifications and 
experience, together with the names of not more than four persons acquainted with the 
applicant's academic and professional standing, should reach: 


Mir. R. F. Turnbull, 

Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
64-78 Kingsway, 


LONDON, W.C.2, by the 8th November, 1968. 


(L073) 


AGRICULTURAL RESEARCH 
COUNCIL 


(University of London) 


NORWICH 


DEPARTMENT OF CHEMISTRY 


Applications are invited for the appointment of 


SCIENTIFIC OFFICER/SENIOR SCIENTI- 
FIC OFFICER required to join the Chemisiry 





XXXUX 


CHELSEA COLLEGE OF 
SCIENCE AND TECHNOLOGY 




















Division of this new institute to study avian 
muscie proteins. Qualifications: — Applicants 
should either already possess a Ph.D. or expect 
to receive one this year. Salary: According to 
age and postgraduate experience in either S.O. 
grade (£991 per annum io £1,740 per annum) or 
SSO. grade (£1,866 per annum to £2,372 per 
annum). Superannuation under F.S.S.U, 
Further details and application forms from the 
Secretary of the Institute. Colney Lane, Norwich 
NOR 7OF, quoting ref.: 68/11. (1074) 


a Lecturer in the Department of Chemistry. The 
teaching duties associated with the post will be 
in the field of Organic Chemistry and candidates 
should have research interests in Natural Product 
Chemistry. Salary (including London AHowance? 
£1,530 to £2,690 pa. 

Application forms (to be returned by October 
23, 1968) and further particulars may be obtained 
from the Secretary, Chelsea College of Science 
and Technology, Manresa Road, im Be 

1098 
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Chemical Engineer 


A most interesting vacancy with good future 
prospects exists for achemicalengineer with experi- 
ence in food processing. The successful applicant 
would initially play a majorrolein developing plant 
for processing tea and would subsequently take full 
charge of other similar projects. Previous experi- 
ence with pilot plant operation and/or design is 
desirable but applicants experienced in production 
can also be considered. Applicants should be aged 
30-40, should adapt readily to quite new fields of 
work and be prepared to spend the great majority of 
the time working in the tea-growing areas, the 
U.S.A. or elsewhere overseas. The starting salary 
would be in the range £2,500— £3,300. The Company 
operates a contributory pension scheme. 

Ref. NE 1336 






















To apply, please write briefly to ASAP Limited, 
11 Waterloo Place, London, S.W.1. ("phone 01-839 6155). 









ASAP - LONDON - BIRMINGHAM - MANCHESTER P 
(1070) 







Radiological Protection Service 


(Ministry of Health and Medical Research Council) 
Clifton Avenue, Belmont, Sutton, Surrey 


requires a 


SCIENTIST 


to work in a group concerned with research into radiation protection 
problems associated with neutron radiation. The work will include 
investigation of the shielding properties of various materials for 
neutrons, personnel neutron monitoring, and the design, development 
and calibration of neutron instrumentation. Good honours degree 
required. Salary range £1,050 to £1,785 per annum, plus London 
Allowance. M.R.C. Conditions of Service. 


Applications, with the names and addresses of two professional 
referees, to the Director at the above address. 
(1030) 


The Metal Research Institute TNO, working for the benefit of industry on a 
non-profit basis, requíres for the X-ray laboratory a 


METALLOGRAPHER 


(male or female) 


for research with microprobe equipment. 


Our welt established position in international contract-research guarantees frequent and 
many-sided contacts with industry and research institutes all over the world. 

We are looking for a qualified assistant who has considerable practical experience with 
the microprobe and who is willing to carry the necessary responsibility. 

Applications, with detailed background information, to be sent to the Director of the 
Metal Institute TNO, Rotterdamseweg 139, posbus 52, Delft. The Netherlands. (4043) 















UNIVERSITY OF EDINBURGH 
TECHNICIANS (TWO) 


required for Research Laboratory, Depart- 
ment of Obstetrics and Gynaecology. The 
work involves the investigation of ovarian 
function and is sponsored by the M.R.C. 
Some experience in steroid biochemistry 
would be an advantage. Starting salary up 
to £1.200 per annum, depending on qualifi- 
cations and experience, 


Applications, stating date of birth, ex- 
perience, qualifications, and quoting Refer- 
ence No, OG/T/968, should be sent to 
The Secretary to the University, Old Col- 
lege, South Bridge, Edinburgh, 8 (1044) 





UNIVERSITY OF LANCASTER 


ADMINISTRATIVE OFFICER 
(PHYSICS) 


Applications are invited for the 
appointment of an Administrative 
Officer to be responsible to the 
Professor of Physics for general 
laboratory administration, Candi- 
dates should be graduates and 
preferably have had some admini- 
strative experience. Initial salary 
within the range £1,470 to £2,276, 
plus F.S.S.U. benefits. 

Further details may be obtained 
(quoting Reference 1,353/C) from 
the University Secretary, University 
House, Bailrigg, Lancaster, to 
whom applications (one copy). 
naming two referees, should be 
sent, not later than October 18, 
1968, 

(1052) 





UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


Applications are invited for the following 

vacancies in the Department of Chemistry : 
CHIEF TECHNICIAN (Ref. CH 41) 

A Chief Technician is required to work with 
a research team engaged on interesting prepara- 
tive organic and inorganic chemisiry. Practical 
skil and experience are essential combined with 
a knowledge of chemical theory to at least 
H.N.C. level. 

SENIOR TECHNICIAN (Ref, CH 42) 

Senior Technicians are required to work with 
research teams engaged on interesting prepara- 
tive organic and inorganic chemistry. Experi- 
mental skill and a working knowledge of chemi- 
Cal theory essential. 

Applicants for these posts should be over 21 
years of age. 

Salary scales: Chief ‘Technician: £1.294 to 
£1.475 per annum according to experience rising 
to £1,708 per annum in special circumstances. 
Senior Technician: Within the scale £957 10 
£1,275 per annum according to qualifications and 
experience, Five day-~374 hour week—Superan- 
nuation Scheme-—Canteen Facilities. 

Reauess for application forms, quoting the 
appropriate reference number, should be sent to 
the Registrar of the Insiimte, Sackville Street, 
Manchester, M60 1QD. 0st) 








MAKERERE UNIVERSITY COLLEGE — 
UGANDA 

Applications are invited for two posts of (a) 
READER or (b SENIOR LECTURER in 
ANIMAL HUSBANDRY in Depariment of 
Animal Science and Production to teach (D beef 
production or (ii) animal breeding and genetics. 
Applicants should have appropriate training in 
their areas equivalent to at least an M.S. or 
have experience in research or teaching. Salary 
scales: (a) £U2,540 to £62,825 pa.. (b) £U1,950 
to £02,615 p.a. CUL=£1 3s. 4d. sterling). Salary 
supplemented in appropriate cases under the 
British Expatriates Supplementation Scheme in 
range £385 to £505 p.a. (sterling). Family pas- 
sages; F.S.S.U.; biennial overseas leave. 

Detailed applications ( copies) naming 3 
referees, by November 4, 1968, to Inter-Univer- 
sity Council, 33 Bedford Place, London, W.C. 
from whom particulars are available (1004) 
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NATURAL ENVIRONMENTAL 
RESEARCH COUNCIL 
NATURE CONSERVANCY 


EXPERIMENTAL OFFICER 
CLASS VACANCIES 


The Natural Environmental Research 
Council has vacancies for two Assistant 
Regional Officers (Experimental Officer 
class) at the Nature Conservancy's out- 
stations 

Post I--West Region Scotland. The 
officer appointed will be based in the 
Golspie-Dingwali area. 

Post 2—East Region Scotland. The 
officer appointed will be based at the 
Mountain and Moorland Research Station. 
Blackhall, Banchory, Kincardineshire. 

Duties. Responsibility to the Regional 
Officers, for conservation research pro- 
grammes. Contributing to and the imple- 
mentation of Reserve Management Plans 
for the National Nature Reserves in their 
areas, assisting specialist officers with sut- 
veys and experimental work. Co-operation 
with Wardens (who are responsible for the 
day to day running of Nature Reserves and 
for estate work) and the inspection of Sites 
of Special Scientific Interest, liaison with 
the staff of scientific organisations, land 
owners, local authorities and national 
bodies. Initially post No. 2 will include 
responsibility for wardening duties at cer- 
tain reserves, pending the appointment of 
a warden, 

Qualifications. General Certificate of 
Eduction in five subjects, two of which 
should be mathematical/scientific subjects 
at “A?” level, At age 22 candidates 
should have a pass degree, H.N.C. (or 
equivalent) in Botany or Biology, or, alter- 
natively practical experience of experimen- 
tation, with a strong biological interest. 
Some knowledge of geology would be an 
advantage. 

Salary; January 1, 1968 scale: Assistant 
Experimental Officer (18 and under 28 
years on December 31, 1968): £625 (age 18) 
to £1,088 (age 26) to £1,330 per annum. 

Experimental Officer (at least 26 and 
under 31 on December 31, 1968): £1,461 
to £1,910 per annum. 

Initial appointment will be non-pension- 
able but there are prospects of a permanent 
and pensionable post in both cases. 

Application forms available from the 
Natural Environment Research Council (E), 
Alhambra House, 27-33 Charing Cross 
Road, London, W.C.2. 

Please state clearly the post applied for. 

Closing date: October 21, 1968. 


(1092) 





TECHNICAL OFFICER/ 
TECHNICIAN 


The Department of Psychological Medicine 
requires a technical officer or technical assistant 
to work in the fields of electrophysiology and 
psychology. An interest in computer techniques 
is not necessary but the post should appeal 
particularly to a young woman of graduate 
ability preferably with experience in physiological 
recording who wishes to gain experience in data 
processing and laboratory computer techniques. 
Salary according to qualifications and experience. 

Please apply to Secretary, Royal Free Hospital, 
Lawn Road, Hampstead, N.W.3, (053) 





G. K. BUREAU 
SCIENTIFIC APPOINTMENTS 


require the following: 

Veterinary surgeons for research or prac- 
tice (permanent or locum). 

Chemists, physicists, applied biologists for 
industrial or academic research. 

Technical editors or information scientists. 

Honours degree biochemists, immunolo- 
gists and microbiologists wishing to register 
for a higher degree. 

Geologists, geophysicists and geochemists. 


TECHNICIANS 


For animal houses, colleges, hospitals, re- 
search centres or industry. 
Those with U.K. qualifications are invited 
to apply to: 
Miss J. R. Hortin, 
196 Oxford Street, W.1. (84) 





MARINE BIOLOGIST 


To teach at the undergraduate and graduate level and to 
carry out research in his chosen field. A knowledge of 
bioacoustics and/or behaviour would be advantageous. 


Rank and salary are commensurate with experience. The 
successful candidate would be expected to take up the 
appointment before January 1969. 


Professor K. Ronald, 
Chairman, 

Department of Zoology, 
University of Guelph, 
Guelph, Ontario, Canada. 








TECHNICAL OFFICER 


The Medical Research Council has a vacancy for a technical officer 
in the Clinical and Population Cytogenetics Research Unit. The post 
is a newly created one and requires an individual with considerable 
initiative. The unit is concerned in the study of human chromo- 
somes, and has a section actively engaged in pioneering automated 
chromosome analysis. The successful applicant would be expected 
to become thoroughly familiar with human cytogenetics and to play 
a major part in the development of techniques of culture preparation 
and staining for accurate photometric determination of DNA con- 
tent. Experience in histochemistry would be an advantage. 


Applicants, who must be at least 28 years and have a minimum 
qualification of an H.N.C. or the equivalent, should apply to: 
The Administrative Officer, Medical Research Council, Clinical and 
Population Cytogenetics Research Unit, Western General Hospital, 
Crewe Road, Edinburgh 4. (1102) 





Pharmacologist 


Major Pharmaceutical Company with research facilities located in 
Montreal, Canada, has an attractive career opportunity in Pharmacology. 


THE JOB 


To initiate and/or develop screening and foliow-up procedures in animals, in order £o 
discover new types of drugs for treatment of functional and degenerative respiratory 
disorders in man. The ability to provide leadership to a supporting staff of 3-4 is 
essential. 


THE MAN 


Young man with training in Pharmacology to the Doctorate level. Some experience in 
indusiry or work under a Post-Doctoral Fellowship in the area of respiratory disorders 
a real advantage. 


BENEFITS 


Top Canadian salary and growth potential. Comprehensive health, life insurance and 
retirement plan as well as paid passage to Canada. 

You are invited to explore this opportunity in complete confidence. Applications should 
be made prompily by air mail to: 


The Director of Personnel, Merck Frosst Laboratories, 
P.O. Box 1005, Montreal 3, Quebec, Canada. 
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Opportunities of a scientifically exciting nature 
exist in the Anglo American Corporation group's 
Adamant research laboratories located in pleasant 
surroundings adjacent to Johannesburg, for young 
scientists of considerable ability. 

These opportunities would be of particular 
interest to 

(1) Chemists 

(2) Mineralogists 

(3) Physicists 


SCIENTIFIC 





PERSONNEL 


interested in fundamental research in the fields of 
ultra high pressure and high temperature phase 
relationships, reaction kinetics, thermodynamics, 
surface chemistry and physies. Interviews in 
London with genuinely interested, adequately 
qualified and, above all, enthusiastic researchers 
in any of the above named disciplines will gladly 


be arranged, when further information will be 


SOUTH AFRICA 





PLANT PATHOLOGY LABORATORY 


Ministry of Agriculture, Fisheries and Food 
Harpenden, Herts. 
APPLIED BIOLOGIST (graded E.O 





(A.E.O.) with interest in modern farming and 
homicultural methods including the usc gricultural chemicals, required to work in 
the Pesticide Survey Group on field surveys to determine extent to which pesticides 
are used annually, and to assist with field trials 10 estimate yield increases and other 
effects which may follow from commercial spray practices. The Group is based at 
Harpenden, but some members are out-stationed in other parts of the country. Appli- 
cants should be able to drive a car. 

QUALIFICATIONS : Degree, H.N.C., or equivalent in Agriculture, Applied Biology 
or Biology. 

SALARY : EO. (minimum age 26) £1.461 to £1,855 (£1,514 to £1,910 on January 1, 
j969); AEO. £625 (at 18) to. £859 (at 22) to £1,088 (at 26 or over) to £1,330 (£650 
ie £895 to £1,150 to £1,385 on January 1, 1969). 

Prospect of permanent pensionable appointment. 

APPLICATION FORMS from the Director at the above address, Closing date 
October 18, 1968. 


FRESHWATER FISHERIES LABORATORY 
Pitlochry, Perthshire 


BIOLOGIST (post for man only graded E.O./A.E.O.) to assist in investigations of 
the bottom fauna of freshwaters. 

QUALIFICATIONS : Degree, H.N.C., or equivalent in appropriate subject. 
SALARY > E.O. minimum age 26) £1,461 to £1,855 (£1,514 to £1,910 on January |. 
1959); AEO, £625 (at 18) to £859 (at 22) 10 £1,088 (at 26 or over) to £1,330 (£650 
io £895 co £1.150 to £1,385 on January i. 1969). 


Prospect of permanent pensionable appointment, 




















APPLICATION FORMS from the Establishment Officer, Department of Agriculture 
and Fisheries for Scotland. Room 172, St. Andrew's House, Edinburgh. 1. Closing 
date October 18, 1968. 

(1061) 


given on the type of work on which we are 
engaged. Emoluments will be based on experience 
and qualifications. Other benefits include pension 
and medical aid funds, annual bonus and generous 
leave provision. 

Please write giving fullest details to: 
International Appointments Division, Dept. SA7727 

7 Rolls Buildings, Fetter Lane, London, E.C.4. 





— 


i120 


UNIVERSITY OF SYDNEY 
MeCAUGHEY CHAIR OF GEOGRAPHY 


Applications are invited for the MoCaughoy 
Chair of Geography, Salary will bc a: the rate 
of $A12,000 per annum, There is redrement 
provision under either the Sydney University 
Professorial Superannuation Scheme or the New 
South Wales State Superannuation Scheme, 
Under the Staff Menrbers’ Housing Scheme, in 
cases approved by the University and its Bankers, 
ibe Professor may be assisted by loans to pur- 
chase a house. The Senate reserves the right to 
fl the Chair by invitation, 

A Statement of conditions of ap 















immen and 








information for candidases may obtained 
ether from the Secretary-Generai, Association 


of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, Londen S,W.1, 
or from the Registrar of the University, Ap- 
plications close in Australa and 
October 25, 1968. 


BARKING REGIONAL 
OF TECHNOLOGY 
LONGBRIDGE ROAD, DAG HAM, 
Constiuent College of the Pre Ne 
London Polytechnic 
Requires as soon as possible: 
LECTURER. GRADE il. IN 
PHARMACOLOGY 
to teach degree and M.1-Blol. students, Indus- 
ital experience is essential and research experi- 
ence desirable. Salary: £1,725 :o £2,280 plus 
London Allowance (£70). 















Further details and application forms obtain- 
able from the Principal at the College upon re- 
ceipt of a self-addressed foolscap envelope. Com- 
pleted forms should be returned within two 
weeks of the appearance of this advertisement. 

(1099) 


— DITTON 







or Microbiologist to assist s 
iance of stored fruits to in 
and in related fields. Degree or equivalent. 
Salary in AEO. scale. with comuibutory super- 
annuation scheme~-Parther particuls from the 
Secretary, East Malling Research Station, Maid- 
stone, Kent. (1955) 


















DIRECTOR 
| THE 

AUSTRALIAN MINERAL DEVELOPMENT 

| LABORATORIES 


ADELAIDE SOUTH AUSTRALIA 





The Council of the Australian Mineral Development Laboratories 
( AMDEL) wishes to appoint a Director to succeed Dr. P. A. Young 
who is returning to the United Kingdom. 


The Laboratories were set up in 1960 and are controlled by a Council 
representing the Australian Mineral industry and the Commonwealth 
and South Australian Governments. 


AMDEL has become an important part of the Australian mineral 
industry, and provides a contract research service for the mining, 
| metallurgical and chemical industries, in mineralogy, petrology, 
i metallurgy, chemical engineering, ceramics, materials engineering, 
operations research and related fields. 

The Laboratories are situated in Adelaide, housed in modern build- 
ings, and are well equipped for research and development from bench 
to pilot plant scale. 


Total staff is at present 183 and includes 6] professional officers. 


| 

i 

| DUTIES: The Director will be responsible to the Council for the { 
| administration of AMDEL. As AMDEL provides service on a i 
| national basis, the Director will be expected to maintain effective | 
| industrial liaison throughout Australia. | 
| | 
| | 
| 

| 





QUALIFICATIONS : A University degree in Engineering or Science 
at post-graduate level. Proved ability in administration is essential 
and knowledge of the mineral industry is desirable. The capacity to i 
lead and inspire technical staff is an important requirement. | 


| SALARY : A salary and superannuation benefits appropriate to the 
f position will be negotiated. 


ACCOMMODATION : The Council will assist the successful appli- 
cant in obtaining suitable housing in Adelaide. 


REMOVAL EXPENSES : First Class fares and reasonable removal 
expenses to Adelaide will be paid for the appointee and his family. 
Applications will be treated as confidential and should be marked 
Confidential and addressed to : 


| Mr. M. W. Howell, Chairman, 

| THE 

| AUSTRALIAN MINERAL DEVELOPMENT 
LABORATORIES 


Conyngham Street, Frewville, South Australia. 5063. 


Closing date for applications is November 30, 1968. 
(1060) 










UNIVERSITY OF HULL ^ d dis i. f ER RESEARCH : 
7 NUR, " AD oyal Cancer Hospital, Scientific Assistant re- 
DEPARTMENT OF BIOCHEMISTRY quired in Department of Clinical Research of 
Applications are invited for «he post of Royal Marsden Hospital and Instituie of Cancer 
ASSISTANT LECTURER IN BIOCHEMISTRY. Research to work in leucocyte typing and tis 
An interest in the regulation of metabolism antigens. Candidates must have had previous 
would be an advantage. Salary scale: £1,105 to laboratory experience in immunological technigues 
£1,340 per annum plus F.S.S.U. benefits. and poss:ss a degree or comparable qualification, 
Applications (six copies), giving details of age, Starting salary in region of £1,500 per ansum 
quatifications and experience, together with the according to qualifications and experience-— 
names of three referees, should be sent by Oc- Apply with names of two referees to the Secre- 
tober 26 to the Registrar, from whom further tary, 34 Summer Place, S.W 7. quoting 300/G) 
particulars may be obtained. (1076) 36. (108) 















ALU 


UNIVERSITY OF ZAMBIA 

Applications are invited for the following ap- 

pointments : 

(a) Professor or Senior Lec 
Geology wil be taught i 
Natural Sciences and Engineering, 
canis should possess a Ph.D. i 
(or equivalent) or have wide exp 
the application of Geology io ng or 
Surveying and in Univer hing, In 
addition to working with c gues in the 
School of Engineering, Science. 
and in Geography (Sche vanities) 
he will be required to 
sity on the development of G 

(b) Senior Lecturers, Lecturers or z 
Lecturers in Geography. Candidates she 
have a sound basic training of sufficient 
breadth to enable them to teach in more 
than one undergraduate course, bur speciai 
competence and interest in a branch of 
physical geography (particularly — biogeo- 
graphy and/or climatology} or imn theoret- 
ical geography and/or quant ive methods 
wil be a strong recommendation. 

Salary scales Gneluding contract addition for 

non-Zambians): Professor K7,150 pa. Senior 
Lecturer K5,500 to K6,300 pa., Lecturer sü 
tọ K5,300 pa. Assistant Lecturer K 
K3,400 p.a, (Ki=lis. 8d. sterling). 
sages; various allowances:  biennial 
leave ; superannuation scheme. 

Detailed applications (6 copies) naming 3 

referees, by Novembr 7, 1968, to Inter-University 
Council, 33 Bedford Pla , from 
whom particulars are av ) 































































ELECTRON MICROSCOPIST REQUIRED BY 
THE INSTITUTE OF PHYSIOLOGY 

A post for am Elecuon Mic 
technical background is vacant im t 
modern Electron Microscope Un 
should have extensive experienc 
of the work of an electron mic 
preferably be familiar with biological laboratory 
work. The successful applica il be required 
to colaborate with groups researching on several 
topics, principally of nerve and muscle physo- 
logy, and wil be responsible for the routine 
running of the unit, The term i conditions 
of the appointment will be subj to the quali- 
fications and experience of the applicant, 

Together with the names of two referees, 
applications should be sent to the Assistant 
Secretary of the University Court. University of 
Glasgow, Glasgow,  W.2, marked “ electron 
microscopis,” (4075) 











in all aspeus 
cope unit and 























UNIVERSITY OF 





INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
TECHNICIAN 


A ‘Technician is required in the Department 
of Chemistry to undertake instrumental analysis 
reguired in the study of polymers 
fractions. Thi: ers such aspects à 
weight determinations and therma 
samples in addition to general qu 
sis work. O. . is desirable b 
if applicant has had sui 
cants should be over 21 years 

Salary le: The salary will 
scale £6 to £1,057 per annum 
qualifications and experience. 

Five a 74 hour  week--Superannuation 
Scheme—Canteen fac 

Requests for applic 
ence CH 44 shouid be sent t 
the Institute, Sackville Street. 


1QD. 








































RESEARCH INSTITUTE 
INVERGOWRIE, DUNDEE 
LIBRARIAN/INFORMATION | OFFICER 
Applications are invited for the post of 
LIBRARIAN/INFORMATION OFFICER. Can- 
didates should have library ase ton quali 
dons or a university degree. i a 





















to the scientifi in both 
and applied r men will 
be initially in the grade of Librarian TW with 
a scale maximum o .510 and immediate 
ment up to £1,163 dependent on 
Honally £1,295). The post is 
Further particulars may be 
Secretary of the Instiute. 
Applications, giving age, edu 
ence together with the names 
should be lodged with the Secret: 
25, 1968. 


service 
basic 



























XLI 


VETERINARY 
SURGEON 


A veterinary graduate is required in the Department of Parasitology Research which has 
interests in the therapy and prophylaxis of parasitic diseases of farm animals. The person 
appointed will be involved in the field evaluation of new anthelmintics and helminth vaccines, 
including the laboratory aspects where he will work in conjunction with an established team. 





This is an excellent opportunity for a young man to display initiative and enthusiasm in an 
area where he need not have had previous experience, though a period in large animal 
practise would be an advantage. 


The location is East Kent, where there is a wide choice of residence in pleasant coastal and 
rural area. The conditions of employment include free pension and life assurance schemes 
and the payment of removal expenses if appropriate. 


Applications, giving brief details of career to date should be addressed to: 
The Personnel Manager, Research Division, 


Pfizer Limited, 


Sandwich, Kent. 
(1105) 


BOROUGH POLYTECHNIC 


Borough Road, London, S.E.1 


(A constituent college of the proposed Polytechnic of the South Bank, London) 
Applications are invited for the post of 


Head of the Department of Mathematics 


This post will become vacant on January 1, 1969, but applicants who will not be 

available until a later date can be considered. 

Candidates should possess high academic qualifications in Mathematics aad should 

have held a senior teaching post in this subject, with experience of both undergradu- 

ate and post-graduate work, Research or industrial experience would be an added 

* qualification, 

Salary Scale: Head of Department (Grade IV), £2,290 to £3,240 p.a. 
Further particulars and application form obtainable from the Clerk to the Govern- 

ing Body, to whom compieted applications should be returned within two weeks of 

receipt. (1037) 


PARASITOLOGY 
RESEARGH 


The Department of Parasitology Research is currently engaged in pro- 
£rammes concerned with the chemotherapy and immunology of parasitic 
diseases of domestic animals. 


A vacancy exists for a male or female junior graduate, or experienced non- 
graduate, to join a small team in the development and testing of original 
in vitro culture systems for parasitic helminths. A biologist combining an 
interest in parasitology with a theoretical or practical knowledge of basic 
biochemistry and/or immunology would be ideal, but non-graduates experi- 
enced in handling helminths of veterinary importance, with some knowledge 
of immunological techniques would be considered. 


The appointee will be expected to display initiative and make a personal 
contribution to the advancement of the project, 


The starting salary will be competitive and based upon age, qualifications 
and experience. he fringe benefits include free pension and life assur- 
ance schemes, and the payment of removal expenses, if appropriate. 


Applications, giving brief personal details of career to date, should be 
addressed to: 

D. W. Sells, Personnel Manager, 

Research Division, 

Pfizer Limited, Sandwich, Kent. 
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KING'S COLLEGE HOSPITAL 


MEDICAL SCHOOL 
(UNIVERSITY OF LONDON) 
DENMARK HILL, LONDON, S.E.5 


LIVER RESEARCH UNIT— 
DEPARTMENT OF MEDICINE 


Applications are invited for the post of 
Bio-Chemist in the newly formed Medical 
Research Council Group on the Metabolism 
and  Haemodynamics of Liver Disease. 
Commencing salary including L.W. £1,038 
to £1,285. Current research projects in- 
clude studies of hepatic enzyme induction 
and bilirubin metabolism, body fluid com- 
partments and the factors controlling iron 
absorption. 

Applications, stating age, qualifications 
and experience. io the Secretary of the 
Medical School by October 19, (1115) 





INFORMATION 
SCIENTIST 


A vacancy bas arisen for an experienced, 
graduate information scientist to head a 
small department with the British subsidi- 
ary of a major international pharmaceutical 
company specialising mainly in steroid Lor- 
montcs, 


Enthusiasm for information work is im- 
portant, coupled with a talent for close 
liaison with medical and sales personnel. 
The person appointed will play an import. 
ant part in the development of this de- 
partment, which is regarded as being of 
major importance by the rest of the com- 
pany. 


A competitive salary will be negotiated 
with the successful applicant, and help with 
removal expenses will be provided. 


Applications should be sent in confidence 
to: 


The Medical Director, 

SCHERING CHEMICALS LTD. 
Victoria Way, Burgess Hill, Sussex. 
Telephone Burgess Hill 2736, (1113) 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


Applications are invited for the following post 
in the Department of Chemistry. 


LECTURER IN ORGANIC CHEMISTRY 


The Department wishes to strengthen its teach- 
ing and research in the fields of hydrocarbon and 
petroleum chemistry. The Lecturer would be 
expected to participate in the teaching involved in 
the new M.Sc. course in Hydrocarbon Chemistry 
as well as in other organic teaching in the De- 
partment. Active research interests, especially in 
the field of Physical-organic chemistry are re- 
quired, and industrial experience would be an 
advantage. The Department, which has recently 
moved into a new building, has a strong research 
school and close contacts with chemical industry. 
Commencing salary according to qualifications 
and experience within the scales: Lecturer, £1,470 
to £2,630 with superannuation under the F.S.5.U. 

Application forms and conditions of appoint- 
ment may bc obtained from the Registrar of the 
Institute, Sackville Street, Manchester, MA 
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WOLVERHAMPTON HOSPITAL 
MANAGEMENT COMMITTEE 
BIOCHEMIST 


Applications are invited for the post of Bio- 
chemist (Basie Grade). Candidates should possess 
an Honours Degree in Chemistry or Biochemistry 
or equivalent qualifications in chemistry. In addi- 
tion to routine work opportunities exist for in- 
struction in background pathology and for re- 
search. Candidates may visit the laboratory by 
arrangement with Dr. G. Walters at New Cross 
Hospital, Wolverhampton. 

Applications with names of two referees, to the 
Group Secretary, Royal Hospital, Wolverhamp- 
ton. (ile) 
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THE BIOCHEMICAL 
JOURNAL 


EDITORIAL ASSISTANT required. 
Duties consist mainly in preparing scientific 
papers for the printer, with some proof- 
reading. Degree in science essential, pre- 
ferably in biochemistry or chemistry. 
Training will be given, but previous 
editorial experience is desirable. Commenc- 
ing salary ín the incremental range £1,110 
to £1,400, according to qualifications and 
experience. 

Write, giving the names of two referees, 
to the Secretary to the Editorial Board, The 
Biochemical Journal, 7 Warwick Court, 
London, W.C.1. 





UNIVERSITY OF NEW ENGLAND 
ARMIDALE, NEW SOUTH WALES 
TEACHING FELLOW;DEMONSTRATOR IN 
BIOCHEMISTRY 
Applications are invited for this post. An 
applicant for a Teaching Fellowship should have 
a good honours degree, and the appointee will 
undertake a limited amount of teaching and be 
expected to enrol for a higher degree in a field 
of biochemistry. A Demonstrator will under- 
take ‘teaching and associated duties full-time. 
Commencing salary will be determined according 
to qualifications and experience within the range 
$A3,375 by $A225 to $A4,275. Provision is 
made for fares and removal expenses, The 
suecessful applicant will be expected to take up 
the appointment as soon as possible after 31 

January, 1969, 

Further particulars and information as to the 
method of application may be obtained from the 
Association of  Commonweakh Universities 
(Branch Office), Marlborough House, Pall Mall, 
London, S.W.l. Applications close in Australia 





A trained Technician required to take charge 
of the Chemistry Laboratories in this school with 
prospects of becoming Senior Technician in about 
five years. N.J.C. salary scales. 

Applications to the Head of Science, Chelten- 
ham College, Cheltenham, stating qualifications 
and experience, (1100) 


FELLOWSHIPS AND 
STUDENTSHIPS 


LOUGHBOROUGH 
UNIVERSITY OF 
TECHNOLOGY 


PHYSICS 
RESEARCH 


A Studentship is available for a 
graduate to work for a higher 














CSIRO 
POSTDOCTORAL 


FELLOWSHIP IN 
PASTURE 
EVALUATION 

AUSTRALIA 


DIVISION OF TROPICAL PASTURES 


GENERAL The Division of Tropical Pastures of the Commonwealth Scientific and 
Industrial Research Organization with headquarters at the Cunningham Laboratory, Brisbane, 
Queensland, is conducting a comprehensive programme of pasture research for tropical 
Eastern Australia, based on its laboratories at Brisbane, Townsville and Lawes in Queensland. 


DUTIES The appointee will join a research group working on pasture evaluation and 
animal nutrition at the Cooper Laboratory, Lawes, Queensland. He will be particularly 
concerned with intensive studies on aspects of pasture intake by the ruminant animals. 


QUALIFICATIONS Applicants should have a Ph.D. degree in an appropriate field, or 
postgraduate research experience of equivalent standard and duration, supported by satis- 
factory evidence of research ability. Applications from candidates completing their Ph.D. 
studies in the near future will be welcome. 


SALARY Depending upon qualifications and experience, the appointment will be made 
within the salary range of Research Scientist, $A5,250-- $46,622 p.a, Salary rates for women 
are $A428 p.a. less than the corresponding rates for men. 


CONDITIONS The Fellowship is offered for a period of two years, The appointment will 
be conditional upon a satisfactory medical examination, and an initial probationary period 
of twelve months may be specified. Fares paid for the appointee and his dependent family. 
Further particulars supplied on application. 


Applications (quoting Appointment No.: 850/309) and stating full name, place, date and 
year of birth, nationality, marital status, present employment, details of qualifications and 
experience, together with the names of not more than four persons acquainted with the 
applicants academic and professional standing, should reach: 


Mr. R. F. Turnbull, 

Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
64-78 Kingsway, 


LONDON, W.C.2 by the 8th November, 1968 


072) 





UNIVERSITY OF MANCHESTER 











degree on problems associated 
with wave propagation in plas- 
mas. This fundamental work is 
currently concerned with the 
generation and damping of 
high frequency electro acoustic 
waves. 

The Studentship is available 
from October 1, supported by 
à University grant of £530 per 
annum. There are opportuni- 
ties for demonstrating work in 
the undergraduate courses. 
Applicants should write to Pro- 
fessor John Raffle, Head of 
Department of Physics, giving 
qualifications and interests. 


Loughborough Leicester shire 


BR AN a So ee a a) 
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UNIVERSITY OF BRADFORD 
Applications are invited for a 
RESEARCH STUDENTSHIP IN 
PHARMACOLOGY 
(Ref. B.86/X) 

tenable in the Postgraduate School of Studies in 
PHARMACOLOGY (Chairman, Professor 
G. D. H. Leach), from suitably qualified gradu- 
ates. The basic value of this studentship is £500 
per annum plus approved fees and the student- 
ship is tenable for a period of up to a maximum 
of three years from the date of the initial award. 
T } applicant will be expected to 
undertake research in one of the following fields: 

(D Distribution and localisation of sympatho- 

mimetic amines 

(iD Mechanism of action of diuretic drugs 

(ii) Behavioural psychopharmacology 

(iv) Experimentally induced hypersensitivity 

(v) Action of drugs on the skeletal neuro- 

muscular junction 

Wb Toxicology 

Application forms to be returned by October 
i4, 1968, and further particulars (please quote 
ref.) may be obtained from the Registrar, Uni- 
versity of Bradford, Bradford 7. (091) 





MANCHESTER 13 
SCIENCE, INDUSTRY, AND 
GOVERNMENT 

A Research Fellowship is available for one year 
for a case study of the history of a recent latge 
technological project including its personnei and 
the institutional relationships involved, Suitable 
for study leading to higher degree, Salary up to 
£1,500 per annum. 

Particulars and annlication forms, which should 
be returned as soon as possible, from the Regis- 
war. Quote Ref.: 173/68/N, 046) 

WYE COLLEGE 
(UNIVERSITY OF LONDON) 

Applications are invited for an A.R.C. post- 
graduate studentship in Plant Pathology, tenable 
in the Department of Biological Sciences, to 
work on the physiology and resistance of toma- 
roes to Verticillium wik. 

Further particulars from The Secreiary, Wye 
College, Ashford, Kent, to whom applications 
should be submitted by October 26, 1968. 

GHH 
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UNIVERSITY OF SHEFFIELD 


DEPARTMENT OF ELECTRONIC AND 
ELECTRICAL ENGINEERING 


Applications are invited from electronic en- 
gineers or physicists for a RESEARCH STU- 
DENTSHIP tenable from October 1, 1968, to 
study solid state microwave distributed amplifiers 
and phase shifting. modules utilizing the trans- 
ferred electron effect in GaAs. The department 
currently has a group working on related aspects 
of the effect. The successful candidate will be 
expected to register for a higher degree. Stipend 
in accordance with qualifications and experi- 
ence, 

Applications, with the name of one referee 
should be sent to Professor P, N. Robson, De- 
partment of Electronic and Electrical Engineer. 
ing, The University, Mappin Street, Sheffield, S1 
31D, without delay. Quote ref, R.89/G. 


(1088) 


UNIVERSITY OF SURREY 


DEPARTMENT OF ELECTRICAL AND 
CONTROL ENGINEERING 


RESEARCH STUDENTSHIP 


Applicatlons are invited from honours 
graduates in Electrícal Engineering or the 
Physical Sciences for a three-year Research 
Studentship on noise-generating mechanisms 
in paint films and allied topics conaected 
with static on aircraft. The project is 


sponsored by the British Aircraft Corpora- 


tion and will involve working both at Wey- 
bridge and at the University. The basic 
remuneration will be about £800 per annum 
and the successful applicant will be expec- 
ted to register for Ph.D. 
Applications in the form of a curriculum 

vitae should be addressed to: 

Professor D. R. Chick, Head of 

Department, 
Department of Electrical and Control 
Engineering, 
University of Surrey, 


Guildford, Surrey. (1047) 











RESEARCH FELLOWSHIP 


BRITISH MUSEUM (NATURAL 
HISTORY) 


DEPARTMENT OF ZOOLOGY 
LONDON 


SENIOR RESEARCH FELLOWSHIP in 
Computer Methods for Systematic Biology 
to devise and investigate techniques for the 
Storage, retrieval and analysis of taxonomic 
data. 

Qualifications: irst- or second-class 
honours degree or an equivalent qualifica- 
tion in an appropriate subject together with 
at least three years’ postgraduate research, 

Salary: Between £1,865 and £2,305 
annually (£1,925 to £2,370 on January 1, 
1969), Fellowship tenable for three years. 
F.S.S.U. terms. 

Fellowships at this and other establish- 
ments are available in most scientific disci- 
plines and successful candidates have con- 
siderable freedom of choice of their specific 
research topics. 

Requests for application forms for the 
above posts and inquiries about opportuni- 
ties for fellowships elsewhere should be 
addressed to Civil Service Commission, 
Savile Row, London, WIX 2AA, stating 
age, qualifications, and research interests 
Piease quote 8/570/ BMONHD 68/1. Closing 
date October 25, 1968. (1093) 


APPOINTMENTS WANTED 
ECOLOGIST 


Graduate, aged 44, trained in Europe, working 
in South Africa for the past five years, requires 
research position in tropical or subtropical area. 

Experienced in pollution and productivity prob- 
lems and biological treatment of organic wastes 
in oxidation ponds. Keenly interested in estua- 
rine and beach pollution, including coastal 
waters. Reprints of published work in German 
and English available. Employment on a con- 
tract basis will also be considered. 

Write Box No. 960, Nature, T. G. Scott & Son 
Ltd., 1 Clements Inn, Strand, London, W.C.2. 

(1067) 





Manufacturers of 








LECTURES AND COURSES 


Kingston College of Technology 
DEPARTMENT OF PHYSICS 
Certificate in Radiological Protection 
Course commencing October 7, 1968 
Lectures (18) Mondays, 6.30 to 9.30 pm. 
Practicals (7) Wednesdays, 6.30 to 9.30 


p.m. 
Details from: The Course Tutor, KOT. 
Penrhyn Road, Kingston upon Thames, 
Surrey. aim 















AUTORADIOGRAPHY FOR 
BIOLOGISTS 


A five-day course commencing on Monday, 


October 21, 1968 


WOOLWICH POLYTECHNIC 
DEPARTMENT OF BIOLOGY AND 
CELL SCIENCE 
Speakers to include Dr. S. R. Pelo, Dr. G. Steel, 
Dr. G. Rowden, Dr. P, B. Gahan. 

FEE: £1) (inclusive of meals) 

Details and application forms available from 
the Secretary, Admissions Department 10, Wool- 
wich Polytechnic, Wellington Street, S.E.18. 

(1096) 








FOR SALE AND WANTED 


WM. DAWSON & SONS LTD. 
Back Issues Department, 
16 West Street, Farnham, Surrey, 
England. 

Tel: Farnham 4664. 

Offer top prices for: 
BACK RUNS OF JOURNALS 
IN SCIENCE AND THE ENTS. 

€ 











Wanted and for Sale 
Scientific and Technical Reviews 
SANTO VANASIA, 58 Via M. Maren, 
(X2 


20124 MILANO 





THE FLOW 
MICROCALORIMETER 


Biochemicals for Research 


i Is used for: 
and Laboratory Studies 


characterization of adsorbent 
surfaces; detection of microgram 
quantities of solutes (liquid phase 
chromatography) ; measurement of 
surface areas. 


Further details from: 


MICROSCAL LTD. 


20 Mattock Lane, London, W.5 
Tele: 01-567 5353 





The Mark of Quality} Reliability 


GLASSWORKERS' 
STAIN-VIEWING 
POLARISCOPE 


Ful wave retardation analyser 
for 5800 A gives most sensitive 
colour indication of strain. 
Field and sight aperture 14” 
dia, Dimensions 64” x 547 x 5". 
Price: £15 10s. 6d. 


As above but without colour 
analyser showing strains against 
black field. Price: £11 ils, Od. 


Immediate delivery 


H. S. B. MEAKIN, LTD., 25, Victoria Street, S.W.1 


SUPPLIERS OF POLAROID PLASTICS, WAVE PLATES and GLASS "Tel, : 01-222 6713 


Anti-serums and Lahoratory Reagents For immuno- 
electrophoresis, Immunoassay and Fluorescent Anti- 
body Techniques 


Animal Blood Proteins Purified gamma globulins and 
albumin fractions isolated from large and small ani- 
mal plasma or serums 


Custom Manufacturing work with investigators to pro- 
vide, where possible, products to your specifications 
Wirite for our complete catalog. 


erYex.. 


P.O. Box 272 Kankakee, lilinois U.S.A, 
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A NEW AUTOMATIC WIDE-RANGE 


DILUTER-SAMPLING UNIT 


—for rapid and precise sampling, dilution, and dispensing in 
clinical, analytical, and research laboratories. 


—— 


[4 


The N.I.L. Diluter-Sampler is here shown in a typical application. Ex- 
actly 10ul of raw serum is picked up for 1:200 dilution in a lithium sul- 
fate solution and each of the 30 samples in the turntable is then 
transferred to the atomizer of the N.I.L. Digital Flame Photometer, the 
paper tape of the automatic printout simultaneously giving the concentra- 
tion of sodium and potassium. 


WHAT IT DOES 


Automatically processes 30 samples continuously, from sample pickup, 
through dilution, to analytical instrument by direct transfer. 


Picks up 10-300 microliters of sample. 
Dilutes up to final volume of 5 ml, plus sample. 


Time cycle of total operation adjustable from 15 seconds minimum to 
several minutes. 


Multiple slave diluters operate reproducibly and inexpensively by com- 
pressed air, without use of additional motors, allowing multiple channel 
sampling and dilution for several identical or different reagents. 


HOW WELL IT DOES IT 
Sample and dilution reproducibility: 0.1% full scale. 


Contamination: Usable with all reagents, including strong acids—all liquids 
are in contact only with glass or tefton from sample pickup to instrument. 


Unique cam design: “Wipes off" excess sample, dips up to 2Y2" into stand- 
ard 15 mm x 62 mm test-tubes, and washes thru all trace of previous 
sample with fresh diluent. r 


Bulletin 4-7030 for complete description NIL - 
and ordering information National Instrument 


The N.I.L. Automatic Diluter-Sampling e 

Unit is also obtainable as a separate Laboratories, Inc. 
accessory for any flame photometer, 12300 Parklawn Drive, Rockville, Maryland 20852 
atomic absorption apparatus, or auto- In Metropolitan Washington, D. C. 

matic chemical analyzer. PHONE: 933-1144 AREA CODE: 301 
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Bringing 
automated 

lipid analysis 

to the laboratory 
will give you 
some 

startling results. 


Not the least of which is the gratitude 
of your technologist for eliminating 
the tedium usually associated with 
manual methods of lipid analysis. 
The Technicon* AutoAnalyzer* simul- 
taneously quantitates triglycerides and 
cholesterol from one plasma extract 
at the rate of 40 samples per hour 
(80 determinations). The system is 
fast, versatile and fully automatic. It 
provides the means for performing 
a great number of analyses rapidly and 
accurately with a minimal amount of 
: effort. Of course, if you already have an 
AutoAnalyzer, this capability is avail- 
able through a modest addition of 
equipment. For more information, 
write Department 56, 
Technicon Corporation, 
Ardsley, New York 10502. 
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HEATHWAY 


12" dia. Cut-Off Machine used for cutting 
Glass, Silica and : 









Pulsars again 


SPECIFICATION 

Diameter of cutting wheel 12 in. (304.8 mm) f 
Thickness of wheel 1/16 in. (1.58 mm) f 
Maximum cutting diameter 3 in. (76.2 mm) jm 


Peripheral speed of diamond wheel 5,000 ft/min 
Peripheral speed of carborundum wheel 9,400 ft /min 


324 / M Animal voices 


Work table 20 in. * 21 in. (508 mm *533 mm) 
Table movement 24) in. (622 mm) 
Wheel movement above table 6 in. (152.4 mm) 


Coal mining and 
geology 


Phage DNA 
synthesis in vitro 


Chalones in cancer 
treatment 


May we send you details of 
our range of lathes and 
equipment ? 


Age of stars in MI$ 


Write or phone: 


The HEATHWAY Shock effects in 


MACHINERY CO., LTD. 
UXBRIDGE ROAD, HILLINGDON, MIDDLESEX 1 ites 
TEL: UXB 36345/6 GRAMS: HECO UXBRIDGE iron meteorites 


Or contact one of our Overseas Agents: 


Canada: Nortel Manufacturing Ltd.—Scarborough, Ontario. France: P. Foulon— 
Paris. Holland & Belgium: A. Bruyaux—Amsterdam. Australia: H. B. Selby. 
Scandinavia: Kebo—Stockholm. U.S.A.: Bethlehem Apparatus—Hellertown PA. 
Switzerland: Ernst Keller—Basle. Germany: Hahn & Kolb—Stuttgart. 
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facmillan (Journals) Limited 4/-UK 60c USA 
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EDWARDS ROTARY VACUUM 
PUMP DISPLACEMENTS 


UPRATED 20% -at no extra cost! 


REDUCTION IN TIME TAKEN TO EVACUATE A 50 litre VOLUME 
which can be achieved using the new ES/ED100 series 
instead of the ES/ED75 series which it replaces 


1000 
760 


Le 


ES100 | single stage 
ES75 pumps 





10 — r3 PRODUCTIVITY | 


A saving of 1.3 minutes 
in a 7.3 minute cycle | 
to 0.1 torr 


Pressure: torr 


ED100 | two stage 
ED75 pumps 


PRODUCTIVITY 


Nearly 2 minutes 
saved in a 10 minute 
cycle to 0.01 torr 


wir di. TE TORN ee 
Time: minutes 





11 of Edwards rotary pumps now have 15-20% higher 
pumping speeds than the corresponding models they replace 
—without significant changes in dimensions. You get shorter 
pump down times and sharply and increased productivity— 
the ES/ED100 series, subject of the above graph, is typical of 
all the uprated pumps. And the new models are as quiet as ever. 
You'll need a guide to these uprated pumps; we have one 
ready—a summary that highlights the new performance 
figures at a glance. Ask for Publication No. 03824. 


E: EDWARDS 
ds 


EDWARDS HIGH VACUUM L!MITED éb MANOR ROYAL CRAWLEY SUSSEX ENGLAND 


Telephone: Crawley 28844 Telex: 87123 Edhivac Crawley 





A member of the British Oxygen group of companies 
GD 464 
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for thin layer 
chromatography 
after Stahl 


This versatile instrument meets a 
number of dissimilar practical 
requirements: 


The fast and non-destructive 
identification of colourless zones of 
substances absorbing in the UV by 
direct, automatic scanning of the 
chromatogram with a radiation of 
preselected wavelength, and the 
recording of the light absorption. 


The characterisation and 
identification of very small amounts 
of substances presentas 
chromatographic spots, by directly 
plotting their diffuse reflectance, or 
transmission spectra. 


-an instrument 


DIEM 
TS v 


combination of the PMQ 





photometer system 


hromatogram Spectrophotometer 


The direct plotting of fluorescence 
spectra, and the spectrophotometric 
evaluation of layers containing a 
fluorescence indicator. 


The quantitative evaluation of 
particular chromatogram zones, 
without previous staining and 
directly on the chromatogram, by 
measuring the light absorption by the 
diffuse reflectance or the 
transmission method at a suitable 
wavelength or -in the case of 
fluorescent substances - by 
fluorescence measurements. 





aqme Vest 
Germany 






Light source, in set-up M-Pr: 
hydrogen lamp, incandescent lam 
or high-pressure xenon 
set-up Pr-M: Hg lamp, hydrogen 
lamp or incandescent lamp in sy a 
lamp unit 


lamp; ir 


Monochromator: M4Q III of the 
Spectrophotometer PMQ II 

wavelength range 185-2500 my (! 
useful limit depends on the intri 
absorption of the sorbing agent 


Full details from Carl Zeiss at 
Degenhardt & Co. Ltd., Carl Zeiss 
House, 20/22 Mortimer Street 
London, W1N 8AP 

01-636 8050 (15 lines) 


Hegenhard 
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Instant 
Chemist 


with 

Nuclear Enterprises 
- Non-dispersive 

X-ray Spectrometer 


au 


Nuclear 
Enterprises Ltd Se 


Sighthill, Edinburgh 11, Scotland 

Telephone 031-443 4060 Telex 72333 
Bath Road, Beenham, Reading. England 
Telephone Woolhampton 2121 Telex 84475 


Associate Company Nuclear Equipment Corporation 
931 Terminal Way, San Carlos, California 94970, U.S.A 










vmm d 


The Nuclear Enterprises Spectrometer is a complete 
system, streamlined and portable, enclosed in one package. 
The unitized system includes: a Linear Amplifier, a Biased 
Amplifier, Baseline Restorer, Detector Bias Power Supply, 
LN Reservoir and Cryostat Assembly. This instrument may 
be used as a high resolution low energy spectrometer 
or converted to a non-destructive, non-dispersive 
X-ray Spectrometer for analysis of elements with the 
addition of a radioisotope source, or an X-ray generator. 

Nuclear Enterprises recent developments in electronic 
circuitry and semiconductors have produced a detection 
system with an energy resolution of 400 eV capable of 
distinguishing between Ką X-rays of adjacent elements 
in the periodic table. 

It is particularly significant that simultaneous multi- 
element analyses of samples are obtainable at the rate 
of 60 per minute for many applications requiring on-line 
control. Reliable data reveals that routine analyses of 
elements to less than 100 parts per million is feasible 

The stability of the spectrometer is so good that 
spectra can be duplicated over a period of many months. 
It is also non-critical to sample preparation, independent 
of large surface variations in solid samples and granular 
or liquid samples are accepted. 

Other noteworthy features of the instrument are that 
it is portable, and easily operated by non-technical 
personnel. 

Full details on request. 


Tag — 


ENS | | 


TEMPEST bod Tu. OB li 














Iron and Zinc X-ray spectra taken with an NE 
Spectrometer incorporating a 25 mm x 3 mm silicon 
detector which has a guaranteed resolution of less than 
390 keV. 
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BIOLOGICAL CONSERVATION 


The main purpose of this pioneering journal is the widest possible dissemination of original papers dealing 
with the preservation of wildlife and all nature, and with the conservation or wise use of biological and allied 
natural resources throughout the world. Tt is concerned with plants and animals and their habitats and pro- 
ductions.in a changing and increasingly man-dominated biosphere—in fresh and salt waters as well as on land 
and in the atmosphere. While its main basisis ecological, the Journal aims at fostering good writing on all aspects 
and ancillaries of Biological Conservation, and hopes thereby to engender more and more research and 
ultimately publication channelled along lines which surely hold a key to the world's future. 


The operative word ‘conservation’ is interpreted throughout in its widest possible connotation in this context 
as embracing not only preservation of the status quo and restoration so far as possible (when desirable) of the 
status ante, but also the rational use of all natural resources (other than purely mineral ones) for the lasting 
benefit of mankind. The policy is for wise kinds of scientifically-based management and constructive planning, 
and against all pollution, destructive erosion, unnecessary ecosystem desecration, waste, and other scourges. 


The following types of contributions, in English or French, may be accepted for publication in Biological 
Conservation: 
Original research papers and case-history accounts; 
Survey articles on pertinent topics of wide significance; 
Project reports, etc., for ‘Conservation Around the World’; 
Short communications (notes, news, comments); 
Conferences and meetings; 
Reviews and notices (of important papers as well as books). 


Thus in addition to its main backbone of scientific and other specialist papers, the Journal provides 
something of a forum for all who are concerned with any aspect of bioconservation, no matter what their 
field of interest or where they may be located. 


Articles should in general be factual and positive rather than mere exhortations, but in any case submission 
of a manuscript will be taken to. imply that it is unpublished and is not being considered contemporaneously for 
publication elsewhere (unless it be as part of a symposium of delivered addresses). Manuscripts (and published 
books and pamphlets for review) should be sent to 


BIOLOGICAL CONSERVATION, 
Elsevier Publishing Company, 
Barking, 

Essex, 

England, 


or to one of the Consulting Editors indicated on the front cover; the Editor, however, will be glad to correspond 
about the suitability of particular topics, and will welcome suggestions for articles. General guidance in such 
matters is offered. in the Editorial Statement introducing the first issue (of which Statement a copy will be sent 
gratis on request), while for authors there is a set of Instructions on the inside of the back cover. 





Subscription information 


Four issues per volume (approx. 320 pp), 8° x H” (20 x 28 cm), £6.0.0 or US $14.40 plus 
10s. or US $1.20 postage per volume. 


Subscription orders should be addressed to: 
ELSEVIER PUBLISHING CO. LTD., Ripple Road, Barking, Essex, England. 
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Rotary Microtome Type 1212 


EITZ microtomes 


Base Sledge Microtome type 1300. Universal 
Microtome for paraffin celloidin and frozen sections. 





Large Rotary Microtome after Minot type 1212. 
For rapid and convenient sectioning of biological 
specimens. 


Large Freezing Microtome type 1310. Freezing of 

specimens by CO, or Leitz Kryomat Freezing apparatus. 

Ultra-Microtomeafter Fernandez-Moran.Forulta. E. Leitz (Instruments) Ltd. 

thin sections of specimens for Electron Microscopy. 30 Mortimer St., London, W.1. Tel: MUSeum 3774 


VI 
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Reserve your seat 


at our 


Universal Cyclotron 


If you have been thinking of setting 
up your own cyclotron and radio- 
isotope laboratory... don't! At least, 
not until you see what we have waiting 
for you at our Cyclotron and Isotope 
Laboratories in Petten, The Nether- 
lands. 

We have a modern, Universal Cyclo- 
tron, backed up by a hot lab, tracer 
lab, and full general service facilities. 
And they're just waiting for you to use 
them on a time-rental basis, for as 
long as you need. 

The ability of this advanced cyclotron 





and 
save money! 


to irradiate with four types of beam 
at a variety of beam currents and 
energies... with internal, separated or 
external beams... offers hitherto un- 
heard of possibilities for research in 
fields such as isotope research, radia- 
tion chemistry, activation analysis, 
materials studies, and radiobiology. 
But the best part is the fact that it's 
all set up, just waiting for you to bring 
it your project. What a way to put 
more energy into your research pro- 
gramme... and save money at the 
same time! 





The ful story is in our brochure, 
entitled „How to put more energy into 
your research programme". Ask for 
your free copy now 


Cyclotron 
and Isotope 
Lahoratories 


puphar 


N.V. Philips-Duphar, 
Cyclotron and Isotope Laboratories, 
Petten, The Netherlands. 


NATURE, OCTOBER 12, 1988 vH 











;| Accessibility. The Infragraph 
| opens up easily for inspection. It's just the 
-| job for lectures. 
|| Easy to use. A first year student or 
|! lab assistant can be at home with the 
! Infragraph in a matter of minutes. 
| But even that's not all. 
| The Infragraph is e light and takes 
| the minimum of bench space. And uses 
all your existing sampling accessories. 
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SOU new H a 
Spectrophotometer costs only £970. 

Yet it’s about the best medium-reso- 
lution infra-red spectrophotometer you 
can buy. And it's certainly the best value 
for money. 

Take a look at this Infragraph trace 
and then check through these four 
vital value-for-money features and get 
the rest of the story. 





So send us the coupon and ask to be 
Tue on our demonstration tour. 

Find out what a £970 
Spectrophotometer can really do. 






Wavelength range. Please invite us to your demonstration tour. 

The Infragraph covers the whole of the 

most useful range from 4000-650 cm. Name 

See trace for resolution achieved. " 

A4 graph paper or flow chart. Addres 

Our Infragraph uses either A4 or contin- OO D 

uous paper equally well. Produces a HILGER & WATTS LTD. 

clean, well-defined spectrogram at speeds He SN . 

ranging between two and ten minutes KIM] 95 Sc. Pancras Way, Camden Road, London, db & 
\WATTS/ BMS 7,1. Telephone: 01-485 5636 Telex: 23882. 94 : 


per scan. Grams: Sphericity London NJW.1. MN DATAE 





| 
more ' 
and more 
nuclear 
scientists 
depend on 


SIMTEC 


TOTALLY DEPLETED 


SILICON 
DETECTORS 





ACTUAL SIZE 





e New ‘slim line’ package 
e Double diffused for ruggedness 
e Oxide-passivated for long-term stability 


Designed for AE measurements in charged particle 
experiments, this high performance, totally depleted 
silicon detector is rapidly gaining worldwide favor. It 
has never been surpassed for low noise figures and for 
alpha resolution, And it is priced (duty-paid) far below 
the margins you have been accustomed to. 


COMPARE THESE FEATURES 


—Entrance and exit windows less than 50 
micrograms /cm?) 

—Rugged diffused window 
—Mounted in gold-plated case only 6 mm thick 
— Parellelism is + 1 micron for 50 microns depth 

+ 2 microns for 100 microns to 

500 microns depth 

—Active area: 50, 100 and 200 mm? 
—77° K Operation (Simtec custom grade) 
—70° C Operation (Simtec premium grade) 
If you are not using Simtec silicon detectors now, write, 
call or cable for complete information and prices. Ask 
also about Simtec silicon lithium drift detectors (for use 
at 20? C or at 77? K), Simtec rectangular detectors and 


Simtec sectioned detectors. It always pays to use the 
best — and we are never satisfied with less. 


en simtec Itd. 


3400 Metropolitan Boulevard E., 
Montreal 38, Canada 


Telephone: (514) 728-4527 
Research Electronics (Nuclear) Ltd.. Knowl Road, 
Mirfield, Yorkshire, England Tel. Mirfield 7918 
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BARR AND 


STROUD 





Metal-dielectric interference filters in 
the standard size of 2” diameter are 
now available in boxes of six from Barr 
and Stroud Limited. 

The wavelengths of the No. 1 set are 
for the lines of mercury (blue and 
green), sodium, potassium, calcium 
and lithium. 

Typical applications of these filters are 
flame photometry and line simulation. 
The price of the set is £48. 


BARR & STROUD LTD. 


Caxton Street, 
Anniesland, 
Glasgow, W.3. 
Tel: 041-954 9601 
Telex: 778114 


Kinnaird House, 
1, Pall Mall East, 
London, S.W.1. 
Tel: 01-930 1541 
Telex: 261877 
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LABELLED 
AMINO-ACIDS 


WIDE RANGE 


Over 130 amino-acids labelled with 
carbon-14 and other radioisotopes 
are available. 


HIGH SPECIFIC ACTIVITY 


Many are supplied at extremely high 
specific activity. Some carbon-14 
compounds have an isotopic abundance 
of almost 90% of the theoretical maximum. 


HIGH PURITY 


Carefully controlled preparation and 
packaging, combined with frequent batch 
analysis, ensure purity above 97% for 
carbon-14 labelled amino-acids and 
above 95% for amino-acids labelled with 
other radioisotopes. 


Some important 
compounds now available 


CARBON-14 
L-Glutamic acid-C14(U) at 276 mc/mM. 
L-Leucine-C14(U) at 305 mc/mM. 
L-Lysine-C14(U) monohydrochloride 

at 324 mc/mM. 
L-3-Phenylalanine-C14(U) at 504 mc/mM. 
L-Valine-C14(U) at 270 mc/mM. 


TRITIUM 

L-Leucine-4,5-T at 29 c/mM 
L-3-Phenyl(alanine-2,3-T) at 10 c/mM 
L-Tyrosine (side chain-2,3-T) at 3.9 c/mM 


Ask for free batch analysis 

sheets providing details of purity, notes 
on preparation and recommendations 
for storage. 
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Watchdog! 


Whether applied to a microscope on time-lapse or 

focused on a car tyre at 250 Frames/Second the Vinten 16 mm. 
Scientific Camera System will give you the results you want. 
Our Mk. 3 Scientific and HS 250 cameras give 
picture quality ahead of anything hitherto 

available in 16 mm. They're versatile, 

quality is unquestioned and cost 

is surprisingly low. What's more they re 

designed to operate unobtrusively 

without special experience or attention 

So if you've got something that 
needs watching get in touch with us. 


— 


Vinten 


W Vinten Limited Western Way Bury St Edmunds Suffolk Tel: 2121 














Mk 3 Scientific Camera 
» Un lg with Zoom Lens 

- and 200 ft Magazine 

- 9 


D a 


* Thermogravimetry 
-2 invacuo down to 
| 10-4 torr 


Stanton Massflow * Quantitative analysis 
Thermobalances are 

available with a balance * Reduction studies 
sensitivity of 1mg or 0.2mg 

per division working ina — * High temperature solid 









For further details write: 
Stanton Instruments Ltd., 
Dept 11, Copper Mill Lane, 
London, S.W.17., 

or 'phone 01-946 7731 


temperature range from state reactions 
ambient to 1000°C, 1350°C 
or 1500°C. * Solid gas reactions 


Applications of this 
versatile instrument 
include:- 

* Oxidation studies 

* High temperature kinetics 


* Gas corrosion studies 


. Stanton Massflow 
» thermobalances 


N 
„Stanton 
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This vacuum pumps speed 
was 


impossible 





Was, but isn't. We've sorted out the fight 
between high vacuum diffusion pumps and baffle 
valves. 

The valve was swallowing 55 per cent of 
the pumping speed. We cut its appetite down 
to size. 

Then we gave the pump a bit of a tweak. 
Then we put the two together. THEIR 
EFFECTIVE SPEED IS NOW 50 PER CENT 
FASTER. 


You'll need to know what we did to the valve. And how 
we tweaked the pump. 

If we say 'annular design' and 'superheated jets' we're just 
hinting. 

If we say our new 5 inch pump has an unbaffled speed of 
650 litres/sec. and a baffled speed of 400 litres/sec. 
(instead of the usual 270 litres/sec.) : that it's three quarters 
the usual height : starts in 10 minutes : works to 10" torr : 
operates with .5 torr backing pressure : is all stainless 

steel : will fit existing systems; we're still giving just the 
bare outline. 


Better write for details of this brilliant new pumping 


combination. NOW 
E 
LTD 


High Vacuum Engineers swiNDON ROAD. CHELTENHAM, GLOS. Cheltenham 53817 
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M.J. WHEELER 
HALSTEAD- 2461 
7 di 


= 
Coq 
A C) >, ~ 


If you would prefer to write please do so, we will send you full details and 
prices and we think you will be agreeably surprised. 


EVANS 
ELECTROSELENIUM 


LIMITED 


HALSTEAD ESSEX ENGLAND 
Telephone HALSTEAD 2461 Telex 98204 
EEL INTERNATIONAL LIMITED 
BAYSWATER VICTORIA AUSTRALIA 


I E oI RP 


AMT LA I. 
«x. 


JUST A PHONE CALL; 


X 
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NATURE 


Uneasy Quiet at the Universities 


Ir must be a long time since a British academic year 
opened in an atmosphere of uncertainty as real and as 
haunting as that which now pervades the universities, 
old and new. Even the joint statement on student 
problems put out earlier this week by the Committee 
of Vice-Chancellors and the National Union of Students, 
which is a great step forward, has increased the acade- 
mic sense of insecurity—-nobody can really be certain 
whether it will placate the students or fall so far short 
of their expectations (real and imaginary) that they 
will be maddened into an outburst of activism. But 
these are only passing problems, for there is no reason 
to fear that the universities cannot solve these essenti- 
ally domestie problems. "The real trouble lies deeper. 
For one thing, there is an urgent need of qualitative 
change within the universities to enable them more 
effectively to play a useful part in the somewhat 
unexpected world of the 1970s. But it is also essential 
that the universities should equip themselves to define 
their relationship with the outside world more clearly 
than they can do at present. Although problems 
like these ery out for attention wherever universities 
exist, they have been brought uncomfortably to a head 
in Britain by the need to replace Sir John Wolfenden 
as chairman of the University Grants Committee by 
the end of this year, when he is due to move to the 
British Museum. 

The first task is to decide whether the University 
Grants Committee should continue to exist. A few 
years ago, merely asking this question would have 
seemed a kind of heresy. For most of its existence, 
the UGC has been an indispensable intermediary 
between the Government and the universities. Theoreti- 
cally, its function has been to arrange that public 
money should be spent on an increasing scale within 
the universities in aecordance with the wishes of 
universities, not governments. When the sums of 
money involved were small compared with those needed 
elsewhere in the educational system, there was no 
reason to fear that the performance of the UGC would 
fall short of expectations. Indeed, throughout the 
immediate post-war years, the UGC was able to play 
a creative part not merely as a wise distributor of 
government support but also as a means of winning 
publie interest in university problems. More recently, 
however, the UGC has necessarily been more concerned 
with a justification of the way in which publie money 
is being spent within the universities. The common 
jibe is to say that the UGC has become no more than 
& branch of the Department of Education and Science, 
and a great many academics are resentful of the 
transformation. But is it sensible to expect that 
matters could have been differently arranged? If, 


for example, the UGC provides a university with 
money for a new building, is it not a necessary accom- 
paniment of this task to make sure that the money is 
really spent on building and not, say, on ornamental 
landscapes, and that the building concerned is not 
outrageously extravagant? By the same test it is 
entirely understandable that if the UGC provides 
universities with money to pay lecturers, it should 
then take steps to establish criteria for deciding how 
many lecturers there should be in different kinds of 
circumstances. In other words, the complaint that 
the UGC has become more like an ordinary govern- 
mental office than academies relish may be an accurate 
statement of what has happened but it was only to 
be expected. So long as universities are almost entirely 
dependent on funds provided by the central govern. 
ment some arrangements for making sure that money 
is not wasted will have to be made. 

Whatever academics may say, the UGC has not so 
far been a threat to academic freedom in any real 
sense. To be sure, it could in principle start all kinds 
of monkey business—for example, it could suddenly 
and arbitrarily decide to reduce the grants to universi- 
ties continuing to teach unfashionable subjects such as 
classics or perhaps even physies. But everybody 
knows that this is not a serious threat. Any chairman 
of the UGC wishing to pursue such a shortsighted 
policy would quickly find himself prevented by the 
distinguished and powerful members of the committee. 
And in this sense, of course, the most serious complaint 
against the UGC in recent years is that it has been 
prevented by its own structure from intervening in 
the development of the university system in w 
which would have allowed British universities to make 
more efficient use of their resources and at the same 
time to co.exist more easily with each other. Some 
time ago, there was plenty of heady talk about the way 
in which the subject committees of the UGC would be 
able to rationalize the pattern of teaching and research 
within the university system, but the chief result so 
far of those endeavours is the closing down of two 
departments of agriculture at British universities. 








NATURE SCIENCE REPORT ON 1968 


The group of review articles which appeared in 
Nature on August 24, on the occasion of the 


British Association meeting at Dundee, will be 
published in November by Macmillan at 7s. 6d. 
and will be obtainable from booksellers. 








106 


There is still an unhealthy imitative tendency within 
the universities—the appointment of a professor of 
applied Sanskrit in one university would almost cer- 
tainly be followed by similar appointments elsewhere. 
Such attempts as there have been to coordinate the 
workings of several universities have sprung largely 
from the universities, particularly in the north of 
England. And in spite of some worthwhile reforms in 
recent years, the University of London remains 
thoroughly balkanized. Plainly there has been no 
shortage of opportunities for the UGC to intervene in 
university affairs, and plainly it has been either 
unable or unwilling to do so. 

This is why there must necessarily be doubt about 
the wisdom of perpetuating the UGC. From the 
point of view of the universities, there would obviously 
be great advantages in the replacement of bureau- 
cratic control by the UGC with some less irksome 
method. Unfortunately, however, the only way in 
which dependence on public funds can be combined 
with the trappings of independence is somehow to 
arrange that the budget of each university is linked 
not to a detailed assessment of its needs of money 
but, rather, to some estimate of its productivity. 

One obvious trouble here, of course, is that it is not 
without gross injustice possible to link the social value 
of a university’s work with the numbers of students 
who graduate or with any other easily measured 
quantity. It is not entirely unreasonable to ask that 
some efforts should be spent on the design of a formula 
for fixing public support for individual universities 
which would give the institutions concerned an in- 
built incentive towards efficiency (whieh would free 
them from the government inspectors) and diversity 
(which would ensure more competition and less imita- 
tion among universities). One obvious step would be 
to reverse the present trend and ask that research 
councils should become almost entirely responsible 
for the financing of university research (which would 
keep people on their toes and also emphasize that 
teaching is the bread and butter of university work). 
Another would be to make sure that universities 
individually could do more to determine their own 
Size, possibly by deciding for themselves to depart 
from the standard ratios of staff to students. But in 
the long run, none of this will be possible so long as 
publie support for the universities comes through 
just one channel—the UGC. This is why there is the 
strongest possible case for considering the old proposal 
that university fees should be fixed at something like 
the marginal cost of university teaching—something 
like £250 per year per student. Although most 
of the money would still come from public funds, local 
authorities as well as the central government would be 
more directly involved, universities would enjoy two 
independent sources of income but would be compelled 
to compete more diligently for the favours of their bene- 
factors and—-a not inconsiderable by-product—the 
present disparity between fees paid by students from 
Britain and those from overseas would be removed. 

Against this background, the choice of a new chair- 
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man for the UGC is obviously extremely difficult. 
Quite understandably, the Government is looking for 
somebody who can be expected to stay at the UGC 
for most of the seventies. The immediate difficulty is 
that there are few among the younger vice-chancellors 
who would willingly at this stage in their careers 
undertake to run an organization which may well be 
overtaken by events or even logic. Certainly, the 
chances are that most of them would ask for assurances 
about the independence of the UGC which the Govern- 
ment would be both unable and unwilling to provide. 
In the circumstances, perhaps the best appointment 
would be that of somebody who could do more than 
keep the administration ticking over as the Govern- 
ment fancies. The real need is for somebody who can 
play a vigorous part in working out machinery for 
keeping the universities alive in the decades ahead 
if, in the process, it should be necessary to agree that 
the UGC itself should be abolished. 

But if the UGC, like the Marxist state, is destined to 
wither away, why not put an end to it immediately ? 
That is not an improper question, offensive though it 
may sometimes seem. And in at least one sense, of 
course, the question is not particularly meaningful. 
So long as the Department of Education and Science 
continues to provide the universities with funds, 
there will always have to be an office to administer the 
money, and it will always be prudent to solicit advice 
from a committee of academics. No harm will be done 
if this continues to be called the University Grants 
Committee. The real candidate for abolition, however, 
is the old doctrine, cherished in the universities, that 
it is somehow possible to create a buffer between the 
universities and the Government that will eliminate 
all suggestions of conflict between them. This has 
become a thoroughly effete illusion. The truth is that 
the interests of the universities and of the Government 
do not coincide, and it will be best for both of them if 
this is frankly recognized. To be sure, in the broadest 
sense this means that the interaction between the 
universities and the Government is political in charac- 
ter, but there is no harm in that. It follows, however, 
that if the universities are to make their case in- 
telligently, they will need machinery for forming collec- 
tive views and urging them on the Government and 
other interested parties. The Committee of Vice- 
Chancellors is the obvious instrument for this, and has 
indeed improved enormously in the past few years. 
Yet there is still a long way to go. The committee is 
still stricken with some of the fake gentility springing 
from the pretence that there are no real conflicts to be 
settled. And it still lacks some means by which the 
vice-chancellors who belong to it can be more fully 
representative of their universities. Whether the 
time has come to make a decisive shift of responsibility 
from the UGC to the Committee of Vice-Chancellors, 
only the vice-chancellors themselves can know. Such 
a shift cannot, however, be long delayed. 

The way in which the Committee of Vice-Chancellors 
has worked out a settlement with the National Union 
of Students (see page 113) is a weleome sign of how 
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well its influence has grown but, at the same time, 
also a fine illustration of its weaknesses. The first 
thing to be said is that the statement which has 
been agreed between the two sides should enormously 
strengthen the hands of those students, and those 
among the university faculties in Britain, who would 
like to see a more liberal interpretation of the constitu- 
tion of the universities. Certainly the students will 
be extremely foolish, in the term ahead, if they do not 
begin by finding out how fully their own universities 
are prepared to implement the suggestions which the 
vice-chancellors have agreed. But what will happen 
if some university chooses only to make the most 
trivial concessions to the position which the students 
are likely to take up? Where the universities have 
the initiative, the most likely conflicts will centre on the 
suggestions that students should have some opportun- 
ity to comment on the content of courses and curricula, 
for here some universities have already unwisely set 
their faces against change. Will the Committee of 
Vice-Chancellors be prepared to listen to the com- 
plaints of students, if necessary over the heads of the 
universities concerned? And if not, will not the 
students have a case for saying that the agreement 
with the vice-chancellors is ineffectual? To be sure, 
the students who negotiated the agreement are equally 
unable to count on the compliance of all those they 
seem to represent but as the senior partners in the 
pact, the vice-chancellors’ weakness will necessarily 
seem the more serious. This is why the committee's 
initiative is courageous, to say the least of it. But if 
the agreement with the students can be made to work, 
the prestige the vice-chancellors’ committee will gain 
should serve it well in other fields. 


NUCLEAR POWER 


On the Road to Commerce 


Tue United Kingdom Atomic Energy Authority seems 
to be well on the road towards becoming a national- 
ized industry in what has now become a more or less 
familiar pattern in Britain. The fourteenth annual 
report, published on Wednesday this week, records 
the decline of expenditure on research and development 
in the past year and, at the same time, the growing 
strength of the strictly commercial parts of the author- 
itys work—those principally concerned with the 
manufacture and sale of nuclear fuels of various kinds. 
There is also the prospect that royalties will soon begin 
to flow under the terms of the agreements with private 
companies and the electricity boards, although it is 
also clear that by stockpiling uranium ore at the top 
of the market a few years ago the authority has 
confirmed its place among the large number of indivi- 
duals and organizations who have burnt their fingers 
on uranium. In the circumstances, it is more than a 
little odd that the report has almost nothing to say 
about the steps which have yet to be taken to implement 
the Government's intention that the industry shall be 
reorganized. 

The reduction of expenditure on research has been 
quite dramatic—from a total of £70-3 million in 1966- 
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67 to £59-7 million in 1967-68. Most of the important 
establishments for research and development main- 
tained by the AEA have shrunk in one way or another. 
Thus expenditure at Harwell has predictably fallen 
from £173 million to £16-5 million, and something 
like ten per cent of the total expenditure there is now 
devoted to projects unconnected with the development 
of nuclear power. One of the biggest reductions of 
scale has been at Risley, in Lancashire, where the 
AEA maintains a complex of metallurgical laboratories 
and design offices, and where expenditure on research 
and development has fallen from £13 million to £10-6 
million in the course of a year. Laboratories in general 
have spent less, although the shrinkage at Culham 
(from 4-5 million in 1966-67 to £4-4 million in the 
most recent year) is rather less than would have been 
expected in view of the decision a year ago that the 
budget there should shrink in the next five years by 
roughly ten per cent a year. (The report also points 
out that the decision to reduce the scale of work on 
fusion research at Culham, originally taken by a com- 
mittee of the AEA, can if necessary be reconsidered if 
circumstances should change.) At Dounreay, which is 
the chief site for the development of fast reactors, 
on the other hand, expenditure on research and develop- 
ment has modestly increased from £9-2 million to 
£10-3 million. 


INDUSTRIAL REORGANIZATION 


Laboratories on the Dole? 


Tue latest moves in the reorganization of the British 
heavy electrical industry seem to have aggravated 
anxiety among the substantial numbers of scientists 
employed at the commercial research laboratories 
working in this field. As things are, the Plessey bid 
for English Electric and the counter-proposal that 
English Electric and General Electric should be 
merged are hanging fire, no doubt because the Indus- 
trial Reorganization Corporation and other govern- 
ment agencies are working away behind the scenes. 
In the circumstances, however, nobody will he sur- 
prised that scientists are uneasy about the future. 
Some people are even said to be casting about for jobs 
elsewhere, on the principle that it may be better to 
get out while the going is good or at least passable. 
No one is prepared to comment on the extent of 
rationalization that will be considered necessary if the 
English Electrie merger with GEC does take place, but 
a possible indication is the extent of the reorganization 
involved in last year's takeover of Associated Electrieal 
Industries by GEC. AEI’s central research section 
was transferred from Derby to GEC's Hirst laboratory 
at Wembley, and the telecommunications laboratory 
at Harlow was shut down. Engineering work at a 
factory in Birmingham has been reduced and a factory 
at Woolwich is in the process of closing down. The 
number of redundancies and "voluntary" departures 
arising from these pruning operations was about 6,000. 
However, there is expansion in other areas and the 
company, said a spokesman, is continuing to reeruit. 
GEC's new management is noted for its intolerance of 
what is called "dead wood", although Lord Nelson, 
chairman of English Electrie, hopes that the merger 
will mean "less redundancy than otherwise" because 
of increased orders from competitive overseas markets. 
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TRAVELLING FELLOWSHIPS 


EMBO's Third Year 


EMBO is increasing its activity on all fronts and the 
third list of EMBO long-term fellowships and senior 
appointments, announced on October 4 and tenable 
during the academic year 1968/69, is noticeably longer 
than either of its predecessors (see Nature, 215, 1224: 
1967). For the year 1968/69 EMBO awarded eighteen 
new fellowships and renewed five, and made two new 
senior appointments and renewed three. By contrast, 
in 1967/68 EMBO supported only twenty scientists 
in all. Following the first aim of the organization— 
fostering molecular biology in Europe—twenty-one of 
the awards went to Europeans for work in their own 
laboratories or elsewhere in Europe or Israel, two went 
to support Europeans working in the USA and four 
to bring to Europe people working in American 
laboratories, though not all of them are Americans. 
Even with its existing funds EMBO can obviously 
provide a small channel through which molecular 
biologists can be attracted back to Europe, but if the 
governments of the member nations were all suffici- 
ently far-sighted and put up the funds for an EMBO 
laboratory, the trickle could be turned into a flow. 

Inevitably the outstanding European centres such as 
Brussels, Geneva, the Institut Pasteur, the Weizmann 
Institute, Gif-sur-Yvette and two or three of the 
MRC’s laboratories are prominent in the list, but it is 
encouraging to see that several of the EMBO fellows 
are working in much less august laboratories. It is 
also good to see that although no East European 
country has joined EMBO as yet, this has in no way 
barred individuals from East Europe from the fellow- 
ships; awards this year went to three Czechs, a Pole 
and a Yugoslav. 

Needless to say, more EMBO fellows—twelve of the 
twenty-eight—are working with bacteria or bacterio- 
phage than with any other system, but it is a sign of the 
times that four are involved one way or another in 
immunochemistry. The research interests of EMBO 
fellows are probably a general reflexion of the strong 
points of European molecular biology; that would 
certainly explain the absence of any reference in any 
of the fellowship lists to animal viruses. 

Apart from fellowships and senior appointments, 
EMBO has spent its funds, the large grant from the 
Volkswagen Foundation and much smaller sums from 
Interpharma and the Israeli Government, on short 
term travel grants and collaborative work which have 
involved 66 visits between laboratories in fifteen 
countries. 'This is almost double the previous year's 
activities which involved 35 laboratories in twelve 
countries. 

The grant from the Volkswagen Foundation, of 
course, expires this year but at the beginning of the 
year a draft of an agreement was drawn up by which 
the governments of the EMBO signatory nations would 
take over the financial support of the organization. 
At times during the summer there were many doubts 
as to whether this agreement would ever be imple- 
mented, but in the past two or three weeks all the 
governments concerned have finallv aecepted the 
agreement in principle and it is understood at the 
Department of Education and Science that there will 
be a formal signing ceremony in Berne in the near 
future. The amount of money each government will 
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contribute, however, has yet to be decided, and if Cern 
is anything to go by there is a great deal of hard 
bargaining still in store. 


PROTON ACCELERATORS 


Half Steam Ahead at Cern 


THE mecting of the Cern council on October 3 seems to 
have been a fairly subdued affair. Most delegations 
seem to have been working on the assumption that the 
project to build a new accelerator will go forward even 
though only five of the signatories of the convention 
now in force have so far indicated their willingness to 
subscribe to the bigger project. So far as the new 
machine is concerned, the chief business seems to have 
been the presentation by Professor B. Gregory, Direc- 
tor-General at Cern, of a document which embodies a 
cheaper programme of machine development than the 
one originally put forward by the European Com- 
mittee on Future Accelerators. 

At the beginning, at least, the capital cost of the 
programme now suggested works out at 1,335 million 
Swiss francs, compared with 1,776 million Swiss francs 
in the original scheme. The cost of the machine itself— 
the magnets and the hole in the ground—is reduced 
from 931 million Swiss francs to 870 million Swiss 
francs, but the result is quite significant for would-be 
experimenters—the maximum energy will be reduced 
to 200 GeV and the beam current will be reduced to a 
fifth of that originally intended, or to 2 x 10" particles a 
second. A considerably larger saving, proportionately, 
comes from the economies which have been suggested in 
the laboratory facilities. Perhaps the most important 
of these is that there will now be only one ejection point, 
not two as originally suggested. Still larger economies 
have been made by cheapening the ancillary facilities 
—lecture halls and the like—which were a part of the 
original design, as well as by planning for a somewhat 
less intensive programme of operation than the one 
originally budgeted for. The consequences of the 
difficulties of financing the 300 GeV machine should be 
recognizable for many years to come. 

The next step, agreed upon at Geneva, is to pick a 
site. The council meeting last week apparently agreed 
that there should be a preliminary vote on the subject 
at the December meeting, and on present form it seems 
that the council will have to choose between the sites on 
offer by the five willing partners—France, Germany, 
Italy. Austria and Belgium. The hope is that a final 
decision will be made in the spring next year, by which 
time progress should have been made in the selection of 
a director-general for the new laboratory. One 
intriguing possibility is suggested by the council’s 
determination last week that it should find the best 
man for the job, whatever his nationality. Does this 
imply that the appointment could be made outside the 
five countries at present in the new club? How will 
the Scandinavian countries move in the months ahead ? 
And what, in any case, is to be made of the fact that 
Professor Brian Flowers, the British delegate to last 
week's council meeting, was able to convey a message 
from the Secretary of State for Education weleoming 
“the positive decisions’ which have been taken by the 
members of Cern? Although the issue of a British 
subscription to the machine is at present quite dead, 
1969 could remain a full year for accelerator diplomacy. 
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FULBRIGHT GRANTS 


Fellowships d! Home 


Tur United States-United Kingdom Educational 
Commission announced last week that it will be unable 
to offer any Fulbright Travel Grants in the academic 
year 1969-70. The Fulbright programme is the world's 
most important educational exchange agency—it 
awarded 3,600 grants for the current academic year— 
and the change in policy is somewhat abrupt. 

The United States Congress has cut funds to the 
programme by an overall 30 per cent, from $46 million 
to $31 million. Money for American scholars to 
travel abroad has been docked by 70 per cent, while 
funds for grants to be held within the United States 
have suffered less—they have been cut by 20 per cent. 
Reasonably, given the overall cut in funds, the State 
Department is trying to maintain the flow of grants 
towards the poorer nations at the necessary expense of 
the richer. The British end of the programme has 
consequently suffered drastically, with funds cut from 
$860,000 in the current year to $170,000 in the next. 

Out of this has to come salaries for the staff of the 
United States-United Kingdom Educational Com- 
mission, the body which administers the use of Ful- 
bright funds in Britain, money for a schoolteachers 
interchange programme and some funds to maintain 
scholarships begun this year but unavoidably extend- 
ing into 1969-70. The residue would only have suppor- 
ted a derisory exchange programme, and the com- 
mission decided that it was better to cancel the 1969— 
70 programme altogether. 

This year, 200 grants were awarded to Britons, half 
for graduate students and half for faculty members. 
More than half the recipients were scientists. No one 
knows how long the present stringent economie condi- 
tions will last, but the commission hopes to be able to 
offer grants again in 1970. 

Though voices have been raised in Congress criticiz- 
ing Fulbright exchanges on the grounds that they 
encourage the mobility of dissidents, the motives for 
the cutback in financial support seem straightforwardly 
economie. Many American scientific agencies abroad 
have had their budgets cut and staffs are also being 
reduced at embassies—hardly centres of dissidence. 
Where the Fulbright programme is concerned, the 
irony is that it should have foundered on the current 
balance of payments crisis in the United States, which 
has itself been provoked by the cost of the Vietnam 
war; originally in 1946, the intention was that the 
international exchange programme should be financed 
out of the sale of surplus military equipment abroad. 


SATELLITES 


Esro off the Ground 


Esro I, the second satellite of the European Space 
Research Organization (ESRO), was successfully 
launched on October 3 by a Scout missile from the 
Vandenberg Air Base. The satellite is functioning 
well; its orbit is close to that planned, though 
apparently a little low on perigee, and it has already 
transmitted its first set of data. 

Esro I is moving in an orbit that takes it nearly over 
the poles and is designed to study the polar ionosphere 
and aurores. lt carries instruments prepared by 
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several European laboratories, and if it remains in 
orbit for the year that is planned, should transmit the 
most comprehensive data yet obtained for the polar 
ionosphere. The experiments on board are designed 
to record the types and distribution of ionospherie 
electrons and ions and their daily and vearly variations 
as well as those affected by the solar cycle. 

The Radio and Space Research Station at Slough 
has devised an experiment to measure the differences 
between electrons trapped in the Earth's magnetic 
field and those precipitated away from it. A second 
experiment from Slough will record the flux of protons 
absorbed at the polar caps some three hours after a 
solar flare. The University of Oslo has provided 
photometers to study the auroras in the northern 
hemisphere. These are best seen during the dark or 
dusk of the northern winter, which was what determined 
the timing of the satellite's launching. 

University College, London, has designed an experi- 
ment to measure electron temperature and density; 
this is à continuation of measurements begun with the 
launching of the Ariel T satellite in 1962 and which it 
was hoped, until ESRO's cancellation of the TD2 satel- 
lite, would be extended throughout a whole solar eyele, 
University College is also monitoring the distribution 
of positive ions and their variation with the expansion 
of the atmosphere during the solar cycle. 

Esro II, the first ESRO satellite, was launched 
earlier this year and is continuing to send back data on 
solar radiation and cosmie rays. Esro Í was intended 
to be launched a year ago; true to tradition its success- 
ful launching has now been marked with a renaming. 
ESRO has decided to call the setellite Aurora, 
the Latin name doubtless being des ened either to 
stress the unity of science or to avoid the dissensions 
created by the final “e” of Concorde. 


EUROPEAN SPACE 


Another Melting Pot for ELDO 


WnaT was expected to be the decisive ELDO minis- 
terial conference opened in Paris last week with all 
seven member countries apparently anxious to keep 
open their options. When all is said and done, the 
Blue Streak booster remains the only eredible means of 
obtaining an independent space launcher capability. 
But there was this tiresome question of money and 
objectives—the topics on which ELDO's recurrent 
crises centre. As things turned out, money was hardly 
mentioned from start to finish. And the meeting was 
perhaps more indecisive than almost any previous 
ELDO crisis meeting. Even the final communiqué 
was not unanimous. 

The meeting opened with a report from the con- 
ference chairman, M. Théo Lefèvre, Belgian Science 
Policy Minister, based on a fact-finding tour of the 
ELDO capitals and their science ministers. This had 
established that there was complete deadlock between 
the British and French Governments. But M. Lefévre 
had found a consensus, among the six Ministers can- 
vassed, on the need for better integration of techno- 
logical programmes on a continental scale in an 
economic and industrial policy, and also fair agree- 
ment on the methods required to do it. 

He therefore put forward a proposal placing Euro- 
pean launcher development (and ELDO) in a larger 
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framework of advanced technology, and set out three 
principles which technological cooperation in Europe 
should satisfy. 

"(1) It would extend to the major subjects of 
advanced technology such as space, nuclear energy, 
data-processing and computers, aviation, transport and 
telecommunieations; (2) it would be based on the 
establishment of industrial consortia which would be 
granted, on the one hand, the support of research and 
development contracts and, on the other, that of publie 
orders coordinated among our governments; (3) it 
would ensure that each country has its fair share in 
the new jobs, flows of business and stimuli to progress 
which will result from joint action, this fair share 
applying to the programmes as a whole and not to each 
of them in particular, which assumes that our efforts 
Should be established on a continuous and durable 
basis." 

This thoroughly sensible and constructive approach 
got nowhere in spite of—or perhaps because of—a 
prompt British welcome. After a day and a half of 
mumbling, a resolution reintroducing the Lefèvre 
principles but linked with the specifieally ELDO 
problem was re-introduced by the British delegate, 
Mr J. P. W. Mallalieu, Minister of State at the Ministry 
of Technology, but was voted against by France and 
Germany. À German resolution to do much the same 
but woollier in its terms was finally adopted with 
Britain and Australia abstaining. 

'The result is that there will be another committee 
of officials representing ELDO government ministers 
to draw up proposals for a European space programme. 
It is to take into account work already done, applica- 
tions satellites for Europe, and available resources— 
and to report back by November 11. It looks like the 
Causse Report all over again except that the Causse 
inquiry drew strength from the ESRO countries as 
well as the ELDO countries. “The Causse Report 
minus", some officials were calling it. This seems to 
be one of the British Government's objections to the 
terms of the final resolution. It would like to have seen 
the inquiry opened up to all countries in Western 
Europe with an interest in space and in collaboration 
in advanced technology. The national appointments 
to the new committee (which is to meet in Brussels 
under a Belgian chairman) must be made by October 
12. It is not quite clear yet whether Britain will send 
a nominee. 


PLANETARY ASTRONOMY 


The Stay-at-homes 


Is it necessary to venture into space to study the 
planets or ean they be observed more comfortably 
and at leisure by staying at home? The Panel on 
Planetary Astronomy of the United States National 
Academy of Sciences’ Space Sciences Board argues that 
ground based measurements are often as effective and 
are almost always considerably less expensive than 
measurements made in space and should therefore 
play an important part in any programme of planetary 
study. Thus the panel throws its weight behind the 
stay-at-homes in a report now published (which can be 
had from the National Academy in Washington). The 
panel, under the chairmanship of J. S. Hall, the 
director of Lowell Observatory, was asked to survey 
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the current state of knowledge in planetary astronomy, 
to indicate potentially productive fields for ground 
based research and to survey the available techniques. 
The fields of research they considered include the 
dynamics of planetary motion, the study of planetary 
surfaces and atmospheres and the gathering of informa- 
tion on the interiors of planets and their associated 
magnetic fields. Ground based instruments have the 
advantages that they can handle data much faster 
than space instruments can and they have much longer 
effective life-times. Their relative design flexibility 
means that recent technological developments can be 
incorporated to good effect. Time is an important 
factor because information from ground based studies 
is used in planning space programmes and also because 
the planets can most usefully be observed only for 
certain periods. The limitations on such instruments 
are caused largely by the Earth’s atmosphere-—its 
opacity to radiation of all but a few wavelength bands 
and its turbulence. Some of these restrictions are 
already being overcome by the use of better observing 
sites, image scanning and image enhancement devices 
and, most importantly, by the use of radio and radar 
techniques. Here the limitations are purely instru- 
mental and there is scope for order of magnitude 
improvements. 

The panel makes eight specific reeommendations for 
improving the efficiency of ground based studies. It 
asks that a 60-inch optical telescope designed for 
spectroscopy, interferometry, photography and photo- 
metry of the planets should be erected as soon as 
possible in the southern hemisphere. Two reflectors 
for the infrared would be useful—one with a 120-inch 
aperture at a site with very low water vapour content 
and the other with a 36-inch aperture installed in the 
Convair 990 aircraft operating from the Ames research 
centre. Existing facilities for planetary radar observa- 
tions should be more extensively used, the panel says, 
and a large filled-aperture instrument for use at 
millimetre wavelengths and a high resolution one for 
use at 3 cm to millimetre wavelengths should be built. 
The recommendation of the Whitford Committee for 
construction of large radio telescope arrays by the 
National Radio Astronomy Observatory and the 
California Institute of Technology is endorsed. Fourier 
interferometers with resolutions of at least 10,000 
should be developed and “the importance of techno- 
logical development should be recognized by ensuring 
that funds are available to support it". The establish- 
ment of a “worldwide photographie planetary patrol" 
distributed in longitude to ensure adequate coverage 
for the period from January 1960 to January 1974 
was recommended. The panel emphasizes the need for 
a solution to the thorny problem of how to provide 
experts who also have a comprehensive knowledge of 
the field as a whole. 


METEOROLOGICAL RESEARCH 


Set Fair at Bracknell 


Tue completion of a series of research projects on the 
Earth's atmosphere and a noteworthy advance in 
international cooperation are highlights of the Annual 
Report of the Meteorological Office for 1967 (HMSO. 
11s). On a budget of £7-5 million, the Meteorological 
Office seems to have pushed ahead with modernizing 
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its forecasting and communications networks with a 
clear sense of purpose. 

The report gives pride of place to the fact that all 
122 members of the World Meteorological Organization 
voted unanimously to support the World Weather 
Watch to coordinate the work of the individual 
meteorological services of member countries. This 
world-wide project has generated a considerable in- 
centive for each national body to modernize its fore- 
casting, communications and data-processing systems; 
nobody wants to lag behind in this venture. 

The participation of the United Kingdom will be 
focused on the Central Forecasting Office in Bracknell, 
Berkshire, and the existing communications establish- 
ment will serve as a regional telecommunications hub. 
There seems little doubt that each country involved 
will benefit both from more comprehensive analysis of 
global behaviour of the atmosphere and from the wider 
range of weather forecasting. It is indeed comforting 
that nothing should dampen the humour of the com- 
munication received from an indignant lady reader 
by a Sunday newspaper: "What right have the 
Americans got to forecast OUR weather ?". 

Perhaps the most significant of the projects discussed 
in the report is the expansion in the use of computers 
and new data-processing techniques for forecasting 
the movement and evolution of major weather systems. 
Computerized techniques have not yet been extended 
to local forecasting, the form which most directly 
affects the man in the street. It is to be hoped that the 
benefits offered by fast and accurate calculations will 
not long remain on the side-lines. Research is reported 
to be encouraging, and a detailed model for the 
numerical prediction of rainfall is already off the 
drawing board. 

A programme of investigation into the structure and 
evolution of frontal cloud systems has begun this 
year. The project, based in the Isles of Scilly, will use 
a variety of modern techniques, including satellite 
photographs and radar, to determine the quantity and 
distribution of rain falling from these clouds. A 
separate research project, carried out during the past 
year, was an analysis of the ozone and dust in the upper 
atmosphere made with the aid of the Ariel 2 satellite. 
The Ariel 3 satellite has been involved in a successful 
investigation of the vertical distribution of oxygen at 
a height of about 100 kilometres. 

The Meteorological Office seems to be concerned 
equally with research and its applications. A more 
salient achievement on the practical side last year was 
the promotion of the Principal Forecasting Office at 
London's Heathrow Airport to the rank of Area Fore- 
cast Centre for all westbound Atlantic flights from any 
airport in Europe. The number of forecasts issued for 
aviation is reported to have risen by 5 per cent during 
the year, partly as a result of the new work at London 
Airport. 

Perhaps the problems of weather-sensitive industries 
have not received the emphasis they deserve in this 
report. Although general forecasting seems to be mak- 
ing steady progress, and some applications to industrial 
or commercial problems have been reported—the 
avoidance of rough seas and the saving of time on 
transatlantic voyages, for example—it is tempting to 
ask whether the full potential of this field has been 
explored as fully or imaginatively as it might be. 

One of the more obvious weather-sensitive enter- 
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prises is air transport, and the improvements that are 
continually being initiated are indeed welcome. But 
anyone familiar with flying in densely serviced areas 
like Europe or the United States needs little perception 
to sense the need for more accurate correlation of 
forecasts with the planning of airline schedules. There 
is still ample room for progress in this and other allied 
fields, and it is to be hoped that the sense of enterprise 
which is reflected in the 1967 report will be vigorously 
maintained in the following vear's work, 


FLOOD PROTECTION 


Dams Across the Thames 


SLowLy but surely, the possibility of a flood barrier 
across the Thames is becoming more a reality than 
just wishful thinking. It has now got to the stage 
when two consultant engineering firms, Rendell Palmer 
and Tritton, and Sir Bruce White, Wolfe Barry and 
Partners, are to be asked by the Greater London 
Council to undertake joint preliminary investigations 
into plans and estimates for either a movable flood 
barrier or a fixed barrage across the Thames. They 
are to look into the possibilities of five sites for one or 
other of the constructions— Upper Pool, Blackwall 
Reach near the entrance to the West India Docks, 
Woolwich Reach, Half-Way Reach near the Ford 
Factory, and—for a barrier only—Long Reach. It 
is hoped that the consultants will make a preliminary 
report in about six months. 

Compared with earlier efforts to get flood protection 
for London, the authorities seem recently to have been 
moving ahead in leaps and bounds. Professor Bondi's 
report in February on the feasibility of either a flood 
barrier or a barrage started the ball rolling (Nature, 
217, 800; 1968). For practical reasons, he came down 
in favour of a movable barrier at one of three sites— 
just below the Ford Motor Works, just above the 
Dagenham Dock or at Woolwich Reach. This type 
of construction would be an immediate solution to the 
problem. In theory, however, Professor Bondi thought 
that a fixed barrage in the Woolwich region, though 
much more expensive, would be the best solution. The 
Greater London Council has also tended in the past to 
favour a fixed barrage on amenity grounds. This 
was certainly the impression given at the one-day 
conference on the Thames in April organized by the 
GLC (see Nature, 918, 5; 1968). Obviously, from its 
recent announcement, the GLO is still viewing both 
types of construction quite openly, and it will be 
interesting to see whieh plan the engineers prefer. 
It is interesting that one of the sites being studied by 
the engineers, at Long Reach, was one Professor Bondi 
thought had little advantage if any over the other ones 
he suggested, as it would work out very much more 
expensive, without extra benefit. 

Inevitably, the GLC's decision will also depend on 
the results of the present investigations of the tidal 
flow in the Thames and of silting in the estuary. 


MARINE BIOLOGY 


Charting Scottish Seas 


Tur Scottish Marine Biological Association seems to 
have had a successful year, to judge from its latest 
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annual report—which does not cover the period earlier 
this year when plankton surveys based on one of the 
association’s research stations found the first traces 
of the bloom of dinoflagellates which eventually caused 
mussel poisoning in north-east England (Nature, 220, 
21; 1968). According to the report, plankton surveys 
have now made it possible to work out the ways in 
which shifting plankton populations help to determine 
the size of herring populations in the North Sea. A 
continuous survey is maintained off the Scottish coast, 
while plankton recorders have been towed behind 
merchant vessels and weather ships in the Atlantic, 
sampling once a month wherever possible. The seasonal 
and annual variations in the plankton population are 
being analysed by computer in the hope of identifying 
long-term trends. 

One result of the survey has been to demonstrate 
that the date of spawning of the herring stocks in 
different areas coincides with the peak phytoplankton 
production. For all fish, the seasonal peaks in the 
numbers of larvae occur at or just before the maximum 
produetion of young copepods. Two geographical 
groups of species are found for the plankton; the first, 
containing Calanus, Spiratella and Clione, were more 
abundant in the northern part of the fishing ground 
and around Shetland. The second group contains 
Temora, Centropages hamatus and Cladocera which 
were more numerous in the Buchan area. Since 1958 
there has been a decrease in copepods generally and in 
Calanus in particular in the sea around Buchan. This, 
the marine biologists suggest, explains why the Shet- 
land fishery has prospered while the Buchan fishery 
has declined. 


ATOMIC ENERGY 


Generating Neutrons in Canada 


In spite of the cancellation of a major project, the 
Intense Neutron Generator (ING), university physicists 
in British Columbia seem not to be too cast down. For 
one thing, ING was never a university machine, being 
intended for the laboratories of Atomic Energy of 
Canada Ltd. For another, the Canadian Government 
has agreed to support the building of another impor- 
tant machine which, although not so large, will ensure 
that nuclear physics survives in Canadian universities. 
This is the unhappily named Tri-University Meson 
Facility (TRIUMF) which is to be built on the campus 
of the University of British Columbia at Vancouver. 
The name of the new machine is inaccurate as 
well as ungainly, for the machine now claims the 
support of four western universities, three in British 
Columbia (the University of British Columbia, Simon 
Fraser University and the University of Vietoria) 
and one in Alberta (the University of Alberta at 
Edmonton). 

The machine is to be an intermediate energy cyclo- 
tron, eapable of accelerating H- ions in a continuous 
stream before converting them into 500 MeV protons 
by stripping two electrons from each ion. Although the 
energy of the beam is low by modern standards, the 
intensity is very high, 1,000 times higher than any 
similar machine. This has been made possible by two 
innovations, both of which have already been proved 
in smaller machines. The first is the unusual shape of 
the magnet, which consists of six spiral sectors, each 
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coming to a point at the centre of the machine. The 
H- ions are brought into the centre of the machine at 
low energy and then spiral outwards with increasing 
energy until they emerge from the machine. The shape 
of the magnets is such that the particles remain in step 
with the accelerating mechanism, allowing an almost 
unbroken stream of particles to be obtained. The use 
of H- ions makes it possible to get almost all the 
accelerated particles out of the machine. At the 
periphery of the machine a stripping foil is used to 
remove the two electrons, converting the H- ions into 
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Fig. 1. Diagram showing the relationship of the experimental 
neutron beam to the core of the neutron generator. Various 
types of neutrons are produced along the length of the beam. 


protons. The proton beam can in turn be used to 
produce streams of mesons by passing it through a 
suitable target, and when the beam is finally "dumped" 
it produces a flux of thermal neutrons similar to that 
from a nuclear reactor. 

At the University of British Columbia, the research 
staff responsible for TRIUMF see it as a powerful and 
flexible tool for the investigation of the atomic nucleus. 
They hope that it will provide a clearer picture of the 
structure of the nucleus itself, as well as being used to 
produce new nuclear systems consisting of atomic 
nuclei with added mesons. The machine is also expec- 
ted to be used to examine the collision of high energy 
proton beams with heavy nuclei and to study the 
structure of the mesons themselves under much better 
conditions than are available with machines already in 
existence. 

So far, TRIUMF is no more than a vacant plot cut 
from the woods in the UBC campus, and a 1/20 scale 
model in the Department of Physics which has been 
used to determine the shape of the magnets. But by 
1972 it should be in full scale operation, and keeping 
busy a team of perhaps 90 staff members and 180 
graduate students. The present estimate for the con- 
struction cost is $19 million, which provides some $4 
million for contingencies. After completion, the 
machine would cost about $3 million a year to run. 


PHYTOTRONS 


Million Dollar Greenhouse 


A GRANT of $400,000 has been awarded to the Univer- 
sity of Alberta by the National Research Council of 
Canada for the construction of a “controlled environ- 
ment greenhouse” in which plants and animals native 
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to the northern areas of Canada ean be studied. The 
greenhouse, which is the first of its kind in Canada, 
will be one of several controlled environment facilities 
to be built for the university's department of botany 
at a total eost in excess of $1 million. The other 
facilities will include standard greenhouses, environ- 
mental growth chambers for teaching and research, 
and controlled facilities for seed germination and plant 
propagation. 

Extending over 1,384 square feet, the greenhouse 
will contain several rooms in which different northern 
and mountainous environments can be simulated, so 
that long-term ecological and physiological studies of 
arctic, boreal and alpine plants can be carried out. In 
addition, experiments with animals will be undertaken 
in the field of environmental physiology. 

The first instalment of the grant, amounting to 
$350,000, is to be paid during 1968-69; subject to the 
availability of funds, the remainder will be paid during 
1969-70. Together, the various facilities will be located 
in and upon a new biological science building to be 
constructed on the university's Edmonton campus at 
an estimated cost of $20 million. 


UNIVERSITIES 


Sweet Reason Triumphant? 


AMICABLE and constructive agreement has been 
reached between the Committee of Vice-Chancellors 
and Principals (representing universities in England, 
Wales and Northern Ireland) and the National Union 
of Students (NUS) on the participation of students in 
university administration. Discussions were initiated 
between the two bodies in June following outbreaks of 
student unrest. A joint statement just issued is not a 
capitulation but it recognizes that “the form of the 
academic community and the role of students within it 
should be modified and modernized”. The statement 
outlines the principles which should govern the deci- 
sions which must now be made in individual univer- 
sities. At a meeting this week in London, Mr G. Martin, 
president of the NUS, said he expects that most uni- 
versity presidents will accept this statement although 
more “revolutionary” students will by definition not 
be satisfied, and Dr D. G. Christopherson, chairman of 
the vice-chancellors committee, said he was sure the 
universities would welcome the statement. 

The statement covers three broad areas in which 
students should be effectively represented but in which 
the amount of power they exercise will vary. In the 
field of welfare which includes careers advice, health 
services and accommodation, the students should have 
a large measure of executive authority. In most 
universities students have for some time been respon- 
sible for the operation of student unions and for a wide 
range of extra-curricular activities. Students’ views 
on curricula and courses should be "properly" taken 
into account but decisions made must ultimately be 
those of the teachers who “by their scholarship in the 
relevant field of study have proved their right to an 
opinion". This right is “one of the most essential of 
all academic freedoms" and should not be infringed by 
pressure from the publie, the university governing 
body or the students themselves. Teaching methods 
can be effective only if feedback is weleomed. In the 
area involving staff appointments and promotions, 
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"student presence would be inappropriate" although 
the principles involved should be discussed. 

The problem of examinations remains a vexed one. 
In June, the NUS demanded immediate radical reforms, 
but it now recognizes that extensive research is neces- 
sary before other methods of assessment. which would 
be both valid and reliable can be adopted. Experi- 
mental “open - book” examinations, projects and 
methods of continuous assessment are already being 
tried. Probably a mixed system will be found to give 
the truest picture of total ability and achievement. 

The question of discipline—what the standards 
should be and how they should be maintained —was 
considered. A particularly sore point for students is 
the universities’ assumption of parental responsibility. 
In view of the Government’s decision to make 18 the 
age of majority, the vice-chancellors concede that the 
universities should review their regulations and that 
their criterion should be the need to maintain the 
university as an ordered working community. It was 
agreed that when necessary the university should 
inform the student of an offence alleged against him, 
give him the opportunity to arrange and conduct a 
proper defence and the right to appeal to an inde- 
pendent body. Students should participate in these 
procedures, 

The actual machinery for student participation will 
vary, but student membership of the university council 
and senate should be encouraged. To supplement this, 
staff/student committees with status equal to that of 
other committees of the council and senate should be 
developed. To make such measures work a large 
number of students will have to give up their time and 
traditional apathy for what will probably be very 
boring committee work. 

The next step is for negotiations to begin between 
individual university authorities and their students. 
Indeed, a number of universities are already taking 
steps in this direction—at Oxford a committee of senior 
university members is considering the special problems 
raised by their college system and at Sussex a working 
party of staff and students is reviewing the regulations 
and the examination system is under scrutiny in the 
individual schools. At Keele a committee has just been 
set up to consider the participation of students im 
university affairs and staff in union affairs. 


MILITARY STRATEGY 


Balanced Powers 


Tue progress of the nuclear weapons programme in 
mainland China has not lived up to western observers’ 
predictions, the Russian military seems to be moving 
to what the strategists call a position of flexible 
response, the Arab countries have been significantly re- 
armed after their latest defeat and Communist forces 
in Vietnam are now outnumbered by about five to one. 
Those briefly are the chief conclusions to be drawn from 
the assessments of the military strength of nearly sixty 
countries in the tenth annual issue of The Military 
Balance, now published by the Institute of Strategic 
Studies in London (10s.). 

In 1967, western observers were forecasting that 
China might be in a position to deploy short or medium 
range missiles bv late this vear, but thanks to the 
upheavals of the cultural revolution, especially in 
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DEFENCE EXPENDITURE AND NATIONAL ECONOMIES 
Defence Expendi- 
expendi- ture 
ture per head Expenditure asa 
Country (US $ 1967 percentage of GNP 
million) ($) 
1968 1965 1966 1967 
Britain 5,450 97 6.3 6-0 5-7 
France 6,104 106 5-6 5-4 53 
Germany 5,108 93 44 48 43 
Portugal 305 32 58 63 6-7 
Sweden 1,008 125 44 42 3-9 
Switzerland 415 64 2:5 2-6 2-4 
Czechoslovakia 1,538 100 5-7 5-7 5-7 
East Germany 1,715 62 3-0 3-3 3-7 
USSR 39,780 147 9-0 8-9 9-6 
Israel 628 124 117 12:2 13-8 
UAR (Egypt) 690 21 8&6 1L1 12-7 
China 7,000 9 8-5 89 9-2 
Japan 1,172 11 1-3 10 0-9 
North Korea 629 37 8-9 15-4 17.3 
North Vietnam 500 27 19-7 233 25-0 
United States 19,576 368 8-0 9.2 9-8 


Sinkiang province where nuclear tests are carried out, 
and possibly because of a partial failure of the last 
Chinese nuclear test in December 1967, these predic- 
tions have not been fulfilled. Continuing references in 
the Chinese press to a second artillery and a missile 
launching force suggest, however, that deployment of 
missiles is not far off. 

Information about Russian military developments 
is relatively easier to come by, and the past year is 
outstanding for the rapid expansion of the Russian 
ICBM force. The Russians apparently now have about 
800 of these weapons, almost twice as many as in 1967, 
and approaching the American total of 1,054, and the 
newer weapons are being deployed in hardened and 
widely separated sites. The Russian ICBMs are 
generally of greater megatonnage than those of the 
USA, but the American Minuteman force is powered 
by solid fuel rockets, which give a faster reaction time 
than those of the Russian liquid-fuelled rockets. The 
United States maintains its superiority over the Soviet 
Union in submarine launched rockets, with about 
650 against 125. The Russians are said to have de- 
ployed a limited anti-ballistic missile defence around 
Moscow, but the so-called Tallin Line along the eastern 
Baltic coast and north-eastwards is now thought not 
to include any ABM system. 

In the past year, Russian conventional forces have 
continued to develop a policy of flexible response to 
both conventional and nuclear war and there has been 
a build-up of airborne and marine troops. The invasion 
of Czechoslovakia attests the efficiency of the airborne 
force, and Russian tank-landing and helicopter carriers 
in the Mediterranean are being watched with interest. 
The military balance on the ground in Europe is 
reaching parity; although the Warsaw Pact forces have 
twice as many brigades as the NATO forces and more 
than twice the number of tanks, NATO brigades are 
nearly twice the size of Warsaw Pact brigades. Thus, 
in terms of manpower at least, the opposing forces are 
more or less equal and the Warsaw Pact superiority in 
armour is offset by the NATO forces’ superiority in 
anti-tank defences. In the air the roles are curiously 
reversed. NATO aircraft have significantly higher 
performance and are predominantly strike and ground 
attack weapons, whereas the Warsaw Pact air forces 
are equipped primarily for defence. Defence expendi- 
ture in terms of percentage of gross national product 
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(see Table) is highest in the Middle Eastern countries, 
North Korea and North Vietnam. In Europe the 
proportion has either stayed constant or dropped in 
the past three years, with the exception of Portugal 
which is paying for its colonial policy. The United 
States and the Soviet Union spend virtually the same 
percentage, 9-8 and 9-6 per cent respectively. The 
comparison also clearly reveals the cost of neutrality. 
Sweden spends more per head on defence than any 
other European country and Switzerland is high up 
in the list. 


SOCIAL SCIENCE RESEARCH 


No Policy Here 


During the two and a half years that the Social 
Science Research Council has been in existence, selected 
committees and ad hoc panels of specialists have been 
compiling information originally intended to guide 
the council in its future policy. This information— 
which includes the views of some of the “leading 
workers in the field” on current research developments, 
likely developments in the future, research needs in 
terms of manpower, money and other resources and 
research organization—has now been published for the 
council by Heinemann. So far, opportunities for 
research in automation, international organization, 
political science, social anthropology and poverty have 
been considered. In practice, however, no doubt 
because of the very general terms of reference, few 
tangible policies emerge. When Mr Andrew Shonfield, 
at present director of studies at Chatham House, 
succeeds Dr Michael Young as chairman of the council 
at the beginning of January, he is unlikely to find that 
all his work has been done for him. The reviews do 
pin-point some of the problems facing social scientists 
and sometimes provide sensible suggestions as to how 
these could be solved. 

There is also a common theme in several of the 
reviews—the complaint that social scientists have little 
time to spend on research compared with the time they 
have to spend on teaching. Also, there seems to be a 
need for more opportunities to establish “intellectual 
contact" with other workers, especially abroad. (The 
case for sabbatical leave is clearly emphasized.) "There 
are several suggestions that the career structure of 
social scientists should be expanded; and at least 
three of the reviews suggest that the time has come for 
interdisciplinary research projects going against the 
grain of the traditional university set-up. Among 
suggestions for overcoming these obstacles is that 
there should be set up research units for social scientists, 
with emphasis on research rather than on teaching, in 
which people from various disciplines could put their 
heads together over the solving of problems. The 
council is also urged to bring pressure to bear in the 
provision of better library facilities, and the co- 
ordination and exploitation of research data. 


HYDRAULICS 


Along the Seaway 


Owe of the longest hydraulic models ever built is being 
put together at the Department of Mechanical Engin- 
eering of the National Research Council in Ottawa. 
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The model represents some 340 miles of the St Law- 
rence, a seaway vital to the prosperity of Canada, and 
one which for much of the year is blocked by ice. The 
purpose of the model is to understand the flow of the 
river in the hope that ways can be devised for extending 
the shipping season. Although it is still incomplete, 
the model covers an impressive area of ground and is 
some 750-800 feet long. It varies in depth from 8 
feet at the mouth of the river to only an inch or so in 
the middle of Lake St Peter, a large shallow lake 
through which ships must follow a careful course to 
avoid running aground. 

In a model this long, the hydraulic transients caused 
by disturbing the flow take three hours to disappear 
before more measurements can be taken. So as not to 
waste time, the model has been provided with a compu- 
ter which is used to control the experiments. It is quite 
possible for the operating staff to go home at night, 
leaving the computer to put the model through an 
entire series of test runs and to record the results on 
magnetie tape. Results obtained in this way can then 
be compared with a mathematical model of the flow 
of the river which has already been prepared, and can 
be used to refine the mathematical treatment. The 
final magnetie tapes will continue to be useful even 
after the actual model has been torn up, as it will be 
possible to use them to predict the effects on the flow 
of the river caused by projected changes in the water- 
way. The first task is to calibrate the model; this 
is done by comparing its behaviour with observations 
of the actual river. The flow in the model can be 
adjusted by moving short strips of metal which 
project upwards into the flow from the conerete bed 
of the model. These are introduced simply as a means 
of creating a friction in the model which can be altered 
until it is exactly the same as that observed in the 
river. So far, the group operating the model has no 
firm ideas about how the St Lawrence can be kept 
free from ice. One suggestion put forward by Dr 
Bruce Pratt, a member of the team, is that it might be 
possible to let the tide travel farther up the river, 
introducing a movement which would prevent the ice 
from forming. A dam or lock would be the easiest 
way of raising the level, but it would probably be 
opposed by the shipping firms, who are unlikely to 
agree to anything which would tend to obstruct the 
seaway. In the end, the best chance may be that the 
building of nuclear power plants along the river will 
warm the water sufficiently to prevent it from freezing. 
The most far-fetched scheme (not taken very seriously 
by the team at NRC) is to provide a siphon which would 
collect water from the bottom of the Great Lakes. 
Because water reaches its maximum density at 4? C, 
the water at the bottom of the lakes is warmer than 
that at the top, and it has been calculated that if it 
were siphoned off and reached the sea within two weeks, 
freezing would not occur. 

Meanwhile, a group at the Toronto factory of Litton 
Systems (Canada) Ltd is interested in improving the 
control of traffic in the seaway, using techniques 
developed for aircraft. At the moment, traffie densi- 
ties are near to the theoretical capacity of the seaway, 
but L. A. Borth, director of engineering at Litton, 
believes that the capacity could be extended if ships 
were controlled by a computer system. Mr Borth says 
that Litton is willing to tackle the project, if money 
were provided by federal or provincial authorities. 
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PHILANTHROPY 


New Ways of Giving 


Tue Ford Foundation, still learning to live with Mr 
McGeorge Bundy, has embarked on an adventurous 
programme of grant-giving designed deliberately to 
win social benefits. To begin with, the trustees of the 
foundation have agreed that something like $10 million 
should be spent on projects in this category. Although 
this amount is a comparatively small part of the 
foundation’s expenditure of $228 million a year on 
the support of various kinds of projects, it is significant 
not merely for the social benefits it will bring but also 
for the example it will set for other charitable founda- 
tions, not simply in the United States. 

The starting point for the foundation’s new de- 
parture, now spelled out in a policy statement called 
New Options in the Philanthropic Process, is the 
deliberate search for more effective instruments in 
“the struggle against poverty and racism”. As Mr 
Bundy puts it, “we must enlarge our kit of tools for 
trying to help in the social crisis of our time". In 
practice, the foundation has already allocated most 
of its initial bite of $10 million for a number of social 
projects, three of which have been identified. First, 
there is a loan of $1 million to the Congaree Iron and 
Steel Company in South Carolina, which was founded 
ten years ago with the possibilities of community 
development much in mind, and which is now planning 
to put aside some ten per cent of its assets and 15 
per cent of future profits in a trust fund which is being 
established for the benefit of its employees, mostly 
negroes. The loan from the foundation will provide 
enough liquid capital to offer some promise of success. 
The Ford Foundation is also taking up some $300,000 
of stock in a project called Progress Enterprises, 
which is based in Philadelphia and which is chiefly 
concerned with training Negroes and then finding 
jobs for them. The foundation is also buying $1 
million shares in the project called Mutual Real Estate 
Investment Trust, which has for some years been 
buying and operating apartment houses in a manner 
intended to demonstrate that integrated housing is 
practical. So far, the trust's commercial record has 
been good, and it has declared seven successive 
quarterly dividends of 3 per cent. 

Although the projects which qualify for this new form 
of support will not be required to pass the strictest 
commercial serutiny, the foundation is by no means 
reconciled to losing the money it puts up for various 
kinds of community developments. To Mr Bundy, 
the new ventures are comparable with the ways in 
which, at present, the foundation's accounts place 
money not actually spent on grants in places where it 
will earn the best return. The difference is that “a 
modest part of our portfolio" will now be invested in 
projects “directly related to  philanthropie pro- 
grammes’. In practice, however, what are called 
Program-Related Investments will be made on the 
recommendation of the grant-giving side of the founda- 
tion’s staff, and investments will be made only in 
projects which the foundation considers it would be 
sensible to support by outright grants. One by-pro- 
duct of all this, the foundation hopes, is that some 
progress may be made with the difficult problem of 
trying to work out criteria for deciding when social 
investments are acceptable. In the long run, however, 
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the new development may help to broaden the pattern 
of grant-giving. The Ford Foundation’s enterprise in 
bridging the usually sharp line between grant-giving 
and investment will be widely admired, but it will be 
interesting to see whether the US taxation authorities 
will allow private individuals to make loans to similar 
organizations and then to claim freedom or partial 
freedom from tax. In Britain, the new development 
will, first of all, be a problem for the Charity Com- 
missioners, who have so far helped to create the view 
that investment and grant-giving should be kept apart. 


UNIVERSITY ENTRANCE 


Scottish Requirements Standardized 


TuE move by the eight Scottish universities in coming 
together in a new agreement on entrance policy should 
simplify the process of getting into university in 
Seotland. Last week the Scottish Inter-University 
Conference on the General Entrance Requirement 
announced that subject to Privy Council approval, the 
Scottish Universities Entrance Board which since 1919 
has administered the entrance requirements of the four 
older universities—St Andrews, Glasgow, Aberdeen and 
Edinburgh—is to be dissolved. The certificate of 
Attestation of Academic Fitness (required for entry 
into these four universities) is also to be abolished. 

Tn place of these will be the new Scottish Universities 
Council on Entrance, composed of three representatives 
from each of the eight universities—-the original four 
plus Strathclyde, Heriot-Watt, Stirling and Dundee, 
which have all come into being since 1964. The func- 
tion of the council, which still needs approval from the 
general councils of the four older universities, will be to 
keep the universities informed on matters of entrance, 
and to cooperate with educational organizations out- 
side the universities. «The council will also administer 
the Scottish Universities Preliminary Examinations 
which, together with the newer Certificate of Scottish 
Education, is the academic hurdle immediately pre- 
ceding application for university entrance in Scotland. 

Instead of applying for a certificate of attestation, a 
candidate for admission to a Scottish university in 
October 1969 will immediately apply to the university 
of his choice, either directly or through the University 
Central Council on Admissions. He will be able to 
assess his eligibility to apply according to the statement 
of general entrance requirements which the eight 
universities have agreed upon. Later this statement is 
intended to include details of the specific subject 
requirements of the various faculties and courses of 
each Scottish university, which of course must still be 
satisfied before acceptance. The new council, unlike 
the board which it replaces, will not have the right to 
decide whether candidates comply with the general 
entrance requirements of the universities but will only 
be able to advise on the validity of academic qualifica- 
tions for entrance. 

As before, the general requirements for entrance are 
the equivalent of five passes in the Scottish Universities 
Preliminary Examinations of which three are at the 
higher grade, or four passes at the higher grade. There 
is a separate set of requirements for the University of 
Strathclyde and the Heriot-Watt University which do 
not insist on passes in such a wide range of subjects as 
the other six universities, Although the general require- 
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ments as a whole will provide some increased latitude in 
choice of subjects, the traditional Scottish breadth of 
education will still be required. When specific faculty 
and course requirements are taken into account the 
situation for the applicant, in terms of the qualifications 
he must possess, will probably be little changed. 


MEDICAL ENGINEERING 


Towards Artificial Heart—Lungs 


from our Social Medicine Correspondent 


A MIXED audience of medical workers, engineers and 
a sprinkling of officials from the Ministries of Health 
and Technology attended the conference “The Engin- 
eering Challenge of the Artificial Kidney and Lung 
Machine" held at the University of Leeds on October 3. 
Organized by the Yorkshire branch of the Institution 
of Chemical Engineers, the conference was held to 
mark the publication of the institution's fourth research 
report Chemical Engineering in. Medicine, The Artificial 
Kidney and Lung Machines, by Dr J. R. Flower of 
the University of Leeds. 

During the morning session, devoted to the art ificial 
lung, Mr G. H. Wooler of Leeds Infirmary described 
various methods of assisting the circulation. He 
seemed satisfied with the machines available for 
perfusing adults, but emphasized the need for the 
development of smaller, equally safe machines for 
use with infants. This was followed by a description— 
from the engineer's point of view—of extracorporeal 
oxygenators by Dr Flower. With reference to the 
membrane oxygenators in which gas is separated from 
the blood by thin membranes of various permeable 
materials, he said that the chief problems to be over- 
come are the resistance which some membranes may 
offer to gas diffusion, possible blockage of the mem- 
brane by blood clots and the pressure drop aeross the 
membrane which may cause leakage either of gas or 
blood. Silicone rubber seems to be the most suitable 
material for the construetion of membranes, and Dr 
Flower suggested that the principal challenge now is 
some means of packaging sufficient area of the mem- 
brane into a device which gives a thin uniform film of 
blood and which can pass about six litres of blood each 
minute. 

Mr D. Longmore of the National Heart Hospital, 
London, talked about the future problems in heart- 
lung machines from the surgeon's point of view. He 
believes that prolonged cireulatory maintenance will 
become possible within the next year or two. For the 
time being, however, the main disadvantage of oxygen- 
ators is the damage they cause to erythrocytes. 
Mechanical injury causes most damage, but decreases 
in blood pressure caused by localized high velocities 
can lead to cavitation and evolution of gas, causing 
severe haemolysis. 

After lunch, Dr R. Baillod of the Royal Free Hospital 
discussed the technical, medical and economie prob- 
lems arising with artificial kidneys. Dr Flower then 
considered the designs of dialysers, pointing out where 
many of them fail. Among the more novel approaches 
is the “fibre kidney” developed by the Dow Corning 
Company in which the membrane consists of very 
small fibres of regenerated cellulose, a bundle of the 
fibres being held together by resin "tube-plates" cured 
in situ. Another advance is the successful develop- 
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For research people who 
associate big computer power 
with big prices, 
here's a surprise package 
from Ferranti. 


The new FERRANTI ARGUS L 


High power, low cost 
laboratory computing system. 


ARGUS 400 and 500 computers are firmly established as Britain's leading Micro- 
miniature Digital Computers for on-line process control systems. 
So what? 
Just this — for the on-line control of laboratory experiments and research projects, 
Ferranti have developed ARGUS ‘L’, a low-cost computer package. A complete 
system offering all the power of ARGUS systems — at prices which start below 
£14,000. For that you get the Standard ARGUS 400 computer, power supplies, 
core store, input/output equipment etc. — a complete working system. Or, if you 
prefer, you can choose the more powerful ARGUS 500 computer (Parallel mode) 
for an all-in price of £17,500. Core storage and peripherals can be expanded as 
much as you like. 

. Here are some brief facts which demonstate the power and versatility of ARGUS 
'L' systems. 
24 BIT WORD LENGTH — ARGUS 'L' is the only system of its kind to offer the 
flexibility of a 24 bit word. 
CORE STORE Fully expandable up to 61,000 words. 
FULL STANDARD INTERFACE for linking with your own equipment or other 
ARGUS input/output units. 
FULL DIRECT STORE ACCESS and multi-channel interrupt facilities 
SOFTWARE — full range of ARGUS software including FORTRAN. 
SIMPLE PLUG-IN SYSTEM — Modular construction for ease of expansion and 
maintenance, no special installation arrangements required. 


Your ARGUS 'L' SYSTEM will be delivered 20 weeks from date of order. Each 
system carries a 12-month warranty and free training facilities are available. 
For full details of ARGUS 'L' COMPUTER PACKAGES, please write or telephone: 
FERRANTI LTD. AUTOMATION SYSTEMS DIVISION, (EQUIPMENT SALES 
GROUP), WYTHENSHAWE, MANCHESTER. M22 5LA. Tel: 061-428 3644 





ARGUS MODEL 'L 





high power, low cast, laboratory computing system. 


FAS 24 
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NEW TITLES IN MATHEMATICS 





Foundations of by J. DIEUDONNÉ, Institut des Hautes Etudes Scientifiques, Paris 


M d i volume one of mig rour volume eame provides a puc 

elementary ackgroun or all parts of modern mathematics in which 

Oo ern Analysis some "analysis" intervenes, and trains the student in the use of the 

ENLARGED AND CORRECTED mo musa mathematical tool of our time, the axiomatic 
method. 


Review of first edition : 

* I recommend this book to those who want to be professional mathe- 

maticians and who already have had some experience with abstract 

methods. . . ." SCIENCE 
1968, 885 pp. 


: z by ROBERT HERMANN 
Differential UMOR Linear Accelerator Center, Stanford University, Stanford, California 


An exposition of differential geometry on manifolds, oriented toward 
Geometry and applications of the modern vector field differential form formalism 
to the calculus of variations, Hamilton-Jacobi theory, Lie theory of 

the Calculus of differential equations, Lie group theory, and the Riemannian affine 
. A connection geometry. Several topics in applied mathematics are 
Variations treated—classical and relativistic mechanics, the Caratheodory 
approach to the calculus of variations, and the geometrie theory of 

shock waves. The overall aim is to achieve a synthesis of algebraic, 

analytical, and topological techniques to cover a variety of topics 


with emphasis on “ global" problems. 
1968, about 525 pp., 1728. 6d. ($18.50) 


Com plex Fu nction by MAURICE HEINS, À University of lilinois, Urbana, lilinois 


Designed for mathematics majors and graduate students, this text 
Theor emphasizes the organic relation of complex function theory to other 
y areas of mathematics. Examples of this emphasis are the iso- 
morphism theorem of Bers and the classical isomorphism theorem of 
the theory of compact Riemann surfaces. The relation. between 
classical complex function theory and modern Riemann surface theory 
is given appropriate attention. Every effort has been made by the 
author to ensure that the problems presented are instructive and 
purposeful. 
1968, 416 pp., 93s. ($9.95) 


ited b .W s 
The Future of c H ONALD G. WA T icen Madison, Wisconsin 


Statistics Considers the communication problem in statistics and discusses such 
areas as the future of statistics departments, statistical inference, and 
statistics in engineering and in the biomedical and social sciences. 
The technical papers, written by authorities in their respective fields, 
deal with the problems of transforming data, budget analysis, feed- 
forward and feedback control, nonlinear design of experiments, and 
measurement in social sciences. 
1968, about 325 pp., 116s. 6d. ($12.50) 


Interactive 


Systems for edited by MELVIN KLERER, New York University, New York City 
and JURIS REINFELDS, vniversity of Georgia, Athens, Georgia 


hd 
Experimental Proceedings of a Symposium held in 1967 on the Design and Implementation of 


interactive computer systems for experimental applied mathematics. 


* 
Applied A comprehensive compendium of current work in man-machine 
interaction, interactive programming systems, and the automation of 


* 
applied mathematics. 
M athematics November 1968, about 480 pp. 


111 Fifth Avenue, New York 10003 
cademic Pre Berkeley Square House, London, W.1 
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ment, by workers at the Massachusetts Institute of 
Technology, of a permeable, non-thrombogenic cello- 
phane membrane. In the United Kingdom, the 
National Research Development Corporation is spon- 
soring the development of two new dialysers, one at 
the University of Strathclyde and the other at the 
University of Leeds. 

In a deliberately provocative talk, Dr F. M. Parsons 
of the General Infirmary at Leeds declared that the 
capital cost of installing automatic kidney machines 
is far too high at £2,000-£3,000; a more realistic sum, 
he suggested, would be about £500—£1,000. In view 
of the high demand for intermittent dialysis and the 
shortage of medical staff, he proposed that there 
should be continued expansion of home dialysis, and 
advocated the use of trained lay people to instruct 
patients on the use of home dialysers. 

One of the chief points brought out during the lively 
discussions was the need for an interdisciplinary 
approach to the design of artificial lung and kidney 
devices. Engineers seem to feel that medical workers 
are not specific in their demands for devices, but 
another point of view is that it is still too early to 
standardize designs: for the time being at least, 
flexibility must be the keynote. 


CZECHOSLOVAK CONFERENCE 


Biology of Bats 


Tue following letter from the Czech organizers of the 
first International Bat Conference, held at Hluboká on 
September 6 to 9, has been forwarded to Nature by 
Mr P. A. Racey of the Zoological Society of London, 
who managed to attend the meeting. Mr Racey says 
that, although only 12 of the 87 participants from 22 
countries who had planned to attend found it possible 
to travel to Czechoslovakia, the original programme 
was followed as far as possible. The Czech scientists 
made it clear that they are anxious to maintain contact 
with their colleagues throughout the world no matter 
how difficult the political situation is, and the onus is 
now on the scientific communities of other countries to 
give as much practical support as possible to their 
Czech colleagues. 

The statement, signed by Vladimír Hanák and Jiri 
Gaisler, says : 

In spite of the present situation in Czechoslovakia, 
the Conference took place in the planned terms. The 
session was held on September 6, 1968, in the lecturing 
room of the Ale& Art Gallery at Hluboká. After the 
opening word by Dr W. Cerny, Chairman of the Czecho- 
slovak Zoological Society, the following participants 
presented their papers: Mr Braaksma (Vreeswijk), Mr 
Daan (Amsterdam), Mr Dorgelo (Amsterdam), Dr 
Gaisler and Dr Hanák (Brno and Prague), Dr Neuweiler 
(Tübingen), Dr Novotny (Brno), Mr Racey (London) 
and Dr Roer (Bonn) An excursion through south 
Bohemia was made on September 7, 1968. A part of 
the participants then joined a trip to Moravia where 
they visited the caves in the Moravian Karst as well as 
south Moravia. In accordance with the original 
schedule, the Conference was closed at Lednice on 
September 9. 

The members of the Organizing Committee express 
their warm thanks to all who assisted them in their 
endeavours to organize this international meeting of 
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scientists engaged in bat research. Our particular 
thanks are due to those colleagues from abroad who 
took part in the Conference in spite of the unfavourable 
conditions in Czechoslovakia. At the same time, we 
fully understand the reasons that prevented the remain- 
ing ones to participate. Due to the present circum- 
stances, we intend to publish, above all, the papers read 
at the Conference. The originally announced papers 
that could not have been read will be published only in 
case that their authors have no other possibility of 
publishing them. Their manuscripts in a limited extent 
should be sent to Dr V. Hanák, Institute of Systematic 
Zoology, Charles University, Viničné 7, Praha, 
Czechoslovakia, before November 30, 1968. 

The participants of the Conference have approved 
that an endeavour should be made to organize the 
Second International Bat Research Conference in some 
of the western countries (eg, the Netherlands), in 
future years. 


FISHERIES 


Saving the Spurdog 


Fisx and chip shops in the south of England could be 
the principal losers if measures to conserve the spurdog 
are not taken by the fishing authorities. The spurdog, 
Squalus acanthias, is an elasmobranch fish commonly 
known to Londoners as “rock salmon". There are 
several stocks of spurdog in the north.east Atlantic, 
but one stock is particularly at risk—the Scottish— 
Norwegian stock inhabiting the sea area from the 
Norwegian coast to west of the Shetland, Orkney and 
Hebridean Islands. "This stock has been heavily fished 
by the English, Scots and Norwegians since 1952, 

Mr M. J. Holden of the Fisheries Laboratory at 
Lowestoft now argues that unless there is a severe 
restriction of fishing, there will be a “drastic and con- 
tinuing decline in the stock". In a recent report 
(Fishery Invest. (ser. 11), 25 (8); 1968. HMSO, 115. 6d.) 
Mr Holden suggested ways of stopping the decline. 
Estimates were made of the fishing and natural mortal- 
ity coefficients for the stock and the present rate of 
decrease of the stock was then calculated. To stop 
the decline, reeruitment to the stock will have to be 
maintained, but while it is obviously necessary to 
protect the female fish to ensure replication, it is alse 
necessary to take the male fish into account. This is 
where complications arise. 

The male fish reach a smaller maximum length than 
the females, and therefore protection of the stock 
by the imposition of a minimum size limit, irrespective 
of sex but sufficient to protect the female fish, could 
result in the under-exploitation of the males. To 
stabilize the stock and to give a maximum yield at the 
present level of fishing, Mr Holden has therefore cal- 
culated separate size limits for each sex: one of 56 
em for the males and one of 80 em for the females. 
Even though the sexes are easily distinguishable, it 
would in practice be difficult to enforce two size limits. 
Mr Holden has therefore calculated one size limit 
which would allow both the exploitation of the stock 
and the maintenance of recruitment. The best com- 
promise minimum size limit would be 78 em, but to 
maintain recruitment the numbers of females kept 
by fishermen would have to be reduced. This may be 
asking a lot of human nature. 
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British Nutrition Foundation 


Tug British Nutrition Foundation was first incorpor- 
ated in February 1967, and although the organization 
has had a busy and even a successful year, the founda- 
tion's name is still in large measure a synonym 
for Professor Alastair Frazer, for several years a 
prominent figure among nutritionists. His academie 
work at Birmingham, where he was professor of 
medical biochemistry until a year ago, was a sufficient 
assurance of that. But Dr Frazer has also been closely 
associated with other organizations concerned with the 
publie use and publie safety of foods and drugs of 
various kinds. For some years, for example, he has 
been chairman of the British Food Manufacturing 
Industries Research Association. He has been closely 
associated with the committees supported by the 
Nuffield Foundation which have been devoting atten- 
tion to various aspects of food safety— additives, for 
example—in the past few years. He is also a member 
of the Dunlop Committee, whieh is now the centre- 
piece of the somewhat informal machinery by means 
of which drugs are introduced on to the British pharma- 
ceutical market. Inevitably, Dr Frazer's influence is 
bound to be a great help to the foundation in the years 
immediately ahead. 

Dr Frazer says that his objective at the foundation is 
to create machinery for coordinating research and 
education in nutrition. Of the need for some such 
device, there can be no doubt. Dr Frazer himself 
points out that research and responsibility for research 
is at present widely dispersed through the Government, 
industry and the universities. The Ministry of Health, 
for example, is responsible for human nutrition, but 
the Ministry of Agriculture, Fisheries and Food for 
animal health and breeding. Dr Frazer also regrets 
the gulf which at present divides nutritionists from food 
scientists. “They live in separate worlds," he says. 
And in the half a dozen or so departments of food 
seience and technology in the universities, nutrition 
is scarcely recognized as a subject in its own right. 
Such teaching as there is tends to be found in depart- 
ments of biochemistry and physiology. 

How will the new foundation cure all this? Dr 
Frazer's concept of his foundation's function is that of 
& catalyst. He talks of bringing people together for 
committee meetings at which problems of nutrition 
poliey will be thrashed out and sometimes resolved. 
One of the results he hopes for is a better definition of 
some of the problems to be solved, and a clearer view 
of what kinds of research are needed. On a technical 
level, he plans to set up interdisciplinary groups to 
tackle specific problems in food science and nutrition. 
Eventually there may be rather more elaborate 
meetings—Dr Frazer mentioned the Ciba symposia 
as a possible model for one way of working. He argues 
that the foundation could also become a forum in which 
scientists and nutritionists could meet officials from 
government departments, to the benefit of both sides 
and with a practical result that public issues such as 
the use of cyclamates as artificial sweeteners might 
be less highly charged. 

Dr Frazer also has in mind a less technically oriented 
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programme of education. For one thing, there is an 
information bulletin intended to disseminate informa- 
tion to manufacturers, members of parliament, univer- 
sity teachers and any who ask for it. The first issue 
of the Information Bulletin, published some weeks ago, 
took several bulls by the horns, with lucid comments 
on three current public issues—the use of cyclamates 
in food, the possibly carcinogenic effects associated 
with the use of nitrates as preservatives and the rela- 
tionship between sugar and heart disease (which Dr 
Frazer discounts). Farther away, there is a possibility 
of exploiting radio and television, and even the possi- 
bility of graduate courses on the university of the air. 

In time there may also be a programme of grant- 
giving for university departments concerned with 
nutrition. Dr Frazer would particularly like to encour- 
age new people to enter the field, and hopes that quite 
small grants could bring great benefits in that respect. 
As a start, he has circulated the heads of some 250 
university departments who may have some interest 
in nutrition, but the few small grants so far awarded 
are small in aggregate as well in these early days. 

But who will pay for all this? For the next seven 
years—the lifetime of a tax-deductible covenant-—the 
foundation will live on a budget of at least £65,000 a 
year—the amount already subscribed by several food 
manufacturers. "The foundation's guarantors include 
several household  names—Allied Farm F oods, 
Beechams, Heinz, Marks and Spencer, Rank Hovis, 
Schweppes, Spillers, Tate and Lyle and Unilever. Other 
subseribers include the Coca Cola Export Corporation 
and the Distillers Company. Procter and Gamble 
and the Milk Marketing Board. The chairman of the 
council which runs the foundation is Sir Charles Dodds, 
and it consists of a board representative of both the 
industry and science. The council is advised by a 
scientific advisory committee of academic scientists 
and also by a separate committee of industrial scient- 
ists. 

The predominance of food manufacturers has 
perhaps inevitably raised the question whether Dr 
Frazer’s foundation is not so much an educational 
foundation as a lobby for the food industry. Dr 
Frazer himself is entirely forthright on this subject. 
For one thing, with justice, he points to the distin- 
guished membership of the committees which provide 
scientific advice. For another, he argues that the 
interests of the food industry are necessarily so diverse 
that what is good for one company will be poison for 
another. But may there not be circumstances in which 
the food industry as a whole has common cause ? And 
what would the foundation do then? As with all 
institutions, the foundation's reputation will depend 
on its record. There should be no shortage of oppor- 
tunities, in the months ahead, for it to demonstrate 
where it stands. 

(On eyelamates, Dr Frazer takes the view that there 
is no evidence at present to suggest that cyclamates 
are harmful or to provide à guarantee that they are 
safe, which implies that continued use is prudent but 
that more research is necessary.) 
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NEWS AND VIEWS 


Can Animals Talk ? 


LawGUAGE is the cement of social organization, but 
what are the means of mutual recognition among 
those animals which obviously recognize their mate or 
their offspring ? Naively anthropomorphic, and often 
sentimental, talk of the language of animals has done 
more than anything else to discredit the idea that 
animals recognize each other as individuals—rather 
than as fellow members of the same species—by sound ; 
in other words, that they have voices and language. 
For this reason the review on page 124 of this issue 
of Nature by Dr. W. H. Thorpe is most welcome. 
Thorpe builds up an overwhelmingly convincing 
scientific case for the argument that, at least among 
some species of birds, mutual recognition is based on 
sound—on their voices—as well as on sight. 

The adaptive value of, and selection pressures for, 
mutual recognition among birds are obvious. This 
must greatly enhance the chances of breeding success 
in a variety of ways. Birds are, of course, visual 
animals with extraordinary powers of visual recognition 
over very great distances; herring gulls, for example, 
as Tinbergen has described, can recognize their mates 
in a vast concourse of the species. But mutual recogni- 
tion based solely on vision is always at the mercy of 
prevailing light conditions. How can a bird, or any 
other non-verbal animal for that matter, recognize 
its mate among thousands of its fellows on a pitch 
black night? Alternative senses are needed, either 
smell or sound, and it is elear from the work which 
Thorpe describes that in birds it is hearing, not smell, 
which has evolved into a mutual recognition system. 
Sound recognition over distances has, of course, one 
great inherent advantage over scent and sight recogni- 
tion. Apart from being masked by louder sounds, the 
only factor which definitely distorts sound is the 
Doppler effect and, under the conditions in which birds 
operate sound recognition, that is unlikely to produce 
serious difficulties. 

Sound spectrographic analyses of the calls of in- 
dividual birds prove that, although im any one species 
the calls are basically similar, each individual bird’s 
call is distinct as human voices are distinct. And 
observations of the behaviour of mating couples and 
parents and offspring can only be interpreted as 
indicating that individuals recognize each other's calls. 
The birds probably recognize the pattern of amplitude 
variations with time-—these parameters certainly dis- 
tinguish the calls of individual birds on sound spectro- 
graphs—but it may well be that birds can also dis- 
eriminate differences in pitch. That remains to be 
shown. 

By contrast with the hard evidence for sound 
recognition among birds, there is little evidence for 
sound recognition of individuals among mammals 
which stands up to serutiny. By and large. mammals 





have evolved recognition systems based on seent. 
Thorpe believes that apart from circumstantial evi- 
dence of sound communication in some primate 
species there is little in the literature which is convine- 
ing except for marine mammals such as the fur seal 
and the whales and dolphins. It is perhaps no co- 
incidence that these animals face many of the same 
problems as sea birds, which are the species Thorpe 
discusses most, when it comes to mutual recognition. 
But the little evidence of communication that exists 
is far too superficial to meet rigorous standards and to 
convince the bird men. 


ELECTRONICS 


Rules for Design 


Wuen Mr I. Maddock opened the conference on elec- 
tronics design at Cambridge on September 23 he stressed. 
the need for efficient design, for much of our national 
productivity depends directly on our technology. He 
set the scene by giving nine commandments for good 
design practice. (1) Design for use; (2) design. for 





production; (3) design for export: (4) design for 
updating; (5) design for maintenance; (6) design by 
learning; (7) design for compatibility; (8) design for 
software; (9) design by design. 


It was interesting how often the items in this list 
were repeated during the following five days. The 
distribution of subjects for the conference was ‘based on 
an analysis of a questionnaire which had been eireu- 
lated previously to many engineers, particularly those 
who had attended conferences on allied subjects... Half 
of the thirty-nine papers presented dealt with measure 
ment aspects of design, 20 per cent were concerned with: 
education, 15 per cent with design processes, 7-5 per 
cent with design aids and 7-5 per cent with market 
research, The correctness of this distribution was 
reflected in the lively discussions which followed most 
papers. In all there were more than two hundred 
contributions from the floor. 

The management of research and development pro- 
jects appears to be almost a science in its own right. R. 
Hamer of the Government Communications Head. 
quarters used the analogy of feedback amplifiers 
cascaded within feedback loops to demonstrate the 
design process, While the models do not appear 
capable of rigorous analysis, chiefly because of the lack 
of adequate characterization, nevertheless they provide 
& very useful method for a manager to analyse the 
problems. In particular the models indicate the 
information flow paths so that the manager can ensure 
that there is adequate communication. The use of 
critical path analysis for the control of design projects 
(with few unknowns) and of research projects (with 
many imponderables) was discussed in several papers. 
The principal conclusion here was that, while critical 
path analysis can work for design control, its use with 
research was thought to be of marginal value. 
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Two of the papers, given by R. D. Watts of the City 
University and Professor H. W. Gosling of the Uni- 
versity College of Swansea, discussed the basic funda- 
mentals of design but it was difficult to decide whether, 
ultimately, design should be regarded as a science or an 
art. It seems that design, without innovation, can be 
reduced to a fairly exact science but that innovation is 
probably an art depending largely on inspiration. “The 
designer, having achieved a yoga-like detachment, is 
visited by his daemon." 

Computer aided design was discussed both for digital 
and linear circuitry by T. J. Hyde of the Marconi 
Company, Ltd, and J. O. Miles of the University of 
Cambridge respectively. The principal use of com- 
puters described was as "super" calculating machines 
to do all the long-winded sums which ought to be done 
during the design process. A particular example was 
the tolerancing of components and systems. This 
complemented the papers on education where a plea 
was registered that designers should improve their 
efficiency and “get their designs right first time". 


CHEMOTHERAPY 


Prostates and Polyenes 


from our Microbiology Correspondent 

Tue discovery that the antifungal antibiotic candicidin 
has a dramatic effect on prostatic gland hypoplasia 
and hypertrophy has created considerable excitement 
in the microbiological and medical worlds. H. W. 
Gordon and C. P. Scheffner (Proc. US Nat. Acad. Sci., 
60, 1201; 1968) observed that a daily oral administra- 
tion of candicidin, a heptaene macralide produced by 
Streptomyces griseus, in dogs with benign prostatic 
hypertrophy produced regression of the gland size 
and epithelial cell heights, changes indicative of reduced 
congestion, granularity and  papillations. Conse- 
quently the attractive possibility for an oral chemo- 
therapy of prostate conditions is very apparent. A 
number of polyene macrolides were tested for their 
effects on the prostate gland and on canine prostatic 
hyperplasia; these included candicidin, amphotericin 
B, nystatin, filipin and fungimycin. All the drugs 
which were tested produced a reduction in the volume 
of the gland during 30 days of treatment and a dose 
rate of 5 to 20 mg/kg body weight. In one case a 
small dose (5 mg/kg) of candicidin for just 5 days 
effected considerable prostate reduction. The two 
heptaene macrolides candicidin and amphotericin 
B, as well as reducing the size of the gland, 
caused a marked return to normal histological 
morphology. 

A major criterion for the acceptance of a new chemo- 
therapeutic agent (in the case of candicidin, an old 
drug in a new situation) is the absence of toxic effects. 
Gordon and Schaeffner found no evidence for either 
gross or histological toxicity with any of the polyene 
macrolides given orally to dogs for up to thirty days. 
Mild gastrointestinal symptoms were noticeable with 
the largest dosages of candicidin used, but these were 
not sufficiently serious to warrant terminating the 
treatment. Thus, the use of polyene macrolides holds 
great promise for the treatment of benign prostate 
hyperplasia particularly because they seem to lack the 
toxie side effects of the progestational hormones that 
have been used until now. The mode of action of the 
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orally administered polyenes remains unclear, but the 
authors consider it to be related to the hypochol. 
esterolemie properties of these drugs and to have a 
physicochemical rather than antimicrobial basis. The 
hypocholesterolemie activity of these metabolites 
could be another invaluable discovery; details of this 
phenomenon are to be published shortly. 


HUMAN GENETICS 


Chromosomes, Sex and Crime 


from a Correspondent 


Is humans, the single Y chromosome causes develop- 
ment in the male direction; this is shown by the 
existence of XO females and XX Y males. Although 
all normal males have one X and one Y chromosome, 
not all people with one X and one Y are normal males— 
some of them are attractive females. 

Individuals with testicular feminization have well 
developed breasts and female genitalia but they have 
the normal male X Y chromosome constitution. They 
have little or no axillary or pubic hair, the female 
organs are poorly developed, and normal but under- 
developed testes may be found in the abdomen or else- 
where. The single Y chromosome is not sufficient to 
ensure the development of the male sex. 

Boezkowski (J. Med. Genet., 5. 181; 1968) has 
studied the pedigrees of nine cases of testieular femin- 
ization, one a champion swimmer. All were apparently 
female although with the normal male chromosome 
complement. Not one of eight cases investigated by 
laparotomy had a uterus and all had two testes. In the 
families of eight cases, the siblings comprised twenty- 
one normal females, fifteen normal males and five 
additional cases of testicular feminization. This gives 
an expected 1 : 1 ratio of X Y : X X individuals when the 
propositi are excluded. Boczkowski found that some 
of the female relatives of the propositi had little or no 
axillary or pubie hair and delayed onset of menstrua- 
tion was reported in two families. For this reason 
Boczkowski believes that the gene responsible for 
testicular feminization may have an effect which is 
dependent on the sex of the individual—that is, the trait 
may be sex modified. The gene would alter the occur- 
rence of secondary hair and possibly the start of 
menstruation in females, and cause males to develop in 
the female direction. An alternative hypothesis that 
the gene is sex-linked and recessive cannot be excluded. 
Boezkowski's studies of blood groups, however, have 
failed to show any close linkage of the gene for testicular 
feminization to the Xg blood group gene or the colour 
blindness gene, both of which are located on the X 
chromosome, or with the autosomal blood groups ABO, 
MN, Bh, Kell and Duffy. 

Abnormalities of the sex chromosomes among the 
inmates of institutions for the mentally defective or 
mentally ill have been revealed in several surveys. The 
most startling discovery has been that as many as 3 
per cent of the inmates of maximum security state 
hospitals have an X Y Y chromosome constitution (Brit. 
Med. J.,1, 64; 1967; Nature, 219, 351; 1968). Most 
of these men are unusually tall with a history of early 
conviction for crimes against property, although some 
appear to be normal (Brit. Med. J.,2, 315; 1968). This 
and mongolism are the prime examples of chromosomal 
conditions which affect human behaviour. 
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Six thousand male and 6,241 female in-patients of 
mental hospitals and 966 female out-patients of a 
psychiatric clinic in Scotland have been examined by 
N. Maclean et al. (J. Med. Genet., 5, 65; 1968). Using a 
method designed to detect additional X chromosomes 
they took cells from the mouth and examined them for 
sex chromatin. Blood cell and skin eultures from those 
patients who had extra chromatin bodies in these cells 
were further examined. Of the 6,000 males, nineteen 
were XXY and five were XY, XX Y mosaics; and of 
the 7,207 females twelve were XXX, two were XX, 
XXX mosaics and two XO, XXX mosaics. The 
proportion of abnormalities found was significantly 
greater than that found by the same authors in sample 
surveys of newborn babies. Many mental patients are 
mentally defective rather than mentally ill, and a high 
proportion of chromosome abnormalities was found 
among these people. Schizophrenics were found to 
have about twice as many chromosome abnormalities 
as a sample of newborn babies; but the frequency of 
chromosome abnormalities among schizophrenics did 
not differ significantly from the frequency found among 
the residual mental hospital population when schizo- 
phrenics, epileptics and the mentally deficient were 
excluded. Most XXX females had normal genitalia 
and menstruated normally, so that their mental abnor- 
mality cannot simply be a result of hormonal imbalance. 
Testicular atrophy occurs after puberty in X X Y males 
and this may be an additional factor leading to mental 
disturbance. 

Comparison of the chromosomes of this mentally ill 
adult population with the chromosomes of the newborn 
is, however, beset with difficulties. We do not know 
what the life expectancy of chromosomally abnormal 
babies is, nor whether the frequency of chromosomal 
abnormalities in those born between 1879 and 1944 
(when the inmates of mental hospitals in this sample 
were born) is the same as the frequency of chromosomal 
abnormalities among the newborn in the 1960s, when 
the sample survey was made. Nevertheless, it seems 
likely that additional X chromosomes predispose 
towards mental illness, or are correlated with other 
factors such as difficult births which cause brain damage. 
leading to mental illness. 


RADIOBIOLOGY 


Sulphydryl Protection 


from our Radiobiology Correspondent 


IT has long been known that some of the most effective 
radiopretective agents are those which contain sul- 
phydryl groups, such as cysteine and cysteamine. 
Explanation of their effect usually supposes that the 
biological effect of radiation is a consequence of the 
production of free radicals in vital biological molecules. 
Many of these free radicals are produced by loss of 
hydrogen atoms, either following direct ionization or 
by the attack of radicals formed by the radiolysis 
produets of water. "The sulphydryl group is then 
thought to restore the original molecule by transfer 
of a hydrogen atom; the resulting free radical RS- 
has a negligible biological effect. 

Until recently this theory could be tested only 
indirectly—for example, by using electron spin reson- 
ance to study the radicals formed in the presence and 
absence of a sulphydryl radioprotector. But pulse 
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radiolysis has made possible the observation of rapid 
reactions occurring after irradiation of solutions con- 
taining sulphydryl groups. Adams (Curr. Topics in 
Radiat. Res., 8, 35; 1967) found a strong transient 
absorption at 415 nm after pulse radiolysis of solutions 
containing cysteamine. By irradiating a mixture of 
cysteamine and methanol, he was able to observe the 
reaction between the SH group and the radical CH,OH- 
formed by attack of OH- radicals on methanol. The 
repair of the radical CH ,OH- took place after the irradi- 
ation with a time constant of several microseconds. 
Although rapid on an ordinary time scale, this reaction 
is very slow when compared with the time required 
for production of the radicals. A rather similar experi- 
ment has now been reported by Davies, Ebert and 
Shalek (Intern. J. Radiat. Biol., 14, 19; 1968) using a 
mixture of cysteine and lysozyme. 

Radioprotection by sulphydryl compounds is inter- 
related with sensitization by oxygen. The theory of 
hydrogen atom transfer can be extended to inelude 
this by supposing that oxygen and the sulphydryl 
group compete in attacking the biological free radieal, 
and that, whereas the SH group can restore the original. | 
biological molecule, oxygen makes the damage perma: 
nent. This type of competition reaction, involving 
oxygen and another chemical speciesable toreconstitute 
free radicals, is likely to be the mechanism explaining 
the sensitizing effect of oxygen which is so widely 
observed in radiobiology. It is gratifying therefore 
that Davies, Ebert and Shalek were able to observe 
directly the competition between cysteine and oxygen. 
for the primary radicals formed in the lysozyme and 
could measure the rate constants for the two reactions. 
It must be noted, however, that the concentration of 
cysteine at which the competition could be observed 
most clearly was very different from that used in bio- 
logical experiments such as those of Dewey (Radiat. 
Res., 19, 64; 1963). 

These findings are an encouraging sign of conver- 
gence between radiobiology and radiation chemistry. 
One of the principal motives for researeh in radiation 
chemistry has been the hope of providing explanations 
for radiobiological effects. But in practice the two 
subjects have seemed to diverge, with the chemists 
concentrating on relatively simple systems and the 
biologists becoming more involved in the complexities 
of living matter. Pulse radiolysis has provided another 
valuable link which we must hope will be rapidly 
strengthened. 






MOLECULAR BIOLOGY 


Mitochondrial Nucleic Acids 


from our Cell Biology Correspondent 
THE mitochondrial nucleic acid industry seems to be 
flourishing, and the latest issue of Proc. US Nat. Acad. 
Sci., a sure guide to the fashionable, contains five papers 
on various facets of the subject. 'Fwo of them deal 
with the anatomy of mitochondrial DNA. Thus 
Avers et al. (61, 90; 1968), who have previously shown 
that mitochondria from haploid yeast Saccharomyces 
cerevisiae contain predominantly open or super-coiled 
circular DNA but that filamentous DNA molecules 
predominate in an isogenic petite strain, have now 
extended these observations to diploid strains. Al- 
though the proportions of circular and linear molecules 
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and the size distribution vary with the experimental 
procedures—yeast mitochondrial DNA is apparently 
more fragile than animal cell mitochondrial DNA— 
the morphologies of the mitochondrial DNA in haploid 
and diploid strains are similar. Wild type diploids 
contain about 40-56 u of DNA in each cell, which 
presumably represents six to eight molecules. 

Wolstenholme and Cross (ibid., 245) report that the 
DNA of mitochondria from the red bean Phaseolus 
vulgaris, unlike that in animal cells, is not in the form 
of covalently linked circles. The mitochondrial DNA, 
which has a buoyant density of 1-707 and is thus 
distinguished from nuclear and chloroplast DNA, 
appears in the electron microscope as linear molecules 
with a mean length of 19-5 u and a range of 1 to 62 u. 
If the DNA in vivo is a molecule 62 u long—all 
shorter pieces could be sheared molecules—there is 
eleven times as much genetie information in a 
bean mitochondrion as in the average animal cell 
organelle. 

Meyer and Simpson (ibid., 130) present evidence 
suggesting that rat liver mitochondria contain a 
unique species of DNA polymerase. They have devised 
a purification procedure which apparently allows a 
240-fold purification of the enzyme over the starting 
activity of the whole liver. The evidence that this 
enzyme is distinct from nuclear DNA polymerase is, 
first, that nuclear and mitochondrial polymerases 
precipitate at different concentrations of ammonium 
sulphate, second, that they elute from DEAE-cellulose 
columns at different salt concentrations and third, that 
they function optimally at different salt concentrations 
and have different primer DNA specificities. Tenta- 
tively, then, the nucleus and mitochondria contain dis- 





tinct enzymes, there is no evidence in the experiments of 


cross contamination, and preliminary experiments with 
isolated, but intact, mitochondria suggest that mito- 
chondrial DNA synthesis is replicative rather than 
a repair process. 

Gross, McCoy and Gilmore (ibid., 253), working with 
the old favourite Neurospora, report that mitochondrial 
leucyl-tRNA-synthetase is not specified by mitochon- 
drial DNA, even though there have been reports that 
several mitochondrial amino-acy]-(RNA-synthetases 
differ from their cytoplasmic counterparts. Gross et al. 
exploited à mutant strain Neurospora 45208t, which 
has a nuclear mutation which results in the production 
of a cytoplasmic leucyl-tRNA-synthetase with different 
properties from the wild type enzyme. They argued 
that if the mitochondrial enzyme is specified by mito- 
chondrial DNA it should not be affected by this muta- 
tion. Yet mitochondria of 45208t have neither the 
normal mitochondrial nor the mutant cytoplasmic 
enzyme but, surprisingly, very little leucyl-tRNA- 
synthetase of any sort. Because 45208t maps at the 
leucine 5 chromosomal locus, it seems that this locus 
specifies at least part of both mitochondrial and cyto- 
plasmic enzymes. The moral is that differences between 
cytoplasmic and mitochondrial components do not 
necessarily imply that the latter are specified by 
mitochondrial DNA. 

Finally, the Attardis (ibid., 261) report further 
characterization of the membrane-associated RNA in 
HeLa cells. In an earlier report, they suggested that 
this was specified by a cytoplasmic DNA template. 
They now claim that this membrane-associated RNA, 
which has heterogeneous sedimentation properties and 
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a short half-life, hybridizes with mitochondrial but not 
nuclear DNA and must therefore be mitochondrial 
messenger RNA. They argue that the number of ribo- 
somes in mitochondria may be insufficient to translate 
all the mitochondrial mRNA, so that some migrates 
to the ribosomes on the endoplasmic reticulum where 
it is translated. The proteins specified by this RNA 
remain unknown. 


MOLECULAR ENZYMOLOGY 


Putting Asunder and joining 


from our Molecular Biology Correspondent 


THE importance of the polynucleotide ligase in the 
normal processes of DNA replication in Æ. coli is only 
now becoming apparent. The properties of the ligase, 
and its mode of action, are the subject of a series of new 
papers from Richardson’s laboratory. In the first of 
them Weiss et al. (J. Biol. Chem., 248, 4530; 1968) 
describe a procedure for preparing and labelling the 
substrate: pancreatic DNase is used to introduce 
single strand breaks into a native DNA. Alkaline phos- 
phatase is then used to remove the phosphate group at 
the newly formed 5'-terminus. This it will only do at 
increased temperatures—for example 65? C—where the 
DNA duplex is evidently sufficiently labile to enable the 
enzyme to enter. The 5'-hydroxyl is then re-esterified 
under the action of polynucleotide kinase, using 
??P-labelled ATP as the source of the phosphate group. 

The second paper (Weiss et al., ibid., 4543) describes the 
performance of the ligase w ith this substrate. "The 
enzyme repairs the breaks with high efficiency, as 
judged by the disappearance of ??P-labelled phospho- 
monoester groups on incubation, but the enzyme will 
operate only on double-helical DNA, and will link only 
adjacent residues. (This indeed is inferred to be its 
function in DNA replication, for the DNA polymerase 
evidently leaves just such breaks to be sealed.) The 
enzyme will, however, also function on native A phage 
DNA. This, as isolated, has unpaired ends, which are 
complementary, one to the other, and may, therefore, 
be joined to form a circular duplex, or linked. inter- 
molecularly to form “‘concatemers”. Both these forms 
can be produced by the ligase. "The last paper (Weiss 
et al., ibid., 4556) shows that the enzyme from E. coli 
infected with phage T4 normally requires ATP, and 
functions by forming an AMP complex as intermediate 
which has been isolated. By contrast, the ligase from 
uninfected E. coli is known to require NAD, not ATP, 
as cofactor. 

The E. coli enzyme is the basis of two entertaining 
studies by Olivera and Lehman (J. Mol. Biol., 86, 261; 
1968). They used ligase to join dT oligomers end to end 
in the presence of poly dA, with which they form double 
helices, and likewise to join oligo dAs on poly dT. The 
striking feature ef this system is that the extent of 
reaction is little diminished when the oligo dT mole- 
cules are sparsely distributed on the poly dA, compared 
with the situation in which the A : T ratio is near unity, 
though the rate is, of course, decreased. Moreover, 
the rate of reaction is highly temperature-sensitive, 
increasing, for example, seven-fold when the tempera- 
ture is raised from 24° C to 30° C. This effect is absent 
when the substrate is a real DNA, and it seems there- 
fore that the homopolymer system is in dynamic 
equilibrium, with the oligomers free to migrate along 
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the polymer in order to link ends. This phenomenon of 
"ereep" is familiar in the slow completion of the poly 
A-poly U reaction. That this is the mechanism, rather 
than an exchange of oligomers between different 
polymer chains, is shown by the failure of polyribo-A 
to affect the rate of the reaction: because the latter will 
not replace the deoxy-polymer as a vehicle for the 
linking of oligo dTs, redistribution of the latter between 
it and the poly dA would be expected to reduce the rate. 
A linear migration mechanism is also supported by the 
capacity of oligomers with unreactive ends (3'-phos- 
phoryl and 5'-hydroxyl) to interfere with the reaction 
of polymers with reactive ends. 

In a second paper, Olivera et al. (ibid., 275) have 
observed the formation of cireular molecules from oligo- 
mers of alternating dAT. This reaction is again sur- 
mised to proceed through a “creep” mechanism. An 
equilibrium is envisaged, in which one of the permitted 
conformations has, as it were, its ends in the middle 
of the duplex (and thus two loops, where the chain 
turns on itself); the ends are thus juxtaposed for 
linkage. The minimum chain length for appreciable 
cyclization is seventeen base pairs—below which 
presumably a two-loop structure becomes too un- 
favourable to have a significant statistical weight. The 
optimal rate occurs at a chain length around 25. The 
reaction is also favoured by increased temperature, pre- 
sumably because looped structures are more apt to 
form. Evidence has long been available that such 
intermediates accompany the initial stages of the 
thermal melting process in poly GAT. This work 
represents another original use for the ligase—the 
exploration of conformations and their stability. 


VERTEBRATE PALAEONTOLOGY 


Raking Up the Dead 


from a Correspondent 


AT the sixteenth Symposium of Vertebrate Palaeon- 
tology and Comparative Anatomy at the University 
of Reading on September 25-26, the formal presenta- 
tion of the twenty-seven papers read was brutally 
curtailed to allow ample time for lively and frequently 
entertaining discussions. 

Dr L. B. Halstead outlined the evolution of his views 
on the subject of cartilage versus bone, from a position 
denying any relationship, through dreams of collagen 
and along the false trail of ‘‘spherulitic aspidin", to the 
presence of calcified cartilage in the dermal armour of 
the earliest vertebrates and the conclusion that cartil- 
age, not bone, was the most primitive of skeletal tissues. 

Dr Karen Hiiemäe presented, as a continuation of 
her previous work on the rat, an elegant slow motion 
X-ray cine study of mastication in the American 
opossum, showing for the first time how the primitive 
tribosphenic molar actually functions. Previous 
studies, outlined by Dr A. W. Crompton, had wrongly 
assumed that the mandibular symphysis was rigid, 
whereas Dr Hiiemáe's film revealed it as a very loose 
joint. 

A disputation on vertebral evolution in early 
tetrapods was introduced and chaired by Professor 
A. 8. Romer. The rhachitomous type of vertebral 
column was interpreted by Dr F. R. Parrington as a 
Wellington bomber with the strengthening struts of the 
fuselage made into cartilage to allow the large headed 
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labyrinthodonts to "twist". Dr A. L. Panchen, on | 
the other hand, contended that the key to vertebral . 
evolution was, in any case, in the ribs. : 

Dr C. B. Cox gave an account of the strange reptile 
Eunotosaurus, which figures in many books as the 
ancestor of the Chelonia. He showed convincingly 
that it was a cotylosaur, probably a captothinomorph, 
and moreover that there were no detailed similarities 
with the Chelonia as had previously been claimed. 

The popular carnivorous dinosaur J'yrannosaurus 
had its majestic stance and gait discredited by Mr B. H. 
Newman. From his study of the skeleton, the only 
detailed analysis since the beginning of the century, 
Mr Newman showed that most of the rigid vertebral 
column was orientated horizontally, the stiff tail 
comparatively short and habitually held free of the 
ground and the head supported on a flexible neck. He 
also suggested that the function of the supposedly . 
vestigial forelimbs was to assist the animal in raising its 
bulk from the ground. From the further evidence of. 
footprints, he demonstrated that the stride was short. 
and the sinuous gait essentially avian, concluding that 
Tyrannosaurus was probably a “waddling scavenger” 
(Fig. 1). 

The discovery earlier this year by Mr G. R. Chapman 
of the first Pliocene mammalian fauna (containing 
rhinoceroses, dinothere, mastodont, hippopotamus, 
horned bovids, giraffoids, hyracoids, a monkey and a 
hominoid) from south of the Sahara was reported by 
Dr W. W. Bishop. The Pliocene was a critical period 
in hominid evolution as it spans the gap between the 
Miocene Ramapithecus (=Kenyapithecus) and the 
Pleistocene australopithecines (including the so-called 
“Homo habilis"). 

The final session of the symposium was devoted to 
viewing a large display of exhibits ranging from thelo- 
dont ostracoderms and skin diseases to fossil reptiles 
and Prehistoric art. The highlights of the exhibits 
were a number of ichthyosaur skulls developed by 
acetic acid and displayed by Mrs Jeanne Evans, which 
revealed details of cranial anatomy never previously 
observed: and examples of the human form as por- 
trayed in Palaeolithic art, illustrating the salient points 
of Miss Rosemary Powers's as yet unpublished com- 
prehensive monograph on the subject. 


ARCHAEOLOGY 


Swanscombe Re-excavated 


from our Archaeology Correspondent 


A PRELIMINARY excavation of the Clactonian flake 
industries in the lower gravel and overlying lower loam 
levels of the Palaeolithic site at Swanscombe, financed 
by the British Museum, the British Museum (Natural 
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History) and the Royal Anthropological Society, has 
just finished and Dr Waechter of the Institute of 
Archaeology in London, who is directing the project, 
reports most encouraging preliminary results. This 
summer, very well preserved animal bones and Clacton- 
ian flake tools and chopper cores in mint condition, 
have been recovered from a two aere site owned by 
the National Trust. During the next four seasons Dr 
Waechter and his colleagues intend to excavate a 
series of areas twenty metres square in the hope of 
identifying the living sites of the Clactonian tool 
makers. 





'The lower loam and lower gravel are the two oldest 
levels of the terrace of the Thames at Swanscombe, 
and in the area of the site which is being excavated the 
lower loam is now exposed on the surface; the over- 
lying lower and middle upper gravels, the upper loam 
and the upper gravel were all removed during the 
various excavations which led to the discovery of the 
Swanscombe skull in the middle gravels. The Swans- 
combe skull was associated with Acheulian hand axes 
but these tools are not found in the earlier lower 
gravel and lower loam levels, which contain much less 
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sophisticated Clactonian flake tools and core choppers. 
It seems that the Clactonian tool makers were in sole 
possession of the lower Thames valley during the first 
third of the penultimate (great) interglacial, and they 
were then partly supplanted by the Acheulian hand- 
axe makers at the time when the middle gravels were 
deposited. The successive occupation of the Thames 
valley throughout the interglacial must reflect the fact 
that it was a watering place for man and animals. 

All this, of course, was known before this year’s 
excavation. But Dr Waechter and his colleagues hope 
to achieve, by systematic excavation of the lower 
loam and lower gravel, first, an identification of the 
social context of the Clactonian tools—in other words 
to identify the living sites of the Clactonian people— 
second, an improved stratigraphy of the tools, and 
third, some idea of their evolution. Until now the 
tendency has been simply to lump all Clactonian tools 
in too few drawers, but even in the most primitive and 
conservative society there are likely to have been 
stylistie changes or technological improvements during 
some 50,000 years. 

The chances of finding a living site, which will 
be an association of animal bones and flint tools, are 
greatest in the upper loam horizon, which unlike the 
lower gravel was probably never disturbed by the 
river. It is fairly certain that sites in the loam are 
primary whereas those in the gravel must be considered 
secondary. And to increase the chances of finding a 
living site, the excavations are being made near the 
edge of the site, where the deposits were probably 
outside the range of meander of the river. Elephant, 
rhinoceros and fallow deer bones and complete antlers 
were uncovered this summer, but because the areas 
excavated are so small it is impossible to associate 
bones and tools. Dr Waechter has apparently already 
been able to identify more than one phase in the flake 
tool industry but naturally enough he is not yet pre- 
pared to commit himself on the number of phases. 
That will only be possible in four years time. 


Perceptual Basis for Group Organization in 
Social Vertebrates, especially Birds 


by Mutual recognition between birds is apparently based on sound as 


W. H. THORPE 


Sub-Department of Animal Behaviour, 
Department of Zooogy, 
University of Cambridge 


SucckssrUL social organization in animals often requires 
a capacity for mutual recognition at some distance, 
between mates and also between parents and offspring. 
That is to say, it is often necessary not only for adults 
to recognize the specific characters of their young and 
vice versa but also for them to know one another indi- 
vidually so that parental care and familial organization 
and cohesion can operate. 

In man, language is, of course, the prime vehicle for 
the necessary transfer of social information. There has 
perhaps, in the past, been too much readiness to use the 
term “language” for the vocal-auditory transmission of 
information among animals. Nevertheless, in spite of the 


well as sight. Analysis of the calls of individuals of certain species 
of colony-nesting birds shows that each is measurably distinct, and 
that the overall relationship of the component parts is important 
in recognition. 


dangers of this nativistic view of language, such usage 
has recently been supported by two well known students 
of human language!. As a result of these and subsequent 
studies by many others, Teuber? has said: “It has become 
clear . . . that linguists are ethologists, working with man 
as their species for study, and ethologists linguists, work- 
ing with non-verbalizing species". In sub-primate mam- 
mals the problem is simplified by the high development 
and great precision of the olfaetory sense, together with 
numerous adaptations whereby social organization is 
based on the use of special secretions; although, of course, 
individual recognition by means of vision is also of great 
importance in many species, especially of the higher 
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groups. This recognition by vision is especially obvious 
in primates. 

In birds, individual recognition is highly developed in 
those species in which the young must be cared for or 
maintained by the parent for some time after fledging. 
Birds which nest in dense colonies provide particularly 
instructive examples of this. When we consider the 
problems of reproduetion and survival faced by birds 
sueh as many species of gulls, terns, gannets, penguins 
and so on—birds which nest in very dense colonies and 
obtain their food during the nesting period in rather 
restricted areas of sea or coast-line near the colony—we 
can at once see a number of ways in which such abilities 
for individual recognition could be advantageous. Without 
individual recognition, the feeding of the young, at least 
as soon as they become mobile, could be a very wasteful 
proeess. Hordes of young would be competing for food 
from each individual adult as it returned to the colony; 
with the result that the strongest, the most fortunate, 
the most mature or the quickest, would obtain ample 
food and many others would starve. In other words, 
there would be a wasteful struggle among the young to 
reach the returning adults. Again, it is often important 
that the parent should bring food—for example, fish—of 
the right size for its young of a given age: a fish 3 in. 
long may be too large for a small chick to swallow; 
whereas occasional meals of fish 0-25 in. long result 
in under-nourishment of the larger chicks. Similarly, 
it is often apparent that the smaller young receive à 
different kind of food from that brought to the larger 
ones. So both size and quality vary with age. The same 
problem arises in the brooding of the young birds especially 
during bad weather. If all was haphazard, some young 
would get too little brooding and some too much which 
would presumably result in disastrous mortality in the 
young birds as a whole in the colony. Later still in the 
life-cycle, when the young are nearly ready to fly or are 
first flying, it may be necessary for them to follow a 
particular parent rather than to accompany anonymously 
a flock of adults. Following an individual parent will 
give the young bird a much better opportunity to learn 
by experience how to find places where the right food can 
be obtained in quantity, and how to learn the best way of 
collecting and consuming it. Again, as is usual in mam- 
mals, parental care is of immense importance in protecting 
against predator attack and learning to avoid it. 

That nest-site and mate-fidelity are indeed of adaptive 
value in enhancing breeding success has been demon- 
strated by the work of Coulson? on the kittiwake Rissa 
tridactyla. He found that a female which retained her 
mate from the previous breeding season bred earlier, laid 
more eggs and had a greater breeding success than one 
which had paired with a new male. More recently it has 
been shown* that parental care in sea birds may be much 
more prolonged than has hitherto been thought, and, of 
eourse, prolonged parental care can only be achieved if 
there is mutual recognition. 


Visual Recognition of Individuals 


Because birds are such obviously visual animals it is 
not surprising that there are a number of cases on record 
of remarkable powers of recognition of associates by visual 
means. Thus it appears? that marsh-tits (Parus palustris) 
are able to distinguish familiar individuals in a flock at 
distances up to 60 yd. The European robin* (Erithacus 
rubecula) can apparently distinguish its mate at a distance 
of 30 yd. or more. Pintails (Anas acuta) are reported’ 
to be able to identify acquaintances at a distance of 300 yd. 
Tinbergen® describes as quite extraordinary the ability 
of the herring gull (Larus argentatus) to recognize its mate 
among a great concourse of birds. In this species a gull 
ean apparently recognize its mate in flight at 30 yd. even 
though silent. It is clear that olfaction is not highly 
developed in most birds, and could certainly not be 
operating in such cases as these, so we have grown 
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accustomed to the conclusion that the bird's eye is as 
least as good as, and in some respects far better than, the 
human eye in enabling its owner to recognize and remem- 
ber other individuals in the group from all angles and at 
great distances by, to us, minute differences. There is 
some evidence that, where visual recognition of this kind 
operates, it is the head and facial characteristics which 
are most important. 

It is obvious that if the visual powers are sufficiently 
well developed, vision will probably provide a larger 
number and greater variety of cues for recognition than 
any other sense. But it also seems certain that in birds 
just as in primates, because of the greatly varying con- 
ditions of visibility, lighting, apparent size, and angle of 
approach, the problems of perceptual constancy are very 
acute indeed. The effect on visual perception of the almost 
incessant and quite unpredictable changes in the quality 
and intensity of the light must be enormous. That is to. 
say, the visual responses of sea birds must constantly 
be at the mercy of dazzle, fog, cloud and, of course, 
darkness. 


Auditory Recognition of Individuals 


Consequently, it is obvious that if another sense could 
be used for recognition which does not involve such great: 
perceptual constancy difficulties, either in addition to or 
in place of vision, there would be a great selective advarte 
age in making use of it. So the questions arise: how far 
can the auditory sense serve the purpose? Is the acuity 
and complexity of auditory perception great enough ? 
And is the individual sound production of the birds suffi- 
ciently constant to the individual and sufficiently distinct 
from other individuals to allow such a system to operate ? 
First, it is likely that if sounds can be used, the message 
they carry is far less liable to distortion and interference 
than the visual patterns received by the eye from a 
distance. Sounds can be masked by loud random noise, 
such as that of wind and sea and the hubbub of the 
colony, although even here the so-called “cocktail party” 
problem and the studies of it which have been made*.!? 
show that, in human beings at least, a particular sound. 
pattern which has been listened for can be detected with 
extraordinary precision in conditions of apparently over- 
whelming interference. The only factor producing definite 
distortion is the Doppler effect whereby, of course, the 
pitch and overall duration of the sounds are changed 
according to the speed of approach or recession. This, 
however, is not likely to be a very serious difficulty in the 
circumstances in which recognition is likely to have to 
operate with colonial nesting birds; and would scarcely 
be comparable with the effect on vision of changes in 
illumination. The only important advantage which vision 
seems to possess is the precise directional adjustment 
and focusing power of the eye whereby the gaze can locate 
and track the object and so maintain fixation. 

As to the parameters which are available for recognition 
in a complex sound, they are much greater than might at 
first be expected. A pure tone, it is true, can be ox- 
perienced only by neglecting transients and ordinarily only 
with an artificial stimulus. There are very few pure tones 
in nature. Meaningfully patterned sounds, however, vary 
in much more elaborate ways than simply in pitch, loud- 
ness and duration. To quote Gibsoni’, such sounds 
“instead of simple duration vary in abruptness of begin- 
ning and ending, in repetitiveness, in rate, in regularity of 
rate, or rhythm, and in other subtleties of sequence. 
Instead of simple pitch, they vary in timbre or tone 
quality, in combinations of tone quality, in vowel quality, 
in approximation to noise, in noise quality and in changes 
of all these in time. Instead of simple loudness they vary 
in the dimension of loudness, the rate of change of loud- 
ness, and the rate of change of change of loudness. In 
meaningful sounds, these variables can be combined to 
yield higher order variables of staggering complexity. But 
these mathematical complexities seem, nevertheless, to 
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be the simplicities of all auditory information. and it is 
just these variables that are distinguished naturally by 
an auditory system." 

(a) Colony-nesting Birds. Now as to birds, there is 
already strong reason for suspecting that the adults 
of the common tern (Sterna hirundo) can recognize 
their mates and young—-and the young their parents 
—by call alone!t*, Similarly with the herring gull 
(Larus argentatus), Tinbergen? recorded that the sleep- 
ing gull is awakened by the long-drawn “mew” of 
its mate, although the same call uttered by any 
other bird leaves the sleeping individual quite uncon- 
cerned; again, Stonehouse gave a remarkable account 
of the way in which the young of the king penguin 
(Aptenodytes patagonica) in their densely packed ‘‘créches” 
respond only to their parents’ call when these return to 
feed their young. But the best published evidence to date 
comes from the studies of Tschanz'*. This worker has 
shown that the young of the guillemot (Uria aalge) may 
react selectively to the calls of the parent even during the 
first few days of life and that the parents similarly recog- 
nize their young. He has also obtained positive results 
from experiments with tape-recorded calls and has pro- 
vided some oscillographie evidence for individual dif- 
ferences in the calls of the adults. The oscillograph is not 
a satisfactory tool for this kind of study with highly 
elaborate pattern sounds, however, and I felt that further 
investigation was badly needed; particularly in view of 
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Fig, 1. Sound speetrograms of typical recordings of two consecutive 


calis of three different individual sandwich terns. Note that each call 
is divided into three segments a, b and e. Segment a contains anything 
from seven to fifteen vertical bars which indieate brief pulses of sound of 
greatfrequeney range. Segment b shows the fundamental and usually 
two harmonies rising and falling during the duration of the phrase of 
0-07 to 0-15 s to give an inverted “v” or inverted “u” pattern, Segment 
c, of duration between 0-01 and 0-28 s, again shows vertical bars varying 
in number from three to twenty-eight and showing peaks of intensity 
at particular frequencies rather than the very wide and uniformly 
distributed frequency range displayed by the bars in segment a. 
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Table 1. CORRELATIONS BETWEEN SUCCESSIVE CALLS OF TWENTY INDIVI- 
DUALS OF THE SANDWICH TERN 

Correlation 

Measure coefficient * 
Total duration 0.08 
Duration of segment a O-O2 
No. of vertical bars in segment a 0-82 
Duration of segment b 0-04 
Lowest frequency in segment b 0-05 
Duration of segment c 098 
No. of vertical bars in segment c tag 


* All significant at less than the 0-01 level. 


the fact that in no single instance hitherto has there been 
any indication of the kind of acoustie differences on which 
recognition can depend. We have found that, with the 
sandwich tern (Sterna sandvicensis), the so-called “fish- 
call", uttered by the returning parent bird bringing food 
to its young, has just the kind of structure required to 
provide auditory data for individual recognition and that 
in the forty different individuals with which it was 
possible to obtain a series of samples of the "fish-call"" 
each bird had a call measurably distinet from all the 
others, and the calls issued by any one bird were extra- 
ordinarily constant to that bird. Fig. 1 shows the sound 
spectrograms of typical recordings of two consecutive 
calls of three different individuals of the sandwich tern. 
Table 1 gives correlation between successive calls of 
twenty individuals. 

Having provided this evidence that each sandwich 
tern has its own individual ‘“‘fish-call”, we must ask the 
question: if other birds of the same species were to 
identify an individual's call, which features might they 
use? If the variation of a particular characteristic were 
large it would presumably be easier to discriminate dif- 
ferences between birds than if the variation were very 
small. Furthermore, if two measures of a particular 
characteristic have about equal variation, and the mean 
of one measure is smaller than the mean of the other, the 
psychophysical data obtained from experiments with 
human subjects suggest that it might be easier to dis- 
eriminate differences over the low absolute values. For 
example, if the standard deviation were ls, it would be 
easier to discriminate this difference from a mean of only 
1 s than from a mean of 100 s. Thus, the standard devia- 
tion weighed by the mean value of a measure should give 
a ratio for which low values indicate small variation and/or 
a large mean, or a difficult measure to discriminate; and 
high values indicate an easier measure to discriminate. 
If we assume that a similar rule can be applied to the 
sandwich tern, then the largest values of the ratio standard 
deviation of  measurejaverage value of measure with 
respect to a particular characteristic (for example, dura- 
tion) would suggest the most likely sources of discrimin- 
able interindividual differences. It could also be argued 
that the measure having the smallest values of this ratio 
might indicate the features which identify a call as that 
of Sterna sandvicensis. This ratio was obtained for each 
measure (Table 2). Because the duration of segment c 
has a higher ratio than the other three duration measures, 
and because the number of vertical bars in segment c has 
a higher ratio than the number of bars in segment a, it 
is more likely that both duration and number of bars in 
segment c are used to identify an individual's call than are 
those measures in other segments. Finally, the lowest 
frequency of the fundamental of segment 5 has a high 
ratio, and if terns are fairly sensitive to changes in fre- 
quency then this, too, might contribute to the diserimina- 
tion of calls of different individuals. 


Table 2. RATIOS OF STANDARD DEVIATION OVER MEAN FOR FORTY INDIVIDUALS 
Measure 
Duration of segment e 


Ratio 





No. vertical bars in segment c 3 

Lowest frequency of fundamental of segment b 3-09 
Duration of segment b 1-81 
Total duration 174 
Duration of segment a 1-55 
Xo. bars of segment a 0-52 
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Thus, because individual calls are correlated, it is pos- 
sible that calls are used as a basis for identification among 
individuals and three or four possible features can be 
suggested which might be used in making such an identi- 
fication. Observation of the behaviour of the young sand- 
wich terns which have already left the nest for 5 days or 
more and are wandering about in groups of considerable 
size shows clearly that adults returning with fish and 
giving the "fish-call" are not looking for particular young 
in & particular spot. On the contrary, they are flying 
round and round low down giving ‘‘fish-calls’ all the time 
as if expecting the young to appear. Here and there one 
young bird will get particularly excited by the arrival of 
an adult carrying fish, whereas all the young nearby pay 
not the slightest attention. The parent will sometimes land 
and look around when a young one may come running 
towards it, or this may not happen and the parent will go 
off on its seareh again. Some time may elapse before what 
appears to be the right chick has been found and has 
responded. If the young does not respond to the parent it 
is impossible for the adult bird to feed it. These observa- 
tions and our work on the sound signals of the returning 
adults were carried out at Scolt Head Island, Norfolk, in 
1966 and 1968. 'There were more than 2,000 pairs in the 
colony, so patterning of the different features of the 
*fish-eall" must play an important part if it is, as it seems 
to be, providing a reliable basis for audio-recognition. 

Table 3 provides an illustration of the subtle combina- 
tion of charaeteristies involved, measured from five 
individuals which have calls differing in total duration 
by only 0-01—0-04 s. 

In summary, we can say that, while the extent to which 
these separate individual characteristics are recognized 
as distinctive by birds themselves has not been investi- 
gated, it is clear that if the ''fish-call" is used, as it seems 
to be, as an effective means for individual recognition in 
a large colony of 2,000 or more pairs, patterning of the 
call (in the sense of the “gestalt” or the overall relation- 
ship of the component parts) must play an important part. 

In 1967 we carried out a pilot investigation of the 
individuality of the calls uttered by returning adults of 
the gannet (Sula bassana) on the Bass Rock, East Lothian, 
Seotland (unpublished results of S. J. and R. E. White 
and W. H. Thorpe). In this species, too, there is 
ecnsiderable evidence from field observation that indi- 
vidual recognition by voice can occur. Here the problem 
is somewhat more difficult in that returning calls of the 
gannet do not have the clear division into three sharply 
defined sections that is found in the sandwich tern, and 
it has not yet been possible to establish the clear differences 
of frequency-time pattern in the gannet which is found in 
the sandwich tern. Nevertheless, the striking fact has 
emerged that if the profile of amplitude variation with 
time is studied rather than the normal sound spectrogram 
then consistent differences are displayed just as in the 
sandwich tern. Thus, to date, five landing calls of four 
individuals have been fully analysed. Each full call is 
made up of a series of components which are fairly similar. 
The analyses were made by tracing the amplitude display 
of a full call onto graph paper. For each component, 
ordinates were measured at intervals of 0-01 s (approxi- 
mately 1 mm); corresponding measurements were aver- 


Table 3. MEASUREMENTS OF THE SOUND SPECTROGRAMS OF FIVE INDIVI- 
DUALS WHICH CALLED TWICE WHILE FLYING OVER THE HIDE 





. Lowest 
Bird Total Segment duration (8) No. bars frequency of 
No. duration y M & c fundamental 
8 a b c kHz 
511 0:31 0-18 0-10 0-03 i4 3 2,200 
5r2 0.32 0:18 0:10 0:04 i4 6 2,200 
59:1 0-31 0-16 0-09 0-06 10 8 2,300 
59:2 0:31 0-16 0-08 0-06 10 6 2,300 
54-1 0-30 0:18 0-07 0-05 13 6 2,200 
54-2 0-32 0-18 0-07 0-07 13 6 2,250 
57-1 0-34 0.22 0-09 0-03 11 3 2,100 
57-2 0-34 0:22 0-09 0-03 11 3 2,200 
69-1 0-33 0-21 0-09 0-03 10 3 2,300 
69:2 0-33 0-21 0-09 0-03 i2 3 2,300 
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aged to give an overall "profile" of a full eall. Each 
"profile" was compared with every other to obtain a 
Pearson correlation coefficient (r). Very high eoefficients 
(20-90) were obtained with comparisons between calls 
of the same individual, and lower coefficients ( « 0-70) were 
obtained by comparing calls of different individuals. 

There was also a tendency for there to be characteristie 
differences in length of the component calls, although the 
timing between sounds was variable. 

It is not, of course, necessary to suppose that the 
birds in this case rely solely on the pattern of amplitude 
variations with time which we have so far detected—there 
may indeed be other possibilities involving piteh diserim- 
ination whieh are also being used, and these possibilities 
are being investigated further. Nevertheless, the same - 
opportunities for individual auditory recognition seem to 
be available in the gannet as in the tern. 

(b) Mammals. It is fitting to conclude with a brief sum- 
mary of the situation in mammals. While there is much 
that is suggestive of individual recognition by means of 
vocal signals firm evidence is as yet very sparse indeed. 
It is probable that individual recognition by this means 
occurs in primates, but apart from circumstantial evid- 
ence for rhesus monkey (Macaca mulatta)! and the night 
monkey (Aotus trivirgatus) there seems to be nothing 
in the literature which is at all convincing. It is, of 
course, among the marine carnivores (Pinnipedia)-— 
namely, the seals and walruses—that, because of the exist- 
ence of huge breeding colonies on the seashore, conditions 
similar to those under which marine birds so often breed 
are found. The investigation of vocal communication in o> 
mammals is complicated by the existence of ultrasonic.” 
hearing in so many mammalian forms, and only recently - 
have techniques been devised for assessing the significance: 
of complex ultrasonic emissions. Nevertheless, it s ; 
clear that the northern fur seal (Callorhinus ursinus 
recognizes its own pups first by smell and that this reco; 
nition is later confirmed by voice’, A great deal has bee; 
written and many incautious statements made in recent 
years about the vocalizations of the Cetacea—the whales 
and dolphins. That there is a great deal of communal 
vocalization in the form of whistles, squeals, grunts and 
so on is now fully established!*. Quite apart from the 
sounds used for orientation and probably for echo-loes- 
tion, evidence seems to be accumulating for individuals 
within a troop or school answering one another, and 
Caldwell and Caldwell** have shown that with a group of 
five freshly captured individuals of the bottle-nosed 
dolphin (Tursiops truncatus) consisting of two adult 
females, one adult male and two sub-adult males, the 
five predominant whistles for the five animals were clearly 
distinctive from each other at one-eighth speed. Much 
remains to be done and these authors are following up the 
subject, but these results seem to show that there is a 
definite tendency towards an individualized whistle. 
Apart from the whistles of this species there is a great 
variety of other vocalizations—some clearly used for 
echo-location, some supposedly indicative of the emotional 
state of the animal—and no critical work on the possibly 
individual characters of these sounds has yet been under- 
taken. Finally, with social ungulates, Tschanz* failed to 
establish auditory reeognition between ewes and lambs of 
the Mouflon mountain sheep (Ovis aries musimon) although 
they established clear recognition by smell at 12 h and 
by sight from the third day on. 
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Measurement of the Distance of Pulsar CP 0328 
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‘Tar pulsar CP 0328 lies close to the galactic equator in the 
direction of the Perseus arm, at [— 145? and b= —1-2°. 
The continuum spectrum of radio emission from this pulsar 
is expected to show absorption in the 21 em line from any 
neutral hydrogen in the line of sight. The frequency of 
this absorption would indicate the velocity of the 
hydrogen, which is related to distance through the 
galactic rotation model. The distance of the pulsar can 
then be obtained from details of the absorption spectrum. 

We have obtained an absorption spectrum for this 
pulsar, and we find that it is located beyond the major 
components of hydrogen in the line of sight. 

The measurements were made using the Mark II radio 
telescope, illuminated so as to be equivalent to a circular 
dish of 80 feet diameter, and using circular polarization 
switched rapidly to alternate hands. The spectrum was 
obtained by using a new autocorrelation digital speetro- 
meter, construeted at Jodrell Bank, and used for the first 
time in these measurements. The effective frequency 
resolution for this experiment was arranged to be 14 kHz 
in & band of 560 kHz, corresponding to a velocity re- 
solution of 2-90 km s-!. Observations were made over 
a period of 19 h during September 16 and 17, 1968. 
The observations of the absorption spectrum were 
made by comparing the spectrum of the radiation in the 
telescope beam during the pulse and in the interval 
between the pulses. At 1,420 MHz the spectrum of the 
pulsar continuum radiation shows deep fading, but does 
not show frequency structure over a bandwidth of less than 
4 MHz. The mean pulse power during the observations 
was 0-5x10-* J Hz m-, contributing only 10-4 of 
the total power in the receiver passband. 

Spectra were obtained for each 5 min period; 
these were subsequently added with weights determined 
by the pulse power at the time. The hydrogen emission 
spectrum obtained in the direction of the pulsar is shown 
in Fig. 1 (a). It shows in all four main emission features: 
two at —2 km s+ and —12 km s-!, usually ascribed to 
the local spiral arm; a composite feature from about 
—25 km s-! to —58 km s-! due to the Perseus arm; 
and one at — 77 km s~ due to the outer arm’. 

The difference spectrum, shown in Fig. 1 (6), shows 
prominent narrow features, however, which are character- 
istic of absorption spectra of ordinary continuum radio 
sources?2, There is no evidence for a cut-off in the 
absorption at any frequency, as would be expected if the 


A measurement of the absorption due to natural hydrogen in the 
radio signals from CP 0328 has made possible an estimate of distance. 
The object seems to be unexpectedly far away. 


pulsar were within either the local or the Perseus arms. 
'There is also a suggestion of absorption by gas in the outer 
arm, but this absorption feature remains to be confirmed. 

The immediate result we can state is that the pulsar 
certainly lies beyond hydrogen elouds having velocities of 
—58 km s~. According to the galactic rotation model 
of Schmidt*, these clouds lie at 4-2 kpe from the Sun on 
the far side of the Perseus arm. The anomalously high 
velocity clouds observed in the Perseus arm lie at longi- 
tudes of less than 140? (ref. 1) and do not affect this present 
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Fig. 1 (a). The neutral hydrogen emission apectrum in the direction of the 

pulsar CP 0328. (b) The neutral hydrogen absorption in the spectrum of 

CP 0328. The probable error in the optical depth scale is 20 exp (7) 
per cent. 
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interpretation. If the possible absorption in the outer arm 
is correct, then, on the same model, the pulsar must lie 
beyond 6 kpe from the Sun. 

¥rom the mean pulse energies observed up to 1,420 MHz 
(refs. 5, 6 and the present observations) and taking the dis- 
tance to be 4-2 kpe, the mean energy output in the radio 
speetrum is 2x 10?! ergs per pulse. During the pulse. 
which lasts for about 7 ms, the instantaneous emitted 
power is 3 x 10?? ergs 8l. 

The total electron content along the line of sight has 
been deduced from dispersion measurements as 26-75 pc 
cm- (ref. 6). Together with the present lower limit for 
the distance of the source of 4-2 kpe, this yields an upper 
limit of 0-006 cm- to the mean electron density in the line 
of sight. This is a factor of seventeen less than the values 
used in previous estimates of the distances of pulsars. It 
is interesting to note, however, that the lower densities 
proposed by Habing and Pottasch’, based on measure- 
ments of the low energy cosmic ray flux in the solar 
neighbourhood, are consistent with this measurement. 
Tf the distance of the source were greater than the limit 
implied by our measurements, it is unlikely that this 
estimate would be greatly changed, because of the 
probable low density of matter farther out in the galaxy 
and farther away from the plane. 

The absorption spectrum indicates that the total number 
of hydrogen atoms along the line of sight is 1,750 pe em? 
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for an excitation temperature of 85° K (ref. 2). We 
therefore obtain an upper limit of 1-5 per cent for 
the mean degree of ionization in H I regions in this 
direction. 

The distances of pulsars calculated by using our new 
value of electron density are large compared with the 
thickness of the galactic disk. Even these distances may 
therefore be lower limits and the pulsars at high galactic 
latitudes may lie well outside the main body of the 
galactic disk. 

Measurements of the dispersion have so far been used to 
estimate the distance of the pulsars. Clearly this is no 
longer justified. 

We thank Professors F. G. Smith, J. G. Davies and 
F. D. Kahn and Dr R. D. Davies for helpful discussions: 
and Dr R. D. Davies and Mr R. S. Booth for help with 
equipment. We are indebted to the Royal Society for a 
grant from the Paul Instrument Fund for the construetion 
of the spectrometer. 
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Exploration and Geological Discoveries in the 
Leicestershire and South Derbyshire Coalfields 
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K. SPINK 


Department of Geology, 
University of Bristol 


Intensive exploration by drilling has been carried out 
in most British coalfields, first by a number of government 
agencies, and later by the Opencast Executive of the 
National Coal Board. In several of these coalfields, 
reconnaissance maps were produced during the Second 
World War as an aid to openeast coal working. but this 
was not the case in the area under consideration, where 
the previous rather sparse mapping was published by 
the Geological Survey in 1905. By about 1959, the 
accumulation of many thousands of borehole logs, to- 
gether with the records of worked out sites, meant that 
it was then possible to produce a new map of the exposed 
eoalfields to the standard suggested by Eastwood'. I 
was then Area Prospecting Officer and used this infor- 
mation to remap most of the exposed areas of the coal- 
fields to a scale of 6 inches to 1 mile. As might be expected, 
a number of interesting discoveries were made, and an 
account of these was published?. Even recent publications 
(such as ref. 3), however, continue to quote outdated ideas; 
this article—a brief résumé of the significant geological 
discoveries—should ensure that the latter are no longer 
overlooked or ignored. 

As late as 1948, a Geological Survey publication? 
made little attempt to construct a general stratigraphical 
eorrelation between the Leicestershire and South Derby- 
shire areas. These coalfields suffer from a paucity of the 
usual means of correlation, such as marine bands and 
“mussel” bands. With the possibility of continuous 
mapping of seams over some distance, it has become 


A great deal of geological information has been collected during 
the development of opencast coal mining. 


possible to appreciate the lateral changes in seam thick- 
nesses and other features, together with variations in 
seam separation and changes of strata in the partings. 
Particularly in the case of the thicker and more persistent 
seams, it is possible to use each virtually as its own 
marker band. It was thus feasible to construct generalized 
vertical sections for each coalfield, and to compare these 
with shaft and deep borehole sections. When the two 
sections so produced were compared, it was immediately 
possible to correlate a large number of seams with virtual 
certainty. At the same time, a number of discrepancies 
were shown up which required further research. 

One of the more interesting of these was in a section 
in the lower part of the productive group of seams, 
where three seams in the South Derbyshire Coalfield 
seemed to correspond to two seams in the Leicestershire 
area. This caused Strauss to look for another seam in 
this section, and he was successful in showing that a 
third seam, now called the Middle Roaster, is present 
over part of the Leicestershire Coalfield between the 
two seams already known. This discovery has enabled 
all the known sections containing these seams to be 
successfully interpreted or reinterpreted in both coal- 
fields. 

Mapping and drilling have shown that the thick cannel 
seam, known as the Heath End Coal, is equivalent in 
time to the Kilburn seam. The cannel was formed in a 
narrow stagnant lake with a Charnoid (NW to SE) trend, 
which filled a downwarp forming the margin of the swell 
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called the Derby-Melbourne Causeway by Wills’. Some 
features of the Kilburn seam suggest that during cyclic 
sedimentation, with its intermittent subsidence, a reverse 
movement of emergence is occasionally significant. This 
emergence or rebound is perhaps more common than has 
so far been realized. Such movements could be significant 
in the control of evaporite basins, and further work is 
being carried out on this idea. 

Thick coals are developed which are not marginal to 
the coalfields, although true marginal thick coals are 
also known; evidently persistent ridges existed in the 
coal swamps some distance from the shore. Rapid 
changes in seam thickness and quality, and also in the 
distance between seams, suggests that block control by 
unusually small blocks at a shallow depth was the gover- 
ning process. It is postulated that these blocks were 
developed in the Carboniferous Limestone, which after 
becoming rigid, because of diagenetic processes, fractured 
along Charnoid and Caledonoid trends already established 
in the basement. 

Above the seam known as the Dicky Gobbler or Minge, 
which lies just above the base of the Lower similzs-pulchra 
Zone (about one quarter of the way up the Middle Coal 
Measures), significant local earth movements took place. 
A different type of deposition ensued, with the coals 
washed into small basins instead of being formed £n situ. 
There are a number of distinct resemblances between these 
coals and some Gondwanaland occurrences, such as the 
Ballengeich Coalfield in Natal. Rootbeds are generally 
absent, and in the strata separating the seams several very 
high grade fireclays are found; these are thought to 
be due to the reworking of earlier Coal Measures 
argillaceous rocks. Attempts to correlate these strata 
were aided by the finding of four marine bands in a 
borehole, one more than previously known. More than 
500 feet of strata in this Pottery Clay Series are known 
in the South Derbyshire Coalfield; the upper 100 feet or 
so in Leicestershire of the Coal Measures appear to 
correspond with about the lower 300 feet of the Pottery 
Clay Series in South Derbyshire. 

The first attempt at a detailed correlation with other 
coalfields was published in 1965*, showing corresponding 
seams in the southern part of the Derby-Nottinghamshire 
Coalfield. Further work by Strauss has produced an 
extended and revised correlation diagram" including the 
southern part of the Yorkshire Coalfield and the northern 
part of the Warwickshire Coalfield. This diagram shows 
clearly how the succession becomes condensed in a 
southerly direetion, together with a later start and 
earlier end to coal forming conditions. 

Upper Coal Measures rocks are not present in either 
coalfield, although they are known in the so-called 
Western Extension, a down-faulted and completely 
concealed eoalfield to the SW of the South Derbyshire 
Coalfield. In places a red-stained breccia of sandstone 
fragments overlies the Coal Measures; this has been 
deseribed by various authors as Upper Coal Measures, 
Permian or Trias. Deposition seems to have ceased 
before Upper Coal Measures times, and erosion must 
have taken place during the Permian and early Trias, so 
there seems to be no reason for thinking that these 
breecias are anything other than the basal breecia of the 
Keuper. The central part of the exposed coalfields has 
an area of coarse Triassic sandstones forming a ramifying 
ridge. It seems likely that this represents the infilling of 
a system of wadis; other such valleys have been found 
during excavation farther to the south. 

Various Glacial deposits are also found in the area. 
Temporary lakes must have been present, for a large over- 
flow channel. now filled with boulder clay, cuts through 
one of the Triassic ridges I have mentioned into the 
Coal Measures beneath. Cryoturbation features are quite 
common, although not extending to depths of more than 
15 feet, and solifluxion has been an important factor in 
obscuring the details of the solid geology. 
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A great deal of new information on the structure of 
the coalfields and surrounding areas has been obtained. 
Detailed eontoured plans of opencast sites have enabled 
large numbers of accurate dip measurements to be made 
and the axes of anticlines and synclines have been precisely 
plotted. The Leicestershire and South Derbyshire 
Joalfields are separated by the important Boothorpe 
Fault (not by the Ashby Anticline, as stated by a number 
of authors); this strueture has been shown to be a 
consequence of a combination of folding and faulting, 
the fold being a monocline, through which a thrust fault 
was formed later towards the SW. This discovery has 
shown that certain boreholes, the sections of which had 
previously not been understood, had been drilled through 
the repeated strata of the thrust fault. 

Previous maps have shown the Thringstone Fault, 
known to be present to the east of the Leicestershire 
Coalfield, to change from a nearly NS direction in the 
southern parts to NW-SE, and to run to the village of 
Ticknall. At one time a trench was being dug across the 
mapped line of the fault at Heath End, and a careful 
watch was kept to see what effect the fault would produce. 
No signs whatever of faulting were seen; because of this, 
the mapped line from Ticknall to the SE was examined 
closely, the conclusion being that no fault is present 
between Ticknall and Heath End, about 2 miles to the 
SE. Further evidence which has been obtained suggests 
that the surface trace of this disturbance passes up the 
east side of the New Brook towards Melbourne. Drilling 
aeross this fault in the vicinity of Lount village shows 
that the Thringstone Fault is a thrust to the SW through 
a monoclinal fold. Underground evidence to the SE 
presents a somewhat different. pieture (for example ref. 8) 
and it seems likely that the fault has an important 
wrench component in this vicinity. 

One outeome of this study was the realization that 
Lower Coal Measures extend over part of the area which 
had formerly been mapped as Millstone Grit. This is 
now accepted by the Institute of Geological Sciences*, 
who have succeeded in finding the Gastrioceras suberenatum 
Marine Band to the east of the New Brook. To the west 
of this point, at depth in a trench dug across the New 
Brook during the construction of a dam at Melbourne, 
coals were found which spore analysis suggests are not 
of Millstone Grit age. This is strong support for the 
presence of a thrust fault. Another idea developed from 
these investigations was the revival of the suggestion 
that a concealed coalfield might be present to the NE of 
the Derby—Melbourne Causeway and Charnwood Forest*?°. 
Examination of the geology of the Derby-Melbourne 
Causeway also showed that the Carboniferous Limestone 
masses of Breedon and other exposures to the south 
could well be diapirs, thrust up through a thin cover of 
Millstone Grit and Coal Measures before the beginning 
of the Permian Period. This idea is reinforced by the 
presence of anhydrite at a similar horizon in a borehole 
not very far away!!. 

Most of the faults of any size have a roughly Charnoid 
(NW to SE) trend in the Leicestershire Coalfield; a 
number of faults spread across the northern end of this 
coalfield are seen to arise from a narrow zone of faults 
about a mile to the NW of Ibstock. The faulting here is 
quite unusual, for most of the movement is confined to the 
levels of the coal seams, producing very wide wants with 
small throws, and a number of transverse faults showing 
obvious wrench movement. This type of faulting is 
thought to be a result of an extreme local concentration 
of tension. About 1-5 miles to the SE, a gravity high 
and strong magnetie anomaly suggest the presence of a 
basic igneous intrusion at a depth of 2,000 feet. This 
is about the depth at which the shallow rigid bloeks could 
be operating. Faults in the South Derbyshire Coalfield 
show changes in direction which are often rapid, reflecting 
the effects of the movements of shallow rigid blocks 
limited by Charnoid and Caledonoid fractures, and being 
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affected by the probably EW and NS forces of the Malver- 
nian and Ármoriean movements. One apparently normal 
fault, the Newhall Fault, is anticlinal at the northern 
end. 

Some faults have been shown to possess both pre and 
post-Triassic throws; near Packington a post-Pleistocene 
component of about 10 feet is present on Charnoid 
trending faults with a throw of 30 feet in the Trias and 
100 feet in the Coal Measures. This evidently corresponds 
with the post-Pleistocene faulting about 15 miles to the 
SE described by Shotton!?*, and confirms the suggestion 
that such faults are formed by renewal of movement on 
earlier faults. Tectonic activity still continues in this 
general area, for there was recently an appreciable earth- 
quake a short distance to the NE!*. 

The new mapping gives a good deal of information 
about the folds developed in the coalfields. It is now 
known that the Ashby Anticline is not a simple straight 
line fold, but varies from the Charnoid trend to NS. An 
anticline at Hartshorne was mistaken by Mitchell‘ for 
the Ashby Anticline; where last seen, however, the 
latter is 3 miles to the east of this. Appreciable amounts 
of workable coal also lie between the axis of this fold and 
the Boothorpe Fault; the fold has so often been described 
as separating the two coalfields. The syncline forming the 
South Derbyshire Coalfield, although large, has for some 
reason received little comment before now. A number of 
smaller folds cannot be traced for long distances; it has 
been suggested that these are drag folds caused by wrench 
movements on the Boothorpe and Thringstone fold-fault 
systems. It seems likely that wrench movement, usually 
so difficult to detect, is important both on the major and 
probably some of the minor faults. 
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This opportunity to examine elosely the Coal Measures 
rocks of this area has shown that they consist chiefty of 
light grey siltstone, showing very little bedding. Coarser 
and finer grained rocks can be found but they are unusual. 
St George's Land lying to the south, and about whieh 
little is known, was evidently unable to contribute very 
much coarse material to the basin. The more frequent 
coarse rocks in Nottinghamshire and Yorkshire were 
evidently derived from other sides of the basin. 

It would be valuable to extend this work into the 
concealed coalfields, where a great deal of information 
is recorded in mine plans. The National Coal Board now 
possesses an enormous amount of information and a 
valuable contribution to British structural geology and 
stratigraphy would ensue if some means were found to 
make this information freely available. 
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Effect of Antiserum to E. coli DNA Polymerase on Synthesis 
of X174 DNA in Extracts of DX-Infected Cells 


by In vitro synthesis of ®X DNA in extracts of oX-infected cells is 


DAVID T. DENHARDT 


Biological Laboratories, 
Harvard University, 
Cambridge, Massachusetts 


I RECENTLY reported experiments which suggested the 
specific (that is, viral plus strands only) synthesis in vitro 
of OX DNA in lysates of cells infected with X (ref. 1). 
In brief, lysates of these cells, made by dialysing sphero- 
plasts formed by exposure to lysozyme in the presence 
of sucrose, were incubated with *H-thymidine and ??P- 
dATP (alpha-labelled) in an appropriate medium. Cells 
and spheroplasts left in the lysate were removed by 
centrifugation at the end of the reaction. Because deoxy- 
nueleosides are incorporated into DNA of intact proto- 
plasts much more efficiently than phosphorylated 
compounds, whereas in vitro the deoxynucleoside triphos- 
phates are the precursors for DNA synthesis, we were 
able to demonstrate by DNA-DNA hydridization that 
synthesis of OX DNA had occurred in vitro. 

Several facts encouraged the belief that the in vitro 
synthetic event involved at least in part the same process?-* 
as that which usually occurs in vivo: first, the undenatured 
hybridizable DNA annealed much more efficiently to 
filters with minus strands than to filters with plus strands 
only, suggesting that the label was covalently incorpor- 
ated into a single stranded progeny DNA. Second, the 
sedimentation pattern of the **P-labelled DNA in neutral 
sucrose gradients resembled in part the pattern obtained 
from the normal in vive process (asymmetric displacement 
of a plus strand from RF) (refs. 2-5). 


at least in part the same as the normal in vivo process. It seems 
that a bacterial enzyme plays a part in the synthesis of single stranded 
DNA (both in vivo and in extracts), but that this enzyme is not 
simply the enzyme isolated by Kornberg from E. coli. 


I present here further information about this in vitro 
system, including experiments which show that the 
synthesis of hybridizable X DNA can be detected in 
extracts from which cells and spheroplasts have been 
removed, and that antiserum to the DNA polymerase 
isolated from E. coli by Kornberg only partially inhibits 
the reaction. 

The method for preparing the lysate has been deseribed’. 
The extract was prepared by layering 1-5 ml. of the lysate 
on top of a sucrose pad and centrifuging it for 15 min at 
9,000 r.p.m. in the HB4 Sorvall rotor in a refrigerated 
centrifuge. More than 99-5 per cent of the viable cells 
are removed by this procedure. For unknown reasons, 
the lysate of infected cells frequently gives a much 
clearer top layer than does the lysate of the uninfected 
cells. The portion of the lysate remaining on top of the 
sucrose was removed and used as the extract. 

DNA synthesis (DS) buffer contains 0-08 M tris, pH 8, 
0-01 M MgSO, 0:1 M KCl, 0-05 M NECI and 10 per cent 
glycerol. SR buffer contains 0-16 M tris, pH. 8, 0-5 M 
sucrose, 0-01 M KCN, 0-4 per cent EDTA, and 0-5 mg/ral. 
of iodoacetate. The NAD+ generating system?! contains 
1 mg/ml. of pyruvate, 1 mg/ml. of NAD* and 500 units/ral. 
of beef heart lactate dehydrogenase in DS buffer. The 
ATP generating system contains 1 mg/ml. each of phospho- 
enolpyruvate, ATP, and pyruvate kinase in DS buffer. 
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Deoxyadenosine - 5' - triphosphate - alpha-*?P, disodium 
salt, was obtained from International Chemieal and 
Nuclear Corporation. The specific activity was 574 
mCi/mM and there were 0-3 mCi in 0-18 ml. when it was 
purchased. Aliquots of this preparation were used for 
all of the experiments reported here. 

Antiserum to DNA polymerase was received from Dr 
Arthur Kornberg’s laboratory. The crude serum was 
diluted 1-5 into 0-15 M NaCl, 0-015 M sodium citrate, and 
was subjected to 70° C for 30 min to destroy nucleases 
(Cozzarelli, personal communication). The antiserum 
to PX174 virus was treated in the same way. 

The reaction was initiated by combining two volumes 
of the extract, which contains material corresponding to 
roughly 3x 10! cells/ml., with one volume of DS buffer 
containing 20 ug/ml. of sRNA, 100 uumoles/ml. each of 
dCTP, dGTP and TTP, 1 mM dithiothreitol, and 15-30 
ugmoles/ml. of ?3xP-dATP (574 mCi/mM), and 0-1 volumes 
each of the ATP and NAD+ generating systems described 
here. The incorporation (usually in a volume of 0-3- 
1-5 ml) was carried out at 37° C and was terminated 
with an equal volume of cold SR buffer. The DNA was 
isolated and purified as described!. 

DNA-DNA hybridizations were carried out as described* 
with the following modifications (which improve the 
efficiency of hybridization and reduce the background). 
HAWP ‘Millipore’ filters (20 mm diameter) resting on the 
bottoms of scintillation vials were covered with 0-7 ml. of 
preincubation medium containing in addition 0-05 per 
cent SDS, and were incubated at 65° in a gyratory water 
bath (New Brunswick) at 100 r.p.m. The RF filters used 
in the experiments reported in this paper contained 
about 10% denatured RF molecules per filter. 


Synthetic Abilities of Lysate and Extract 


The lysate, which was made by dialysing lysozyme- 
treated cells, contained whole cells, membrane fragments 
and macromolecules from disrupted cells. The initial 
work was done with this preparation because it was pos- 
sible that any fractionation procedure might remove or 
destroy the active DNA synthesizing apparatus, which 
could be bound to a large cellular fragment. Because 
deoxynucleosides are taken into cells much more effici- 
ently than deoxynucleotides, one can monitor the DNA 
synthesis catalysed by the cells using tritiated thymidine 
while simultaneously using #P-dATP as the precursor 
for in vitro DNA synthesis. After the reaction is over, the 
lysate is separated into a pellet fraction (cells) and a 
supernatant fraction by low speed centrifugation. This 
approach is discussed in more detail elsewheret. 


Table 1. COMPARISON OF THE ?H-TdR AND ?*P-dATP INCORPORATION BY 


LYSATES AND EXTRACTS 


TCA-precipitable e.p.m,. hybridized 


epm. to RF filters 
sH ap 3 ap 

Lysate Pellet 16,313 240 2,007 5 
Supernatant 2,897 5,004 280 70 

Extract Pellet 33 34 10 0 
Supernatant 92 2,115 4 41 


A lysate, and the extract derived from it, were prepared and incubated 
for 15 min with **P-dATP (0-1 Ci/mmole) and *H-TdR (15-9 Ci/mmole) as 
described in the text. Incorporation was terminated with SR buffer and the 
reaction mixture separated into a pellet and a supernatant fraction in both 
cases by centrifugation at 5,000 r.p.m. for 5 min (in the case of the extract 
there was only a miniscule pellet fraction), The DNA was purified? and 
0-1 ml. aliquots were assayed for TCA-precipitable c.p.m. and for ®X-specific 
DNA by hybridization to RF filters. Control experiments with various 
ratios of input DNA to RF on the filter showed that the figures given here 
are aceurate estimates of the amount of hybridizable DNA present. At the 
specific activities used 1 c.p.m. of °H corresponds to about 1-6 x 10* single 
stranded PX DNA molecules and 1 c.p.m. of **P to about 2 x 10* molecules. 


The extract is made by centrifuging the lysate layered 
on top of a sucrose pad. Table 1 shows the amount of 
3H from *H-TdR and the amount of #P from **P-dATP 
incorporated into DNA by equal aliquots of the lysate 
and the corresponding extract. For the sake of the com- 
parison the extract is also separated into a pellet and 


NATURE, VOL. 220, OCTOBER 12. 1968 


supernatant fraction; the pellet, however, is almost non- 
existent. In this experiment, which is representative, 
the extract retained 40 per cent of the dATP incorporating 
ability, but less than 1 per cent of the TdR incorporating 
ability. The amount of *?P-labelled ØX DNA detected 
by hybridization is usually a little less in the extract than 
in the lysate. 

From these data I conclude that centrifugation of the 
crude lysate, resulting in removal of most of the viable 
cells and thymidine-incorporating ability. leaves a rela- 
tively cell free extract which seems to incorporate =P 
into hybridizable OX DNA about as well as the lysate 
did. 


Antiserum affecting in vitro Synthesis of PX DNA 


At least three different possible reactions, or com- 
binations thereof, can be considered for the synthesis of 
PX DNA in these extracts. (1) The synthesis is catalysed 
by a @®X-specific polymerase. (2) The synthesis is 
catalysed by E. coli DNA polymerase acting in vitro in 
the same way as it would in vivo. (3) The synthesis 
observed in vitro does not represent the same process as 
that which normally oceurs in vivo, but rather a repair 
process catalysed by the enzyme isolated by Kornberg. 
As a first step in distinguishing these three possibilities 
the effect on the reaction of antiserum to E. coli DNA 
polymerase was examined. 


Table 2. EFFECT OF ANTISERUM TO DNA POLYMERASE ON THE SYNTHESIS 
OF OX DNA 
TCA- p.m. bybridized 
precipitable to RF filters 
c.p.m, 
Experiment 1 
No antiserum 3,550 45 (1-4 per cent) 
5 ul. anti-DNA polymerase 2,923 44 (1-5 per cent) 
50 ul. anti-DNA polymerase 436 31 (7-1 percent) 
Experiment 2 
50 ul. anti- X serum 2,700 53 (2-0 per cent) 
50 ul. anti-DNA polymerase 304 34 (11 per cent) 


Extracts were made from @X-infected cells and incubated at 0* C for 
2 min with the indicated amount of diluted and heated (70* C) serum. DS 
buffer containing **P-dATP and other ingredients were then added to the 
extract as described in the text. The reaction was allowed to proceed for 15 
min at 37^ C, In each experiment the samples were all handled identically 
except for the serum treatment. Aliquots of the purified DNA preparations 
were assayed for total and TCA-precipitable counts! and for the amount of 
radioactivity that would specifically hybridize to RF filters (blanks, around 
0-1-0-2 per Cent of the input, are always subtracted). The percentages of the 
input eounts that hybridized are given in parentheses. Control experiments 
where the amount of RF on the filter and the amount of input DNA were 
varied showed that the figures given here are valid measures of the amount 
of 6X DNA present. Data from two completely separate experiments are 
shown. 


Data presented in Table 2 show that the reaction leading 
to the synthesis of *?P-labelled PX DNA is more resistant 
to inhibition by anti-DNA polymerase than the reaction 
leading to the synthesis of the total (mostly bacterial) 
DNA. When almost 90 per cent of the total synthesis has 
been inhibited, less than 40 per cent of the PX DNA 
synthesis has been inhibited. "This result argues that at 
least a large fraction of the labelled OX DNA is synthe- 
sized in vitro by a reaction that is distinct from the 
reaction leading to the labelling of the bacterial DNA. 
Therefore the third of the three possibilities suggested 
here for the reaction leading to the in vitro synthesis of 
PX DNA seems unlikely. 

The fact that the amount of hybridizable DNA synthe- 
sized is partially reduced by the antiserum does not 
allow a decision between the first two possibilities. One 
could argue either that there is a ®X-specifie polymerase 
or that the responsible enzyme is E. coli DNA polymerase, 
but that in the conditions existing in the extract it is 
not very susceptible to inhibition by antibodies. Such 
would be the case if association with a DNA template or 
with other components protected it from the antiserum. 

The partial inhibition of OX DNA synthesis by anti- 
serum against DNA polymerase was not caused by some 
component other than antibodies against DNA polymer- 
ase in the serum because serum from a rabbit immunized 
against ®X did not cause any inhibition (Table 2). To 
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check whether there was any nuclease activity in the 
serum, an extract was prepared from mitomycin-treated, 
@®X-infected cells that had been pulsed with *H-TdR for 
30 s before making the extract*. In the conditions 
used, the "H was incorporated solely into *X-RF and 
replicating intermediate in such a way that (as shown by 
other experiments?) it would later appear in single stranded 
progeny DNA if the infection were to progress. The 
sedirnentation-velocity profiles of the °H and *?P-labelled 
DNA in this extract before and after incubation with 
5?P-dA'TP in the presence and absence of antiserum are 
Shown in Fig. 1. 

The sedimentation profiles show first that there is no 
detectable degradation of the DNA template (labelled 
with *H) during the ineubation of the extract, with or 
without added antiserum. This indicates both that the 
OX DNA synthesis observed in the extract is not the 
result of degradation by nucleases followed by partial 
repair and that the partial inhibition by antiserum is not 
the result of nuclease action. Second, there is no detect- 
able chasing of the "H label into the region where single 
stranded DNA would be sedimenting, indicating that 
very few, if any, of the DNA templates on the extract 
are capable of extensive synthesis of complete progeny 
viral DNA. Third, the sedimentation profile of the 
??P.labelled DNA synthesized in the presence of antiserum 
is very similar to the profile of the 3H-labelled OX DNA 
synthesized in infected cells after a short pulse of 9H-TdR. 
This is perhaps the strongest argument that at least part 
of the synthesis we are seeing in vitro represents the same 
process as that which normally occurs in vivo. Fourth, 
the P incorporated into hybridizable DNA in the 
presence of antiserum is not in free progeny viral strands, 
but rather is in the replicating intermediates which are 
capable of annealing to RF on the filters. This suggests 
that the hybridizable ??P-labelled DNA synthesized in the 
absence of antiserum may also be in replicating inter- 
mediates, not free single stranded DNA. 
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Specificity and Reproducibility of Hybridization 

It was shown earlier! that the *P-labelled «DX DNA 
annealed with a specificity suggesting that the radio: 
activity was either in or associated with plus strands, 
because it annealed with RF, but not single strand DNA, 








Table 3. EFFECT OF ADDED DNA ON THE HYBRIDIZATION REACTION 
Added 
Labelled DNA from unlabelled Input Annealed 
DNA from c.p.m. GP. 

Extract of infected celis — 3,900 T8(2-0. per cent? 
Extract of infected cells Infected cells 3,900 73 (19 percent) 
Extract of infected cells Uninfected celis 3,900 8020 pereent? 
Extract of uninfected celis — 4,160 14 O34 percent). 
Extract of uninfected cells Infected cells 4,160 19 (0-46 per cent) 
Extract ofuninfected cells — Uninfected cells — 4,160 18 (0-48 percent) 


Extracts of uninfected cella and cells infected with ØX for 10 min were 
prepared (both pulsed for 30 s with *H-TdR immediately before chilling), 
divided into two portions, one incubated with P-dATP (7-5 usmoles in 
0-8 ml. reaction volume) and the other with dATP (18 pamoles in 05 amb) 
for 15 min at 37° C. The *H label present in both portions served às à control 
on the recovery of DNA.  Aliquots of the four preparations were analysed 
for the amount of *P and *H present. The effect of the presence of unlabelled 
(with **P) DNA from infected and uninfected cells on the ability of **P 
labelled DNA from infected and uninfected cella to hybridize to @X% AU on 
filters wasexamined. In the two cases where unlabelled DNA was not added 
an equivalent amount of 0-05 M tris, pH 8, was added to ensure that. the 
ionic conditions and the volume of the hybridization solutions were all: the 
same. 


filters. We did not at that time present a control showing 
that the presence of unlabelled ØX DNA was not in 
some way increasing the amount of labelled bacterial 
DNA that would stick to the RF filter. Such a control is 
presented here, both to put it on record and to show 
several parameters of the hybridization procedure we 
are using. l 
Extracts of d X.infeeted and uninfected cells were 
made and then divided into two equal portions. One of 
the portions was incubated with **P-dATP, the other with 
unlabelled dATP. The effect of adding unlabelled DNA 
from extracts of infected or uninfected eells on. the 
hybridizing ability of the labelled DNA from extracts of 
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Fig. 1. 


A 400 ml. culture of E. coli HF 4704 at 3 x 10* cells/ml. in mT3 x D? was treated for 25 min with 30 ugíml. of 
mitomycin and then infected with Xam? at a multiplicity of 3. 
pulsed with *HTdR (2-5 pCi/ml., 0-04 ug/ml.) for 30 s and then 


After infection for 10 min at 37° C the culture was 
poured over crushed frozen medium, An extract was 








made and aliquots were incubated for 0 min (0’) and for 15 min at 37° C in the absence (15') and presence (15' + AS) 
of antiserum (50 ul. of the heated serum in 0-5 ml. of reaction mixture). The DNA was purified and portions were 
layered on a neutral sucrose gradient (4 ml, of 20-25 per cent sucrose, 1 M NaCl, 0-05 M tris, pH 8) and centrifuged at 
60,000 r.p.m. for 3 hin the SB 405 rotor in the ZEC B60 at 10° C. Fractions were collected on paper through a hole in 
the bottom, dried and counted with toluene-ommnifluor in a Beckman scintillation spectrometer. Background (22 in 
the *H channel, 18 in the “P/H channel) has been subtracted. Corrections for crossover were not necessary. The 
bottom of the gradient is on the left. Single stranded ØX DNA, RF I and RF II run around fractions 8, 16 and 
20 respectively (see refs. 1 and 2). 
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infected and uninfected cells is given in Table 3. It is 
apparent that the presence of OX DNA does not 
increase the amount of E. coli DNA that will stick to 
RF filters. These results also illustrate (1) the repro- 
dueibility of the annealing procedure, (2) the differ- 
ence in the amount of hybridizable DNA synthesized 
in extracts of infected and uninfected cells, and (3) that 
the amounts of input DNA (which are roughly the same 
in all of the experiments reported here) are below the level 
required to saturate the RF on the filter. 

As a result of the discovery that the synthesis of pro- 
geny ®X174 DNA proceeded by displacement of a plus 
strand from RF with the concomitant synthesis of a new 
plus strand’, two alternative mechanisms were con- 
sidered. One envisaged de novo initiation of a new plus 
strand, resulting in intermediates which are shorter than 
the finished product. The other envisaged elongation of the 
plus strand already present, thus giving rise to inter- 
mediates which are longer than the finished product. 
This latter possibility was suggested (by W. Gilbert and 
D. Dressler) to make it possible for E. coli DNA polymer- 
ase (which is known to require a 3’ OH to add on to) 
to catalyse the synthesis of single stranded ®X DNA. 
Experiments are in progress both here at Harvard and 
at the California Institute of Technology to determine the 
existence and relevance of long and short strands. 

The experiments reported here were intended to ask the 
question whether or not the E. coli DNA polymerase 
isolated by Kornberg was responsible for the synthesis 
of single stranded DNA in these extracts and hence 
presumably in vivo. The results indicate fairly clearly 
either that E. coli DNA polymerase does not catalyse 
the synthesis of hybridizable ®X DNA in the extract 
or that, if it does, it is not readily inhibitable by anti- 
bodies. 

This result is compatible with the experiments reported 
by Steinberg and me’ showing that a bacterium the 
ability of which to replicate DNA is temperature sensi- 
tive is also unable to support the continued synthesis 
of single stranded ØX DNA if the ®X-infected cells are 
shifted from the permissive to the restrictive temperature 
during the period of single stranded DNA synthesis. Yet 
extracts of this bacterium exhibit normal Kornberg 
enzyme activity at both temperatures’. 


Chalones and Cancer 
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None of these results prove that the E. coli DNA 
polymerase isolated by Kornberg is not involved in the 
reaction. It is possible that the interaction of the enzyme 
with the X template alters its properties or that associa- 
tion with other components is required for certain types 
of DNA synthetic reactions, but not for all, and the 
presence or absence of these other components affects 
the properties of the enzyme. In this connexion Huh 
and Helleiner* have reported that expression of DNA 
polymerase activity in extracts of ®X-infected and unin- 
fected cells is different, though when they tried to purify 
the activity they were unable to find any indication of a 
new polymerase. 

The results reported here prove that there is some 
difference between the reaction leading to the non-specific 
labelling of the bacterial DNA (which I believe reflects 
primarily attempts to repair the fragments of the bacterial 
DNA generated in the process of making the extract)! and 
the reaction leading to the synthesis of DX DNA. The 
similarities of the characteristics of the in vitro synthesis 
of ®X DNA reported in this and the preceding! paper to 
the characteristics of the in vivo process argue that the 
in vitro process in these extracts is at least in part the 
same as the normal in vivo process. At present I favour 
the hypothesis that a bacterial enzyme plays a part in 
the synthesis of ỌX single stranded DNA (both in vivo 
and in these extracts) but that this enzyme is not simply 
the enzyme isolated by Kornberg from E. coli. 

I thank Kathryn Bromstrup for technical assistance 
and Dr Nicholas Cozzarelli for advice and samples of 
DNA polymerase and antiserum to DNA polymerase. 
This work was supported by grants from the US Public 
Health Service and the American Cancer Society. 
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In a number of tissues it has been found that mitotic activity is 
controlled by specific mitotic inhibitors, called chalones. It is now 
shown that in four malignant tumours (epidermal carcinoma, granu- 
locytic leukaemia, melanotic and amelanotic melanomata) the chalones 
of the tissues of origin are still synthesized, although the chalone 
content is abnormally low, and that in all cases the tumours are still 
capable of responding by mitotic inhibition when the chalone content 
is artificially raised. It is also shown that when extracts of normal 
skin or of melanomata (both of which contain the melanocyte 
chalone) are injected for 5 days into mice or hamsters bearing 
large malignant melanomata, rapid tumour regression occurs and 
in some cases leads to a complete cure. 


Epidermal Chalone and Mitotic Control 
in the V x 2 Epidermal Tumour 


Ir has been shown! that normal mammalian epidermis 
produces and contains a substance, now called the epi- 
dermal ehalone?, which in the presence of adrenalin? and 


a glucocorticoid hormone* inhibits epidermal mitosis in 
a tissue-specific manner. There is evidence that it is this 
substanee which, in terms of its intracellular concentra- 
tion, maintains the balance between cell production and 
loss in the epidermis. In carcinogenesis the basie event 
is clearly the disruption of this normal balance so that an 
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unusually large mass of cells is able to aceumulate*. The 
question therefore arises whether in an epidermal tumour 
there is any change in the chalone mechanism. In particu- 
lar it is important to diseover whether the cells fail to 
produce or retain normal amounts of the epidermal 
chalone or whether they fail to respond normally to any 
epidermal chalone that may be present. The results 
given here have already been briefly reported*. 

In devising the experiments it was necessary to use a 
transplantable tumour and to maintain it in genetically 
similar animals so that meaningful comparisons could be 
made between the different experimental groups. The 
rabbit V x2 epidermal tumour, originally derived from 
the Shope papilloma, was chosen; it is now a poorly 
differentiated, fast growing, squamous cell carcinoma 
which metastasizes early. Fragments were inoculated 
intramuseularly in the thighs of adult albino rabbits and 
all the experiments were performed 2 weeks later. These 
tumours were capable of killing a rabbit in as little as 
4 weeks. 

In the first experiments, tumours were macerated and 
extraeted in water, and after centrifugation the clear 
supernatant was tested for the presence of the epidermal 
chalone. The test was made on pieces (about 3 mm?) 
of normal mouse ear epidermis maintained at 37? C in 
a buffered saline medium with glucose and an oxygen 
gas phase’. In such an experiment a mitotic inhibition 
ean only be ascribed to the epidermal chalone if it satisfies 
two criteria: it must be epidermis-specific and it must be 
dependent on the presence of trace amounts of adrenalin. 
When epidermis from freshly killed mice is placed in 
vitro it contains sufficient adrenalin to permit a powerful 
response to epidermal chalone in the culture medium, but 
within about 5 h this adrenalin is lost and the chalone 
loses its power to inhibit mitosis*. At this time a brief 
wash in a dilute adrenalin solution immediately restores 
the responsiveness of the epidermis to the chalone. 

The extracts of the V x 2 tumour satisfied these tests 
and it is therefore clear that the tumour cells contained 
at least some epidermal chalone. 

Tests were then made of the ability of the V x 2 cells 
to respond by mitotie inhibition to the epidermal chalone. 
Pieces (about 3 mm?) of the outermost mitotic zone of 
the tumours were ineubated for 4 h in saline medium in 
the same way as were the pieces of ear. The epidermal 
chalone, prepared from pig skin by N. V. Organon, Oss, 
The Netherlands, was in the form of a partially purified, 
71-80 per cent ethanol precipitate’. The dosage used is 
expressed in mg of the original water soluble material 
obtained from the pig skin. About 40 ug of the 71-80 per 
cent ethanol precipitate is equivalent to 1 mg of the 
original material and is therefore described as 1 mg 
equivalent. 

The results (Fig. 1) indicated that no mitotic inhibition 
was obtained with chalone (0-25 mg equiv./ml.; N, No. 
of tumours, =35), adrenalin (2:5 ug/ml.; N=34), or 
hydrocortisone (2-5 ug/ml.; N — 30) alone, or with chalone 
plus adrenalin (N —25) or chalone plus hydrocortisone 
(N«36). Significant mitotic depressions of 11 per cent 
were obtained, however, with adrenalin plus hydrocorti- 
sone (N = 58) and of 53 per cent with chalone plus adrenalin 
plus hydrocortisone (N — 75). Thus the importance of the 
stress hormones is again obvious, and it appears that the 
small mitotie depression obtained with these hormones 
alone was probably due to their cooperation with the 
endogenous chalone of the tumour cells. 

The action of the epidermal chalone was also tested in 
vivo using 5,000 mg equiv. per rabbit injected sub- 
eutaneously, when the mitotie depression in the V x2 
tumours (N — 19) during the next 4 h was about 70 per 
cent. In these cireumstances, the chalone was evidently 
able to exert its antimitotic action in cooperation with 
the endogenous stress hormones. 

The V x 2 cells clearly retain their ability to respond by 
mitotic inhibition to the epidermal chalone, and so it 


155 


seems that their high mitetie activity may be related 
either to their failure to synthesize sufficient chalone or to 
their inability to retain what chalone they do synthesize. 
It is significant that in rabbits with large V x 2 tumours 
the mitotic activity of the normal epidermis was found 
to be deeply depressed, evidently because of the large 
amounts of epidermal chalone that were escaping from 
the tumour into the body. This suggests that one basic 
fault in the V x 2 cells may be that the cell wall is un- 
usually permeable to the chalone. An exactly similar 
conclusion has been reached by Rytómaa and Kiviniemi 
(see following communication) in relation to the granulo- 
cytie chalone of chloroleukaemic cells. 


chafone adrenalin hydrocortisone 








adrenadin. 
hydrocortisone 





hydrocortisone 


mitosis 





Effect of epidermal chalone and stress hormones 


Fig.1. Mitotic activity of pieces of V x 2 epidermal tumour maintained 

in vitro and treated with epidermal chalone, adrenalin and hydro- 

cortisone alone and in various combinations. With the combinations 

of chalone plus adrenalin and chalone plus hydrocortisone not shown 
here, there was no mitotic depression, 


The question now obviously arises whether such 
chalones may be of practical value in cancer chemo- 
therapy to arrest or even to reverse tumour growth. 
Because of the relatively small supply of epidermal 
chalone and the relatively large size of a rabbit, however, 
it has not yet been possible to use the V x 2 tumour in 
such an investigation. Therefore, because no trans- 
plantable epidermal tumours were available in such 
smaller animals as mice and hamsters, the problem has 
been approached using transplantable melanomata treated 
with the melanocyte chalone. The results obtained are 
described in the following communications. 

We thank Mr B. Devlin, St Thomas’s Hospital, London, 
for V x 2 tumours for the in vitro work and Mr M. Gough, 
University College Hospital, London, for facilities for the 
in vivo work. 
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Control of Cell Production in Rat 
Chloroleukaemia by means of the 
Granulocytic Chalone 


Many authors have pointed out'? that deficiency in the 
intra or intercellular control of cell production is an 
ential feature in malignant growth. In normal con- 
ditions the balance between granuloeyte production 
(granulocytopoiesis) and loss is regulated by humoral 
substances which control, first, the “influx of progenitor 
cells from a self maintaining stem cell population and, 
second, the mitotie activity “of these progenitor cells in 
the bone marrow (refs. 2-6 and our unpublished results), 
One of the regulatory mechanisms in granulocytopoiesis 
is based on a tissue- specific mitotic inhibitor, the granulo- 
cytie chalone, which originates from the mature cells of 
the population*. This chalone mechanism prevents the 
excessive multiplication of the progenitor cells and it is 
apparently similar? to those other chalone mechanisms 
which control, for example. the epidermis and the skin 
melanocytes (see preceding and following papers). 

As a consequence of the properties of the chalone 
mechanism, and of the superficially paradoxical discovery 
that the serum of chloroleukaemic rats contains an excess 
of the granulocytie chalone‘, it was considered important 
to discover whether there is any distortion of the chalone 
mechanism in leukaemia.  Shay's myelocytic chloro- 
leukaemia (CHL), maintained in this laboratory for 
10 yr by subcutaneous transplantations to Sprague- 
Dawley rats (ref. 7 and our unpublished results), was used 
in the present study. Most of the experiments were 
carried out ¿n vitro using the short-term assay system 
described earlier'-*, but in later experiments attempts 
were also made to study chalone action in vivo. 

Chalone containing material was obtained from both 
normal and CHL rats and was used in the tests either in 
à raw form or after purification*. The chemical properties 
of the active material are not known in detail; so far one 
of the best non-biological characteristics of the tissue- 
specific granulocytic chalone is its behaviour in gel filtra- 
tion on 'Sephadex G-75' k here, regardless of the source, 
it is eluted at V./V,= 2.73 - 0-03. (ref. 5 and our un- 
published results). This suggests a molecular weight of 
about 4,000. 

It was observed in autoradiographic studies of the 
proliferative activity of normal bone marrow and of CHL 

cells that in the absence of added chalone the rate of cell 

proliferation is lower in chloroleukaemia than in normal 
bone marrow (6-0 and 8-5 per cent/h, respectively, ex- 
pressed as a percentage of all morphologically mitotic 
cells), but because, as a result of delayed maturation, 
there are more progenitor cells in the CHL than in normal 
bone marrow, the rate of cell production and growth is 
higher in the leukaemic cell population than in the normal 
cell population (4:4 and 2-4 per cent/h, respectively) (our 
unpublished results). 

In the first experiments with added chalone, attempts 
were made to discover whether the granulocytic chalone 
was present in the CHL cells as well as in the CHL serum‘. 
The results indicated that chalone is present in excess in 
CHL serum (our unpublished results). as had been noted 
before*, and that chalone is also contained within the 
CHL cells. A comparison with normal cell extracts, 
however, suggested that each CHL cell contains only from 
one-tenth to one-fortieth of the amount of chalone present 
in a normal mature granulocyte. 

From this it seems that the malignant cells lose their 
chalone to the environment at an abnormally high rate. 

A series of experiments was then carried out to discover 
whether the CHL cells are also capable of responding to 
added ehalone. The results (Table 1) demonstrated that 
the CHL cells do respond by significant inhibition of DNA 
synthesis but that their sensitivity is considerably less 
than that of normal cells. 

In subsequent studies dealing with the in vivo effects 
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of chalone, partly purified preparations were used. Short- 
term (1-2 days) and prolonged (up to 2 weeks) treatment 
of rats and mice with rat chalone, using intraperitoneal 
and intravenous (preferably in vena dorsalis penis?) i injec- 
tions, has shown that the material is non-toxie in all 
doses tested so far. It has been established, however, 
that repeated injections of apparently excessive amounts 
of chalone are potentially dangerous in that they cause 
severe suppression of normal gr: anulocyte production and, 
unless prevented, this has resulted in fatal infection within 
a few days. 





Table 1, RESPONSE OF NORMAL BONE MARROW CEL: 
LEUKAEMIC CELLS TQ GRANULOCYTIC CHALON 






AND OF CHLORO- 
Sin vitro 


Normal hone marrow 


Source of chalone cells Chioroleukaemie cells 
N Meant S.E. N Mean + SE. 
Normal serum orextract 6 229445 R 
of leucocytes 
Chloroleukaemic serum 8 36.0 43 4 





N is the number of independent experiments, in each of which the control 
and experimental groups contained equal numbers of cultures (from ten to 
thirty). The figures indicate the mean inhibitions obtained from the inde- 
pendent experiments and are expressed as percentages of the differences 
from the controls. The effects of test materials were measured in terms of 
cumulative incorporation of either *H-thymidine (1 HCH) ml.) or *C-formate 
(1 uCi/ml.) in DNA in unit numbers of target cells, using short term mono- 
eee. on cover glasses as the assay system (for full details, see refs. 

4 and 5) 


In most in vivo experiments so far performed, "safe" 
amounts of chalene have been used for only short periods 
(1-2 days). The doses given have been approximately 
equal to the concentrations used in vitro if the chalone 
concentration is estimated in terms of the numbers of 
mature granulocytes extracted per ml. of solution and if 
the amount given per gram of body weight is regarded as 
equivalent to the amount added per ml. of culture medium. 
In the experiments with repeated intraperitoneal injec- 
tions, each dose (per gram body weight) represents fresh 
chalone extracted from 5-20 x 105 mature granulocytes. 
Short term treatment of young chloroleukaemic rats has 
shown that this amount is capable of producing a signifi- 
cant suppression of the proliferative activity of the leuk- 
aemic cells and also, as expected, of the normal granulo- 
eytie progenitor cells in the bone marrow. 

Results with ehloroleukaemie rats injeeted for 1 to 2 
days (between two and seven injections in all) showed 
reductions of 31 per cent (S.E. € 15 per cent; N11) in 
the total DNA synthesis and 24 per cent (S.E. X5 per 
cent; N-5) in the overall E index in the bone 
marrow, and 34 per cent (S.E.X5 per cent; N=17) in 
the number of circulating leucoey tes. Because ery- 
thropoiesis has not been observed to respond to these 
injections, the actual mitotic depression of both normal 
and leukaemic granulocytes must have been much higher. 
In accord with this, treatment of CHL rats for about 5 
days with larger doses has resulted in virtually complete 
cessation of normal granulocyte production. 

In summary, the principal results presented here 
demonstrate the following: (i) chloroleukaemic cells 
contain, and presumably also produce, the granulocytic 
chalone, but it seems that their content of chalone is 
only from one-tenth to one-fortieth of the amount present 
in a normal mature granulocyte; (ii) leukaemie cells pro- 
duce chalone at a low rate but lose it at an abnormally 
high rate which, together with the large mass of leukaemic 
cells in the body, results in an increased content of chalone 
in the serum; (iii) chloroleukaemie cells are capable of 
responding by mitotic inhibition to a sufficiently high 
content of exogenous chalone both in vitro and in vivo ; 
(iv) these results and conclusions are essentially similar 
to those obtained with the V x 2 epidermal tumour of 
rabbits, and with melanomata of both mice and hamsters 
(see preceding and following communications). 
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Melanocyte Chalone and Mitotic 
Control in Melanomata 


ANALYSES of the growth control systems in the mam- 
malian skin have revealed the existence of the epidermal 
chalone mechanism! and have indicated that other similar 
tissue-specific mechanisms are probably involved, for 
example, in the control of mitosis in hair bulbs* and in 
hypodermis?. As one of its constituent tissues the skin 
contains a large population of dispersed melanocytes. 
It is possible that these, too, have their own mitotic 
control system and that extracts of skin may contain a 
melanocyte chalone. It is technically difficult, however, 
to assess the mitotic activity of the skin melanocytes. 
Following the evidence (see the two preceding communica- 
tions) that in two diverse tumours the cells are still able 
to respond to the chalones of their tissues of origin, an 
attempt has been made to use the mitotic cells of melano- 
mata as test objects and so to discover whether a melano- 
eyte chalone exists both in normal skin and in melanomata. 

Preliminary experiments involved the treatment of 
Harding Passey melanomata (diameter about 1 em) in 
NMRI mice by subcutaneous injections of pig skin 
extracts which were partially purified in the form of a 
71-80 per cent ethanol precipitate* (provided by N. V. 
Organon). The doses given were measured in mg equiva- 
lents (40 ug of the 71-80 per cent ethanol extract repre- 
sented 1 mg equivalent, for it was derived from approxi- 
mately 1 mg of the water soluble material in the crude 
pig skin extract). 

It was found that in the 4 h following the injections of 
the pig skin extracts (300 mg equiv. to each mouse) the 
mitotic aetivity of the outermost growing zone of the 
melanomata fell by about 50 per cent (N— 10). It was 
also shown that a preparation of epidermal chalone which 
had been highly purified by electrophoresis and dialysis*, 
and which was highly active against epidermal mitosis, 
had no effect on the mitotic activity of the melanomata. 
It follows that the observed mitotie depression in the 
melanoma cells was not caused by the epidermal chalone. 

The next experiments involved hamster amelanotic 
melanoma (Green, Fortner) cells in vitro. From tumours 
of about 2 cm in diameter, pieces (about 3 mm?) were cut 
from the outermost mitotically active zone and were 
incubated for 4 h at body temperature in a buffered saline 
medium with glucose and an oxygen gas phase*. Because 
of the known dependence of epidermal chalone action on 
the two stress hormones’, these experiments with the 
hypothetical melanocyte chalone involved all these three 
substances in all possible combinations. The results 
(Fig. 1) showed that there was no mitotic inhibition in 
the amelanotic melanoma cells when skin extract (2-5 mg 
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equiv./ml.; N —16) or adrenalin (2-5 ug/ml.; N=18), or 
hydrocortisone 2-5 ug/ml.; N=16) was added alone, and 
similarly there was no inhibition with skin extraet plus 
adrenalin (N — 19) or with skin extract plus hydrocortisone 
(N=14). With adrenalin plus hydrocortisone (N — 33), 
however, there was a significant 15 per cent mitotic 
inhibition, while with skin extract plus adrenalin plus 
hydrocortisone (N=15) the inhibition reached about 
60 per cent. 

These results are closely similar to those obtained when 
the epidermal V x 2 tumour was treated with the same 
combinations of the epidermal chalone and the stress 
hormones (see first communication). Once again, there- 
fore, it was necessary to discover whether the mitotic 
inhibition induced in the amelanotic melanoma was a 
result of the action of the epidermal chalone. The experi- 
ments were repeated using the highly purified epidermal 
chalone and it was found that it had no action on the cells 
of the amelanotie melanoma. This shows that pig skin 
contains some substance which is distinct from the epider- 
mal chalone, which selectively inhibits mitosis in tumour 
cells of melanocyte origin and which, like the epidermal 
chalone, requires the presence of the two stress hormones. 
It is reasonable to conelude that this is probably a melano- 
cyte chalone. 

The final experiments were designed to determine 
whether this chalone is also present in the cells of the two 
melanomata. One indication of its presence in the 
amelanotic melanoma may be the small mitotic depression 
of 15 per cent obtained with adrenalin plus hydrocorti- 
sone; this could have been caused by the cooperation of 
the hormones with the endogenous chalone. Attempts 
were therefore made to extract endogenous chalone from 
the macerated cells of both the Harding Passey melanoma 
and the amelanotic melanoma. These extracts (prepared 
by N.V. Organon) were tested for their action on the mito- 
tie activity of small pieces of the amelanotie melanoma 
maintained in the usual way in vitro. In the presence of 
adrenalin and hydrocortisone (both 2-5 ug/ml.) it was 
found that both the extracts (2-5 mg equiv./ml.: Harding 
Passey melanoma extract, N —32; amelanotie melanoma 
extract, N — 19) contained a mitotic inhibitor which caused 
a 50 per cent depression in the melanocyte cells. These 
two extracts were also tested against epidermal mitotic 
activity and were found to be without effect, again 
showing that the melanocyte chalone is distinct from the 
epidermal chalone. 

Thus the indieations are that the melanocyte system 
of mammalian skin is normally controlled by a tissue- 
specific melanocyte chalone and that the two melanomata 
used here both continue to synthesize this ehalone and to 
respond by mitotic inhibition to its presence. "The infer- 
ence is that the rapid rate of growth of these melanomata 
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Effect of melanocyte chalone and stress hormones 


Fig. 1. 

in vitro and treated with melanocyte chalone, adrenalin, and hydro- 

cortisone alone and in various combinations. With the combinations 

of chalone plus adrenalin and chalone plus hydrocortisone, not shown 
here, there was no mitotic depression. 


Mitotic activity of pieces of amelanotic melanoma maintained 
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must indieate either that the cells produce too little 
chalone or that, as with the V x 2 epidermal tumour and 
the chloroleukaemia (see preceding communications), the 
chalone that is produced is rapidly lost into the blood. 
It is now known that at least four different transplant- 
able tumours continue to synthesize the chalones of their 
tissues of origin and also to respond to their own chalones 
by mitotie inhibition when the concentration is increased 
suffieiently. In melanomata it is even possible to suppress 
the mitotie activity by extracts of melanomata. Again 
it is possible that tumour growth in vivo may be prevented 
or even reversed by repeated injections of either normal 
or tumour tissue extracts. A preliminary examination 
of this possibility is described in the following com- 
munication. W. 8. BULLOUGH 
Epna B. LAURENCE 
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Melanoma Regression induced by 
**Chalone"' : a New Tumour Inhibiting 
Principle acting in vivo 

TISSUE-SPECIFIC anti-mitotic substances, now known as 
chalones!, have been extracted from a number of tissues, 
and especially well known are the epidermal and granulo- 
cytie chalones??. Although it is tissue-specific the epider- 
mal chalone is not species-speeific*. The various chalones 
evidently play an important part in the regulation of 
tissue growth, and so it is necessary to consider whether 
in a tumour the chalone system may have become 
deranged. Recent studies of several different tumours 
have shown that chalones are present and that the 
tumour cells are still able to respond to them by mitotic 
inhibition (see preceding communications). In all cases 
the high mitotic activity of the tumour appears to be 
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NMRBI mice with Harding-Passey melanoma: left, an untreated 
control and, right, a similar mouse after treatment with pig skin extract, 
In the treated mouse note the healing wound after the extensive ulcera- 
tion which accompanied tumour regression. 
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Fig. 2. Syrian hamsters with amelanotic melanoma (Green, Fortner): 

left, an untreated control and, right, a similar hamster after treatment 

with pig skin extract. In the treated hamster tumour regression Was 
accompanied by ulceration, 





related to the low chalone concentration within the cells. 
This suggests the possibility of suppressing neoplastic 
growth by repeated chalone injections, and a preliminary 
investigation has now been carried out. 

In most of this work extracts of pig skin (prepared by 
N. V. Organon) were used in the form of a partly purified 
71-80 per cent ethanol fraction?. This preparation was 
known to contain both the epidermal chalone and the 
melanoeyte chalone. ‘The first experiments showed that, 
with the doses used, squamous cell carcinomata induced 
in mouse epidermis with benzpyrene were not affected by 
subcutaneous injections of the skin extract. Further 
variations on this experiment are required before a 
conclusion ean be drawn. 

Experiments were then carried out using Harding- 
Passey melanomata transplanted into NMRI mice and 
amelanotie melanomata (Green, Fortner) transplanted 
into Syrian hamsters. In both cases animals bearing 
melanomata which had grown to the size of a cherry were 
injected subcutaneously at a site opposite to the tumour. 
In both cases, too, each animal was injected daily for 
5 days and the total dose given during this period ranged 
from 25 to 400 mg of the ethanol fraction. With the 
optimum doses (mot 100-200 mg; hamster, 200 mg) 
both tumours responded in the same way. They became 
soft and neerotie, the amelanotie melanomata darkened, 
and then they regressed and ulcerated, and the wound 
finally healed. With the lower doses there was a partial 
response while the highest dose proved to be toxic. 
Evidently this was due to the impurity of the skin extract 
and partly to the speed and massive scale of resorption 
of the tumour proteins. 

The actual results were as follows: in seventy-five mice 
receiving either 100 or 200 mg of skin extract all the 
melanomata regressed completely (Fig. 1) as compared 
with no spontaneous regressions in more than 1,000 
untreated mice with similar cherry size tumours; in 200 
hamsters receiving 200 mg of skin extract all the melano- 
mata regressed completely (Fig. 2) as compared with no 
spontaneous regressions in more than 3,000 untreated 
hamsters with similar tumours. Subsequently, in most 
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eytoma (Garcia, Baroni, Rappaport) in bar- 
sters, or mastocytoma (Furth) in mice. 
The obvious possibility is that the melane- 





40 


eyte chalone may be the active agent. Bullough 
and Laurence (see previous communication) 
have shown that both the melanomata usec 
here contain this chalone, and if this is indeed 
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Fig. 3. 

variance, of an exporiment with 

A, Length of life: B, tumour volume; C, tumour weight, 

untreated while the groups to their right received respectively 25, 50, 
and 400 mg of pig skin extract, 


of the mice and all the hamsters tumours or metastases 
recurred, but eight mice were alive and free of melanoma 
10 months after the end of the experiments. It remains 
to be determined whether with treatment for longer than 
5 days such recurrences can be prevented. The results 
obtained with hamsters are also illustrated in Fig. 3. 
The question of the identity of the aetive agent then 
arose. It was shown that it was not the epidermal 
chalone, for, when the skin extracts were highly purified 
by electrophoresis and dialysis* and used in equivalent 
doses, they were not active against melanomata in vivo 
and in vitro. Liver extracts also had no effect. The 
resulta were apparently not caused by the stressful 
action of the treatment : necrosis at the site of injection 
was simulated by skin burnings without any effect on the 
tumours. Spores of anaerobie bacteria, which might 
lead to tumour regression as reported by Móse*, were 
excluded as causative agents morphologically and micro- 
biologically. Also, because of the fast reaction time, a 
primary immune response was probably not involved. 
Injection of EDTA did not influence tumour growth, 
thereby excluding a possible chelating action of the skin 
extracts. Finally, it was shown that the skin extracts, 
in the same doses as were used with the melanomata, had 
no effect on Walker carcinoma in rats, KG-13-plasmo- 
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Results, expressed according to the Friedman nonparametric analysis of 
hamsters bearing the amelanotic melanoma, 
The control groups 0 were 
100, 200 


the active agent then, paradoxical as it may 
seem, extracts of these melanomata should be 
able to destroy these melanomata. Aqueous 
extracts of large numbers of Harding~Passey 
melanomata were prepared in the usual way 
and these were injected into hamsters with 
amelanotie melanomata, The preliminary 
results proved to be similar to those already 
obtained with skin extracts. 

These experiments represent the first applica- 
tion of the chalone concept to the practical 
problem of tumour destruction, and although 
final proof is lacking, it is reasonable to suggest 













responsible for the results obtained. 
other types of tumour will respond similarly 
the ehalones of their original tissues remains an 
open question. 

One final comment is necessary. Later 
attempts to produce active skin and melanoma extracts 
have sometimes failed. It seems that the active substance 
is unstable or that it is otherwise lost during preparation, | 
and that the present methods of extraction are not ident. 
Attempts are now being made to devise new extraction. 
techniques. | 
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Implications of Shock Effects in Iron Meteorites 


by The shock loading history of iron meteorites seems to alter pro- 
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Ir is well established that iron meteorites are derived from 
material that was subjected to high temperature processes. 
Following a period of slow cooling to quite low tempera- 
tures the meteoritic parent bodies were fragmented by 
mutual collision. At some time after their initial slow 


foundly their solid state response to annealing at moderate tem- 
peratures. This permits certain conclusions about the history of 
these iron meteorites to be drawn. 


cooling some of these meteorites have been reheated) and, 
because of the collision-induced stresses in them, extern- 
sively altered. Processes such as close approach to the 
Sun and ablation in the atmosphere, however, have been 
considered as very unlikely to cause extensive alteration 
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due to heating’. although on a limited scale aerodynamic 
ablation often causes such effects in millimetre thick 
regions on the surface of iron meteorites. There are, 
however, many likely opportunities for this reheating!. 
On a short heating time scale (seconds to minutes) iron 
meteoroids can be shock-heated during preterrestrial col- 
lisions® or, in sufficiently energetie events, on impact with 
the Earth?*. After either of these events, initially un- 
heated material may be altered by contact with initially 
hot ejecta. In this case the heating times may be much 
longer, of the order of hours for terrestrial events*?, and 
conceivably even longer in the case of preterrestrial break- 
up collisions. After landing on Earth, meteorites may be 
artificially altered by heating for one reason or another; 
several such cases have been listed by Hey* and others. 
Typieally the artificial reheating times seem to be on the 
scale of minutes. 

During a preliminary survey of the shock histories of 
the iron meteorites! we noted that, of the twenty-seven 
known or suspected group III meteorites studied, twenty- 
five had been shocked to pressures between 130 and 
150 kbar. (The classification of iron meteorites into groups 
is based on the concentrations of the trace elements. 
gallium and germanium, which they contain, and the 
concentration limits of group III are given in ref. 7 (or 
see refs. 1 and 2).) The remaining two meteorites, Carthage 
and Deseubridora, had been completely altered thermally 
in some way so as to produce a rather striking micro- 
struetural texture (Fig. 1f). At that time we noted that 
at least one other group III iron meteorite, Ruff's Mt., 
was known to have this rather unusual appearance*. Sub- 
sequently, we concentrated on this group and studied the 
shock histories of thirty further meteorites either known 
or suspected to be of group III (ref. 2). Again, shock 
effects from pressures of 130-750 kbar were predom- 
inantly characteristic. Although no other specimens 
were found to resemble Deseubridora (Fig. If), the texture 
of one, Sams Valley (Fig. le), seemed to be intermediate 
between that of a thermally unaltered but shocked 
meteorite (Fig. 1b) and Descubridora. 

We noted previously that these thermal alterations 
seem to have arisen from extended exposure of iron 
meteorites to temperatures well below 630° C (ref. 2). 
Because of the “normal” cosmogenic noble gas composition 
in Descubridora* we concluded that the thermal alteration 
had predated the meteorite's exposure to cosmic-rays!. 
'This, in turn, suggested that. after the break-up collision 
disrupted the parent body of the group IH iron meteorites. 
some metre-sized fragments of this body were embedded 
in the surface of massive, shock-heated material. We also 
postulated that this material consisted of kilometre-sized 
fragments of the collision. partner or complementary 
silicate, the parent of the hypersthene chondrites”. By 
this mechanism, "normal" shocked meteorites could be 
raised to elevated temperatures and heated for an extended 
period, thus becoming altered. Much later, this associa- 
tion could be severed by relatively gentle secondary col- 
lisions, allowing the freed fragments to be ultimately 
captured by the Earth. 

One apparent diffieulty with our explanation was that 
in previous annealing experiments on iron meteorites (for 
example, ref. 10 and others) mosaic textures (Fig. le 
and f) were never produced. These previous experiments 
did not exactly duplieate our postulated sequence of 
events, however, inasmuch as the meteorite samples 
heated had not been previously shocked. There were 
therefore two reasons for carrying out heating experiments 
on previously shocked iron meteorites. The first was to 
determine whether the previous shock history affected 
the solid state response of crystals (in this case, meteoritic 
Fe-Ni) to heat treatment. Second, we wished to test our 
hypothesis of the sequence of events involving the group 
Til octahedrites and the hypersthene chondrites. In 
particular, if the microstructural textures of meteorites 
like Deseubridora or Sams Valley could be reproduced 
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from shocked, but not from unshocked, meteorites by 
heating in reasonable conditions, the likelihood of our 
explanation would be greatly strengthened. 

The temperature-time conditions for our experiments 
were conservatively chosen to be somewhat lower than 
those which apparently prevailed during the short out- 
gassing (that is, late reheating) period of the black 
hypersthene chondrites. From the mineral associations 
in the metal particles of these chondrites, Heymann! 
concluded that the maximum temperatures were well 
above 600° C and, in some cases, nearer 950° C. Although 
no firm time limits could be set, the nearly complete loss 
by thermal outgassing of radiogenic *He and *°Ar suggests 
that the effective cooling times were in the range of 
weeks to a few months (personal communication from 
D. Heymann). 

The specimens chosen for our experiments were samples 
of the Odessa meteorite that had been shocked artificially 
to known pressures of 200 and 400 kbar. In some heating 
experiments, samples of unshocked Odessa meteorite were 
included as controls. All samples were sealed in evacuated 
quartz vials and were buried in preheated vermiculite 
contained in a 2 kg quartz vessel which, in turn, was in 
a Lindberg B-6 furnace. The apparent gross temperature 
variation as registered on the Capacitrol 471 temperature 
controller was about + 14° C, but because of the intimate 
contact of the meteorite samples with the large heat sink 
the meteorites’ real temperature variation was established 
at +7°C. After the desired heating period had elapsed, 
the vials were quenched in water. The samples were 
then polished and studied by standard metallographic 
techniques. The conditions of our experiments are sum- 
marized in Table 1. 

It has already been noted that mosaic textures similar 
to those in Fig. le and f had not been produced by the 
extended heating of unshocked iron meteorites at tempera- 
tures of 400°-800° C. The results of our experiments 
conducted below the temperature for transformation from 
-iron to y-iron indicate the very marked influence of 
prior shock history on the final alteration texture. For 
kamacite (a-iron) containing about 8 per cent nickel 
(the composition of Odessa) the x-y transformation 
temperature would be about 730° C. Above this tempera- 
ture, prior shock-loading seemed to influence the final 
alteration structure only slightly. (The microprobe analy- 
sis of Odessa is given in ref. 12. The iron-niekel phase 
diagram used was that of Owen and Liu?*.) 

Figs. la and b respectively illustrate the typical 
microstructural appearance of the unshocked and artifici- 
ally shocked Odessa starting materials. The microscopic 
and crystallographic characteristics of such samples have 
been described in detail elsewhere*:!! and so here we will 
indicate only the most pertinent features. The kamacite 
of unshocked (P max€130 kbar) iron meteorites typically 
shows only Neumann bands (twins along the (112) planes) 
on metallographic examination (Fig. la). After shock- 
loading such meteorites to pressures of 130—750 kbar, the 
kamacite grains show a fine-grained structure (Fig. 1b) 
which seems to result from the double martensitic trans- 
formation of x—s—-« iron, Meteorites which have been 
shock-loaded to pressures of 130-400 kbar often contain 
kamacite grains which, though shocked, apparently do not 
show the transformation structure (Fig. 1b). Almost 
certainly this absence is due to the orientation of grains 
in the polished surface’ 6, Unshocked iron meteorites 
are unaltered by annealing at temperatures of <500° C 
for times of the order of 12 days (Table 1) and the final 
texture is identical to that evident initially (Fig. la). 
Similar results were also obtained by Brentnall and 
Axon, But we obtained startlingly different results after 
heating meteorites which had been previously shocked 
artificially to 400 kbar (for example, Fig. 1d). All the 
kamacite grains in such samples were thermally disordered 
into struetures reminiscent of a mosaie texture, obviously 
because of the thermal release of stresses which remained 
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after the shock-loading process. We tried to determine 
some appropriate set of time-temperature conditions 
(which, of course, would not be unique) for the formation 
of this mosaie texture. For meteorites shock-loaded to 
400 kbar, this required that the sample be heated for 
12 days at a temperature somewhat above 400° C (Table 
1) At 490° C, a time between 1 and 3 days was required 
(Table 1). Because of the lack of appropriate material, 
we could not narrow these limits further. 
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In order to investigate further the influence of shock- 
loading on the response of meteorites to thermal treatment 
we also studied a number of samples shock-loaded to 200 
kbar. One would expect that the residual stress present 
in these samples would be less than that in the 400 kbar 
samples. Indeed, this seems to be the case (Table 1) 
for the 200 kbar sample was less extensively disordered 
(Fig. 1c) after heating at 480^ C for 12 days than was the 
400 kbar sample, at 465° C (12 days) or 490° C (3 days). 





Fig. 1. 
and heated for 12 days at 480° C, (d) Odessa artificially shocked to 400 kbar and heated for 12 days at 465° ( 


dora, The scale bar corresponds to 0-2 mm. 


Meteoritie photomicrographs: (a) natural Odessa, (b) Odessa artificially shocked to 400 kbar, (c) Odessa artificially shocked to 200 kbar 


, (e) Sams Valley, (J) Descubri- 


After exposure to the time-temperature conditions above, the texture of the unshocked Odessa 
meteorite (a) seems unchanged whereas shock-loaded samples are extensively altered, 
of the subgrains in the mosaic-like texture contain residual ¢-iron transformation structure, 
clear. Probably Sams Valley and Descubridora were produced by the heating of initially shock-loaded mete oroids. 


Note the similarity between (e) and (e) in that some 
In (d) and (f) the mosaic-subyrains are quite 
[Miror phases (which, of 


course, always contain some amount of nickel) evident are: small inclusions of Fe;P (schreibersite) in b and f; large inclusions of yFe (taenite) 
in e, Fe,P in e, a-y Fe mixture (plessite) in f.] 


v cow — Á—DUNEEPUREMUue———Macuge mc 0000207 CHUNNNEEBREP CSS 
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Table ], SUMMARY OF HEATING EXPERIMENTS 
Experi- Sample m Time Result 
ment (kbar) (C) (h) (Fig.) 
la 0 400 288 No change (1a) 
1b 400 400 288 No change (1b) 
2a 0 465 288 No change (1a) 
2b 400 465 288 Like Descubridora (1d) 
3 400 465 1 No change (15) 
4 400 490 3 No change (15) 
5 400 490 8 No change (15) 
6 400 490 24 No change (15) 
7 400 490 72 Like Descubridora (1d) 
Ba 0 503 288 No change (la) 
8b 400 503 288 Like Descubridora (1d) 
9 200 480 264 Like Sams Valley (1c) 
10 200 480 2 Like Sams Valley (1c) 
11 0 698 3-3 Altered (2a) 
12 200 700 3-3 Altered (2b) 
13a 0 800 0-2 Altered (2c) 
13b 200 800 0-2 Altered (2d) 


The influence of prior shock history on the resultant 
texture is still evident after reheating at 700° C for 3} h. 
The matrix of the unshocked meteorite seems somewhat 
altered (Fig. 2a) as noted previously (personal communica- 
tion from D. Heymann). The mosaic texture of the 
shocked sample (Fig. 25) is grossly similar to those of the 
other completely altered shocked samples (for example, 
Fig. 1d). The textures of samples 1-10 are, however, 
much clearer than those of samples 11 and 12. Presumably 
this lack of clarity is a consequence of incipient formation 
of isothermal taenite!'" in samples 11 and 12. The differ- 
ence between the kamacite textures in the unshocked 
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(Fig. 2c) and shocked (Fig. 2d) samples heated at 800° C 
seems rather more subtle. As previously described!" the 
kamacite of the unshocked sample appears quite acicular 
due to formation of the metastable x, phase. Some 
acicular structure is evident in the shock-loaded sample 
as is the mosaic texture of the other heat-altered shock- 
loaded meteorites. Otherwise, samples 13a and 135 
appear similar. 

The textural alterations which we produced can be 
compared with those evident in the group III iron 
meteorites. Fig. le resembles closely the microstructure 
of Sams Valley (Fig. le) and Fig. 1d, those of Deseubridora 
(Fig. 1f), Carthage and Ruff's Mt. These resemblances 
would seem to suggest strongly that, after shock-loading, 
the Carthage, Descubridora, Ruff's Mt. and Sams Valley 
meteoroids were altered by contact, for a few days or 
more, with material that was at an effective temperature 
of about 500° C. The difference between the microstruc- 
ture of Sams Valley and those of the other three meteorites 
could be ascribed to some combination of reheating 
temperature, degree of shock-loading and, perhaps, 
time. 

It is, of course, conceivable that the formation of the 
mosaic thermal.alteration texture in a shock-loaded 
meteorite does not require some threshold temperature 
but, given enough time, can form at any temperature. 
Certainly, after shock, the group III meteorites had about 
650x10* yr during which this alteration might con- 
ceivably have occurred! But, in view of our results 
and the quite "normal" textures of most group III 
octahedrites, it does seem to us plausible that the altera- 





Fig. 2. 
200 kbar and subsequently heate 
the other sam; 
textures evident in the samples heated at 700* C (a and b). 


800° C are rather similar although there are subtle differences (see text). 


Meteoritic photomicrographs: natural Odessa heated at 608° C for 3; h (a) and 800° C for 15 min (c); Odessa artificially shocked to 
e Be Lat e a 34 ae ps inc for 1s mals AN i S = 

the ransformation temperature, prior shock- g causes n mar’ rence 
pea hae = da The alteration textures in the unshocked (c) and shocked (d) 


bar corresponds to 0-2 mm. Asis the case for 
thermal alteration 
les heated at 


The inclusion in (c) is yFe and the euhedral inclusions in (d) 


are Fe,P. 


woo sl 
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tion took place immediately after the occurrence impact 
that disrupted the parent body of the group ITI meteorites. 
For this, the heating agency may well have been the shock- 
heated fragments of the postulated collision partner or 
complementary silicate, namely, the parent body of the 
hypersthene chondrites. 

Let us assume that the group III iron meteorites which 
have been altered by heating retain a memory of the 
immediate post-shoek history of the hypersthene chon- 
drite parent body. If so, then there should be retained 
within the hypersthene chondrites themselves a record 
of this history. These chondrites do contain metal 
particles which, if our assumption is correct, were first 
shocked to pressures sufficient to produce the c-iron 
transformation structure. Subsequently they were heated 
because of the elevated temperature of the bulk of the 
chondritie material. In this event, the mosaic alteration 
texture of, say, Descubridora (Fig. 1f) should be duplicated 
in the texture of the metal particles of the black hyper- 
sthene chondrites. Indeed, this seems to be the case for 
a number of these meteorites (for example, Fig. 9 of 
ref. 11). In drawing attention to this striking feature, 
Heymann" noted “This large field of kamacite and taenite 
grains in Kingfisher is difficult to explain by y>a+y 
transformation; it might have resulted from the decom- 
position of pre-existing martensite’. We concur with 
this suggestion and postulate that the pre-existing marten- 
site was, in fact, the c-iron transformation structure. 

In concluding we should like to point out the likelihood 
that the prior shock-loading of materials other than 
a-iron will also affect their response to thermal treatment. 
Thus in attempting to deduce the thermal history of, 
say, the stony meteorites from their response to heat- 
treatment, prior shock history should always be con- 
sidered. With reference to iron meteorites other than 
those of group III it should be noted that at least Social 
Circle (18) and Kopjes Vlei!’ seem to have mosaic textures 
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similar to that of Descubridora. (Photomicrographs of- 


Social Circle are given in Photomicrographs of Meteoro — ut 


Irons by S. H. Perry (1942), unpublished but available in 
the American Museum of Natural History, the British: 
Museum (Natural History), the Chicago Natural History — 
Museum, the University of Michigan and the US National 
Museum.) It may well be that these iron meteorites, 
too, were shock.loaded and then heated for extended 
periods as a result of the collisions which disrupted their 
parent bodies. 
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by This article describes estimates of the ages and initial helium 
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Tue abundance of helium at the surface of the most 
metal-deficient stars in our galaxy (the extreme Popula- 
tion II component) is probably quite close to the abun- 
dance of helium in the universe when galaxies were first 
formed. Because most metal-deficient stars are too cool 
to permit a direct determination of their surface helium 
abundance, it is necessary to rely almost exclusively on a 
comparison between models of evolving stars and statistic- 
ally significant regularities among the metal-poor stars 
in globular clusters such as M15. As the sophistication 
of both observational and theoretical studies increases, 
it will be possible in the future to make quite sharply 
defined statements not only about the initial helium 
abundance of globular cluster stars but also about the 
age of such stars as well. It is the purpose of this article 
to illustrate that fairly well defined statements about 
age and helium abundance are even now within reach. 
Knowing the distribution in magnitude and surface 


abundances of stars in MI5, which are among the oldest objects in 
the galaxy as well as representing the galaxy's most abundant 
stellar component. 


temperature of horizontal branch stars relative to the 
magnitude and surface temperature of a mean turnoff- 
point star permits one to obtain, for every estimate of the 
metal abundance parameter Z, an upper limit YU) 
on the initial helium abundance parameter Y(Z) charac- 
terizing the stars in a given cluster’, One obtains, simul- 
taneously, a lower limit f,(Z, Y,) on the cluster age t(Z. Y ). 
If it is assumed that no mass is lost by a star evolving 
between the main sequence and the horizontal branch 
phases, then Y(Z)= Y,(Z) and t((Z, Y) -t(Z, Y). Assign- 
ing Z=2~x 10-* to stars in clusters such as M92 and M15, 
one finds! Y~ 0-33 and t~ 9 x 10° yr, when it is assumed 
that neutrino losses do not occur at a rate predicted by the 
conserved vector current theory of weak interactions, If 
neutrino losses do occur at the rate suggested by the 
theory, then Y,~ 0-30 and t,~7 x 10* yr (ref. 2). 

The necessity of specifying the mass Myg of a horizon- 
tal branch star relative to the mass Mio of a tum 
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off-point star in order to obtain an estimate of Y(Z) is 
a shortcoming of the stellar model theory that ean be 
removed by incorporating into the analysis an additional 
boundary condition provided by the observations. This 
additional boundary condition involves the ratio of Nun, 
the observed number of stars on the horizontal branch, 
to Nro, the observed number of stars along the giant 
branch having a magnitude brighter than the mean 
magnitude of the stars on the horizontal branch. 

From the model results'?, one may determine the ratio 
of tup, the theoretical lifetime of a star on the horizontal 
branch, to tac, the time for a star to evolve on the giant 
branch beyond a magnitude corresponding to that of the 
mean horizontal branch star. In determining tg», care 
must be taken to choose Myn/Mto in such a way as to 
preserve the observed relationship in magnitude and 
surface temperature between horizontal branch and 
turnoff-point stars. Because tus/trc is a function of Z 
and Y, insistence on equality between the "semi-theoreti- 
cal" tup/trg and the observationally determined Nun/Nra 
allows one to eliminate Myp/Mig and to find Y as a func- 
tion of Z alone. 

Sandage, Katem and Kristian (in some unpublished 
work) have obtained the distribution of stars along both 
the giant branch and the horizontal branch in M15, at 
the extremely high resolution of 0-1 magnitude. Each 
square in Fig. 1 represents the number of stars in an 
interval of 0-1 magnitude (centred at the position of the 
square) along the giant branch in M15 as given by San- 
dage, Katem and Kristian. These authors have tried to 
exclude stars (lying somewhat to the blue of the mean 
giant branch) that seem to be either descending from the 
red giant tip towards the horizontal branch or that seem 
to be approaching the giant branch following the hori- 
zontal branch phase. The horizontal branch phase 
proper occurs at about V=15-8. The number of 
selected stars on the giant branch beyond V=15-8 is 
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Nae = 202. Data given by Sandage, Katem and Kris- 
tian can be used to estimate that, on the horizontal 
branch of M15, there are about ninety-seven stars to the 
blue and about thirty stars to the red of the RR Lyrae 
"gap". Estimating the number of RR Lyrae stars to be 
about forty, Nus/Nna^— 177/202 ~ 0-876. 

In this article, estimates of try/tre will first be obtained 
for Z=2 x 107 and for Y — 0-0 and Y — 0:35, compositions 
for which explicit model ealeulations exist. The analysis 
will then be extended to include all values of Y between 
0-0 and Y = 0-35, but with Z still fixed at 2 x 10-5, a value 
that is, at least, consistent with speetroscopie estimates. 

Estimates of horizontal branch lifetimes may be ob- 
tained from the analyses in refs. 1 and 2, where it is 
assumed that stars at the turnoff-point are 3-5 magni- 
tudes dimmer than horizontal branch stars of the same 
colour. A 3-5 magnitude separation is appropriate to the 
clusters M15, M92 and M13. One finds, in the case of 
no neutrino losses (e,,=0), that tis~ 40x10! yr for 
Y=000 and tupv5-2x107 yr for Y=0-35. When 
neutrino losses are included (2,0), fgnze 34x 10? yr 
for Y=0-0 and tuac 4-0x 10? yr for Y «0-35. In order 
to determine tra, it is necessary to have in hand theoretical 
estimates of the mean luminosity Lug of horizontal branch 
stars. Again from refs. 1 and 2, one finds, when ep — 0, 
log Lun 1:77 for Y =0-0 and log Lun 2:00 for Y = 0-35. 
When ¢,, 340, log Lus zz 1:87 for Y —0:0 and log Lun 2:10 
for Y=0-35. Theoretical giant branch distribution 
functions are shown in Fig. 2 for Z «2x 10 and for Y= 
0-0 and Y 20-35. The information needed to construct 
these functions may be found in ref. 3. The ordinate 
along each curve measures the time A required for a star 
of the appropriate composition to evolve a distance 
A(log L)-0-1 about the corresponding point on the 
abscissa. 

The hump along each curve is caused by a circumstance 
described for the Y=0-0 case by the inset in Fig. 2. 
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Fig. 1. T 
Sandage, Katem and Kristian. 


Zach open square represents the number of stars in an interval of 0-1 magnitude along the giant branch in M15, as selected by 
E i : : The solid curves bounding the shaded area are theoretical distribution functions for Z2 x 10, Y «0-35 


The right-hand scale applies to the upper solid curve. The histogram represents the deviation of the observed distribution from the theoretic: 
f Í distribution functions. Open circles are a measure of the “standard deviation” from the theoretical eurves, 
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Fig. 2. 


Theoretical giant branch distribution functions for Z =2 x10-* and Y =0-0, 0-35. 


The inset describes the reason for the hump in 


the Y —0-0 distribution function. 


When a star first reaches the giant branch, a convective 
envelope begins to extend deep into the stellar interior. 
As the star rises up the giant branch, the outward moving 
shell burning hydrogen and the inward moving base of 
the convective envelope first approach each other more 
and more closely. Between the shell and the base of the 
envelope, the distribution of hydrogen is essentially the 
same as it was near the end of the star's main sequence 
phase when the hydrogen abundance parameter X is a 
smooth, monotonically increasing, function of mass 
fraction. As the convective-radiative boundary moves 
inward, mixing increases the hydrogen abundance on the 
outer, convective side of the boundary, leaving the 
abundance on the inner, radiative side unchanged. At 
the interface, the magnitude of the discontinuity in X 
increases as the interface extends deeper. Eventually, 
the interface reaches a maximum depth and then recedes 
outward ahead of the advancing shell. A discontinuity 
in X remains at the position of maximum depth reached 
by the convective envelope. When the shell burning 
hydrogen encounters the discontinuity in X, matter in 
the shell expands and cools slightly, leading to a sharp 
drop in the star's luminosity. After a time determined by 
the magnitude of the initial discontinuity in X, equili- 
brium is achieved and the star again mounts smoothly 
upward along the giant branch. Thus the star passes 
backward and forward three times across a narrow seg- 
ment of the giant branch, producing the hump in the 
theoretical distribution function. In Fig. 2, the structure 
of each hump is given at a resolution of 0-0625 magnitude, 
whereas the smooth, monotonically varying portion of 
each of the distribution funetions has been constructed 
assuming the highest possible resolution. 

Except for the position and structure of the humps, the 
theoretical distribution functions are, to first order, inde- 
pendent of stellar mass and Z; they are functions primar- 
ily of initial Y. Hump position and structure depend on 
Y and Z as both the maximum penetration of convection 
inward and the relationship between luminosity and shell 


position depend on Y and Z. The magnitude of the 
hump, for a given Y and Z, increases with stellar mags. 
This is because, at the end of the main sequence phase 
the hydrogen profile in the star is a function primarily o 
mass fraction; whereas the actual mass between the 
centre and the base of the convective zone, at its maximum 
inward extent, is roughly independent of total mass. Thus 
the magnitude of the discontinuity in X, and consequently 
the magnitude of the hump, is larger the larger the mass 
of the star when it left the main sequence. 

The positions marked “horizontal branch" denote the 
mean luminosity of horizontal branch stars of the relevant 
composition when ¢,=0. A direct integration of the 
theoretical distribution functions beyond L= Lag yields, 
when ¢,=0, trg=3-72x 10 yr for Y «6035 and tae = 
110x10 yr when Y 20-0. In the Y-035 ease, the 
hump contributes ~0-13x 10° yr; whereas in the F= 
0-0 ease, the hump contributes —&2-1x 10? yr. Finally, 
when £,-0, tun/frg=1-40 for Y=035 and inn/noc 
0-364 for Y 20-0. Repeating the analysis for the case 
£,£0 yields tus/íno-— 1-26 for Y=0-35 and tas/ira= 
0-357 for Y —0-0. It is clear that tap/tre will equal the 
observed value Nus/Nna- 0-876 for some intermediate 
value of Y. Before finding this value of Y, it is worth- 
while to digress for a moment to compare the form of 
the theoretical distribution functions with the observed 
distribution. 

The solid curves bounding the shaded region in the 
lower half of Fig. 1 are identical, apart from normaliza- 
tion, with the theoretical distribution function for Z x 
2x104, Y 20-35 shown in Fig. 2. The narrow humps 
(solid curves) are for a resolution of 0-0625 magnitude; 
the wider humps (dashed curves) are appropriate to a 
resolution of 0-125 magnitude. A choice for the high 
luminosity end points of the theoretical distribution 
functions depends on whether or not neutrino losses are 
presumed to occur. In positioning the theoretical curves 
relative to the observed distribution, it has been assumed 
that theoretical and observed horizontal branches coin- 
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cide; that is, V=15-8 is assumed to correspond to log 
(L/[Lo)- 2-0. Finally, all coordinate stretching along the 
giant branch due to the fact that AV 42-5A(log L) has 
been ignored, as has the fact that the mean horizontal 
branch V does not correspond to the same log L as does 
this same V on the giant branch. 

Normalization of a theoretical distribution function is 
achieved by insisting that the area under the theoretical 
curve between any two magnitudes be equal to the ob- 
served number of stars in that same interval. Assuming 
that all fluctuations in the observed distribution function 
are random—due to differences from star to star in time 
of formation, random fluctuations in the initial birth rate 
function, and so on—then the larger the magnitude 
interval chosen for normalization purposes, the better are 
the chances of obtaining the proper normalization. The 
number of observed stars for V <15-8 is 202. There are 
197 stars between V = 16-9 and V = 15-8, giving a total of 
399 selected stars on the giant branch brighter than 
V= 16-9. 

The area, under the theoretical curve over an interval 
AV should be proportional to the number of stars in that 
interval. Assume that neutrino losses do not occur and 
neglect the hump. The area under the upper solid curve 
in Fig. 1 corresponds to: 180 stars for V «158, 234 
stars for V —16-9—15-8, and a total of 414 stars for 
V<16-9. The hump adds about six stars to the region 
brighter than V=15-8. If, then, the theoretical and 
observed distributions are matched over the region 
V<15-8, the ordinates along the upper solid curve in 
Fig. 1 should be raised by a factor (202/186) — 1-085. If 
matching is insisted on over the region V «16-9, then the 
upper curve should be multiplied by a factor (399/420) = 
0-95. Ordinates along the lower curve in Fig. 1 are lower 
by a factor of 0-92 than corresponding ordinates along 
the upper curve. If ¢,,40, approximately 105 yr is added 
to the lifetime of a red giant. The associated difference 
in the normalization of the distribution function is minor. 

The histogram at the top of Fig. 1 gives the deviation 
of the observed distribution function from any theoretical 
distribution function normalized to lie within the shaded 
area between the solid curves. 

Each shaded block on the histogram measures 
AN(V)/N(V), where N(V) is the number of stars per 0-1 
magnitude given by the theoretical distribution function 
and AN(V)is the difference between the observed number 
per 0-1 magnitude and the expected number. For com- 
parison, the quantity 4/N(V)/N(V) is also shown. This 
latter quantity is of doubtful statistical significance for 
values of N(V) as small as those considered here. It is 
interesting, however, that as N( V) increases, the peaks and 
depressions in AN(V)/N(V) decrease in absolute magni- 
tude in roughly the same way that N(V)-'? decreases. 
Peaks and depressions in AN(V)/N(V) never exceed 
N(V)-1 by much more than a factor of two. A fluctuation 
that is only two standard deviations away from the mean 
is not usually considered to be an indication of a real 
gap or peak in the mean distribution. It will therefore 
be assumed here that fluctuations in the observed distribu- 
tion are completely random, thus justifying the normal- 
ization procedure. 

The monotonic component of the distribution function 
for the Y=0-0 case, when properly normalized, gives 
as good a fit to the observed distribution as does the 
Y=0-35 distribution function. Over an interval of 0-2 
magnitude, the hump in the theoretical distribution is 
ten standard deviations away from the monotonie com- 
ponent. Because the observed distribution function shows 
fluctuations that are at most 24 standard deviations away 
from the monotonic component, it is possible to conclude 
that the Y = 0-0 ease is not applicable to M15. 

I shall return now to the problem of determining the 
value of Y for which tup/tna = Nun/Nnc. Analytic inter- 
polation expressions for fus and tro are not difficult to 
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devise. The expression A£—(3-31x10? yr/L*7487) A (log 
L) is a very good approximation to the monotonic com- 
ponent of the distribution function for Y=0-0. Similarly, 
At = (2-27 x 10° yr/E* **) A(log L) is a good approximation 
to the Y=0-35 distribution function. A satisfactory 
compromise for the entire range Y —0-0 to 0-35 is At= 
(3:43 x 10° yr/L*4)(1— Y)A(log L). Neglecting the hump 
in the distribution function, the time for a star to evolve 
from a luminosity L, to L, is then given to satisfactory 
accuracy by Af,,— (2x 10? yr/L2*) (1 — (I4/L, 89. (1— Y). 

Interpolating linearly, the contribution of the hump 
may be approximated by Afnump — 2-1 x 107 yr (1 — 2-68Y ). 
The red giant lifetime for L> Lup is given by tra= At. + 
Alnump when L,— Lus and L,-Lmacov-the luminosity 
at the red giant tip. Linear interpolation gives log 
Lune l-774+2Y/3 when sm=0 and log Lup~1-87+2Y/3 
when e,:£0. To a first approximation (Lunl Lagar)? 5m 
9:95— 0-157 Y.  Linearly interpolated values for tay are 
tupzc 40-4 3-4Y when e,,— 0 and tanx 344+ 6Y when 
£y, 0. 

Collecting all approximations, one has tup/tre c (4-0 + 
3-4Y)/[9.:39(1 — Y)(0-95 — 0-157 Y)10-Y 2+ 2-1(1 — 2-68Y )] 
when ¢,=0 and tun/ftnc c (3:44-- 1-6 Y )/[1-91(1 — Y)(0-95 
—0:157Y)10-Y ?.-2-1(1— 2.68Y)] when e,2:0. Table 1 
contains values of fmn/tnc obtained from these analytical 
expressions. Setting tun/trc = Nun/Nna- 177/202 = 0-876 
gives Y 20:25 if £,,2 0 and Y —0-27 if en 40. 


Table 1. faüs/tag AS A FUNCTION OF Y 
Y 0:15 0-20 0-25 0:30 0:35 
Evy = 0 0:604 0-710 0-883 1077 1:379 
typ #0 0:566 0-675 0-811 0-992 1247 


The value of Nun/Nnc is uncertain by perhaps 20 per 
cent. For example, the bolometrie correction for a red 
giant star could be larger by perhaps 0-15 magnitude 
than that for an RR Lyrae star of the same visual magni- 
tude. This would mean that counting for Nac should 
extend farther down the red giant branch to, say, V~ 
15-95. The consequent increase in Nag may be estimated 
as BNna/Nna^ dtrc/tre ~ (3/4) x 23025 x [8log L~ Ol, 
when 2-5]8(log L= AV~0-15. Some fraction of each of 
the observed numbers Nie and Nuc also surely represents 
a fluctuation about the mean. It is in fact implicit in the 
earlier discussion of normalization that Nre might be too 
large by [202 — (399/420) 186]=(202—177) parts in 177, 
or by 14 per cent. Nun could also easily be too large cr 
too small by one or more standard deviations. An overall 
uncertainty of perhaps 20 per cent in Nun/Nre is probably 
a fair estimate. Assuming then that Nus/Nro= 0:875 
(140-2), one finds, after interpolating in Table 1, that 
Y = 0-257 002 if ew =0, and Y «0-27*004 if ep £0, 

It is of interest to know the cluster age that corresponds 
to each value of Y. From ref. 1, one has log to = 1:17531— 
0-477134 Y —(0-98990--0-11723 Y) (log Lto — 0-50), where 
Lio is the cluster turnoff luminosity in solar units and tc 
is the cluster age in units of 10* yr. The analyses of 
refs. 1 and 2 give, when ¢,,=0, log L4970-37-- 2Y /3. 
When ¢,, 40, log Lto c 0-474+2Y/3. Inserting the values 


of Y just estimated, one obtains t¢= 10-4719 if ey = 0, 


and tc — TETOS if sw #0. The implications, for cosmology 
and nucleosynthesis, of the ages and helium abundances 
here derived are too well known to belabour. 

This work was supported in part by the US National 
Science Foundation and in part by the US National Aero- 
nauties and Space Administration. I thank A. Sandage, 
B. Katem and J. Kristian for sending me a copy of their 
work prior to publication. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Intergalactic Hydrogen in the Virgo 
Cluster of Galaxies 


Tue first clear positive evidence for the existence of inter- 
galactie atomie neutral hydrogen was advanced in 1966 
by Koehler and Robinson! from absorption effects in the 
eontinuum radio spectra of Fornax A, 3C 273, and Virgo A 
near 21 em wavelength. In particular for Virgo A they 
observed a Gaussian absorption profile centred at a 
radial velocity of +1,200 km s~ with an optical depth 
of 59:-3x 10-4 and a full width at half power of 920 
km s~}, The purpose of this letter is to report that this 
particular measurement is negated by recent observations 
with the large radio telescope at Nangay. The upper 
limit for the amplitude of a Gaussian profile of the form 
reported by Koehler and Robinson is 2x 10-?, which is 
one third of their positive result. 

The radio telescope at Nangay is described in ref. 2. 
At 21 cm wavelength, the full width of the antenna lobe 
at half power is 4' in right ascension and 23' in declination. 
The aperture efficiency is 0-50 and the lobe efficiency 
0.62, The receiver is a correlation spectrometer described 
in ref. 3. For the present measurements a simple mixer 
front end (T, ~ 800° K) was used to assure a high degree 
of stability. There are 15 contiguous filters, each 280 
kHz wide, giving a total coverage of 827 km s^. A 
sixteenth channel, 4-2 MHz wide and centred on channel 8, 
provides the average signal. 

The problem in this type of measurement is to obtain a 
proper calibration of the chromatie effects in the receiving 
system. Among other details, two important precautions 
were found to be necessary. (1) A black body was used 
as a reference radiator for receiver calibration. This 
black body consists of a wall of microwave absorbent 
material placed in the near field of the feed horn at one 
end of the focal track, and arranged so that it ean oecult 
the feed horn to any desired degree. Observations of this 
wall are made at the same power level (to within 5 per 
cent) as the source, thereby eliminating non-linearity 
effects and at the same time providing a calibration for the 
baseline of the source spectra. (2) Measurements with 
test equipment showed that the reflexion coefficient of 
the feed horn changed by as much as 10 per cent during 
observations, owing to changes in the orientation of the 
feed horn with respect to the ground and the absorbing 
wall. Receiver balance noise as well as noise from the 
mixers is reflected from this port, and thus small changes 
in the receiver chromatism were observed. "This difficulty 
was overcome by the addition of a ferrite circulator 
between the feed horn and the receiver, providing over 25 
dB of isolation and thereby essentially eliminating the 
problem. 

The results obtained by these methods are, to the noise 
level of the measurements, free of instrumental effects 
which have often affected other observers (for example, 
refs. 1 and 4, and unpublished work of A. A. Penzias and 
E. H. Seott), and because of the use of the blaek body 
reference radiator, they may be considered as "absolute 
spectral measurements". Even the slopes in the resulting 
differences between source and wall spectra must be 
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Fig. 1. The antenna temperature spectra (in units of optical depth) 


of Virgo A and the Moon around 1,200 km s^ radial velocity with 

respect to the Sun. The solid lines are those of best least squares ft 

through the data points. The dashed curve through the Virgo data 
is a part of the profile observed by Koehler and Robinson, 


capable of a quantitative explanation in terms of the 
spectrum of the source and the known properties of the 
antenna. The difference spectra obtained for the Moon 
and for Virgo A are shown in Fig. 1, and the results are 


summarized in Table 1. The antenna temperature 
spectral index is defined as 
minu A 
Boas ee 
v Ta 


where Ja is the average antenna temperature measured 
in the 4-2 MHz channel and v,— 1420-4 MHz. The Moon 
was taken as a disk of uniform constant brightness 
temperature and angular diameter 32^7. The model 
for Virgo A at 21 cm is an unresolved core containing 60 
per cent of the total flux, and a halo 10' x 8' in angular 
size’, both having flux density spectral indices of (^8 
(ref. 6). The calculation of the change in the aperture 
efficiency with frequency is based on the antenna toler- 
ance theory of Ruze’. The agreement between the èx- ' 
pected and the measured antenna temperature spectrüm 
indices seems to be quite good, and the data points differ 
from the lines of best fit by the expected receiver noise 
alone. 


Table 1, SUMMARY OF THE RESULTS OBTAINED ON VIRGO A AND ON THE 
MOON. THE ERRORS QUOTED ARE ESTIMATES OF THE MAXIMUM EXPECTED 
ERROR 

Virgo A Moon 
Contributions to the expected antenna 
temperature spectral index: 
a Changes in the antenna aperture 
efficiency with frequency 0-18 + 0-05 O18 0405 


b Changes in the antenna lobe size 


with respect to the source 0-18 40-05 LOF OI 





e Spectrum of the source fux OS x01 E00 
d Totals 2 x02 05:018 
Measured antenna temperature spectral 
index from the slope of the line of best 
mean square fit to the data T3401 —PL be? 
o from the line of best fit 0-5 x if Lüx Hpt 
a expected from receiver noise alone 0-52 x10 YS$x10* 
Continuum temperatures (^K) tz 18045 
Dates of observations a por June 1008 


The present measurements cover only the central part 
of the absorption profile reported by Koehler and Robin- 
son. From an inspection of Fig. 1, it is considered that 
four times the receiver noise, that is to say, 2x 10-4, is a 
conservative upper limit to the full amplitude of a Gaus- 
sian absorption profile with a width of 920 km s. The 
discrepancy between the present results and those of 
Koehler and Robinson possibly arose because their 











148 


investigation of the chromatic effects in their receiving 
system was incomplete. 

The possibility of making accurate spectral index 
measurements over small percentage bandwidths (0-3 
per cent in this case) has several interesting applications. 
Tbe non-thermal radiation from some radio sources 
may show changes in spectral index over small ranges of 
frequency as a result of complex spatial structure, self 
absorption, complexities in the energy spectrum of the 
relativistic electrons or the action of different radiation 
processes. Measurements of changes in the spectral 
index of variable radio sources at centimetre wavelengths 
would also be interesting. Finally, searches for radio 
spectral lines having large widths and poorly known 
frequencies could be facilitated with the measurement 
methods used here. 

A more complete description of the measurements is in 
preparation, along with the results of further observations. 

I thank Dr E. J. Blum and the radio astronomy groups 
at the Observatory of Paris and at Nancay for their help, 
and especially Mr R. Lauqué for assistance with receiver 
modifications. I acknowledge the financial support of a 
postdoctoral fellowship from the National Research 
Couneil of Canada. 
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Pulsars and a Possible New Test of 
General Relativity 


HorFMANN!- has suggested comparison of the frequency 
of terrestrial clocks and of signals from pulsars to test the 
predietion from general relativity theory regarding the 
effect on frequency of changing gravitational fields and 
motion. BSadeh* is reported to be making such a com- 
parison. I wish to point out an amendment to Hoffmann's 
analysis. 

For clocks on the Earth, Hoffmann considers the 
possible effects of: (i) the variable gravity field of the 
Sun which is à maximum at perihelion and à minimum at 
aphelion; (ii) the gravity field of the Earth assumed 
constant at a given clock; (ii) the motion of the Earth 
around the Sun at variable orbital velocity; and (iv) the 
rotation of the Earth about its axis with constant angular 
velocity. 

In the approximation used, various effects are linearly 
superposed, and effect (iv), being constant, is neglected. 
Effect (ii) on a terrestrial clock is only an order of mag- 
nitude lower than (i), but because it is constant it may also 
be neglected if the effects of gravitational fields can be 
superposed. Hoffmann? has shown that the velocity 
effect (ili) augments the gravity effect (i). He considers 
the Schwarzschild line-element—the proper-time differen- 
tial ds recorded by a clock earried on the Earth, which is 
given by the equation 

ds = (1 —2MGjctr)dt? — (1. — 21 Gfetr)3àr*jc? — 

r*(d0? + sin*0d 9?)/c? 
Here M is the mass of the Sun, G the gravitational con- 
stant, c the velocity of light, r the curvature coordinate 
for the path of the Earth with the centre of the Sun as 
the origin of spatial coordinates’, £ the proper time for a 
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clock fixed at r= co*, and 0 and 9 are the polar angles 
corresponding to r. Cgs units are used. 

Using suffixes p and a for perihelion and aphelion, and 
noting that dr/dt —0 at perihelion and aphelion; dg/dt — 
vjr, where v is the orbital velocity; 0- x/2 for orbit in a 
plane; and v?=MG/r, Hoffmann obtains the following 
result for the Earth clock at perihelion and aphelion 

ds»/ds, ~ (1 — 3MGj2etr,)/ (Y — 3MG/2c*r,) 
or 
(dsy/dsa — 1) ~ —3MG(ra — ry)/2e*rar (1) 

The two rates are found to differ by 4-9 x 10-1" in 1, 
assuming that the astronomical observations for the 
distances at perihelion and aphelion correspond to rp 
and Ta. 

The relation v?= MG/r holds only for a circular orbit, 
and if the equation for an elliptical orbit (v? — 2M G/r — 
2MG|(rat+rp)=2MG/r—a constant, neglecting the mass 
of the Earth) is used instead, the numerical result is 
6-6 x 10-1? instead of 4-9 x 10-1*. It is, however, desirable 
and possible to work wholly within the general theory of 
relativity, instead of using an amalgam of Newtonian 
and Einstein's gravitational theories. The Earth follows 
a geodetic path in the Schwarzschild field of the Sun, 
and the following result is obtained from the usual 
(general) relativistic theory of planetary orbits*. 

ds/d£ = constant x (1—2MG/c?r) 
and dsp/dsa — (1 — 2MG/c?ry)/ (13 — 2M G[c*ra), now exactly. 
'Then 
(dsp/ds, — 1) —2MG(ra — rp) arp (2) 


This is 4/3 of the result obtained by Hoffmann, the 
difference in time rate being 6-6 x 10-!*, 

A similar analysis would apply to intrinsie variations 
in the frequency of signals from pulsars, should they be 
orbiting systems. 

In this derivation, I have followed the classical theory 
used in determining the advance of perihelion of Mercury. 
A more exact treatment dealing with the Earth, the 
Moon and the Sun as a three body system and taking 
into account variations in the mass of the Earth and the 
Moon in their orbits is not likely to yield a substantially 
different result. 

It seems that the Earth in pursuing a geodetic path 
around the Sun is in a state of "free fall", and a naive 
applieation of the principle of equivalence, in this sense, 
would suggest that there is no resultant effect of the 
changes in the gravity field of the Sun, and in the con- 
sequent acceleration and motion of the Earth, on the rate 
of terrestrial clocks. But the validity of the principle of 
equivalence in this sense is doubtful’. 
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Superconductivity in White Dwarfs 
and Pulsars 


It is quite possible, though not proved, that pulsars are 
magnetic white dwarf stars!?. On the other hand, none of 
the four known pulsars has been identified with a white 
dwarf—the star which seemed to have been identified 
with CP 1919 is not optically variable and, besides, is 
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not a white dwarf. This leads to the view that if pulsars 
are indeed white dwarfs, they are cold (having a photo- 
spheric temperature T £10 °K) and therefore cannot 
be observed in the visible region. There are no other 
grounds for such a hypothesis, but so far no difficulties 
with it have arisen. Thus even with the energy losses 
due to radio emission and to the "stellar wind" which 
reach the value of P~ 10% erg s, the oscillations are 
likely to beeome noticeably attenuated only after a 
period of t~ 105 yr (ref. 2), and therefore may have been 
excited when the star was still in the "hot" state, for 
example, by nuclear burning on the stellar surface. 
Even in a relatively cold star, however, the energy P ~ 10% 
erg s- can, in principle, be evolved for sufficiently long 
periods of time from gravitational compression caused by 
slight variations in the equation of state. What we mean 
here is, for example, transition into the superconducting 
state, a possibility which we diseuss in this letter. Further- 
more, the shock waves and radio emissions originate in 
the atmosphere of the star, the parameters of which are 
rather sensitive to the temperature of the photosphere. 
Hence, it does not seem to be a priori impossible that 
powerful radio emission is true only for a cold oscillating 
dwarf. It is clear that all these problems should be 
investigated, but our purpose here is to draw attention 
to the fact that in the case of cold magnetic white dwarfs 
the superconductivity of a certain layer of the star may 
prove to be an essential factor. 

For highly compressed substances similar to ordinary 
metals, the eritical temperature for the transition to super- 
conductivity Te cannot be calculated, for it depends on 
the unknown short-wave region of the phonon spectrum. 
By assuming the existence of attraction between the 
eleetrons near the Fermi surface it is possible to estimate 
Te or, to be more precise, the parameters wp N and V 
that determine T'e through the well known formula of the 
Bardeen--Cooper—Schrieffer theory: 


To RES exp (— 1/N V) 


For hydrogen?, oo~ oi where o= (ọrenj M) is 
the frequency of plasma oscillations for ions, 





p=nM is the density (in g cm~) and Vp is the velocity 
at the Fermi boundary. For matter with atomie number 
Z we have in the “jellium” model* 


NV =(2 417Z- p13) (1) 
Using this expression, we obtain 
Te 103(9/Z)! ^ exp( 1-19! ÓZ-??) °K (2) 


Equation (2) for Te depends rather strongly on the chemi- 
cal composition of white dwarfs or, more exactly, on the 
chemical composition cf their surface regions where we 
expect the superconducting state to originate. 

Obviously a reasonable assumption is that due to the 
burning out of light elements in the course of evolution, 
the substance in the region in question has a high value of 
Z(~ 10-20), though this value is smaller than in the 
central region of the star*. Substituting Z=20 in equa- 
tion (2) we find the maximum value of F, to be ~ 400° K, 
which is reached when the density is ¢=300 g cem. 
Assuming the real temperature of the star to be of the 
order of 100° K, we find from tables? that for a white 
dwarf with a central density of 10* g cem (mass 0:9 Mc. 
radius 3x 10° cm) a shell having thickness about 0-25 
of the radius may be supereonductive. For white dwarfs 
having a greater density, the thickness of the supercon- 
ductive layer decreases. 

* Recently some indirect observations? connected with the crystallization 
of white dwarfsin the course of evolution*? have led to estimates of the value 


of Z for several sequences of white dwarfs. A predominance of relatively 
high values of Z (up to Z - 26) was established. 
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The critical field He can be estimated by the formula 


HoÍH co (Te Ts) p/ o)! = 0) 


where Hoo, Teo and po are the values for the usual metallic 
superconductor. With Hoo~10? oersted, T.-10 K 
and po~ 10, we obtain He ~ 104-165 oersted for Te 400^ K 
and o~ 300. 

It can be shown that the compressibility of matter 
in a white dwarf increases during the course of the transi- 
tion to supereonductivity. In a strong gravitational 
field this circumstance can be important for thermo- 
dynamic calculations connected with the investigation of 
the superconductive transition. 

For the main bulk of white dwarfs, with 95> 10°, super- 
conductivity occurs only at an extremely low temperature 
and is evidently of no interest. It is for this reason that 
Ruderman (private communication), some other authors 
and ourselves did not publish the results of calculations 
on the superconductivity of white dwarfs. We also noted 
that superconductivity is nevertheless possible in certain 
peripherie layers of sueh white dwarfs, and might affect 
the thermal conditions in the star. The importance of 
this and some other effects is not yet clear. 

The superconduetivity is, however, likely to have 
considerable effects on the magnetic field in the atmo- 
sphere of magnetic white dwarfs. The depth of penetra- 
tion 8 of a magnetie field into a superconductor with 
£710? is quite negligible (3:5 10-5 em). "Thus without 
taking demagnetizing factors into account, the super- 
conductive layers of the star would ensure a complete 
screening of “weak” fields having H«ZH.;. A weak field, 
such as that of a dipole at the centre of a spherical star, 
can be completely sereened by the superconducting 
spherical layer. But even in the case of a simple 
dipole field, the change in the picture as the star cools 
down, with the resulting formation of a superconductive 
layer, is quite complicated. Because the field at the 
poles is twice as strong as that at the equator, super- 
conductivity will appear first in the equatorial regions. 
This will, evidently, lead to screening of the field at the 
equator and to its becoming more intense in the polar 
regions. Further evolution depends on the relationship 
between the critical field H.(T') and the characteristic field 
of the star Ho (the field at the pole, for example) that 
existed before the appearance of the first superconductive 
regions. The precise structure of the undisturbed field is 
also important. In the presence of pulsations the kinetics 
of the superconductive transition become still more 
complicated and we may expect the appearance of irregu- 
lar (turbulent) fields and considerable time variation of 
these fields. In other words, one may expect supercon- 
ductivity to have a strong influence on the very factors 
which determine the specific character of the magnetie 
models of pulsars'. The analysis of a number of the 
effects connected with the appearance of superconductive 
regions on the periphery of white dwarfs is therefore 
becoming of interest. 
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Low Latitude Aurorae and M-arcs 


Iv has been known for a long time that the main emission 
of low latitude aurorae is that of atomic oxygen at 6300 A, 
so that low latitude aurorae are always red'. Some years 
ago Barbier* and Roach and Roach? reported low latitude 
ares in emission at 6300 A during intense geomagnetic 
storms, and called them M-arcs. This paper demon- 
. strates that the M -are is simply an extreme manifestation 
of the low latitude aurora during the more intense mag- 
netic storms, because the red oxygen emission (6300 A) 
develops & more pronounced peak in latitude with in- 
creasing magnetic disturbance (Dst). 

While analysing zenith intensities of emission at 
6300 A obtained during the IGY and the IQSY I have 
shown‘ that the decimal logarithm of the average value 
of the intensity of this emission at zenith, log Z, for cases 
when I 21 kRayleigh may be represented by the follow- 
ing expression 


log I =BDg + 0-02F y9-7— 3°17 (1) 


where Dg is an index characterizing the magnitude of 
geomagnetic disturbance’, Fio., is the magnitude of the 
solar radio flux at 10-7 em in units 10-2? W m Hz-! and 
B is a coefficient depending on the geomagnetic latitude, 
®, of the observation point and determined for geomag- 
netic latitudes from 35 to 55 degrees by the expression 


B= 6-85 x 10-4(35? — d) — 5 x 10-4 (2) 


Equation (1) is valid up to 55 to 60 degrees of geo- 
magnetic latitude. Reliable data on this emission at 
higher latitudes are so far absent, although, as has been 
reported earlier‘, the intensity of this emission at high 
latitudes does not reach such large magnitudes as at 
medium latitudes. A ratio K between intensities at two 
adjacent latitudes ®, and ®,, according to equation (1), 
may be represented by the expression 


log I,/T,=log K = Dgt(B,—B2) = const (3) 


where B, and B, are coefficients for latitudes ®, and ®,, 
respectively. A given intensity ratio K will therefore be 
obtained over a decreasing interval of latitude with in- 
creasing Dg, and, if we assume a well defined high latitude 
boundary, the most intense emission will become concen- 
trated along a parallel of geomagnetic latitude. 

In order to assess the extent to which emission becomes 
concentrated in latitude with increasing Ds I shall define 
a latitude interval, 1/2 A®, such that (1) the maximum 
intensity of an aurora falls by a factor e at the lower 
latitude, or (2) the auroral intensity falls to the level of 
1 kRayleigh. In the first case, from equations (2) and 
(3) the latitude interval, A®, will be determined by the 
expression 


log K 
A®M=2- 10? —~~-- 4) 
2.9 x 10 Da (4) 
and in the second case by the expression 
A®D = 2(Dm— O*) (5) 


where Ọm is the geomagnetic latitude of the maximum 
intensity of emission at 6300 A and ©* is the latitude at 
which the zenith intensity of emission decreases to the 
magnitude of 1 kRayleigh. Comparing equations (4) 
and (5), the second method is less exact as equation (5) 
includes the value Ọm for which, as mentioned earlier, 
reliable data have not yet been obtained. Fig. 1 (curves 
1 and 2) presents A®, for the two cases defined earlier, as 
a function of Da. A® was determined by the second 
method on the assumption that $4 — 55 degrees. 

'The points plotted in Fig. 1, which are from the avail- 
able data on M-ares^5, show clearly that the width of 
ares the maximum intensity of which exceeds 1 kRayleigh 
varies with the Dg index in good agreement with the 
relationship defined by curve 1. Thus there is every 
reason to believe that the red emission of low latitude 
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Fig. 1. Extent of auroral latitude versus Dst indices, Curve 1 is 


determined by the first method and curve 2 by the second. The points 

are the extent of auroral latitude obtained from published data**, Also 

shown are the global energy release E (curve 3) and the local zenith 
intensity J at 6300 A (curve 4) versus D« (right-hand scale). 


aurorae, whieh has been known for a long time, and 
M-ares, are the same phenomenon. M-ares have their 
origin in the inerease of latitude contrast during strong 
Da. 

'The concentration of red emission in a narrow latitude 
interval during strong Dst is probably an argument in 
favour of its excitation by hydromagnetic oscillations of 
magnetospherie plasma along geomagnetie lines of force 
of the same length. Such a concentration of emission 
during large Dss leads to the fact that the increase of global 
energy release in red emission with the increase in Dgt 
takes place slower than the increase of local zenith intensi- 
ties of emission. Fig. 1 (curve 3) shows global energy 
release versus Dat, on the basis of equation (1). Energy 
release during Dj — 100 gammas was assumed as the 
unit of the energy release scale. For comparison the 
relationship between the local zenith intensity of emission 
and Dg is given (curve 4). The intensity during Dg, = 
— 100 gammas has been assumed as the unit of the intensity 
scale. 
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Mechanism for the Auroral Emission 
of OI (6300 A) 


VARIOUS mechanisms have been proposed to explain the 
selectively enhaneed emission of OI (6300 À) from the 
auroral latitudes of the F region of the ionosphere. We 
discuss the enhanced OI emission in terms of a reaction 
between the major ion O* and the most abundant neutral 
constituent (O atoms) of the ionosphere at an altitude 
of about 400 km. 

Among the mechanisms suggested for such optical 
emissions are (1) excitation of O atoms by thermal eleo- 
trons!, (2) conjugate photoelectron impact? and (3) dis- 
sociative recombination (DR) of NO* with electrons’, 
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Effects (1) and (2) contribute an estimated total only 
of order 50 Rayleighs* to the red line intensity. From 
the nature of the potential energy curves for NO* it seems 
unlikely that DR with electrons would yield O atoms in 
the D state because of non-conservation of spin‘. DR 
of O,* and electrons has generally been considered to be 
the ehief source for the production of the metastably 
excited states of O. This reaction has an unfavourable 
altitude dependence. At the higher altitudes of interest 
here (400 km) O, density is much lower than that in the 
E region where DR is predominant. Also, Biondi’s recent 
results* show that spectral line profiles of 16300 A do not 
include a contribution from DR to the population of 
OCD). If the absence of fast O atoms resulting from DR 
is caused by rapid thermalization of these atoms before 
radiation, then a succession of three reactions is required 
to complete the sequence, namely 


O+ + O,-+ 0,7 + O (1) 
0,* + e OCS) + OD), (2) 
O(D), + OP), — OCP) + OUD), (3) 


where the subscripts f and s refer to fast and slow atoms 
respectively. It is significant that no enhancement of the 
intensity of the line 25577 À is observed during such 
events. Our general inference is that in the mid-latitudes 
DR is not the most important source of the excited atom 
OCD), so that it appears logical to look for interactions 
between the major ion and neutral constituents, namely 
O* and O. 

Symmetrical charge transfer between O*(*s?) and O(P) 
is unlikely to produce excited atom O!D unless the 
primary ion has enough kinetie energy to excite the 

_ product neutral atom. We suggest that the relevant 

primary particle is the metastable ion O*(?D?). Evidence 
to show that O* exists in its long lived metastably excited 
states *P^ and *D° in the night time ionosphere is avail- 
able* from the nature of the various exciting reactions 
and the OII spectra observed by many groups during the 
well documented event of February 10-11, 1958. The 
energy level diagram and the corresponding emissions for 
O* and O are shown in Fig. 1. Comparison? of the relative 
intensities of the radiation from the ?P° and ?D? levels of 
O* leads to the conclusion that the lower doublet level 
has to be de-excited by processes other than emission of 
123727 A at a rate ten times faster than the radiative 
mechanism itself. 'The non-radiative de-excitation rate 
would be even larger if the (*D°) level were populated by 
processes other than cascading from the upper level. It 
is very likely that such direet excitation by collisions with 
photoelectrons or fast particles occurs on a large scale. 

(Dr Peter Banks communicated, before publication, 
recent results of a calculation which indicate that about 
50 per cent of O* ions in the F region formed by photo- 
ionization are in the *D? state. This estimate, of course, is 
for the production of excited ions during daytime and is 
mentioned only to indicate the large fractional abundance 
of such ions in the ionosphere.) 

These ions are de-excited chiefly by collisions with 
Na, O, and electrons. Electron impact deactivation by the 
superelastic reaction 


O*(*D^) + e — O*(^s?) + e 


is reasonably fast—rate constant being 3x 10-5 em? s- 
(ref. 8)—but the electron density is only of order 5 x 105 
em-?. "lurner? surmises that collisional de-excitation of 
the electronically excited states is unimportant. Schmelte- 
kopf e£ al.!° have observed that the reaction rate for the 
process 


O^ -N,— NO* +N 
is considerably enhanced if the N, molecules are vibra- 


tionally excited (4,000? K), but a temperature of 2,000? K 
or lower is typical of the environment under discussion 
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Fig. 1. Energy level diagram for O* ions and O atoms. 


here. Similar reasoning applies to deactivation by Oy. 
(The quantity (nro) which is the product of the relevant 
de-excitation cross-section and the target particle density 
is in the ratio 250: 100 : 1 for de-excitation of O*t(*D) by. 
O, N, and electrons respectively. A cross-section of. . 
8x 10-16 cm? is assumed for de-excitation by O.) This- 
leaves us with the alternative of considering an inter- 
action between the excited ion O* (*D°) and the chief 
neutral constituent, the O atoms. 
We propose the reaction 


O*(*D^) + OCP) — O*(*s^) + OD) 


as a prime mechanism for the production of OCD). The 
reaction involves the transfer of electronic excitation 
energy between ion and atom as well as electron capture. 
The probability for such transfer is much higher than that 
for conversion of translational energy of the projeotile 
to internal energy of excitation of one of the collision 
partners. Many highly endothermic reactions of the latter 
type have been explained in terms of molecular potential 
curve crossings", and Hasted'? has given a detailed review 
of such interactions. It seems reasonable to expect a 
moderately large cross-section for this process in view of 
the many crossings of the repulsive potential energy curves 
of the final system [O*(4s°)+O(4D)}] with the potential 
curves for the initial complex [O0+(?D°)+O(P)] with 
strong interaction. Transitions are quite possible over a 
range of nuclear separations in the region of the cross- 
over. The cross-section s could well be within the range 
10-15 em? >s > 10-?? em*. A direct experimental determina- 
tion of the cross-section for a reaction of this type involving 
electron capture with excitation exchange would be 
extremely difficult indeed for the fractional compositions 
of excited particles in the projectile and target species 
have to be determined. The reaction suggested would 
therefore have to be judged using peripheral estimates of 
the kind mentioned. 

A calculation of the effective cross-section eer for the 
production of photons by the proposed reaction has been 
made using the relation 







Q = [nit nr: V oe] 


for a column of cross-sectional area 1 em? and height 
100 km, where n; and ny are the particle densities of O* 
and O respectively, V the relative collisional velocity 
which is the same as thermal velocity of the particles and 
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Q the photon intensity in Rayleighs per cm? (column) s. 
The cross-section aeg — ro where 7 is the radiative efficiency 
of the excited product atom. Assuming particle densities 
of 5x 10* em~? and 5 x 10° cm respectively for O atoms 
and O* ions, the maximum effective collision eross-section 
required to produce an integrated emission intensity of 
a= 6300 A equal to 1 kilo-Rayleigh by the suggested 
reaction is shown in Fig. 2 as a function of fractional 
abundance F of O*(*D?^) in the Ot density. Typically, a 
cross-section no greater than 8 x 10-!* em? could provide a 
kilo-Rayleigh intensity of emission if the fractional abund- 
ance of the excited ions is only 10 per cent. If one out of 
every ten OCD) atoms decays with the emission of a 
photon, the cross-section o becomes 8x 10-9 em*, The 
radiative efficiency 71 may be much higher than 0-1, 
because the major quenching agent for OCD), according 
to Hunten and McElroy", is N,, which is a rare constituent 
of the atmosphere at about 400 km. 

In view of the very long lifetime of the upper state 
responsible for this reaction (10* s), the variety of processes 
that eould contribute to the production of the excited ion 
and the abundances of excited ions in the total ion density, 
this mechanism could be operative in quiet conditions as 
well as in the disturbed ionosphere. 

We thank Professor M. Ogawa and Drs F. R. Gilmore, 
M. J. Weiss, G. M. Lawrence and J. W. Megowan for 
helpful discussions. 
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North-South lonospheric Drifts near 
the Magnetic Equator 


WHEN the well known Mitra method, with three aerials 
spaced at distances of 1-2 wavelengths apart, is used to 
measure ionospheric drifts close to the magnetie equator, 
it is difficult to measure the northward eomponent of 
drift velocity, Vy. This is because the irregularities of 
the ground diffraction pattern, and also presumably the 
ionospherie irregularities producing this pattern, are field- 
aligned and highly elongated in the north-south direction. 
In consequence the time delays between aerials oriented 
in this direction are very small; and in the measurements 
made hitherto at Ibadan, Nigeria (dip 6? S)—for example, 
by Skinner, Lyon and Wright!— it has not been possible to 
obtain significant results for Vy. Some evidence has, 
however, recently been published? of significant daytime 
values of Vx at Thumba, India (dip 0-6° S). 

A fourth aerial has recently been added to the Ibadan 
array (Fig. 1), so that in place of the short north-south 
baseline of 180 m one of 580 m is now available. A four 
channel electronic switch has also been installed, so that 
fading records from all four aerials can be recorded simul- 
taneously. A typical record is shown in Fig. 2: the 
correlation remains high even at 580 m separation (about 
5 wavelengths, for the frequency used on this record), 
but time delays, barely measurable over the short base- 
line, are clearly measurable over the long baseline. 

Measurements have been made hourly for 24 h through- 
out the day and night for 6 days each month during a 








Fig. 1. The four aerial array at Ibadan. 





The 


Fig. 2. Typical amplitude fading records for the array of Fig. 1. 
records are for aerials 1, 2, 3, 4 reading from bottom to top. 
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period of 12 months—October 1966 to September 1967. 
Apart from losses resulting from faulty equipment and 
80 on, significant north-south time delays were measurable 
in most of the observations. 

By using the modified time delay method (ref. 3 and 
unpublished work by us and R. W. Morriss), it has been 
possible to estimate the orientation and axial ratio of the 
irregularities, as well as drift velocity components cor- 
rected both for anisometry of the diffraction pattern and 
for the changing of the pattern as it moves, the character- 
istic velocity Ve, and the scale size L of the ground 
pattern. The method requires the scaling of time delays 
only, and the computations (which were carried out using 
an IBM 1620 computer) use the means and standard 
deviations of the time delays. 

In most of the observations the principal axis of the 
characteristic ellipse, representing the approximate mean 
shape of the irregularities observed, was directed within 
a few degrees of magnetic north. The mean direction was 
slightly but significantly to the west of magnetic north 
on the ground, by approximately 1-5. 

If the orientation is taken as due magnetic north the 
component Vy is given by 


Vy = Pyd/(Ty + 2-7 63) (1) 


where d is the aerial separation, Ty and cy are the mean 
and standard deviation of northward time delays. The 
uncorrected, “apparent” drift component is d/T'w, ob. 
tained by neglecting oy in this formula. 

Median diurnal variations of Vw, Vg and the other 
parameters have been obtained for each month, for 3 
month “seasonal” periods and also for the whole 12 
month period, both for E region and F region drifts. We 
report here only the F region measurements of Vy; 
E region results are similar to the F region results by day, 
and the other results are broadly similar to those obtained 
previously at Ibadan'. Standard errors of single values 
of Vy and of the medians have also been computed to 
assess the reliability of the results with respect to sampling 
errors. The level of precision attained is illustrated in 
Fig. 3 which shows the diurnal variation for a single day 
in June 1967 and the median for 6 days of observation in 
that month. 

Fig. 4 shows a comparison of the median diurnal varia- 
tion for May 1966 and May 1967. The very close agree- 
ment provides a gratifying confirmation of the precision 
attained; and also shows that the diurnal variation of 
north-south drift can be remarkably consistent from 
one year to the next. 
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Diurnal variations: (a) Vx on June 21, 1967; (b) median Vx for June 1967. 


Fig. 5 shows the diurnal variations obtained for the 3 
month periods representing March equinox, summer 
{northern solstice), September equinox and winter 
(southern solstice). The broad conclusions can be sums 
marized as follows. i , 

aos 


(1) During the night the velocity is northward in. 
seasons with a magnitude of order 100 m s>. (2) Thi 

is a clear seasonal variation in the night time inagnitude 
with equinoctial maxima and solsticial minima as shown 
in Fig. 6(a). This has an amplitude of about +26 me - 
in the mean values over the night; but shows up even. 
more strongly if the night time maxima are plotted, when 
the amplitude reaches about +45 m s-!, (3) The day 
time behaviour is less regular, but in equinox periods there 
is a strong quasi-semidiurnal tendency with minima in 
the morning and afternoon of around — 35 m s-t, south. 
ward, and a midday maximum of about +50 m s, A 
similar tendency occurs in winter though with a much 
smaller afternoon minimum. (4) In summer the day- 
time velocity tends to remain southward from 1100 to 
1600 h with a mean value of about —70 m s+. ‘The 
sharp difference between midday values in summer and 
the other seasons is clearly indicated in Fig. 66. The 
annual variation is, however, similar to that of night time 
values. (5) There is a steady northward component of 
about 65 m s- at the equinoxes and 30 m s~ in. summer, 
The behaviour of the other Fourier components is some- 
what complex; and it is doubtful if harmonic analysis is 
appropriate. (6) The eastward component is positive by 
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Fig. 4. Diurnal variations of median Fx for May 1966 and May 1967. 
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Fig. 5 (a)- (d). 


night and negative by day, so the drift vector is towards 
the north-east by night and rather variable in direction 
by day except in summer when it is predominantly 
towards the south-west by day. 

Our results are consistent with the limited data available 
for Thumba (dip 0-6"? S), where Deshpande and Rastogi? 
find a tendency for daytime drifts to be chiefly north- 
ward in winter and southward in summer. They are also 
rather similar to the results obtained by Rao and Rao‘ for 
Waltair (magnetic latitude 9-5° N) even though this is at 
a considerably greater distance from the magnetic equator 
and on the opposite side of it. They also find that in 
general night time velocities are towards the north and 
daytime velocities towards the south, with a subsidiary 
midday maximum in all seasons except the northern 
summer solstice. The main differences from our results 
are: (1) that the subsidiary maximum is rather less 
pronounced at Waltair than at Ibadan; and (2) that the 
steady component, which is large and consistently north- 
ward at Ibadan, is small and of variable sign at Waltair. 

These observations of strong north-south drift velocities 
with marked seasonal characteristies and consistent 
diurnal variations so near the magnetic equator are 
somewhat surprising because the theory of electrodynamic 
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drifts*, although predicting correctly the general behaviour 
of the eastward component, predicts an almost zero 
northward component in this region. Other explanations, 
possibly connected with the development of the Appleton 
equatorial anomaly, need therefore to be sought. Rish- 
beth’, Bramley and Young’, and others have recently 
discussed the possibility of meridional winds connected 
with the anomaly. 
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Cosmology and Electrodynamics 


Tue approach of Hoyle and Narlikar! to quantum electro- 
dynamics provides a good explanation of spontaneous 
emission, and leads to an expression for the emission rate 
which is in agreement with the observed rate S, provided 
that the zero-point oscillations of the electrodynamie field 
are ignored. Previously it was considered? that spontane- 
ous emission was induced by these oscillations but, because 
there is only an energy of iiv per state, the predicted 
rate in this case is only 1$. 

The question now arises, what position should the 
zero-point oscillations hold? If they are not ignored in 
the Hoyle-Narlikar theory, the predicted emission rate is 
one and a half times too great. 

One can take the zero-point oscillations into account, 
however, by simply removing the ungainly restriction 
a+b in the expression for Fokker’s action principle’. 
This simply means that self-action of particle a is now 
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allowed. The equation corresponding to equation (4) of 
Hoyle and Narlikar for the net field acting on the body is 
then 


Jur + Fi) ) - EFO EFO 4 p) (1) 
bsta dba 


where the second term on the right is made up of two 
halves: one half due to self-action, the other due to the 
action of the absorber. By using a Lorentzian electron 
model, this field is just sufficient to yield the correct 
classical damping rate. 

The external stimulus (due to the absorber) is now 
equivalent to only half of that in the approach of Hoyle 
and Narlikar. The rate of spontaneous emission induced 
by the absorber is thus only 1S. The inclusion of the effect 
of the zero-point oscillations (associated with self-action) 
contributes another LS, giving the full observed rate. 

The physical picture of this process would be as follows: 
(i) an oscillation of energy hv induces the electron to 
“jump down" by an amount $hy, the energy change being 
accomplished by self-action; (ii) this is accompanied by 
emission of radiation of energy ihv; (iii) this radiation, 
together with a zero-point oscillation at the absorber, 
causes the absorber to jump up a total of hv (half by the 
action of a, and half by self-action) and emit radiation 
of energy v into the past; (iv) this radiation from the 
future decreases the energy of a by a further jv. The 
total energy transferred is hv and the total stimulus on a 
is hv. In this picture, each photon of energy hv consists 


~ Of jAv travelling into the future from a to the absorber, 


and Mw travelling into the past from the absorber to a. 
For complete retarded effects to dominate, the universe 
must be capable of providing enough electrons in the 
future such that every half-photon sent into the future 
can interact with an electron. The only accepted model 
which has this capacity is the steady state model. 

An alternative approach to the problem, if one does not 
wish to think in terms of half-quanta, is statistical. One 
, ean obtain the correct classical emission rate S as well as 
include self-action and zero-point oscillations if one assumes 
that, of the emitting atoms, an average of half are 
acted on solely by self-action (zero-point oscillations in 
the quantum theory) and half are acted on by the 
absorber as well as by the zero-point oscillations. The 
average emission rate is then the observed rate S. For 
this interpretation to be valid, the universe must be such 
as to provide enough electrons in the future to interact on 
the average with half of the photons sent into it. Are 
there any models consistent with this requirement ? 

The condition that half the photons interact with elec- 
trons is 


exp (— fdz/3) - à (2) 


where dz is an element of proper distance and à is the 
proper mean free path for photon-electron interaction. 
For a photon, dz — cdi, where dt is a time element, and we 
have then 


exp (—oc f Ndt)=} (3) 
ty 


for an infinite universe, where we have put Az l/(Ne), 
c is the interaction cross-section and N is the numerical 
proper density of electrons. 

To be specifie, let us consider the Einstein-de Sitter 
model and write therefore 


N = No(to/t)? (4) 


the suffix zero referring to the present epoch. 
Expression (3) becomes 


exp (—ocN uS) = d (8) 


155 ; 


(If N were constant, as in the steady state theory, tho Us 


left side of equation (2) would beeome zero, corresponding 
to total interaction.) : 

Assuming that on the average the energy of a photo 
will have been red-shifted down to a small value by the 
time of interaction, we may take o as the Thomson cross- 


section. Substitution for this and for Ny= Qo/mig, where .— 


Po is the density of the universe and m, is the proton mass, - 
we arrive eventually at the approximate relation 


Potty ~ moc*m p/e* 


This remarkable relation between cosmology on the 
left and microphysics on the right is identical to that 
derived immediately from Bondi's* “coincidental” rola- 
tions (7.2) and (7.3), and does indeed hold in our universe. 

Thus the Einstein-de Sitter model does satisfy the- 
necessary requirement and is an allowable model in thig 
respect. 
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Synchronous Detection by Electron 
Spin Resonance of Free-Radicals produced 
at Potential-Modulated Electrodes 


WE report here preliminary results of an investigation 
designed to detect the electron spin resonance (esr) 
spectrum of radical ions in the vicinity of an electrode 
surface, with a view to the study of surface phenomena 
in electrode processes. The application of e.s.r. speetro- 
scopy to electrochemical problems has been confined to 
the identification of rather stable radical intermediates! 
and to the study of their decay processes? Even when 
the radical-generating electrode has been placed in the 
microwave cavity the spectrum produced is indistin- 
guishable from that of the bulk species. Close to the 
surface of a metallic electrode, however, appreciable 
differences in ionic concentrations from those in the 
bulk occur as a result of the electric field at the metal 
surface?. In addition, specific absorption of solution 
species at an electrode can occur, dependent on the 
electrode potential, and it is known that adsorbed radicals 
on catalyst surfaces display e.s.r. spectra different from 
solution spectra of the same species‘. Apparent lack. of 
surface phenomena in the o.s.r. spectra of electrochemical 
systems has been attributed to the great broadening of 
spectra of surface species possibly by electron exchange 
or relaxation with the many levels available in the metal. 
Several workers, however, have noted an apparently 
greater stability of the radicals when the generating 
electrode is in the mierowave cavity. In order to investi- 
gate whether a surface component is present it is necessary 
to use a stable radieal and to be able to distinguish 
species nearer the electrode from the species diffused into 
the bulk. To do this we have used an in situ electrode, 
which has a potential modulated about the redox poten- 
tial of the radical-parent molecule system so that radicala 
are alternately formed and destroyed (concentration 
modulation). The spectrometer output is phase sensitively 
detected at the modulation frequency. Because the in- 
phase concentration changes are greatest near the electrode 
surface, the contribution of radicals close to the electrode 
predominates in the detected signal at sufficiently high 
modulation frequencies. 
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Fig. 1. Block diagram of the apparatus. A, Potentiostat ampli- 


fer; O, e.s.r. cavity containing electrochemical cell; O, oscilloscope 

for monitoring the cell polarograph (X and Y are appropriate inputs); 

P.S.D., phase sensitive or synchronous detector; R, dual trace pen 

recorder (numbers refer to channels); S.W., square wave voltage 

generator; T.W., triangle wave converter: X ESR, an X-band e.s.r. 
spectrometer. 


The instrumental arrangement is shown schematically 
in Fig. 1. The cell consists of a 2 mm internal diameter 
quartz tube containing a cylindrical platinum gauze 
electrode mounted in the centre of the e.s.r. cavity. 
Electronic control of the cell is by means of an integrated 
operational amplifier mounted close to, yet outside, the 
main magnetic field of the spectrometer. The reference 
voltage for this operational amplifier is provided by a 
silver wire positioned close to the centre of the platinum 
gauze and the cell voltage is controlled by the auxilliary 
mercury electrode situated outside the e.s.r. cavity. The 
electrode potential is modulated by a square or triangular 
voltage waveform of amplitude 0-4 V. The electrochemical 
behaviour is very readily monitored on triangular wave 
operation by displaying the cell current as a function of 
voltage on an z-y oscilloscope (“cyclic voltammetry’’)®. 
In order to compensate for the various electronic delays 
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in the system, a delayed reference signal is used for the 
synchronous detector. A further delay of a quarter of a 
cycle is necessary on triangular wave operation to compen- - 
sate for the delay of radical concentration behind the cell 
voltage. Although the Q factor of the e.s.r. cavity is 
lowered by the electrochemical cell, the sensitivity of the 
spectrometer is not impaired for the cavity power can be 
increased within the saturation limit of the sample. The 
magnetic field near the surface of the electrode is different 
from that in the bulk for several reasons. The largest 
difference is caused by the paramagnetic susceptibility of 
the platinum which increases the field in the region of 
the surface by about 30 mgauss. This difference leads to 
resonance at lower apparent field strengths (greater 
g-value) but could be reduced in future experiments by 
use of gold or carbon electrodes. Electrochemical currents 
passing through the cell cause a maximum magnetic 
field of about 2 mgauss. This field is modulated at the 
same frequency as the cell current but does not produce 
any output from the synchronous detector, for it is in 
quadrature with the signal from the concentration modu- 
lated radicals. Although the amplitude of this modulation 
is sufficient to produce a small spectrum, this is differen- 
tiated by the spectrometer and appears as a distortion 
of the normal signal. Also, no component was found 
from a sample of diphenyl picryl hydrazyl (DPPH) 
placed just outside the electrolysis cell nor was a signal 
obtained from bulk radicals when the current pulse was 
centred away from the redox potential. Neither the 
microwave magnetic field nor the 100 Hz field modulation 
of the spectrometer is expected to be attenuated at the 
electrode surface, but attenuation by the skin effect in the 
surface will occur. Consequently, the normal sensitivity 
of the spectrometer will be maintained at the surface 
of the electrode. This should also be the case for a 
reasonable degree of non-uniformity of the surface. 

In order to demonstrate the principle of distinguishing 
between bulk and concentration modulated radicals, a 
second bulk radical was artificially introduced. This 
second sample consisted of a weak sample of DPPH 
isolated from the cell which provided a simple line spec- 
trum of different g-value from the other bulk and modu- 
lated radicals. The electrogenerated radical was the 
anion of tetrachloro-1,4-benzoquininone (chloranil). This 
system was chosen because it gives a simple single line 
spectrum and has high stability in the solvent chosen, 
acetonitrile. The solution was rendered conducting with 
tetrabutylammonium perchlorate. Possible chemical side 
reactions of the anion-radicals would be expected to lead 
to products containing protons with the result that if 
paramagnetic, the products would give multi-line spectra 
probably containing less chlorine and with different 
g-values and thus be conveniently detected. In fact no 
such products were found. In addition, the positive 
reduction potential (OV versus SCE) of chloranil probably 
lies in regions of positive electrode charge favouring both 
specific and non-specific adsorption of the anion radicals, 
Reproducible results were obtained on pulsing for some 





Fig. 2. Esr. spectre of bulk and surface radicals. Trace 1 (——) is the output of channel 1 of the pen recorder (see Fig. 1) and is 


the spectrum of t 


concentration modulated radicale. Trace 2(--— -) includes the spectrum of the bulk radicals and an artificially introduced 
didi sample of bulk radicals (DPPH). The spectra are displaced relative to the field axis. 
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GEOSCIENCES—NEW AND RECENT TITLES 
Clay in Engineering Geology. J. E. Gillot 


Division of Building Research, National Research Council of Canada, Ottawa, Canada 

CONTENTS: Foreword; preface; the nature and classification of clays and soils; physical geology: 
the origin and evolution of clay minerals and clay; composition and fabric of clays; physical chemistry. 
of clays; moisture interaction with clays and clay minerals; strength and rheology of clays; sou 
stabilization; clay as materials; the mineralogical analysis of clay; physical analysis of clays; engineering 
analysis of soils; index, f 1555. 


Soils of the World. Juan Papadakis 


Research Associate, Institute of Soil and Agrotechnics, Buenos Aires, Argentina 

CONTENTS: Soil formation; soil diagnostics; soil classification; introduction; soils with degree of 
leaching 1-2; soil classification—soils with degree of leaching 3-6; holomorphic, gleisoloc and organic 
soils; fundamental patterns of soil distribution; broad soil regions of the world; soils of the world 
(country by country); agricultural potentialities; soil survey; addendum; references; index, 100s. 


Migmatites and the Origin of Granitic Rocks. K. R. Mehnert 
Professor of Mineralogy, Freie Universitat, Berlin 
CONTENTS: Preface; system and nomenclature; megascopic structures of migmatites; microfabric. 
of migmatites; experimental results; temperature of formation (geological thermometry); migration 
of mobile components within the earth's crust; geochemistry of granite rocks; migmatic formation ol 
granitic rocks; anatectic formation of granitic rocks; metasomatic formation of granitic rocks; summary 
and conclusions; appendix; nomenclature of migmatites; references; index. 1308; 


introduction to Paleolimnology. C. C. Reeves, Jr. 
Department of Geosciences, Texas Technological College, Lubbock, Texas, U.S.A 


CONTENTS: Introduction; Part |. The lake basin; formation of lake basins; quantitative description 
of lake basins; shape and development of lake basins; Part H. The lake; the lacustrine environment; 
lacustrine sediments; chemical precipitates; lacustrine sediments; clastic; lacustrine structures; 


depositional! and erosional; Part Ill. The paleolake basin; pleistocene chronology; distribution, cause 
and recognition of paleobasins; paleoclimatic methods; sampling methods; future paleolimnological 
applications; references; index. 1305. 


Optical Oceanography. N. G. Jerlov 

Professor of Physical Oceanography, University of Copenhagen, Copenhagen, Denmark 

CONTENTS: Introduction; Parti: Inherent optical properties of sea water; scattering; beam attenua- 
tion; Part ll: Underwater radiant energy; global radiation incident on the sea surface; reflection at 
the sea surface: refraction at the sea surface; theory of radiative transfer in the sea; techniques of 
underwater light measurement; radiance: irradiance; polarization of underwater radiant energy: 
visibility; colour of the sea; Part lli: Applications of optical methods; applications to physical oceario- 
graphy; applications to marine biology; reference; index. 75s, 


Ocean Currents. Gerhard Neumann 
Professor of Oceanography, New York University, New York, U.S.A. 
CONTENTS: Observations and methods of current measurements; presentation of oceans currents 


and water mass transport; basic hydrodynamical background; major types of ocean currents; the 
general circulation of the oceans; references; index, 150s. 


Diagenesis in Sediments. Edited by G. Larsen and G. V. Chilingar 


G. Larsen, Department of Geology, University of Aarhus, Aarhus, Denmark; and G. V. Chilingar, 
University of Southern California, Los Angeles, California, U.S.A. 


CONTENTS: Introduction; phases of diagenesis and authigenesis; diagenesis of sandstones: dia- 
genesis in argillaceous sediments; diagenesis of carbonate rocks; silica as an agent in diagenesis; dia- 
genesis of organic matter; diagenesis of coal (coalification); diagenesis in sedimentary mineral deposits, 
diagenesis of sub-surface waters; interstitial solutions and diagenesis in sediments; concluding remarks 
on diagenesis; references index; subject index. 
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RADARS: NEW CONCEPTS 


By Michel H. Carpentier, Ecole Nationale Supérieure 
de l'Aéronautique, Paris. Translated from the second 
French edition 


In this book new concepts are treated exclusively, 
much of the material stemming from the author's 
own researches. 

Contents include: INTRODUCTION TO RAN- 
DOM FUNCTIONS; SIGNAL AND NOISE; THE 
IDEAL RECEIVER; PERFORMANCE OF 
RADARS EQUIPPED WITH IDEAL RE- 
CEIVERS; ANALYSIS OF THE PRINCIPLES OF 
RADARS; BEHAVIOUR OF REAL TARGETS; 
TARGET FLUCTUATION; MEASUREMENT OF 
ANGLES WITH A RADAR; PROCESSING OF 


RADAR INFORMATION COVERAGE; 

PROBLEMS. 

262 pages £7 10s Od 
BEAM-FOIL SPECTROSCOPY 


Edited by Stanley Bashkin, University of Arizona, 
Tucson, Arizona 


Contents include: EXPERIMENTS ON OPTICAL 
SPECTRA FROM A BEAM-FOIL SOURCE; 
EXPERIMENTS ON OPTICAL SPECTRA, 
ELECTRONS, AND HEAVY IONS USING FOIL 
AND GAS TARGETS; LIFETIME EXPERI- 
MENTS; THEORETICAL ASPECTS; ASTRO- 
PHYSICS. 


676 pages In two volumes £21 5s Od 


TOPICS IN FIELDS AND SOLIDS 


Edited by C. Alton Coulter, Department of Physics, 

Clark University, Worcester, Massachusetts, and 

Romas A. Shatas, Chief, Sofid State Physics Branch, 

Physical Sciences Laboratory, Research and Develop- 

ment Directorate, Redstone Arsenal, Alabama 
Contents: INTRODUCTION TO NON- 
RELATIVISTIC QUANTUM FIELDS AND DIA- 
GRAM TECHNIQUES, C. Alton Coulter and 
B. M. Morris; CLASSICAL FIELDS AND 
GRAVITATION, Vitalij Garber and C. Alton 
Coulter; THE MOSSBAUER EFFECT, Ambuj 
Mukerji and C. Alton Coulter; QUANTUM 
FIELD THEORY OF LATTICE VIBRATIONS 
IN THE HARMONIC APPROXIMATION, Romas 
A. Shatas, C. Alton Coulter, John D. Stettler, 
and David W. Howgate. 


232 pages £4 17s 6d 
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IRRADIATION EFFECTS IN NUCLEAR FUELS 

By J. A. L. Robertson, Atomic Energy of Canada, Ltd. 
This work assembles the facts and theories of 
nuclear fuel irradiation. As a critical review of 


the literature it serves the worker in the field, 
graduate student and the non-specialist. 


302 pages £6 10s Od 


THE RESEARCH SOCIETY 


Edited by Evelyn Glatt, Socia/ Science Advisor, Planning 
Branch, National Institute of Mental Health, Chevy 
Chase, Maryland, and Maynard W. Shelly, Department 
of Psychology, University of Kansas, Lawrence 
The Research Society is largely concerned with 
the management of social relationships in a 
research and development laboratory. Many of 
the papers cover a rather wider field, however, 
including such topics as the selection of 
research projects. Much of the material is applic- 
able to other types of organization as well as to 
laboratories, answering management problems 
which occur in various fields. 


550 pages £14 Os Od 


STRUCTURAL CERAMICS AND TESTING OF BRITTLE 
MATERIALS 


Edited by Samuel J. Acquaviva, Army Materials and 
Mechanics Research Centre, and Seymour A. Bortz, 
Illinois Institute of Technology Research Institute 
This work reviews the testing techniques cur- 
rently being used to evaluate brittle materials 
and discusses those areas in this field which 
require further attention. 


320 pages £7 5s Od 


THE DETERMINATION OF CARBON AND HYDROGEN 
AND THE USE OF THE NEW COMBUSTION CATALYSTS 


Edited by J. A. Kuck, Assistant Professor of Chemistry, 
University of Connecticut, Stamford, Translated by 
Kurt Gingold, The American Cyanamid Company 


Volume lll in the series Methods in Microanalysis. 
Volume IH of this series contains much informa- 
tion of importance for the practicing micro- 
analyst. Recently obtained solutions to difficult 
problems in techniques are explained, and find- 
ings on several new effective combustion 
catalysts are described. 


608 pages £18 Os Od 


NOW AVAILABLE—Two New Slide Films 
C. N. Yang, Review of High Energy Physics 
A. De Shalit, Review of Nuclear Physics 
Approximately 50 minutes each of 35 mm. slide film and sound. Black and white only. 


These two films by outstanding physicists were prepared from live lectures at the First Latin American 
Congress of Physics, Oaxtapec, Mexico, Summer, 1968. They provide a general review of the subject areas 
without requiring extensive knowledge of mathematics or physics. Suitable for college students as supple- 


mentary lectures. 


Also available is accompanying text material for each lecture. 


Paper 19s. 6d. each lecture. 


Please write for further information. 


Available from: SCIENTIFIC AND TECHNICAL BOOK SERVICE LTD. 8 Bloomsbury Way, London W.C.1 
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Structure Reports 
for 1958 - Volume 22 


General Editor: W. B. PEARSON 
Section Editors: A. TAYLOR (Metals) 


J. S. KASPER and W. B. PEARSON (Inorganic Compounds) 
A. McL. MATHIESON (Organic Compounds) 


Structure Reports provide critical reports of 
virtually all determined crystal structures. The 
Reports are arranged in Sections on Metals, 
Inorganic and Organic Compounds. The more 
complete determinations are usually reported 
under headings covering: system and cell dimen- 
sions, space group, atomic positions, material, 
.Structure (with bond lengths and angles, and 
often with illustration), and details of analysis, 
The structural data are reported so completely that 
reference to the original paper is rarely necessary. 
There are extensive Indexes in each annual volume. 


New Volumes 


Volume 22, covering the literature for 1958, has just been 
published. Volume 23 (1959) had been published earlier. 
Volumes 24 (1960), 26 (1961), 27 (1962) and Volume 25 
(the cumulative index for 1951—60) are now with the press 
and will be ready in 1968—69. 


Volumes 22, 24, and 26 each consist of 800—900 pages. 
Their prices are (Netherlands Guilders) f 140 (or at present 
rates of exchange $39 or £16.8s.). The price of Volume 25 
(Index) will be f 90 ($25.00 or £10.10s.). 


Price Reductions 


A 1594 discount will be given to all subscribers who place 
a standing order from Volume 22 onwards and who under- 
take to purchase at least 5 new volumes as they appear. 
This discount is being given to subscribers already on 
the standing order list, and it is also available for orders 
of five or more existing volumes. 


Ten-year Sets 


Volumes 15—24 span the important 10-year period 1951— 
60 and may be referenced from the cumulative index 
Volume 25. The list price of these eleven volumes is 
£1265. The complete set may be obtained at the specially 
reduced price of f 1000 ($280 or £117). Volumes 15-23 
will be delivered immediately, and Volumes 24 and 25 as 
Soon as printed. 


A. Oosthoek, Domstraat 11-13, Utrecht, The Netherlands 








Volumes 8—13 span the years 1940—50 and are referenced 
by the Index Volume 14. The list price for these seven 
volumes is f 510. This set may be obtained at the special 
price of f 400 ($112 or £47). 


These extra concessions on the ten-year sets are available 
only for orders placed before ist April 1969. Subscribers 
will also be granted the 15°, discount for standing 
orders from Volume 26 onwards. : 


Reduced Personal Prices 


Private subscribers may now purchase any volume of 
Structure Reports at 50% of the list prices. Thus Volumes. 
22, 24 and 26 are available to private subscribers at / 70 
($19.50 or £8.4s.) each, and Volume 25 (Index) will cost 
f 45 ($12.50 or £5.5s.). Such subscribers should ordin- 
arly be members of recognized scientific societies and 
must give an undertaking accompanying their order that. 
the volumes are for their personal use and will not be made 
available to libraries, institutions, etc. No further reduction 
can be given for standing orders, but as a particular conces- 
sion private subscribers may purchase the 1951-60 set, 
Volumes 15-25, at the special price of f 560 ($158 or 
£65.12s.), and the 1940—50 set, Volumes 8-14, at f£ 240 
($67 or £28). 


Orders 


Structure Reports are published for the international 
Union of Crystallography by A. Oosthoek's Uitgevers- 
maatschappij N.V., Domstraat 11—13, Utrecht, The Nether- 
lands. Orders can be placed with Oosthoek's or with anv 
bookseller. All prices are post free from Oosthoek' s. 








An informative prospectus for Structure Reports, 
showing specimen pages and giving price details 
for all volumes, can be obtained free of charge 
from Oosthoek's. 
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collections in your field. 


Expands your own sci/tech data bank. 

You can utilize the results of hundreds of 
thousands of man and machine hours 
without even having access to a computer, 
Many of the systems listed in DCIST are 
available simultaneously in hard-copy form. 
Others perform on-demand custom searches, 
S.D.l. services, periodic subscription 
searches and provide print-out in a 
variety of formats. Or, you can rent or 
purchase duplicates of the actual tapes. 


Covers a wide range. DCIST identifies 

and describes:data banks and 
machine-readable collections developed by 
leading governmental, research, industrial, 
academic, library, publishing and 
professional society sources from 
small-scale highly-specialized collections 
to large-scale interdisciplinary ones 
Virtually every major area of science and 
technology is represented within the 
systems described. Many previously 
untapped data sources are, tor the first 
time, made accessible directly to 
scientists, engineers, librarians and 
information specialists 


A continuing service publication, 

fully updated with periodic supplements. 
Intensive search and retrieval efforts 

are on-going to include additional systems 


as they become operational 


$175, includes full updating service 
through December 1969 


Order from the publisher, 
Science Associates/International, Inc. 
23 East 26th Street, New York, N.Y. 10010 
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hours though pre-treatment of the electrode in nitric 
acid was important. 

The properties of the bulk and concentration modulated 
spectrum are shown in Fig. 2 and Table 1. The shift 
‘in g-value and broadening of the pulse spectrum compared 
with the bulk spectrum are striking and so at least 
part of the pulse spectrum is contributed by radicals in 
a different environment from the bulk species; it is 
reasonable to suppose that they are affected by their 
proximity to the electrode surface. The shift in g-value 
suggests less tumbling of the molecules, but considerable 
motion is still possible, otherwise a spectrum having 
characteristics similar to those of the polycrystalline 
frozen sample given in Table 1 would be obtained. Broad- 
ening of the spectrum could also be due to increased 
dipolar interaction consequent on increased concentration 
of radicals at the electrode surface. 


Table 1. CHARACTERISTICS OF THE BULK AND PULSE SPECTRA OF CHLORANIL 
ANION RADICAL IN ACETONITRILE (MODULATION FREQUENCY 2 Hz) 


Concen- 
tration of Bulk radicals Modulated radicals Ag* 
chioranil Number Line width Number Line width 
(x10*M) =x 10-15 (mgauss) x 10-14 (mgauss) {x 105) 
5 3-8 490 5 690 6 
2 1:3 440 2:4 675 6 
2 — 7,0001 — — 16 


* Bulk radicals have g=2-0056; Ag is negative. 
t At 77° K, polycrystalline. 


To treat the problem of the location of the surface 
influenced species and the extent to which they are 
responsible for the pulse spectrum quantitatively requires 
precise definition of the nature of the electrode surface 
and knowledge of surface charge, surface concentrations 
and surface coverages which are not at present available. 
Some order of magnitude calculations are possible, 
however. If in fact it is the electric field in the diffuse 
double layer which results in the observations, then in 
order to observe 10" spins a concentration of about 1 M 
is necessary in the volume in which this field is significant 
(^10 À from the electrode). This concentration is much 
higher than can reasonably be expeeted for likely values 
of electrode charge on conventional diffuse layer theory 
when the bulk concentration is 10-* M. On the other 
hand, complete coverage of the electrode (assumed flat) 
by radical anions corresponds to about 109^ spins. Thus 
partial coverage (specific adsorption) rather than non- 
specific adsorption in the diffuse double layer is more 
likely to account for the observations. By comparison, 
contributions from concentration modulation of bulk 
species though extending far out from the electrode 
(73x 10-8 em in 0-1 s pulse) will also be of the order 10" 
spins. The recorded pulse spectrum is therefore expected 
to contain an appreciable component from the bulk 
modulation at frequencies used. Thus the characteristics 
of the surface species may differ to a greater extent from 
the bulk than is apparent. The possibility that homo- 
geneous electron-exchange contributes to the broadening 
of the modulated spectrum can also be ruled out, for 
the concentration profile close to the surface can be 
shown to have a lower ratio of neutral molecules to 
radicals (at least on the reduction cycle) than occurs in 
the bulk. 

Extension of the work to the determination of g-shifts of 
similar radicals having different redox potentials should 
provide a test of the validity of the interpretation because 
the more positive the redox potential the greater the 
specific adsorption and hence the g-shift is likely to be. 
Greater insight into the nature of adsorbed species and 
their interactions with the electrode and environment 
should then be possible. Limitations to the method may 
arise for strongly bound radicals if line widths comparable 
with those of polycrystalline samples are found which 
would result in very low intensity. In this case the use 
of a computer averaged spectrum may be advantageous. 
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Detection of a 25-line spectra should be possible on 
present signal/noise levels. 
We thank Dr D. H. Whiffen for helpful discussions. 


R. J. ConnR 
M. E. Peover 


Division of Molecular Science, 
National Physical Laboratory, 
Teddington, 

Middlesex. 


Received September 3, 1968. 
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Electrical Output from Anodized 
Aluminium during Shock-wave Loading 


We have observed that a fast rising current pulse ean be 
obtained from a thin layer of anodized aluminium when 
the layer is subjected to a plane shock wave. This effect 
has been observed over the pressure range of 5 to 220 kbar. 
A material which gives such an electrical response to a 
strong shock wave is of interest from both an experi- 
mental and a theoretical viewpoint, so a careful study is 
now being made of the response of anodized aluminium 
to strong shock waves. 

In order to study the phenomenon, we are performing 
experiments in which an aluminium-anodize-metal sand- 
wich is subjected to a shock wave from an explosive plane 
wave lens, and the current output is recorded. on. an 
oscilloscope terminated with a 50N load resistance. The 
peak amplitude of the current pulses increases from 
0:005 A/em? at stresses of 5 kbar to 2-5 A/cm? at stresses 
of 65 kbar in the aluminium substrate. At higher shock 
stresses the current amplitude decreases, falling to a 
value of 0-05 A/em? at 220 kbar. The pulses have rise- 
times of the order of 10 ns and are approximately 100 ns 
in duration. The duration is determined by the decay 
time of the RC circuit rather than by the thickness of the 
layers. Two different commercially available aluminium 
alloys containing small amounts of Cu, Fe, Mn, Mg and 
Cr were anodized in sulphuric, chromic or oxalic acids to 
form layers 0-0005-0-005 em thick. Similar electrical 
outputs were obtained in conditions of shock-wave loading 
for all samples. Samples of 99-9999 per cent pure alu- 
minium which were anodized in sulphuric acid gave 
approximately one-third the output of the anodized alloys. 
This indicates that the electrical response is enhanced by 
the presence of one or more of the alloying elements. 

There are three possible explanations for the electrical 
output from anodized aluminium. The first involves a 
migration of charge carriers across the shock-wave front 
similar to that observed by Ivanov'. The voltages ob- 
served in his experiments, however, were an order of 
magnitude smaller than our smallest signals, and there- 
fore this meehanism could not account for the outputs 
obtained from anodized aluminium. The second explana- 
tion is that the electrical output is the result of shock- 
induced polarization similar to that observed in plastics* 
and alkali halides®. To check this possibility we subjected 
a sample of pure aluminium oxide ceramic 0-05 era thick 
to a 65 kbar shock wave and obtained an output of 
0-0008 A/em?. If we assume that this output from the 
ceramic was the result of shock-induced polarization and 
therefore is inversely proportional to sample thickness, 
and if we assume that a polarization signal of the same 
order of magnitude ean be obtained from anodized 
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aluminium even though the structure of the two aluminium 
oxide materials is different, then we would expeet a 
polarization signal of 0-008 A/em? from a layer comparable 
in thickness with the anodized layers. This value is, 
however, almost three orders of magnitude too small to 
account for the observed outputs from anodized alu- 
minium. The third possibility is that the anodized layers 
are piezoelectric. A very strong piezoelectric response was 
detected in the anodized layers with a marginal oscillator 
using a resonance absorption circuit described by Robin- 
son‘. In addition, the polarity of the electrical output 
depends on the direction of shock propagation through the 
anodized layer as is to be expected from a piezoelectric 
material. A piezoelectric response was also detected in the 
anodized powder after it was removed from the aluminium 
substrate. Al,O, is not customarily considered to be piezo- 
electric because it lacks the proper symmetry. The large 
piezoelectric response from the anodized layers indicates 
that the layers contain an oxide form which is different 
from ordinary Al,O;. Further investigations are being 
made of the cause of the electrical response of anodized 
aluminium to strong shock waves. 

This work was supported by the US Atomic Energy 
Commission. 


A. R. CHAMPION 


Sandia Laboratories, 
Albuquerque, New Mexico. 


Received August 16, 1968. 
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Effect of Stoichiometry on the Plastic 
Deformation Behaviour of Cobalt 
Monoxide Scales 


On the basis of both theoretical considerations and 
experimenta] evidence it is usually recognized that oxide 
scales formed on metals are under stress. It is reasonable 
to assume that these scales will deform plastically, at 
least to some extent, at the elevated temperatures relevant 
to many thermal oxidation studies. In fact, few results 
of mechanical property measurements of scales formed 
by thermal oxidation have been reported, and most of 
these have been concerned with strength measurements 
on copper oxides! and iron oxides?:*, although some creep 
data for iron oxides are available‘, The mechanical 
properties of nickel oxide scales have recently been 
assessed* and probably the most interesting observation 
was that NiO deformed plastically at 850? C (0-51 Tm), in 
contrast with the early observations of Tylecote?, who 
reported no significant plasticity even at 1,100? C. It was 
also shown that the behaviour of the creep deformation 
was strongly dependent on impurity level, the secondary 
linear creep rate being considerably greater for high 
purity oxide than for an oxide derived from relatively 
low purity nickel. 

In view of the vacancy concentration gradient known 
to exist through an oxide scale in contact with a metal 
during oxidation®, it is of interest to assess whether the 
relative plasticity of the oxide alters significantly with 
defect concentration. Although no data appear to have 
been published concerning the deformation behaviour of 
oxide scales as a function of stoichiometry, some (con- 
flicting) information is available for bulk or sintered 
oxides. Hirthe and Brittain’ have reported that the creep 
strength (at constant stress) of anion deficient TiO, is 
lower than that for stoichiometric material, while Ashbee 
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and Smallman* observed an opposite effect in terms of 
plastic deformation after the yield stress was exceeded 
during compression tests at a constant strain rate. Pos- 
sibly these contradictory results merely reflect the 
sensitivity of ceramic materials to different modes of 
testing, and a strict comparison is not valid. Scott et al? 
indicated that sintered polycrystalline UO,.4, and UO. 
could be deformed plastically (under a three-point bend 
test) at about 800° C, whereas stoichiometric UOg.o9 only 
became plastic at about 1,600° C. At testing temperatures. 
of 900° and 1,000° C it was observed that the steady state 
creep rate for UO, was greater than for UWOa-ag- 
Reppich” has reported that the plastic deformation 
behaviour (under compression) of wustite at temperatures 
between 650° and 1,300° C is dependent on the stoichio- 
metric composition of the oxide; in particular as x in 
Fe,-,O was decreased from 0-11 to 0-05 and the oxide 
approached stoichiometry, with a decrease in the number 
of Fe** vacancies, it became less plastic. Thus most of 
the experimental evidence suggests that a departure from 
oxide stoichiometry is accompanied by an increase in 
plasticity. Hot microhardness studies on stoichiometric 
and anion-deficient ZrO, (ref. 11) also qualitatively 
support this conclusion, in spite of the high rates of 
deformation characteristic of such measurements. 

Our objective was to determine the relative creep 
strength of cobalt monoxide scales as a function of oxide 
stoichiometry. Cobalt monoxide has a simple NaCl type 
structure and its defect structure and range of stoichio- 
metry as a function of oxygen partial pressure is woll 
established!*, The oxidation behaviour of the metal has 
been studied extensively!?. CoO scales were prepared by 
the complete thermal oxidation of a high purity cobalt 
sheet (0-006 inches thick) at 1,000? C in atmospheres of 
known oxygen activity. The metal specimens were in the 
form of coupons 23 mm long and 4 mm wide. The scales 
thus formed were examined and shown to be of a fairly 
uniform thickness (about 290.) and free from the obvious 
porosity characteristic of a double-layered scale which 
has been reported by some workers studying the oxidation 
of cobalt!*. These scales were deformed at constant loads 
of 50-100 g in a standard three-point bending rig with a 
standard oxide beam length of 21 mm. The main features 
of this testing rig were described earlier’, but we have 
adapted the unit so that deformation can be carried out 
in a controlled atmosphere. An important experimental 
feature was that metal coupons already positioned on the 
bend jig were oxidized to completion and equilibrated 
with respect to the required partial pressure of oxygen: 
thus oxide samples were prepared, equilibrated and 
finally deformed in the same atmosphere at constant tem- 
perature. This avoided the complications of precipitation 
of Co,O, and the imposition of cooling stresses on the 
CoO sample, inevitable if the specimens were oxidized 
and then deformed in separate operations. The minimum 
exposure time necessary for oxidation and equilibration 
to oxides of known stoichiometry was determined gravi- 
metrically by additional experiments carried out with a 
thermobalance. Pure dry oxygen, air and oxygen/nitrogen 
mixtures were used to provide the oxygen activity neces- 
sary for known variable stoichiometric compositions, 
based on the experimental data of Fisher and Tann- 
hauser!?. In the final tests we used a standard oxidation 
time (in exeess of the minimum for equilibration) to 
produce samples with & standard grain size. 

In Fig. 1 the plastic deformation of the oxide beams 
(measured as the central deflexion of the oxide under the 
load rod) is plotted as a function of time. A constant 
load of 60 g was applied at 1,000? C for various oxide 
compositions. It is clear that the mechanical behaviour 
of the oxide is markedly affected by its stoichiometry, as 
defined by the ambient oxygen pressure of the sur- 
rounding atmosphere. The time/deflexion curves at each 
oxygen pressure (1, 0-21 and 0-01 atmospheres) are of a 
similar shape, exhibiting both primary and secondary 
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Fig.1. Deflexion of cobalt monoxide scales at 1,000° C under constant 


load 60g as a function of time at various oxygen partial pressures. 


(linear) creep, but the absolute amount of deformation 
and the linear creep rates decrease as the oxygen pressure 
is decreased. The creep rates (or more correctly deflexion 
rates) characteristic of cobalt oxides, grown and deformed 
in each atmosphere, are summarized in Table 1, together 
with the corresponding Co: O ratios, as determined on 
the basis of the studies of Fisher and Tannhauser!?, 


Table 1. SECONDARY LINEAR CREEP DEFLEXION RATES OF COBALT MONOXIDE 


SCALES AT 1,000* C 


Oxygen pressure Oxide Deflexion rates 
(atmospheres) composition (cm x 10*/h) 
1 Cossos O 0-43 + 0-04 
0-21 COo.99850 0-33 + 0-02 
0-01 COo-00¢20 0:23 40-05 


Examination of these data shows that the deflexion rate 
decreases approximately linearly with increase in Co** 
content in the oxide—in other words, as stoichiometry is 
approached and the number of cation vacancies is 
decreased. 

These observations agree with the behaviour reported 
for bulk UO, (ref. 9), TiO, (ref. 7) and ZrO, (ref. 11). The 
linear dependence of the deflexion rate on the Cott 
vacancy concentration is interesting—a similar observa- 
tion was made by Reppich" for FeO. Preliminary studies 
concerning the stress dependence of the deflexion rate for 
constant oxide stoichiometry have been made for oxide 
samples corresponding to both limits of stoichiometry—. 
Coo-9930 and Co,.,,,,0. If we define the stress dependence 
of ereep rate by an expression of the type! 


&£ = Aon 


where g is the creep rate (corresponding to deflexion rate), 
c is the stress (or load), and A is constant (for constant 
temperature and zero structural variables such as grain 
size in the oxide), the exponent n in our studies has the 
value 2-3. It may be noted that a value of n=1 has 
been observed for UO, (ref. 19), but for TiO, (ref. 7) and 
FeO (ref. 10) n has values greater than 1. 

The value, 2-3, of this exponent precludes a Herring- 
Nabarro type of creep mechanism or one involving grain 
boundary sliding (requiring n=1) and would suggest a 
steady state creep rate governed by a dislocation climb 
mechanism, the various proposed models for which 
(involving n values between 2 and 6) have been summar- 
ized by Wachtman!5. More work is required, however, to 
clarify this point and to elucidate the basic deformation 
mechanism(s) responsible for the creep rate dependence 
on oxide stoichiometry, and studies are continuing. 
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Influence of Electric Fields on the Rate 
of Growth of Molecular Solids 


Tar influence of electric fields on growth processes in^. 
insulating and poorly conducting solids has been examined 
in experiments ranging from those involving biological 
materials, such as performed by Becker and collaborators 
on bone growth in experimental animals', to Gorskis 
work on nucleation in super-cooled organic liquids’. A 
good deal of work has focused on orientation effects 
occurring on a substrate to which d.e. fields have been 
applied. For example, Chopra? has shown effecta on 
orientation of metal films during vacuum deposition, 
and Sinclair and Calbick* have observed strong variations ^. 
in orientation of a sodium chloride film deposited. on. 
fused silica with an applied d.e. field. We have examined 
growth rates of insulating erystals in the melt, solution 
and vapour phases and have experimental evidence that 
the rate of growth of an organie solid from the vapour 
phase can be controlled by applying a d.e. electric field 
to the growing surface. At low growth rates (0-2 ug/min), 
by applying an electrie field of the order of 4,000 V/om, 
it is in fact possible to prevent crystal growth. 

The experiments were conducted by continuous: 
vacuum evaporation of aromatic hydrocarbons from à 
Knudsen cell at pressures of 5x 10- atmospheres or less 
with a crystal mounted on a stirrup of a Cahn RG electro- 
balance. Fig. 1 is a sketch of the apparatus, the mort 
troublesome feature of which is the fine copper wire used 
for the electrical connexions to both the thermistor 
(Fenwal GA51J1, 100 KO) and the crystal so that the 
operation of the electrobalance is not affected, Finger- 
like gold electrodes were vacuum deposited on the crystals 
through appropriate masks with the electrode gaps varying 
from 0-1 to 0-025 em. The electric field was applied by 
means of a 240A Keithley d.c. power supply. Materials 
were evaporated at an approximately constant rate by 
using a Knudsen type furnace supplied with a magneti- 
cally operated shutter. We examined the influence of 
the applied field on the electrobalance system and found 
that an electrostatic type interaction is responsible for 
a weighing fluctuation which disappears after 2~4 min, 
after which the measured deposition rates are quite 
reliable. 

The samples studied most thoroughly were single 
erystals of p-terphenyl with electrodes mounted and 
deposition occurring on the cleavage planes. From Fig. 2 
it is apparent that the influence of electric field on growth 
rate becomes pronounced at fields greater than 100 V/ern. 
When the growth rate, in the absence of an electric field, 
is lowered from 13 pg/min to 0-2 ug/min the application 
of a field of 4,000 V/cm completely hinders growth of the 
erystal. The temperature dependence of the growth rate 
with and without an applied electric field is shown in 
Fig. 3; both curves have approximately the same slope 
with an activation energy of ~70 kealories/mole. We 
studied two other hydrocarbons—anthracene and tetra- 
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cene. An applied electric field did not influence the rate 
of growth of anthracene crystals. Tetracene evaporation 
on a polycrystalline thin film deposited on a mica sub- 
strate showed a low temperature region (<337° K) in 
which the effect of an applied field was to suppress growth 
and a high temperature region (>337° K) in which 
pone was more rapid in the presence of an applied 
eld. 

In interpreting these experimental results, it is impor- 
tant to rule out two possibilities—that the observed 
phenomena are caused by a gas discharge at the edges 
of the electrodes, or by a direct influence on the vapour 
flux from the Knudsen cell. The first possibility is ruled 
out by the experiments with mica substrates in which 
the eleetrodes were completely covered by polyerystalline 
tetracene and no discharge was possible. The second 
possibility appears unlikely because of the relatively 
small electric fields involved (8,000 V/cm in the extreme 
ease) and small molecular polarizabilities. Further, 
such an influence would be more pronounced with the 
higher vapour flux, but the reported effect on growth 
rate is more pronounced at the lower flux. 

Why is it that the electric field influences the rate of 
crystal growth ? For the terphenyl case, there is no change 
in the activation energy with application of an electric 
field (Fig. 3), so that arguments relating to a change in the 
energy of desorption, nucleation or diffusion are inapplic- 
able. Dramatic changes in activation energy occur in the 
case of tetracene growth which will require further study. 
Because the experiments on anthracene could be made 
over only a small temperature range, they cannot be 











Apparatus mounted in a vacuum bottle accessory of a Cahn 


Fig. 1. 
RG electrobalance. (1) Electrobalance arm, (2) thermistor, (3) substrate, 
(4j vacuum feed-through, (5) shutter, (6) Knudsen cell, (7) material, 
(8) heater, (9) thermocouple, (10) copper block, (11) external heater~ 
tungsten bulb. Inset (A) shows electrode geometry on erystal surface. 
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Fig. 2. Relative rate of growth ņ in an applied field E (V/em) of 
p-terphenyl crystals. The rate of growth with zero fleld 13-5 ug/min. 
All measurements at 312? K at an electrode gap of 0-025 cm, 
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Fig. 3. Temperature dependence of rate of growth of p-terpheny? 
crystals, Measurements made at electrode gap of 0-025 em. A, Applied 
field 0 V/em; B, applied field 4,000 V/cm. 


considered an adequate test of the efficacy of an applied 
field on erystal growth. 

The observed effect is probably related to a decrease 
in the density of nucleation sites, a conelusion which has 
also been suggested in studies of crystallization from the 
super-cooled melt?. Such an effect on nucleation sites 
might be expected to require very strong electric fields. 
High fields often do exist at surface contacts to an insulator, 
as Williams® showed in his experiments on cadmium sulph- 
ide using rectifying contacts. When the external circuit 
voltage was only a few volts, a field of the order of 10° 
to 109 V/em existed at the electrode-crystal boundary and 
the band edge of cadmium sulphide was shifted. Such 
situations could easily exist at electrode-organic crystal 
interfaces as well as the more complicated electrolyte- 
insulator systems that occur in biological systems. 


US NATURE, VOL. 220, OCTOBER 12, 1968 


This work was supported by a grant from the US 
National Aeronauties and Space Administration. 


A. SzYMANSK1* 
M. M. LABES 


Chemistry Department, 
Drexel Institute of Technology, 
Philadelphia. 


Received July 1; revised August 5, 1968. 


* Visiting research associate, 1968-69. Permanent address: Institute of 
Physics, Technical University of Lodz, Poland. 


‘Becker, R. O., Bassett, C. A. L., and Bachman, C. H., Intern. Symp. 
Biodynamics of Bone, Henry Ford Hospital, Detroit, March 1963 (Little, 
Brown and Co., 1964). Bassett, C. A. L., and Becker, R. O., Science, 
187, 1063 (1962). Becker, R. O., Nature, 199, 1804 (1963). Bassett, 
C. A. L., Pawluk, R. J., and Becker, R. O., Nature, 204, 652 (1964). 
Becker, R. O., and Brown, F. M., Nature, 206, 1325 (1965). 


2 Gorskil, F, K., J. Exp. Theor. Phys. (USSR), 4, 522 (1934), Gorskii, F. K.. 
Collected Seientifie Papers, Minsk State Pedagogical Institute, 15, 308 
(1955), Gorskii, F. K., and Prischcepa, L. T., Kristallizatsiya i Fazovye 
ine Oe Fiz. Tverd, Tela i Polupror., 386 (Acad, Sci. Byeloruss. 


be Mer K, L., Appl. Phys. Lett., 7, 140 (1965), and J. Appl. Phys., 37, 2249 


‘Sinclair, W. R., and Calbick, C. J., Appl. Phys. Lett.,10, 214 (1967). 
* Williams, R., Phys. Rev., 117, 487 (1960). 


BIOLOGICAL SCIENCES 


Suppression of the Daily Rhythm in 
Tyrosine Transaminase Activity by 
Acute Elevation of Norepinephrine 


Tux enzyme tyrosine transaminase has a 24 h rhythm of 
activity in the rat liver which varies over & four-fold 
range each day!. 'This periodicity persists in the absence 
of pituitary or adrenal glands*-‘, indicating that the 
driving oscillation of the rhythm does not reside in the 
pituitary-adrenal axis. Recent work in this laboratory? 
has shown that depletion of tissue norepinephrine is 
associated with a three-fold inerease in hepatie tyrosine 
transaminase activity in the fasted, adrenalectomized 
rat. This rise in enzyme activity was abolished by reple- 
tion of norepinephrine. These findings suggest that the 
neurohumour norepinephrine is involved in the generation 
of the daily rhythm in the activity of this enzyme. The 
results presented here show that a rise in tissue norepine- 
phrine, either by inhibition of degradation or by increase 
in synthesis, is associated with a suppression of the diurnal 
rhythm of the rat hepatic enzyme. 

Because glucocorticoids markedly increase hepatic tyro- 
sine transaminase activity®, only adrenalectomized rats 
were used. Female Sprague-Dawley adrenalectomized 
rats (160-180 g) (obtained from Hormone Assay Labora- 
tories, Chicago, Illinois) were subjected to a daily lighting 
schedule as previously described (14 h light, 10 h dark)’. 
Purina chow and 0-3 per cent sodium chloride solution were 
freely available. Experiments were performed on the 
fifth to eighth days after adrenalectomy, after at least 48 
h of exposure to controlled lighting. Rats were killed 
at different times by neck fracture and liver tyrosine 
transaminase activity was assayed by a modification of the 
method of Diamondstone'. Brain norepinephrine was 
isolated and determined by methods previously de- 
seribed*?. In these conditions, tyrosine transaminase 
activity increases three to four-fold (P 0-001) over the 
24 h day, with a peak between 2000 and 2200 h (Figs. 
1 and 2). 

In the first experiment norepinephrine was elevated by 
blocking intraneural degradation by monoamine oxidase". 
Each group of rats was killed 24 h after the administration 
of the monoamine oxidase inhibitor, B-phenylisopropyl- 
hydrazine (‘Catron’). Livers were assayed for tyrosine 
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Fig, 1, Each group of four to seven rats was given ‘Catron’, 5 mg/kg 

intraperitoneally in a volume of 1 ml, 24 h before death. Controls were 

injected with saline at appropriate times. Vertical bars indicate stan- 

dard errors of the mean. © G. Soline; Q--- ©, monoamine oxidase 
inhibitor. 


transaminase and brains for endogenous norepinephrine. 
This treatment caused an increase in brain norepinephrine 
(controls = 0-325 ug/g, ‘Catron’-treated = 0-596 ug/g, n= 
58, P<0-001) and abolished the hepatic tyrosine trans- 
aminase rhythm at a level of activity between basal and 
peak values (Fig. 1). 

Monoamine oxidase inhibitors elevate endogenous sero- 
tonin as well as norepinephrine!. The tissue catechol- 
amine content was selectively inereased by the administra- 
tion of large doses of L-dihydroxyphenylalanine (L-DOPA). 
This amino-acid, a precursor in the biosynthesis of nor- 
epinephrine, caused a 15 per cent increase in whole brain 
norepinephrine (n-76, P«0 01) The tyrosine trans- 
aminase rhythm was suppressed by abolition of the 
normal evening peak. Enzyme activity at all times was 
equal to, or below, the normal baseline values (Fig. 2). 

Although depletion of norepinephrine has been shown 
to raise the hepatic enzyme activity®, difficulty was 
encountered with the administration of reserpine, or other 
catecholamine depleting compounds, around the clock. 
Because glueocortieoids* and growth hormone!* affect 
tyrosine transaminase activity, and because reserpine 
influences the pituitary-adrenal axis!?-!5, adrenalectom- 
ized rats must be used in such experiments. Adrenalec- 
tomized rats show a highly variable rate of mortality, 
however, when subjected to the degree of norepinephrine 
depletion necessary to raise tyrosine transaminase activity. 

Two structurally dissimilar compounds, 1-DOPA and 
‘Catron’, which raise tissue norepinephrine by different 
mechanisms, suppress the characteristic 2200 h peak in 
hepatic tyrosine transaminase activity. These observa- 
tions are consistent with a mechanism in which eyelie 
changes in the concentration of the neurotransmitter, 
norepinephrine, in critical neural pathways, drive the 
daily rhythm of tyrosine transaminase. Puromycin, an 
inhibitor of protein synthesis'*, has been shown to abolish 
the rise in tyrosine transaminase after depletion of ner- 
epinephrine by reserpine’. The rate of synthesis of the 
hepatic enzyme may therefore vary inversely with oscilla. 
tory changes in concentrations of norepinephrine. That is, 
norepinephrine, directly or indirectly, may repress the 
synthesis of hepatic tyrosine transaminase, while daily 
variations in the tissue catecholamine content may 
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Fig.2. Each group of rats was treated with a suspension of L-DOPA, 
100 mg/kg given intraperitoneally in a volume of 1 ml. 4 h before death. 
Controls were injected with saline at appropriate times, Vertical bars 
indicate standard errors of the mean. @~@, Saline; ©--- O, L-DOPA. 


generate the rhythm in hepatic enzyme activity. This is 
supported by the observation that the norepinephrine 
concentration of the rat brain stem varies diurnally, and 
reaches a peak level at 1800 h (ref. 17), the time during 
"which hepatic tyrosine transaminase activity falls towards 
its nadir. 

The monoamine oxidase inhibitor ‘Catron’, which 
increases tissue concentrations of both norepinephrine 
and serotonin, maintains the tyrosine transaminase 
activity at a level between basal and peak values. Treat- 
ment with L-DOPA. causes a fall in tyrosine transaminase 
below basal levels. Hence serotonin and norepinephrine 
may play opposite parts in determining enzyme activity. 

Our studies are consistent with a model in which the 
central nervous system contributes to the regulation of 
enzyme activity in distant organs. Norepinephrine may 
affect tyrosine transaminase directly or, more probably, 
through a number of mediators. 
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Polydeoxynucleotide Intermediates in 
DNA Replication in Regenerating Liver 


OBSERVATIONS made by Okazaki et al? and Oishi? 
support the idea that relatively small polydeoxynucleo- 
tides are intermediates in the replieation of strands of 
both bacterial and phage DNA. The polydeoxynucleo- 
tides are subsequently joined to each other and to the 
growing DNA strands. This mechanism would allow a 
single kind of DNA polymerase to copy both parental 
DNA strands in the 5’ to 3’ direction. 

To find whether the replication of a mammalian DNA 
also involves the synthesis of polydeoxynucleotide inter- 
mediates, a comparison has been made of the relative 
sizes of newly formed and previously formed DNA from 
regenerating rat liver. 

Partial hepatectomy, removing about 70 per cent of the 
liver, was carried out on male albino rats weighing about 
60 g. The rise in nuclear DNA synthesis began about 
12 h after the operation and was about two-thirds of the 
maximal amount after 16 h and maximal after 19 h (rof. 4). 
The rate of incorporation into nuclear DNA of a single dose 
of labelled thymidine injected at 19 h after partial hepatec- 
tomy was linear for at least 20 min. 

UC-Thymidine was always given in the tail vein; 
*H-thymidine was injected into the hepatic portal vein 
(20 s and 1 min pulses) or the tail vein (pulses of 5 and 
20 min). 

To purify nuclear DNA, liver was homogenized in 9 
volumes of ice cold 0-25 M sucrose-3-3 mM CaCl,, and the 
nuclei, collected in 2-2 M sucrose, were suspended in a 
solution (pH 7) of 0-25 M sucrose, 0-15 M NaCl, 15 mM 
sodium citrate and 1 mM EDTA. The nuclei were lysed 
with sodium dodecylsulphate (final concentration, 0-5 per 
cent) and DNA was extracted with 2 M NaCl or phenols, 
About 70 per cent of DNA was recovered from the liver 
(2 mg of DNA/g of wet liver). 
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Fig. 1. Sedimentation patterns of newly formed (*H) and previously 
formed (UC) DNA in alkaline sucrose gradients. Partially hepatec- 
tomized rats were given 2-5 nCl of *C-thymidine at 16 h after the opera- 
tion and 100 Ci (20 s and 1 min pulses) or 50 uCi (5 and 20 min puson 
of *H-thymidine 3 h later. Liver samples were taken at the indicate 

times after the injection of the *H-thymidine. Nuclear DNA, isolated by 
the procedure of Zamenhof*, was treated with NaOH and 0-4 mg samples 
were centrifuged*. The points on the broken lines show the results of 
colorimetric estimations of DNA. The peak fractions contained about 

40 ug of DNA. 
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-DNA to be sedimented in alkaline sucrose was denatured 
with NaOH containing EDTA, and centrifugation 
(SW 25-1 rotor, 4° C, 16 h) was in alkaline and neutral 
linear sucrose gradients (5-20 per cent), as described by 
Okazaki et al. Single and double stranded DNAs 
were separated on columns of hydroxyapatite’ by Ber- 
nardi’s method’. DNA was estimated colorimetrically?. 

To measure the radioactivity of labelled samples, DNA 
was precipitated by the addition of 5 per cent trichlor- 
acetic acid containing 20 mg/ml. of ‘Celite’, The suspen- 
sion was then transferred to a filter disk of Whatman 
No. 1 filter paper (2:5 em in diameter) which had been 
previously coated with a thin layer of ‘Celite’. After 
extensive washes with trichloroacetic acid, ethanol and 
ether, the dried disk was counted in a hyamine-phosphor 
solution. 

To compare the sizes of newly formed and old DNA, 
rats were given 4C-thymidine at 16 h after partial hepatec- 
tomy and *H-thymidine 3 h later. Samples of liver were 
removed 20 s to 20 min after the injection of the *H- 
thymidine and the isolated nuclear DNA® was sedimented 
in gradients of alkaline and neutral sucrose. 

Fig. 1 shows that the DNA made during the 20 s pulse 
period sedimented more slowly in alkaline sucrose than the 
bulk of the DNA. As the pulse period was lengthened, the 
sedimentability of the newly formed DNA increased, and 
by 20 min the *H-labelled molecules were indistinguish- 
able from the rest of the DNA. In neutral sucrose, on the 
other hand, the newly formed and old DNA sedimented 
together regardless of the length of the pulse period with 
3H-thymidine (Fig. 2). 

Sedimentation patterns similar to those of Figs. 1 and 
2 were also obtained with whole nuclear lysates and with 
DNA isolated with phenol*. Incubation for 30 min at 
37° C with high concentrations (1 mg/ml.) of pronase or 
RNase did not change the properties of nascent DNA (20 s 
pulse with *H-thymidine) in alkaline or neutral sucrose 
gradients. 

The sedimentation properties of the newly formed 
polydeoxynucleotides of liver suggested that they were 
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Fig. 2, Sedimentation patterns of newly formed CH) and previously 

formed (“C) DNA in neutral sucrose gradients, The DNA samples of 

Fig. 1, not treated with bila bt ee in sucrose gradients at 
pH 7-0 (ref. 2). 
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Fig. 3. Chromatography of newly formed (*H) and previously formed. - 
(4C) DNA on hydroxyapatite. Two rats were each given 15 wCi of 
UC-thymidine 16 h after partial hepatectomy and 500 Ci of ET S 
dine 3 h later. Livers were removed 20 s after the injection of the *He (00°. 
thymidine. The pooled nuclei were extracted with phenol* and the DNA 
was dialysed against 0-02 M. NaCl. A portion of the dialysed DNA was 
heated at 100° C for 10 min and rapidly cooled. Samples of the unheated 
and heated DNA (24 ug) were chromatographed on 4-0 x 0:9 em eotumdis - 
of hydroxyapatite, Elution was with a linear gradient of potassium 
phosphate (0-01-1-0 M, pH 6-8) and 2 ml. fractions were collected, 
The peak fractions of single and double stranded DNA contained (00 
and 0-24 M phosphate, respectively, Recovery was greater than 80 per 
cent. The points on the broken lines describe the results of the colori- 
metrie estimation of DNA. 


tightly bound to old DNA. Additional evidence for the 
double strandedness of the nascent DNA (20 s pulse with 
3H-thymidine) was obtained with hydroxyapatite (Fig. 3) 
and exonuclease I (Escherichia coli) (Fig. 4). With an 
unheated preparation (Fig. 3), the newly formed molecules 
as well as the bulk of the liver DNA behaved as double 
stranded DNA on a column of hydroxyapatite. After 
the preparation was heated, all the DNA chromatographed 
as single stranded DNA. 

Fig. 4 compares the effects of exonuclease I on the 
precipitability by acid of nascent and old DNA. With 
the unheated preparation, less than 30 per cent of the. 
nascent DNA and less than 6 per cent of the old DNA were 
converted in 30 min to a form soluble in acid. With the 
heated preparation, however, both DNAs were almost 
completely hydrolysed by the nuclease in 10 min. 

The results obtained when the unheated DNA prepara- 
tion of Fig. 4 was exposed to exonuclease I (240 v/ml., 
30 min, 37? C) are not shown. Portions were chromato- 
graphed on hydroxyapatite or sedimented in neutral or 
alkaline sucrose gradient. About 25 per cent of the radio- 
activity of the newly formed DNA was made soluble in 
acid but the nuclease had no detectable effect on the pro- 
perties of the remaining nascent DNA or on the old DNA. 

These results are consistent with the intermediary 
formation of polydeoxynucleotides in the replication of 
both strands of liver DNA, just as with bacterial and phage 
DNA!-, but the polydeoxynucleotides behave as doublé 
stranded DNA. 
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Fig.4. Effects of exonuclease I on the acid insolubility of newly formed 

CH) and previously formed (C) DNA, Portions of the unheated and 

heated DNA samples (8 ug) of Fig. 3 were incubated at 37^ C in assay 

mixtures (0-35) (ref. 10) containing 48 v of exonuclease I, At the times 

indicated, the reactions were stopped by the addition of 5 ml. of 5 per 

cent trichloroacetic acid containing ‘Celite’ and acid insoluble radio- 
activity was measured. 
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Hydrogenated Pteridine Derivatives 
with High Group Transfer Potential 


Tuis communication is an attempt to formulate a general 
molecular mechanism involving hydrogenated pteridine 
derivatives functioning as compounds with high group 
transfer potential. We have recently shown that there is 
good agreement between quantum mechanical calcula- 
tions and e.s.r. datal-*, and so theoretical and experimental 
results have been taken into consideration. 

I have found?, by taking e.s.r. measurements, that 
2-amino - 4- oxo - 3,4 -dihydro -5,6,7,8 -tetrahydropteridine 
(THP, Ia) can be oxidized by a one-electron step to form 
the THP radical cation (IIa). The interpretation of the 
e.s.r. splitting of compound Ila, which was made possible 
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by the use of deuterium exchange and by perturbation of 
the THP moleeule through the introduction of methyl 
groups in different positions, revealed a strongly localized 
free spin on the nitrogen in position 5, in agreement with 
previous HMO calculations’. Similarly, for the substituted 
compounds, Ib, Ie and Id, the calculations predict a 
strong localization of the positive charge on N(5), the 
atom which carries the substituents. As a result of this 
localization of the positive charge, the compounds IIb, 
Ile and IId might be expected to generate powerful 
electrophilic substitution agents (Fig. 1). This unusual 
spin distribution in the radical cations may explain some 
observations made with these compounds in systems with 
and without enzymes. 

An involvement of 2-amino-4-oxo-3, 4-dihydro-pteridine 
(pterine) in a phosphorylation reaction was first observed 
by H. S. Forrest et al., whose experiment demonstrated 
stimulation with reduced pterines? of photosynthetic 
phosphorylation in broken spinach chloroplasts. The 
experimental results indicated that the hydrogenated 
pterines may act either in a redox system involved in 
photophosphorylation or they might be more intimately 
connected with this reaction. Relatively high concen- 
trations of the appropriate pteridines were required to 
stimulate photosynthetie phosphorylation, and, at the 
same time, the reaction shown was dependent on oxygen. 
Consequently, it was suggested that the pterine ring is 
directly involved in phosphorylation, possibly through the 
formation of a 2-amino-4-oxo-3,4-dihydro-5,6,7,8-tetra- 
hydropterinyl-8- or-5-phosphate 

We have now developed a chemical test which provides 
indirect evidence for the formation of a phosphorylated, 
hydrogenated pterine intermediate. No attempt has been 
made to isolate the presumed compound, for we know 
from previous work! that tetrahydropterines and their 
derivatives are very unstable. Instead, the kineties of a 
system have been investigated in which THP is involved 
in a coupled oxidation reaction with NADH. It is known 
that the non-enzymatic oxidation of NADH in air does 
not occur without the interaction of some specific mole- 
cules. For example, catalytic amounts of flavins can 
interact with NADH and cause its oxidation. The same 
is true for the quinoidic dihydropterine obtained by 
aerobic oxidation of THP in tris buffer. The former may 
either be reduced by NADH or undergo an irreversible 
rearrangement to 7, 8-dihydropterine*^, a compound 
which, in contrast to the quinoidie dihydropterine, can 
no longer oxidize NADH (ref. 6). 

In Fig. 2 the oxidation of NADH as a function of the OD 
at 365 nm is followed in various conditions. In curves A 
and B the decay of NADH is shown in the absence and 
presence of THP respectively. Curves C and D show the 
effect on B of the additional presence of phosphate and 
pyrophosphate respectively, A clear inhibition of the 
oxidation of NADH is observed with pyrophosphate, 


PL 
Ry R 
Q HM oa MANT 
N 2 UN, UNS Re 
HN do one-electron HN^ y SH 
H oxidation | | i-H 
SNO 8 fs Eb a Ser 
H N^ S ACSA = nua SN Ar 
2 ; 2 4 
To, Ib, Ic, Id Ha, Eb, Hc, Od 
1o,Ho Rj*sH Compounds with high group 
y tronsfer potential 
Ib, 0b R,=-P=O0 
[en Ro > Secondary importance, 
ic,Hc R; *-CH3 enzyme dependent 
Id, Od R,=-OH 
Fig. 1. One-electron oxidation of hydrogenated pteridine derivatives. 
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Fig.2. Oxidation of NADH (3 x 10 mmole) in 0-5 M tris buffer, pH 7:5, 

at 37° C; for OD measurements at 365 nm an aliquot was taken at 

time intervals and diluted x20 with the tris buffer. A, Absence of 

HP: B, +3x10-* mmole THP; C, 43x10 mmole THP and 

1x10 mmole phosphate; D, --3x 10-* mmole THP and 1 x 10-* mmole 
pyrophosphate. 


but not with phosphate. THP is known to undergo elec- 
trophilic attack at position N(5) and so it is reasonable 
to assume that an electrophilic attack by pyrophosphate 
on THP competes with the oxidation reaction so that 
THP is not as available for the oxidation of NADH. 
Eventually the catalyst is again available for the NADH 
oxidation as a result of the oxidation step Ib->ITb followed 
by the facile cleavage of the N(5)—P bond. 

A hydrogenated pterine ring system has also been 
implied to be involved in certain transmethylation re- 
aetions. A redox system is required for a transfer of the 
methyl group from N(5) in N(5)-methyl-tetrahydropteroyl- 
triglutamate to homocysteine. A facile N(5)—CH, cleavage 
was discovered’ when we observed that during the puri- 
fieation of the condensation products of 2,4-diamino-5- 
methylamino-6-hydroxy-pyrimidine with chloracetalde- 
hyde the N(5)-methyl group was lost and the parent 
aromatie pterine isolated. Although in this case a 5,6-di- 
hydropterine is involved rather than a tetrahydropterine, 
the calculation of the spin density in the appropriate 
cation radical again shows a strong localization of a 
positive charge on N(5). At least one N(5)-methylated 
tetrahydropterine, namely, N(5)-methyl-6,7-diphenyl- 
5,6,7,8-tetrahydropterine, is sufficiently stable to permit 
isolation and characterization. The e.s.r. spectrum of the 
one-electron oxidation product of this compound is in 
accordance with theory!, and confirms a strongly localized 
positive charge at atom N(5) (ref. 7). We cite the trans- 
methylation reaction as a second example of a group 
transfer reaction resulting from a one-electron oxidation 
of an N(5)-substituted hydrogenated pterine. Similar 
transmethylations do not occur following one-electron 
oxidations of tetrahydropterines methylated at positions 
N(1), N(3), or N(8). 

The one-electron oxidation of compound Id, the exist- 
ence of which has not yet been demonstrated experi- 
mentally, should give rise to the eation radical IId, which 
is potentially a powerful HO* donor. Udenfriend et al. 
have shown that for enzyme hydroxylations involving a 
hydrogenated pterine cofactor, the active oxygen species 
is electrophilic in character*. These enzyme hydroxyla- 
tions may represent yet a third example of a group 
transfer resulting from a one-electron oxidation of an 
N(5)-substituted tetrahydropterine. 

On the basis of these experimental and theoretical 
results a common hypothesis is formulated for the transfer 
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of phosphate, methyl and hydroxyl groups from an 
appropriate 5,6,7,8-tetrahydropterine. A one-electron 
oxidation of the compounds Ib, Ic and Id leads to products 
with a high group transfer potential, because of a strongly 
localized positive charge on the nitrogen atom bearing 
the transferable groups. 

The participation of a one-electron redox step for group 
transfer reactions may also be encountered in a similar 
way for other biomolecules which show an asymmetric 
spin distribution in their radical form. 
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Cerebroside and Sulphatide Deficiency 
in the Brain of 'Jimpy Mice’’, a Mutant 
Strain of Mice exhibiting 
Neurological Symptoms 


THERE is a primary defect of brain lipid metabolism in 
several pathological conditions of the central nervous 
system in human and animal species. 

An important means of investigating other possible 
errors in lipid metabolism is to study the brain of experi- 
mental animals with genetically determined neurological 
defects. One of these strains is the “Jimpy” stock of 
mice, obtained by the Jackson Laboratory, Bar Harbor, 
USA. This is à mutant-bearing stock of mice where a 
single recessive sex-linked gene is affected. One type of 
offspring of the Jimpy stock is the Jimpy male, which is 
recognized at about 2 weeks of age by a severe tremor of 
the rear legs. These males die at about 30 days of age*. 

The severe neurological conditions that result from this 
mutation, which is located in a single gene, suggest that 
specific metabolie alterations could be found in the brain. 

The central nervous system of Jimpy mice has been 
reported to contain less myelin than littermate controls. 
Non-polar lipids in the form of strongly sudanophilie eyto- 
plasmie droplets of various sizes are present in certain 
white matter cells and a decrease of glycolipids has also 
been reported?. But no quantitative values were presented 
and the methodological details for separating and identi- 
fying the lipids were not given. 

Nor is it elear whether the observed decrease of brain 
cerebrosides and sulphatides refers to the Jimpy mutant 
or to the quaking strain, a different mutant which was 
studied along with the Jimpy?. 

Impairment of myelin formation and, in a subsequent 
report®, demyelination, were considered to be the basis of 
the neurologieal disorder in the Jimpy strain. 

We studied the brain lipid composition of this mutant 
strain of mice with quantitative microanalytical pro- 
cedures in order to obtain more precise information as to 
the type and degree of the biochemical alterations in- 
volving brain lipids. 
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The brains of fifteen Jimpy and fifteen littermate control 
mice, all males, were used for lipid analysis. The ages of 
the miee varied between 15 and 20 days, the average age 
being 17:5 days for both groups. The average body weight 
was 8:30 +05 (S.E.) g for both groups of animals and the 
average brain weight was 345-- 7-4 mg for the control 
mice and 331 +96 mg for the Jimpy mice. Total lipids 
were extracted! and freed from water-soluble non-lipid 
contaminants! by ‘Sephadex’ column chromatography. 
The brain total lipid content was 5-33 per cent of the fresh 
weight for the controls and 5-10 per cent for the Jimpy 

oup. 

Phospholipids were separated by two-dimensional thin 
layer chromatography and phosphorus was determined 
after collection of the charred spots without elution from 
the adsorbent*. Sphingomyelin and phosphatidyl inositol 
were measured together at this stage, for they partly 
overlapped on the thin layer plate. DEAE-cellulose 
column chromatography was used to obtain a more 
complete separation of the brain lipids". The fractions 
contained: (1) neutral lipids (chiefly sterols); (2) cerebro- 
side, lecithin and sphingomyelin; (3) phosphatidyl- 
ethanolamine and free fatty acids; (4) phosphatidyl 
serine; (5) cardiolipin, phosphatidic acid, phosphatidyl 
inositol and sulphatides. 

Fractions 2 and 5 were further separated by two- 
dimensional thin layer chromatography and lipid phos- 
phorus was determined for the various compounds. 
Individual values were thus obtained for sphingomyelin 
and phosphatidyl inositol. The differences observed 
(Table 1) are a slightly higher value for total lipid-P, a 
slight deerease of phosphatidylethanolamine (PE) and 
serine (PS), while lecithin (PC) and cardiolipin are slightly 
increased. The ratio PE/PC, which normally increases with 
brain maturation and is constant at a given age, is 
considerably lower in the Jimpy mice. 

Cerebrosides in the second fraction of the DEAE 
column were separated by one-dimensional thin layer 
chromatography and quantified by transmission densito- 
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Fig. 1. 
ia, b) and fraction 5 (e, d) eluted from the DEAE-cellulose columns, 
No cerebrosides or sulphatides are detectable on the chromatograms of 


Two-dimensional chromatograms of polar lipids in fraction 2 


the Jimpy brain lipids (6 and d). cer, Cerebrosides; lec, lecithin; 
sph, sphingomyelin; cl, cardiolipin; pa, phosphatidic acid; pi, phos- 
phatidyl inositol; su, sulphatides. 
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Table 1. LIPID P AND PHOSPHOLIPID DISTRIBUTION IN THR BRAIN OF THE 
JIMPY AND CONTROL MICE 
Controls Jimpy 
DEAE AE 
Molecular species 2D TLC Eu + 2D TLC col i6 
Phosphatidylethanol- 
amine 34:5 0-37 (SLE) 32-7 + 0-49 (S. E.) 
Fhosphatidylcholine 39-2 + 0-44 (S_E.) 41-7 € 0-11 (S.E.) 
Phosphatidylserine 12-9 + 0-45 (S.E.) 12-7 £ 0-15 CS. E.) 
Sphingomyelin 2-58 2:54 
* 81x 0-29 (S. E.) 7:0x0-13 (S.E.) 
Phosphatidylinositol 4-80 4-20 
Cardiolipin 1840-08 (S.E.) 130 2-2:0312(S.E.)  L80 
Phosphatidic acid 0-4 O4 
Phosphatidylethanol- 
amine/phosphatidyl- 
choline -882 0-805 
P as percentage of total 
lipids 2.38 2-56 


The values are averages of four determinations performed on extracts 
obtained from fifteen pooled brains. 
2D TLC, Two-limensional thin layer chromatography. 


Table 2. CEREBROSIDE AND SULPHATIDE CONTENT A8 PERCENTAGE OF TOTAL 
LIPIDS 
Controls Jimpy 
Cerebrosides 9-5 ‘Traces ( € 0*1 per cent) 
Sulphatides 17 Traces (< 0-1 per cent) 


metry*?:9. Sulphatides in fraction 5 were separated by 
two-dimensional thin layer chromatography and quanti- 
fied by determination of the sphingosine content!!. Only 
traces of cerebrosides and sulphatides could be detected 
in the Jimpy brain (less than 0-1 per cent of total lipid) 
(Table 2, Fig. 1). 

'The near absence of cerebroside and sulphatide in the 
Jimpy brain, in eontrast with the almost normal values 
for other lipids, suggests that a defect in the synthesis of 
these two glycolipids and the subsequent impairment of 
myelin formation may be a basic alteration in tho Jimpy 
brain. 

Demyelination, a possible alternative already con- 
sidered by Sidman et al.*, could be a secondary process 
because other myelin lipid constituents such as sphingo- 
myelin and phosphatidylethanolamine are present in 
normal amounts in the Jimpy brain. In any case, after 
15-20 days, myelin has not formed to a considerable 
extent, even in the brains of control animals used in our 
study. 

'The lipid defect observed in the Jimpy strain suggests 
the presence of an inherited disease, possibly based on a 
metabolie error in the formation of cerebrosides and 
sulphatides. 

'The absence of cerebroside and sulphatide in the brains 
of 15-20 day old Jimpy mice may be useful for investi- 
gating the relationship between lipid synthesis, myelin 
deposition and the function of the central nervous system 
during the period of brain maturation. 
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Interferon Stimulation by a 
Double Stranded RNA of a Mycophage 
in Statolon Preparations 


Preparations of statolon derived from fermentation 
broths of Penicillium stoloniferum are capable of inducing 
interferon and contain particles with viral morphology'-?. 
Interferon inducing activity is separable into a small 
molecular and a particulate fraction by sucrose density 
gradient centrifugation. Electron microscopy showed that 
particles are present only in the particulate fraction. 
Although earlier results suggested that the activity was 
associated with a polysaccharide*, this theory was no 
longer tenable after our discovery and description of 
virus particles and interferon activity associated primarily 
with the particles'-*. Lampson et al.* reported that the 
active component of helenine, obtained from fermentation 
broths of Penicillium funiculosum and an inducer of 
interferon, is a double stranded RNA. Because double 
stranded RNAs have so far been found only in viruses or 
in cells infected with RNA virus, we undertook to de- 
termine whether the statolon particle contains double 
stranded RNA. The nature of the small molecular fraction 
was also examined. 

Purified particulate fractions (Fig. 1) were collected 
from isopropanol precipitated concentrates of P. stoloni- 
ferum fermentation broths by isopyenie sucrose density 
gradient centrifugation in a B-IX rotor’. These and other 
fractions were assayed by injecting mice and determining 
the interferon concentrations in their sera with the mouse 
L-cell-vesicular stomatitis virus (VSV) system*. Titres 
are reported as the highest dilution giving a 50 per cent 
plaque reduction. 

A particulate fraction was dialysed against 0-01 M 
phosphate buffer, pH 7-9, and extracted with an equal 
volume of 88 per cent phenol at pH 7-9 for 30 min at 
35° C, followed by two more extractions at 25° C with 88 
per cent phenol equilibrated at pH 7-0. Initial extraction 
with phenol at pH 7:0 did not appear to remove protein 
sufficiently. The water phase, dialysed against 0-01 M 
phosphate, pH 7:0, was applied to a CF 11 cellulose 
column and separated according to the method used by 
Franklin? in isolating a double stranded RNA. A fraction 
showing maximum absorbancy at 257 my. was active in 
inducing antiviral activity in mice and possessed a 
melting temperature (Tm) of 83-5^ C in 0-1 SSC (0-015 M 
NaCl, 0-0015 M sodium citrate, pH 7:0) with an increase 
in absorbancy at 260 my of 25 per cent. 

More interferon inducer was isolated by phenol extrac- 
tion at 40°C. The water phase was applied to ecteola 
cellulose; the active material eluted with 0-2 to 0-3 M 
NaCl had an absorption peak at 257 my. This purified 
fraction, although active as an interferon inducer, showed 
no melting characteristics and was inactivated by pan- 
creatic RNase at a concentration of 0:2 ug/ml. for 30 min 
at 25° C in 1 SSC (0-15 M NaCl, 0-015 M sodium citrate, 
pH 7-0). The treatment with RNase reduced the observed 
interferon inducing capacity from 800 units to less than 30 
units. Partial separation of the strands of the RNA during 
the phenol extraction was suspected. After annealing for 
2 h in 6 SSC at 64° C, approximately 20? C below the Tm 
found previously, followed by slow cooling, the material 
was completely resistant to RNase at a concentration of 
9-2 pg/ml. for 30 min at 25? C in 1 SSC. This is evidence 
that the material was complementary double stranded 
RNA. 

Further examination of the annealed RNA gave the 
following results: (1) the Z'm was 84°C in 0-1 SSC with 
a hyperchromicity of 28 per cent at 260 mu; (2) formalde- 
hyde treatment at a concentration of 2-76 per cent reduced 
the T'm to 64-5° C with a hyperchromicity of 45 per cent. 
The sedimentation coefficient was 10-125, the value for 
double stranded RNA extracted from reovirus*. The 
results of treatment with RNase and DNase at pH 7-0 
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Fig. 1. Electron micrograph of particulate fraction. Particles were 
sedimented onto the grids Ban — with phosphotungstic acid. 
e= ma, 


are given in Table 1. Resistance to both enzymes is 
demonstrated at 25° C, but exposure at a higher con- 
centration of RNase (20 ug) and higher temperature 
(56° C) for 2 h resulted in degradation of the RNA. 
These observations are evidence that the active component 
extracted from the virus particles of P. stoloniferum is a 
double stranded RNA. 


Table 1, NUCLEASE SENSITIVITY TESTS ON STATOLON DS-RNA 


Concen- Tem- Interferon 
Enzyme tration perature Time — titreinduced 

(g/ml.) (€) (min) in mice 
Ribonuclease 0-2 25 30 3,200 
Untreated control — 25 30 3,100 
Ribonuclease 20-0 56 120 20 
Untreated control -— 56 120 3,500 
Deoxyribonuclease 5:0 25 60 3,500 


The statolon double stranded RNA was treated at a concentration of 
20 „g/ml. in 1 SSC at pH 7-0; 0-5 ml. (10 ug) was Injected into 15 g mice. 
The mice were bled 16 h later and the sera were assayed for interferon. 


Examination of the active small molecular fraction 
obtained by sucrose gradient centrifugation reveals that 
free double stranded RNA is present in isopropanol pre- 
cipitated statolon preparations. The small molecular 
fraction collected from either the SW 25.1 swinging bucket 
rotor or in the B-X V rotor’ was recentrifuged in a caesium 
chloride gradient with the International SB 283 rotor for 
68 h. The active isopycnic fraction possessed the charac- 
teristics of the double stranded RNA obtained by phenol 
extraction of the virus particles. These were: (1) a Tm 
of 83-5? C; (2) resistance to 0-2 ug RNase/ml. at 25° C 
(30 min) but sensitive to 20 ug RNase/ml. at 56° © (2 h) 
in SSC; (3) resistance to DNase; (4) sedimentation 
coeffieient of 10-125; (5) capacity to induce interferon. 

From this evidence, we conclude that the double 
stranded RNA of the molecular fraction is derived from 
the virus particle. The possibility remains that a double 
stranded RNA could arise during the replication of the 
virus and be released from the cell in the free form. The 
fact that during fermentation of the mould interferon 
inducing activity is not seen until the particles make 
their appearance? rules against this, however. 

The observation that a sample of statolon double 
stranded RNA, before annealing, was vulnerable to RNase 
and yet a potent inducer of interferon means either that 


— 
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the strands recombined on injection into the animal, or 
that single nucleotide strands were capable of acting as 
stimulators of interferon production. The former case was 
suggested by Field et al. for polyinosinic acid-poly- 
eytidylic acid copolymers separated by treatment at 
pH 10-8. The second possibility would confirm the ob- 
servation by S. Baron and his colleagues (personal com- 
munication) that single stranded polyinosinie acid or 
polyeytidylic acid nucleotides are active as interferon 
inducers. At present, a decision cannot be made as to 
which possibility prevails for the unannealed statolon 
double stranded RNA. 

The viral inhibitor induced by statolon has been identi- 
fied as interferon". That the antiviral substance induced 
by the statolon double stranded RNA is also interferon 
was verified by its properties of species specificity (VSV 
was inhibited in mouse L-cells but not in BSC-1 green 
monkey cells), inactivation by pepsin and stability to 
acid at pH 2-0 for 2h at 37° C. 

A dose response of interferon production induced by 
statolon double stranded RNA was observed when mice 
were injeeted intravenously with graded doses of the 
RNA. As little as 0-01 ug per mouse of statolon double 
stranded RNA was sufficient to induce a measurable 
quantity of interferon. The quantity of RNA indicated is 
based on an OD unit at 260 my being equivalent to 50 ug. 

Protection tests were performed in mice employing 
MM virus (MM virus of the encephalomyocarditis group 
was obtained in 1947 from Dr C. W. Jungeblut) as the 
challenging agent. Groups of ten mice were injected intra- 
peritoneally with the double stranded RNA at quantities 
of 20, 10, 5 and 1 ug per mouse. The mice were challenged 
16 h later with 3 LD,,s of MM virus. All the mice receiv- 
ing 20, 10 and 5 ug RNA survived 10 days (termination) 
and of the ten given 1 ug only one died. Nine untreated 
control mice died 4—7 days after injection. In the mouse, 
therefore, 1 ug of statolon double stranded RNA is 
sufficient to demonstrate protection. 

The souree of double stranded RNA is therefore a 
virus particle found in P. stoloniferum. We have previously 
cited evidence that the mould is the source of the virus? 
and we suggest that the virus be termed a mycophage 
and propose that it be designated mycophage PS1. 

Lampson et al.* suggested that the source of the double 
stranded RNA from helenine probably was viral. Banks 
et al. have confirmed our finding of a virus in P. stoloni- 
ferum and also reported the presence of a virus in P. 
funiculosum, the mould from which helenine is produced. 
These investigators report that the active component of 
statolon is an RNA which they suggest may be double 
stranded. Our results demonstrate conclusively that the 
active component is a double stranded RNA of consider- 
ably greater biological activity. Comparison of the 
properties of statolon double stranded RNA with that of 
helenine double stranded RNA? indicates that the two 
viruses (myeophages) are not identical. The finding that 
the two viruses are unrelated serologically’? corroborates 
this. 

We thank L. D. Boeck, E. L. Hayes, R. King and his 
group, J. Redmond, R. Schlegel, V. C. Spurling, and F. 
Streightoff and his group. for assistance. 
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Crystalline Modifications of 
Ampicillin |: the Trihydrate 


WE report the existence of the zwitterionic form of 
6-[D(— )a-aminophenylacetamido] penicillanie acid (l; 
ampicillin) in the erystalline trihydrate. The synthesis of 
ampicillin and of related acid stable «-substituted benzyl- 
penicillins has been reported by Doyle et al... Ampicillin 
has been shown to crystallize in two forms depending on 
the temperature of the aqueous solution from which 
crystallization is initiated?. The anhydrous modification 
is obtained by erystallization from an aqueous solution 
at temperatures above 60? C, whereas the trihydrate is 
obtained from aqueous solutions at temperatures below 
50? C. The various forms of ampicillin 
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can easily be distinguished by their infrared spectra in the 
solid state. Austin, Marshall and Smith? conclude from 
a study of the infrared spectra of the various forms of 
crystalline ampicillin that the only two modifications are 
the anhydrate and the trihydrate and that the other 
hydrates that have been reported are either amorphous or 
partially dehydrated trihydrate. 

Samples of both the anhydrous and trihydrate modi- 
fications of ampicillin crystals were obtained from the 
Beecham Research Laboratories. Suitable erystals of these 
two forms of ampicillin were grown by methods described 
in ref. 2. Crystallographic data for these two modifications 
are as follows. 

(i) Ampicillin (anhydrate): C,,H,,N,O0,S. Crystal class, 
monoclinic; cell dimensions, a= 12:32 0-03 A; b- 6:18 
+002 A; c=11-9040-03 A; p— 114^ 30; V= 825-1 À*; 
density, Dm = 1-38 g em-*; De= L4l g em~; space group, 
P2,. 

(ii) Ampicillin (trihydrate) : C,,H,,N,0,5-3H4,0.. Crys- 
tal class, orthorhombic; cell dimensions, a= 15:490 + 
0-015 À*; b=18-891+0-020 A; c=6662+ 0007 A; 
V=1949-4 A’; density, Dm=137 g em-*; D.=1:37 g 
em~; space group, P2,2,2,. 

Well formed needle shaped crystals of the trihydrate 
were prepared by crystallization from aqueous solution at 
5? C. The crystals exhibited well developed faces of the 
form {110}; the crystallographic ¢ axis is coincident with 
the erystal needle axis. 

The intensity data were collected on a Hilger-Watts 
four circle automatic diffractometer with CuK« radiation 
and moving-crystal-moving-counter scanning technique. 
A spherical section of data was recorded over two octants 
of reciprocal space out to a limit of 20— 116^. Lorentz 
and polarization corrections were made and the measure- 
ments from each octant were averaged. A total of 1,470 
unique reflexions were considered observable above back- 
ground. Absorption corrections were not made, but during 
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the refinement an extinction correction for the seventeen 
most. intense low sin 0 reflexions was made. 
'The sulphur atom position was determined jrom a 
three-dimensional Patterson function and a subsequent 
superposition funetion and electron density caleulations 
revealed the remaining atomie positions. Refinement of 
the atomic parameters was carried out using the full 
matrix least squares refinement programme ORFLS*, and 
a weigbting scheme »e 2 [1/(1 + (F. — b)?/a?)]. where a= 4e 
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and b= 13e in the final cycle. Positional parameters for all 
atoms were refined and anisotropic thermal parameters 
for the non-hydrogen atoms were also refined. The final 
value of the discrepaney index (R= El | Fel — [Fel UXLUESD 
was 4:6 per cent for the observed data only. x 
Fig. 1 shows a projection of the structure down thee 
axis. Only those hydrogen atoms that are involved in 
hydrogen bonding have been included. It is immediately. 
evident that the ampicillin molecule exists in this structure 
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Fig. 1. A view of the structure in projection down the e axis. 
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Oxygen atoms are stippled and hydrogen bonds indicated by broken lines; 


The primed nomenclature refers to atoms of molecules that are related to the completely drawn molecule as follows: single prime, 1x, y-1/2, 
3/2-:; double prims, z-1/2, 1/2-y, 1-2; triple prime, 1/2-c, y, 1/2 z. 





Fig. 2. 


ati/4,0,2. Hydrogen bonds are indicated by broken lines. 








A view of the structure in projection down the « axis, showing the environment of the water molecules In the region of the serew axis 
The labelled ampicillin molecule is related to the one in Fig. 1 by z-1/2, 1/2-y, $5. 
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as a'zwitterion. This evidence arises from two sources. 
First, the three hydrogen atoms bonded to the amino 
nitrogen N18 are present on the electron density map in 
.an ordered arrangement with peak heights of 0-50, 0-40, 
0-45 e Á-*, and there is no evidence of any positive elec- 
tron density in the vicinity of the ionized carboxyl group 
oxygen atoms O12 and O13. Second, the bond lengths 
C11-012 and C11-013 are 1:240 A and 1:245 A respec- 
tively, indicating a very high degree of x-orbital resonance 
and thus equality in the character of these two bonds. 'The 
position of N18 relative tothe carboxy] ions is very similarto 
those of the alkali metal ions in Na and K benzylpenicillin. 

The intricate network of hydrogen bonding which 
involves the three water molecules, the ionized carboxyl 
and amino groups, the amide oxygen and nitrogen and 
the oxygen of the §-lactam ring is shown in Figs. 1 and 2. 
The speculation regarding hydrogen bonding of Austin et 
al.? is thus substantiated, but the involvement is extended 
to almost all the atoms in the ampicillin molecule that are 
capable of hydrogen bond formation. 

The amino nitrogen atom N18 participates in the 
formation of an infinite hydrogen bonded chain parallel 
to the c axis. Oxygen atom O12 of the ionized carboxyl 
group and oxygen atom O13 of the same group but on 
the molecule translated to the next unit cell in the c 
direetion are the other atoms in this chain (Fig. 2). 

The third hydrogen atom on N18 is involved in bonding 
to O26 of a water molecule. Two of the water molecules 
have all four of the possible hydrogen bonds to their 
oxygen atoms O25 and O26 completed and both oxygens 
are coordinated in fairly regular tetrahedralsites. Oxygen 
atom O25 is hydrogen bonded to O13 of the ionized 
carboxyl, O8" of the 6-lactam ring of a second ampicillin 
molecule and to O26 and O26'" of the two symmetry 
related water molecules. The remaining tetrahedral site 
for oxygen atom O26 is occupied by O27 of the third 
water molecule. This third water molecule has only three 
of the four possible bonds satisfied for the oxygen atom 
O27. The amide nitrogen atom N14’ and the amide 
oxygen atom O16’ of a second ampicillin molecule are 
strongly hydrogen bonded to 027 (Fig. 2). 

The three water molecules are thus extensively involved 
with hydrogen bonding and lie in a channel along the 2, 
screw axis at 1/4, 0, z. This intricate network would 
explain the relative difficulty associated with dehydrating 
crystals of the trihydrate?. Crystals dehydrated in a 
vacuum over P,O, are reduced to the monohydrate and 
it is reasonable that the two water molecules 025 and 
O26 are removed on dehydration by diffusion through 
this channel. The monohydrate lattice is probably only 
slightly altered from that of the trihydrate and could 
retain water molecule O27 which is the farthest from 
this channel along 1/4, 0, z. 

No evidence for an internal (intramolecular) hydrogen 
bond involving N18 is found so the acid stability of 
ampicilin is undoubtedly the result of the zwitterionic 
form of this molecule. 

We thank Beecham Research Laboratories for the 
supply of ampicillin and Hilger and Watts Co.. Ltd, 
for their generous offer of use of their automated four 
circle single crystal diffractometer. 
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Colour Change of Prodigiosin 


OBSERVATIONS of the colour of Serratia marcescens 
colonies and of chromatographic behaviour of Serratia 
pigments recently led Allen! to suggest that "pH is not the 
only factor involved in the colour change of prodigiosin 
from red to orange". 

The red colour of Serratia colonies even in moderately 
alkaline media is not surprising, because relatively large 
amounts of serratamie acid? and a number of other acids, 
particularly palmitic’ 4, are extracted along with the 
pigment. Prodigiosin probably occurs primarily as the 
salt of a fatty acid‘ in close association with the lipid 
portion of cell membranes*. Solutions of prodigiosin 
fluoresce when illuminated at 366 my, but deeply pig- 
mented Serratia colonies do not*, implying that within 
the cell the pigment is in bound form, possibly inaccessible 
to the aqueous ionie environment of the medium. The 
multiplicity of fractions in crude pigment extraets*? 
may be partially the result of association of prodigiosin 
with different organic acids and partially of other natural 
pigments and artefacts. When prodigiosin itself is 
chromatographed, especially after exposure to light, acid, 
alkali or oxidants, additional coloured bands may appear. 
Such degradation products do not give rise to prodigiosin 
again on redevelopment. In a number of chromatographic 
systems, however, the orange free base form and the red 
protonated form of prodigiosin move as separate bands 
intereonvertible by change of pH. 

Because of the high absorptivity of prodigiosin in the 
visible region (at 537 mu, emax= 11-2 104 in acidified 
95 per cent ethanol)’, solutions or chromatographie bands 
can be highly coloured and yet contain very small amounts 
of pigment. Consequently, minute traces of acid or base 
in adsorbents or solvents can produce detectable colour 
changes. Merely shaking an aqueous acetone or alcoholic 
solution of the orange basic form of prodigiosin will change 
the colour to red because of carbon dioxide picked up from 
the air*. 

We have carried out speetrophotometrie titration of 
prodigiosin in approximately 44 per cent aqueous ethanol 
at 25? C using very dilute solutions of pigment to minimize 
any effects of association.  Prodigiosin was extracted 
from disrupted S. marcescens cells, purified by solvent 
passage through the acid form and chromatography as 
the free base, and stored away from light as the free base. 
Immediately before titration, the sample was dissolved in 
chloroform and the solution washed with aqueous sodium 
hydroxide. The chloroform was evaporated and the 
residue dissolved in ligroin (boiling point 657-67"; 
‘Skellysolve B’, Skelly Oil Co.) for chromatography on a 
12 em column of diatomaceous earth (“Hyflo Supercel’, 
Johns Manville Co.) developed with 0-25 per cent methanol 
in ligroin. The principal (orange) band initially eluted 
was collected and the solvent evaporated. The prodigiosin 
residue was dissolved in 95 per cent ethanol and samples 
(1 ml.) were added to tubes containing 4 ml. of aqueous 
buffer plus 2 ml. of 95 per cent ethanol. Buffers were 
made up to approximate pH values according to tables* 
and the pH was determined on the final solution with a 
Beckman model G-S pH. meter and a Beckman glass elec- 
trode. Absorbance was determined against an alcohol- 
water blank with a Beckman DB spectrophotometer. 

Fig. 1 shows that theoretical curves for an acid with 
pKa - 825 fit the absorbance data for both the acidic 
maximum (537 my) and the alkaline maximum (470 my) 
of prodigiosin. Buffers used to cover the range of pH 
in Fig. 1 were phthalate, phosphate, tris(hydroxymethyl)- 
aminomethane and borate. We have similarly determined 
pK, for prodigiosin in 50 per cent aqueous dioxane, 
using Moellvaine's phosphate-citrate buffers!'* over the 
pH range 55-95, obtaining a value of 7-65 from both 
curves. Stefanye* reported pKa’ of 7-51 for prodigiosin 
in aqueous acetone, using Sorensen (phosphate) buffers. 
The apparent acid dissociation constant, Ka’, of a pH 
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indieator varies with the solvent and with solvent con- 
centration for a particular solvent—water system". 

Allen? interpreted her results with crude pigment 
extraets as indicating that prodigiosin "may exist in an 
,. Oxidized (yellow) state or a reduced (red) state". We 

¿regard this interpretation as unnecessary and incorrect. 
The change of pH she observed in acetone solutions of 
prodigiosin, interpreted as evidence for oxidation of the 
pigment by acetone, may have been the result of dehydrat- 
ing effects of the solution on the glass electrode!?. The 
colour change she observed with a strong oxidizing agent 
like permanganate provides no basis for postulating that 
prodigiosin may be a respiratory co-factor. We see no 
evidence for an easily reversible oxidation-reduction 
reaction of prodigiosin or for a respiratory role of the 
pigment in the metabolism of Serratia marcescena!*. 

These investigations were supported in part by a grant 
from the National Institutes of Health. One of us 
(J. M.-C.) thanks the Organization of American States for 
a fellowship. 
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Subcellular Preparation of Peripheral- 
Nerve Myelin 


THE preparation of subcellular myelin-rieh fractions so. 
far has been largely restricted to the central nervous 
system (brain, cord and optic nerve), whereas separation 
of myelin from peripheral nerve has been beset with the 
problem of homogenizing the neural components in a 
morass of endoneurial and epineurial collagen. On 
attempting to homogenize peripheral nerves, the collagen 
fibres roll up into a slithery sludge, from which the myelin 
cannot be easily released and separated on a density 
gradient. Thus Horrocks' admitted that the yield of 
myelin from peripheral nerves is much lower than that 
from the cord and he reported that “a substantial residue 
remains undispersed’’. l 

In discussion at a symposium at Liblice’, Professor E. 
Gutmann and Dr H. Koenig suggested that we should t 
to prepare a residue of myelin from dorsal spinal roots 
by plucking out their axons with forceps after treating 








these peripheral nerves with a glycine-diethylamine = 


buffer’. This suggestion proved impractical, but in 
preliminary trials we found that soaking various peme 
pheral nerves in this buffer rendered the collagen markedly 
more pliant and less adherent: in fact, sheets of collagen 
were seen to float away from dorsal spinal roots, This 
empirical effect of glycine on collagen remains an un- 
explained but intriguing problem. 

The purpose of this communication is to deseribe a 
simple, reliable and reproducible method, by which à 
myelin fraction can be prepared from a variety of peri- 
pheral nerves. The tissues tested in this study were four 
human and two rabbit seiatic nerves, and six collections 
of human cervieal dorsal spinal roots. 

Our definitive technique was as follows: 0-5-2 g of 
nerve tissue was cut into segments about 1 em in length: 
immersed in 0-7 M glycine-0-05 M. triethylamine hydro- 
chloride (modified Koenig buffer?) at pH 6-0 for 2 ho 
quiekly stripped of surrounding collagen and adipose 
tissue with fine scissors; washed in distilled water to 
remove excess glycine; sectioned en masse at 254 on a 
De La Rue ‘Frigistor’ thermoelectrio freezing microtome; 
and gently ground at about 2? C in a tightly fitting 
Gallenkamp borosilicate hand homogenizer with 5 xml. 
of ice-cold 0-32 M sucrose. The resulting homogenates 
were layered over ice-cold 0-8 M sucrose and were then 
centrifuged at 2? C at 23,000g for 3 h (ref. 4). The myelin. 
rich band on the surface of the 0-8 M sucrose was com- 
parable in amount with that obtained by density gradient 
fractionation of white matter from the central nervous 
system and seemed suitable for further purification®*, 
Residual adipose tissue droplets caused no problem 
because they floated on the top surface (on the 0-32 M 
sucrose). 

In preliminary trials to establish the best technique, 
1-2 g samples of human sciatic nerve—a particularly 
collagenous strueture— were homogenized (a) without 
preliminary treatment; (b) after sectioning alone; te} 
after soaking in buffer alone; (d) after both soaking in 
buffer and sectioning (the standard method). Homo- 
genization was excessively difficult and incomplete after 
(a) or (b), moderately easy but tedious after (c), and 
extremely facile after (d). Undispersed tissue was left 


Table 1. CHOLESTEROL AND CEREBROSIDE DISTRIBUTIONS IN “FRACTIONS” 
OF HUMAN SCIATIC NERVE 
Whole Undispersed 
Myelin band homogenate residue 
Preliminary (percent whole (percent whole (per cent whole 
treatment homogenate) nerve) nerve 
Chol. Cerb. Chol Cerb. Chol — Carb: 
Not seet., no buffer " 8 56 51 44 40 
Sect., no buffer 2 3 64 55 36 45 
Not sect., buffer 55 75 92 94 8 ü 
Sect. and buffer $6 76 100 100 0 0 
{standard method) 


Necropsy material from man aged 56 yr: death/fractionation interval = 
33h. Chol., cholesterol; Cerb., cerebroside and sulphatide; Sect., sectioned 
on microtome. Buffer = modified Koenig buffer?. 
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Table 2, ANALYSES OF STANDARD MYELIN FRACTIONS FROM PERIPHERAL NERVES 


SDH, mmoles LAP, mmoles Cholesterol, Cerebroside*, Cholesterol: 
Nerve and "Fraction" succinate/g naphthylamine/ pmolesimg pmoles/mg cerebroside 
species protein/h mg protein/h protein protein ratio 
Human cervical dorsal Myelin 0-001 0-20 0:78 0:33 
spinal root t Homogenate 0-80 0-14 0:38 O15 
Rabbit sciatic Myelin 0:003 0-31 0-83 0:30 
Homogenate 1:70 0-19 0:52 0-19 





* Including sulphatide, 
+ Necropsy material from woman aged 66 yr; death/fractionation interval =57 h. 


after (a), (b) and (c), but not after (d). Visually assessed 
myelin yields were negligible with (a) and (b), but satis- 
factory with (c) and (d). Total cholesterol’? and cerebro- 
side* were determined in the undispersed residues, whole 
homogenates and myelin fractions (Table 1). 
Histochemical evidence". shows that cholesterol and 
. cerebroside are highly concentrated in peripheral nerve 
myelin, while cerebroside is regarded as the most charac- 
teristic myelin lipid (Davison in ref. 10). The concen- 
trations of these lipids in the “fractions” analysed in 
Table 1 indicate that relatively high yields of myelin were 
obtained with methods (c) and (d). Based on the cerebro- 
side values, the yield with the standard method (d) was 
76 per cent, which compares very favourably with that 
reported for myelin from the central nervous system. 
During various stages of these different preparative 
procedures, small samples were removed, fixed in buffered 
6 per cent glutaraldehyde, stained with 1 per cent osmium 


34 E 4 Fig. 3. Electron micrograph of sample from myelin fraction (standard 
O > `r method) showing some relatively intact myelin with characteristic 
\ ! \ e : lamellations, Human dorsal spinal root, x 100,000, 
, è - ‘ 7 ott "A Y 


tetroxide and 1 per cent lead nitrate, and then embedded 
in ‘Araldite’. Electron microscopy revealed that the crude 





À homogenates with method (d) contained recognizable 
= myelin, other neural elements, cell debris and finely dis- 
RN rupted collagen (Fig. 1). The myelin band obtained by 
poU density gradient fractionation of the whole homogenate 


consisted exclusively of myelin fragments; no axonal 
elements, collagen or adipose tissue droplets were seen in 
it (Figs. 2 and 3). 

As a chemical test of the purity of our standard myelin 
preparation, whole homogenates and myelin fractions 
were analysed for their content of succinie dehydrogenase 
(SDH)", leucine aminopeptidase (LAP)'*, cholesterol? and 
cerebroside* referred to a protein basis'* (Table 2). The 
results showed that the myelin fractions were enriched 
with cholesterol, cerebroside and LAP, but contained only 





Fig. 1. een micrograph of sample from whole homogenate a trivial amount of SDH; this pattern is consistent with 
(standard meti . Note myelin fragments, small collagen fibrils, saha rali Š NAA 
basement membrane and cellular debris. Rabbit sciatic nerve, x 9,000! that established for myelin from the central nervous 


system! (Davison in ref. 10). 

The coneentration of LAP in the myelin fraction 
deserves further comment. This enzyme is nearly twice 
as abundant in white matter as in grey??, is concentrated 
in myelin fractions from the central nervous system! 
and myelinated peripheral nerves, but is absent from 
unmyelinated nerves’. Its concentration in the com- 
pacted membranes of the myelin sheath is consistent with 
the view that leucine aminopeptidase is a component 
enzyme of cell surface membranes!*:!7, 
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Synthesis of Methyl-mercury Compounds 
by Extracts of a Methanogenic Bacterium 


THERE have been incidences of extensive alkyl-mercury 
poisoning in Japan and Sweden. In Japan a large number 
of people belonging to the fishing population around 
Minamata Bay were seriously affected by what is now 
called Minamata disease. This incident was traced back to 
pollution of the bay with the mereury containing effluent 
of a large chemical plant. When methyl thiomethyl- 
mercury was isolated from shellfish in the area of the bay 
it was suggested that mereury could be alkylated by 
“plankton and other marine life"*. It was discovered 
later that the spent catalyst of an acetaldehyde reactor, 
which caused the pollution, contained approximately 
1 per cent methyl mereury; and the biological methyl- 
ation of mercury was thought to be insignificant. 

When certain bird populations decreased drastically in 
Sweden, poisoning was finally correlated with (a) unusually 
high concentrations of mercury in dead birds?; (b) relatively 
high mereury content of Swedish agrieultural products 
compared with those of other European countries*; and 
(c) the extensive use of methyl-mercury-dicyanodiamide 
as a fungicide in Swedish agriculture’. The use of methyl- 
mereury as a fungicide is now banned in Sweden (February 
1966), and since this legislation mereury content in birds 
and eggs has decreased drastically. Since that time there 
have been extensive investigations of the methyl-mercury 
content of fish*-*, Jensen and Jernelóv' have shown 
that mercury is methylated in sludge taken from aquaria. 
This observation provides the first indication that alkyla- 
tion of mercury may be bacterial in origin, and that 
anaerobic ecosystems can effect this reaction. 

With methyl-mercury compounds, groups occupying 
the cationic coordination positions are of minor impor- 
tance, for in biological systems exchanges of the type 


RHgX + Y- e RHg¥ +X 


take place. 

This communication is concerned with the transfer of 
methyl groups from Co^** to Hg** in extracts of a 
methanogenic bacterium isolated from a symbiotic mixed 
culture obtained from canal mud at Delft, Holland". 
The methanogenic organism (characterized MOH) was 
isolated recently from the symbiotic mixed culture by 
Bryant et al.. This organism was grown routinely on 
hydrogen and carbon dioxide (Ha, 80 per cent; CO,. 20 
percent). Cell extracts were prepared, reactions incubated 
and methane assayed as described earlier?. Methylcobal- 
amine (CH,—-Co—5,6-dimethylbenzimidazolyleobamide) 
is an excellent substrate for the formation of methane in 
extracts of MOH. This overall reaction required ATP, 
hydrogen as the source of electrons, and the prosthetic 
group of the enzyme has been shown to be factor III (1) 
(R—Co-——50H benzimidazolyleobamide)?’. 
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p^ a NL 
Cot+++H, uon? CoM CH, ay 
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Low concentrations of Hg** strongly inhibit methane 
formation, but the formation of Br from met 
balamine still proceeds. and methyl-mereury and dimet 
mereury were determined as the sole reaction produeta by 
thin lay er chromatography. After deproteinization, reae- 
tion products were extracted into diethyl ether, concen- 
trated and subjected to thin layer chromatography using 
low boiling point petroleum ether and diethyl ether 
(70:30) as the solvent. Spots were located by using 
4,4'-bis(dimethylamino) thiobenzophenone, and Hp values 
consistent with methyl and dimethy! Hg were obtained 
respectively’. To determine whether methyl-mereury or 
dimethyl-mercury was the predominant reaction product, 
use was made of a general reaction for dialkyl-mereury 
compounds (equation (2)). 


R—Hg—R'4 HCl — RH £&'—Hg--Cl (3) 





When HCl was tipped into a standard reaction mixture 
containing 0:1 umole of mercury originally as Hgt, 
then an additional 0-12 umoles of methane was evolved 
(Fig. 1). No additional methane was formed in control 
flasks (that is, — Hg**) when acid was injected. "These 
data indicate that dimethyl-mercury is the ultimate 
product of this methyl transfer reaction, although in 
reactions eontaining much higher levels of Hg**, methyl- 
mercury is produced. Acid precipitation of protein is 
usually used before the extraction of alkyl-mereury 
compounds into organie solvents. It therefore seems 
that dimethyl-mercury could be the product of biological 
significance in mercury poisoning, and methyl-mereury 
could be an artefact. of isolation procedures. 

The rapid conversion of methylcobalamine to B,,; in 
the presence of higher concentrations of Hg** aroused 
the suspicion that methyl-transfer from Co**^ to Hg** 
could be non-enzymatie in mild reducing conditions. The 
chemical nature of this reaction was investigated using 


Methane (moles) 
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Fig. 1. Inhibition of methane formation by Hg** and the liberation of 

methane after the addition of hydrochloric acid. Reaction contained: 

crude extracts, 56-2 mg of protein; 10-0 moles of ATP; 500 «moles of 

potassium phosphate buffer, pH 7-0; 0-1 umoles of Het? (where indi- 

gated), and 5-0 moles of methylcobalamine, The gas phase was Ha, the 

reaction volume 2-0 mL, and the incubation temperature 40° C. A sample 
(0-5 mL) of 5 N HCI wastippedinto reaction mixtures after 50 min. 
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different alkylcobalamines. Methyleobalamine and propyl- 
cobalamine were allowed to react with two individual 
batches of Hg** in mild reducing conditions" (8 g of Zn 
dust in 150 ml. of 10 per cent w/v NH,Cl). The products 
of these reactions were extracted into diethyl ether and 
identified as methyl and dimethyl-mercury and propyl and 
dipropyl-mercury, respectively?. 

Apparently transfer of methyl groups from Co*** 
to Hg** in biological systems may also occur as a non- 
enzymatic process. If this methyl-transfer reaction is 
significant in biological systems, then it will be enhanced 
by anaerobic conditions and by increasing numbers of 
bacteria capable of synthesizing alkyleobalamines!5:15, 
This means, for example, that pollution of a body of water 
with nutrients (that is, sewage) will inerease the rate of 
formation of methyl-mercury at a certain concentration 
of Hg**. Methyl-mereury could be formed by both 
enzymatic and non-enzymatic reactions, thus making 
this eumulative poison available for incorporation into 
various organisms in the aquatie environment, and 
secondarily into terrestrial predators. The cumulative 
nature of mercury poisoning can be titrated in fish. The 
extensive survey performed in Sweden has prompted 
legislation on the use of organomercurials in addition to 
elose control of mercury pollution. Similarly in Japan 
legislation was brought into effect after the Minamata 
disaster. We feel that the example set by these two 
countries should be followed elsewhere before eoncentra- 
tions of mercury reach a point where methyl-mercury is 
being titrated in humans as well as fish. 

We thank Mr N. Ryckman for technical assistance, and 
acknowledge the participation of our colleagues R. S. 
Wolfe, M. J. Wolin and M. P. Bryant. This research was 
supported by the US National Science Foundation. 
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Use of Grasshoppers in Bioassay of 
Thioglucosides in Rapeseed 

(Brassica napus) 

Tug thioglucoside content of rapeseed (Brassica spp.) 
varies considerably depending on variety!, environmental 
conditions (ref. 2 and unpublished work of R. K. Downey 
and L. R. Wetter), and species*. The seeds contain the 
following thioglucosides: gluconapin, glucobrassiconapin 
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and progoitrin, and the enzyme myrosinase which can 
hydrolyse these thioglucosides respectively to 3-butenyl, 
4-pentenyl and 2-hydroxy-3-butenyl isothiocyanates‘ 
(ITC). The 2-hydroxy-3.butenyl ITC is not stable and 
following cyclization produces 5-vinyl-2 oxazolidinethione, 
commonly called goitrin. Previous investigations showed 
that these compounds are responsible for depression of 
growth and thyroid enlargement in non-ruminant animals’. 
Because rapeseed meal is used as a protein supplement in 
feeding livestock, it would be desirable either to reduce or 
completely to eliminate these thioglucosides from rape- 
seed®, 

Plant breeders have changed the composition of rape- 
seed oil’, but concentrations of ITC in rapeseed meal 
remain high. Chemical analysis of rapeseed for ITC 
content is rather cumbersome and requires specialized 
analytical equipment. Present breeding techniques re- 
quire the evaluation of more material than is possible by 
chemical means alone. Development of a bioassay 
method of screening rapeseed for ITC would therefore 
greatly accelerate the breeding programme. Because the 
ITC are the products of the enzymatic hydrolysis of thio- 
glucosides, and because insects have been shown to be 
attracted to plant glucosides*, tests were conducted to 
determine whether insects could be used to distinguish 
between concentrations of thioglucosides in rapeseed. 

Fourth and fifth instar nymphs of a laboratory culture 
of the migratory grasshopper, Melanoplus sanguinipes 
(Fabricius), were used in the tests. They were fed wafers 
of rapeseed made by compressing a mixture of 2 g of 
ground seed and 1 g of cellulose powder into wafers each 
measuring 29 mm in diameter and about 0-5 mm thick. 
The quantitative thioglucoside content of the rapeseed 
was determined on an oil-free meal basis by the method 
of Youngs and Wetter* and concentrations of ITC in 
wafers were calculated. Test chambers were covered 
plastic Petri dishes 90 mm in diameter containing three 
small, shallow, polyethylene dishes each holding one- 
quarter of a wafer. The grasshoppers were introduced 
into the Petri dish through a hole in the top plate; the 
hole was corked and the insects were allowed to feed over- 
night at a temperature of about 40? C. The wafers were 
weighed before and after feeding to determine the amount 
eaten. 

The grasshoppers were first tested to determine if they 
could discriminate between varieties of rapeseed the ITC 
content of which differed by at least 3 mg/g. The mean of 
twelve tests, using seven grasshoppers in each test, showed 
the following results. 









Varieties tested ‘Bronowski? ‘Echo’ "Target 
ITC (mg/g) 0-48 2-42 3-43 
mg eaten 617 213 80 


The differences in amounts eaten were significant (P= 
0:005). This showed that the nymphs were able to 
discriminate between the three varieties and that amounts 
eaten (feeding preferences) were inversely proportional 
to the ITC content of the food consumed. 

Grasshopper nymphs were then tested to determine if 
they could be of use in sereening up to six rapeseed 
strains for ITC at one time. The ITC content of the six 
rapeseed strains offered to the insects ranged from 3-97 
to 862 mg/g. The six strains used and the average 
amounts eaten overnight by seven nymphs in a test 
replicated eight times were as follows 


Strains tested A B C D E F 
ITC (mg/g) 3-07 462 5-71 644 7:34 862 
mg eaten 238 93 55 46 32 27 


Ability to discriminate among strains was again evident 
over the whole range of thioglucoside concentrations 
(F =15-0, P=0-05). The tests demonstrated that grass- 
hoppers could be used in screening up to six varieties at 
any one time. 

The extent and the intensity of the discrimination 
reaction of grasshopper nymphs were also determined in 
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paired-preference tests of rapeseed strains in which the 
concentration of ITC differed by as little as 0-75 mg/g. 
The results of these tests, each replicated four times with 
five grasshoppers per replicate, are given in Table 1. The 
data show that the nymphs offered the paired wafers 
invariably ate more of the wafer containing the lesser 
amount of ITC. The ability to discriminate, or the 
intensity of the discrimination reaction, remained about 
equal over the whole range of ITC concentrations. 


Table 1. THIOGLUCOSIDE CONTENT AND AMOUNTS OF CRUSHED RAPESEED 

EATEN BY NYMPHS OF Melanoplus sanguinipes WHEN GIVEN A CHOICE OF 

TWO RAPESEED STRAINS OR MIXTURES THEREOF, IN PAIRED PREFERENCE 
LABORATORY TESTS 


Amounts Differences 
Pairs of rapeseed tested Total ITC eaten in amounts 
(mg/g) (mg) eaten 
*Bronowski' vs Mix It 0-48 vs 1:60 434 vs 200 144* 
Mix I vs Mix I1 t 1:60 vs 2°75 419 vs 133 286° 
Mix II vs A 2-75 vs 3-97 333 vs 257 76° 
A vs B 3-07 vs 4:62 235 vs 201 34* 
h vs C 4-62 vs 5:71 321 vs 215 106* 
Cc vs D 5-71 vs 6-44 547 vs 365 182* 
D vs E 6-44 vs 7-34 178 vs 76 102* 
E vs ‘Warszawski’ 7-34 vs 8:62 155 vs 65 90* 
* Bronowski’ vs A 0-48 vs 3-97 564 vs 270 294° 
*Bronowski' vs C 0-48 vs 5°71 364 va 63 301° 
*Bronowski' vs E 0-48 vs 7:34 448 vs 101 347** 


MES ON significance at the 1 per cent (**) and 5 per cent (*) level of 


t This mixture comprised two-thirds *Bronowski' and one-third A. 
$ This mixture comprised one-third 'Bronowski' and two-thirds A. 


dt is significant that grasshopper nymphs could, and did, 
te between wafers of rapeseed having con- 
centrations of ITC that differed by as little as 0-75—1:0 
mg/g. Tests are under way to determine if these insects 
are capable of discerning differences in concentrations of 
specific thioglucosides. 
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Serum Albumin Polymorphism in 
Indians of the South-western 
United States 


TPorvwonruisM for serum albumin has an extensive distri- 
bution among the Indians of North and middle America. 
Variant forms, which migrate anodal to the usual type in 
starch and polyacrylamide gel electrophoresis, have been 
reported in Algonkian, Athabaskan and Siouan speaking 
Indians of Canada and the northern United States. These 
forms, which may very well be identical, have been desig- 
nated as Algonkian!, Naskapi*:* and "faster" +5, Albumin 
Naskapi and the "faster" variant have been reported 
among the Navajo, an Athabaskan tribe in the American 
south-west**. A variant migrating slower than the usual 
type of serum albumin has been reported in mestizo 
populations of south-central Mexico**. This variant, 
Albumin Mexico, migrates faster than the slow variants 
described in several European and American 

We have examined sera from a series of individuals 
from Piman and Yuman speaking populations near 
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Fig. 1. Vertical starch gel electrophoretic Patoma of sera representing 
homozygotes (1) and heterozygotes (2, 6-8, pU r the Pima variant as 
compared with the Algonkian variant (4, 5) and albumin A (3, 9» 


Phoenix and Yuma in the south-western United States 
which were obtained by the Clinical Field Studies Unit of 
the National Institute of Arthritis and Metabolic Diseases’. 
Starch gel electrophoresis was carried out as described 
earlier, with the modification that sera were diluted 1/8 
with 0-15 per cent ferric ammonium citrate in the gel 
buffer to facilitate the sereening of iron-saturated trans- 
ferrin and serum albumin on the same gel. 

In the Piman and Yuman populations an albumin 
variant, migrating more slowly than the usual type, has 
been encountered (Fig. 1). We have tentatively assigned 
the variant phenotype the designation P, indicating Pima 
variant although it seems highly probable that it represents 
a northern extension to the distribution of Albumin 
Mexico. Phenotype uencies encountered within the 
three populations studied are presented in Table 1. One 
Piman individual, heterozygous for the i 
variant and the usual type of serum albumin, Albumin A 
(genotype A141/A14), has been encountered. 


Table 1, DISTRIBUTION OF ALBUMIN PHENOTYPES IN PIMAN AND YUMAN 
SPEAKING POPULATIONS OF THE SOUTH-WESTERN UNITED STATES 


Phenotype 


Linguistic Ethnic Sample AJA A/P P/P 


group group size No. 96 No. % No. % 
Piman Pima 1,528 1,421 92-7 100 6-8 7 05 
Yuman  Cocopah 104 151 91:5 13 T9 0 0-0 
Maricopa 101 91 90-0 9 8:0 1 0-9 


It has been suggested that the faster migrating albumin 
variant, Albumin Algonkian (? Naskapi), follows broad 
linguistic lines in its distribution', thereby indicating 
potential as an anthropological marker. We suggest 
that the presence of what appears to be the same variant 
in Athabaskan and Siouan speaking peoples can be attrib- 
uted to gene flow before the parari T aap of the reserve— 
reservation system in Canada and the United States. 
Social interaction between the linguistically diverse 
populations resident on the Great Plains of Canada and 
the United States in pre and post-contact times*-* offered 
ample opportunity for gene flow between these popula- 
tions. Albumin Algonkian (? Naskapi) may represent a 
rare but widespread aspect of the aboriginal variability 
common to the Athabaskan and Algonkian populations of 
Canada. The Navajo-Apache intrusion may be hypothe- 
sized as the significant event in the introduction of this 
genetie material into the south-west. Peripheral gene 
flow to Pima and Pueblo groups, from a Navajo or Apache 
source, would, in ethnohistorical retrospect, be an expected 
phenomenon. The presence of the slowly migrating Pima 
variant in south-western populations geographically 
proximate to and interacting with populations character- 
ized by the presence of the Algonkian (? Naskapi) variant 
offers the possibility for the collection of pedigrees on 
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families segregating for at least three distinet molecular 
species of serum albumin. Additional evidence indicating 
considerable gene flow in the south-west is the high 
frequency of the transferrin variant By, present among 
the Navajo and an uncharacterized B group variant 
high in frequeney among the Pima (unpublished observa- 
tions). 
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Genetic Polymorphism of the 
Complement Component C’3 in a 
Bantu Population 

A GENETICALLY determined heterogeneity (doubling) of 


the human complement component C'3, which can be 
detected by agar gel electrophoresis, has been described 
in two unrelated families of Flemish stock in Belgium! ?. 
The frequency of this anomaly seems to be extremely 
low and no clear relationship with a diseased state has 
been detected. A similar anomaly which does not seem to 
be genetically determined has also been described?-5. The 
frequency of this anomaly is somewhat greater than the 
other and its occurrence has been correlated with the 
presence of neoplastic disease*. 

We describe here the results of similar investigations of a 
chiefly Bantu population living in Rwanda. Agar gel elec- 
trophoresis was applied to the separation of human serum 
within 12 h of collection using a procedure which has been 
deseribed before (1 per cent Difco Noble agar in barbital 
buffer, pH 8-4, u=0-05). We analysed the sera of 688 
individuals (aged 0-5-60 yr) attending the University 
Hospital of Butare. Whenever a duplication was found 
the individual was reinvestigated—blood was re-drawn 
and as extensive a family study as possible was made. 

We found twenty-four cases of electrophoretie doubling 
of C'3. In three others doubling was highly probable, 
although we could not carry out cross-checking. Separa- 
tion was easily achieved without any special addition to 
the barbital buffer, even with an electrophoretie run 
lasting only 30 min (at 20 V/em with a gel temperature 
of 15°C). The duplication appeared either as two closely 
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Fig. 1. Electrophoretic separation of €"3 in agar gel. Two cases of 
doubling (a and c) are compared with a normal sample (b). Tr, Trans- 
ferrin. 
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2, Typical pedigree of a family with C'3 doubling. 


2 fai ©, Female; 
male; arrow, propositus; NT, not tested; 


W @, 03 duplicated. 





spaced, very narrow and weak zones or as a rather weak 
and blurred band with an indieation of separation. Pro- 
longed electrophoresis (60 min, other conditions un- 
changed) produced two zones, always completely separated 
(Fig. 1). 

The supplementary protein always migrated on the 
anodic side of the conventional C’3 zone. Its identification 
as C’3 seems justified by a comparison with previous 
results obtained from a Caucasian population’, and be- 
cause of the lability of the supplementary protein which 
disappeared synchronously with the conventional C’3. 
We were not able to apply an immunoelectrophoretic 
identification technique using the Laurell type of electro- 
phoresis, which seems to be indispensable in such a case?. 

For eleven of the twenty-seven individuals with a 
doubling of C’3 a pedigree could be established. In each 
case it was possible to see genetie transmission of the 
autosomal eodominant mode. Fig. 2 shows a typical 
pedigree. 

The high incidence of duplieation is remarkable, at 
least in this Rwandese Bantu population. The calculated 
frequency of 3-9 per cent promotes this anomaly to a 
genetieally determined polymorphism. Looking for a 
possible association with pathology, we made a detailed 
investigation of the affected families, in which the fre- 
quency of the anomaly was very high (thirty-four variants 
in seventy-five cases examined). We found no correlation 
with disease. The biological significance of this pheno- 
menon is thus still obscure. 

This work was supported by a grant from the National 
Foundation for Medical Research in Belgium, and was 
carried out in collaboration with the National University 
of Rwanda (Laboratory for Human and Veterinary 
Medicine, Butare). 
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Block of *Memory Transfer" by 
Actinomycin D 


Tue mechanism of the effect of injection of brain extracts 
from trained animals into untrained ones is unknown. 
We recently suggested that the change of the behaviour 
of the recipient animal which follows the injection of the 
extract of a trained brain is probably caused by the dere- 
pressor effect of some material present in the extract on 
DNA of the neurones'. In the second step, newly formed 
mRNA induces the production of specific protein which is 
probably necessary for the formation of a stable memory 
trace. We describe here the effect of the combined 
application of brain extraets from trained animals with 
actinomyein D. 

Swiss albino mice weighing from 20-25 g were used 
for the experiment. Training was conducted in a 
conditioning chamber with a 29x18 em floor and 
12 em high walls. In the shorter wall of the chamber was 
placed à swinging door 3x 5 em which covered the food 
magazine. A light above the transparent swinging door 
acted as a conditioning stimulus. The conditioning 
stimulus lasted for 10 s during which a food pellet was 
dropped into the food magazine. If the animal collected 
the food during the conditioning stimulus, the condi- 
tioned reaction was considered positive. The period 
between conditioning stimuli lasted 80 s; ten trials were 
applied in one session. 

Mice were considered to be trained when they gave ten 
positive responses in a session, and when they did not 
open the door between trials more than twenty times in 
one session. "The mice were usually fully trained after 
twenty-five or thirty sessions. 

The trained mice were killed by decapitation within 1 h 
of the last session. The brains were quickly removed and 
homogenized in a glass homogenizer for 2 min with 2 ml. 
of distilled water. The homogenate was shaken for 4 h. 
left in the refrigerator at 1°-3° C overnight and centrifuged 
at 4,000 r.p.m. for 2 h. All procedures, with the exception 
of the extraction in the refrigerator, were performed at 
room temperature (227-24? €). 

The acceptor mice were lightly anaesthetized with 
ether and the skin of their heads along the middle line was 
eut. A thin intradermal needle was inserted into the skull 
through the temporal muscle. Actinomycin D solution 
(0-02 ml.) was injected into the subdural space of each 
hemisphere. The spreading of the solution on the surface 
of the hemisphere was easily observed through the trans- 
parent skull. After the intracranial injection, clear 
supernatant of the centrifuged brain homogenate of the 
brain of donor animals was injected intraperitoneally. 
The extract from one brain was always injected to one 
animal acceptor. 

Actinomycin D was given in a uniform dose of 1 ug to 
each animal. In the testing experiments, we found that 
this dose does not alter the motor activity of animals on 
the rotating rod*, or the explorative activity of animals 
in the girdle cage, and it only slightly decreases the food 
consumption at least 24 h after the intracranial injection. 
Nor does this dose substantially affect the performance of 
animals which have previously been fully trained in the 
same experimental situation (Table 1). 

The animals were starved for 24 h after the injections 
and then tested in the conditioning chamber. This starva- 
tion is important for the successful "memory transfer’’*. 

In addition to the principal experimental group which 
was injected intracranially with 1 ug of actinomycin D 
and intraperitoneally with extract of trained brain, the 


Table 1. EFFECT OF INTRACRANIAL INJECTION OF ACTINOMYCIN D AND 
SALINE ON FULLY TRAINED ANTMALS 
. : , No. of positive No. of positive 
Injection No. of conditioned responses conditioned responses 
animals before injection following injection 
Saline g 10-0 7-88 
Actinomycia D 9 10-0 7-22 


177 


following control groups of animals were also tested: 
(1) control mice without injection; (2) mice injected with 
l ug of actinomycin D only; (3) mice injected with 0-02 
ml. saline to each hemisphere only; (4) mice injected 
intracranially with 1 ug of actinomycin D; (5) mice 
injected with 0-02 ml. saline intracranially plus extract 
of untrained brain intraperitoneally; (6) mice injected 
with 0-02 ml. saline intracranially plus extract of trained 
brain intraperitoneally. The animals were tested in the 
conditioning chamber in the following way. When the 
mouse was put into the chamber, a food pellet was placed 
in the food magazine, and when the mouse found the pellet, 
the testing session started. If the animal did not find the 
food in 15 min, the experiment was discontinued. The 
testing session also consisted of ten trials. The number of 
conditioned responses was statistically evaluated by means 
of rank correlation analysis for dichotomic ranks (Wil. 
coxon's test)*. 








Table 2, RESPONSE OF ACCEPTOR MICE TO TESTING SESSION IN EXPERIMENTAL 


CHAMBER 
Intraperitoneal Mean No. of cone 
Group Intracranial} injection of the No.of ditioned responses 
injection extract animals in the first session 
1 — — 119 Li? 
2 Saline — 11 182 
8 Actinomycin D — 16 r25 
4 Saline Untrained brain 10 140 
5 Actinomycin D Untrained brain 8 113 
6 Saline Trained brain 10 +10 
7 Actinomycin D Trained brain 9 156 


'The results summarized in Table 2 show that the groups 
of control animals without injection, animals injected 
with physiological saline or 1 ug of actinomycin D intra- 
cranially, and animals injected with a combination of 
saline or actinomycin D with extracts of untrained brain 
do not differ substantially from each other. The slight 
differences in performance during the testing session are 
not statistically significant. 

The mice injected intracranially with physiological 
saline and intraperitoneally with extract of brains of 
trained animals show significantly higher performance 
than other groups. This represents the positive "transfer 
effect" in this group of experiments. The positive 
“transfer effect" is, however, blocked by the simultaneous 
intracranial injection of actinomycin D. The difference 
is statistically significant (S= 52, P< 0-02). 

Actinomycin D selectively blocks RNA formation on 
DNA templates. It has also been reported not to affect 
either acquisition or formation of memory in the mouse^, 
but this effect may be caused by residual short-term 
memory which is probably not dependent on RNA’. 
The experiments with actinomycin D applied to trained 
mice are therefore not fully conclusive and the molecular 
scheme of memory using RNA formation is widely 
accepted’. 

Our experiments show that the behavioural modifica- 
tion obtained with extracts from the brains of recently 
trained animals may be caused by the effect of active 
substances present in the extracts on the formation of 
new RNA on DNA templates. If the formation of new 
RNA is blocked by actinomycin D, brain extracts are 
ineffective. Thus these experiments support the theory 
of the derepressor character of substances responsible 
for “memory transfer". 

In our experiments, the homogenization, shaking of the 
homogenate and centrifugation were performed at room 
temperature, so the extraets do not contain a significant 
amount of undegraded proteins and RNA. Nevertheless, 
the extracts show stable “memory transfer" effect’. 
On the other hand, it is possible that carefully isolated 
RNA (ref. 10) from the brains of trained animals affects 
the mechanism of the formation of the memory trace in 
some other way and that the effect of such undegraded 
RNA from the brains of trained animals is not influenced 
by actinomycin D. 

We thank Mr D. V. Greenberger for the construction of 
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Conversion of Cyclamate to 
Cyclohexylamine in Rats 


ALTHOUGH cyclamate is excreted largely unchanged in 
both laboratory animals and man, recent reports have 
shown that cyclohexylamine can be a metabolite of 
cyclamate in some humans?*. Kojima and Ichibagase? 
reported the recovery in the urine of a human volunteer 
of an amount of cyclohexylamine which was equivalent 
to approximately 0-7 per cent of an orally administered 
dose of sodium cyclamate. Leahy, Wakefield and Taylor! 
analysed the urine of five male laboratory workers for 
5 days after each had been given a single dose of 3 g 
sodium cyclamate. One of the five subjects was found to 
excrete 0-8 per cent of the dose of cyclamate which was 
administered as cyclohexylamine; most of the dose was 
excreted as free cyclamate. 

A report of the Food Additives and Contaminants 
Committee® noted that, in one study, five out of forty 
persons ingesting cyclamates for 2 to 3 days excreted 
about 0:8 per cent of the dose as cyclohexylamine. After 
administration for 17 days, the percentage of ingested 
cyclamates which was converted to cyclohexylamine rose 
to 7:5 per cent in one individual. Sonders and Wiegand* 
studied the metabolism of cyclamate in both experi- 
mental animals and man. One of their subjects was found 
to convert as much as 40 per cent of the administered dose 
of cyclamate to eyelohexylamine. Thus | g of Na cyclam- 
ate was converted to 200 mg of cyclohexylamine. 

Here, we provide evidence in experimental animals for 
the conversion of cyclamate to cyclohexylamine. The 
data were part of a 2 yr study to evaluate the safety of a 
mixture of sodium cyclamate and saccharin (10:1) in 
albino rats, and is still in progress. 

The cyclamate : saccharin mixture was fed to thirty- 
five male and forty-five female rats (FDEL strain, Wistar 
derived) from the twenty-eighth day of age onwards, in 
doses of 0, 500, 1,120 and 2,500 mg/kg/day. The rats were 
maintained in individual cages in air-conditioned and 
humidity controlled quarters, and were allowed fresh 
water and their daily rations (Purina Laboratory Chow) 
containing appropriate concentration of the test materials. 

Twenty-four hour urine samples were collected from 
ten males and ten females per group in the twenty- 
seventh week of study. Aliquots of urine (2 ml.) were 
assayed for eyelohexylamine using the procedure of Derse 
and Daun’, but omitting the oxidation step. The cyclo- 
hexylamine was estimated by comparison with cyclohexyl- 
amine standards. 

Gas-liquid chromatography was conducted with a 
Varian aerograph series 1520 chromatograph fitted with 
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a hydrogen flame ionization detector and connected to an 
Infotronies digital integrator. The gas chromatographic 
column consisted of 20 per cent ‘Dowfax 9N9' + 2-5 per 
cent NaOH on 60/80 mesh ‘Gas Chrome Q`. 

The degree of conversion of cyclamate to eyclohexyl- 
amine was calculated from the amount of cyclohexylamine 
found in the 24 h urine sample and the amount of eyelam- 
ate (food) eonsumed during this period. Tho percentage 
of the cyclamate converted to cyclohexylamine was 
ealeulated on a molar basis. Thus an animal consuming 
500 mg of Na cyclamate and excreting 25 mg of eyclohexyl- 
amine must have converted 10 per cent of the cyclamate 
to cyclohexylamine 


25 9012 . 
m x To x 100 = 16 per cent 
500 99-2 
The results for the first 30 weeks of the study evaluating 
the safety of a mixture of cyclamate and saccharin in 
rats have already been presented*. This report concerns 
the conversion of cyclamate to cyclohexylamine in ten 
animals of each sex per group as estimated in urine 
samples collected during the twenty-seventh week of 
study. None of the control rats excreted cyclohexylamine. 
In the group receiving the lowest dose of cyclamate 
(500 mg/kg), conversion to eyclohexylamine was evident 
in one male and one female rat (Table 1). At higher 
doses of the cyclamate : saccharin mixture, a greater per- 
centage of rats was found to convert cyclamate to cyclo- 
hexylamine. Thus five males and one female in the group 
receiving 1,120 mg/kg, and seven males and five females 
in the group receiving a high dose (2,500 mg/kg), excreted 
cyclohexylamine. One rat in the group receiving 1,120 
mg/kg (89M) was designated as a high converter, and so 
were five rats in the group receiving 2,500 mg/kg (121M, 
129M, 357F, 361F and 369F). The urine of rat 369F 
contained 10-17 per cent of the administered cyclamate as 
cyclohexylamine. 








‘Table 1. CONVERSION OF CYCLAMATE TO CYCLOHEXYLAMINE 
Percentage of daily cyclamate intake 
Dose Animal No. converted to eyelohexylamine 
(mgikg) and sex Week 27 Week 34 
500 50M 0:12 0-16 
67F 0-39 — 
1,120 81M 0-05 0-05 
82M. 0:03 0:11 
87M 0-10 ae 
89M 0-96 5:15 
90M 0:02 — 
300F 0-04 Trace 
2,500 121M 1-42 1:38 
122M 0-25 eme 
123M 0-20 — 
124M 0-06 — 
125M 0-08 9-08 
126M 0.02 
127M 0 0-03 
128M 9:13 — 
120M 1:90 0:22 
353F 0:10 Trace 
355F 0-09 
357F 2:13 2-89 
359F 0:22 — 
361F 2-70 0-90 
360K 10-17 12-62 


In order to confirm these findings, and to determine 
whether conversion was affected by continued administra- 
tion, a second collection of urine was made from fifteen 
animals selected from the following categories: three 
zero converters, six low converters and six high converters. 
Twenty-four hour urine samples were collected during 
the thirty-fourth week of study and these were analysed 
as described here. The results indicated that in general 
the low converting animals remained low converters and 
the high converting animals remained high converters. 
A high converter in the group receiving 1,120 mg/kg 
(89M), however, showed a five-fold inerease in the urinary 
excretion of cyclohexylamine, and a high converter in 
the group receiving 2,500 mg/kg (129M) was found to be 
a low converter in the repeat study. In no case was 
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... evidence obtained for the presence of dicyclohexylamine 


in these urine specimens. 

These results indicate that, at least in this experi- 
mental situation, conversion of the cyclamate to cyclo- 
hexylamine can occur. This conversion seems to be dese- 
related with respect to the number of animals capable of 
excreting cyclohexylamine, after ingestion of cyclamate. 
Of the sixty test animals which were the subjects of these 
analyses, six were designated as high converters (that is, 
urinary excretion of cyclohexylamine was equal to about 
1 per cent or more of the ingested cyclamate). The 
remaining animals were found to be low or non-converters. 

This work will be extended in an effort to determine 
whether the conversion of cyclamate to cyclohexylamine 
takes place in the gastrointestinal tract or systemically 
as a biotransformation product. In the latter case, the 
reason for the differences on metabolic handling, and 
whether or not it is genetically determined, would be of 
particular interest in the light of similar findings in man. 

We thank Dr G. H. Berryman of Abbott Laboratories, 
Inc., for the supply of cyclamate : saccharin mixture and 
for support of this work. 
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Gonadal Hormones and the Regression 
of the Corpora Lutea in the 

Guinea-pig 

THERE is at present little agreement about the factors 
involved in the regulation of the function of the corpora 
lutea in the ovaries of mammals. Some workers lay 
emphasis on the controlling influence of pituitary hor- 
mones', and others on the luteolytic activity of the 
uterus? *, Although the luteolytic properties of the 
uterus have been demonstrated by a variety of means in 
several species, it has been said that “the results observed 
from such surgical interventions are totally nonspecific 
and therefore to be considered as artefaets"'. Distension 
of the uterus shortens the life of the corpora lutea in the 
guinea-pig and because the introduction of glass beads 
into one horn of the uterus influences only the corpora 
lutea in the neighbouring ovary the existence of a local 
mechanism which does not directly involve the pituitary 
gland has been suggested*. On the other hand, the 
regression of the corpora lutea seen after the administra- 
tion of gonadal steroids has been attributed to the in- 
hibition of the secretion of gonadotrophin*. The results 
of the following experiments involving the administration 
of oestrogen or progesterone indieate that the inhibitory 
effeet of gonadal hormones on luteal function is exerted 
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through the uterus and lends further support to the view 
that the uterus exercises a controlling influence on luteal 
function in the guinea-pig. 

Oestradiol benzoate (10 pg/day) was injected sub- 
cutaneously into eighteen adult female guinea-pigs from 
the third to the eleventh day after ovulation. In six of 
these animals two glass beads were inserted into one horn 
of the uterus on the fourth day, six females were left 
unoperated and six were hysterectomized on day 3 before 
the injection of the steroid. Progesterone (5 mg/day) was 
similarly injected into six guinea-pigs from days 3-11 
after ovulation, and two glass beads were inserted into 
one horn of the uterus on day 4. In six additional females 
two glass beads were inserted into one horn of the uterus 
on day 4 but treatment with oestrogen or progesterone 
was not provided. All animals were killed on day 12. 
The right and left ovaries of each female were kept 
separate, fixed in formol saline, embedded in paraffin 
wax and serially sectioned. The sizes of the corpora 
lutea were measured as in previous work? and the results 
are presented in Fig. 1. 

In the absence of treatment with oestrogen or pro- 
gesterone, unilateral regression of the corpora lutea 
occurred after the introduction of two glass beads into 
one uterine horn. The corpora lutea on the control side 
remained of similar size to those of normal untreated 
animals killed on day 12 in the course of other studies, 
Under the influence of progesterone, regression of the 
eorpora lutea on both the experimental and control sides 
was more marked although the corpora lutea in the ovary 
associated with the distended uterine horn remained most 
greatly affected. Treatment with oestradiol of normal 
animals and of females fitted with beads caused a similar 
and pronounced regression of the corpora lutea in both 
groups and loss of the expected asymmetry in pairs of 
ovaries because of the presence of beads. This effect was 
not exerted through the pituitary gland, however, for in 
the absence of the uterus the same dose of oestrogen 
failed to hasten regression of the corpora lutea. The 
hormone thus appears to act by increasing the luteolytic 
action of the uterus. Rowlands’ has reported that the 
administration of a single dose of oestrogen did not dis- 
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turb luteal function in hysterectomized guinea-pigs. It 
seems that the view that the hypophysis is of prime 
importance in the control of luteal funetion in the guinea- 
pig is becoming inereasingly unacceptable. 
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Pressor Response to Infusion of 
Angiotensin into the Portal Vein 
of the Rat 


THE physiological importance of enzymes that degrade 
angiotensin in plasma and in tissue extracts has been 
questioned by Johnson and Ryan!. They have shown 
that aqueous extracts of rabbit liver hydrolyse all the 
peptide bonds of Asp'.Ile*-angiotensin II amide and 
Asp'-Val'-angiotensin amide when incubated at pH 7:4 
and 37? C, There is also evidence that the liver plays an 
active part in the destruction of angiotensin in vivo?-5. 
Bumpus et al.? have shown that the liver of nephrectom- 
ized rats infused with tritiated angiotensin accumulates 
more labelled peptide fragments than do other organs. 
Chamberlain et al. found a smaller rise in the blood 
pressure of four dogs and two humans when Asp!-Val*- 
angiotensin amide was infused into the portal venous 
system than when it was infused into the femoral vein. 
It is difficult to interpret their results because full details 
of the techniques used are lacking, and it is not clear 
how the doses were matched against each other. Hodge 
et al.^ have measured concentrations of angiotensin in 
circulating blood both before and after passage through 
various tissues in anaesthetized dogs. They find a 
marked decrease in the concentration of angiotensin 
after passage through the liver, as shown by the change in 
response of the isolated gut preparations used to assay 
angiotensin in their experiments. 

In 1964, Methot et al.* reported that angiotensin caused 
a much smaller rise in the arterial pressure of Wistar rats 
when infused into the hepatic portal system than when 
infused into the femoral artery or the external jugular 
vein. We have repeated this work using smaller doses 
of angiotensin and have introduced some additional 
modifications to their technique. 

Twenty Sprague-Dawley rats (eleven female and nine 
male) on mixed diets were used; weights ranged from 
160 to 230 g (mean 200 g). Each rat was anaesthetized 
with intraperitoneal pentobarbitone (veterinary Nembutal, 
Abbott), 60 mg/kg, and given a subcutaneous injection of 
2-5 mg/kg of pentolinium tartrate in polyvinyl-pyrrolidone 
(Ansolysen Retard, May and Baker) and atropine sulphate 
(1:5 mg/kg). 

After a small flap of skin had been removed from the 
anterior aspeet of the throat, a glass cannula was intro- 
duced into the trachea and the left external jugular vein 
and right common carotid artery were mobilized. A mid- 
line abdominal incision was made and the gut was drawn 
to one side and covered with a gauze swab saturated with 
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warm saline. The portal vein was opened and a polythene 
cannula was introduced and tied into place. The abdom- 
inal wound was either closed with surgical clips (three 
experiments) or covered with damp swabs. If any difi- 
culty was experienced in setting up the preparation, the 
particular experiment was abandoned and a fresh one 
was prepared. 

The external jugular vein and carotid artery were cannu- 
lated and the arterial cannula was connected to a Condon 
type manometer, recording the arterial pressure changes 
on a kymograph. Heparin (2,000 v/kg) was injected into 
the jugular vein before each experiment was continued. 

Asp!-Ile*-angiotensin II was prepared in concentrations 
of 0-1 pg/ml. and 1-0 pg/ml., in sterile 0-9 per cent sodium 
chloride, pH 5-7. Injections of angiotensin were washed 
in with 0-2 ml. of 0-9 per cent sodium chloride, over à 
period of 10-20 s. 

In eleven rats the pressor response to every infusion of 
angiotensin into the hepatie portal system was compared 
with infusions of two different strengths into the external 
jugular vein ("bracket assay", see Figs. 1 and 2). In 
nine rats various doses of angiotensin were infused and 
the pressor responses were measured, but a precise 
quantitative comparison was not made. In every experi- 
ment the smaller doses of angiotensin were given first 
and no doses in excess of 40 ng were given until the re- 
sponses to the smaller doses had been assessed. 

At the end of each experiment a suspension of earbon 
particles (‘Statex E-12") was injected through the portal 
vein cannula. The liver was then examined and the 
perfused lobes were weighed. 
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Fig. 1. Explanation in text. 
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Fig. 2. Explanation in text. 
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Figs. 1 and 2 were prepared from the data collected in 
the first eleven experiments. The y axis represents the 
dose of angiotensin (ng) required to produce a given 
pressor response when infused into the external jugular 
vein; the values on the x axis are those of doses infused 
into the portal vein to produce an equivalent response. 
Fig. 1 shows that there is no difference between the re- 
sponse to infusions into the portal vein and the external 
jugular vein in the range of doses used (5-15 ng). Fig. 2 
demonstrates that when doses of 20 ng or more are infused 
à marked difference appears (P — 0-001). 

Fig. 3 illustrates the pressor response obtained when 
doses of 5-80 ng were infused into the portal and jugular 
veins. The doses (y) are expressed logarithmically and 
the pressor response (x) in mm of mercury. There is a 
significant difference between the two dose response 
curves obtained (P= 0-01). 

Fig. 4 provides an example of pressor responses recorded 
on a kymograph after infusions of different strengths. 

Methot et al.* suggest that the liver, by virtue of angio- 
tensinase activity, plays a specific and important part 
in the metabolic destruction of circulating angiotensin. 
The strain of rat, the anaesthetic, the type of angiotensin 
and the pH of the infused solution were different in our 
work. In spite of these differences, we were able to con- 
firm that when large doses of angiotensin were used the 
pressor response in the portal vein was relatively less than 
in the jugular vein: here there is no confliet. When 
smaller doses were used, the pressor responses were 
identical, This observation does not support the view 
that the liver usually plays any specifie part in the de- 
struction of circulating angiotensin. Larger doses were 
observed to cause marked blanching of the liver in our 
preparations, Damage to hepatic cells with release of 
intracellular peptidases could explain the loss of pressor 
activity observed and this possibility is now being 
explored. 

We thank Sir George Pickering for facilities and for 
encouragement, and Dr A. J. Honour for helpful advice. 
Financial assistance was provided by the Nuffield Founda- 
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Effect of Acetazolamide on the 
Chloride Shift and the Sodium Pump 
in Secretory Cells 


AN active chloride pump has been suggested as the chief 
driving force for the process of secretion by human sweat 
glands'. Such a mechanism has been used as an important 
premise in a hypothesis to describe the basic defeet in 
cystie fibrosis*. Because the evidence for such a pump 
in the sweat gland is very weak we have reinvestigated 
this problem to find out whether our concept of a sodiura 
pump? should be revised, or whether some alternative 
mechanism should be suggested. 

All experiments were carried out on the central footpads 
of the cat. Secretion of sweat was induced by maximal 
electrical stimulation of the plantar nerve (five eycles/s 
lasting 0-25 ms at a constant current of ? mA). Forster's 
method‘ was used to measure the rate of secretion, although 
the water vapour was not determined by an infrared 
analyser, but with a Mecco electrolyte water analyser, 
model W. 

Sodium and potassium were determined by flame 
photometry, chloride was determined with an Aminco 
Cotlove titrator, and bicarbonate with a micro Van Slyke 
manometric apparatus. 

Acetazolamide (Diamox’) was administered intra- 
peritoneally. The first injection was of 20 mg/kg, followed 
by 10 mg/kg every hour. Carbon dioxide for breathing 
was a mixture of 15 per cent CO, and 85 per cent O,. 

Table 1 summarizes results obtained after cats had 
received the ‘Diamox’ and had been breathing the CO, 
mixture. Comparison with control values shows that 
‘Diamox’ strongly affected the carbonic anhydrase system, 
decreasing the concentration of bicarbonate and causing a 
markedly increasing concentration of chloride in the sweat. 
Breathing CO, produced the reverse effect, also highly 
significant. Because hydration of intracellular CO, is 
increased by the increased pressure of CO, in the blood 
plasma, more intracellular biearbonate was formed. 

A decrease in rate of the secretion after administration 
of 'Diamox' as well as after breathing CO, was unexpected. 
The decrease in rate of flow was so pronounced that the 
increase in the concentration of sodium and the even 
greater increase in the concentration of chloride (after 
“Diamox’) could not counteract. the decrease in the overall 
rates of excretion of both ions. 

Values for individual eats are given in Table 2. The 
decrease in rates of exeretion is given as a pereentage of 
the determined control values obtained before '"Diamox' 
was given. The rates of excretion of sodium were de- 
creased by 8-50 per cent; the inhibition of the rates of 
excretion of chloride is more or less parallel. In the case 
of one cat where the excretion of sodium was only slightly 
affected the excretion of chloride even increased by 22 
percent. Although this is only one observation the general 
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Table 1. RATES OF FLOW AND ELECTROLYTE VALUES MEASURED IN SWEAT OF CONTROL CATS AFTER 'DIAMOX' AND AFTER BREATHING CO, 


Clio HOO, 
i v " Na K ĉi HCO, pHo) pHi» Chp HCO,» 
Hi. em- 
min m.equiv./l. 
No. 64 53 1 17 
Controls Mean 143-5 17-4 119-9 49:5 8-0 7-40 1123 2-02 
tS EM, 0-72 0:37 0-83 1:96 
No. 15 15 41 26 
*Diamox' Mean 152-9 155 137-1 18-7 70 7:25 135 0:39 
E S.E.M. 0-19 0-60 1-46 115 
P « 0-001 «0:01 « 0-001 « 0-001 
No. 7 7 T 2 
CO, Mean 154:9 20-2 113-7 62 T3 6-80 1-12 2:07 
Et 5.E.M. 8-71 0-65 1-20 
P <005 < 0-05 < 0-001 





Table 2. DECREASE IN RATES OF EXCRETION OF SODIUM, CHLORIDE AND 
BICARBONATE MEASURED AFTER 'DIAMOX', EXPRESSED AS PERCENTAGES OF 
THE CONTROL VALUES 





No, of Decrease in percentage after 
Cat . observations , ,, Diamox' 
Before After EX x4; EXy y EX(160,) 

A 2 3 ~47-7 

B 2 E 

2 2 3 -757 

P4 2 

E 2 3 ~ 73-5 
p 2 2 

" 2 4 ~T238 
H 2 2 -69-0 
4 2 4 -8L8 
J 2 4 ~ 73-0 
K 2 3 — 60-4 
L 2 3 





trend of all the results seems to indicate that such a 
phenomenon can be expected. 

We have already offered some arguments in favour of 
an aetive sodium pump, operating in the coil of the 
sweat gland in humans as well as cats*:5. | We were also 
able to demonstrate a transport mechanism which is 
sensitive to ouabain, and Gibbs? has shown the presence of 
a sodium-potassium-aetivated ATPase in the secretory 
cells, These arguments, together with the results presented 
here, seem to rule out completely the possibility of a 
specific mechanism of chloride transport. The experi- 
mental data and the measured ratios for chloride and 
bicarbonate between sweat and blood plasma are com- 
parable with predicted values if there is a passive balance 
between both anions. 

The decrease in the rates of excretion of sodium 
(activity of the sodium pump) caused by ‘Diamox’ as 
well as by CO, still needs an explanation. Any inhibition 
of the hydration of intracellular CO, by acetazolamide 














Schematic representation of the two possible mechanisms of 


Fig. 1. 
sodium transport. 


would result not only in a decrease of intracellular bicar- 
bonate, but also in an increase in the intracellular pressure 
of CO,. The effect would be the same after breathing the 
CO, mixture, if the pressure of CO, in the blood reached 
200 mm of Hg. Both experimental conditions can thus 
be characterized by an intracellular acidosis, and this 
decrease of intracellular pH could be the cause of the final 
effect on the sodium pump. These experiments do not 
indicate whether the inhibition of excretion is caused 
by a pH effect on the enzyme system of the cells or by 
more direct influences on the permeability of the cell 
membrane, 

The observation by Richterich et al.” of a decrease in the 
concentration of potassium in human sweat glands after 
the administration of acetazolamide agrees well with our 
findings (Fig. 1). An explanation ean be offered if the 
transport of sodium, together with chloride, has no need 
of any exchange with intracellular cations, which must be 
the case if sodium is transported together with intracellular 
bicarbonate. In Fig. 1 both possibilities are presented 
schematically, demonstrating that in the case of breathing 
of CO, the concentration of potassium in the sweat must 
increase, because more hydrogen ions are formed and less 
intracellular potassium is needed to establish electro- 
neutrality. Although Richterich et al.” did not observe a 
decrease in rate of flow, this has been clearly demonstrated 
by Emrich and Ullrich!. 
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Muscle Contraction: the Effect of 
lonic Strength 


CONTRACTILE responses are depressed and may be abol- 
ished in muscles that are shrunken by exposure to hyper- 
osmotie media; they are enhanced when the muscles are 
swollen in hyposmotie medial‘, The effects of hyper- 
osmotic solutions have been aseribed* to “dissociation of 
electromechanical coupling”, but earlier work*:* had shown 
that the processes of excitation—contraction coupling were 
unaffected. Howarth‘ therefore proposed two alternative 
mechanisms. He suggested that the movement of water 
into or out of the cell in the different osmotic conditions 
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(i) may modify the viscosity of the myoplasm, or (ii) may 
affect the contractile machinery by the associated changes 
in the intracellular ionic strength. In our experiments, 
intracellular applications of calcium were used to activate 
contraction; thus they bypassed the factor of e-c coupling. 
Furthermore, they were designed so as to discriminate 
between effects on the volume of the fibres and on the 
ionic strength of the intracellular phase which are both a 
result of changes in water content. The results demon- 
strate that the predominant and, perhaps, the only factor 
affecting the tension is the change in ionic strength. Only 
data on ionophoretic applications of calcium are reported 
here, but similar findings have also been obtained with 
other agents that activate contractile responses’. 

Single muscle fibres were dissected from the flexor 
muscle in the carpopodite of the walking legs of the cray- 
fish, Orconectes*. The isolated fibre was connected to a 
strain gauge. Tension was evoked by ionophoretic 
injections of Catt from an intracellular microcapillary 
filled with 100 mmoles/l. CaCl, and was registered on one 
channel of an inkwriting polygraph. The outward cur- 
rents used were of the order of 10-* A and depolarized the 
fibre by less than one mV. Just detectable tension was 
observed on extrusion of about 10-* M Ca** (ref. 9). The 
ionophoretie currents, which were held constant by an 
electronic circuit, were registered on a second trace of the 
polygraph. 

Responses observed visually and as registered by the 
transducer system are shown in Fig. 1. Injections of Ca** 
induce localized “contraction spheres"*. The sarcomeres, 
which range between 8 and llu in the resting fibre, 
shorten to about 3u. The transition between the con- 
traction sphere and the resting portion of the fibre is 
sharp, confined to a zone of only two or three sarcomeres 
that are not fully shortened. The maximum diameter of 
the sphere and the peak of the tension were attained 
rather slowly, about 1 s after a 1 s injection of Ca**. The 
tension and the volume of the contraction sphere both 
increased linearly with the applied current so that the 
slope of the plot relating the total Ca** injected to the 
volume of the sphere indicates that the level of Ca** in 
the latter must attain a concentration of about 10-3 
moles/l. Similar concentrations are also reported in other 
muscles!?.1, 

The responses evoked by a constant quantity of Ca 
injected into a fibre that was exposed to both hyposmotie 
and hyperosmotie media are shown in Fig. 2. The ordinate 





Fig. 1. 
filled with CaCl, is seen inserted into the fibre at the upper border of each micrograph. The 
full diameter of the fibre is shown only in the two lower micrographs. The apparently clear 


Effects of ionophoretie injections of different amounts of Ca**, 
space below the surface is an artefact caused by the mode of illumination. 


which is shown on the upper traces of the records. 


A microelectrode 


Currents of in- 
creasing magnitude (monitored on the lower traces of the appended records) were applied. 
The contraction spheres described in the text increased in diameter along with the tension 
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Fig. 2. Tensions evoked by a constant amount of Ca** in different 
osmotic conditions, caused by addition or removal of NaCl from the 
control medium, which contained 200 mmoles/l. Tension ordinate is in 
relative units, 100 per cent being that of the control. Sample records for 
this experiment are shown beside the graph. The current is shown only 
in connexion with the two control responses. The currents lasted 2 s 
and were 5x10-* A, For the hyperosmotic series the sensitivity of 
tension recording was increased. 


of the graph denotes the peak tension evoked in a given 
medium relative to the peak tension of the fibre in the 
control saline which contained 200 mmoles/l. NaCl. The 
tension evoked by the testing stimulus increased when the 
medium was made progressively more hyposmotie by 
reducing the NaCl. Responses recorded for each point on 
the graph are shown as insert records on the left. The 
recording sensitivity was increased 2-5 times to register 
the smaller tensions evoked in media made hyperosmotic 
by additions of NaCl. The control registration is the 
uppermost record to the right of the graph. The tension 
decreased as the fibre shrank and was negligible when the 
NaCl was increased to 600 mmoles/l. Experiments of this 
type show that the tension output is a continuous function 
of fibre volume and that the effect of osmotie changes is 
independent of e-c coupling. 

The experiments of Fig. 3 discriminate 
between the possible effect of the change 
in volume on the viscosity of the intra- 
cellular phase as opposed to effects that 
operate through a change in the ionic 
strength of the myoplasm. In the six 
different types of experiments shown, the 
volume of the fibres was measured! as 
well as the tension that was evoked by a 
fixed stimulus. Fig. 3.4 shows the shrink- 
age that was induced by exposing the 
fibre to a medium made hyperosmotie by 
doubling the NaCl and the return to con- 
trol volume on returning to 200 mmoles/l. 
NaCl. A reversible decrease in tension 
was associated with the shrinkage. Re- 
duction of the NaCl by 50 mmoles/l. 
caused swelling and an increase in tension 
(B) In the experiment of Fig. 3C, the 
fibre was subjected to a medium made 
hyperosmotie by the addition of 185 
mmoles/l. KCl to the control saline. The 
fibre shrank promptly and the tension 
output declined. The volume increased 
again, however, and returned to about the 
control level. The tension, on the other 
hand, remained at its low level. Exposure 
of the muscle fibre to a KCl-enriched hyper- 
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jonicstrength, Six different fibres, Changesin volume and tension output 

are expressed relative to the values in the control before the osmotic 

change. Intracellular ionic strength was increased in the course of the 

experiments shown in 4 and C, decreased in B and F. There was a 

transient increase in Æ, but little or no change in D. Note the correlation 

between tension output (... O... ) and the ionic strength and the lack 
of correlation between tension and volume in C and D. 


osmotie medium results in an influx of KCl (refs. 12 and 
13). Water enters with the salt until the volume is restored 
to about its original level. Thus the fibre in Fig. 3C must 
have maintained the higher ionic strength that had been 
attained at peak shrinkage, while the volume returned 
essentially to that of the control. In the experiment of 
Fig. 3D the bathing medium was also enriched in K* by 
the addition of 70 mmoles/l. KCl, but the medium was 
kept isosmotie by removal of NaCl. This fibre swelled 
markedly, but the tension was essentially unaltered or, as 
in the experiment shown, it was slightly depressed. In 
this condition, there is entry of water associated with 
entry of KCl, so that the ionic strength of the myoplasm 
remains essentially constant’. Although the volume of 
the fibre was greatly increased, the tension was, if any- 
thing, diminished slightly. Accordingly, the ionic strength 
appears to be the chief determinant of the extent of con- 
tractile activity in various osmotic conditions. 

This conclusion regarding the importance of ionic 
strength as in distinction from changes of volume and 
viscosity is confirmed by the experiments shown in Fig. 
3E and 3F. When the medium was made hyperosmotic 
by the addition of 300 mmoles/l. urea (Fig. 3E) the fibre 
ab first shrank and then returned towards its initial 
volume. The tension output was depressed as the fibre 
shrank. As water entered, however, together with 
the non-electrolyte and the volume returned toward 
the original level, the intracellular ionie strength also 
returned toward the initial value. The tension response 
in this experiment also returned to its original value, 
in eontrast to the results obtained in Fig. 3C, in which 
restoration of the volume was accompanied by an in- 
crease in ionie strength. The osmotic conditions in the 
experiment of Fig. 3F were comparable with those in 
Fig. 3D, because 60 mmoles/I. NaCl was replaced with an 
osmotieally equivalent amount of urea (120 mmoles/l.). 
Entry of water accompanied the entry of the penetrating 
non-eleetrolyte, but in this case the ionie strength of the 
intracellular milieu decreased, as in the experiment of 
Fig. 3B. The tension output also inereased in contrast 
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to the results of the experiment of Fig. 3D, in which the 
swelling had occurred without a significant change in 
ionie strength. 

The foregoing data thus show that the ionie strength of 
the intracellular phase is a major determinant of the 
mechanical response to a given activation of chemo- 
mechanical coupling. The contribution made by changes 
in the viscosity of the fibre during swelling or shrinking 
must be small. Changes in ionic strength may affect the 
chemical events in contractile activity’, but the present 
data do not provide evidence as to which of the many 
chemical events are most affected. It is also conceivable 
that the changes in filament spacing that accompany 
shortening of the sarcomeres!” may be related to the 
operation of electrostatic forces. Such forces would also 
be affected by changes in the ionic strength. 
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Fine Structure of Statocyst 
Receptor of Astacus fluviatilis 


Srupres with the light mieroscope'-! have produced a 
picture of the sensory element of the statoeyst of decapod 
erustacea, the innervation of which had not previously 
been understood. A typical hair of the crescent group of 
the cyst consists of a long shaft with a base thatis shaped 
like a cask. One part of the wall of the cask is reinforced 
by sclerotized layers which form the "tooth", the rest of 
the wall is membraneous!? (Fig. 1). Opposite the tooth a 
light-refractive thread, the chorda'?, enters a cuticular 
spine of the shaft—the lingula. The chorda, composed of 
chitinous material?, seems to originate close to the sense 
cells. Hensen! has deseribed the chorda as the terminal 
fibre of the nervo, ending in the eask.  Prentiss? also 
thought the nerves ended in the cask. Kinzig?, on the 
other hand, suspected that the chorda runs inside the 
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nerve fibre as a stiffening element, and vom Rath! re- 
corded that the nerve terminated in the tip of the hair. 
-He found several sense cells connected to one hairt; 
other investigators observed a one to one relationship?^*. 

Eleetron microscopy with material fixed in osmium- 
tetroxide and embedded in 'Araldite' has completed this 
pieture (Fig. 1). About fifty sensillae of the statocyst- 
crescent of crayfishes with bodies about 12 em long were 
investigated. We found that a string of extracellular 
material, obviously the chorda, is inserted firmly at the 
lingula. The type of attachment is similar to that 
between different layers of cuticle. The chorda passes 
through the lumen of the cask and the canal of the wall 
of the cyst, bends around the inner edge of the wall 
and runs straight and almost parallel to the wall to meet 
the nerve endings. Every chorda is connected to three 
dendrites which continue the straight line of the chorda 
until they leave the epidermis and curve to enter the three 
sense cells. Each dendrite consists of three segments: the 
outer, postciliary segment, the short ciliary segment 
and the inner, preciliary segment (Figs. 1 and 2). The 
outer segments of a triplet of dendrites are surrounded 
and separated from each other by extracellular granular 
material which appears more dense towards the blunt 
distal tips of the dendrites, gradually changing into the 
chorda material. The postciliary segments contain no 
mitochondria, but there are microtubules densely packed 
in hexagonal array. Proximally they are constricted into 
short ciliary segments which contain not microtubules 
but a circle of nine double filaments. Behind the ciliary 
region the dendrites enlarge again to form the inner 
segments which are in intimate contact with each other by 
desmosomes and invaginations and contain many mito- 
chondria. Originating near the base of the cilium a 
modified ciliary rootlet resembles the axial filaments as 
described by Whitear’. 

Chorda and dendrites are surrounded by several layers 
of sheath-cell processes which contain microtubules 
oriented parallel to the system. Dense bodies similar 
to the scolopales* were observed in the innermost sheath 
around the ciliary segments with some distal and proximal 
overlap. In the zone of the inner segments the sheaths are 
connected with the dendrites as well as with each other by 
desmosomes. The number of microtubules in the cells of 
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Fig. 1. Structural organization of a statocyst sensory element in 
Astacus fluviatilis. Only the basal part of the sense hair is shown, 
sectioned in its plane of symmetry. Cells of the epidermis and sheath 
are omitted. OS, CS, IS, outer, ciliary, inner dendrite-segments; CH, 
chorda; a, B, y, the three receptor cells. All measures are given in HB, 
those in brackets indicate diameters. Double arrows indicate movements 
transferring the stimulus; arrows a-d refer to the sites of the transverse 
sections of Fig. 2. 
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Fig. 2. Semi-schematic transverse sections of the sensory apparatus 
at levels indicated in Fig. 1 as a, b, c and d, The dendrites are enveloped 
by processes of sheath and/or epidermis cells. In a, 6 and c only the two 
innermost sheaths are shown; in d the membranes of bordering cells 


are drawn as a single line, C, Cyst cuticle; CR, ciliary rootlets: D, 

dendrites; DB, dense bodies; DS, desmosomes; E, epidermis cell; 

M, mitochondria; MT, microtubules; S, extracellular space around 
ciliary segments. 


the sheath and epidermis increases greatly towards the 
curve, while the dendrites lose contact with each other 
and enlarge further in diameter. Two of the three sense 
cells (B, y) are located close behind the curve. Their 
axons are smaller in diameter than that of the third cell 
(x), which is found further away. The axons, although 
separately ensheathed, can be distinguished, as a triplet, 
from neighbouring neurites until merging into the stato- 
cyst nerve. 

The overall structure and many details of the fine 
structure of the transducing region resemble those of the 
ehordotonal proprioceptors in the legs of the crab Car. 
cinus*. In both systems the stimulating mechanical force 
seems to act in the direction of the long axis of the system. 
The structure of the sensory element of the statooyst 
suggests the mechanism whereby this force is transmitted 
by the mechanics of the lever of the hairbase. This is 
supported by direct microscopic observation of the de. 
flexion of the hair in a freshly discarded exuvia, and by 
behavioural investigations*. If the hair is deflected, which 
is usually caused by the shifting force of the mass of the 
statolith (shear), the hairshaft turns around the fulerum 
between shaft and tooth. If this occurs in the hair “sym- 
metry-plane" as shown in Fig. 1, the hair acts as a lever 
on the chorda. The side of the lingula with the insertion 
of the chorda moves (clearly visible under the microscope) 
"up" or "down". The chorda probably slides around the 
edge of the wall to transmit the mechanieal energy to the 
sensitive region. The base of the counterforee seems to 
be formed by the connexion of the postciliary segment 
with the cuticle, by means of the microtubular skeleton 
of the cells of the sheath and epidermis. 

Directional sensitivities of the three sense cells are 
restricted to the transferring capabilities of the one 
mechanical link (chorda). Speculations about the three- 
fold innervation may concern differences in the mode of 
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the response (phasic, phasie-tonic, tonic) or in the sensi- 
tivity range. 
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Plethysmographic Study of 
Effects of Alcohol 


Waar is the most important aim of evaluating the degree 
of drunkenness ? We think it is not to evaluate how much 
aleohol has been drunk or the alcohol level in the blood, 
but to determine how the central nervous system is 
affected by the intake of alcohol. This is because, as is 
generally known, even when the same amount of alcohol 
has been taken, there is nof only & marked personal 
variation in the drunkenness induced but also a similarly 
marked variation, even in the same person, dependent on 
physical or mental conditions at the time the aleohol was 
consumed. According to a report! on aleohol drunken- 
ness, even 0-3 or 0-4 mg/ml. of alcohol in the blood 
affected the driving ability in many persons tested with 
the simulator or by actually driving a vehicle. 

During an investigation of nitroglycol poisoning at an 
explosives factory we noticed that aleohol as well as 
organie nitrates frequently bring about the depression of 
dicrotic notch in the pulse wave. As usually accepted’, 
both aleohol and organie nitrates are vasodilator agents, 
and the vasodilation caused by alcohol is not the direct 
effect of aleohol on the blood vessels but is a consequence 














‘Time after ingestion of alcohol (min) 
Pulse rate (per min) 
Blood aleohol concentration (mg/ml.) 


Time after ingestion of alcohol (min) 60 
Pulse rate (per min) R 102 
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of its actions on the central nervous system. The plethys- 
mogram, one of the indexes of the eondition of the circula- 
tory system, must therefore reflect the condition of the 
central nervous system affected by aleohol. Based on this 
idea, we have carried out the plethysmographical test on 
about 160 human subjects, chiefly college students, to 
elucidate the relation between the pulse wave change and 
the degree of drunkenness. A reflexion photoelectric 
plethysmograph was used to record the condition of the 
blood stream in a finger tip. For forty subjects the con- 
centration of aleohol in the blood was determined by gas 
chromatography to clarify its possible relation with the 
pulse wave changes. Each subject was also asked whether 
he is a “good” or “poor” drinker, that is whether or not he 
easily gets drunk. We took care to keep the subjects in 
a relaxed frame of mind during the experiment. 

Table 1 shows that the subjects were classified into three 
types by the dicrotic index (DI) according to the plethys- 
mographie change induced by the ingestion of 120 to 
240 ml. of 14 per cent alcohol; that is, (4) a highly sensi- 
tive type which shows remarkable changes after drinking 
120 ml. of alcohol (DI=0); (B) a moderately sensitive 
type (0< DI « 70), and (C) a resistant type which shows 
no dierotie change in the pulse wave. Approximately 
85 per cent of subjects were of the highly sensitive or 
moderately sensitive type. Usually the "poor" drinkers 
were of the highly sensitive type while the "good" drinkers 
were of the resistant type. Furthermore, all subjeets 
of the highly sensitive type or most of the moderately 
sensitive type showed objeetive and subjective symptoms 
of drunkenness, while few of the resistant type had any 
symptoms. It was interesting, however, that there seemed 
to be no definite relation between the degree of change in 
the pulse wave and the extent of reddening of the face. 

Fig. 1 shows the results of a similar test. There was 
a remarkable change of the pulse wave 10 min after 
ingestion of 720 ml. of beer containing 4 per cent alcohol, 
yet 30 min after ingestion the concentration of aleohol in 
the blood was very low, 0-14 mg/ml. These pulse wave 
changes naturally returned to the initial pulse wave 
pattern as the subjects became sober. The pulse rate 
also increased when subjects were drunk and recovered 
to the initial level as they became sober, but not as steadily 









Fig. 1. Pulse waves, pulse rate and blood alechol concentration after Ingestion of alcohol. 
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Table 1, THE PULSE WAVE AFTER INGESTION OF 120-240 ML. OF WINE 


CONTAINING 14 PER CENT ALCOHOL 
Male 


Female Total 


Type A 10 (13 percent) 18 (16 percent) 23 (15 per cent) 

Tyne B 55 (71 percent) 57 (71 per cent) 12 (71 per cent) 

Type C 12 (16 percent) — 10 (13 percent) 22 (14 per cent) 
Total 71 80 157 


Dicrotic index = H x 100 


Type A: highly sensitive type (DI=0); type B: moderately sensitive 


iyne. [^ «DI«70); type C: resistant type (DI » 70). 


as did the pulse wave. For example, there was a marked 
recovery in the pulse wave 90 min after the intake of 
aleohol as eompared with the pulse wave recorded 30 
min after intake, but no significant difference in the pulse 
rate during the same period. This suggests that the pulse 
wave is a better indicator of drunkenness as well as of 


recovery from drunkenness than the pulse rate. We 
therefore think that plethysmographic examination 


of the pulse wave is very useful for evaluating the degree 
of drunkenness, probably far superior to most current 
methods. This method is so sensitive that it can readily 
and quickly detect drunkenness even when the level of 
alcohol in the blood is very low. It should also be emphas- 
ized that the plethysmographic apparatus is, as already 
described?-*, handy and simple to operate and the results 
appear immediately. But this method is not perfect 
either. Dierotie waves are induced not only by alcohol 
but also by others such as organic nitrates, methyl- 
acetylcholine and heavy exercise. Furthermore, 14 
per cent of subjects did not show the characteristic pulse 
wave changes due to alcohol in our experimental eondi- 
tions. We cannot deny with certainty the possibility 
that there are persons who do not show any pulse wave 
change even when drunk. These two aspects should be 
taken into consideration whenever this method is applied 
for evaluating drunkenness, although they are not neces- 
sarily serious drawbacks in practical use. 
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Amphetamine-Barbiturate Mixture: 
Effects on the Behaviour of Mice 


Tar clinical impression that mixtures of amphetamine 
and barbiturates have psychoactive properties additional 
to those of the single constituents is supported by the 
results of experiments carried out with animalsi and 
human subjects'. Experiments with female rats have 
shown that with several mixtures of amphetamine and 
amylobarbitone, including one containing 0-75 mg/kg of 
amphetamine sulphate and 15-0 mg/kg of amylobarbitone 
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sodium, the locomotor activity into the arms of a Y-maze 
was increased much more than with the same, or other, 
doses of the drugs which were administered alone or in 
any other combination?. Female rats which were given the 
mixture also learned to press a bar—in order to obtain 
water—more rapidly than others which received the 
single constituents. This latter effect seemed to be less 
marked in male rats. There is a practical problem in 
using such a mixture for therapeutic or experimental 
purposes: the effect is only manifest over a relatively 
narrow range of doses and therefore the choice of an 
appropriate dose for individual patients or subjects is 
critical. 

The purpose of the experiments reported here was to 
test the general effect of the mixture by investigating the 
responses to it of another species of animal placed in a 
different behavioural situation. The behavioural test 
which was used takes advantage of a natural tendency of 
mice to dip their heads into holes. Mice of both sexes 
were used because there have been many reports of 
differential sensitivity of male and female rodents to 
barbiturates, and a similar differential sensitivity might 
be expected in response to mixtures containing a bar- 
biturate as one of the constituents**. Another point of 
interest relating to the therapeutic use of psychoactive 
drugs is whether experience of a novel situation while 
under the influence of drugs can be demonstrated at a 
later stage in a non-drugged state. This was tested by 
placing the mice in the experimental situation on two 
oceasions: the first time they were under the influence of 
drugs, the second time they were not. From their be- 
haviour on the second occasion it was inferred what they 
had retained from the first. 

In two similar experiments, a total of 392 mice from 
an inbred (NIH) strain, half of thern male and half 
female, were used. These were allowed to adapt to 
housing conditions of either eight (first experiment) or 
six (second experiment) animals per cage for 10 days 
before the first exposure to the test situation. The 
apparatus has been described by Boissier and Simon’, and 
is designed to test a form of exploratory behaviour. It 
consists of a wooden board 41x41 cm, pierced with 
sixteen evenly spaced holes, 3-1 em in diameter and 1-8 em 
deep. The board is fixed by means of retort stands in a 
horizontal position at a distance of 50 em above the 
ground. The mouse is placed on the centre of the board 
and the number of times it dips its head into holes during 
a period of 3 min is counted. The criterion for a head dip 
is that both eyes should disappear into the hole. Repeated 
dips are not counted unless they are separated by loco- 
motion. In these experiments, either four or six observers 
recorded head dips of separate mice. In this way, animals 
which were given the different drugs and doses could be 
tested on the same day. Each drug, or mixture of drugs 
(in a ratio of amphetamine to barbiturate of 1/20), was 
given at each of four dose levels to fourteen male and to 
fourteen female mice. Twenty-eight mice of each sex 
received saline. The order of injection of the different 
treatments was randomized. The behavioural test was 
carried out 20 min after intraperitoneal injection. 

Results for both experiments are shown in Fig. 1. 
They are expressed as the mean differences in the number 
of head dips between drugged and control animals. The 
dose-response curves are strikingly similar to those 
obtained in Rushton and Steinberg’s experiments where 
the response measured was the number of entries by rats 
into the arms of a Y-maze. The dose of the mixture 
which produced the maximum effect in mice was, how- 
ever, twice that which had been found most effeetive for 
rats. An analysis of variance gave no evidence of an over- 
all difference between the two experiments, but indicated 
highly significant effects attributable to drugs (P « 0-01}, 
doses (P « 0-001) and sex (P < 0-01). 

One week after the first trial the mice were placed 
on the board for a second trial which lasted 3 min, but 
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neither drugs nor saline were injected. 
Earlier studies of this kind** recorded on 
the second trial the behaviour of rats which 
on the first trial received saline or the most 
effective dose of the mixture. Our study 
extended observations on the second 
occasion to all the dose groups of the single 
drug constituents as well as of the mixture 
which had been tested on the first occasion. 
A group of mice from the same sample of 
animals which was given saline on the first 
trial, but not the behavioural test, was 
given the test on the second trial to serve 
as a naive control. The results are shown 
in Fig. 2. An analysis of variance showed 
no differences between experiments, sex 
or drugs. The only significant main effect 
was a dose effect (P « 0-001). The groups 
of animals which had earlier received the 
highest dose differed significantly from 
saline experienced animals and from those 
which had received the lowest dose initially, 
but they did not differ from the naive 
controls. Thus it ean be said that these 
animals which received the highest dose 
of either amylobarbitone, amphetamine 
or the mixture before the first trial behaved 
more like naive control animals on their 
second exposure to the test situation*. 
A. dose-dependent impairment of retrieval 
in a single avoidance learning task by D- 
amphetamine sulphate has also been 
reported by Bohdanecky and J arvik?. It should be noted 
that in our experiment the effect was related not to the 
drug which was given on the first trial, but only to the 
dose. 

In summary, the number of head dips made by mice 
into the holes of a horizontally placed board was recorded 
after injection of several doses of amylobarbitone sodium, 
of amphetamine sulphate or of a mixture of these drugs. 
The dose-response curves were strikingly similar to those 
obtained when the locomotor activity of rats into the 
arms of a Y-maze is recorded!. The dose-response curve 
for the mixture was an inverted V-shape and the peak 
effect was recorded with the mice for a mixture of 30 mg/kg 
of amylobarbitone sodium plus 1-5 mg/kg of amphetamine 
sulphate", which is twice the dose required for the peak 
effect in the rat test*. The dose-response relations were 
determined for male and female mice and a significant 
effect attributable to sex was found. 
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Fig. 1. Activity of male and female mice influenced by amphetamine 
sulphate and amylobarbitone sodium, given separately and in combina- 
tion over a range of doses. The figure shows the number of times mice 
dipped their heads in the holes of a horizontal board in 3 min, 
expressed as the mean difference between the number of dips made 
by treated and control mice. The mean number of dips by the male 
control group was 19-07, and by the female control group was 18-46. 
x, Amphetamine; ©, amylobarbitone; @, mixture. 
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Saline Amylobarbitone Amphetamine Mixture 
One 075 225 0.75 2-25 
trial 1-50 t 150 30 

Amphetamine sulphate (mg/kg) 
15:0 450 150 450 
30.0 60:0 30.0 60-0 


Amylobarbitone sodium (mg/kg) 


ent trial without drug. Mice 
asin Fig. 1. Twenty minutes 
1 the mice were given drugs (results of Fig. 1). The results shown here 
s into the holes made on the second trial before which no drugs 
lumps is shown the drug which was injected before 
nd the doses are shown below. Each column represents the mean score 
d fourteen females for drugged animals, twenty-eight of each sex for 
two trials (experienced) and eighteen of each sex for the saline 
tested only on the second trial (naive control). 


of head dip: 


group 


The possibility that evidence of an experience undergone 
while in a drugged state may not be obtained in the non- 
drugged state was investigated by giving all the mice a 
second trial identical to the first, but without drug 
injections. The results showed a non-specific effect of 
the drugs: animals tested on the first occasion under a 
high dose of a drug made a relatively large number of 
head dips on the second trial and so behaved as if they 
had not received the first trial Animals first tested under 
low doses of the drug showed on second trial the same fall 
in the number of head dips as control animals which were 
given both trials. 

We thank Dr P. Simon for discussing the method with 
us and Dr Ruth Rushton, Miss Mary Oulton, Mr B. 
Hutchings and Mr A. Underwood for assistance. The 
work was supported in part by a grant from the National 
Institute of Menta! Health, US Public Health Service. 
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(2-Chloroethyl)-trimethylammonium 
Chloride inhibits Gametogenesis 


in Locusts 

Tue plant growth retardant (2-chloroethyl)-trimethyl- 
ammonium chloride (CCC, 'Cyeocel' has been shown 
to reduce the longevity and fecundity of aphids. Van 
Emden! grew brussels sprouts in soil to which CCC had 
been added; Tahori, Halevy and Zeidler? used cut 
oleander leaves with their petioles standing in a solution, 
while Bhalla and Robinson? added 0-5 to 2-0 per cent of 
CCC to an artificial diet on which their aphids were 
feeding. CCC may affect the concentration of soluble 
nitrogen and carbohydrates in the phloem of plants, and 
so Van Emden! suggests that his result "may be a nutri- 
tional effect rather than the effect of toxie properties of 
any cycocel taken up by the aphids”. We report here the 
effects of direct administration of CCC to locusts either 
by feeding or by injection. 

Strips of filter paper were soaked in a saturated solution 
of sucrose and then dried. (This sugared paper is readily 
eaten by locusts.) Known amounts of CCC solutions were 
sprayed onto these sugared papers which were then dried 
again. Known areas (and therefore known doses) of these 
papers were fed daily to male locusts, Locusta migratoria 
migratorioides R. and F. and Schistocerca gregaria (Forskàl). 
in addition to their normal diet of grass. Controls received 
equal areas of sugared paper. Feeding continued from 
the inning of the fourth nymphal instar until the 
middle of the fifth (final) instar, giving a total dose to 
each animal of 2 mg during a period of 10 to 13 days. 
The average fourth instar locust weighs about 400 mg, 
and so this corresponds to a dose rate of 5 mg/g. Late 
in the last instar the testes were removed, fixed and 
sectioned. In Locusta all stages of meiosis were represented 
in the controls, while in those fed CCC few testis lobes 
had reached metaphase and no later stages were to be 
seen. In Schistocerca the testes of controls were more 
advanced and only metaphase and post-metaphase stages 
were represented; in experimental animals large parts of 
the testis were in metaphase but nolobe had passed this 
stage. 

In a second series of experiments, locusts of both sexes 
were injected within 6 h of the beginning of the fourth 
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instar with aqueous solutions of a highly purified erystal- 
line preparation of CCC (from Dr D. J. Osborne, of the 
ARC Unit of Experimental Agronomy, Oxford). Two 
dose levels were used, 2 mg/g and 0-2 mg/g, injected as 
a 10 per cent (w/w) solution in distilled water; controls 
were injected with distilled water. Some males were 
killed late in the fifth instar and after both doses showed 
results comparable with that of feeding on CCC. Others 
were examined as adults 7 or 10 days after the final moult. 
The testes of animals injected with CCC showed signs of 
regression (Fig. 1); no sperm were seen in Locusta and very 
few in Schistocerca, whereas controls were full of sperm. 
Female Schistocerca were examined 20 days after the final 
moult; control animals had well developed oocytes (size 
range, in different individuals, 3-6 to 8-4 mm long), while 
animals injected with CCC showed no signs of oogenesis 
and no oocytes were visible under the dissecting miero- 
scope. A final group of these injected animals has been 
reared throughout adult life and died at a normal old 
age (12-16 weeks after the final moult) without breeding 
or even copulating. Longevity was not significantly 
reduced. These results are based on a total of seventy- 
three experimental animals and fifty controls. 

Similar injections made into newly moulted adults were 
without any noticeable effect on longevity, reproduction, 
fecundity or gametogenesis (twenty-eight experimental 
animals and twenty-eight controls). 

In our experiments, CCC was administered to locusts 
independently of their food and produced an effect on 
reproductive performance which is comparable with that 
found on aphids. In the conditions of experimentation 
that we have adopted CCC cannot have any influence on 
the nutritive value of the food ingested by the locusts, so 
that Van Emden's suggestion of an indirect nutritional 
effect could not hold. We have found no effect of CCC on 
longevity and it may well be that the reduced life-span 
of Van Emden's aphids could be a result of the altered 
food value of the sap of the host plant, whereas the 
reduced fecundity is more likely to be a direct result of 
the action of CCC on the animal. It seems that to inhibit 
gametogenesis (and so to reduce or abolish fecundity) 
CCC has to be injected or ingested before meiosis is well 
under way; once metaphase is passed CCC seems to be 
without effect on gametogenesis. 
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Fig. 1. Sections of testis lobes of Locusta 7 days after the final moult, fixed San Felice, stained crystal violet, The scale line (for e, b and 
e) is 100s long. a, Distal part from a control animal injected with distilled water durirg the fourth Irstar, showirg several stages of meiosis; 
b, proximal part from the same animal, showing mature sperm; c, region comparable with that in a taken from an animal injected with 0:8 mg 


of CCC during the fourth instar, 


showing regression of the testis. 
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This inhibition of gametogenesis by CCC results in 
effective sterilization of locusts. The mechanism must, 
however, differ from that of the chemosterilants such as 
the various aziridine compounds which effectively sterilize 
both male and female mosquitoes when applied to larvae, 
pupae or adults’. Spermatozoa are already present in 
the pupae of the mosquito Culex pipiens and spermato- 
gonial divisions have started during the last larval instar*. 
To sterilize locusts CCC must be applied before the first 
meiotic division is completed, whereas aziridine com- 
pounds have recently been found to sterilize only mature 
adult male locusts and to be without effect (in sub-lethal 
doses) on immature or nymphal locusts, 

CCC has proved in our hands to have no toxic effect 
on adult loeusts. We have seen no reports of any toxie 
effect on mammals, but in this group oogenesis has 
already passed beyond the metaphase stage of meiosis by 
the time of birth. Any effects comparable with that which 
we have found in female locusts should therefore be 
sought not in the adult mammal but in the embryo of 
mothers treated during the antenatal period. 

We thank Dr A. N. Clements, of the Woodstock Agri- 
cultural Research Centre of Shell Research, Ltd, for a 
purified preparation of CCC, and Mr W. W. Page and 
Mr 8. Bacchus for technical assistance. 
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Carbon Dioxide as an Attractant for 
Host-seeking Cephenemyia Females 
(Diptera: Oestridae) 


VARIOUS workers have found that the blood-feeding sexes 
of almost all taxa of haematophagous arthropods are 
attracted to and captured in traps emitting carbon 
dioxide!'-?, but so far only one female specimen of an 
oestrid species’? has been reported captured in an insect 
trap baited with CO,. Oldroyd“ has noted that, although 
many species of bot flies (Diptera: Oestridae) are known 
from grazing mammals, little is known about these para- 
sites primarily because the adults are so rarely seen or 
collected. Although moderate numbers of males of certain 
species have been collected at mountain or hill top mating 
sites!^!5, the rareness in collections of females captured 
in the wild is striking“. About the only time females are 
seen in the wild is the brief period when a host is visited 
by a larvipositing or ovipositing female. 

Following the discovery of the hill top mating sites of 
Cephenemyia apicata Bennett and Sabrosky and C. 
jellisont Townsend, Catts!? collected a combined total of 
two hundred males of these two species during a 2 yr 
study; yet only three females of C. apicata were captured 
here. Both these species are common parasites of black- 
tailed deer, Odocoileus hemionus columbianus (Richardson), 
in California and elsewhere in North America®. Apart 
from Catts's three wild-caught specimens, almost all 
females of these two species in museum collections have 
been reared from larvae collected from deer. 
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While trapping blood-sucking Diptera, Smith and 
Bennett”? captured the first wild-caught female C. phobi- 
fera in an insect trap baited with CO,. Only one fernale 
was trapped in their studies, however, so they suggested 
that this event was fortuitous. In the work described here 
we captured sixty-seven wild-caught host-seeking females 
of C. apicata and C. jellisoni; all were attracted to 
CO,-baited insect traps operated on 68 days in 1966 
and 1967. No specimens were captured in control traps 
operated without CO,. 

All female Cephenemyia were captured in conjunction 
with studies on the parasitic arthropod fauna associated 
with the Columbian black-tailed deer in Mendocino 
founty, California, where during the past several years 
CO,-baited insect traps were tested and used as a method 
of collecting haematophagous Diptera. The iraps used 
were tent-like Arnaud insect flight traps (illustrated in 
ref. 16), 2-74 m high and 2-44 m wide, with the colleeting 
container attached at the apex of the centre pole. "These 
traps were set out in various experimental designs and 
baited with “dry ice" in 1966; in 1967 a ealibrated 
flowmeter was used to establish emission rates of com- 
pressed gas metered from tanks with two-stage gauges. 
All CO,-baited and unbaited traps were operated from 
1000 to 1900 h (P.S.T.) on each trapping day. In 1966 
the gas escaped through four holes (2 em in diameter) 
located near the bottom of each side of a ‘Styrofoam’ ice 
chest; emission rates were calculated from the end of 
the day weights of 6-8 kg bloeks of dry ice. In 1966 we 
operated from one to six CO,-baited traps on 37 days for 
& total of 182 trap-days. In 1967, four to twelve baited 
traps were operated on 31 days for a total of 166 trap-days. 


Table 1. FEMALE Cephenemyia CAPTURED IN CO BAITED INSECT TRAPS, 
1966* 


Temperature 

Date C. jellisoni C. apicata CO, level t eof 
1V-20 1(VIDS 4 L/min 19:4/ 0*6 
V-16 1 (VII) 4 L/min 26:1/ 9:3 
V-27 1(V) 2 L/min 27.8/ T8 
V-28 1(VD 2 L/min 18-0/ 4«4 
VI- 4 2 (II, V 2 L/min 26-7) 9:9 
VI- 5 2 (YII, V) 2 L/min 26-7/ 9-4 
VI- 8 3 (II, V, VD 2 L/min 27-2/10-0 
VI-15 b 1(IV) 2 L/min 40-6/18-9 
X-20 2(V) 1(V) 2 L/min 21-1/ 9:4 
X-21 2(V) 2 L/min 22-2] 2:8 


* One trap operated on April 20 and May 10; six trapa operated on May 
27, 28 and June 4, 5, 8 and 15; and three traps operated on October 20 and 
21 (44 totaltrap-days). No flies were captured during an additional 95 trap- 
daysin April, May, June and September when the daily maximum tempera- 
ture was greater than 21° C. 

1 Estimated from end of day weight loss of block “dry ice". 

1 Maximum over minimum. 

§ Trap site(s). 


Table 2. FEMALE Cephenemyia CAPTURED IN CO,-BAITED INSECT TRAPS, 
1967 


C. C. CO, level(s) t Temperature 
Date jellisoni apicata (L/min) CO 
vV- 3 3 land 2 21:1/ 93 
V- 6 1 1 26-7/ 5-0 
V-16 6 2 34-4/19-8 
V-18 2 4 32:2/12-2 
V-19 2 2, 3 and 4 33:9/11.7 
V-20 1 2 land 2 35-0/14-4 
V-21 2 3and 4 36.7/15-6 
v-23 1 ?$ 30-6/10-0 
v-24 1 1 25-6; 0-7 
VI- 4 4 3 27-8/ 8-8 
VI- 6 2 3 26.7/ 8-0 
VI-12 1 3 24:4/ 6-7 
VI-13 1 8 4 30-0/ 7-2 
Vi-l4 5 sand 6 31.7/10-6 
VI-15 1 2 3and 6 33-0/12-8 
VI-16 9 4 38-9/13-3 
VI-l7 1 3 39-4/11-1 
VI-21 3 3and ? 22-8/10-0 
VI-22 2 2 and 3 30-0/10-6 
VI-26 1 4 32-2/10-6 


* Three traps operated on May 3, 6, 20, 21; four traps operated on May 
16, 18, 19, 23, 24 and June 12, 13, 16, 17; six traps operated on June 21, 22, 
26; twelve traps operated on June 4, 6, 14, 15 (114 total trap-days). No 
flies were captured during an additional 52 trap-days in May and June when 
the daily maximum temperature was greater than 21° C, 

tł Compressed gas released from tanks via two-stage gauges; emission 
rates controlled with a calibrated flowmeter. 

t Maximum over minimum. 

§ Data for correct trap association for this and two other apecimens were- 
lost. 
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Positive capture dates and associated data are presented 
in Tables 1 and 2. No Cephenemyia females were captured 
"^in control traps operated without CO, for six trap-days in 

1966 and six trap-days in 1967. Traps used as controls 
usually captured females when baited with CO, on either 
or both the day before or the day after the traps were 
operated without CO,. In addition to our controls, Dr P. 
Arnaud of the California Academy of Sciences has operated 
unbaited traps in deer habitats near our study area for 
well over 1,000 trap-days without capturing any Ceph- 
enemyia females (personal communication). 

In 1966 only two females were captured on 8 trap- 

ping days (43 total trap-days) on which the daily maximum 
temperature was below 70° F; one was captured at 18-9^ C 
and one at 19-4? C (Table 1). Daily maximum tempera- 
tures were 21°C or more on all trapping days in 1967 
(Pable 2). Several females were caught on days having 
maximum temperatures between 37° and 40-6? C (the 
highest temperatures experienced on trapping days). In 
1966, therefore, fifteen of the seventeen females were 
caught during a total of 139 "favourable" trap-days, 
when the daily maximum temperature was greater than 
21* C (Table 1). 

Although the ratio of captured females to the total 
trap-days having a maximum greater than 21°C (9.3 
trap-days/female in 1966; 3-3 trap-days/female in 1967) 
may not at first appear impressive, we wish to point out 
that the habitat in which a trap was operated greatly 
affected the catch. Furthermore, the capture of several 
females on successive days or within a period of several 
days was followed by several negative trap-days, indicat- 
ing à sporadic depletion of the population in these areas. 
On a seasonal basis, in fact, the lower trap efficiency in 
1966 seemed as much related to a greater number of 
consecutive days of trap operation at individual sites 
than in 1967 as it did to the habitats in which traps 
were operated in the two years (details in preparation). 
The success of traps in optimal sites ranged from 1-57-2-0 
trap-days/female. An analysis of trap sites obtained by 
pacing off and recording the percentage of brush and tree 
cover within a circle of 50m radius and by examining 
aerial photographs showed that the most productive sites 
were located within wooded areas (from 24 to 62 per cent 
cover) near the margins of clearings. 

In addition to the effect of a contagious distribution of 
these flies on trap efficiency, when one also considers: 
(1) the low population densities of the flies (about one 
female of each species per hectare, as estimated from the 
number of deer/heetare and the number of larvae/deer); 
and (2) the number of days traps were operated each year 
after the spring generation was essentially completed 
(details in preparation), it is evident that CO,-baited 
insect traps are an extremely effective means of capturing 
host-seeking Cephenemyia females. 

Examination of twenty dissected females (eight C. 
apicata and twelve C. jellisoni) caught in these traps 
revealed that each of them contained fully developed 
first instar larvae in the uterus and associated ejection 
organ; the ovaries were either in a degenerate state or 
could not be found, indicating that they function but once. 
In conjunction with other experiments, several other 
females taken from traps ejected living larvae when their 
abdomens were squeezed between the fingers. One C. 
apicata female caught resting on the support cord of a 
baited trap proved to be a gravid specimen with larvae 
not yet present in the uterus. Because all females captured 
in copula at mating or other sites by Catts!? and us (in 
preparation) have had empty uteri and a full complement 
of developing eggs in both ovaries, the CQ,-baited traps 
appear highly selective for the host-seeking segment of 
the female population. This suggests that CO, plays an 
important part in directing the search of host-seeking 
Cephenemyia females much in the same manner as for 
certain haematophagous insects. No Cephenemyia were 
seen near taxidermically prepared deer heads mounted on 
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dummy bodies or became stuck in a sticky compound 
spread over the noses of these heads. 

The large numbers of Cephenemyia females captured in 
these studies indicate that their attraction to and capture 
in CO,-baited traps were not fortuitous events. Perhaps 
the primary reason various other species of Oestridae 
have not previously been captured in CO,-baited traps is 
that such traps have been operated mostly during erepus- 
eular and nocturnal periods rather than during diurnal 
hours—for example, 1-9. The discovery that host- 
seeking females of two Cephenemyia species can be eap- 
tured in large numbers in CO,-baited insect traps may 
open several new areas of research on this little known 
family of vertebrate parasites. 

We thank Mr A. H. Murphy. superintendent of the 
University of California Hopland Field Station, for his 
aid in making this study possible. The research was 
supported in part by a US Publie Health Service research 
grant. 
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Primary Exoerythrocytic Schizonts 
of a Mammalian Plasmodium as a 
Source of Gametocytes 


Ix infections of mammalian malaria induced by sporo- 
zoites, the first indication of infection in the vertebrate 
host is the presence of exoerythrocytic schizonts in the 
parenchymal cells of the liver. After growth for 2-15 
days, the time varying aecording to the species of parasite, 
each tissue schizont produces several thousand mero- 
zoites which, when released into the blood, invade erythro- 
cytes. It is generally assumed that there are then one or 
more schizogonie cycles in the red blood cells before some 
of the merozoites from the erythrocytic schizonts grow 
into sexual forms, the gametocytes. 

The experiments reported here were designed to discover 
whether or not gametocytes of the murine parasite, 
Plasmodium berghei yoelit Landau and Killick-Kendrick, 
1966, ever develop directly from merozoites produced by 
the exoerythrocytic schizonts, with no intervening 
schizogony in the blood. 

Subinoeulations of heart blood from mice at timed 
intervals after the intravenous inoculation of sporozoites 
of P.b. yoelii have shown that the very earliest time at 
which the blood is infective is 43 hbt; at this time, 
the most precocious of the tissue schizonts may rupture, 
releasing merozoites into the blood. Because P, berghei 
has a quotidian periodicity®, erythrocytic  sehizonts 
derived from the first merozoites released from the liver 
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would be expected to mature in the blood about 24 h 
later. If the period of development of the gametocytes 
is the same as that of the erythroeytie asexual forms, 
fully grown gametocytes originating from merozoites 
produced by the earliest generation of erythrocytic 
schizonts would be in the blood after another 24 h, that 
is, 91 h after the inoculation of sporozoites. Unless their 
growth takes less than 24 h, mature gametocytes found 
before this time can have arisen only from merozoites 
produced by primary exoerythrocytic schizonts in the 
liver. Our aim, therefore, was to demonstrate their 
presence in the blood of mice within 91 h of the intravenous 
inoeulation of sporozoites. 

About 400,000 sporozoites of P.b. yoelió (strain 17X) 
were inoculated intravenously into each of two mice 
(23A/1 and 23A/2). Forty-six hours later, stained thin 
films were prepared from tail blood of the mice at intervals 
of 1 h and were examined for gametocytes and mature 
schizonts. Batches of Anopheles stephensi were allowed to 
feed on mouse 23A/1 72-73 and 75-77 h after the injection 
of sporozoites. The mosquitoes were incubated at 24° C, 
and midguts were examined for oocysts 6 and 7 days 
after the blood meal. 

Very small ring forms were easily found in the blood 
of mouse 23A/1 at 46 h and of 23A/2 at 47 h; almost 
all the parasites were in blue-staining immature erythro- 
eytes, and multiple infections were common. A fully 
grown macrogametocyte was seen at 69 h (only 26 h (69 
less 43) after the first rupture of the tissue schizonts) and 
an apparently mature male gametocyte was first seen at 
74 h. Both batches of mosquitoes became infected. 
There were surprisingly large numbers of oocysts on some 
midguts with, for example, from five to more than three 
hundred on the guts of twelve out of nineteen A. stephensi 
in the first group which had taken blood meals 72-73 h 
after the inoculation of sporozoites—only 29-30 h after 
the presumed first invasion of the blood by merozoites 
from the fastest maturing exoerythrocytie schizonts. 
Sporogony proceeded normally, with sporozoites invading 
the salivary glands of the mosquitoes 10 days after the 
blood meal; the sporozoites were shown to be infective 
by inoculating mice. 

In this first experiment, fully mature schizonts were 
not found in the blood until 26 h after the first rupture of 
tissue schizonts. In one of a second series of mice in 
later work, small numbers of schizonts with sixteen 
fully formed merozoites and a large single clump of pig- 
ment were seen in a blood film made only 22 h after the 
minimum. time of rupture. 

In the second experiment, oocysts were found on the 
midguts of mosquitoes which had fed at 73-74 h after 
the inoeulation of sporozoites, but there were none in 
mosquitoes fed at 55—56, 61-62 or 67-68 h. 

"'hese results show that some of the merozoites produced 
by the primary exoerythrocytie schizonts of P.b. yoclii 
appear to grow directly into sexual forms and, moreover, 
that the time taken for gametocytes to grow from ring 
stages to maturity is approximately the same as that 
taken by the asexual forms in the blood. We had calcu- 
lated that if gametocytes came only from blood schizonts, 
the earliest time that they would be mature in the blood 
would be 43--24--24 h. The finding that at least some 
of the erythrocytie sehizonts took only 22 h to reach 
maturity necessitates a revision of this estimate. With a 
period of growth of only 22 h for both asexual and sexual 
forms, the minimum time is 4 h less than we had originally 
estimated, that is, 87 h. The presence of oocysts in mos- 
quitoes which were fed only 72-73, 73-74 and 75-77 h 
after the inoculation of sporozoites is evidence of the 
exoerythrocytic origin of the first gametocytes maturing 
in the blood. 

In avian malaria, several workers have noticed the 
simultaneous appearance of gametocytes and asexual 
parasites in the blood of experimentally infected birds 
(see ref. 4), but the origin of the sexual forms has not 
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been proved by timed feedings of mosquitoes. Adler and 
Tchernomoretz®> suppressed the erythrocytic sehizogony 
of P. gallinaceum with quinine and found that when the 
drug was withheld, some merozoites from the tissue forms 
grew directly into gametocytes. These merozoites came 
from secondary exoerythrocytic schizonts, and it is not 
known if gametocytes of P. gailinaceum ever arise from 
tissue schizonts of the primary cycle which in avian 
malaria occupies two generations?. 

Our findings demonstrate yet another point of similarity 
between the haemoproteids and the true malaria parasites, 
and are of interest when considering the evolution of the 
haemosporidia. They also raise the question of the 
unknown mechanisms controlling the development of 
merozoites into either sexual or asexual forms. The 
growth of gametocytes from merozoites of the tissue 
schizonts occurred too early in the infection for it to have 
been stimulated by an acquired immunity, and mero- 
zoites from either erythrocytic or exoerythrocytic schizonts 
can apparently grow into sexual forms at any time of the 
infection in the vertebrate. The whole process of develop- 
ment from tissue schizont to gametocyte, with or without 
an intervening erythrocytic schizogony, could well be 
viewed as a continuing gametogony controlled by unknown 
factors. 
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HL-A Substances from Human Spleens 


TRANSPLANTATION of tissues between humans is usually 
accompanied by the appearance in the serum of recipients 
of cytotoxic antibodies which reflect differences at the 
HL-A genetic locus. Antigenic specificities which are 
determined by this locus are frequently characterized by 
means of soluble serological inhibitors. prepared either by 
autolytic or proteolytic digestion of cell membranes. 
(Correlation of HL-A specificities used by various groups 
of workers is given in ref. 1.) 

I describe here marked differences between the soluble 
products obtained by these two methods, and ascribe 
them principally to differences in molecular size. The 
term HL-A substances will be used to describe these 
inhibitors. Although their immunogenicity is unknown 
so far, they have undoubted relevance to HL-A sera, 
which define their practical preparation. There is an 
obvious analogy with the precedent of blood group sub- 
stances which behave as the immunochemical determ- 
inants of human red cell isoantigens. 

Membrane preparations were made by hypotonic lysis 
of spleen cell suspensions?; donors were typed using well 
characterized HL-A sera?. Inhibition of isoimmune lysis 
of lymphocytes (ref. 4) labelled with chromium-51 in 
rabbit complement was used to follow purification of the 
specific substances. Sufficient antiserum and complement 
were used to cause 50-75 per cent lysis. A unit of inhibitor 
is defined as that quantity which reduces lysis by 20 per 
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cent compared with that observed in controls lacking only 

inhibitor. 

= Fig, 1 illustrates a typical inhibition and also emphasizes 
the importance of the specificity of the inhibitor. The 

` specificity ratio (SR) = 

Inhibition of donor + ve antiserum 

Inhibition of donor — ve antiserum 


The higher the index, the greater is the degree of speci- 
ficity of an inhibitor. Assessment in terms of SR is most 
valuable in following purification and assigning derivation 
of the substance tested. 

Regardless of whether autolysis or deliberate proteo- 
lysis with papain is used to obtain soluble inhibitors, the 





l -first purification step consists of ion-exchange cellulose 


chromatography of the supernatant solution after centri- 
fugation of the digest at 100,000g for 2 h. Ion-exchange 
analysis was chosen in preference to gel-filtration at this 
stage, because of the greater protein capacity offered. 
Fig. 2 illustrates the results obtained. 

The soluble inhibitor released by autolysis (Fig. 2a) was 
invariably eluted very rapidly as a single major peak 
from DEAE cellulose. The elution position of the peak 
varied slightly from spleen to spleen, but was always 
complete in the first five fractions which were collected 








Target ArSo ceils CBT ,2- BT S5 
inhibitor HST 16 — ( BTI,2— BTS No inhibitor 
6 onti BT 1,2 serum 
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3 4 
Pa 
z 
8 
$ 2 No ontiserum 
ete ie 
1 Specitkity Ratio = H299 = $5 
10 10: 10° 104 
Dilution of inhibitor 
Fig. 1. Specificity of inhibition, Inhibitor is derived from papain- 
solubilized membrane, HST 16, and separated by ion-exchange chroma- 
tography. 
100 a 
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Anti BTS inhibition 
HST 22 membrane 


Units of inhibition 


50 : 
Insoluble papain product 
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Fig. 2. Comparison of products separated by ion-exchange chromato- 

graphy after (a) autolysis and (b) insoluble papain treatment of spleen 

cell membranes, Ion-exchanger is DEAE cellulose, phosphate form 

(2x 80 em), eluted with fris-phosphate concave gradient* from 0-005 M, 
pH 8-0, to 0-5 M, pH 4-5. 30 ml/h, 30 ml. fraction size. 
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Fig. 3. ‘Sephadex G-200' chromatography in phosphate-buffered saline 
of the single active peak obtained by ion-exchange chromatography 
from an autolysate of spleen cell membranes, Horizontal bars represent 


the elution limits of substances used to standardize the column. * Prat- 
tions referred to in Table 1. 


when gradient conditions were standardized, In 
contrast, the soluble inhibitors released by papain are 
eluted from the ion-exchange column at a much later . 
position, as shown in Fig. 2b for the specificity BT5. The 
dotted line on the autolysate chromatogram indicates that 
a single freezing and thawing of column influent, with 
removal of a precipitate by centrifugation at 1,000g, 
effects a reduction in the amount of inhibitor in the early 
peak. This is accompanied by the appearance of a small 
amount of material eluted in the position subsequently 
found for the papain-liberated soluble inhibitor. Two 
HL-A determined specificities (BT17 and BT5) have been 
found to act in this way, and both were subsequently 
found to be essentially stable to papain. The yield of 
inhibitor in this second peak is, however, low, and freeze- 
thawing of an autolysate is not recommended as a method 
for the preparation of soluble inhibitor. Material which 
was recovered from DEAE after autolysis always gave a 
precipitate when kept at 4° C, or frozen and thawed, with 
concomitant reduction in inhibitory power, regardless of 
the specificity tested. Such behaviour was not found with 
papain-liberated substances, Furthermore, the autolysis 
product always showed a low SR which was essentially 
the same as the column influent, and the peak was positive 
for all the tested specificities possessed by the spleen donor. 
The material isolated after ion-exchange chromatography 
of an autolysate is therefore polyspecific but of low SR: 
As will be seen, this is quite different from papain- 
solubilized substances. 

‘Sephadex G-200' chromatography of material from the 
DEAE-separated autolysis produced the separation shown. 
in Fig. 3 for one specificity only. Selected fractions from 
this chromatogram had the SRs shown in Table 1; the 
reason for the choice of particular fractions will become 
evident when the papain data are considered later. A 
spread of molecular size from more than 200,000 to 15,000 
is indicated. No area of any analogous autolysate product 


Table 1. SPECIFICITY RATIO OF ‘SEPHADEX G-200' ELUATE OF THE DEAE 
MAJOR PEAK FROM MEMBRANE AUTOLYSATE (HST 44) 
SR related to BT10/11 inhibition 
Fraction BT 1,2 BY EIS 
DEAE influent 1-24 0-05 6-88 
*6-200' fraction 15 1-56 1-80 i00 
*G-200' fraction 29 124 104 Hs 
*G-200' fraction 33 1-00 0-90 108 


T 1,24 
Donor is mu * 


T5+ 
BT10/11— 
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Fig.4. Ion-exchange chromatography of soluble products obtained by 

papain digestion of spleen cell membranes: separation of BT5 and 

B'T17 specificities and the probable destruction of BT 1,2 specificities. 
Donor of HST 44 is BT10/11 negative. 


from ‘G'-200° has had a high SR, which again contrasts 
with the 'Sephadex' chromatography of papain-liberated 
material. 

This gel filtration picture of a spread of molecular size 
from more than 200,000 to 15,000 probably results from 
denaturation during the lyophilization necessary to con- 
eentrate the DEAE-separated material before 'G-200' 
chromatography. The precipitation of autolysis products 
from solution would also suggest an easily denatured 
protein component. Together with the specificity data 
already mentioned, these findings are consistent with the 
hypothesis that autolysis releases macromolecular, poly- 
specific, but poorly specific products; such materials may 
even be colloidal membrane fragments. 

Protein profiles are not routinely measured on chromato- 
graphic effluents because at this stage of purification they 
have never had relevance to inhibitory activity. Not all 
protein is, however, eluted in a single early peak, and 
therefore chromatography of an autolysate supernatant 
results in marked purification on a protein or dry weight 
basis. Nevertheless, because the serologically active sub- 
stances are in some way bound together and associated 
with non-specific inhibitors, the principal aim of dis- 
sociation and separation of specificities is not realized. 

The soluble products released by papain were originally 
prepared using insoluble enzyme, for reasons previously 
described’. Fig. 2b shows the elution of a single peak of 
activity inhibiting anti-BT5 serum and having an SR of 50. 
The chromatographic properties of this specificity are 
indicated in Table 2. As the ionic gradient is made less 
steep, and the pH gradient is kept constant, elution occurs 
at a later position (lines 2, 3 and 4), and the peak occupies 
& larger volume of effluent. When the ionic gradient is 
maintained but the pH gradient is changed (lines 1 and 5), 
the relative elution point again changes, although the 
volume in which a peak is eluted remains constant. A 
wide variation of elution conditions has so far failed to 
reveal more than one major peak of inhibitory activity 
for three separate HL-A specificities (BT5, BT10/11, 
BT17), and in a further example a repeatable triplet of 
peaks associated with a single specificity (BT4) has been 
obtained. The RE values (Table 2) seem to be charac- 
teristic for the specificity concerned and are highly 


Table 2. ELUTION CHARACTERISTICS OF BTS INHIBITOR 


Reservoir Reservoir Peak duration 
Spleen No. — conc. (M) pH RE* (mL) 
9 0-5 8-0 0-25 110 
16 1-0 45 0-19 50 
22 0-5 4-5 0:21 100 
28 03 45 0-24 162 
30 0-5 45 0-21 110 


*RE Vol. to mid-point of beginning of peak 
Total volume through column 
Gradient system is that described by Bock*. 
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reproducible in standard elution conditions when sub- 
stances are isolated from different spleens. The fractions 
containing active materials throw no precipitate either on 
standing or freeze-thawing, and activity deteriorates very 
slowly on standing at 4° C in dilute solution. Materials 
inhibiting different HL-A specificities are unequivocally 
separated from one another, and in this way four distinet 
HL-A substances have been prepared. 

_ Although these materials seem therefore to have con- 
siderable stability to papain, this is not the case for all 
specificities. Two examples have been found of HL-A 
substances in which not only is soluble specific inhibitor 
absent from the ion-exchange fractions, but the insoluble 
activity remaining is markedly reduced in amount. The 
specificities concerned are BT 1,2 and BT19. A number 
of these features are illustrated in Fig. 4. In this par- 
ticular case crystalline papain was used as solubilizer, for 
it had been found’ that the soluble enzyme was eluted in 
the first two fractions from DEAE cellulose. Further- 
more, a small amount of opalescent material floated off 
the dense pellet along with supernatant when centri- 
fugation of the digest was complete. This product is 
usually carefully excluded from chromatography, but on 
this occasion it was deliberately included. Of the three 
peaks which were eluted the first is polyspecific, the 
second specifically inhibits anti-BT5 serum and the third 
inhibits anti-BT17 serum. The first peak obviously con- 
tains papain and has a low SR. It gives a precipitate on 
standing, and a ‘G-200° gel filtration picture identical with 
the autolysate material shown in Fig. 3, except for the 
superimposition of papain in the expected position of 
fractions 31-36 for a protein of molecular weight 20,000. 
The SR was low for all ‘G-200° fractions with inhibitory 
power. Although the material in peak 1 (Fig. 4) has poor 
specificity— all comparisons being made with anti- 
BT10/11 inhibition (HL-A specificities lacking in the 
spleen donor)—it is important to note the details for 
BT 1,2 specificity. The SR value of an autolysate is 1-24 
for BT 1,2, but after treatment with papain an analogous 
material has an SR of 0-53. BT 1,2 inhibitory substance 
is one of two specificities so far examined which have 
consistently failed to occur in a truly soluble form after 
papain digestion. It would therefore seem reasonable 
that this first peak consists of papain plus membrane 
fragments in which some specificities have been destroyed 
by enzyme action. 

‘Sephadex 6-200' chromatography of the separated 
BT5 and BT17 substances is shown in Fig. 5, and is quite 
different from the situation pertaining after autolysis. 
For both specificities, a small early peak of high molecular 
weight, but with an SR of 1, is followed by a major peak 
of very high SR (more than 100) and a molecular weight 
of about 45,000. Further characterization of these latter 
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substances, which have inhibitory activity at a few nano- 
grams (protein) per ml., is now in progress. 

The reproducible separations achieved by ion-exchange 
chromatography of substances with similar molecular 
weights suggest that the electrostatic forces which 
determine the elution profile are concerned to some major 
extent with the specific inhibitory qualities. Although 
the differential stability towards papain suggests a protein 
involvement in some immunochemical specificities, such 
speculation must be cautious. A similar observation has 
been made?* with blood group substances where incuba- 
tion with ficin or papain brings about a large reduction 
in haemagglutination inhibition. It has been suggested 
that macromolecular integrity is essential for the carbo- 
hydrate structures primarily responsible for specificity to 
exert their maximum effect. Similar factors should be 
borne in mind with HL-A substances. 
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Late Synthesis of Protein on the 
Presumptive X Chromosome of the 
Human Female Lymphocyte 


ONE X chromosome of the human female lymphocyte has 
been shown to synthesize DNA later than do its homo- 
logue and other chromosomes of the complement'-?, 
Attempts by us to demonstrate a similar replication 
pu for chromosomal protein have been unsuccessful*. 

this study, cultures were exposed to 1 uCi/ml. only of 
*H-arginine or *H-lysine for the 4-6 h previous to chromo- 


Fig. 1. Autoradiograph of a meta; 
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some preparation. It was found, however, if 5 pCi/ml. 
of *H-arginine were used, a large chromosome of the 
6-X-12 group seemed to be synthesizing protein later 
than was the rest of the complement (Fig. 1). 

Peripheral blood from three normal women and two 
normal men was cultured by the method of Arakaki and 
Sparkes*. Sixty-seven hours after culture initiation 3H- 
arginine (Schwarz BioResearch) was added to give a 
final concentration of 5 pCi/ml, Colcemid (Ciba) was 
added after 69 h and chromosome preparations were 
made after 72 h. After a 10 min hypotonie treat- 
ment, half of each female culture was fixed in picric- 
acetie-methanol (1:2:5) and half was fixed in acetic- 
methanol (1:3). Male cultures were fixed in acetic- 
methanol only. All cultures were rinsed three times in 
acetie-methanol after a 30 min fixation period. The cell 
suspension was flamed or air-dried onto slides which were 
dipped in NTB3 liquid emulsion (Kodak), diluted 1:1 
with distilled water. These were developed 48 h later in 
D19 (Kodak). Chromosomes were stained through the 
emulsion with eresyl violet. Slides treated for 15 min in 
5 per cent trichloroacetie acid at 90* C developed silver 
grains indieating that the isotope was not incorporated 
into nucleic acids. 

The picric acid mixture was used because preliminary 
tests had shown that it preserved more chromosomal 
protein than did acetic-methanol. It was suspected that 
the removal of chromosomal protein by acetie-methanol 
had obseured any pattern of protein synthesis in earlier 
experiments’. In many metaphases of all female cultures, 
however, though not in either male culture, there was a 
large chromosome of the 6-X-12 group more heavily 
labelled than the other chromosomes, regardless of 
fixation (Figs. 1 and 2). The conclusion was that insuffi- 
cient isotope had been used in previous experiments. 

Silver grain counts over individual chromosomes and 
groups have been completed for one female only. These 
preliminary results on seventy-three metaphases indicate 
that there is a late-replicating pair of chromosomes in 
the 4-5 group and also in the 13-15 group. A similar 
pattern of DNA replieation has been reported*-*. Chromo- 
somes 1 and 17 as well as those in groups 19-20 and 21-22 
appear to have completed arginine incorporation ahead 
of the rest of the complement. Uptake of *H-thymidine 
into chromosome 17 (refs. 3, 7-10) and into chromosomes 
of the 19-20 group?*:*? is also thought to occur relatively 
early in the S period. Further analyses of the other two 
female cultures and the male may emphasize the similarities 
in sequence of labelling between protein and DNA. The 
sites of secondary constrictions may also prove to appear 
late in protein as well as in DNA synthesis*. 


of a human female lymphocyte which was 


incubated with 5 uCi/ml. of ‘H-arginine for the last 5 h of culture. 
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Fig. 2. Karyotype of Fig. 1. 


Shapiro and Levina’! and Cavet? have studied the up- 
take of tritiated amino-acids into chromosomal protein 
in cultures of human blood. No concentration of grains 
was observed over any chromosome but in both cases 
only a short pulse was used. Schmid’ states that, even 
with *H-thymidine labelling, the “hot? X chromosome 
may fail to show up if too short a pulse is used. Shapiro 
and Levina, and Cave, also concluded that, unlike DNA 
synthesis, chromosomal protein synthesis occurred in G, 
and G, as well as in the 5 period. Further studies should 
elucidate the time relationship between these syntheses 
in the individual chromosome. It is hoped, too, that the 
type of chromosomal protein will also be determined; 
at present it can only be defined as that protein surviving 
acetic-methanol fixation. 
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Possible Control of Lymphocyte 
Growth at the Level of Ribosome 
Assembly 


LympHocytes stimulated to enlarge into proliferating 
blast cells by phytohaemagglutinin (PHA) typify growing 
mammalian cells in that they continuously produce cyto- 
plasmic ribosomes!^?, 

Cytoplasmie ribosomes contain two species of ribcsomal 
RNA (rRNA) sedimenting at 28S and 185 respectively. 


These species are originally synthesized in the nucleolus 
as a 455 precursor, most of which is conserved and subse- 
quently undergoes a series of molecular rearrangements 
whereby the larger 455 molecule is cleaved into 35S and 
18S species and finally into molecules of 28S and 18S 
rRNA which are efficiently utilized for the assembly of 
cytoplasmic ribosomes*. It has been suggested that 
cytoplasmic ribosome formation and cell growth are 
partially controlled at the level of assembly from 45S 
precursor (ref. 4 and Soeiro, Vaughn and Darnell quoted 
in this ref.). To obtain more information about this 
problem, newly synthesized rRNA was analysed in 
cultures of lymphocytes stimulated by PHA, using 
established techniques?:*, 

When resting normal lymphocytes were exposed to 
tritiated uridine for 2 h, most of the radioactive RNA 
sedimented in a broad band with peaks at 45S and 355. 
Another small peak at 28S emerged and no discrete peak 
was detected at 18S, indicating minimal net synthesis 
of rRNA (Fig. LA). Kinetic analyses based on the rates 
of blast cell production as well as on the rates of RNA 
and DNA synthesis have established that cultures of 
normal lymphocytes incubated with PHA reach their 
maximum proliferative response in 48-72 h (ref. 5). Most of 
the radioactive RNA accumulated in 2 h by PHA-stimu- 
lated normal lymphocytes, at the height of their growth 
response, sedimented in well defined peaks of rRNA at 
285 and 188. A minor peak of radioactive RNA appeared 
nt 455 (Fig. 1B). 

In resting chronic lymphocytic leukaemia (CLL) lympho- 
cytes identically treated, prominence of the 45S peak 
of radioactive RNA, relative to the 28S and 18S peaks 
(Fig. 1C), caused the resting CLL pattern to resemble 
the pattern seen in resting normal lymphocytes. "We 
have previously established that peripheral lymphoeytes 
from patients with CLL are slow to respond to PHA 
beeause the development of a maximal proliferative 
response requires 120-168 h (ref. 5). Stimulated CLL 
lymphocytes incubated with PHA for 120 h, at the height 
of their growth response, displayed prominent peaks of 
radioactive 28S and 18S RNA together with a minor 
peak at 45S (Fig. 1D). The proportion of 455 relative 
to 28S and 18S RNA was comparable with the normal 
lymphocytes at the height of their growth response 
(Fig. L3). The absolute levels, however, were consider- 
ably less. 

After attaining maximal levels, the rates of RNA and 
DNA synthesis in cultures stimulated by PHA decreased 
indicating recession of proliferative activity®. Maximal 
proliferative activity was demonstrated at 48 h in the 
cultures of normal lymphocytes. CLL cultures, pro- 
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fable 1. 





PROLIFERATIVE ACTIVITY IN PHA-STIMULATED LYMPHOCYTE 
CULTURES 
Length of 48h 120 h 168 h 
incubation Percent Specific Percent Specific Percent Specific 
with PHA blasts activity* blasts activity blasts activity 
Normal 65 2,250 70 616 74 218 
CLL 13 290 35 733 41 184 


t T opos nucleotide RNA after exposure to tritiated uridine for 2 h. 
ref. 4 


liferating maximally at 120 h, became more quiescent 
by 168 h (Table 1). In each case, however, the percentage 
of blast cells was greatest in the older cultures (Table 1). 
The species of RNA synthesized by these cultures formed 
465 and 35S peaks which were relatively more prominent 
than the 28S peaks. The 18S peaks were barely detected 
(Fig. 1B and D). The sedimentation patterns of RNA 
synthesized by these metabolically quiescent blast cells 
therefore assumed the appearance of the patterns seen 
in resting lymphocytes. 

It can be appreciated that utilization of rRNA pre- 
eursor for ribosome assembly should limit the accumu- 
lation of radioactive 458 RNA after a sufficiently long 
exposure to tritiated uridine, assuming a constant rate 
of synthesis of 45S RNA. Meanwhile, with continuous 
production of stable cytoplasmie ribosomes, peaks of 
radioactive rRNA at 285 and 18S should increase pro- 
gressively to comprise the overwhelming proportion of 
radioactive RNA by 2 h. Such is the case for mammalian 
cells propagating in eulture*. 

There is good evidence that newly synthesized RNA, 
which sediments in discrete peaks at 45S and 358, repre- 
sents potential rRNA precursor'?. The amount of radio- 
activity in peaks at 28S and 185 relative to 45S (and 355) 
should therefore reflect the rate of molecular processing 
for ribosome assembly. 

Resting lymphoeytes maintain a relatively quiescent 
metabolism and cytoplasmic ribosomes are sparse*. In 
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Fig. 1. Sedimentation patterns of newly synthesized lymphocyte RNA. 
After exposure of each culture to tritiated uridine (5 uCi/ml., 20 Ci/jmmole} 
for? h, RNA wasextracted and sedimented across a 5-20 per cent sucrose 
gradient (37,000 r.p.m. for 185 min in a Spinco model L ultracentrifuge), 
RNA fractions were collected on filter papers by acid precipitation and 
after appropriate washing radioactivity was determined. Rat liver 
TRNA served as markers for sedimentation rates. A, Resting normal 
lymphocytes; B, normal lymphocytes incubated with PHA for 48 h 
( and for 120 h (©); C, resting CLL lymphocytes; D, CLL lympho- 
cytes incubated with PHA for 120h (@) and for 168 h (Ch 
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these cells, newly synthesized 458 RNA (and 355 in Fig. 
1A) appeared at low levels, but the proportion relative to 
rRNA (28S and especially 18S) was considerably greater 
than in growing lymphocytes. Thus the rate of formation 
of rRNA in resting lymphocytes was diminished out of 
proportion to the rate of total RNA synthesis. Con- 
ceivably one of the mechanisms regulating maintenance 
of the resting state depends on an inhibition of ribosome 
assembly from 45S precursor. During the height of the 
growth phase, rRNA accumulated considerably more 
rapidly. Perhaps this reflects derepression for the pro- 
cessing of large numbers of ribosomes which have been 
observed in electron micrographs of blast cells stimulated. 
by PHAS. 

PHA stimulated normal cultures at 120 h and CLL 
cultures at 168 h contain rnany non-proliferating blast 
cells* which possess abundant cytoplasmic ribosomes. 
As proliferation declined in these cultures, ribosome 
assembly reverted to the resting condition, despite the 
maintenance of an overall rate of RNA synthesis con- 
siderably greater than resting levels. Perhaps one of the 
mechanisms of PHA action was to facilitate one or more 
of the reactions governing ribosome assembly, As the 
influence of PHA waned, ribosome assembly and cell 
proliferation reverted to the resting condition. Such an 
effect may precede further transformation of the blast 
cell back into a small lymphocyte’. 

While CLL cultures required more time to attain 
maximal proliferative rates, at the height of their pro- 
liferative response, rRNA. production from 458 precursor 
and, by inference, ribosome assembly, proceeded nor. 
mally. As the growth rate declined, so did ribosome 
assembly. With respect to the relationship between cell 
proliferation and the accumulation of rRNA, CLL lympho- 
cytes behaved normally. Thus CLL lymphocytes were 
slow to transform into proliferating blast cells, but the 
production of rRNA in CLL blasts was normal. 
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GENERAL 


Measuring the Intensity 

of Natural Selection 

HALDANE? put forward a general measure of the intensity 
of natural selection. If W, is the chance of survival of an 
individual with the optimum phenotype and W is the 
mean chance of survival in the population, then Haldane’s 
measure is H=loge W,—log, W. Van Valen? uses the 
measure 7 «- (W,— W)/W,, which is simply the proportion 
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of individuals that die beeause they do not have the 
optimum phenotype. It could well be called the “pheno- 
typic load", for the genetic load is measured in the same 
way except that the values of W are the fitnesses of the 
genotypes. If the exact forms of the distributions of 
individuals before and after selection are known, then I 
can be found directly. The frequencies are adjusted so 
that individuals with the optimum phenotype have the 
same frequency before and after selection. The two dis- 
tributions are superimposed and the intensity of selection 
is the proportion of the distribution before selection that 
is missing from the distribution after selection. This 
method cannot often be used, however, because it is 
necessary to know the relative numbers of individuals 
before and after selection in order to find which phenotype 
has the best chance of survival. Haldane showed that 
H could be calculated from the change in variance after 
selection, provided the distributions before and after 
seleetion were both normal. But this assumption is 
unlikely to be strictly true. Van Valen?? gave charts to 
calculate I from the observed changes in mean and 
variance. Essentially his charts show what proportion of 
the distribution before selection must be truneated by 
removal of extreme values in order to give the change in 
mean and variance. But natural selection does not 
operate by the death of all individuals with values greater 
or less than certain extremes. In natural selection all 
individuals have a chance of survival, but those nearer the 
optimum have a better chance than those further away. 
Van Valen's estimates of I are probably too small, for by 
cutting off the tail of a distribution a smaller proportion 
of the distribution ean be removed to produce a given 
change than would be removed by natural selection. To 
obtain more realistic estimates of J, a general theory is 
required of the way a character x will change when the 
values of æ determine the values of the fitness, W, in 
Some general way. The simplest general relationship 
between z and W is a quadratic one: W decreases as the 
square of the deviation of x from some optimum pheno- 
typic value 0. Thus we may have 


W=l—a—K (0—2): 


where K is a constant and W=1—a when r—90. If the 
frequency density of x, f(x), is a normal frequency density 
with mean, £, and variance, V, then the mean and 
variance after selection, Z' and V’, can be found in terms 
of $ and V. If the frequency density is not normal, 
however, then Z' and V’ also depend on the third and 
fourth moments about the mean, u, and u, The equa- 
tions for 7’ and V” can be derived by my method‘. 
2K V (0—3)— Ky; 

1I—a— K (0—3)* —KVj 
KYV?— Ky, 2K (0—2)04) 

I—a—K (0—#)?—KYV ! 
Í 2K V (9-2) — Kus _ 1^ 


T U-a-K (0-3 KV! 


If u57: 0 as for a symmetrical distribution and p,=3V? as 
for a norma] distribution, then these equations reduce to 
those already published'. If @’—#= Až, V/— V= AV and 
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Thus there are two equations to estimate 0 and 9. This 
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is the estimation of the parabola of the relation between 
fitness and the character being measured. We have 

















2V (0—2) —us — V*—wu-t2u (0—2) 
AS (Adj AV 
so that 
b-ga E) — a (A3) +p [( ATP AV] 
2V [CAz)*-- AV] 2u, (At) 
Thus 
= 2V (0-2) ps 2 (0—84 V 
Ax 
It follows by definition that the intensity of selection is 
W.-W 
We 
1—x—(l—-«—K(8—i?-—KV) 
= E et ee 
gd entr 
9 
so that I can be calculated from these estimates of 0 — 3 
and 9. 


If the distribution of individuals before selection is 
more or less symmetrical, then u, will be a small quantity. 
If both u and (AZ)? are negligible, then (9—@)? is 
negligible too. Thus 

1- Vlo 
and we have 


Q= VYA ~ yAV +V 
Putting AV = V'— V, this gives 








Van Valen and Weiss* have shown that selection is acting 
on the variance in tooth width of rats. They divided a 
population of rats into three age groups and showed that 
between middle aged and old rats there was a propor- 
tionate reduction of mean variance of 0.211. Between 
young and old rats the reduction was 0-188. Thus for 
middle aged and old rats (V — V')/V — 0:211 so that 
V’/V 20-789; and for young and old rats (V — V'JV = 
0-188 so that V'/V —0-812. Therefore, if V'/V — 0-789, 
then 


I-(-—V'IV)(3— V7V) = 0-09543 


which is the intensity of selection acting between middle 
and old age. If V’/V=0-812, then J = 0-08592, which is 
the intensity of selection acting between young and old 
age. Van Valen obtains selective intensities of 0-041 and 
0:035 for these two cases respectively. But these values 
are obtained by assuming selection has truncated the tails 
of the distribution to give the observed reduction of the 
variance. Clearly the intensity of natural selection is 
much greater than Van Valen’s calculations suggest. 
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BOOK REVIEWS 


FARMING THE SEA 


Farming the Edge of the Sea 
By E. S. Iverson. Pp. 301. 
London, 1968.) 85s. 


Tue importance of the sea as a source of high-quality 
protein in à world desperately short of protein is increas- 
ingly being realized. Some 95 per cent of the food won 
from the sea, however, is still obtained by hunting, albeit 
with advanced electronics aids, but with little attempt at 
husbandry, let alone farming. Many of the advances 
in fisheries biology of recent years have been in the field 
of population dynamics, but with few exceptions the 
application of the results for the benefit of man has been 
rendered only partially effective by the difficulties of 
controlling fishing effort in the major international 
fisheries. 

In the light of these problems, and in view of the 
eminent sensibleness of trying to cultivate marine animals 
as well as hunting them, increasing attention is being 
given to artificial rearing and marine cultivation. As soon 
as the possibilities of marine culture are examined, how- 
ever, the fundamental differences between the require- 
ments of most marine food animals and those of land food 
animals become apparent. In the sea most of the impor- 
tant food animals, whether mammal, fish or invertebrate, 
are carnivores and many are high in the food web, as 
well as being highly mobile in a three-dimensional envi- 
ronment. As a consequence the culture of marine animals 
has in the past been most successful with the filter feeding 
sedentary invertebrates such as mussels, oysters and 
clams, which stay where they are put and obtain their 
food frorn the phytoplankton. 

In recent years there has been a considerable increase 
in the scientific effort to improve traditional methods of 
cultivation and to develop the artificial rearing of pro- 
mising species, but the scientific literature on the subject 
is very limited and scattered and there are few adequate 
descriptions of current commercial practices. In this 
situation a comprehensive review of the present state of 
marine farming would be very welcome. 

Farming the Edge of the Sea, by Dr Iverson, a marine 
biologist at the Institute of Marine Sciences, Miami, only 
partly fills this gap. The author makes it clear m his 
preface that he has not set out to give a complete review 
of the subject or to provide a handbook, but that he is 
writing for the person who is interested in general books 
on the see, and also for that ever-increasing number of 
people who write in to marine laboratories because they 
have money to invest and think that rearing some marine 
fish or shellfish would be lucrative and interesting and 
want to know what their prospects are and how to go 
about it. 

The book is attractively produced with 158 illustrations. 
largely of good quality photographs, and is very easy to 
read in spite of a very considerable amount of detail in 
some fields. 

The early chapters discuss many general aspects of 
cultivating marine animals, from the broad issues of the 
demand for sea food and the productivity of estuaries to 
the details of artificial foods and the role of artificial reefs 
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made from discarded car bodies. The possibilities of im- 
proving the strains of fish and shellfish by breeding and 
selection are also outlined. 

About one third of the book is devoted to descriptions 
of current procedures in cultivating seaweeds, oysters, 
clams, mussels, shrimps, milkfish and mullet, and includes 
descriptions of some fisheries in which there is little hus- 
bandry, such as the shrimp fisheries of the gulf of Mexico. 
These descriptions are very variable in their completeness. 
The Japanese seaweed and prawn culture, the American 
cultivation of oysters, harvesting of clams and fisheries 
for shrimps, and the cultivation of milkfish and prawns in 
the Philippines are fairly fully described. Under mussels, 
however, only four lines are given to the very successful 
raft culture which has been operating in Spain for a num- 
ber of years and which has increased output so greatly 
that Spain is now the leading producer of mussels in 
Europe. Similarly, the very successful methods of oyster 
cultivation in Japan, Australia and France are each cover- 
ed in one or two short paragraphs, in spite of their advan- 
ced nature. There is no mention of the cultivation of 
yellow tail fish which is now practised on a substantial 
scale in Japan. 

Two chapters discuss the possibilities for the cultivation 
of a range of invertebrates and vertebrates at present 
farmed only on a limited scale or not at all, such as sponges, 
conchs, abalone, bait worms, lobsters, crabs, tilapia, 
plaice, salmon and trout. Lobsters, crabs and crawfish 
are dealt with at some length, because the lay person is 
often hopeful of farming these animals, because of their 
high retail price, until the particular problems are pointed 
out. 

The concluding chapters give a very general outline of 
diseases, predation and pollution, and add some hints to 
the would-be sea-farmer. He is wisely warned against 
expecting to solve quickly such problems as the mass 
culture of juveniles in cases where no methods exist at 
present, and is told that cash reserves are very necessary 
because quick returns can rarely be expected. 

The American reader who has a general interest in the 
sea and fisheries, or who is considering entering into 
some aspect of marine cultivation, will find this book of 
real interest and value. The non-American with similar 
interests will enjoy reading the book and will get a general 
view of the subject, but is likely to be disappointed in the 
lack of more detailed information on what is going on or 
is possible in his own country. The student of fisheries 
will find it informative and worth reading, but, with the 
exception of Ameriean experience, will find many of his 
more penetrating questions unanswered. One annoying 
feature of the book is that the illustrations often match 
up with the text in only the loosest way, and in some cases 
do not illustrate at all the point being made. 

A. C. BiMPSON 


FOREST ECOLOGY 


Fundamentals of Forest Biogeocoenology 

By V. Sukachev and N. Dylis. Translated by J. M. 
Maclennan. Pp. vii--672. (Oliver and Boyd: Edinburgh 
and London, 1968.) 252s. 


ALTHOUGH only the names of Sukachev and Dylis appear 
on the title page of this book, they are the authors of only 
a small part; for the rest, they have supplied inspiration 
and editorship for their twelve collaborators. The ten chap- 
ters deal with the atmosphere, the "phytocoenose", animal 
life, miero-organisms, and the soil, all as components of 
a forest biogeocoenose, basie concepts, forest succession, 
classification, and the application of cybernetics to 
biogeocoenology. 

In plain language, the title could be simply "Forest 
Ecology". The "biogeocoenose" is Sukachev's own ine 
vention, made in 1944; for all practical purposes it is the 
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same as an "ecosystem", and although Sukachev on pages 
13-16 tries to explain the difference, it is not at all clear. 
In fact, it is only the narrow meaning which most conti- 
nental biologists give to “ecology” (the study of the home, 
interpreted as the house without any occupants) which 
justifies the use of the clumsier word “‘biogeocoenology”’. 

The authors, in their preface, stress the “newness” of 
their approach, but behind fancy words (for example, the 
adjective "biogeocoenotie" which is freely strewn around) 
English and American biologists will find what they have 
long been accustomed to—namely, the study of members 
of populations in relation to each other and to their en- 
vironment. Moreover, the broader aspects of Sukachevian 
doctrine seem to have much in eommon with Clementsian 
doctrine; both are based on philosophical deductions as to 
what ought to be, rather than inductive generalizations as 
to what is. Just as Clements gave a very special meaning 
to “succession”, so Sukachev gives a closely similar special 
meaning to "development" (page 539), but whereas 
Clements's philosophy made him postulate that ultimately 
in climax communities a dynamic equilibrium would be 
attained, Soviet philosophy makes Sukachev postulate that 
conflieting forees within the system lead to continual 
"development". The concept of a climax is not unequivo- 
cally rejected, however (page 524). In saying that biogeo- 
eoenoses are “‘self-regulating systems", Sukachev seems 
to mean much the same as Clements meant when he said 
that biotic communities were "organisms". Moreover, in 
demanding that there shall be homogeneity throughout 
à "type of forest biogeocoenose" (the lowest classificat- 
ory unit) in "composition of tree species, in other layers of 
vegetation, andin fauna; in the complex of forest growing 
conditions . . .; in inter-relationships between plants and 
environment, in regeneration processes, and in trends of 
succession” (page 503), Dylis is showing the same un- 
practical idealism that has always bedevilled continental 
plant sociologists. 

The book has many weaknesses in details. It contains 
little critical synthesis and too much quotation of empir- 
ieally observed relationships, many obscure or parochial 
statements and many platitudes; one is indeed tempted 
to say that the "fundamentals" tend to be obscured by 
superficial detail. Many tables and diagrams are inade- 
quately annotated—for example, units of measurement are 
sometimes not given fully. That the Russian text is far 
from perfect is obvious from the translator's notes, one of 
which says that several lines appear to be missing. There 
are also many misspellings of scientific names, most of 
which have been copied from the Russian text, and 
a few in the Russian which have been corrected in trans- 
lation. The translation seems to be accurate, but rather 
too literal for easy reading; it has, however, slipped once 
or twice on technical terms, and more often on vernacular 
names of plants; presumably ''Goutwort" should be 
"Goutweed", but what are “white birch”, 'Khirgiz birch”, 
and "English oak” ? Names of a few western authors have 
returned to the west in unfamiliar forms-—particularly 
W. R. Ashby, who appears as U. R. Eshbi. 

The book covers a very wide range of subjects and gives 
very many references to Russian ecological work by no 
means confined to forestry; the bibliography cites well 
over a thousand Russian publications (but only about half 
this number of non-Russian publications). It touches on 
many relatively recent developments in ecology—for 
example, growth inhibitors in litter and in root excretions, 
the biology of insect epidemies. It contains many examples 
of figures from Russian work of measurements of biomass, 
leaf area, numbers of micro-organisms in the soil, and so on. 

The book will be useful to a specialist who can read it 
critically with the aid of considerable background know- 
ledge and perspicuity; it will enable such a person to 
supplement his knowledge and gain some insight into the 
work and outlook of his Russian colleagues; it cannot be 
recommended for the inexperienced student. 

E. W. JONES 
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BACTERIA WITHOUT WALLS 


Microbial Protoplasts, Spheroplasts and L-Forms 
Edited by Lucien B. Guze. Pp. xx--523. (Williams and 
Wilkins: Baltimore, Md., 1968. Distributed in the UK 
by E. and 8. Livingstone.) 227s. 6d. 


THE cell wall is so prominent a structure in the majority 
of bacteria that the widespread occurrence of species en- 
tirely lacking a wall has inevitably aroused great interest 
since 1935 when Dr Emmy Kleincberger-Nobel named 
them "L.forms" after the Lister Institute where she 
worked. Not only could these organisms multiply in arti- 
ficial culture but many were soon implicated as potential 
causes of disease in man and animals. Work in the field 
further increased in the last decade after it was found 
that normal bacteria could be largely freed of their walls, 
although remaining viable, by a variety of agents like 
penicillin, which interfered with wall synthesis, or various 
murolytie enzymes such as lysozyme. Complete removal 
of the wall produces a “protoplast” but, if traces of wall 
remain, the organism is termed a *"spheroplast": in some 
cases, wall formation resumes when the inducing agent is 
withdrawn although, in others, protoplasts remain wall- 
free like stable L-forms. 

A considerable literature has therefore grown up about 
these organisms and the present volume provides a val. 
uable survey of the field by reproducing forty-six papers 
delivered at a conference sponsored by the Upjohn Co. 
in November 1966. The first section discusses cell wall 
anatomy and the production of spheroplasts by penicillin 
and enzymes derived from leucocytes and phage lysates. 
The next section is concerned with morphology and 
function, including two papers on the topical question of 
the role of mesosomes in chromosomal replication and 
membrane synthesis; the third section covers a miscellany 
of topies like cultivation, antigenic properties, suscepti- 
bility to antibiotics and the identification of L-forms; 
while the last section includes fourteen papers on patho- 
genicity under experimental and natural conditions, in- 
cluding the importance of L-forms in bringing about re- 
lapse after the chemotherapy of infections. These papers 
therefore cover the whole range of microbiology, from 
genetics and physiology to problems of clinical medicine, 
and their joint publication with an index and a record of 
the discussions held at the meeting will be widely appre- 
ciated, G. G. MEYNELL 


GREEN PLANTS 


The Diversity of Green Plants 
By Peter R. Bell and Christopher L. F. Woodeock. Pp. 
ix-- 374. (Arnold: London, 1968.) 80s. boards; 40s. paper. 


Ir is still considered desirable for undergraduate students 
of botany to know something about the plant kingdom. 
But the days are past when they could pursue what seems 
now to be a leisurely course through the various groups 
of plants. It is a mark of the high rate of evolution of 
the subject that most teachers of botany remember those 
days, but do not wish for a recapitulation. 

Professor Bell and Dr Woodcock have written a text- 
book that takes these facts into account. In 350 pages 
we have some account of the green plants from the algae 
to the angiosperms, that is, all the groups of plants except 
the fungi. It deals with structure and reproduction, 
development and theories of evolution of each group in 
turn. The authors say they have avoided a disconnected 
treatment of types, but, in fact, the book is, for the most 
part, written around a series of types and may be none 
the worse for that. The primary classification adopted 
is into Cyanophyta, Chlorophyta, Chrysophyta, Pyrro- 
phyta, Cryptophyta, Euglenophyta, Phaeophyta, Rhodo- 
phyta, Bryophyta and Tracheophyta. The algal groups 
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occupy about a quarter of the book, what used to be called 
pteridophytes take another quarter, and the gymno- 
sperms and angiosperms (put with the ferns in the Ptero- 
psida) take more than a quarter. The angiosperms are 
treated differently from the other groups in that their 
chapter is a general morphological account of the group 
and not subdivided systematically as the other groups 
are. 

The book is written in a pleasant style and it is illus- 
trated by numerous clear diagrams. There are not so 
many photographs or sketches of plants as there are in 
some of the other textbooks; presumably the student 
is supposed to see the plants himself. There is a glossary 
and a short list of references: authors are not referred to 
directly in the text. The book is up to date and it contains 
many odd bits of information that are not in similar text- 
books. The authors do not express strong opinions on 
controversial topics; for example, on the nature of the egg 
of Fucus or whether fertilization ever occurs in the 
strobilus of Selaginella. A few points are accepted rather 
uneritically such as the role of apical cells and the mode 
of operation of a fern annulus; but the book has very 
few errors of any kind. 

Comparing this book with others on the same subject 
must be done largely on the basis of range of groups 
deseribed and on attractiveness, for most of the subject 
matter is well known and the arrangement of the taxa 
does not matter. There are books that cover fewer of 
the groups of plants and there are books that also include 
the fungi. Some are more detailed, others less so. Some 
people will be attracted by the pictures in some of the 
others, but, if the student is going to see the plants, there 
is a lot to be said for using the space for diagrams as Bell 
and Woodcock have done. F. A. L. Clowes 


MIMETIC PLANTS AND ANIMALS 


Mimicry in Plants and Animals 

By Wolfgang Wickler. Translated from the German by 
R. D. Martin. (World University Library.) Pp. 255. 
(Weidenfeld and Nieolson: London, 1968.) 16s. paper- 
back; 30s. hardback. 


THis is an unusually exciting book and should be read 
by all biologists; in particular the minority who still today 
cannot accept that mimetic species, and forms of species, 
have developed by natural selection and not by chance 
similarity. It can also be read, with pleasure and amaze- 
ment, by the uninitiated. 

In eighteen chapters such diverse examples as mimetic 
weeds, fish, flowers, mammals, birds and insects are 
discussed and in addition to Batesian and Müllerian types 
of mimicry two more are added: ‘‘Mertensian Mimiery" 
with special reference to Professor R. Merten's work on 
coral snakes (Micrurus sp.), a masterful chapter, and 
“Peckhammian Mimicry”, as demonstrated by E. G. 
Peckham’s work on aggressive mimicry. The résumé of 
euckoos that are brood-parasites (with coloured plates of 
eggs) and a global perspective of their origin is stimu- 
lating. Throughout this book the author has attempted 
to intereonneet and compare the various types of mimiery. 
It is therefore not surprising that cuckoos are followed by 
a brief reference to Nieolai's work on widow birds. 

An underlying genetic mechanism of mimicry is always 
difficult to analyse, but Clarke and Sheppard have done 
this in a series of well-designed experiments on the morphs 
of the African butterfly, Papilio dardanus, and their work 
is quoted but with apologies for its complexity. The 
relationships of the cleaner fish (of which there are so far 
42 species in 14 families known) and their aggressive 
mimics are drawn largely from the work of H. M. Peder. 
In spite of the extreme degree of accuracy of colour- 
pattern, behaviour, body-size and shape of mimics to 
models, experienced "customer fish” are able to recognize 
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a difference and therefore, as the author points out, natural 
selection must still be strictly applied. 

This excellent book at the same time offers, gratui- 
tously, odd seraps of other interesting and important 
information outside its confines. For example, the cuckoo- 
pint flower (Arum maculatum) develops a temperature 
15°C higher than that of its environment, but only for a 
brief period in a day (Meeuse, and Hocking and Sharplin). 
The reproduction of the rabbit flea, Spilopsyllus caniculi, 
is controlled by its host’s hormones, enabling young fleas 
to feed on young rabbits. Adult fleas on rabbits which 
have aborted reabsorb their eggs (M. Rothschild). North 
American cuckoos of the sub-family Coecyzinae usually 
brood their own eggs. Oceasionally, however, they ovi- 
posit in the nests of other species of bird when they never 
hatch. 

In spite of its distracting interest, there must be criti- 
cisms of this book. It is well translated from the original 
German text by R. D. Martin, but there are many errors. 
In particular the word "sehmetterlinge" whose English 
equivalent appears, apparently at random, as either “moth” 
or "butterfly". The bibliography (six pages) is inadequate 
and there is frequently no reference to the works of the 
persons quoted in the text (for example, H. M. Peder and 
E. G. Peckham). 

Also I had the greatest diffieulty in reading my paper- 
back because, without trauma, the whole book rapidly 
disintegrated. I recommend an extra fourteen shillings for 
the hardback. The substance in this book deserves urt- 
interrupted reading. H. B. D. KETTLEWELL 


HYOID APPARATUS IN SNAKES 


The Hyoid and its Associated Muscles in Snakes 

By David A. Langebartel. (lllinois Biological Mono- 
graphs, No. 38.) Pp. 156. (University of Illinois Press: 
Urbana and London, 1968.) $4.95; 42s. 


As, in the nineteenth century, the a priori approach gave 
way to the empirical, a firm basis for the classification of 
most groups of vertebrates was established. Snakes, 
however, missed out on this progress; indeed a pre- 
historie emotional approach still lingers—men die when 
bitten by snakes so their most important attribute is the 
venom apparatus. It has long been recognized that this 
approach fails to give natural groups of snakes, but no 
other basis has yet been found. "Therefore any work is 
welcome that reveals diversity within this baffling group 
and particularly diversity within the “family” Colubridae 
(two thirds of all known species), an amorphous agglo- 
meration of all the higher snakes that remain after removal 
of the two main groups of dangerously poisonous forms. 

Up to three visceral arches are represented in the hyoid 
apparatus of lizards, but no snake has more than one arch. 
The principle of parsimony would suggest that it is the 
same arch in all, but Dr Langebartel argues, on slender 
evidence as he recognizes, that it may be the hyoid or the 
first or second branchial arch. He traces evolutionary 
trends; as so often in snakes this largely involves simpli- 
fication, but he finds a few distinctive features of the 
musculature that are acquired within the group. The 
diversity revealed in the lower snakes is most interesting 
and suggestive. I wish, however, that for the higher 
snakes Langebartel had made an assessment in the light 
of his evidence of the attempts at classification that have 
been made. 

The nomenclature seems to have been taken from 
museum labels without checking; for example, several 
species are placed in the genus Natris but the type species 
remains '""T'ropidonotus" natrix. Tf those who make com- 
parative studies do not seek specialist help with systematics 
and nomenclature, we may afterwards be unsure what 
species they studied and their own comparisons may be 
misguided. It is therefore fortunate that Langebartel 
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cites the museum numbers of many of the specimens 
studied. 

This is a work for the snake specialists, people who 
traditionally study a small number of characters, most 
of them external, and are loath to widen their horizons. 
I hope that they will consider this work, for I believe that 
it can eontribute to the eventual writing of a history of 
snakes of general biological interest. 

GARTH UNDERWOOD 


MEIOSIS AND RADIATION 


Effects of Radiation on Meiotic Systems 

(Report of a Study Group crganized by the International 
Atomic Energy Agency and held in Vienna, 8-11 May, 
1967. Panel Proceedings Series.) Pp. 223.  (Inter- 
national Atomic Energy Agency: Vienna ; HM Station- 
ery Office: London, 1968.) 117 schillings ; 37s. 6d. ; 
$4.50. 


Iw order that a species can remain in existence its members 
must reproduce themselves and bring forth a new genera- 
tion. The continuation of the species is ensured by the 
ability of the adult individuals of the new generation to 
produce gametes like those of their parents which will 
unite at fertilization and initiate another cycle of repro- 
duction. Meiosis is an essential part of gametogenesis, 
consisting of two nuclear divisions during which the 
chromosomes divide only once. In sexually reproducing 
specios meiosis is a very important event for two reasons: 
it maintains the characteristic chromosome constitution 
of the species by reducing the chromosome number in the 
gametes, and it brings about the final mixing of the 
parental hereditary material by the exchange of parts 
between the homologous chromosomes. Molecular biology 
clarified our views about the structural organization of 
the chromosome, but we are still ignorant about the 
fundamental mechanism of meiosis, particularly chromo- 
some pairing and genetic recombination. Irradiation 
provides a useful technique for investigating the nature 
of the recombination event. The symposium, sponsored 
by the International Atomic Energy Agency, brought 
together a small group of experts who are studying the 
effects of irradiation on meiosis in diverse systems. The 
proceedings and discussion of the meeting covered a very 
wide spectrum of topics ranging from mammalian gameto- 
genesis to electron microscope studies of meiotic stages of 
fungi and genetic recombination in algae. Many of these 
topics should interest not only specialists but also those 
who are interested in general biological phenomena. 
One of the contributors demonstrated that the different 
stages of meiosis in male and female gametogenesis exhibit 
great variation in radiation sensitivity; it led the partici- 
pants to speculate on the possible mechanism involved. 
Another contributor dealt with the differentiation of 
the primordial germ cells in the two sexes and attributed 
the variable radiation sensitivity to the long duration of 
the arrested diplotene stage which characterizes the 
mammalian oocyte. Another report discussed the very 
low incidence of mutations obtained in female mice when 
exposed to neutron radiation. The present data, however, 
are not suffieient to conclude that the low incidence of 
genetie damage is a result of a very efficient repair process 
which might operate in the immature oocyte, Evidence 
was brought forward by another contributor that hormones 
can modify radiation effects by eliminating damaged 
ooeytes from the ovary of rats. After exposing the alga 
Chlamydomonas to gamma radiation and comparing the 
effects on genetic recombination and lethality with those 
appearing after ultraviolet radiation, one contributor 
found a different pattern of response and suggested that 
there are metabolie processes in common between recom- 
bination and the repair of radiation induced lethal damage. 
Much diseussion was devoted to the synaptinemal complex 
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which develops during ehromosome pairing and its relation 
to chiasma formation and crossing over. Several partici- 
pants argued that DNA synthesis is already completed 
before synapsis of chromosomes and that the high radia- 
tion sensitivity of the post-synaptie stage is attributable 
to the lack of repair process in the absence of DNA 
synthesis. 

The aim of the conference was to identify the factors 
responsible for the difference in radiation sensitivity of the 
various meiotie stages; the observations presented and 
discussed, however, showed clearly that the nature of these 
factors is complex and diffieult to interpret at present. 
The meeting has drawn attention to particular problems, 
which require further research. There is no doubt that 
by reading the report geneticists will be stimulated, because 
the numerous contributions of the symposium show how 
valuable information may be obtained from the study of 
chromosome behaviour during meiosis. P. C. KOLLER 


SHEEP AND “THE PILL” 


The Control of the Ovarian Cycle in the Sheep 
Edited by T. J. Robinson. Pp. xvii--258-4-11 plates. 
(Methuen: London; University Press: Sydney, 1967.) 
A$8.50; 68s. 


Tuis book, comprising introduction, fifteen original papers, 
conclusion and bibliography, is concerned with the treat- 
ment of sheep with substances which might be expected 
to alter ovarian activity. It does not deal with the 
endogenous control of ovarian function. To regulate at 
will the time of ovulation and heat could inerease the 
efficiency of sheep husbandry. This might be translated 
into better incomes for farmers and lower wool and 
meat prices for consumers. The Sydney University Press 
has with this volume been as liberal with space as the 
Australian sheep industry has been with animals for the 
investigations. Indeed at least one of the field trials is of 
epie dimensions, involving 9,552 Merino ewes on farms 
ranging from Western Australia to New South Wales. 
To supervise experiments, say, in the vicinity of Moseow 
from a laboratory in London would geographieally be no 
more difficult. 

The investigations deal with the search for synthetic 
progestagens which will block ovulation most efficiently, 
and with attempts to define the circumstances in which, 
following cessation of progestagen treatment, ewes will 
in synchrony ovulate and return to heat. The ability to 
predict accurately when ovulation will occur is a crucial 
aspect of the general problem, although no more important 
than the maintenance of at least reasonable fertility 
following cessation of the progestagen treatment. Pro- 
fessor Robinson and his eolleagues have made extensive 
use of an ingenious method of progestagen administration, 
namely polyurethane sponges impregnated with pro- 
gestagen and placed in the ewe's vagina. So long as such 
a sponge is present ovulation will not take place. But 
removal of the sponge, simply by pulling on a protruding 
string, permits ovulation and heat within 24 to 48 hours. 
The fertility of animals treated in this way is a little low 
and, as other results suggest, this may be related to altera- 
tion in sperm transport. There is a second heat, well 
synchronized within flocks, 18 to 19 days after the first. 


Besides identifying the most effective progestagen 
(SC 9880), the authors have defined the desirable 


characteristies of the sponge and the quantity of progesta- 
gen each should contain in order that sufficient hormone 
may be absorbed from it. They look on the sponge 
as a readily removed artificial corpus luteum. 

The book is not easily read, at least in part because of a 
formidable array of tables presenting details of the some- 
what involved statistical analyses which the experimenta 
required. Medicine and agriculture are the two halves of 
the world population problem and in a special way these 
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two technologies meet most closely in the work presented 
“jn this book. The compounds used in these sheep studies 
are either the same as or closely related to those used in 
“the pill". This (fortuitous ?) economy of endocrino- 
logical effort is satisfying, so that it is a disappomtment 
that the authors at no point refer to the larger issue. It 
is to be hoped that those concerned with regulating 
ovulation in women and those with ovulation in sheep 
will communicate with each other more frequently than 
the content of this book suggests. They have common 
interests. J. R. CLARKE 


EXCITED FORMS OF NITROGEN 


Active Nitrogen 

By A. Nelson Wright and Carl A. Winkler. (Physical 
Chemistry: A Series of Monographs.) Pp. x--602. (Aca- 
demie Press: New York and London, 1968.) 256s. 8d. 


Tre authors of this book are to be congratulated on as- 
sembling critically the extensive literature which surrounds 
this deceptively simple title. The term "active nitrogen" 
is taken to refer to any excited form of nitrogen, molecular 
or atomie, which possesses a lifetime long enough to enable 
it to be removed from the region in which it is generated. 

A brief introduction deals with the observations which 
led to the postulation of active nitrogen, the energeties 
of formation of atomic nitrogen and a survey of the 
principal ways in which excited species are formed for 
subsequent study. This is followed by a section about 
the emission spectrum for molecular nitrogen separated 
into two parts, one considering species with energies below 
the bond dissociation energy, the other with those having 
energies in excess of it. Attention is also given to emission 
from atomic nitrogen and from species condensed at low 
temperatures. 

Special consideration is given to the detailed study of 
the spectroscopy of the afterglow leading to the identifi- 
cation of the species responsible, then lifetimes and con- 
centrations. Of course not all the information is obtained 
by optical spectroscopy, and the tools of mass spectroscopy 
and chemical kinetics have contributed to the present 
picture. The kinetic explanation for the formation of the 
various species is discussed in relation to the various 
distinguishable afterglows. 

The fifth and final chapter, which accounts for almost 
two thirds of the book, is a survey of the chemical reactions 
of active nitrogen species with considerable emphasis on 
the kinetics of these processes. Apart from some detailed 
comment on this, there is arranged in tabular form a 
critical abstracted summary of many hundreds of refer- 
ences. This is a most valuable section, presenting an easily 
accessible source of further information on specific re- 
actions. 

The book is easily read, consists of over one thousand 
five hundred references and is provided with a good index. 
Tt. ean be confidently recommended as a definitive account 
of work in this field up to 1967. It is not a cheap book, 
but represents very good value in view of the labour that 
has gone into its production. This is an essential tool for 
anyone who is interested in the study of reactions of the 
various forms of nitrogen. James C. Ross 


PROPERTIES OF GRAPHITE 


Physical Properties of Graphite 
By W. N. Reynolds. (Elsevier Materials Science Series.) 


Pp. xi--193. (Elsevier: Amsterdam, London and New 
| York, 1968.) — 60s. 


RxsEARCH into the properties of the polymorphic forms 
_of carbon must surely be one of the most rewarding tasks 
in materials science today. Whereas with diamond one 
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largely accepts what nature provides, the technologist is 
increasingly able to fashion graphitie carbons ranging from 
flexible fibres, cloths, felts and blacks through nuclear. 
grade graphites of controlled permeability and radiation 
growth characteristies, to the highly anisotropic pyrolytie 
and single erystal materials. 

The technology of these artefacts is well documented, 
but a coherent, modern account of the basic physical 
properties of the commonest forms of graphite has been 
lacking. Accordingly, the present volume is especially 
welcome at this time. Dr Reynolds deals in turn with the 
structure and with the mechanical, thermal, electrical, 
optical and physicochemical properties of supposedly ideal 
graphite, real single crystals, recrystallized pyrolytic 
graphite and nuclear grades. The concluding chapters 
concern point defects and high-flux neutron damage. 

Dr Reynolds has made substantial contributions to the 
radiation damage aspects of several of these topics. Here 
he is most confident and lucid. Wisely selected material 
is objectively discussed from the point of view of the 
applied physicist. I am less happy, though, with the dis- 
cussions of electrical and physicochemical properties. The 
author's neglect of growth points for new research is 
questioned, and some data are suspect. Thus the con- 
tinued implication that c-axis electrical properties are 
semiconducting is retrogressive—disordered linear chains 
with band overlap are more promising. Again, erroneous 
thermoelectric data with their associated phonon drag 
interpretation are reproduced uncritically. This is all 
the more curious because Dr Reynolds makes the welcome 
statement that effective mass anisotropy is not the only 
physical basis for electrical anisotropy. 

In descriptions of the crystal compounds, the author 
discusses simulation of radiation damage growth by bro- 
mine intercalation, but unaccountably neglects the depen- 
dence of intercalation thresholds on interplanar pinning, 
and makes no mention of recent stacking sequence studies. 

The volume is nevertheless an authoritative, well docu- 
mented source of easily digested information. I recom- 
mend it highly to all workers in the field and for use as 
an introduction. D. A. Youna 


ROTATING FLUIDS 


The Theory of Rotating Fluids 

By H. P. Greenspan. (Cambridge Monographs on 
Mechanics and Applied Mathematics.) Pp. xii+ 327. 
(Cambridge University Press: London, 1968.) 1005. 


Tue mechanics of rotating fluids is currently attracting 
much interest from experimenters and theoreticians, partly 
because the subject is of great importance to many 
aspects of geophysics, including oceanography and geo- 
magnetism, solar physics and astrophysics, and to turbo- 
machinery and aerodynamics. In addition it contains 
many novel features, like the Taylor column and double 
boundary layers, and is a fine example of the mutual 
benefits which flow from a joint attack on difficult prob- 
lems by both theoreticians and experimenters. Finally, 
it is a game which anyone can play: large experimental 
facilities and large computers are useful but not essential. 

The publication of this book will be welcomed by large 
numbers of scientists for a number of reasons. First, it is 
up to date with a balanced account of the progress that 
has been made up to the end of 1966 and including much 
material, presumably due to the author, which has never 
been published before. It also includes a large number of 
photographs which help to make the theoretical argu- 
ments more convincing and demonstrate the reality of the 
surprising and fascinating phenomena under discussion. 
Second, the majority of topics covered have been brought 
together for the first time so that new workers will find it 
a gold-mine of information and opinion. This brings me 
to my third reason. The subject is full of pitfalls for the 
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unwary and has led to a number of interesting contro- 
versies; for example, does a forward wake always precede 
a body moving up the axis of rotation? It is good to 
find that Professor Greenspan, himself a distinguished 
theoretieal (and experimental) worker in the field, has 
brought most of these controversies out into the open and 
has been prepared to express firm opinions on them. 
(Fortunately his views usually coincide with mine.) 
Fourth, he makes it clear that there are many questions 
still awaiting answers so that the book will remain for long 
a source of theses and papers. Finally, the author's style 
of writing the book is entirely appropriate to the nature 
of the task before him. "The basie ideas are explained in 
detail while the developments are discussed more briefly, 
the reader being referred for further information to a list 
of references which is complete, to my knowledge, at least 
80 far as the West is concerned. 

After a short introduction the book has a long chapter 
on the linear theory of contained motions, that is, when 
the fluid is confined by rigid boundaries and is in a state 
of almost rigid rotation. The discussion largely concen- 
trates on inertia waves, Ekman and vertical shear layers, 
all of which play important parts in the fluid motions. 
My only, and mild, complaint about the book occurs here. 
It seerns to me that the double boundary layer (page 103) 
is made more mysterious by studying a special case for 
which a complete solution is available. A strictly boun- 
dary layer approach, such as that initiated by Jacobs, 
is more revealing and natural. 'The next chapter, on non- 
linear theories, deals largely with viscous effects on fluid 
motions caused by rotating disks and spheres, and chapter 
four discusses exterior problems when the fluid is bounded 
internally, by a moving sphere, for example. Next, the 
simplifications which can arise by integrating the equations 
with respect to the depth are examined together with their 
relevance, after suitable approximations, to the problems 
of oceanie circulation. Finally, the stability of fluid 
motions dominated by rotation is reviewed, including 
valuable discussions of Ekman layers and the ‘“‘dish-pan”’ 
experiment. 

In brief, an excellent book and unreservedly recom- 
mended. K. SrEWARTSON 


NON-LINEAR PROBLEMS 


Nonlinear Two Point Boundary Value Problems 
By Paul Bailey, Lawrence F. Shampine and Paul E. Walt- 
man. Pp. xiü-- 171. (Academic Press: New York and 
London, 1968.) 88s. 8d. 
Many problems of applied mathematics can be reduced to 
the study of solutions of non-linear ordinary differential 
eauations of the second order 

y" (x) + flo yix), (2)] = 0, 
(ax xx b) which satisfy the conditions of y(a) - A, y(b) — 
B-—when we have what is called the first boundary value 
problem-—-—or either of the pair of conditions y(a) = A,y'(b) 
=m or y'(a) =m, y(b) = B—when we have the second boun- 
dary value problem. 

This book is an account of a number of elementary ideas 
and methods which are useful in the discussion of both 
types of problem. 'The authors do not set out to cover the 
subjeet in depth or to prove theorems under the weakest 
possible conditions, but rather to show how questions of 
existence and uniqueness of solutions of boundary value 
problems can be studied by elementary methods that are 
entirely rigorous. They are, of course, often forced into 
using arguments that are slightly longer than would be 
necessary if a knowledge of topology or functional analysis 
could be assumed, but their approach has the great advan- 
tage that a physieist, chemist or engineer interested in 
such problems should find their treatment easy to under- 
stand. 
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There are in all nine chapters of the book. After two 
introductory chapters dealing with a deseription of the 
problems to be considered and with a few observations 
relating the intervals in which there exist unique solutions 
of the first problem to the corresponding intervals for the 
second, the book is concerned with two quite distinct. 
approaches to these non-linear boundary value problems. 

The first is through a sequence of solutions of 
related linear boundary value problems. Picard’s iter- 
ation method, which is a familiar example of this type of 
approach, is discussed in the third chapter and computa- 
tional techniques based on this approach are discussed in 
this chapter. 

The alternative approach is through the solution of non- 
linear initial value problems—in which the boundary con- 
ditions are replaced by y(a)=A, y’(a)=m. Although 
solutions of this kind are difficult to obtain, quite a lot is 
known about their qualitative behaviour and methods based 
on this second approach can be very effective. Theoret- 
ical problems connected with this approach are considered 
in chapters 4-7, and the corresponding methods for numer- 
ical computation of solutions are described. 

The book is well written and attractively produced. A 
student or research worker wishing to become expert in 
this field would, of course, have to study much of the 
material cited in the very useful “comments and biblio- 
graphy" at the end of each chapter, but it is difficult to 
conceive of a better introduction to the subject. 

Jan N. SNEDDON 


MEDIEVAL ASTRONOMY 


Ibn al-Muthanna’s Commentary on the Astronomical 
Tables of al Khwarizmi 

Edited and translated, with an astronomical commentary, 

by Bernard R. Goldstein. (Yale Studies in the History of 

Science and Medicine, 2.) Pp. x - 408. (Yale University 

Press: New Haven and London, 1967.) $17.50; 157s. 


UNLIKE most branches of natural science in the period 
between classical antiquity and the renaissance, astronomy 
has an interest extending beyond the reconstruction of the 
thought of the vanished age. The restoration of astronomy 
in the fifteenth and sixteenth centuries did not, and did 
not even claim to, reject its more recent antecedents for a 
return to classical sources. At least up to Kepler, one must 
consider a continuous tradition of doctrine and technique, 
extending back through medieval sources to Ptolemy and 
his predecessors. Because the technieal work was genuine 
applied mathematics, 1t is possible to study it as a piece of 
old science without distorting its meaning in its own time; 
although the historian must keep in mind that to a large 
extent this astronomical material was used and conceived 
as the raw data for astrological science. 

Some internal characteristies of medieval astronomy 
also repay consideration. The practitioners frequently had 
available to them a corpus of very sophisticated work, 
which they were not always competent to understand, and 
their blunders can be as instructive as their successes. For 
the mathematical sciences generally achieved maturity so 
many centuries ago that it is difficult for the modern en- 
quirer to imagine them in a state of confusion analogous to 
that of the sciences devoted to more complex phenomena 
in our own age. But in this earlier period, one can see a 
"hard" science in a rather "soft" state, not only with 
respeet to its eonceptual foundations but even in its 
technique. Moreover, a study of such texts provides 
information on the problems with which astronomers 
then aetually concerned themselves, which were not at 
al the same as the reconstructed grand tradition of 
planetary predictions. 

The creation of a history of medieval astronomy has 
proceeded at a leisurely pace over the past two centuries, 
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< and many important sources remain unedited and inac- 


cessible. The present work is devoted to filling the gaps 
in à erucial chapter in the history: the re-creation of 
astronomieal seience in the early Islamie period. Charac- 
teristieally, the documents derive from another transi- 
tional period, that of the twelfth-century translations 
from Arabie, which sometimes yielded a Latin text, but 
which often, as in this case, remained in the Hebrew. 
The present work presents two edited texts from the 
same source in the tenth century; one of them is almost 
certainly by Abraham Ibn Ezra. The same material 
served as a source for a variety of later surviving texts, 
some in Latin, one of them edited. The particular interest 
of this family of texts is that their source dates from a 
period when Ptolemaie methods were being introduced 
into an astronomieal tradition which had hitherto been 
based on Indian sources. The two traditions were incom- 
patible, both in their theoretical structure and in their 
accepted data; and the partly successful efforts of Ibn 
al-Muthanná to reconcile his refractory materials provide 
information on the materials themselves and on the level 
of competence of the author and of those who later used 
his text. English translations of both texts, and technical 
notes enabling the reader to reconstruet the astronomical 
arguments, complete the edition. J. R. Ravetz 


WHERE TO FIND OUT 


Aslib Directory 

Edited by Brian J. Wilson. Vol. 1: 
in Science, Technology and Commerce. 
(Aslib: London, 1968.) 126s. 


Tris new edition of the Aslib Directory will be warmly 
welcomed because it is more than ten years since the last 
edition was published. Unlike the earlier edition the new 
one is appearing in two parts. So far only the first part 
has appeared: that covering sources of information in 
the fields of science, technology and commerce. The volume 
covering law, medicine, social sciences, history, geography, 
theology, and the arts generally is yet to be published. 
Whereas the 1957 edition concentrated principally on 
fairly well developed libraries and information services, 
the new edition has much more emphasis on organizations 
as sources of information. In addition to industrial firms 
and rescaich and trade associations, it covers professional 
and learned societies, university departments, technical 
colleges, government departments and laboratories and 
a host of other laboratories, so that it is extremely wide 
ranging in its scope. There are also sections on the 
Ministry of Technology industrial liaison centres, and 
on national, regional and local schemes of library co- 
operation. Interpretation of subject coverage is very 
broad: one can discover where to obtain information 
on subjects as far apart as the husbandry of clovers, 
eompulsory purchase, geodesy, locusts, the rainwear trade, 
pet foods, picture postcards and police rattles. 

The entries are arranged geographically in alphabetical 
order of postal towns. Details given include the scope 
and stock of the library of each institution and an indi- 
cation of publications produced. There is a name index 
which includes all the names of the organizations men- 
tioned in the text and also those of named specialized 
collections. A detailed subject index concludes the book. 
This is particularly useful because the secondary interests 
of organizations have been indexed as well as the primary 
interests. 

The directory overlaps with other directories to 
some extent; for example, Industrial Research in Britain 
(Harrap; sixth edition, 1968) and the Directory of 
British Associations (CBD Research, Beckenham, Kent: 
second edition, 1967). A library with all three would 
have a very good coverage of sources of information in 
science and technology in Britain. Saran BuNNEY 


Information Sources 
Pp. vili+ 920. 
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CORRESPONDENCE 


University Government 

Sin, —Pflaum and Miller in their letter from New Zealand 
concerning university administration suggest that, since 
the series of articles in Nature on university govern- 
ment did not call forth a reply from your readers, no 
possible changes in the government of British universities 
are contemplated (Nature, 219, 1292; 1968). Because 
this is far from the truth I would like to reply to their 
letter as follows. 

All aspects of university administration and finance are 
under continuous discussion but let me limit myself to 
the main topic raised by Pflaum and Miller, namely. 
representation on the senate or academic governing body 
of the university. In many cases the members of the 
senate of our universities are almost exclusively the 
professors and heads of departments. Often the non- 
professorial staff are also represented but they will claim, 
with justice, that on a numerical basis they are very much 
under represented. There is, therefore, a demand that the 
senate should be more representative of the staff as a 
whole. A further demand comes from the students who 
in nearly all cases will be seeking representation on the 
senate for the first time. 

The question of student representation will almos 
certainly be hotly debated in the coming session. One's 
impression is that the staff on the whole feel that to grant 
such representation would be wrong since the senate is 
the body charged with responsibility for all academic 
matters, including courses and appointments. Since there 
is no suggestion that students should share the respon- 
sibility for these activities it would really seem a sham to 
allow students to join the senate. This is not to say that 
students should not participate in various senate sub- 
committees or that they should not have representatives 
on, say, the council of the university or other bodies which 
are concerned with matters other than those specificallv 
connected with the maintenance of academie standards. 

As to the proper representation of staff on the senate, 
this seems to me impossible as long as all professors 
automatically serve on that body. To have a senate 
consisting of all professors and a reasonable representation 
of the non-professorial staff would lead to one whieh was 
too large to serve any useful function. However, as long 
as heads of departments are responsible for their virtually 
autonomous departments and report directly to the uni- 
versity I see no possibility of removing them from the 
senate. An alternative which I much prefer is that 
departments should be grouped into schools which are 
made up of semi-autonomous departments. The chairman 
of each school is then elected in a proper manner by the 
staff of the departments which make up the school. The 
chairman of the schools would then be responsible for 
positive decision making in the university and would 
serve on the senate but the other professors would not 
necessarily do so. The senate could then truly represent 
the whole of the academic staff and could be a suitable 
body to look after all the academic interests of the 
university. 

I am sure that many of the universities in this country 
are experimenting along these lines. Far from com- 
placency there is much thought going into these matters, 
but nobody can be sure that he has the right answers, for 
what we are all striving for is positive direction within 
the democratie framework and this is always difficult to 
achieve. 














Yours faithfully, 


P. N. CAMPBELL 
The University of Leeds, 
Department of Biochemistry, 
9 Hyde Terrace, 
Leeds 2. 
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Superconductors in Power Plants 

Str,—In my article discussing engineering limitations of 
superconductors in power plant (Nature, 219, 1317; 1968) 
I said that excitation of the International Research and 
Development 3,250 horse-power superconducting homo- 
polar machine could be achieved with conventional con- 
ductors and for the £40,000 cost of helium refrigeration 
plant. 

T regret that an analysis which led me to this conclusion 
proves to be wrong and I wish both to withdraw this 
comment and to apologize for any confusion that it may 
have caused. 

Yours sincerely, 
K. J. R. WILKINSON 
The General Electric Co. Ltd, 
Hirst Research Centre, 
Wembley, Middlesex. 


Evaluation of 'Alcotest R80' Reagent Tubes 


Sig,—Although the design and execution of their study 
of the ‘Alcotest’! were impeccable, I suggest that Messrs 
Day, Muir and Watling are somewhat unfair to the device 
in their discussion and conclusions. 

They state that their aim was “to evaluate the use of 
the ‘Aleotest’ tubes as a means of enforcing the 80 mg 
limit" and suggest that “it would be better for a blood 
test to be taken”. In fact, of course, a blood test is always 
taken if the two ‘Alcotest’ results are positive, and the 
‘Alcotest’ is not used for enforcement but for screening 
purposes only, as suggested by the OECD report that they 
quote. 

Their conclusion that, even as a screening test, the 
‘Alcotest’ would be unacceptable is open to question. The 
usefulness of a screening test depends at least as much on 
the circumstances under which it is used as on its accuracy 
and precision. Their figures suggest that the ‘Alcotest’ 
allows very few people over the limit to escape, which is 
obviously desirable, for the 80 mg limit is well above 
the levels reached in normal social drinking?. Whether 
the relatively high false positive rate is too great a price 
to pay for this is a matter of opinion. It could obviously 
be reduced by making the test less sensitive, but only at 
the cost of allowing a larger proportion of the guilty to 
escape. Moreover, it is likely that the test is less sensitive 
in the hands of the police than when used by careful 
experimenters working in the laboratory, because, apart 
from possible differences of reading criteria, almost all 
technical errors lead to a low result?. 

The test might, however, be made more precise by 
providing for an end tidal breath sample instead of mixed 
expired air as at present?. A simple and inexpensive device 
for doing this has been described‘, but because it requires 
the subject to give a larger breath sample it increases the 
probability of a subject claiming to be, or being, genuinely 
unable to give a proper sample. 

Although to have a serious charge hanging over one's 
head for up to 3 weeks is an unpleasant experience, the 
persons concerned are by no means absolutely guiltless. 
'To have à sustained blood alcohol even as low as 30 mg 
they must have consumed a substantial amount of alcohol, 
and they must then have committed a moving traffic 
offence or have been involved in an accident. The reduc- 
tion in fatal and serious accidents that has occurred since 
the Act came into force has been such that this small 
defeet in its administration seems trivial by comparison. 


Yours faithfully, 


B. M. WRIGHT 
National Institute for Medical Research, 
Mill Hill, 
London NW7. 
! Day, M., Muir, G. G., and Watling, J., Nature, 919, 1051 (1908). 
t Wright, B. M., Brit, Med. J.,1, 814 (1963). 


? Grosskopf, K., Alcohol and Road Traffic, BMA, 281 (1963). 
* Wright, B. M., J. Physiol., 184, 66 (1966). 
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University News 


Dr K. Simkiss, Reading, has been appointed to the 
chair of zoology tenable at Queen Mary College, 
London. The title of professor has been conferred on 
the following: Dr A. G. Davies, chemistry, in respect of 
his post at University College; Dr P. J. Lawther, 
environmental medicine, in respect of his post at St 
Bartholomew's Hospital Medical College; Dr A. P. 
Willmore, physics, in respect of his post at University 
College. 


Appointments 


Professor W. A. Hiltner, professor of astrophysics at 
the University of Chicago, has been elected president of 
the Association of Universities for Research in 
Astronomy. 


Mr G. H. Caldwell has been appointed chief of the 
Water Survey of Canada, a division of the Department 
of Energy, Mines and Resources. 


Mr J. Blears, chief engineer of the Scientifie Apparatus 
Department, GEC-AEI, has been appointed first per- 
manent director of industrial studies in the University 
of Liverpool. 


Dr R. B. Tibby has been appointed director of the 
Catalina Marine Science Center in the University of 
Southern California. 


CORRIGENDUM. In the communication “New Method to 
Limit Abundance of Cosmic Ray Quarks” by L. Marshall 
Libby and F. J. Thomas (Nature, 219, 711; 1968) the 
second equation in appendix 4 should read 1/T = (4/3) 
1 

3e2/h c3) ri s. 
fure trem (3 x 10-1? s) 
tom of the same appendix should read “For Q-?/*, Q-4/5, 
Q-5/5, . . . the chains may be shorter". 


Erratum. In the advertisement for George T. Gurr 
(Nature, August 24, 219, ix; 1968) the address should 
read 14 Carlisle Road, The Hyde, London, NW9. Tel.: 
01-205-5432. 


Erratum. In the issue of August 10 (Nature, 219, xi; 
1968) the price of the book Positive Feedback by John 
Milsum, published by Pergamon Press, Ltd, was incor- 
rectly given as 52s. It should be 52s. 6d. 


Erratum. In Fig. 1 of the article “Significance of Sex 
Chromosome Derived Heterochromatin in Mammals” by 
J. L. Hamerton (Nature, 219, 910; 1968) the words 
“cortical stimulation" and “medullary stimulation" 
immediately under the XX and XY chromosomes have 
become transposed. Medullary stimulation refers to the 
XY gonad and cortical stimulation to the XX gonad 
and not as shown. On page 913 the last sentence of 
paragraph 4 should read “.. . and it may be that, like the 
t-alleles in the mouse‘, it should be considered as a 
short chromosome region rather than as a single gene”. 


The tenth line from the bot- 


Erratum. The cpening sentence of the communication, 
“Rosette Forming Cells in Non-immunized Mice” by R. 
Laskov (Nature, 219, 973; 1968), should read "Antibody 


E 


producing cells can be detected . . .”. 


Erratum. In the communication, "Particles associated 
with Australia Antigen in the Sera of Patients with 
Leukaemia, Down's Syndrome and Hepatitis" by Man- 
fred E. Bayer, Baruch S. Blumberg and Barbara Werner 
(Nature, 218, 1057; 1968), the second sentence of the 
sixth paragraph should read “The antiserum produced in 
the rabbit was prepared by immunization with the serum 
of a patient (C. de S.) suffering from chronic lymphocytic 
leukaemia; subsequently the antiserum was absorbed 
with the sera of normal individuals". 
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International Meetings 


October 23, Computer Simulation of Plant Growth, 
National Vegetable Research Station, Wellesbourne (Allen 
Cooper, Convenor, Plant Physiology Group, Glasshouse 
Crops Research Institute, Worthing Road, Littlehampton, 
Sussex). 


November 4-7, Techniques of Data Handling for 
Tactical Systems, Amsterdam (Avionics Panel, Advi- 
sory Group for Aerospace Research and Development, 
7 rue Ancelle, 92 Neuilly-sur-Seine, France). 


November 4-8, Operational Research in Electrical 
Power Systems, Athens (HELORS Conference Oreps, 
"Gen. R. Spanoyannakis, Kapodistriou 28, Athens 147, 
Greece). 


November 4-9, 15th annual meeting of International 
North Pacific Fisheries Commission, Seattle (6640 
Northwest Marine Dr., Vancouver 8, BC, Canada). 


November 4-12, Biology and Nuclear Medicine, Buenos 
Aires (Dr V. Pecorini, Association Argentina de Biologia 
y Medicina Nuclear, Avda, Santa Fe 1145, Buenos Aires, 
Argentina). 

November 7-9, Sodium Technology, Argonne Labora- 
tory (Dr D. Okrent, Director's Office, 9700 South Cass 
Av., Argonne, Illinois 60439, USA). 


November 10-16, Zoology, Caracas (C. E. Machado- 
Allison, Secretary, c/o University of Caracas, Caracas, 
Venezuela). 


November 10-December 23, Geographical Congress, 
New Delhi (Professor S. Chatterjee, President, Inter- 
national Geographical Union, c/o National Atlas Organiza- 
tion, 1 Acharya Jagadish Bose Road, Caleutta 20, India). 


November 11-13, Economic Geologists, Mexico (Robert 
A. Laurence, Secretary, PO Box 1549, Knoxville, Ten- 
nessee, USA). 


November 11-14, Aircraft Cockpit Environment, 

Amsterdam (Avionics Panel, Advisory Group for Aero- 

space Research and Development, 7 rue Ancelle, 92 
euilly-sur-Seine, France). 


November 11-16, Arterial Hypertension, Buenos Aires 
(Dr Alberto C. Taquini, jun., Montevideo 1390, Buenos 
Aires, Argentina). 

November 12-13, Chill-casting for Ferrous Metals, 
Leipzig, H. Hoffmeister, c/o Zentralinstitut fur Giesserei- 
technik, Gerhard-Ellrodtstr. 24, 7034 Leipzig, Germany). 


November 18-21, Cellular Plastics Conference, New 
York (Dr 8. Steingiser, c/o Monsanto Research Corpora- 
tion, Station BPO 8, Drayton, Ohio 45407, USA). 


November 20-21, Epizootics, Scheveningen (Burge- 
meester de Monchyplein 14, The Hague, Netherlands). 


November 20-26, Automation and Instrumentation 
Conference and Exhibition, Milan (Federazione delle 
Associazione Scientifiche e Techniche di Milano, Piazzale 
Rodolfo Morandi 2, 20121 Milan, Italy). 


November 22-24, Occupational Health, Bombay (Dr 
J. C. Kothari, c/o Esso Standard Eastern, PO Box 355, 
Bombay 1, India). 


November 25-30, Psychiatry, Bogota (Committee Organ- 
izer, Aptd. Aereo 20553, Bogotá 2, Colombia). 


November 26-27, Aerospace Exposition, Montreal 
(Dr B. G. Newman, e/o Department of Mechanical 
Engineering, McGill University, Montreal 2, Canada). 


November 30-December 1, Pharmacological Treat- 
ment in Burns, Milan (Professor A. Bertelli, Società 
Italiana di Farmacologia Clinica, Via Vanvitelli 32, 
20129 Milan, Italy). 

December 16-20, Relativistic Astrophysics, Dallas 
(Ivor Robinson, Southwest Center for Advanced Studies, 
PO Box 30365, Dallas, Texas 75230, USA). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the publici 


Monday, October 14 


BRITISH COAL UTILIZATION RESEARCH ASSOCIATION (at the Confederation 
of British Industries, 21 Tothill Street, London, SW), at 5.80 p.m.—Dr H. E. 
Crossley: “Coal Science Techniques for the Electricity Generating Industry" 
(Seventeenth Coal Science Lecture). 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WES} 
E = 30 p.m.—Dr H. E. Rowe “Propagation in a Random One-Dimensional 
edium"'. 


INSTITUTION OF MECHANICAL ENGINEERS, FLUID PLANT AND MACHINERY 
GROUP (at 1 Birdeage Walk, Westminster, London, SW1), at 6 p.m.-—Diseus- 
sion meeting on “Standardization of the Performance and Dimensions of the 
Centrifugal Pump”. 


OIL AND COLOUR CHEMISTS’ ASSOCIATION, SOUTHERN PRANON tat Keppels" 
Heada Hotel, Portsmouth), at 7.80 p.m.—Mr G. C. R. Russel: “Thick 
oatings''. 


Monday, October 14—Friday, October 18 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2)-— 
Conference on “The Performance of Electrified Railways’. (A Survey of 
Main-Line and Rapid Transit Systems in Many Countries.) 


Tuesday, October 15 


SOCIETY OF CHEMICAL INDUSTRY, AGRICULTURE GROUP (at 14 Belgrave 
Square, London, SW1), at 10 a.m.— Meeting on “World Plant Nutrient 
Reserves and their Conservation". 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WER) 
at 5.20 p.m.— Mr P. G. Holmes and Mr J. G. Smithson: “The Development 


of an Improved Electric Trawl Winch Control for Stern Trawlers". 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 5,30 p.m,— 
Mr E. Ironmonger: “Visual Topology". (Lecture for Sixth Form Boys and 
Girls from Schools in London and the Home Counties. To be repeated. on 
October 16, 22 and 23.) 


INSTITUTION OF MECHANICAL ENGINEERS, ASHONONTA Division (at 1 
Birdcage Walk, Westminster, London, SW1), at 6 p.m.—-Annual Meeting. 
6.30 p. A. —Dr J. H. Weaving: “Two Strokes and Turbines” (Chairman’s 
address 


UNIVERSITY OF LONDON, DEPARTMENT OF EXTRA MURAL STUDIES; and 
the LINNEAN SOCIETY OF LONDON (at the Linnean Society, Burlin: ton House, 
Piccadilly, London, W1), at 6.80 p.m.—Dr Errol I. White, ie 
Beginnings of Palaeontology”. se of twelve lectores on “Ehe Historieat 
Background to Modern Zoology”. 


Wednesday, October 16 


ROYAL INSTITUTION, History OF SCIENCE DISCUSSION Grovr (at 21 
Albemarle Street, London, W1), at 1 p.m.—Mr Frank Greenaway: “Animal 
Heat—a Case History in Early Biochemistry"'.* 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.— Discussion meeting on “The MSc-—Devaluation or Revalua- 
tion ?” pene by Dr B. Arrol and Professor H. A. Prime. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.— Professor J. C. Anderson: “Thin Film Transistors”. 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, AEROSPACE, MARI- 
TIME AND oe, SYSTEMS GROUP (at 9 Bedford Square, London, WCD, 
at 6 p.m.—Mr 8. S. D. Jones: “Airborne Collision Avoidance Systems". 


INSTITUTE OF rege toad (at the National College for Heating 
Ventilating, Refrigeration and Fan Engineering, Southwark Bridge Road, 
London, SE1), at 6 p.m.—Mr James A. Brewster: Presidential address. 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage, Walk, Westmin- 
ster, London, SW1), at 6 p.m.—Diseussion meeting on ,'Supercharging 
Vehicle Diesel Engines by the Comprex System". 


SOCIETY OF CHEMICAL INDUSTRY, PLASTICS AND POLYMER GROUP fat ihe 
Technical College, Gloucester), at 7.30 p.m.— Professor M. Gordon: The 
Relationship Between Structure and Properties of High Polymers”. 


Thursday, October 17 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, JOINT TERETERE 
COMPUTER GROUPS (at the Middlesex Hospital Medical School, Cleveland. 
Street, London, W1), at 10 a.m. and 2 p.m.—Colloquium on "System 
Structures of Modern Computers". 


SOCIETY OF CHEMICAL INDUSTRY, FOOD GROUP (at the Royal Society, 6 
Carlton House Terrace, London, SW1), at 10 a.m.—8ymposium on "New 
Sources and Forms of Protein for Human and Animal Nutrition". 


INSTITUTION OF MINING AND METALLURGY {at the Geological Society, 
Burlington House, Piccadilly, London, W1), at 5 p.m.—Dr J. W. Norman: 
""Photogeology of Linear Features in Areas covered with Superficial De- 
posits’; Dr R. A. J. Shelton: ""Thermodynamie Analysis of the Van Arkel 
Todide Process”: and ‘Rate of Deposition of Zirconium in the Van Arkel 
Iodide Process". 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC), at 
5.30 p.m.— Discussion meeting on “Product Decision Making in the Blee 
tronics Field". 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, COMMUNICATIONS 
GROUP (at 9 Bedford Square, London, WC1), at 6 p.m.—Mr E. R. Bout and 
Mr. A. H. Jones: "PCM for Point to Point Music Transmission". 


SOCIETY OF CHEMICAL INDUSTRY, FOOD GROUP Goint meeting with RSH 
Food and Nutrition Section, and IFST, at ae Royal Society, § Cariton 
House Terrace, London, SW 1. at 6.15 p.m,—Symposium on “New Sourees 
and Forms of Protein for Human and Animal Nutrition", 


OIL AND COLOUR CHEMISTS’ ASSOCIATION (at brand C ollege London, 
Gower Street, London, WC1), at 6.30 p.m.—Mr G. S. Saunders: “Manage 
ment by Objectives i in Research and Development". 
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. ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE (at Manson House, 
26 Portland Place, London, WH), at 7,80 p.m.—Dr F. Hawking, Mr M. J. 
Worms and Mr K. Gammage: "24 and 48 Hour Cycles of Malaria Parasites in 
the Blood: Their Purpose, Production and Control". 


SOCIETY OF CHEMICAL INDUSTRY, OILS AND Fats GROUP (at the Donnan 
Laboratories, The University, Liverpool), at 7.30 p.m.— Professor R. A. 
Morton, FRS: “Polyisoprenoid Constituents of Lipids". 


Thursday, October 17— Friday, October 18 


INSTITUTION OF MECHANICAL ENGINEERS, PROCESS ENGINEERING GROUP 
(at 1 Birdcage Walk, Westminster, London, SW1)-—Symposium on “ Atmos- 
phone Denon by Industrial Processes and a Review of Treatment 

ethods'', 


Friday, October 18 


ROYAL Soctgry (at 6 Carlton House Terrace, London, SW1), at 10.30 a.m. 
— Discussion Meeting on “Scientific Information". 

ROYAL INSTITUTION, PHOTOCHEMISTRY Discussion GROUP (at 21 Albe- 
marie Street, London, W1), at 1 p.m.— Dr J. Barrett: “Photochemistry of 
0-0 Bonds".* 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 9 p.m.— 
Professor R. V, Jones, FRS: ‘More and More about Less and Less". 


Friday, October 18— Saturday, October 19 


PIERRE TEILHARD DE CHARDIN ASSOCIATION OF GREAT BRITAIN AND 
IRELAND (at St. Pancras Assembly Rooms, Euston Road, London, NW1), at 
5.30 p.m, on Friday and 9.30 a.m. on Saturday—Conference on “Mankind 
Evolving—China and the West". 


Saturday, October 19 


BIOCHEMICAL SocrETY (at the Unilever Research Laboratory, Colworth 
House, Sharnbrook, Bedford)—487th Meeting. Dr M. H. Richmond: *'Extra- 
chromosomal Genetie Elements and Evolution to Drug-Resistance in Bac- 
terial Populations" (Fourth Colworth Medal Lecture). 


Monday, October 21 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 10 a.m.-—Colloquium on “Electrical Passenger Vehicles". 


SOCIETY OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Belgrave 
Square, London, 8W1), at 5 p.m.—Dr N. G, Morgan: "Spray Application 
Efficiency in Fruit Crops". 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND STUDENT 
SECTION (at Savoy Place, London, WC2), at 6.30 p.m.—Mr J. Miley: ''Con- 
trol of a Large Power System" (Chairman's Inaugural Address). 





REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 
Great Britain and Ireland 


The Radiochemieal Centre. Technical Bulletin 68/12: Radiation Sources 
for Detectors in Gas Chromatography. Pp. 2. (Amersham: The Radio- 
chemical Centre, 1968.) [139 

Philosophical Transactions of the Royal Society of London. Series A: 
Mathematical and Physical Sciences. No. 1140, Vol. 263 (20 August 1968): 
Characteristics of the Defocused Spherical Fabry-Pérot Interferometer as a 
Quasi-Linear Dispersion Instrument for High Resolution Spectroscopy of 
Pulsed Laser Sources. By D. J. Bradley and C. J. Mitchell. High Resolution 
Spectroscopy of Narrow Band Giant Pulse Lasers: Time-Dependent Fre- 
quency Shifts in Ruby. By D. J. Bradley, M. 8. Engwell, A. W. McCullough, 
G. Magyar and M. C. Richardson. Pp. 209-237+6 plates. (London: The 
Royal Society, 1908.) 25s.; $3.25. [139 

Planning, Vol. 34, No. 503 (September 1968): The Control of Company 
Fraud. By Tom Hadden. Pp. 273-333. (London: Political and Economic 
Planning, 1968.) 10s. 169 

The Cause of Gravitation. By A. B. Rendle. Pp. 6. (Gt Bookham: Modal 
Research, 1908.) 55. [160 

Ministry of Public Building and Works. Sand and Gravel Production 
1966-67. Pp.19. (London: H.M. Stationery Office, 1968.) 35. net. [169 

Cumbernauld 67: a Household Survey and Report. By Professor A. J. M. 
Sykes, Dr J. M. Livingstone and M. Green. Pp. 67. (Glasgow: Department 
of Sociology, University of Strathelyde, 1968.) [169 

Pictorial Science, Vol. 1, No. 1, October 1968. Pp. 24. (London: Evans 
Brothers, Ltd, 1068.) 4s. 6d. (160 
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Other Countries 


Pharmaceutical Manufacturers Association. 1968 Annual Report. Pp, 23. 
(Washington, DC: Pharmaceutical Manufacturers Association, 1968.) [69 

Rubber Research Institute of Malaya. Annual Report 1967, Pp. 113. 
(Kuala Lumpur: Rubber Research Institute of Malaya, 1908.) $3. {69 

The Year Book of the National Institute of Sciences of India, 1968. Pp. 
xii-- 290. (New Delhi: National Institute of Sciences of India, 1968.) [69 

Republic of the Sudan. Ministry of Agriculture, Agricultural Research 
Division. 1963-1964 Annual Report, for the season 1 July 1963 to 30 June 
1964. Pp.235. (Khartoum: Ministry of Agriculture, Agricultural Research 
Division, 1968.) {69 

Canada: Department of Energy, Mines and Resources. Geological Survey 
of Canada Paper 68-11: Triassic Stratigraphy between Athabasca and 
Brazeau Rivers of Alberta, By D. W. Gibson. Pp, vi--84. $2, Paper 
67-65; Triassic Stratigraphy between the Athabasea and Smoky Rivers of 
Alberta. By D. W. Gibson. Pp. v+114 (8 plates). $2. Paper 68-37: A 
Recording Thermomagnetic Balance. By E. J. Schwarz. Pp. iv^ 1l. 
$1.50. Paper 68-39: Some Chemical Features of Lead-—Zine Deposits in 
Carbonate Rocks. By D. F. Sangster. Pp. iv+17. $1.50. Economic 
Geology—Report No. 24: Groundwater in Canada. By Officers of the 
Geological Survey of Canada. Edited by I. C. Brown. Pp. 228. $7. Geo- 
logical Maps—Preliminary Series. Map 19-1967: Gleichen, West of Fourth 
Meridian, Alberta. Map 20-1967: Lethbridge, West of Fourth Meridian, 
Alberta. Map 22-1967: Foremost, West of Fourth Meridian, Alberta. 
(Ottawa: Queen's Printer, 1967 and 1968). {69 








Smithsonian Miscellaneous Collections. Vol. 153, No. 1: Morphology and 
Systematics of the Bryozoan Genus Metrarabdotos, By Alan H. Cheetham. 
(Publication 4733.) Pp, vii--121--18 plates. (Washington, DC: Smith- 


sonian Institution Press, 1968.) [09 
Institut Royal Météorologique de Belgique. Publications, Série B, No. 53: 
Le Tempsen 1967. Par Dr R. Sneyers. Pp.52, (Uccle-Bruxelles: Institut 
Royal Météorologique de Belgique, 1968.) ; {99 
Fisheries Research Board of Canada. Bulletin 165: Carpin Canada. By 
H. R. McCrimmon. Pp.ix-- 94. (Ottawa: Queen's Printer, 1968.) $2, [99 
Le Conseil des Recherches Agricoles. Recherches Agronomiques—Som- 
maire des Résultats, 1966/1967, (No.12,1967.) Pp. 71. (Québec: Ministère 
de l'Agriculture et de la Colonisation du Québec, 1967.) {a9 
University of California Publicationsin Zoology, Vol, 85: Reproduction in 
Brown Lemmings (Lemmus trimucronatus) and Its Relevance to Their Cycle 
of Abundance. By David A. Mullen. Pp, 24. (Berkeley and Los Angeles: 
P pud of California Press; London: Cambridge University Press, 1968.) 
.50. f 
Board of Grain Commissioners for Canada. Grain Research Laboratory 
1967 Report. Pp. vi-90. (Ottawa: Queen's Printer, 1968.) 99 
Canada: Department of Energy, Mines and Resources. Bulletin 164: 
Deglaciation Studies in Kamloors Region, an Area of Moderate Relief, 
British Columbia. By R. J. Fulton. Pp. 36. (10 plates.) $2. Bulletin 164: 
Index and List of Titles, Fisheries Research Board of Canada and associated 
Publication, 1900-1964. By Neal M, Carter. Pp. xviii-- 649. $1. Paper 
67-51: Rocks and Minerals for the Collector, Kingston, Ontario to Lac St- 
Jean, Quebec. By Ann P. Sabina. Pp. xii+ 147. $52. Paper 68-3: 1967- 
1968 Index of Publications of the Geological Survey of Canada. By D. 
Snowden. Pp. 75. Paper 68-23: Some Problems of the Quaternary Palyn- 
ology in the Western Mainland Region of the Canadian Arctic. By J. 
Terasmae. Pp. v+26. $1.50. Paper 68-35: The Petrology of the No. 10 
(Balmer) Coal Seam in the Natal Area of the Fernie Basin, British Columbia. 
By A. R. Cameron and 8. K. Babu. Pp. vi 57. $1.50. (Ottawa: Queen's 
Printer, 1967 and 1968.) i {99 
University of Michigan. Institute for Social Research—-a Report on Recent 
ae Pp. 104. (Ann Arbor, Michigan: University of Michigan, 
Records of the Australian Museum. Vol. 27, No. 12 (29th July, 1968): 
The Genus Cairnsimyia Malloch (Diptera, Heleomyzidae, Rhinotorini). By 
Davi K. McAlpine. Pp. 263-283. (Sydney: The Australian Museum, Mod 
A $0.65, 1 


Australia: Commonwealth Scientific and Industrial Research Organiza- 
tion. Mineral Chemistry—Research Report, 1967-68, Pp, 16, (Melbourne 
and Sydney: Division of Mineral Chemistry, CSIRO, 1968.) [109 


Flora Zambesiaca—Supplement. Edited by H. Wild and A. Fernandes on 
behalf of the Editorial Board. Vegetation Map of the Flora Zambesiaca 
Area. Pp. 7i+maps. (Salisbury, Rhodesia: M. O. Collins (Pvt), Ltd., 
1968. Published on behalf of the Governments of Portugal, Malawi, Rhodesia 
and the United Kingdom.) {119 

U.S. Department of Health, Education and Welfare, National Institutes 
of Health Publication No. 32: Thymolytic and Glycogenic Endocrine 
Bioassay Data, Entry Nos. 1698-4323 (Issue 2, May 1968). Edited by 
Arthur G. Hilgar and Lois C. Trench. Pp. 149. (Bethesda, Maryland: 
General Laboratories and Clinies, National Cancer Institute, National 
Institutes of Health, 1968.) [129 

Rhodesia. Report of the Trustees and Director of the National Museums 
of Rhodesia for the year ended 31st December, 1967. Pp. 25. (Salisbury: 
Trustees of the National Museums, 1968.) (129 

Colony of Mauritius. Meteorological Observations and Climatological 
Summaries. April 1967. Pp. 29. Mav, 1967. Pp. 34. June, 1967. Pp. 35. 
(Port Louis: Government Printer, 1968.) (129 
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ENT 

IS the start 
VE 

revolution 


World thinking is about to be changed by the Quickfit revolt against out-dated 
stopcocks . .. NOW-high vacuum, greaseless, interchangeable-all at low cost. 


The ROTAFLO stopcock has a no lubrication—No! Not even in dropping funnels. Used here it 
unique all Fluon/glass seal* with high vacuum work. ROTAFLO also brings fine flow con- 

a minimum performance of 107° keys are fully interchangeable— trol with the additional 

mm Hg. High vacuum plus is any key fits any barrel. advantages of low friction, 
standard with ROTAFLO. The ROTAFLO stopcock is also lackof cementing, chemical 
The ROTAFLO stopcock requires available on Quickfit and Clearfit and high temperature resistance 


ROTAFLO brings new precision to laboratory work . . . join the revolution and ask for full technical specification. 


P 





new design 
P.T.F.E. STOPCOCKS QUICKFIT & QUARTZ LTD., 


STONE, STAFFS., ENGLAND 
Tel: 0785-83-2121 Cables: "Quickfit' Stone 
Telex: 36226 





France Quickfit S.A. Zone Industrielle, Epernon (EBL). Ge \Fed. f 
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Classified Advertisements 


All copy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion. 
The Publishers will not be liable for any loss 
occasioned by che failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers’ errors. 
although every care is taken to avoid mistakes. 
Semi-displayed £6 per single column inch, 
Minimum £3, each additional 1/12eh of an inch 
10s. Full page £158, Half page across £80. 
Colour (orange) £20 extra. 2/6 is charged 
for the re-direction of replies to advertise- 
mants with a box number. 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement’s 
inn, Strand, London, W.C.2. Telephone: 
0105 4743, Telegrams: Textualist, London, 


The Wellcome Research Laboratories 


Electron Microscopy 
Technician 


Beckenham 


A Technician with at least 3 years’ relevant experience is 
required to work with a Philips 200 and ancillary equip- 
ment ina modem and well-equipped Department of Anaero- 
ic Bacteriology dealing with the research, development and 
AUSTRALIAN NATIONAL production of both medical and veterinary vaccines. 


DEP HIN Diss PES s The successful candidate will probably be under 30 years of 

Aoniieadani are tevin. for OESIE id age, with some experience of section cutting and cytochemi- 
two posts in the Department of Pure Mathe- cal techniques, and interested in a post where, apart from 
matics at the level of READER or SENIOR the routine administration of the microscope suite, he will be 
LECTURER or LECTURER. k is hoped that responsible for help and advice to other departments on all 


at least one post can be filled by March, 1969, i 
and the other late in 1969. Applicants’ research aspects of electron microscopy. 





APPOINTMENTS VACANT 





ieran showa lie in some branch of Modern General conditions of employment are excellent and, 

The Department of Pure Mathematics under although the laboratories are in a parkland setting, are 

Profemor Henna Neumann and tbe. Department easily reached from London and local stations. 

o poli it] atics under Professor A. k , . - 

Brown are jointly responsible for the teaching of Brief applications, quoting reference U.449, should be 

mathematics courses leading to the pass and addressed to the Senior Personnel Officer, The Wellcome 

ne. pareat of achelos DE or d Foundation Ltd., Wellcome Research Laboratories, Langley 

Master and of Doctor of Philosophy. Court, Beckenham, Kent BR3 3BS, who will provide fuller 
The salary for a reader is $49,900 per annum. details of the post and application form. 

Salaty on appointment as Senior Lecturer or (1154) 


Lecturer "will be in accordance with experience 
and qualifications within the ranges: Senior Lec- 
turer, $7,480 (5 by $4254) to $48,750 per 
annum; Lecturer, $45,400 (6 by $A270; 1 by 
$4280) to $A7,300 per annum, The University 
provides reasonable travel and removal expenses 
and assistance with housing. Superannuation is 
on the FSS.W, pattern with supplementary 
benefits. Financial assistance towards study 
leave is also available. 

Further information and the forms which 
should. accompany an application may be ob- 
tained from the Association of Commonwealth 
Universities (Branch Office), Marlborough House, 
Pall Mall, London, S,W.1. Applications close in 
Australia and London o3 November 25, 1968. 

(1084) 




















experienced in 
pharmacological research? 








UNIVERSITY OF QUEENSLAND 
BRISBANE, AUSTRALIA 
LECTURER IN MATHEMATICS 


The University is seeking post-doctoral appli- 
cants for two LECTURESHIPS IN APPLIED 
MATHEMATICS. The appointees will be ex- 
pected to join fully in the research activities of 
a research group which is concentrating on appli- 
cations of singular perturbation techniques in 
fluid dynamics, elasticity and heat convection, 
At present this group consists of four post- 
doctoral members of staff and eight research 
students, The successful applicants will also be 
expected to lecture and examine in appropriate 
branches of applied mathematics and 1o carry 
out other relevant duties. Applications for per- 
manent appointment are preferred but considera- 
tion would be given to applications for tem- 
porary appointment. The salary range for a 
Lecturer is $45,400 by $A240 (4) by $4300 G) 
to $47,300. The University provides for per- 
manem staff, superannuation similar to PSS.U., 
housing assistance, study leave and travel grants. 

Additional information and application. forms 


will be supplied upon request to the Association 
of Commonwealth Universities (Branch Office). PL ANT PHYSIOLOGY 
Marlborough House, Pall Mall, London, S.W.1. 


Applications close in London and Brisbane on 


FISONS PHARMACEUTICALS LTD. wish to appoint a graduate with a few year's 
research experience in pharmacology to the staff of the Pharmacology Department of 
its Research Laboratories. The department is wholly engaged on research projects 
which include fundamental studies of human allergy. 

Conditions of work are excellent being academic in character. Publication of results 
and attendance of scientific meetings are encouraged. 

The Company continues to expand its substantial research programme and will move 
into new laboratories in Loughborough, Leicestershire this month. These will provide 
first class facilities in a pleasant environment. 


Please write, giving brief details of age, qualifications and experience to: 

The Research 

Personnel Assistant, 

Fisons Pharmaceuticals Ltd, 


Holmes Chapel, CHESHIRE 
(1128) 











December 1, 1968. (1109) Research Assistant to work in Plant Physiology Section on biochemistry 

ott M of respiration in plants. — J ; ; i 
GRADUATES IN CHEMISTRY OR BIO- Excellent working conditions in Unilever's Food Research Laboratories 

chemistry are invited to apply for a Research near Bedford. 

—M 1o Work on tbe kinola g ceun Qualifications: H.N.C. or degree in biochemistry. . 

Should be suitable for submission ‘for a Ph.D. (o OE, Superannuation Scheme. Help with relocation expenses 

Initial salary £875 to £1,125—Applications in rriec . N A 

writing, giving the names of two referees, should Applications to the Assistant Staff Officer, Unilever Research Laboratory, 

be sent io Dr. G. Curzon, Institute of Neuro- Sharnbrook, Bedford. 18D 


logy, The National Hospital, Queen Square, 
London, W.C.. (1062 
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FERMENTATION 
BIOCHEMISTRY 


A vacancy exists for a BIOCHEMIST 
to join a group carrying out fermentation 
research. The work involves investigations 
of the biochemical mechanisms controlling 
the breakdown of the carbohydrates derived 
from malted barley and will appeal to ap- 
plicants wishing to apply fundamental 
studies to industrial processes. Applicants 
should preferably have research experience 
but candidates with a good honours de- 
gree will be considered. Salary will de- 
pend on experience and qualifications and 
will be approximately similar to that paid 
for an equivalent university appointment. 

Apply to the Manager, Glenochil Re- 
search Station, Scottish Grain Distillers 
Limited (the Distillers Company Limited), 
Menstrie, Clackmannanshire, Soumat a 


UNIVERSITY OF BRISTOL 
VICE-CHANCELLOR 


The University invites applications for 
appointment to the  Vice-Chancellorship 
which wil become vacant on the termina- 
tion of the period of office of Professor 
rotas Collar, C.B.E,, F.R.S., on July 31, 


All applications will be considered by a 
Joint Committee of Senate and Council, 
together with nominations which may be 
received from other sources. 


Further particulars. of the appointment 
may be obtained from the University 
Registrar at the Senate House, Bristol, 
BS8 1TH. Applications will be treated in 
strict confidence and should be sent to the 
Registrar by October 23. (1178) 








THE BRITISH COUNCIL 


BRAZIL 


THE FEDERAL UNIVERSITY OF 
RIO DE JANEIRO requires by February 
1969 a VISITING PROFESSOR OF PRO- 
DUCTION ENGINEERING or VISITING 
PROFESSOR OF INDUSTRIAL ECO- 
NOMICS. Candidates should have a 
degree from a university in Britain and 
experience of postgraduate teaching and 
research supervision. A higher degree and 
a good mathematics background would be 
desirable. 


Salary: £2,760 to £3,495 per annum 
according to qualifications and experience. 
Married oversea allowance within the range 
£826 to £496, Additions for children. In- 
come tax refunded if levied. Rent allow- 
ance, Outit grant. Employer's super- 
annuation contribution paid. Medical and 
insurance schemes. Fares paid for Pro- 
fessor and family. One-year contract 
guaranteed by the British Council. 


Write for further particulars, quoting 
ref. No. 8 OU 56, to Appointments Divi- 
sion, British Council, 75 Davies Street, 
London; “WAY, 2AA- (1186) 





COMMONWEALTH 


AGRICULTURAL BUREAUX 
COMMONWEALTH INSTITUTE OF 
ENTOMOLOGY 
LONDON, S.W.7 
VACANCY FOR ASSISTANT EDITOR 
Duties: Include producing and editing the 

Institute's. publications. 

Qualifications: Experience of research and 
publication in medical or veterinary entomology ; 
good critical faculty and ability to write lucid 
and concise English essential ; reading knowledge 
of other European languages and experience in 
field experimentation desirable. 

Salary: In the scale £1,051 to £3,232 gross per 
annum (under revision). Starting salary accord- 
-ing to age, qualifications and experience. Two 
extra increments after two years’ satisfactory 
service for applicants aged 32 or under on ap- 
pointment. Provision for superannuation. 
Application forms and full particulars from 
Secretary, Commonwealth Agricultural Bureaux, 
Farnham House, Farnham Royal, near Slough, 
Bucks. 

Closing date for ap crie applications in 
duplicate, November 30, (0182) 








? PHYSICIST 


is required to look after the measurement of large water flows, as a 
service to new Power Stations during acceptance testing and per- 
formance investigations of circulating water pumps and cooling towers. 
Flows are measured with high accuracy by the use of radio-active isotope 
injection, current meters, and related techniques. 


The successful candidate will be based at LEEDS, and will be required 
to work largely on his own initiative, He will spend much of his time 
away from base at new Stations in the Board's jive regions. 


He wili be given adequate training in radiolog;ca! safety procedure, 
and the opportunity for gaining experience in these new measurement 
techniques, He will be responsible for junior staff allocated to him for 
site work. 


Candidates should have qualifications leading to membership of a 
recognised professional institution. Power Station operating experience 
would be an advantage. 

Salary for this appointment, which is superannuable, will be 
within the range £1,630 per annum - £2,315 per annum, the 
starting point being commensurate with the relevant experi- 
ence of the selected candidate. 

Application forms obtainable from the Regional Personnel Manager, 
Central Electricity Generating Board, North Eastern Region, P.O. Box 
No. 177, Merrion Centre, Leeds 2, to whom they should be completed and 
returned to arrive not later than 18 October 1968, Please quote reference 
SVN/270/N 





(1153) 


æ BIOCHEMIST 


1967 


TO WORK on the development of biochemical products 
labelled with carbon-14 and tritium using enzymatic 
synthesis or microbiological preparative techniques. These 
products are used principally in university and medical 
research units in this country and abroad. 


QUALIFICATIONS AND EXPERIENCE: 
A good honours degree together with R & D experience. 


STARTING SALARY ; In the range £1,065-£2,470 


according to age and experience. 








HOUSING or assistance with house purchase may 
be available. 


APPLY TO The Personne! Officer 


THE RADIOCHEMICAL CENTRE 


AMERSHAM BUCKS 
(Quoting Ref: S.145) 
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CSIRO 


BIOCHEMIST 
AUSTRALIA 


DIVISION OF ANIMAL GENETICS 


GENERAL The Division of Animal Genetics of the Commonwealth Scientific and Indust- 
rial Research Organization has its headquarters at North Ryde, New South Wales, where 
drosophila mice and poultry are maintained, and field stations located in New South Wales 
and Queensland carrying sheep, beef and dairy cattle, Research in the Division covers basic 
research in genetics, and the application of genetics to animal production. 


DUTIES The appointee will join with other senior research personnel in a recently 
established group whose research is in the field of the molecular biology of proteins. This 
group is located at North Ryde, New South Wales. 


QUALIFICATIONS Applicants should have a Ph.D. degree in science with experience 
appropriate to the field of work, or have had postgraduate research experience of equiv- 
alent standard and duration supported by satisfactory evidence of research ability. 


SALARY Depending upon qualifications and experience, the appointment will be made 
within the salary range of Senior Research Scientist, $A6,892- $A7,974 p.a., or Principal 
Research Scientist, $A8,242- $49,490 p.a. Salary rates for women are $A428 p.a. less 
than the corresponding rates for men, Promotion within CSIRO to a higher classification 


is determined by merit. 


CONDITIONS The appointment will be conditional upon a satisfactory medical exam- 
ination and an initial probationary period of twelve months may be specified. Confirmation 
of appointment carries with it Commonwealth Superannuation Fund or Provident Account 
privileges. Fares paid for the appointee and his dependent family, Further particulars 
supplied on application. 


Applications (quoting Appoinment No. 675/255) and stating full name, place, date and 
year of birth, nationality, marital status, present employment, details of qualifications and 
experience, together with the names of not more than four persons acquainted with the 
applicant's academic and professional standing, should reach:~ 


Mr. R. F. Turnbull, 

Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
64-78, Kingsway, 


LONDON, W.C.2. by the [5th November, 1968 


(115) 





“Shell Research Limited, Milstead Laboratory of Chemical Enzymology, 
Sittingbourne, Kent. 


BIOCHEMISTS/ 
ENZYMOLOGISTS 


There are vacancies for suitably qualified graduates, preferably with 
post-doctoral experience, to work on: 
I. The isolation and purification of enzymes. 


2. The stereochemistry of enzymatic reactions. 
3. The mechanisms of enzyme catalysis. 


The Laboratory is situated in pleasant rural surroundings with ready 
access to London by road and rail. 

Fringe benefits include an excellent Pension Scheme and Sports/Social 
facilities. 


Applications in writing, enclosing a full curriculum vitae, should be sent to: 


“SHELL’’ RESEARCH LIMITED, 
Recruitment Division, (N) PNEL/I, 
Shell Centre, 

LONDON, S.E.l. 


(1142) 
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UNIVERSITY OF MANCHESTER 
MANCHESTER, 13 


EXPERIMENTAL OFFICER OR 
SENIOR EXPERIMENTAL 
OFFICER 
IN THE 
DEPARTMENTS OF BOTANY 
AND ZOOLOGY 


icatons invited for this post. Offi- 
pervise the running of an Elec- 
on Microscope Unit and assist and par- 
ticipate in research, Some experience in 
electron microscopy desirable but candi- 
dates with appropriate biological or tech- 
nical qualifications considered. Salary 
ranges per annum: E.O.. £920 to £1,525 ; 
S.E.O. £1,450 to £2,200. FSS, 
Particulars and application forms (re- 
turnable by November 2) from the Regis- 
war, Quote Ref, 177/68/Na. (1153) 





GOVERNMENT OF 
NORTHERN IRELAND 
FISHERIES 


SENIOR SCIENTIFIC 
OFFICER / 
SCIENTIFIC OFFICER 


Applications are invited for pensionable post 
in the Fisheries Branch of the Ministry of Agri- 
culture, The programme, mainly in the fresh 
water field but including some marine studies, 
will be primarily concerned with investigations 
into the rational exploitation of commercial 
species particularly cels and requires a know- 
ledge of population dynamics. — Qualifications 
first or second class honours degree in Zoology 
or Biology. 


Salary scales: 
Senior Scientific Officer, £1,866 
to £2,306 ; as from January !, 
1969, £1,925 to £2,372; 


Scientific Officer, £991 to £1,684; 
as from January 1, 1969, £1,020 
to £1,740. 


Grading and starting salary will be related to 
qualifications and experience. Preference for ex- 
Service candidates. Application forms, obtain- 
able from the Secretary, Civil Service Com- 
mission, Stormont, Belfast, ET4 3SZ, must be 
returned by October 25, 1968, Please quote 
§.B.109/63/64. 20135) 

UNIVERSITY OF MALAYA 
FACULTY OF ARTS 

Applications are invited for the vacant posts 
listed below. Candidates should have at least a 
good honours degree with suitable teaching and 
research experience in addition to the special 
qualifications stated for each post. 

DEPARTMENT OF GEOGRAPHY: Four 
posts likely to be available in 1969. Successful 
candidates will be expected to pursue research in 
their special fields with reference to Malaysia 
and Southeast Asia. Candidates with appropri- 
ate qualifications in some of the following fields 
of Geography are sought: Physical Geography 
(including Soil Studies), Human Ecology, Land 
Use Surveys, Urban Social Geography, Trans- 
portation and Manufacturing. 

Salary Scales (approximate sterling equiva- 
lents): Lecturers: £1,498 by £65 ta £1,889/ 
£1,954 by £73 to £2,320; Assistant Lecturers: 
£1,303 by £65 to £1,433. In addition to basic 
salary, the following allowances are payable: 
Variable Allowance: 35 per cent of basic salary, 
subject to certain maxima depending on marital 
status; Minimum £244 per annum, maximum 
£651 per annum. Inducement Allowance: (if 
awarded), for Lecturers, up to £488 per annum, 
for Assistant Lecturers. up to £326 per annum. 
Housing will be provided, if available, for which 
a rent of £163 to £204 per annum will be 
charged. Provident Fund: Staff member contri- 
butes 5 per cent and University 15 per cent of 
basic salary. 

Further particulars and application. forms are 
obtainable from the Association of Common- 
wealth Universities (Branch Office), Marlborough 
House, Pall Mal, London, $.W.1. The closing 
date for receipt of applications is November 11, 
1968. amm 
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UNIVERSITY OF 


MANCHESTER 
MANCHESTER, 13 


RESEARCH ASSISTANT IN 
PHYSICS 


Applications invited for this post from 
candidates with research experience up to 
Ph.D.. or equivalent level in Physics, to 
develop and put into operation a six gap 
beta-spectrometer in the Linear Accelera- 
tor Laboratories of the Department of 
Physics. Some experience with semi- 
conductor detectors desirable, though not 
essential, Opportunity for research. The 
post is for one year in the first instance. 
Salary range £1,105 to £1,340 per annum. 
or, for especially well-qualified candidates, 
£1,470 to £1,650 per annum.  F.S.S.U. 

Farther particulars and application forms 
(returnable by October 22) from the Regis- 
trar. Quore ref.: 179/68/ Na. (1176) 


UNIVERSITY OF CAPE TOWN 
LECTURER IN BOTANY 


Applications are invited for this post from 
February 1, 1969, or as soon as convenient there- 
after, Special qualifications and interest in myco- 
logy and (or) plant physiology will be a recom- 
mendation. Appointment will be made on the 
salary scale of R3,500 by R150 to R4,700 to 
R4,800 per annum. The starting salary within 
the scale will depend on qualifications and ex- 
perience. 

Applicants should state their age, marital 
status, nationality, qualifications, experience, re- 
search interests and publications and give the 
names of either two or three referees. Two 

-copies of the application should reach the Sec- 

retary-General, Association of Commonwealth 
"Universities (Branch Office), Marlborough House, 
Pall Mall, London, S.W.1 (from whom memo- 
randa giving the general conditions of service, 
including transport expenses on appointment, and 
information on the work of the Department 
should be obtained) not later than November 13, 
1968. A third copy of the application with a 
recent photograph and medical certificate should 
be sent direct by airmail to the Regístrar, Uni- 
versity of Cape Town, Private Bag, Rondebosch, 
Cape Town, South Africa to reach him by the 
same date. 

The University reserves the right to appoint a 
person other than one of the applicants, or to 

“make no. appointment. 170 


UNIVERSITY OF SYDNEY 


LECTURESHIPS (TWO) AND SENIOR 
TUTOR-DEMONSTRATORSHIPS (TWO) IN 
BIOCHEMISTRY 


Applications are invited for the above- 
mentioned positions. Candidates for the Lec- 
tureships will be expected to teach in a general 
course in Biochemistry, and undertake research 
and advanced teaching in one branch of the 
subject. Candidates for the Senior Tutor- 
Demonstratorships should have had some teach- 
ing experience and will be expected to under- 
take more responsible teaching duties. —Prefer- 
ence may be given to applicants whose field of 
experience is in genetic aspects of biochemistry, 
enzymology or metabolism of animal tissues. 
Salary range: Lecturer $45,400 by 270-$7,300 
per annum: Senior Tutor-Demonstrator $44,725 
by 225~$5,400 per annum then on recommenda- 
to $45,645 by $4245-5A6,870 per annum. 

Information about superannuation, housing 
scheme, sabbatical leave, etc, and method of 
application is obtainable from the Association 
of Commomweakh Universities (Branch Office), 
Marlborough House, Pall Mall, London 3.W.1. 
Applications close in Australia and London on 
October 31, 1968. a120 


LIVERPOOL SCHOOL OF 


TROPICAL MEDICINE 
(UNIVERSITY OF LIVERPOOL) 
DEPARTMENT OF PARASITOLOGY 


POSTDOCTORAL RESEARCH BIO- 
CHEMIST required to join a newly formed 
“Research Group investigating problems in the 
chemotherapy of protozoal diseases and drug 
resistance, Experience in protein and nucleic 
acid chemistry would be a distinct advantage. 
Salary will be commensurate with qualifications 
and experience and based on the University 
scale for Lecturers (Grade ID. 

Applications in writing, together with the 
names of two referees, should be sent by Nov- 
ember 15, 1968, to the Dean, Liverpool School 
of Tropical Medicine, Pembroke Place, Liverpool 
3 (147) 
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City of Sheffield Education Committee 


JJC Ü shefen me 


M.Sc., Ph.D. 


COLLEGE OF TECHNOLOGY =< 


PROPOSED FOLYTECHNIC 





Department of Civil Engineering and Building 


Applications are invited for the following posts:~ 


RESEARCH APPOINTMENT IN CIVIL ENGINEERING 
(PRINCIPAL LECTURER) 


for which an interest in the properties of concrete or in the behaviour 
of structural frameworks will be an advantage. Applications will, however, 
be considered from those with other interests. 


The person appointed will be concerned primarily with research but will 
also be required to undertake a limited amount of teaching. Applicants 
should have significant research experience and be able to supervise the 
work of research students. 


Salary Scale: £2530-£2850 (bar) -£3250. An appointment above the 
bar will be considered for a suitable candidate. 


SENIOR LECTURER or LECTURER IN HYDRAULICS 
and WATER ENGINEERING AND LECTURER IN 
STRUCTURAL ANALYSIS 


for B.Sc. (C.N.A.A.) and H.N.D, courses in Civil Engineering. 


Salary Scales: Senior Lecturer: £2280—£2595 
Lecturer ll: £1725 —£2280 


Application forms obtainable from the Principal, Sheffield College of 
Technology, Pond Street, Sheffield, SI 1 WB, to whom they should be 


returned as soon as possible. 
(1124) 


BOTANIST 
PLANT BREEDER 


Age 30-40 Up to £2,500 


for a group centred on a quiet rural area of the Midlands 
within reasonable distance of large towns. Much of the pre- 
liminary groundwork has already been done in developing 
new types of agricultural root seeds. A young man with a 
good degree in Botany is now needed to take control as Plant 
Breeder during the next stages to further develop new and 
improved varieties. This post would appeal to à person who 
prefers to plan under his own initiative and supervise his 
experimental programme. He would direct and monitor his 
own efforts in a purposeful manner to achieve specific objec- 
tives. For a successful man future prospects are good. 





All letters will be treated in strictest confidence and should be addressed to 
the consultant quoting the reference number. 





Executive Selection Division 
CLARIDGE HOUSE - 32 DAVIES ST - LONDON W1 





1645 
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GEOPHYSICISTS 


£2,300 — £3,000+ 


The RST Group of Companies invites applications for the following 
vacancies in the Geologic Research Unit and the Prospecting Division 
at Kalulushi on the Zambian Copperbelt. The Unit undertakes research 
into both basic and applied aspects of geology in exploration and mining; 
the Prospecting Division explores for base metals. 


Research A graduate with at least an honours degree level qualification 
and subsequent experience and/or research in seismic principles and 
techniques is required. 


Prospecting There are vacancies for two graduates with basic knowledge 
of self-potential, magnetic, gravity, and induced polarization methods 
of exploration. Field experience is desirable but not necessary. 


On starting, salaries will be according to education, training and experience, 
total earnings ranging upwards from 4,000 Kwacha per annum (approx- 
imately £2,300) for inexperienced graduates. Zambia operates a decimal 
currency system with the major unit a Kwacha which is equivalent to 
approximately 11/8. 


GENERAL CONDITIONS 


Employment will be on a CONTRACT basis, initially for a period of three 
years. Detached HOUSES or FLATS (and basic furniture) are provided 
at sub-economic rents. Return PASSAGES and baggage allowances are 
provided. EDUCATION, MEDICAL benefit and free life assurance schemes 
are available. 


Our employees enjoy a high standard of modern living and working 
conditions in pleasant surroundings with a temperate climate and sunshine 
all the year round. Excellent facilities exist for practically every kind of 
sport and leisure activity, including television. 


Write or telephone for an application form to:- 


T Í CR | The Manager, C116/68A 
Overseas Appointments Div., 

H RST International Metals Ltd.. 
One Noble Street, London E.C.2 


RST GROUP OF COMPANIES Telephone: 01-606-8800 Ex! 307 


(140) 


EDINBURGH 
The SCOTTISH PLANT BREEDING STATION 


offers an immediate three-year appointment for a young 


Graduate Research Worker 


with or without previous experience of postgraduate research, to study genetical and 
ther aspects of diastatic activity in barley, The study would be relevant to a project 
for breeding high-diastatic barley. The stipend will be in line with the Scientific 


Officer scale, the pont of entry depending on experience ; at present the minimum is 
£991 but will shortly be increased. 

_ The possibility exists of taking a postgraduate degree in the University of 
Eo aes based on research at the Station, should the worker appointed wish io 
lo So. 


Applications, giving qualifications. experience, and the names and addresses of 
two referees, should be sent to : 
The Secretary, 
Scottish Plant Breeding Station, 
Pentlandfield, Roslin, Midiothian. 
Closing date for applications October 31. (1136) 
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UNIVERSITY OF QUEENSLAND 


UNIVERSITY COLLEGE OF TOWNSVILLE 
SCHOOL OF BIOLOGICAL SCEENCES 

_ Applications are invited for the following posi- 

tions : 

DEPARTMENT OF MARINE BIOLOGY 

SENIOR LECTURER/LECTURER IN 
FISHERIES BIOLOGY. The applicant should 
have a Ph.D. or higher degree and some years’ 
experience in post-doctoral research and teaching. 
Preference will be given to candidates with re- 
search experience in some aspect of Tropical 
isheries and their development. 

DEPARTMENT OF BOTANY 
READER IN BOTANY. Applicants should 
have several years’ experience of post-doctoral 
research and its supervision at university level, 
Preference will be given io the applicant whose 
research lies within the field of Cytogenetics or 
experimental plant taxonomy, but other appli- 
cants whose research interests are especially suited 
t0 a tropical environment will be considered. 

SENIOR LECTURER /LECTURER IN 
MYCOLOGY/PLANT PATHOLOGY. The 
applicant should have a higher degree and some 
years’ experience in postgraduate research. Pre- 
ference will be given to candidates having an 
interest in some aspect of the Biology of tropical 
moulds, 

DEMONSTRATOR IN BOTANY. The appli- 
cant should have an honours degree in Botany 
and will be required to study for a higher degree. 
Preference will be given to candidates having a 
particular interest in the taxonomy of tropical 
plan's. 

Salaries: Reader, $A9,180 by $A240 (3) 10 
$49.900 per annum; Senior Lecturer, $A7,500 
by $4250 (5) to $48,750 per annum; Lecturer, 
$A5,400 by $A250 (4) by $A300 (3) to $A7,300 
per annum; Demonstrator, $43,375 by SA110 (3 
by $A120 (1) to $43,825 per annum, (A northern 
allowance of $A60 per annum is also payable.) 

The University pays travel and reasonable re- 
moval expenses. Appointees to the positions of 
Reader, Senior Lecturer and Lecturer are eligible 
for FSS.U, type superannuation and entry to 
the staff housing scheme. 









UNIVERSITY OF TASMANIA 
LECTURESHIP IN PATHOLOGY 


Applications are invited for the above-men- 
tioned position in the Faculty of Medicine. The 
duties of the successful applicant will include 
teaching the medical students of the University, 
participating in the research activities of the De- 
partment of Pathology and also contributing to 
the clinical laboratory services of the Royal 
Hobart Hospital where the Professor of Patho- 
logy is Chief Pathologist (Honorary). Candidates 
must have had some experience in the practice 
of pathology but not necessarily have obtained 
a higher qualification in «his specialty. 

An appointment will bz offered within the 
salary range (including a loading of $A400 for 
medical qualifications) of $A5,800 by $A270 to 
$A6,610 for Lecturer Grade I| or $A6,880 by 
$A270 (2) by SA280 (D to $A7,700 for Lecturer 
Grade I. 

Intending applicants are invited to write direct 
to Professor R. A. Rodda, Department of 
Pathology. for any further information they may 
require about the Department. 

Information about conditions of appointment 
and method of application should be obtained 
from the Association of Commonwealth Univer- 
sities (Branch Office), Marlborough House, Pall 
Mall, London, S.W.l. Applications close on 





November 8, 1968. (1169 
CHARING CROSS GROUP OF 
HOSPITALS 


EDGAR RESEARCH LABORATORY 
FULHAM HOSPITAL, LONDON W.6 


Applications are invited for the post of 
RESEARCH BIOCHEMIST. Applicants should 
be of post-doctoral status and have experience 
of protein purification techniques, The work 
concerns the fsolation and immunology of 
tumour substances. Salary scale by negotiation. 

Applications for further details to the Secre- 
tary, Edgar Research Laboratory (140 






UNIVERSITY OF READING, APPLICA- 
tions are invited for the post of RESEARCH 
ASSISTANT from candidates with a good 
honours degree in biochemistry concerning RNA 
polymerass.-Further particulars from Professor 
C. Tyler, Deparunent of Physiology and Bio- 
chemistry, University of Reading, London Road, 
Reading, Berks. (148 











UNIVERSITY OF AUCKLAND 
NEW ZEALAND 


SENIOR LECTURESHIPS/LECTURESHIPS 
IN CIVIL ENGINEERING 


Applications are invited for these posts. Pre- 
ference will be given to candidates with interests 
in Fluid Mechanics and/or hydrology. Appli- 
cants for a lectureship should note that it is 
not necessarily a prerequisite for appointment 
that they should already have held the position 
of assistant lecturer or its equivalent at another 
university institution. Salary scales: Senior 
Lecturer-—-$NZ4,600 rising to $NZ5,400 per 
annum, Lecturer—$NZ3,000 rising to $NZ4,400 
per annum, commencing salary within the appro- 
priate scale being determined ín accordance with 
qualifications and experience. In the case of new 
members of staff coming from overseas, the cur- 
rent practice is to pay salaries from an approved 
departure date, Travel and other removal ex- 
penses are allowed within specified limits. 

Further particulars of the posts, detalls of 
FSS.U, arrangements and information as to 
the method of application may be obained from 
the Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mail, 
London S.W.1. Applications close in New Zea- 
land and London on October 31, 1968. (1122) 


UNIVERSITY OF AUCKLAND 
NEW ZEALAND 

SENIOR LECTURESHIP/LECTURESHIP IN 
MATHEMATICS 


Applications are invited for this post. Appli- 
cants with special qualifications in any of the 
following fields wil be particularly welcome: 
abstract algebra, functional analysis, probability 
theory, topology and geometry. Applicants for 
a lectureship should note that it is not neces- 
sarily a prerequisite for appointment that they 
should already have held the position of assis- 
tant lecturer or its equivalent at another univer- 
sity institution. Salary scales: Senior Lecturer— 
§NZ4,600 rising to $NZ5,400 per annum, Lec- 
turer—$N23,000 rising to $NZ4,400 per annum, 
commencing salary within tbe appropriate scaíe 
being determined in accordance with qualifica- 
tions and experience, In the case of new mem- 
bers of staff coming from overseas, the current 
practice is to pay salaries from an approved 
departure date. Travel and other removal ex- 
penses are allowed within specified limits. 

Further particulars of the post, details of 
F.S.S.U. arrangements and information as to 
the method of application may be obtained from 
the Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, 
London S.W.1. Applications close in New Zea- 
land and London on November 7, 1968. (1123) 








INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
DEPARTMENT OF CHEMISTRY 


Applications are invited for the challenging 
post of ASSISTANT LECTURER with special 
interests in CHEMICAL TECHNOLOGY, The 
successful applicant would be expected to play 
a part in the control and operation of the new 
Chemical Technology laboratory area recently 
constructed as part of the new Chemistry Build- 
ing, Experience in scaling-up chemical pro- 
cesses, process development, and in semi-tech- 
nical scale operations is preferred, and it is 
expected that teaching and research would be 
carried out in these aspects. Commencing 
salary according to qualifications, etc. in the 
scales £1,105—£1.340 per annum. Superannua- 
tion under the Federated Superannuation System 
for Universities. 

Requests for the relevant application form 
should be made as soon as possible after the 
appearance of this advertísement to The Regis- 
trar, University of Manchester Institute of 
Science and Technology, Sackville Street, Man- 
chester, M60 1QD. (1130) 
RE-ADVERTISEMENT 
UNIVERSITY OF EAST ANGLIA 
SCHOOL OF BIOLOGICAL SCIENCES 


Applications are invited for the post of 
TECHNICIAN — (£722-£1,007) or SENIOR 
TECHNICIAN (£987—£1,225) for a three-year 
appointment to assist in Biochemical Research 
including the use of an analytical ultracentrifuge. 
Candidates should have '' A" level passes in 
Science subjects or O.N.C. Chemistry or appro- 
priate laboratory experience. Supplementation 
of £30 will be made for a Degree or HNC. 

Application forms from.the Superintendent of 
Laboratories, School of Biological Sciences, 
University Plain, Norwich, NOR, 88C, to whom 
they should be returned as soon as possible, 
Please quote SRC/420. 0133) 
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CLASS 2 $5261—5918 

BUREAU OF MINERAL RESOURCES 
DEPARTMENT OF NATIONAL 
DEVELOPMENT CANBERRA 


Applications are invited for a Chemist Class 2 position in 
the Mineral Resources Branch of the Bureau of Mineral 
Resources, Canberra. 


Duties: 

Under direction, design and carry out a sustained research into Petroleum 
Source rocks. Undertake research into the chemical relationship between 
the contents of source rocks. 


Qualifications: 


Appropriate University degree or Diploma of a Technical College or 
equivalent. Additional qualifications in electronics an advantage. 


Salary: 

Is between the range $5261— $5918 per annum with 3 yearly increments 
of $219 per annum, Salary on commencement is determined according 
to qualifications and experience. 


Conditions: 
Normal Commonwealth Public Service benefits for leave, superannua- 
tion, promotion, etc. will apply. The successful applicant may be paid 
an allowance to offset the high cost of accommodation in Canberra, 
and the cost of fares and removal of furniture etc. will be borne by the 
Commonwealth. 


Applications giving full personal particulars and details of qualifications 
and experience should be forwarded to: 


The Public Service Board Representative, 
Canberra House, 

10-16 Maltravers Street, 

Strand, London, W.C.2. 


Closing Date for applications Oct. 31st, 1968. 


Graduate in Statistics 
or Mathematics 


required by AN FORAS TALUNTAIS (The Agricultural Institute) for its 
Statistics Department in Dublin. Salary and rating in accordance with 
qualifications and experience. Marriage and children's allowances. Pen- 
sion scheme is non-contributory (special arrangements can be made in the 
case of an F.S.S.U. member). ESSENTIAL: Honours University Degree, 
or equivalent, with statistics and/or mathematics as a final examination 
major subject. 

APPLICATIONS ALSO CONSIDERED FROM AUTUMN, 1968, FINAL 
DEGREE CANDIDATES. 

Further particulars and application. forms from Director, An Foras 
Taluntais, 33 Merrion Road, Dublin, 4. Quote ref. N.7. Latest date for 
receipt of completed forms: November 5, 1968. (0159 














AUSTRALIAN ATOMIC 
ENERGY COMMISSION 


RESEARCH ESTABLISHMENT 
LUCAS HEIGHTS NEAR SYDNEY 


LECTURERS 


Australian School of Nuclear Technology 


The Board of the Australian Schoo! of Nuclear Technology wishes to appoint additional 
full-time lecturers. The School at present is giving courses in nuclear technology and the 
use of radioisotopes (the latter at both postgraduate and non-graduate levels) and 
proposes to extend its activities by presenting courses in radiological protection and 
various phases of nuclear safety and special courses in the use of radioisotopes. 


The two fields in which appointments are required immediately are: 
(a) nuclear and reactor physics and 
(b) nuclear engineering. 


The duties will comprise giving lectures and tutorials assisting with practical work and 
supervising seminars and the studies of participants attending courses from time to time. 


Applicants must have a Ph.D. (or post-graduate research experience of equivalent 
standard and duration) supported by satisfactory research or lecturing experience in 
nuclear and reactor physics or nuclear engineering. 


The successful applicants will be appointed to the staff of the Australian Atomic Energy 
Commission and will be seconded to the Australian School of Nuclear Technology. 
Salary on appointment, depending upon qualifications and experience, will be within the 
range of Research Scientist, $A5250— $A6622, or Senior Research Scientist $A6892-- 


Application forms and further information may be obtained by writing to the Atomic 
Energy Adviser, Office of the High Commissioner for Australia, Canberra House, 
10-16 Maltravers Street, Strand, LONDON, W.C.2. 

Please quote position L.12 


(1127) 





University of Strathclyde 


DEPARTMENT OF CIVIL ENGINEERING 


Chair of 
Civil Engineering 


Applications are invited for a Chair of Civil Engineering. 
There are three main areas of interest in the Department: 
Structural Engineering, Water Resources, Soi] Mechanics 
and Transportation Engineering. 

There is a Professor of Structural Engineering and the 
present vacancy is for someone qualified in one of the 
other areas. 

The Department provides a four years Honours Course 
leading to the degree of B.Sc. for which some 350 
students are currently enrolled. 

Good facilities are available for postgraduate study and 
research and there are about 50 students working for 
postgraduate degrees. 


Application forms and futher particulars (quoting 45/68) can be obtained 
from the Registrar, University of Strathclyde, George Street, Glasgow, C.1., 
with whom applications should be lodged by Saturday, 2nd November, 1968. 


112 
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UNIVERSITY OF QUEENSLAND 
BRISBANE, AUSTRALIA 
DEMONSTRATOR IN MINERAL 
PROCESSING AND CHEMICAL 
METALLURGY 


The University invites applications for the 
above-mentioned position in the Department of 
Mining and Metallurgical Engineering. Appli- 
cants should possess a degree in Metallurgical or 
Mineral Engineering, or Metallurgy, and have a 
particular interest in the processing and extrac- 
tion of metals and minerals from their ores. The 
appointee will be required to assist in under- 
graduate tutorial and demonstrating work in the 
mineral processing/chemical metallurgy fleld. He 
will be expected to undertake research for a 
higher degree and the appointment, which will 
commence in February, 1969, will be made 
either as a Group IV or Group HI Demonstra- 
tor. The salary range for a Demonstrator Group 
IV is $A3.375 by $A110 (D by $A120 (D to 
$A3,825 and for a Demonstrator Group HI is 
$A2,530 by $A85 (4) to $42,870 per annum. 

Additional information and application forms 
will be supplied upon request to the Association 
of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, S.W.1. 
Applications close in London and Brisbane on 
November 22, 1968. (1168) 





RESEARCH ASSOCIATE 
DEPARTMENT OF PURE AND APPLIED 
PHYSICS 


Applications are invited for the position of 
RESEARCH ASSOCIATE in the Photon and 
Radiation Physics Research Group of the above 
department. The successful applicant will join 
a small team engaged in research and develop- 
ment of optical thin films and their application 
to far ultraviolet spectroscopy, in particular for 
the current research programme of the group in 
space research and lasers. Some experience in 
thin film opties, spectroscopy or vacuum physics, 
is desirable. The position would be suitable for 
persons with industrial experience wishing to 
undertake research for a higher degree. A salary 
of up to £1.340 will be paid depending on quali- 
fications and experience. 

Applications, giving full details of postgradu- 
ate experience and the names of two referees, 
should be sent as soon as possible to Professor 
D. J. Bradley, Department of Pure and Applied 
Physics, The Queen's University of Belfast, Bel- 
fast BT? INN, Northern Ireland, from whom 
further particulars can be obtained. 183) 


^ LIVERPOOL SCHOOL OF 


TROPICAL MEDICINE 
(UNIVERSITY OF LIVERPOOL) 
Applications are invited from science or medi- 
cal graduates for a research post investigating 
coagulation mechanisms in parasitic infections. 
Good facilities exist and opportunities are avail- 
able to work for a higher degree, Salary 
according io qualifications and experience. 
Applications, stating age, qualifications and ex- 
perience, together with the names of two 
referees, should be sent without delay to the 
Admimstrative Secretary, School of Tropical 
Medicine, Pembroke Place, Liverpool, 3. 
(1146) 


BIOCHEMIST REQUIRED FOR RESEARCH 
in Biochemical Pharmacology, Applicants should 
be Post-Doctoral Fellows. The research will in- 
clude aspects of Drug Metabolism, Clinical 
Chemistry, Toxicology and Enzymology. Pub- 
lications of Scientific Papers encouraged. 
Write with full details to Director of Research, 
Biorex Laboratories Ltd., 189 City Road, Lon- 
don E.C.1, (0137) 








for work on hormone research in Pharmacology 
Department? Royal Free Hospital Medical 
School, Technician £890 to £1,130: student 
technician on age scale (£535 at age 19) with 
time off for study ; class fees, etc. paid. London 
weighting —Apply School Secretary, 8 Hunter 
Street, Londen, W.C.1. (1175) 








LABORATORY TECHNICIAN (UNEOR} 
required for non-routine biochemical research on 
the eye. G.CLE. or Scilab. Techn. Ord, Cert, 
Salary within scale £365 at age 18 to £725 at age 
21.— Write, stating age and qualifications, to the 
Secretary, Institute of Ophthalmology, Judd 
Street, W.C. 0152) 

TECHNICIAN REQUIRED, OXFORD UNI. 
versity, to prepare material for electron micro- 
scopy. Previous histological experience preferred. 
Salary on pensionable University scale. Fringe 
benefits.—Apply in writing ic Administrator, De- 
partment of Human Anatomy, South Parks Road, 
Oxford. (1149) 
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NEW ZEALAND 


DEPARTMENT OF SCIENTIFIC 
AND INDUSTRIAL RESEARCH 


Applications are invited for the under- 
mentioned vacancies : 


Vacancy B 13/18/78/2832/3 


A 
MINERALS CHEMIST 


and an 
ENGINEER 


at the Chemistry Division, Lower Hutt. 

Chemistry Division, D.S.LR. Welling- 
ton, is expanding its programme of re- 
search and development of the mineral 
resources of New Zealand and has a 
vacancy for an Analytical Chemist and a 
Minerals Engineer. The work involves geo- 
chemical prospecting, mineral chemistry, 
separation and processing. 

The appolmees will complement estab- 
lished teams working on such projecis as 
minerals search, geothermal energy, s.ce! 
production, base metals and non-metallic 
minerals, 

Independent research work is encour- 
aged. 

Minimum qualifications : B.Sc(Hons.) or 
equivalent degree. 

Salary: Up to $NZ5,300 per annum 
according to qualifications and experience. 
Opponunky for advancement on scientific 
merit. 

Passages: Fares for appointee and his 
wife and family, if married, will be paid. 

Incidental expenses: Up to £35 for a 
single man and £100 for a married man 
can be claimed to cover the cost of taking 
personal effects to New Zealand. 

Application forms and general informa- 
tion are available from the High Commis- 
sioner for New Zealand, New Zealand 
House, Haymarket, London, S.W.1, with 
whom applications will close on November 
11, 1968. Please quote Reference B 13/ 
18/78/2832/3 when inquiring. (1177) 





UNIVERSITY OF MANCHESTER 
MANCHESTER, 13 


POSTDOCTORAL RESEARCH FELLOW IN 
PLANT BIOCHEMISTRY/PHYSIOLOGY 


Applications invited for this post for work 
with Dr, H. Smith in the Department of Botany 
on the biochemistry of phytochrome action in 
pea seedlings. The Fellow may work either on 
the role of RNA synthesis in phytochrome action, 
or on the photocontrol of phenolic biosynthesis. 
Candidates should have a first degree in botany, 
biochemistry, or chemistry, and have completed 
a Ph.D. course in plant physiology. plant bio- 
chemistry or biochemistry. Appointment one 
year from a date to be arranged. Salary up to 
£1,300 per annum according to qualifications and 
experience, 

Particulars and application forms (returnable 
by October 31) from the Registrar. Quote Ref. 
180/68 /Na. (1185) 


UNIVERSITY OF LONDON 


THE MIDDLESEX HOSPITAL MEDICAL 
SCHOOL 


BLAND-SUTTON INSTITUTE OF 
PATHOLOGY 


ELECTRON MICROSCOPIST 


Applications are invited for the post of a 
graduate RESEARCH ASSISTANT in the Elec- 
tron Microscope Unit of the Bland-Sutton In- 
stitute, Applicants should have a degree and 
experience in the use and routine maintenance 
of high resolution electron microscopes. Prefer- 
ence will be given to an electron microscopist 
who has worked primarily in the biological field, 
but those with other experience would be con- 





sidered. Salary according to experience and 
qualifications, Superannuation under the 
F.S.S.U. 


Applications to include the names of three 
referees should be made to the Director of the 
Institute by October 31, 1968, (1143) 


ST. HELIER HOSPITAL 
CARSHALTON, SURREY 

PRINCIPAL GRADE  BIOCHEMIST for 
"Department of Haematology. Successful can- 
didate will be expected to take charge of the 
Departments of Immunology and Blood Coagu- 
lation. Applicants are invited to contact the 
“Haematologist to discuss the appointment. 

‘Applications, with names of two referees, to 
“Hospital Secretary. 125 





TEGHNIGAL 
INFORMATION 


Promotion into our International Division has created a career 
opportunity for a graduate (Agriculture or Natural Sciences) in 
our Agricultural Division's Research and Advisory Department. 


Based at Bush House, he/she will be responsible for the colla- 


tion of scientific data on the company's crop protection pro- 
ducts, and will provide an information service to our customers, 
our own field force, Government departments, and the agricul- 


tural industry generally. 


Commencing salary will be up to £1,300 per annum, depending on 
age and experience, plus good general conditions and fringe 


benefits. 


If this opportunity appeals to you, write, in confidence, telling 
us why you consider yourself suitable, to: 


Compaity Personnel Manager 


CYANAMID OF GREAT BRITAIN LIMITED 


Bush House 
LONDON W.C.2. 


G. K. BUREAU 
SCIENTIFIC APPOINTMENTS 


require the following: 

Veterinary surgeons for research or prac- 
tice (permanent or iocum). 

Chemists, physicists, applied biologists for 
industrial or academic research. 

Technical editors or information scientists. 

Honours degree biochemists, immunolo- 
gists and microbiologists wishing to register 
for a higher degree. 

Geologists, geophysicists and geochemists. 


TECHNICIANS 
For animal houses, colleges, hospitals, re- 
search centres or industry. 
Those with U.K. qualifications are invited 
to apply to: 
Miss J. R. Hortin, 
196 Oxford Street, W.1. (984) 


UNIVERSITY ,OFj EDINBURGH 
TECHNICIANS (TWO) 


required for Research Laboratory, Depart- 
ment of Obstetrics and Gynaecology. The 
work involves the investgation of ovarian 
function and is sponsored by the M.R.C. 


Some experience in steroid biochemistry 
would be an advantage. Starting salary up 
to £1.200 per annum, depending on qualifi- 
cations and experience. 


Applications, stating date of birth. ex- 
perience, qualifications, and quoting Refer- 
ence No. OG/T/968, should be sent to 
The Secretary to the University, Old Col- 
lege, South Bridge, Edinburgh, 8. (1044) 











AUSTRALIAN NATIONAL 
UNIVERSITY 


JOHN CURTIN SCHOOL OF MEDICAL 
RESEARCH 

Applications are invited for the positon of 
RESEARCH FELLOW in the DEPARTMENT 
OF BIOCHEMISTRY (Head of Department 
Professor F. Gibson). 

The research groups within the Department 
are studying: Biosynthesis and Function of Aro- 
matic Compounds (Professor F. Gibson); ‘The 
Mechanism of Enzyme Action (Dr. J. F. Morri- 
son); Transport Across Membranes (Dr. H. 
Rosenberg). In addition there is a protein chem. 
istry unit (Dr. D. Shaw) which works in collabo- 
ration with the above groups. 

The salary range for a Research Fellow is 
$45,400 te $A7,250. A Research Fellow is 
usually appointed for three years, with a possible 
extension to five years. Superannuation is. on 
the F,S.S.U. pattern with supplementary benefits, 
Reasonable travel expenses are paid and assist- 
ance with housing is provided. 

Further particulars and information as to the 
method of application should be obtained from 
the Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, 
London, S.W.1. Inquiries of an academic nature 
should be addressed to Professor F. Gibson in 
the Department of Biochemistry, P.O. Box 334, 





Canberra. ACT, Australia 2601. Gi) 
ROTHAMSTED EXPERIMENTAL 
STATION 


HARPENDEN, HERTS. 


PHYSICIST/CHEMIST for Pedology Depart 
ment to study soil minerals by X-ray diffraction. 
Applicants should have a degree, HNC. or 
L.R.LC. Salary according to age in grade of 
Assistant Experimental Officer (£796 to £1,088 
maximum on entry, on scale to £1,330) or Ex- 
perimental Officer (£1,461 on scale to £1,855). 
Superanmnation. 

Applications, giving full particulars, names 
and addresses of two referees and quoting refer- 
ence 1052/123 to the Secretary by October 31. 

aiso 


























initiative. 


chromosome analysis. 


tent. 


Crewe Road, Edinburgh 4. 





T 


TECHNICAL OFFICER 


The Medical Research Council has a vacancy for a technical officer | 

in the Clinical and Population Cytogenetics Research Unit. The post | 

| is a newly created one and requires an individual with considerable i 

The unit is concerned in the study of human chromo- i 

somes, and has a section actively engaged in pioneering automated | 

The successful applicant would be expected | 

| to become thoroughly familiar with human cytogenetics and to play 

a major part in the development of techniques of culture preparation 

and staining for accurate photometric determination of DNA con- 
Experience in histochemistry would be an advantage. 


Applicants, who must be at least 28 years and have a minimum 
qualification of an H.N.C. or the equivalent, should apply to: 
The Administrative Officer, Medical Research Council, Clinical and 
Population Cytogenetics Research Unit, Western General Hospital, 




















(1102) 









GRADUATE 





in Agriculture, Science 
or Veterinary Medicine 


required by An Foras Taluntais (The Agricultural Institute) as member of 
an inter-disciplinary team engaged in milking machines research at Moore- 
park Research Centre, Fermoy, Co. Cork. Appointment up to and includ- 
ing Senior Research Officer level depending on qualifications and experience. 


Marriage and children's allowances. 
made for an F.S.S.U. member. 


Special pension arrangements can be 
ESSENTIAL : Either (a) an Honours 


University Degree or equivalent in Agriculture or Science OR (b) a degree 


in Veterinary Medicine or equivalent. 


DESIRABLE: An adequate know- 


ledge of animal husbandry and animal physiology, with an interest in 


lactation physiology. 


APPLICATIONS ALSO CONSIDERED FROM AUTUMN 1968 FINAL 


DEGREE CANDIDATES, 


Further particulars and application. forms from Director, An Foras 


Taluntais, 33 Merrion Road, Dublin, 4. Quote Ref. N.8. 


Latest date for 


receipt of completed forms: November 6, 1968. 





UNIVERSITY OF CAPE TOWN 


SENIOR LECTURESHIP AND 
LECTURESHIP IN BIOCHEMISTRY 


Applications are invited for these posts in the 
Department of Biochemistry, The salary scales 


are Senior Lecturer, R4,500 by R150 to R4,800 
by R300 to R5,700 per annum ; Lecturer, 3,500 
The 


by R150 to R4,700 to R4,800 per annum. 
successful applicants will be placed on a ote 
of the scale according to their qualifications 
experience, In addition, an annual vacatio 
bonus is at present payable, and such payment 
would be subject to Government regulations. 

For the Senior Lecturer post preference will be 
given to applicants with a strong interest and 
experimental experience in protein and/or nucleic 
acid biosynthesis as well as in cell and t'ssue 
culture methods. For the Lecturer post appli- 
cams with research experience in either Marine 
Biochemistry or in physico-chemical methods as 
applied to protein chemistry will be preferred. 
‘The successful applicants will be expected to take 
part in teaching and laboratory work at under- 
graduate and postgraduate level. Research and 
library facilities are available. 

Applicants should state their age, qualifications, 
experience and research work completed and in 
progress and give the names of two referees 
whom the University may consult. Copies of 
testimonials should also be submitted. Two 
copies of the application should reach the 
Secretary-General, Association of Commonwealth 
Universities (Branch Office), Marlborough House. 
Pall Mall, London S.W.! (from whom memo- 
randa giving the general conditions of service, 
including transport expenses on appoin ment, and 
information on the work of the Department 
should be obtained), not later than November 
13, 1968. A third copy of the application with 
a recent photograph and medical certificate 
should be sent direct by airmail to the Registrar, 
University of Cape Town, Private Bag, Ronde- 
bosch, Cape Town, South Africa, to reach him 
by the same date. 1 

The Uaiversity reserves the right to appoint a 
person other than one of the applicants. or to 
make no appointment. (1174) 





GISD 


THE 
UNIVERSITY OF 
LEEDS 


Applications are invited for a post 
in the following Department : 


SCHOOL OF 
AGRICULTURAL SCIENCES 


RESEARCH ASSISTANT 

Applicants should be graduates in 
Botany or Agricultural Botany and 
wil work on the experimental tax- 
onomy of Brassica. Salary £650 plus 
higher degree fees for well-qualified 
candidates. Appointment for one 
year with possible renewal for a 
further two years. Reference No, 
6841/6. Closing date October 21, 
1968. 


Applications stating 
age, qualifications and experience 
and naming three referees, should be 
sent to The Registrar and Secretary, 
The University, Leeds, 2, Please 
quote reference number. (1129) 


(three copies) 





INSTITUTE OF OPHTHALMOLOGY (UNI- 
versity of London), Judd Street, W.C.1. TECH- 
NICIANS/SENIOR TECHNICIANS required in 
Virology Laboratory to work on cytology, egg 
culture, tissue culture techniques, purification 
and immunological procedures. Salary for quali- 
fied applicants for Technicians in the range £829 
to £1.056 and for Senior Technicians £1.113 to 
£L727 per annum, together with London Weight- 
ing.—Applications in writing, with names and 
addresses of two referees, to the Secretary at 
above address. 167) 
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NEW ZEALAND 
Agriculture Department 


Applications are invited for the undermen- 
tioned vacancy : 


Vacancy B 13/2/126/2789 


TECHNICIAN OR TECHNICAL 
OFFICER 
(Diagnostic Virology), Walfacevile 
Research. Centre. 


Salary: Up to $NZ3,200 depending on qualifi- 
cations and experience. Promotion is possible 
on merit up to $NZ4,190, 

Duties: Assist with the diagnosis and investi- 
gation of both endemic and suspected exotic 
viral diseases of livestock. Supervision of junior 
technical staff and preparation of specialised 
solutions and media; preparation maintenance 
and inoculation of tissue cultures; virus and 
serum neutralisation tests in tissue culture and 
eggs; complement fixation tests, agar gel pre- 
paration tests and animal cransmission. 

Qualifications desired : ALMLT. or 
F.LM.L.T. or equivalent qualifications with ex- 
perience in virological techniques. 

Passages : Fares for appointee and his wife and 
family, if married, will be paid. 

Incidental expenses : Up to £35 for a single man 
and £100 for a married man can be claimed to 
cover the cost of taking personal effects to New 
Zealand. 

Application forms and general information are 
available from the High Commissioner for New 
Zealand, New Zealand House, Haymarket, Lon- 
don, S.W.1, with whom applications will close 
on November 25, 1968. Please quote reference 
B 13/2/12/2789 when enquiring. (1048) 


Animal 





UNIVERSITY OF QUEENSLAND 
BRISBANE, AUSTRALIA 
PROFESSOR OF ECONOMIC GEOLOGY 
The University invites applications for the 
position of PROFESSOR OF ECONOMIC GEO- 
LOGY. Applicants should possess a degree in 
Geology and wide experience in the mineral in- 
dusity. The new Professor is expected to develop 
vigorous and imaginative training and research in 
economic (ie, applied) geology in Queensland 
at a time when the mineral industry throughout 
Australia is being established as a major indus- 
try. Queensland has very great mineral resources 
and potential, and the University ís well suited 
for training and research in depth. The Depart- 
ment of Gcology and Mineralogy has specialist 
positions in Geophysics and Petroleum Geology, 
and strength in most aspects of basic geological 
training, There are computer, electron-micro- 
scopic, mass spectrometric, x-ray and analytical 

facilities. 
The Department of Mining and Metallurgical 


Engincering is a major teaching and research 
school and controls an experimental mine and 
related facilities near campus. In addition to 






normal basic training in the Geological sciences, 
there are undergraduate and postgraduate courses 
in Applied Geology which the new Professor 
would control. As the Chair is the second 
normal Chair in the Department of Geology and 
Mineralogy, the new Professor will be expected 
to share general administration with the Head 
of the Department of Geology and Mineralogy. 

The salary will be $412,000 per annum. The 
University provides superannuation similar to 
FSS.U., housing assistance, study leave and 
travel grams 

Additional Information and application forms 
will be supplied upon request to the Secretary- 
General, Association of Commonweatth Univer- 
sides, Marlborough House, Pall Mall, London, 
S.W.L. Applications close in London and Bris- 
(1082) 








INSTITUTE OF SCIENCE AND 


TECHNOLOGY 
CATHAYS PARK, CARDIFF 
DEPARTMENT OF APPLIED PHYSICS 


RESEARCH ASSISTANT 

Applications are invited from graduates for a 
S.R.C. Research  Assistan:ship tenable in the 
above Department. The successful candidate 
will assist with research on the quantum elec- 
uronic properties of polymers, a new field offer- 
ing much scope for original research. The 
appointment will be for one year in the first 
instance and renewable annualiy for a further 
two years with a commencing salary of £803 per 


annum, Application forms may be obtained 
from the Deputy Registrar (PersonneD at the 
above address and should be returned by 


October 23, 1968. 

Applicants wishing to discuss the. work in- 
volved before applying should contact Dr. W. 
L. McCubbin. aie 








UNIVERSITY COLLEGE OF 
TOWNSVILLE 


PROFESSOR OF GEOLOGY 


The University of Queensland invites applica- 
tions for the Chair of Geology at the University 
College of Townsville. Applicants should hold 
an appropriate higher degree and should possess 
research and administrative experience at a high 
level. They should have made a significant con- 
tribution in the field of Geology and experience 
related to the North Queensland environment 
would be an advantage. The Professor will be 
responsible for the development of the Depart- 
ment of Geology and Mineralogy (established 
1961) and for the planning and development of 
the relevant subjects and courses. The University 
College of Townsville wil become aa autono- 
mous University in 1970. The salary wil be 
$412,000 per annum, plus a Northern Allow- 
ance at the rate of $A60 per annum. The Uni- 
versity provides Superannuation similar to 
F.S.S.U., housing assistance, study leave and 
travel grants. 

Additional information and application forms 
will be supplied upon request to the Secretary- 
General, Association of Commonwealth Univer- 


sities, Marlborough House, Pall Mall, London 
S.W.1. Applications close in London and Bris- 
bane on December 31, 1968. (1081) 





UNIVERSITY COLLEGE, DUBLIN 
DEPARTMENT OF MEDICAL 
MICROBIOLOGY 
ASSISTANT 


A vacancy for an Assistant exists in the above 
Department. Applicants should be Science 
graduates preferably with a higher degree. Duties 
will consist of teaching and research work. 
Salary scale: £980 by £60—£1,340. The com- 
mencing point on the scale will be in accor- 
dance with qualifications and experience, Non- 
contributory pension and family allowances are 
additional to salary. 

Applications (three copies) stating age, quali- 
fications and experience, together with the names 
of two referees, should reach the undersigned, 
from whom further particulars may be obtained, 
not later than October 20, 1968. 

J. P. MacHale, 


Secretary and Bursar (1139) 


UNIVERSITY OF WINDSOR 
Windsor, Ontario, Canada 
DEPARTMENT OF CHEMISTRY 


Applications are invited from graduates hold- 
ing first and second-class honours degrees or 
equivalent for a number of Teaching Fellow- 
Ships, Teaching Fellows are expected to study 
for a higher degree in addition to their labora- 
tory teaching duties (maximum six hours per 
week), M.Sc. and Ph.D. programmes are offered 
in the areas cf Analytical, Theoretical, Inorganic, 
Organic, Physical, Radiation Chemistry and 
Biochemistry,  Stipends: $3,300 for first year, 
and up to $4,600 per annum for subsequent 
years, Advance of salary towards travel to 
Canada can be arranged. 

For further information, write to the Gradu- 
ate Admissions Officer, Department of Chemistry, 
University cf Windsor, Windsor, Ontario, 
Canada. (1068) 








TECHNICIAN OR STUDENT TECHNI- 
CIAN, with experience in electrophysiology re- 
quired for research project. Starting salary up 
tó £1,342 depending on experience and qualifica- 
ilons.—Applications to Professor L. Wolpert. 
Department of Biology, Middlesex Hospital 
Medical School, Cleveland Street, London, WIP 
6DB. (1054) 


THE BIOCHEMICAL 
JOURNAL 


EDITORIAL ASSISTANT required. 
Duties consist mainly in preparing scientific 
papers for the printer, with some proof- 
reading. Degree in science essential, pre- 
ferably in biochemistry or chemistry. 
Training will be given, but previous 
editorial experience is desirable. Commenc- 
ing salary in the incremental range £1,110 
to £1,400, according to qualifications and 
experience. 

Write. giving the names of two referees, 
to the Secretary to the Editorial Board, The 
Biochemical Journal, 7 Warwick Court, 
London, W.C.1. 



















TECHNICIAN/JUNIOR 
TECHNICIAN, ELECTRON 
MICROSCOPE 


Interesting work involving the preparation of 


polymeric specimens for our Electron Micro- 
scopes, operation of the microscopes and related 
photographic techniques. Experience in electron 
microscopy not essential as training will be given, 
but a knowledge of Physics and Chemistry 
would be be an advantage. Day release facilities 
for further study. Salary scale £427-£680 or 
£767-£1,132 per annum according to age, experi- 
ence and qualifications. 

Further details and -application forms from 
The Laboratory Superintendent, Department of 
Physics, Chelsea College of Science and Tech- 
nology, Manresa Road, London S.W.3. Tele- 
phone 01-352 6421. (1138) 


LIVERPOOL SCHOOL OF 


TROPICAL MEDICINE 
(UNIVERSITY OF LIVERPOOL) 
LECTURER (TECHNICAL ASSISTANCE) 


Applications are invited from medically quali- 
fied candidates or from Science graduates hold- 
ing a good honours degree, for the post of Lec- 
turer in Parasitology in the Liverpool School of 
Tropical Medicine. Experience in the parasit- 
ology of tropical diseases would be an advan- 
tage but is not essential. Candidates will be 
based in the Department of Parasitology and 
seconded as necessary to overseas teaching and 
research centres. Salary will be on the same 
scale as University Lecturer (ID and the starting 
point will be commensurate with qualifications 
and experience. The appointee will be entitled 
to participate in the F.S.S.U. 

Applications in writing, together with the 
names of three referees, should be sent by 
November 15, 1968, to the Dean, Liverpool 
School of Tropical Medicine, Pembroke Place, 
Liverpool 3, from whom further particulars may 
be obtained, (1145) 





ROYAL HOSPITAL FOR SICK 
CHILDREN, EDINBURGH 
SCIENCE GRADUATE 
is required to join group in department in- 


vestigating the immunological problems of 
infancy and childhood. Experience in Bio- 
chemistry would be an advantage. 
Applications, together with the names of 
two referees, to the Secretary, Edinburgh 
Central Hospitals, 1  Rillbank Terrace, 
Edinburgh, 9. i158 





UNIVERSITY OF DUBLIN—Trinity College 


Vernon K. Krieble Memorial Fellowship 
in Chemistry 


Applications are invited for the above Fellowship from post-doctoral 


candidates whose interests lie in one of the fields: chemistry of natural 


products, organic reaction mechanisms, organic polymers. 


The Fellow- 


ship, valued at £1,000 p.a., will be for one year in the first place, but 
tenure may be extended. Payment will be made for any work as demon- 
strator that the Fellow may undertake. 


Application forms and further particulars may be obtained from the 


Secretary, Trinity College, Dublin 2, 


lodged as soon as possible. 





with whom applications should be 
16D 







MISCELLANEOUS 





SCIENTIFIC AND TECHNICAL TYPE- > 
writing Service. Confidential.—Julia Pratt, B.Sc., 
30 Craven Street, Strand, London, W.C.2, Teie- 
phone 01-839 2861. (X1004) 





FELLOWSHIPS AND 
STUDENTSHIPS 


New Guinea Biological Foundation 
Research Fellowship 


The New Guinea Biological Foundation 
is a privately endowed organization inter- 
ested in developing research activities in 
Papua and New Guinca in collaboration 
with the local government and University 
authorities, It has a main aim of im- 
proving the welfare of the people in 
tropical regions. 

As one of its contributions, the Foun- 
dation desires to investigate the wild and 
culivated bananas in the New Guinea 
region from beth the fundamental and 
applied scientific aspects. In some arcas 
bananas represent a staple and significant 
article of diet of the indigenous people. 
k is known that there are many native 
species of Musa within which there is a 
wide variety of wild and cultivated. forms 
and the Foundation is interested in the 
aggregation of these many forms in perma- 
nent collections at selected locations with 
in the Territories for future scientific use, 

To implement this project the New 
Guinea Biological Foundation is offering a 
fellowship for a period of two years in the 
first. instance. The successful applicant 
should have a university degree in science 
or agricukural science with a strong bías 
towards taxonomy and any of the follow- 
iag—applied genetics and plant breeding, 
cytology. Previous experience in a tropical 
country would be an advantage. 

The Fellow will be required to travel 
extensively throughout the Territories of 
Papua and New Guinea to identify and 
collect all possible Musa varieties within 
the Territories for establishment in a per- 
manent collection at the Foundation's 
plantation * Aropa," south of Kieta on 
Bougainville Island. There is a major 
herbarium located at Lae where a cam- 
siderable knowledge of the indigenous 
species of Musa is already accumulated. 
Technical advice is also available there on 
the methods of collecting, growing and 
transporiing of suckers and the Fellow 
will be adequately instructed in this field 
so that previous experience of growing 
Musa is unnecessary. Adequate land and 
agricultural supervision are available at the 
Foundation’s plantation. 

Emoluments will include a salary 
according to qualifications and previous 
experience but will be within the limis of 
$6.500 so $10,000 per annum (Australian 
dollars), with possibilities of negotiation 
in exceptional cases. In addition, the 
Fellow will be paid ail travelling expenses, 
including economy class travel from place 
of appointment to Lae and return at the 
conclusien of the fellowship, together 
with all allowances whilst «travelling or 
camping in Papua and New Guinea at a 
rate equivalent to that paid by the Papua 
and New Guinea Administration. 

Arrangements will be made for accom 
modation at Lae. Accommodation is 
available at Aropa plantation and at the 
nearby Arawa plantation on Bougainville 
Island. Whilst travelling clsewhere, the 
Fellow will need to use available hotel 
accommodation, village rest houses or to 
camp as appropriac. 

The Fellowship will provide an excellent 
opportunity of becoming familiar with a 
wide range of New Guinea vegetation, bot 
the Fellow will be expected to concentrate 
his efforts on the primary objectives of 
the Fellowship. 

Applications or inquiries for further in- 
formation should be directed to the New 
Guinea Biological Foundation, P.O. Box 
36, Camperdown 2050 N.S.W., Australia. 
Such applications should contain the names 
of at least two referees, together with full 
personal details and training and experi. 
ence, and should reach the above address 
by the end of December, 1968. R is 
hoped the successful applicant would com- 
mence duties fairly early in 1969. (1134) 
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CSIRO 
POSTDOCTORAL 
RESEARCH FELLOWSHIPS 
IN NUTRITIONAL 
BIOCHEMISTRY 
AUSTRALIA 


DIVISION OF NUTRITIONAL BIOCHEMISTRY 


GENERAL The Division of Nutritional Biochemistry of the Commonwealth Scientific 
and Industrial Research Organization, located at Adelaide, S.A. is concerned primarily with 
the study of biochemical mechanisms by which nutrients function in the ruminant animal, 
Whilst a considerable proportion of the research work conducted at the animal single 
level or in in vitro systems, observations made are pursued to the investigation of their 
application to the grazing animal. The emphasis is on mechanism rather than productivity 
studies and the Division is therefore concerned with nutritional abnormalities as well as 
with normal functions, 










The Division takes particular interest in the role of trace elements and in inorganic nutri- 
tion generally, as weli as in energy-yielding reactions and nitrogen metabolism. 


DUTIES 










Position No. | —Biochemical Pharmacologist 

The Division is anxious to extend its work on toxic plants into the examination of the 
minor organic constituents of pasture and other plants which have biological activity and 
thereby effect nutritional efficency of the animal without manifesting clinical signs of 
disease, 








Position No. 2—Biochemist, Mineral Metabolism 
lt is desired to extend the existing program on saline tolerance and electrolyte balance 
to the more precise definition of the roles of other inorganic nutrients in nutritional 
functions. 







Position Mo. 3—Lipid Biochemist 
The Division's program does not currently include studies of fat metabolism and it is 
intended to fill this gap and by co-ordination with other sectional programs to extend the 
studies to lipid function in tissue and cellular metabolism. 








QUALIFICATIONS Applicants should have a Ph.D. degree. Some years of research 
experience in the area applied for would be essential. 










SALARY Depending upon qualifications and experience the appointments will be 
made within the salary range of Research Scientist, $A5,250- $A6,622 p.a., or Senior 
Research Scientist, $A6,892- $A7,974 p.a. For applicants with special abilities and qualifi- 
cations a more senior appointment would be considered. Salary rates for women are 
$A428 p.a. less than the corresponding rates for men. Promotion within the CSIRO to a 
higher classification is determined by merit. 












CONDITIONS The duration of the appointment will be determined in consultation 
with the successful candidates; some applicants may prefer a fixed term appointment 
for three years. Appointment will be conditional upon passing a medical examination and 
an initial probationary period of twelve months may be specified. An indefinite appoint- 
ment carries with it Commonwealth Superannuation Fund or Provident Account privileges. 
Fares paid for the appointee and his dependent family. Further particulars supplied on 
application, 













Applications (quoting Appointment No, 250/175) and stating full name, place, date and 
year of birth, nationality, marital status, present employment, details of qualifications and 
experience, together with the names of not more than four persons acquainted with the 
applicant's academic and professional standing, should reach:— 


Mr. R. F. Turnbull, 
Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
64-78, Kingsway, 
LONDON, W.C.2. 











by the 8th November, 1968. 
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WM. DAWSON & SONS LTD. 
Back Issues Department, 


RUNS OF JOURNAL OF 16 West n Farnham, Surrey, 


ngland. 
Tel: Farnham 4664. 


Offer rop prices for: 
BACK RUNS OF JOURNALS 


IN SCIENCE AND THE HUMANITIES 
"n 


FOR SALE AND WANTED 





FOR SALE: 
Royal Microscopical Society ; Quarterly Journal 
of Microscopical Science ; Annals of Applied Bio- 
logy ; Journal of Experimental Biology ; Journal 
of the Society of Leather Trades Chemists,—Box 
Mo. 961, Nature, T. G. Scott & Son, Ltd., 1 
Clement's Inn, Strand, W.C.2. (1107) 





UNIVERSITY OF MANCHESTER 
MANCHESTER 13 


SCIENCE, INDUSTRY, AND 
GOVERNMENT 


A Research Fellowship is available for one year 
for a case study of the history of a recent large 
technological project including its personnel and 
the ins:icutional relationships involved. Suitable 
for study leading to higher degree, Salary up to 
£1.500 per annum. 

Particulars and application forms, which should 
be returned as soon as possible, from the Regis- 
uar. Quote Ref.: 173/68/N. (1046) 





GRANTS & SCHOLARSHIPS 


THE ROYAL SOCIETY 


SCIENTIFIC PUBLICATIONS 
GRANT 


Applications for grants from the second 
allotment of the Government Grant for 
Scientific Publications for the year 1968 
should be made as soon as possible. No 
application can be considered which is re- 
ceived tater than November 15. 1968, The 
grant is provided for the assistance of 
scientific publications in the United King- 


dom, particularly but not exclusively those 
of scientific societies end institutions of a 


national character. A small part of the 
grant is available for the assistance of the 
libraries of scientific societies. Applications 
are receivable only from societies and insti- 
tutions in the United Kingdom and indi- 
viduals of British nationality. 

Forms of applicaüon may be obtained 
from the Executive Secretary, The Royal 
Society, 6 Carlton House Terrace, London, 
S.W.. (1156) 





SYMPOSIUM 


WEST HAM COLLEGE OF 
TECHNOLOGY 
Romford Road, London E.15 
DEPARTMENT OF PHYSICS 


SYMPOSIUM: USE OF UNSEALED RADIO- 
ACTIVE SUBSTANCES 


Thursday and Friday, October 24 and 25, 





implications of the new Factories Acts 
legislation will be explained by a team of 
specialist lecturers and there will be ample 
opportunity for discussion. 

Further details from the College Repara 
li 





LECTURES AND COURSES 


UNIVERSITY COLLEGE, LONDON 
FREE PUBLIC LECTURES 


Thursday, October 24, at $.30, The Rickman 
Godiee Lecture, by Dr. Francis Crick, ‘* The 
Social Impact of Biology." 

Monday, November 4, at 5.30, Inaugural Lec- 
ture by Professor P. D. Wall, * Processes 
Which Precede Sensation," 

Complete list of public lectures (including 
lunch-hour lectures) from Publications Office, 
University College, London, Gower St, WCL 
(Stamped enveiope required). (i444) 


WEST HAM COLLEGE OF 
TECHNOLOGY 


Romford Road, London E.15 
(An Institution. with Recognized Teachers of the 
University of London and a constituent College 
of the proposed North-East London Polytechnic) 


PART-TIME ADVANCED COURSES 
PHYSICS 
M.Sc, NUCLEAR PHYSICS 
University of London Internal degree. 
evenings per week: Two years. 
DIPLOMA IN RADIATION SAFETY AND 
HEALTH PHYSICS 
Part-time day course: One year. 
Two evenings per week: Two years. 
Commencing early October, 1968, 
Apply to the College Registrar for further 
particulars. €1162) 








Two 
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KINGSTON COLLEGE OF 
TECHNOLOGY 
DEPARTMENT OF CHEMISTRY 
SHORT COURSES AUTUMN TERM 1968 


An Introduction to Gas Chromatography (C5 

Six lectures by Dr. D. Ambrose, National 
Physical Laboratory, on Monday evenings at 7 
pm., commencing October 28, 1968. 

An Introduction to Statistical Methods for the 
Design and Evaluation of Experiments (C4) 

Six lectures on Tuesday evenings at 7 p.m. 
commencing October 29, 1968. Lecturers: K. T. 
Boyd, MA., FLS, Research Bureau Lid., Lon- 
don. F. M. O'Carroll, B.Sc, F.LS. BP. Re- 
search Centre, Sunbury. A. D. Hewitt, B.Sc., 
A.M.LChem.E., F.S.S., B.O.C, Technical Centre. 
WW. E. Laird, B.Sc., Ph.D., Kingston College of 
Technology 
‘The Chemistry and Microbiology of Fermenta- 
fion. (C6) 

Six lectures on Thursday evenings at 7 p.m. 
commencing October 31, 1968. Lecturers: H. J. 
Bunker, M.A., F.LBiol, President, Institute of 
Biology. D. Butterworth, B.Sc., Beecham Re- 
search Laboratories. J. E. Munden, B.Sc., Ph.D, 
CEng,  A.M.LChem.E., Beecham Research 
Laboratories. A. Long, Ph.D., A.R.LC.. Glaxo 
Research Laboratories. A. L. Whitear, Ph.D.. 
Watney Combe Reid and Co. 

A Practical Course in Molecular Structure 
Analysis (CD) 
on Wednesday evenings at 6.15 p.m. 

Six meetings for experimental and interpreta- 
tive exercises in mass spectrometry and in elec- 
tronic, vibrational and NMR spectroscopy. First 
meeting October 30, 1968. Course supervisors : 
W. ©. George, PhD, ARDC, C. H, J. 
Wells, Ph.D., A.R.LC. E. F. Brittain, M.Sc., 
ARDC. 

Fee for each course, £2. 

Applications for admission, together with the 
fee payable, should be sent to the Registrar, 
Kingston College of Technology, Penrhyn Road, 
Kingston upon Thames, Surrey. Cheques should 
be made payable to Kingston Corporation. 

(1118) 


AVAILABLE 
FOR 
IMMEDIATE 
DELIVERY 


3 NEW STATIONARY PHASES 
for resolving D- and L-Amino Isomers by 


Gas Chromatography 


Ref: Gil-Av, E. and B. Feibush, Tetrahedron Letters 35,3345 (1967) 


75-730 N-TF A-L-Phenylalanine, Cyclohexyl Ester (Miles-Yeda) 
25 g. $225 


1g.$ 15 59.$ 60 


15-731 L-Valine Ureide, Isopropy! Ester (Miles-Yeda) 
25 g. $300 


19.$ 20 59.$ 80 


75-132 N-TF A-L-Valyl-L-Valine, Cyclohexyl Ester (Miles-Yeda) 
25 g. $500 


19.9 30 5 g. $125 


Further information in new product bulletin. 


RLY 


UNIVERSITY OF SOUTHAMPTON 
Postgraduate Studies 


Postgraduate instructional courses leading to the Degree of Master are 


available in the subjects listed below, 


Faculty of Arts (M.A.) 
American Studies 
Comemporary Classical Studies 
English 

Musical Composition (B.Mus) 
French 

German 

Medieval Studies 

Philosophy 


Faculty of Social Sciences (M.Sc., Soc.Sci.) 


Economies and  Econometrics (including 
Operational Research) 

International Studies 

Sociology and Politics 

Applied Social Studies! m a Ant 

Social Administration | Diploma only 


Faculty of Education (M.A.Ed.) 
Curriculum Studies 


Faculty of Law (LL.M) 

Maritime Law 

Public and Planning Law 

Opportunities for research leading to 
exist in all Departments. 


Further particulars may be obtained 
University, Southampton, SO9 5NH. 


beginning in October, 1969. 


Faculty of Science (M.Sc.) 

Biochemical Pharmacology 

Cryogenics and its Applications 

Electronics 

Quantum Electronics and  Opto-Electronics 

Applied or Pure Mathematics 

Numerical Science 

Oceanography 

Semiconductor Technology and Micro- 
electronics Goint course with Associated 
Semiconductors Ltd. commencing in 
September) 


Faculty of Engineering and Applied Science 
(M.Sc) 

Advanced Acoustics 

Advanced Structural Engineering 

Environmental and Human Factors im 
Engineering 

Foundation Engineering 

High Temperature Gas Dynamics and Gas 
Physics 

Irrigation Engineering 

Vibration and Noise Studies 

Advanced Electrical Machines Technology 
(joint Diploma with the University of 
Aston in Birmingham, commencing in 
January} 


the degrees of M.Phil. and Ph.D. 


from the Academic Registrar, The 
anD 
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Just because it's a rare earth 
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doesn't mean it’s an unearthly price 


: Sometimes, so we hear, important research projects 
don’t get off the ground because the family of rare earths is 
considered too pricey. Of course, we're not saying they are 
dirt cheap. But for what they can do in research and 
industry. our rare earths are priced surprisingly low. 

Take gadolinium oxide for instance. The simplicity of 
our solvent extraction has allowed us to produce it in large 
quantities at lower prices. Now we've reached 99.99% 
purity. And it is being used in reactor poisons, modified 
yttrium iron garnets and phosphors. It could do wonders 
for you, perhaps at less cost than you think. 

Why not get in touch with the two men in the world 
who know most about rare earths: Mr. Tennant (he deals 
with prices) or Mr. Sherman (he's the scientific one). 
Their advice, by the way, is free. 


ET pes 


Thorium Limited 44 


Waterloo Road, Widnes, Lancashire, England. Tel: Widnes 4128. Telex 627366 
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if you use a 


MICROSCOPE 


you need a 


SINGER 


MICROMANIPULATOR 


Singer micromanipulators are used in 
most laboratories all over the world. . 
Three types available: 

Mk I Low power for magnifications 
xI to x200 

Mk II For magnifications x 1 to . 
x 500 


Mk IHN High power for magnifications 
X100 to x 1,000 pius 

The most advanced instruments for 
micromanipulation. As described by 
Barer and Saunders-Singer with further 
improvements. 

Full details and demonstrations upon 
request to: 


SINGER INSTRUMENT CO. LTD., 
Fountain Court, 83 London St., 
Reading, Berkshire, England. 


MICROMANIPULATORS 





FULLY PATENTED 7 











CHEMISTS, PHYSICISTS: if you are looking for 
dyes with specific chemical and physical properties 
suitable for particular manufacturing and/or testing 
processes you are invited to contact 


EDWARD GURR LIMITED 
for supplies and advice. 


DYES FOR USE IN ALL INDUSTRIES 


We hold stocks of an enormous variety of dyes, ready for immediate 
despatch, including: 

Cyanine, Dicyanine, Fast Bordeaux O,, Aurantia, Crystal violet, BPC, 
Scarlet R, BPC, Diazonium salts, Neutral violet, Lacmoid, Nile blue 
Janus green, Brilliant green BPC, Rosolic acid, Methyl green, Mag- 
neson, p-Ethoxy-chrysoidin, Methyl red, Nitrazine yellow, Pina- 
crypto! green, etc. 

BIOLOGISTS are invited to send for our latest 
catalogue of: 


‘MIICHIROMIE? 


STAINS & REAGENTS FOR BIOLOGY 


Acridine orange, Aquamount, Fluormount, Lipid crimson, Matamount, 
May-Grünwald, Leishman, Giemsa, Toluidine blue, Cresyl fast violet, 
Papanicolaou stains, Rhodanile blue, Thioflavine S, Brilliant cresyl 
blue, Nile blue, Pyronin Y, Trifaigic acid, Haplo, etc. 


EDWARD GURR LTD 


42 Upper Richmond Road West, London, S.W.14 
Cables: Micromlabs London SW14 Telephones: 01-876 8228/9 
Quality, Reliability, Prompt delivery and Technical 
Information Service, 
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. Separation of ribosomal RNA by gel electrophoresis 
has made a powerful technique available.l.? The de- 
velopment of the Model 2410 Linear Transport permits 
you to scan these gels in the ultraviolet directly. You 
get increased accuracy with high resolution. The time 
consuming staining process is eliminated. 


Unstained and stained materials may now be analyzed. 
as both ultraviolet and visible energy can be used 
with the Gilford Model 2410 Linear Transport. With 
the Model 2410 you will be able to handle materials 
such as polyacrylamide gel cylinders and slabs, cellu- 
lose acetate membranes and photographic emulsions. 


All Gilford Spectrophotometers and most quality 
monochromators are readily adapted to use the Model 
2410. To find out how inexpensively and easily this 
device can be adapted to your present system, mail 
the attached coupon or phone 216/774-1041 today 
1. Richards, E.G., Coll, J. A., and Gratzer, W. B., "Disc Electrophoresis of Ribonucleic 
Acid in Polyacrilamide Gels." Anal. Biochem. 72 452-471, 7965. 


2. Leoning, W. E., "The Fractionation of High Molecular Weight Ribonucleic Acid by 
Polyacrylamide Gel Electrophoreses." Biochem. J. 102 251, 1967. 
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UNSTAINED 
GEL 


SCANNING 


WITH THE 
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Sephadex ESTE 


Chromatographic 
Column K 100/100 





For preparative gel filtration 
with analytical precision 


= Bed volumes from 4 to 7 litres 
= Deadspace less than 0.1 % of bed volume 
= Upward or downward flow elution 
m Non-clogging nylon mesh bed supports 
m Automatic sample application 
m Tubularsteel stand complete with operating panel ' - 
: a à © A complete series of Sephadex precision 
and pivot mountings for column : : celi a a : 
s uA chromatographic columns is available. 
m Standard equipment includes two three-way valves, For further information, please ask for the 
a two-channel valve and an air-trap booklets ‘Sephadex Column K 100/100' ans 
m Integral water jacket ‘Sephadex Laboratory Columns’ 









Paramount House 
75 Uxbridge Road 
Ealing, London W.5 
Tel. 01-579 0102/7 


PHARMACIA (GREAT BRITAIN) LTD Q 
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Measure the 
density of solids 
accurately and 
conveniently 


Range : O.8 to 2.89 g/c.c. 
Accuracy : 0.0002 g/c.c. 
Temperature Control : +0.1°C 


No more density measurement 
problems with difficult flotation 
or displacement methods. 
Techne has solved them for 
you with the Tecam Density 
Gradient Column developed by 
ICI Plastics Division. Not 

only is this apparatus 

accurate and convenient but 

it can handle many specimens, 
including small objects, all 

at the same time. 

Based on an already well 
established and widely used 
technique, Techne is the 

first to offer this apparatus 
complete with temperature 
control for laboratory use. 
Write or phone today for full 
details. 





Techne (Cambridge) Ltd, Duxford, 

Cambridge, England /dial Sawston 2401 

Techne Inc. 661 Brunswick Pike, 

Princeton, N.J. 08540 U.S.A./dial 609.452.9275 
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Drug dependence 
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Vol 220 No 5164 


4- UK 60c USA 


SECOND-CLASS POSTAGE PAID AT NEW YORK. NY 


NATURE. OCTOBER 19. 1968 


When 


research 

minutes 
count... 

count on 


NBCo's 24-80 


service! 





Everyone's a clock-watcher at NBCo. We fully 
realize your need for speedy delivery of quality 
biochemicals when research is in progress. That's 
why we watch the clock, count the minutes, and 
get your order shipped without delay. That's 
why we offer exclusive 24-80 delivery service. 
If you desire, we can deliver your order within 
24 hours anywhere in the continental U.S. A., 
and within 80 hours anywhere else in the world. 

Above all, we understand the need for accu- 


m 
| NUTRITIONAL 
| BIOCHEMICALS 
| CORPORATION 
l 26201 Miles Road 

i 
L 


Cleveland, Ohio 44128 U.S.A. 
Phone 216-662-0212 


racy, too. Within an hour of receiving your 
order, it's ready for shipping, having been 
checked five separate times for absolute accuracy. 
And, of course, we take pride in knowing we're 
sending you the finest quality biochemicals . . . 
at the lowest possible prices. 

Call us collect at 216 622-0212 (U.S.A. only). 
We guarantee you'll like doing business with a 
company who understands your needs and makes 
every minute count. 


Send for our free catalog contain- 
ing more than 3000 items. 


Name 





Address _ 
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How Catalin 
Molecular 
Models aid 
experimental 
research... 








Covalent model 
of sucrose. 


Besides their use as teaching aids, Catalin models 
are widely used in organic chemistry and physics to 
investigate relationships between structure and the 
properties of matter. 


Each atom is precision made to dimensions derived 
from up-to-date information and molecular 

structures resulting from their use are sterically 
accurate. 


Molecular configurations cover 16 
elements in 53 varieties while ionic 
configurations provide 36 elements 
and 41 model ions. Colour is 
related to the Periodic Table code. 







[SEIT M Limited 


Write for literature 
and price list to: 

CATALIN LIMITED 
Waltham Abbey, Essex 
Telephone: Waltham Cross 23344 











TLC. RADIO SCANNER 


FEATURING 
WINDOWLESS GASFLOW HIGH RESOLUTION 
DETECTOR 4 c.p.m. BACKGROUND. 


EXACT SYNCHRONISM OF 20 x 20 cm. PLATE 
AND CHART TRACE. 


AUTOMATIC MULTIPLE LANE SCANNING. 
TWO DIMENSIONAL SCANNING FACILITIES. 


POTENTIOMETRIC RECORDER FOR FAST 
RESPONSE AND ACCURACY IN LOW ACTIVITY 
REGIONS. 


INTEGRATOR WITH PRINT-OUT OPTIONAL. 
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The scanner accommodates a single 20x 20 cm. 
radiochromatogram plate or several plates up 
to the same area, and uses a standard recorder 
providing perfect synchronism of the radioactive 
spot and chart trace. The very low gas consump- 
tion detector can be programmed to completely 
scan in sequence as many different sections of 
the plate as required. At the end of each scan 
the detector automatically moves to the next 
pre-determined position on the T.L.C. plate. 


APPLICATIONS FOR OVERSEAS 


AD AGENCIES INVITED 


FURTHER DETAILS: 


PANAX EQUIPMENT LIMITED 


Holmethorpe Industrial Estate, Redhill, Surrey. 
Tel: Redhill 63511 
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a whole new technology 
for chemical measurement 


specific ion electrodes 
IONALYZER® specific ion elec- 
trodes are already in daily use 
throughout the world in literally 
thousands of analytical applica- 
tions. Samples can be measured 
continuously, directly, and non- 
destructively. The growing list of 
electrodes available includes fluo- 
ride, chloride, bromide, iodide, 
cyanide, nitrate, fluoroborate, 
perchlorate, sulfide, silver, calcium, 
lead, cupric ion, and total water 
hardness. Still other ion elec- 
trodes will be available shortly. 
Combination electrodes available 
where a single probe is desired. 


B 
reference electrodes 


The totally new IONALYZER 
reference electrodes are especially 
designed for precision pH and 
specific ion electrode measure- 
ments. Constructed of unbreak- 
able acid-base-solvent-resistant 
plastics. Special filling solution 
for low junction potential. 
Available as Single and Double 
Junction Models. 


Orion Research Incorporated : 


C 
specific ion meters — series 400 


Designed especially for direct read- 


out of pH and specific ion elec- 
trodes, these completely portable 
instruments can be used for pre- 
cision measurements in the field 
or laboratory. Series 400 meters 
have many features of the best 
line-operated expanded scale 

pH meters — zero-drift circuitry, 
tautband meters, high input 
impedance, and strip chart 
recorder outputs. 


D 
model 801 digital pH meter 


Direct numerical reading to 
0.001 pH or 0.1 mv. A unique 
all-electronic display system for 
complete data presentation, 
including the decimal point and 
polarity sign. Continuous 
coverage from pH 0.000 to 

pH 13.999, or from 4999.9 mv 


to - 999.9 mv, eliminating reading, 


ranging, and interpolation errors. 
Inch-high numerals are visible 

up to 30 feet, regardless of 
lighting conditions. Strip chart 
recorder output, plus binary 
coded decimal output for 
printer interfacing. 


11 Blackstone Street - 
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E 
flow-thru electrodes 


For applications in which sample 
size is restricted and precision is 

a must, Orion offers the Series 99 
Flow-Thru Systems. Samples as 
small as 0.15 ml can be measured 
with the same precision obtainable 
with macro electrodes. 


F 
model 851 digital printer 


For the most demanding research 
measurements — the most tech- 
nically advanced pH measuring 
system available today! The 
Model 851 Digital Printer with 
the Model 801 pH Meter provides 
complete data print-out. For 
continuous monitoring applica- 
tions, readings are automatically 
recorded (with elapsed times) at 
intervals of 0.05, 0.1, 0.5, 1, 5, 
15, or 60 minutes. Multiple sam- 
ple analysis is simplified with 
automatic printing of sample 
numbers. Becomes an automatic 
analyzer by adding a sample 
changer. 


Cambridge, Massachusetts 02139 * U.S.A. 





What were you doing at 5:00 
last Monday morning? 
We were “Quality Controlling" . . . 





If you're interested in turning to quality . . . Please turn the page 


This 5:00 a.m. “Quality Controlling” 
of cell cultures is a continuation of a 
job that actually starts every Sunday 
morning. 





Things get a little strained during our two fullest days of cell screening be- 
cause the head of our Cell Production Department wants to insure that you 
will receive your cells early Monday morning and have a full week to work 
with them. However, the head of our Quality Control Department will not 
allow cells to be shipped until he has independently examined cultures from 
each lot and is convinced that they are of the quality we demand for our 
customers. 


To insure that our cell cultures are received early in the week in laboratories 
throughout the world, we screen and ship on Sundays. However, this does not 
preclude a final early Monday morning screening for cultures going to local 
customers. 


Further “Quality Controlling" 


MA «ell cultures are microscopically screened daily with particular emphasis on 
typical cell morphology and growth pattern. 


Before they are even considered for distribution, cultures are checked for 
sterility and examined microscopically for proper cell morphology and optimal 
cell confluency. Replicate cultures are retained throughout the normal life span 
of a particular culture as an added control in our monitoring system. 


Every effort is made to see to it that you get cultures of the highest quality 
for your laboratory research when you need them. These efforts include direct 
deliveries to your laboratory by our trucks to the immediate Washington, D.C, 
Philadelphia, Baltimore, New York, Los Angeles and San Francisco areas. 


MA Developed Cell Lines 


In addition to our regular cell lines, Microbiological Associates is continuing to 
establish cell lines from an expanding variety of host tissues to meet the 
specific requirements of many researchers and those needs of our own inves- 
tigational research programs. 


Our freezing program enables us to make regular shipments of replicate cell 


cultures from a specific lot reserved especially for an individual customer. 


Drop by any Sunday, or Monday morning at five o'clock, and see us in action! 


MICROBIOLOGICAL ASSOCIATES 


MAIN OFFICE * 4733 BETHESDA AVENUE, BETHESDA, MD. 20014 » (301) 654-3400 
WEST COAST OFFICE « 503 SAN PABLO AVENUE, ALBANY, CALIF. 94708 e (415) 526-6228 


THE OLDEST AND LARGEST COMPANY OF ITS KIND IN THE WORLD 


Nature, October 19, 1955, p 


WHEN IT COMES TO MASS SPECTROMETRY, 


GOTHENBURG SPEAKS THE SAME LANGUAGE AS 


OKYO, BERLIN, ETC., ETC. 


CHICAGO, ROME, KHARACHI, T 
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It is in fact, an international language—the international 
language of AEI mass spectrometry. The AEI range of mass 
spectrometers is one of the most popular ever developed, and 
you will find them in use in almost every university and research 
establishment from Tokyo to Toronto and from Canberra to 
Copenhagen. In fact if advanced analytical work is being carried 
out, the chances are that there is an AEI instrument somewhere 
inthe scheme. 


Why is this ? Well, one reason is that we have broken through 
the language barrier by internationalizing our representation— 
there is an AEI trained man within ‘phone call distance’ in all 
the major centres of industry throughout the world. 

Another is that our hardware and software is, beyond question 
the most comprehensive available today. But don't take our 
word for it—see for yourself. 





MS12 A single focusing 
mass spectrometer charac- 
terized by fast scanning 
and high sensitivity. Suit- 


able for use with gas 
chromatographs as well as 
normal analysis and struc- 
tural identification of 
organic compounds. 
Resolution is guaranteed 
at 7,500. The MS12 can 
with ease be converted to 
a double focusing mass 
spectrometer of the full 
operating specification of 
the MS902. 


e ODIENTIFID 
< APPARATUS 


MS902 The world’s most 
widely used double focus 
ing mass spectrometer for 
the solution of analytical 
problems in organic che 
mistry. Resolution is guar 
anteed at 70,000, The 
MS902 is the analytical 
component of the ONA-1 
automatic data acquisition 
system supplied by AEI. 
This system is in operation 
in Europe and U.S.A. 
increasing analytical pro- 
ductivity by freeing 
chemists from many hours 
of routine interpretation. 


MS702 A double focus 
ing, spark source mass 
spectrometer forthe analy 
sis of impurities present in 
inorganic materials. A wide 
range of accessories in- 
cludes alternative ion 
sources and both electrical 
and photoplate recording, 
extending the application 
of this instrument into the 
analysis of organic com- 
pounds. 


MS10 in kit form or as a 
complete analytical mass 


spectrometer. In consoie 
form as the MS10c1 for 
gas analysis and MS10c2 
for chemical analysis. 
Metallurgy MS10: For 
the determination of trace 
gases in solids. 

Vacuum MS10: Forresi- 
dual gas analysis. 
Isotope MS10: For pre- 
cision recording of isotope 
abundance ratios of gases. 


For information contact GEC-AEI (Electronics) Ltd., 
Scientific Apparatus Division, Barton Dock Rd., 
Urmston, Manchester. Tel : 061-865 4466 

And in the U.S.A. contact: 
Picker Nuclear, 1275 Mamaroneck Avenue, 
White Plains, New York, 10605 


MINIMASS A new partial 
pressure analyser with 
mass range of 2 to 240 
Minimass gives direct in- 
dication of the partial pres- 
sure, in torr, of residual 
gases in a vacuum system. 
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Reduced 
prices 


for 
Sodium 
lodide Crystals! 


Our Edinburgh laboratories can now 
offer Sodium lodide Crystals and 
Crystal-Photomultiplier Assemblies 
at new low prices. 


Call us right away for price 
range and details. 








The wide range of Inorganic Scintillators from 
Edinburgh includes: 

Caesium lodide (Sodium or Thallium Activated) Crystals 
Lithium lodide (Europium Activated) Crystals 

Calcium Fluoride (Europium Activated) Crystals 
Calcium Tungstate Crystals 

Caesium Fluoride 

Low Background Glass Scintillators 


S NUCLEAR ENTERPRISES LIMITED 


Sighthill, Edinburgh 11, Scotland. 
Telephone: 031-443 4060 Telex: 72333 Cables: 'Nuclear' Edinburgh 
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Student's Muscle Holder 


A perspex bath with an overflow 
pipeandtwo platinumelectrodes 
is fitted to a muscle holder 
mounted on a calibrated rack- 
work boss-head. The muscle 
nerve can easily be laid across 
the electrodes beneath which 
adequate space is allowed to 
place a piece of blotting paper 
moistened with Ringer Solution. 
The arrangement is mounted 
below an Isometric Lever. 


For further details of this equipment, contact: 


vi 





NEW FROM 
PALMER 





8048 Stimulator 


This provides electrical pulses 
from 0.05 to 5 milliseconds in 
width at frequencies from 0.5 
to 100 pulses per second. The 
pulse amplitude is variable be- 
tween 0 to 25 volts. The instru- 
ment operates in three modes: 
repetitive pulses, single-shot 
pulses or pulses in response 
to the closure of external 
terminals. Fully transistorised 
circuits give this instrument 
excellent reliability. 


THE PERFECT 

SET-UP FOR 
FROG'S 

GASTROCNEMIUS 


SEE T o ULM ooo 


E. P. Kymograph 


The whole arrangement is com- 
pleted by registering muscle 
contraction by means of the 
Standard Palmer E. P. Kymo- 
graph, an electrically driven 
recording drum especially de- 
signed for Student and general 
experimental work. 


KJE dE zd C.F. Palmer (London) Limited, 


12/16 Carlisle Road, The Hyde, Colindale, London N.W.9. Telephone : 01-205 5432 
A member of the BTL Group of Companies 
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Section polymers and elastomers down 
to 1000 A—with the liquid-nitrogen cooling 
attachment for the Cambridge Ultra-microtome 
(A F Huxley pattern). 
This unit enables sections of polymers and 
elastomers to be cut without causing damage 
resulting from embedding. 
Both specimen and knife are temperature controlled— 
the specimen in the range 0 to —150 C, 
the knife within a range 0 to —100 C. 
By freezing specimens before cutting, 
the liquid nitrogen cooling unit prevents the formation 
of cutting stress artefacts which might prejudice 
the results of specimen examinations. 
The cooling unit comes in kit form 
and can be fitted to the Ultra-microtome 
in just a few minutes. 





For further details write for leaflet 344E/N/10 

Pp & Cambridge Scientific Instruments Limited 
Medical Division, Chesterton Road, Cambridge 
Telephone: 0223 58294 
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We took your tip 


M 





to speed up electron microscopy 


The most important tip on the 
Zeiss Electron Microscope 

EM 9A is your fingertip. With it, 
you can activate time-saving 
automation never before 
possible. 

Your fingertip gives you 
complete control of the error- 
free, automatic vacuum system 
which saves you time during 
start-up and shut-down. 

A flip of your fingertip is all it 
takes to activate a completely 
automated photomicrographic 
system that sets correct 
exposure, takes the picture, 
numbers micrographs 
sequentially and neatly stacks 
up to 75 negatives without 
reloading. 

You save still more time in 
several other ways. Alignment 
is exceptionally fast and stable 
with the EM 9A's new 
adjustable single condenser 





Full details from Carl Zeiss at 
Degenhardt & Co. Ltd., Carl Zeiss 
House, 20/22 Mortimer Street, 
London, W1N 8AP 

01-636 8050 (15 lines) 


that gives 15 to 20 times 

more brightness than was 
possible before. 

Specimen airlock is not only 
fast, but foolproof, too. 
Specimen exchange can be 
made within 10 seconds. 

Which all adds up to more time 
to concentrate on microscopy... 
rather than on the microscope. 
The EM 9A's resolving power: 
10-12A. 

Operating range: 900x-40,000x. 
Astigmatism compensation: 
new, easy-operating electro- 
static stigmator. 

Focusing: easy, because the 
unique fine-focusing device 
with digital read-out combines 
advantages of both step and 
continuous focusing. 
Binocular: 10x with exceptionally 
high light transmittance; 
special high-eyepoint eyepieces 
for people who wear glasses. 





West 
Germany 


PDegenhardt 
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i Introduction to the Chemistry of Carbohydrates 
'R. D. GUTHRIE and JOHN HONEYMAN 


This well-known textbook provides an introduction to the 
-chemistry of carbohydrates for students of chemistry and of 
biochemistry. It emphasizes modern aspects of the chemistry of 
; carbohydrates, including conformational analysis, and the 
chapter on physical methods has been completely rewritten and 
i considerably enlarged. In this new edition the authors have given 
“more attention to sugar derivatives such as those containing 
^ icarbonyl groups or carbon-carbon double bonds. Though 
_ primarily a student text, the book will be helpful to industrial 
chemists and others who wish to bring their knowledge of the 
chemistry of carbohydrates up to date. R. D. Guthrie is Reader 
-in Chemistry, University of Sussex, and John Honeyman is 
_ Assistant Director of the Cotton, Silk, and Man-Made Fibres 
"Research Association, Manchester. Third edition 160 pp 
140 text-figures 45s net paper covers 21s net 


Asymptotic Approximations SIR HAROLD JEFFREYS 


This is a corrected reprint of a book first published in 1962. The 
main theorems on asymptotic series are proved, and the theory 
of the method of steepest descents is given in some detail. 
Linear differential equations of the second order, where there 
may or may not be a larger parameter, are treated by a method 
based on integral equations. Special attention is given to 
uniformity of approximation over regions in the complex plane. 
Applications are made to several special functions and to the 
theory of diffraction. The author is a Fellow of St John's 
College, Cambridge. 152 pp 19 text-figures 30s net 


The Theory of Groups 1AN D. MACDONALD 


This book provides a substantial first course in the theory of 
groups that is suitable for undergraduate courses in universities 
and will be of interest to those teaching modern mathematics 
in schools. It is self-contained and can be used as an 
introduction to modern algebra, since no knowledge of other 
branches of modern algebra is assumed. Finite and infinite 
groups are given equal emphasis, and the topics covered 
extend as far as nilpotent and soluble groups. The book 

thus provides the groundwork for the study of the more 
specialized topics that are treated in monographs. Numerous 
specially written exercises are an important feature. Ian D, 
Macdonald is Reader in Mathematics in the University of 
Queenslard, Australia. 256 pp 2 text-figures 455 net 

Paper covers 22s 6d net 


OXFORDUNIVERSITY PRESS 
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OXFORD BOOKS FOR STUDENTS 


The Chemical Bond 4 Brief Introduction to Modern 
Structural Chemistry 
LINUS PAULING 


*The treatment is essentially non-mathematical, and contains 
examples at the end of each chapter. A very welcome new section 
is that in which he discusses the molecular orbital approach. 
Also the inclusion of clear diagrams, appendices, and an index 
allow the book to be warmly recommended to undergraduate 
students of molecular physics, organic and inorganic chemistry." 
Cambridge Research 280 pp 77 text-figures 50s net 

paper covers 22s net 

Cornell University Press 


Computing Methods for Scientists and Engineers 
L. FOX and D. F. MAYERS 


The primary purpose of this book is to enable the user to 
improve his use of the computing machine and to obtain more 
accurate and more meaningful solutions to problems in scientific 
computation. A knowledge of the ‘inherent instability’ of some 
problems and the 'induced instabilities' of some methods is 
important for proper computational formulation and proper 
choice of technique. Both are here discussed for most basic 
problems and are illustrated by copious examples. L. Fox is 
Professor of Numerical Analysis, University of Oxford, and 

D. F. Mayers is Senior Research Officer, Oxford University 
Computing Laboratory. 272pp 2text-figures 45s net 


The Fundamental Atomic Constants J. H. SANDERS 


The author, who is University Lecturer in Physics in the 
University of Oxford, describes in detail the experiments from 
which the atomic constants e, A, m, N, and c and related 
quantities are derived. A background of early measurements 
involving direct and indirect determination of the constants is 
presented, and a chapter is devoted to the velocity of light. This 
second edition brings the subject-matter up to date, and should 
prove useful both for undergraduates and for postgraduate 
workers concerned with various techniques of precise 
measurements, or whose interests involve the fundamental 
constants. Second edition 88 pp 16 text-figures 15s net 
Oxford Library of the Physical Sciences 
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Instruments for Manana—Today 


> 











UMMM 


serrara 


We pride ourselves on being ahead of the field in the first time the advanced techniques of chromatography 
sophisticated scientific instrumentation. Techniques of have been used by the Olympic Committee, and Pye 
tomorrow are being engineered and proved today at Unicam instruments have won the day. Write or call 

Pye Unicam. And now comes additional confirmation of today for full details of our unrivalled range of 

our leading role with the selection of Pye Series 104 gas chromatographs, spectrophotometers, data processing 
chromatographs for use in the Mexico Olympics. This is equipment or physical instrumentation. 
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PYE UNICAM $ 


Pye Unicam Ltd 
Jm York Street Cambridge CB1 2PX 
Precision Instruments Telephone (0223) 58866 Telex 81215 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Planetary nebulae—Do their line strengths vary?— 
EVANS, CATCHPOLE and JONES (Royal Observatory, 
Cape of Good Hope, and Radcliffe Observatory, Pretoria) 


Astronomy-—X-rays from the acai clouds—LEWIN, 
CLARK and SMITH (MIT) . 


Cosmology—Radiation and matter in a cosmgiogie. model 
—CHERNIN (USSR Academy of Sciences) f 


Solar physics—How to forecast geomagnetic sibus 
BEDNAROVA-NOVAKOVA and HALENKA (Czechoslovak 
Academy of Sciences} 


Planetary science— Position of Ims y den en me able 
nights—LOURENS (Royal Observatory, Cape of Good Hope) 


Geology—Rate of movement of Dead Sea Rift—FREUND, 
ZAK and GARFUNKEL (Hebrew University, Jerusalem) 


Geology——Inv estigationsin Haifa, Bde -MISHN AEVSKY 
(Israel Institute of Technology) E 


Coordination-chemistry—Five diordtbit tion paramagnetic 
ae een GERLOCH and LEWIS (London) 


Superconductors- Cuse, the first marcasite type—HULL 
Telephone Laboratories) and HULLIGER (Cyanamid) 


BIOLOGICAL SCIENCES 


Learning—Planaria aggregate most against a white back- 
ground—REYNIERSE and SCAVIO (Nebraska) 


Marine biology—Isolated population of the bamad 
Elminius modestus in Northumberland:=EV ANS (New castle 
upon Tyne) . ` 
Plant nutrition—Seawater as a source of plant nutrients— 
EXSTER (Mobile College, Alabama) : : 


Fish—Calcific heart disease in New Zealand brown trout— 
PRIOR, WEBBER (Wellington Hospital), ALEXANDER 
(Wellington) and BARCEME (Gey Hospital, Greymouth, 
New Zealand) : : 


Botany—Effect of bud temoval on —À of cuttings — 
HOWARD (East Malling Research Station) 


Cytology—Deleted human autosomes are more hee ily 
labelled with tritiated thymidine and differ in length from 
their normal homologues —DE CAPOA, MILLER, MILLER 
(Columbia) and BREG (Yale) , 


Cytology—Normal but not cancer or Seniesa: trans- 
formed celis from different species inhibit each other's growth 
—EAGLE, LEVINE (Albert Einstein College of Medicine, 
New York) and KOPROWSKI (Wistar Institute) 


Cytology—Role of rat intestinal epithelial cells in iron 
on tion—BAT CERZAR and SEEENPERGER d 
tate) 


Radiation protection—Adrenochrome monoguanylhydra- 
zone methanesulphonate protects mice against whole body 
X-irradiation —SUGAHARA and TANAKA (Kyoto) . 


Virology—Metabolic cooperation in euploid human fibro- 
blasts — FRIEDMANN, SEEGMILLER (US National 
Institutes of Health) and SUB AK-SHARPE (Glasgow) 


Microbiology—Marine micro-organisms did not oxidize 
organic materials from deep water--BARBER (w oods Hole 
Oceanographic Institution) 


Molecular biology—Mutant of E. coli CORDE an altered 
RNA  polłymerase—TOCCHINI-VALENTINI, MARINO 
and COLVILL (Naples) . à 


Molecular biology—Another mutant of E. voli containing 
an altered RNA polymerase—EZEKIEL and HUTCHINS 
{Albert Einstein Medical Center, Philadelphia} ` 
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Biochemistry—Isoenzyme of cholinesterase in rat retina 
has a rapid rate of metabolism and a half-life of about 3 h— 
DAVIS and AGRANOFF (Michigan) " : 


Biochemistry—Thermally labile cross-links in 
collagen—BAILEY and LISTER (ARC) ; 


Ageing—Evolution of senescence and spem ific longevity 
EDNEY and GILL (California) : 


Tumours—Effect of neomycin on an inhibitor of Dotai 
eous tumours in mice—STRONG (Leonell C C- Strong Research 
Foundation, California) 


Cell physiology—Leucocidin and iiphosplioinositidei in the 
control of potassium Pe A DEN: and WIE- 
NEKE (Oxtord) 


Liver—In vitro growth ot remnant dise cells alum partial 
hepatectomy—HA YS, TEDO, OKUMURA and NAGA- 
SHIMA (Southern C MORIS and COPIES E sp of Los 
Angeles) : 


Tumours—Tumour- EETA anties associated with 
membranes from rat hepatomas induced hy aminoazo dye— 
BALDWIN and MOORE (Nottingham) " ‘ 


Immunology—Antagonism of inducing processes in cyto- 
toxicity of human lymphocytes—-LUNDGREN, COLLSTE 
and MOLLER (Karolinska Institute, Stockholm} s; 


Immunology —Secretory immunoglobulin A contains a 
hidden antigenic group which is accessible on the free 
"secretory piece"—BRANDTZAEDG (Rikshospitalet, Oslo) , 


Immunology—Neonatal thymectomy with or without 
irradiation abolishes the response to PHA-——GREAVES, 
Serene (London) and ROSE (Houghton Poultry, Research 
tation} : . ` 


Tumour immunology— Delayed hypersensitivity and 
transplantation immunity elicited by soluble antigens of 
chemically induced tumours in inbred guinea 
OETTGEN, OLD, McLEAN and CARSWELL dia. 
Kettering Institute for Cancer Research, New York) 


Immunology—Antigenic stimulation is unnecessary for 
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Laboratory} ! 


Microbiology-—V iruses ini T: hie can infec t tha same 
cell---BURNSTEIN and BICKFORD (Purdue) . ; 


Anaemia—Haemopoietic tissue bearing marker sina 
somes transplanted into mice of the W'-series—SEL LER 
(London) " 


Physiology— Behaviour of jaw isd seth receptors in 
cat—TAYLOR and DAVEY (London) 


Psychology—Introspective reports by abjecte in memory 
experiments—BERRY (West Ham College of Technology} . 


native 


GENERAL 
Hazards—Supernovae and nuclear reactors Menge 
BOWEN (UKAEA) k 


Marketing—Regularities in irand swite hing —EHREN- 
BERG and GOODHARDT (Aske Research L td, London) 


293 


295 


The titles on this page are prepared by the staff of 
Nature on the basis of the titles submitted by authors 


which appear in full on the pages indicated. 











xiv NATURE. OCTOBER 19, 1968 








| Based on the well-known Histokinette Automatic Tissue 
Processing Machine, the new "Hendrey “Automatic Slide 
| Staining Machine offers the same degree of simplicity 
and efficiency, ccmbined with ease of operation and 
considerable savings of time and labour. 
The new machine dramatically eases the burden of 
manual staining for the Laboratory Technician involved in 
an increasing work load in exfoliative cytology, and allows 
staining to proceed automatically and with very little 
supervision. 
The most important feature of the machine is the great 
accuracy of staining and consistency cf results obtained 
with it. The provision of 23 covered beakers on the 
machine means that it is eminently suitable for the 
Papanicolaou staining process, but the machine can be 
used to stain any specimen which can be mounted on a 
microscope slide, and it can operate other staining pro- 
cesses provided that not more than 23 stations are 
required in the complete cycle 






“Hendrey” 
Automatic 
Slide 
Staining 
Machine 


The slide carrier accommodates 36 standard microscope 
slides in one load and uniform staining is ensured by the 
combined perpendicular and rotary movement which is 
employed during the time that the slides are immersed in 
the various staining liquids. 


Full details available on request. 


Hendrey 


HENDREY RELAYS & ELECTRICAL EQUIPMENT LTD. BATH ROAD, SLOUGH, BUCKS, Telephone: BURNHAM 4611 (5 lines) Telegrams: HENDRELAY 
SLOUGH, Telex No.: 84314 Chamcom Slough, Hendrelay. On Admiralty, Principal Ministries and Post Office Lists. A.R.B. & Min. of Tech. Approved Design 
and Inspection. So/e Export Distributors: Measuring & Scientific Equipment Ltd., 25-28 Buckingham Gate, London, S.W.1 











Be Precision Instruments 





A photo-electric polarimeter of high precision Model B 


providing electronic detection of the null point 
with magneto-optical modulation of the plane of 
polarisation. 


APPLICATIONS 


Precise measurement of the optical activity of solu- 
tions in the visible and ultraviolet regions between 
600 and 230 mu. The instrument may be used either 
with spectral sources and interference f.Iter as illust- 
rated, or mounted on a base together with a mono- 
chromator and continuum source. The angular scale 
from which the rotation is determined, is projected, 
thus eliminating the use of eyepieces. This method 
avoids hidden errors that may be present in some 
forms of digital presentation. SPECIFICATION 


Full 0-360° circle sub-divided by means of micrometer screw 
and drum direct to 0-002°, 
Standard sample tubes of up to 220 mm. path length. 





We now have capacity for aluminising certain 
types of mirrors, at short notice. 
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NATURE 


Institutions unter Pressure 


Tue annual reports of the Science Research Council 
(see page 216, this issue) and of the United Kingdom 
Atomic Energy Authority (see Nature, 220, 107; 1968) 
make a curious and significant contrast. The Science 
Research Council, no doubt spurred on by Professor 
B. H. Flowers, the new chairman, is plainly bent on a 
much more independent career than has been customary 
in the past. By contrast, the Atomic Energy Authority 
is still sitting patiently at what must seem the eye of a 
hurricane, waiting for the reorganization which should 
have come two years ago and which can hardly be 
much longer delayed. This, no doubt, is why readers of 
the report who are not entirely familiar with recent 
events will have to infer that a reorganization is in the 
offing from the presence in an appendix of the 
authority’s evidence to the House of Commons Select 
Committee on Science and Technology. There can 
hardly have been a more telling illustration of the 
common but disereditable belief that the best way to 
avoid disasters is to avoid thinking about them. 

The hankering after autonomy which shows through 
the report of the Science Research Council is at once 
welcome and potentially important. In recent years, 
bodies like the Science Research Council have been far 
too ready to regard themselves as being free to operate 
only within a framework specified in advance by some 
government department. Previous chairmen of bodies 
like the Science Research Council have been prepared 
to grumble in private about the restrictions imposed by 
the central government, but have nevertheless been 
quite willing to toe the line and to do more or less what 
they were told. This is why one of the most striking 
passages in the latest report is that which explains why 
the Science Research Council disagrees with the British 
decision not to contribute towards the 300 GeV proton 
accelerator at CERN, and which goes on to say that the 
council “will continue to press for a reversal of the 
decision". Quite apart from the rights and wrongs of 
the decision on the accelerator, this declaration is 
thoroughly welcome. 

One immediate benefit is that it should help to 
impress on British governments the plain truth that it 
is impossible—or at least ingenuous—to ask distin- 
guished professional men to assist in the administration 
of public money without the freedom to give their 
professional judgment full rein. Recent history is full 
of examples of how the expectation that committees 
will function as rubber stamps has served to wreck all 
kinds of good ideas. The regional councils established 
two years ago to help with the economie planning of 
different parts of the British Isles have, for example, 
been rendered ineffectual by the Government’s intima- 


tion that it would not be prepared to listen to unpalat- 
able advice. One chairman has resigned already, 
another is repeatedly exploding with frustration, and it 
is hard to see why the committee should be kept in 
being. It is also probable, however, that the decline of 
the influence of the University Grants Committee in 
recent years owes something to the way in which it has 
been required to administer policies which it has not 
helped to initiate. In this spirit evervbody—even the 
British Government—will benefit if the Science 
Research Council can demonstrate in the next few years 
that there is no reason why those who serve on govern- 
ment committees should always do precisely what the 
government requires of them. 

In the long run, this tendency towards autonomy 
could help to give the Science Research Council the 
kind of role in the administration of public support for 
research and development which the University Grants 
Committee used to play in the administration of 
university finance. In other words, it can realistically 
seek to be the kind of organization which makes a 
sensible and equitable division of what funds the 
government is willing to spend on long-term research 
and, at the same time, one of the principal channels by 
means of which the needs of the research community 
are brought to the attention of the Government. This 
fits in well with the conventional doctrine at the 
Department of Education and Science that it is not for 
a government department to tell scientists what kinds 
of research they should embark upon. (There is always, 
of course, a possibility that this view could be aban- 
doned; certainly, the Ministry of Technology would be 
unlikely to give its pensioners as much rope as this.) 
The new development also chimes in well with the hope 
that means can be found for involving professional 
scientists much more directly than they have been in 
the past in decisions about the way in which funds are 
spent on different kinds of scientific research. And in. 
the long run, of course, the only way in which wise 
decisions can be made about the allocation of resources 
is that the competing claims of different people on the 
necessarily limited funds which are available should be 
decided in some forum in which the scientific merits of 
competing causes can be properly evaluated. In other 
words, there is a possibility that the Science Research 
Council could emerge as a genuinely democratic mach. 
ine for deciding the strategy of long-term research. 

That, of course, is an entirely sensible and even 
realistic goal. Indeed, there would be great virtue in 
machinery which would accurately reflect the needs of 
the scientific community in the pattern of expenditure, 
and the Science Research Council is the obvious 
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organization to oceupy that role, particularly now that 
the Council for Scientific Policy has lost much of its first 
gloss. The trouble, of course, is that the Science 
Research Council will need more than just cheek if it is 
to grow into the kind of organization which circum- 
stances require. One sure and comparatively quick 
road to disaster would be to give in to the temptation 
to become a kind of lobby on behalf of the scientific 
research community. In this spirit, it would be com- 
paratively easy for the Science Research Council to fill 
the next and succeeding annual reports with complaints 
that shortages of funds are hampering research in 
dozens of valuable and important fields. 

1t would also be comparatively easy—and much more 
comfortable than any other kind of policy—for the 
council to support for the indefinite future a pattern of 
research in British universities which is qualitatively 
similar to that which now exists. One obvious difficulty 
is that these easy courses of action, or inaction, are 
unlikely to carry conviction with the outside world, and 
particularly with the Government. Another is that they 
are unlikely to be in the best interests either of the 
universities or of the rest of the scientific community. 
This is why it is welcome that the Science Research 
Council should have openly declared its intention that 
the work of the scientifie community should be more 
directly valuable to industry. This is a tangible 
Strategic goal even if, in some ways, it is somewhat 
over simple. It cannot be long, however, before the 
council will have to provide itself with a policy-making 
apparatus which can play an important part in the 
forward planning of research. It will not indefinitely 
be sufficient to employ somebody to read reports like 
those recently produced by Professors Swann and 
Dainton, looking for signs of the way in which the wind 
is blowing. Indeed, the council will quite quickly find 
itself having to deal with all kinds of apparently unrela- 
ted questions—professional salaries, for example, or the 
machinery for appointments to senior positions in 
publie laboratories. 

But what if people should seriously disagree with the 
kinds of policies which the Science Research Council 
tries to implement ? What channels of protest are open 
to those who, perhaps mistakenly, disagree with the 
council’s view that a British contribution to the 300 
GeV machine would be a good investment of resources ? 
And what if there is serious disagreement about the 
emphasis which the council is putting on the need to 
provide practical help for British industry ? There are 
bound to be, for example, many people who regret the 
way in which an expansion of postgraduate teaching has 
been yet again postponed. The conventional answer is 
that the wide representation of scientists on the council 
itself and on the committees, sub-committees and 
working groups whose names oceupy no fewer than nine 
pages in the latest annual report is a guarantee that 
the council accurately reflects informed opinion. This, 
however, is a false claim. Most of the committees are 
hamstrung by their terms of reference and, to the 
extent that committee members are made trappist by 
their office, may even be an active disservice to the 
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democratie cause. This is why it is essential that a more 
active and creative council should also be a more open 
council, willing to publish justification for its decisions 
and even its internal disagreements. Fortunately, the 
new council seems to have its heart in the right place 
even on this contentious score. In the past few months 
it has published a reasoned argument for the future 
policy in astronomy, and has made known the original 
division in the council on the support. for the 300 GeV 
machine. If there can be more of that, the council will 
have prepared the foundation for a most valuable 
instrument of public administration. If only profes- 
sional scientists who are not members of the council’s 
committees can forsake their present cowardly habit. of 
reticence, there is a real opportunity for the scientific 
community in Britain to be as much in charge of its 
own affairs as anybody has a right to hope. 


UNIVERSITY EDUCATION 


Science for the Thousand 


Tue Swann Report made it abundantly clear that 
British science education would be more useful if it was 
more general. It said, "To help the individual meet the 
current and future needs of employment and to give 
wider opportunity in the career, we recommend that 
British universities should consider the possibility of 
making the first degree course in science, engineering 
and technology broad in character.” There are three 
undergraduate generalist courses available in Britain, 
Science Greats at Manchester, Technological Economics 
at Stirling and Science Studies at Edinburgh. There are 
also two postgraduate courses in the social aspects of 
science and technology at Sussex and Bath. All are 
recent innovations, which the Swann committee urged 
should be used as models for similar experiments in 
every university, but how are they faring ? 

The three undergraduate courses are different in 
scope and approach and only those at Manchester and 
Stirling are at degree level. Science Studies at Edin- 
burgh, an optional course, which started last year with 
fifty-five students, occupies one seventh of the first 
three years and seeks to provide an overall view of the 
social consequences and context of science. The 
Stirling course in Technological Economics was also 
started in 1967 with six students, and about the same 
number have been recruited this year. The overall 
director is Professor Bradbury, professor of industrial 
science and for twenty years a member of the Mond 
Division of ICI. The aim of this course is to teach 
science and economics in a fully integrated way. For 
the first three years students will divide their time 
equally between a traditional science course, economics, 
and a mixture of industrial science and mathematics. 
The fourth year will be devoted to management and 
technological economies and industrial science. In 
other words the course, especially in the final year, will 
be closely geared to realistic business situations, and 
Professor Bradbury believes it should produce econo- 
mists who know some science and should be ideal 
candidates for research and development and industrial 
production teams. The chief problem is that of pub- 
licizing the course among the schools. 

Professor F. Jevons, head of the Department of 
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Liberal Studies in Science at Manchester, did his share 
of that in 1966, when the department was started. In 
1966 there were thirteen students who had originally 
applied or were already in the traditional science 
departments. Last year there were ninety-three 
applicants, some again from the traditional depart- 
ments, for eighteen places. "This year a hundred appli- 
cations were made direct and the academie standard of 
those accepted compares well with students in the 
other science departments. What is more, this summer 
the other great obstacle to recruitment, namely the fear 
of potential students that employers will fight shy of 
people graduating from a general science course, seems 
to have been disposed of. Twenty-seven of the thirty- 
two first and second year students took vacation jobs 
from no less than 171 offers from companies and public 
corporations and several of them have, on the strength 
of their summer's work, been offered jobs as soon as 
they graduate and apparently most of the companies 
were very enthusiastic about the quality of the stu. 
dents. 

Professor Jevons says business is thriving. What is 
the successful formula? Insisting on high calibre 
students from the very start (GCE A-level grades of 
a B and two Cs including physics and mathematics are 
the usual requirements) is perhaps the most important 
factor. But the course which has attracted these 
students is a judicious blend over three years of 
economies, history of science, biological and physical 
sciences, mathematics and science policy, obviously a 
very different approach to generalist science from that 
adopted at Stirling. The department is now about to 
apply to the SRC for funds for a postgraduate course 
to start next year and to cater for graduates from the 
conventional science departments. Judging from the 
SRC’s latest policy statement (see page 216), there 
should be little difficulty in getting the money. But 
being copied is the best evidence of success, and at 
Sussex there is talk, at the postgraduate Unit for the 
Study of Science Policy, of setting up en undergraduate 
course along the lines of that at Manchester. 

Neither the Manchester nor Stirling courses have 
accepted any arts sixth formers although Manchester is 
trying to decide how best to do this and at Stirling the 
only essential requirement is A-level mathematics. The 
university says it will teach science to any arts appli- 
cant with this qualification but, perhaps fortunately, 
no one has taken up its offer yet. At Bath, however, 
the one year postgraduate course in the Sociology of 
Science, directed by Professor Cotgrove, is designed for 
sociologists although there is a preliminary year’s con- 
version course to introduce scientists and engineers to 
the ways of sociology. The whole project, however, is 
on the point of collapse because only two people have 
enrolled in its first two years. Unless it gets off the 
ground next year, which must seem unlikely, Professor 
Cotgrove says the university will have to stop the 
course or alternatively, if anything comes of current 
discussions with industry, change it into a course for 
industrial scientists likely to move into administration. 


STUDENT RECRUITMENT 


Swing Back to Science 


Is the swing in the popularity of British university 
courses from science to arts and social science courses 
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& continuing trend, or has the attention recently 
devoted to the problem been effective in arresting the 
swing? At the beginning of the new academic year, 
the general opinion seems to be that the number of 
applicants for science places as a fraction of the total 
number of applicants is much the same as it was last 
year, and that at least it is not decreasing as much as 
might have been feared. There is even some evidence 
of a swing back to the sciences among school children 
now entering sixth forms. 

The number of places available at universities is 
determined principally by the amount of money the 
University Grants Committee (UGC) can be persuaded 
to part with, and this in turn depends on the demand 
for places in previous years and on existing long-term 
plans for expansion. Cuts have forced Exeter Univer- 
sity, for instance, to reduce quotas for admissions to 
science departments by 10 per cent this year. Else- 
where, quotas for admission to science faculties are 
about the same as last year, and usually they seem 
to have been filled. Some universities admit that 
if more science places were available, they might 
have some difficulty in filling them without lowering 
standards. 

A parameter used as a measure of the relative popu- 
larities of various courses is the ratio of the number 
of applications to the number of available places for 
various subjects. This is not a particularly meaningful 
statistic because the number of applications includes 
all applications, irrespective of their quality, but it 
does give some indication of general trends. At Sussex 
University this year the ratio is 21 for arts subjects 
and 13 for science subjects—ranging from 21 for bio- 
chemistry, through psychology, applied sciences, 
physics, chemistry and biology to 8 for mathematics. 
Last year, the ratios were 9-5 for science subjects and 
21 for arts subjects. The fact that the number of arts 
applications is not rising as rapidly as was expected 
may be explained by some degree of pre-selection at 
schools, where children are warned that the competition 
for arts places is fierce. At Birmingham, the number 
of applicants per science place is 11 this year, com- 
pared with 12 last year, and for arts places is 19 
this year. 

Some of the least popular courses at the older 
universities are the engineering courses— perhaps a 
result of the increasing intake of students to the newer 
technological universities. These, however, appear 
still to have some difficulty in reeruitment. Newer 
courses, such as biochemistry and computer science, 
seem to be increasingly attractive. In line with current 
sensitivity about early specialization, combined honours 
courses, according to Professor D. J. E. Ingram of 
Keele University, are becoming more and more popular 
generally. 


SALARIES 


Who’s Paid What 


THE five British science institutes have completed 
salary surveys of their members, and the preliminary 
results are published as a supplement to Chemistry in 
Britain. The median salaries by age group for each 
institute are compared in Table 1. Fellows and asso- 
ciates tend to have better degrees and longer experience 
than licentiates or graduates. 
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Table 1 
Age grou 
Grade of UR LEER 5 il^ ——— £ En GAP NOCT PERPE) 
membership Discipline «26 26-30 31-35 36—40 41—45 46-50 51-55 56-60 61-65 
. £ £ £ £ £ £ £ £ £ 
Chemistry 1290 1660 2100 2510 2950 3120 8170 3300 8200 
Fellows Physies 1340 1810 2180 2600 2970 3330 3315 3460 3540 
and Metallurgy 1290 1600 1900 2400 2660 2930 3000 3025 2700 
Associates Mathematies 1360 1660 2030 2315 2700 2995 3040 3660 4000 
: . Biology 1290 1995 2350 2575 3160 3110 3600 3440 3490 
Licentiate Chemistry 1990 1850 1560 1800 1900 1880 1840  — — 
Graduate Physies 1165 1515 1965 2190 2655 2460 2595 2245 — 
Licentiate Metallurgy 1140 1370 1670 1865 1995 2100 1970 2250 — 
Licentiate Biology 1020 135 1490 1985 1820 1900 -— — — 
Graduate Mathematies 1190 1670 1970 2265 2250 | = - — — — 
Tabie 2 
Age group 
Employer 26-30 31-35 36—40 41-45 46-50 51-55 56-60 61-65 
Industry 1660 2060 2530 3430 3230 
University 1515 2180 2730 3400 3450 3660 4310 3510 
Central Government 1640 1990 2510 2740 3100 3200 3210 3280 
Nationalized Industry 1650 2100 2470 2830 3000 2890 2880 — 
Technical College 1990 3220 2350 2500 2710 2600 2790 ey 
School 1640 1980 2120 2200 2210 2380 2470 2500 





In both grades of membership the physicists and 
mathematicians appear to climb fastest up the ladder 
of material success, the mathematicians earning more at 
earlier ages but being leapfrogged by the physicists in 
the mid-forties. In the sixties the biologists seem to do 
better than anyone, the salary of £4,000 being the 
median of 42 members. The numbers who responded 
to the survey include 2,855 biologists and 14,366 
chemists (figures for other disciplines are not yet 
available). 

Table 2 gives the median salaries by sector of fellows 
and associates of the Royal Institute of Chemistry. 

A possibly surprising aspect of the survey is that 
after the age of 30 chemists in industry earn consistently 
less than their colleagues at universities, which presum- 
ably indicates that there is no market shortage. The 
same is true for physicists, as far as can be judged from 
the four summary graphs so far issued by the Institute 
of Physics and the Physical Society. From the age of 
30, associate physicists earn a steady £200 more in 
universities than in industry. Graduates of the insti- 
tute are paid pretty much the same in universities and 
industry, whereas fellows earn more in universities 
except between the ages of 44 and 52 when industrial 
remuneration rises to nearly £4,300 at age 50 (the 
university equivalent is £3,900). 

Median salary of chemists has risen by a factor of 
about 1:8 in all age groups since 1956, and by lI 
since 1965. There has been no significant movement of 
chemists into industry since 1965. The rate for the job, 
as far as chemists are concerned, does not vary widely 
between different regions of Great Britain and Ireland. 


SPACE DIPLOMACY 


ESRO Up, ELDO Down 


Ir has been a mixed week for European science 
diplomacy. 

The most telling event was the news from the 
ESRO council meeting on October 8-9 that one of the 
two large TD satellite projects cancelled in April has 
been rescued. Escalating costs (above the grossly 
optimistic contractual price of £7 million) and Italian 


intransigence over an economy plan to provide one 
satellite for the price of two had brought about dead- 
lock.  ESRO's constitution provides for "special 
projects" to be undertaken if there is support from 
two thirds of the member countries. This has been the 
mechanism adopted for continuing with the stellar TD, 
intended to be chronologically second and promising to 
be a very sophisticated and exciting experimental 
package for the early 1970s. Terms for ESRO special 
projects are that only those countries taking part pay 
and ESRO acts as manager. At last week’s meeting it 
turned out that nine out of the ten ESRO countries 
wanted to take part—Italy is still not interested—so 
the shares will be very little larger than if it were a full 
ESRO programme. (The final cost to Britain is 
expected to be about £4 million out of a total bill of 
about £20 million.) The degree of agreement represents 
a triumph for ESRO's new Director-General, Professor 
H. Bondi, who has personally led the rescue negotia- 
tions. There was warm praise from the Science 
Research Council last week for the way ESRO has 
handled this affair. This is a symbolic as well as a 
tangible recovery. 

Apart from the TDs (which take their name from 
their adopted American Thor-Delta launchers), ESRO 
had no satellite project scheduled beyond this year. 
The organization was formed to support projeets that 
no individual member could afford on its own. That 
means satellites either larger or more sophistieated 
than the British Ariel series on the Reuch Diamant 
launched payloads. The TDs were both. It remains 
to be seen if anything can be salvaged from the solar 
physics TD, due to catch the end of the solar maximum 
for which several of the experiments, including the 
British, had been built. There is a well conceived future 
programme of ESRO satellite launchings ready, but 
this awaits commitment to a new and increased 
budget by ESRO countries at the Bonn European 
Space Conference (ESC) in November. 

Also linked with the ESC is the report of the further 
committee on a long-term European space programme 
called for by the inconclusive ELDO ministerial 
meeting on October 1-2 (see Nature, 220, 109; 1968). 
It is due to report to the ministers the day before the 
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Bonn Conference (November 11). The committee 
started work in Brussels on Wednesday (October 16). 
Grudgingly, the British Government finally decided to 
send a delegate. Nominations had to be in by Saturday, 
12th, and decision was reached only at the last moment 
—late Friday—after 10 days of Whitehall discussions 
on the point following the failure of the British move at 
the ELDO ministerial meeting in Paris. This aimed 
to link an ELDO solution with discussions for a larger 
framework of European technological collaboration. 
The German resolution adopted, with British and 
Australian abstentions, limited the Brussels com- 
mittee's work to European space problems. The 
Ministry of Technology, the front-runner in these 
manoeuvres, seems only concerned that the collapse of 
ELDO (and the waste incidentally of at least £170 
million spent by the British taxpayer alone) should not 
be blamed on Britain. It has an uphill task. Im- 
pressions from the Paris meeting were that the five 
continental member governments of ELDO already had 
a blueprint for Brussels so that the committee would be 
little more than a rubber stamp. The Government's 
face-saving efforts would not be helped if Britain made 
no effort to modify the talks by joining in. 


UNIVERSITIES 


Science Surveyed 


OFFICIAL circles in Oxford might well be advised by 
some of the student opinions aired in the survey of 
conditions and courses carried out by Zenith, the 
university science magazine, and the University 
Scientific Society (Static or Dynamic? . . a Survey of 
Oxford Undergraduate Science, 3s. from Zenith, Univer- 
sity Museum, Oxford). 

Answers to a questionnaire sent to a third of all 
Science undergraduates revealed several areas of 
dissatisfaction with courses and syllabuses, although 
not all felt as strongly as the physicists and engineers, 
of whom a fifth and a third respectively would prefer 
to have gone to another university. Many of the 
complaints concerned practical courses, which are often 
badly organized and uninteresting, frequently in the 
first year being little more than a repetition of school 
work. Many experiments in physies consist solely of 
reading instructions, making the apparatus work and 
putting numbers into formulae, which is time con- 
suming and not necessarily instructive. 

There was considerable enthusiasm for a general 
broadening of courses. Forty per cent of chemistry 
undergraduates would prefer to do a joint course if 
this was possible. The most popular subject for a 
joint course was economics (one seventh of chemists 
would like to be able to do this). Other suggestions 
were business studies, philosophy, psychology or more 
biologically slanted subjects. Sixty-one per cent of 
physiologists would also like courses in non-scientific 
subjects, especially German, Russian, economics and 
sociology, provided they were voluntary and without 
examinations. Perhaps the new courses in physics 
and philosophy, and mathematics and philosophy will 
go some way to serve this need for broader courses. 

There is also considerable criticism of lecturers, many 
of whom are said not to be up to their tasks, being 
unable to hold an audience or to communicate ideas 
concisely and coherently. Apart from laziness, bad 
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lecturers was the only reason given by students for tot: 
attending lectures. 'The most popular remedy for this 
was fewer lectures—given by the best lecturers—and 
more informal classes and seminars to supplement 
tutorials. 


RARE EARTHS 


Semiconductors by Gaslight 


À NEGLECTED corner of the periodie table, the rare 
earths, came into the news on Monday when Thorium 
Ltd started operation at Widnes of its £500,000 plant 
for purifying rare earth oxides. It is the largest rare 
earth plant in the world, and will substantially increase 
world supplies of neodymium, lanthanum and praseo- 
dymium. The plant depends on a countereurrent 
distribution process. An aqueous solution of rare 
earth nitrates flows through a series of mixing chambers 
against an opposite current of tributylphosphate: 
by recycling material through the plant, levels of 
99-99 per cent purity are easily obtained. 

The whole operation provides something of a text- 
book model for the translation of research into produc- 
tion. Other methods of refining rare earths—fractional 
precipitation and ion exchange—are not fully satis- 
factory and, in 1961, the research staff of Thorium Ltd 
—25 per cent of the company's personnel—began to 
investigate the possibilities of countercurrent distri- 
bution. By 1964 they had a commercially viable 
process, and they began to have an edge in the world 
market over their main competitors in the United 
States and Japan. Some vigorous work in the patent 
office has made it possible for them to sell the process, 
under licence, to firms in the United States and Japan, 
under an agreement which forbids these firms from 
exporting any of their production outside their own 
territories. The process earned the firm a Queen's 
Award for Technology last year, and the overseas 
business that came in its wake earned them a Queen's 
Award for Exports this year. Since 1965 the firm's 
turnover has doubled while its exports have quad- 
rupled. 

Thorium Ltd's new plant has a productive capacity 
far in excess of current needs, but the firm's marketing 
staff are confident that sales will expand in step with 
production. The optical industry already uses lan- 
thanum oxide in high quality lenses, while praseo- 
dymium oxide is the basis of a brilliant yellow pigment 
for ceramics. Too much neodymium oxide is made at 
the moment, but the unique optical properties of the 
material arouse the company's hopes that glass manu- 
facturers will take it up as a decolorizing agent. It 
has a sharp absorption band which accurately cancels 
the yellow colour of iron traces in glass. 

The ore that feeds the plant, bastnaesite imported 
from California, is a source of more exotic rare earths 
as well, and Thorium Ltd has managed to find markets 
for some ofthese. Europium is apparently unassailable 
as a red phosphor in colour television tubes, yttrium 
is used in laser garnets and gadolinium has potential 
as a quenching metal in nuclear reactors. 

The electronics industry is a willing accomplice in 
the efforts of Thorium Ltd to find uses for even the 
more obscure of the flock of elements. The bizarre 
optical and magnetic properties of the rare earths will 
no doubt be a strong selling point. At the same time, 
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Thorium Ltd is aware that the advance which is the 
foundation of their present success could any day be 
followed by another advance which unseats them. 
The company is therefore planning to diversify. It 
still finds a ready sale for thorium oxide in gas mantles, 
chiefly in the Far East. 


ROCKETRY 


Space Race Hots Up 


Wits a sigh of relief, the United States last week 
launched the first manned Apollo spacecraft—a series 
which, with luck, will eulminate in a manned landing on 
the Moon next year. Although last week's launch was 
in essence planned many months ago, it will be seen by 
Americans as an answer to the Russian achievement 
only three weeks earlier of sending the Zond 5 probe on 
an orbit around the Moon and its recovery in the 





Indian Ocean. With the recent resignation of NASA's 
chief administrator, Mr James Webb, and the cuts in 
NASA's spending which triggered off the resignation, 
the latest Russian effort caught NASA by surprise. If 
all continues to go well with Apollo 7 after what seems 
to have been a virtually flawless launching, American 
hopes will be uplifted. 

Meanwhile, conjecture about what the Russians 
were up to when they launched Zond 5 continues. In 


NATURE, VOL. 220, OCTOBER 19, 1968 


Science last week (162, 245; 1968), Merton E. Davies, 
of the RAND Corporation and Bruce M. Murray, of the 
California Institute of Technology, argued that Zond 5 
may have as much significance as the precursor of an 
entirely new and sophisticated type of unmanned 
planetary probe as it has as a test for a manned flight 
around the Moon. "Their conclusion is based on an 
article by Professor A. Dmitriyev, reported in Red 
Star and in Pravda, which praised Zond 5 as a major 
advance in space technology relevant to the exploration 
ofthe planets. "This was because the study of planetary 
surfaces requires the delivery to scientists on the Earth 
of detailed photographs and the like which could be 
seriously distorted if transmitted by radio. Zond 5 was 
therefore intended to develop ways of returning infor- 
mation from space directly to laboratories on the 
ground—a task which, Professor Dmitrivev wrote, was 
successfully completed. Davies and Murray add that a 
drawing of Zond 5 published with the article together 
with a verbal description lends weight to their argu- 
ment. The spacecraft had large solar panels reminis- 
cent of those on earlier Russian planetary probes, and 
was fitted with a very large high-gain antenna more in 
keeping with a planetary than a lunar probe. Because 
of this, Davies and Murray expect the Russians to 
launch a Mars probe similar to Zond 5 on the next 
favourable occasion, which will be during late February 
and early March. 

Most American space scientists have nevertheless 
regarded Zond 5 as a threat to their aspirations to land 
on the Moon first, even though there was no indication 
during the flight of Zond 5 that the Russians yet have 
the capability of doing anything more than a manned 
cireumnavigation. But because the conventional inter- 
pretation seems to be that such a Russian manned 
flight is imminent, the Americans are hoping to stretch 
the next Apollo flight (Apollo 8), scheduled for 
December, to include a trip around the Moon. A flight 
including ten lunar orbits is technically feasible, circling 
the Moon at a height of about 110 km. Much depends 
on the interpretation the acting administrator of NASA, 
Dr Thomas Paine, puts on the success of Apollo 7. 
Following Apollo 8, two further Apollo flights are 
planned before the attempt at a lunar landing by 
Apollo 11, late next year if all goes well. 


WEATHER COMPUTERS 


New Machine for Bracknell 


Tue Meteorological Office at Bracknell is in the market 
for a large computer, several times faster than Atlas, 
for delivery in the early 1970s. For a cost whieh is 
expected to be about £3 million, the Meteorological 
Office hopes to buy a machine which will speed up the 
process of numerical weather prediction forecasts for 
a larger area and make the forecasts more detailed. 
So far, the operational requirements of the new system 
have been drawn up and an order will probably be 
placed with one of the five principal manufacturers 
of large computers early next year. 

Since 1965, the Meteorological Office has had an 
English Electric KDF 9 computer, which recently has 
been operating for virtually 24 hours a day. The 
Atlas computer at the Science Research Council's 
computer laboratory has also been used for experi- 
ments on numerical weather prediction. This involves 
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- the numerical solution of equations describing the 

motion and heat balance of the atmosphere when 
values from meteorological observations are sub- 
stituted. In this way, the way in which conditions in 
the atmosphere will change for a day or two ahead can 
be forecast. For a forecast extending only 24 hours 
into the future, however, 8 hours of computing time 
on Atlas are needed. The results have been encourag- 
ing, the Meteorological Office says, but, to put this work 
on an operational footing, a really large computer is 
needed. 

One of the five manufacturers which the Meteoro- 
logical Office sees as suppliers of its new machine is 
International Computers Limited, the company formed 
in March this year by International Computers and 
Tabulators, English Electric and Plessey. Presumably 
the latest machine from ICL—the 1908A—announced 
in August and available in a form having up to twenty 
times the power of Atlas, will be one of the chief 
eontenders. 'lhe other four firms are American, and 
whether the Meteorological Office will be allowed to 
buy from them when a British machine is available is 
an open question. The philosophy at Bracknell just 
now is to go ahead with the sounding of the British 
and American manufacturers and see what happens. 


ROAD SAFETY 


In the future, British automobile drivers may have to 
be medically screened when they apply for a licence 
if à memorandum from the British Medical Association 
is approved by the Ministry of Transport. The BMA 
proposes that the application forms for driving licences 
should include questions about illnesses or absence 
from work lasting more than six weeks during the 
previous ten years and when the licence is renewed 
drivers would have to diselose illnesses since the licence 
was last granted. In certain cases, the medical adviser 
to the local licensing authority would approach the 
hospital or the patient's family doctor for . more 
information about the driver—the driver would have 
to give his assent to his doctor for these disclosures to 
be made at the time the application was made. Elderly 
drivers who wear spectacles may be asked to produce 
& certificate from an ophthalmologist. 

Local authorities, according to the memorandum, 
would have discretion to decide which drivers needed 
a medical examination and could refuse to grant 
licences in certain cases. Drivers would, however, be 
allowed to appeal against this ruling, and the BMA 
proposes the setting up of regional medical panels to 
deal with doubtful or disputed cases. 

The idea for medical screening of drivers was 
broached at the annual meeting of the British Medical 
Association in June this year. The Private Practice 
Committee of the association then set out a scheme and 
this was recently approved by the BMA council and 
sent to the Ministry of Transport. 

Little is known about the relationship between 
physical disability and the causation of road accidents, 
and the British Medical Journal (October 12, 69; 
1968) comments that it is "unlikely that many more 
licences will be refused than are at present. As the 
body of information accumulates, it should be possible 
to correlate accident rates with diagnostic categories, 
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and in time a policy could be developed which is 
supported by reliable scientific evidence". The 
Ministry of Transport is meanwhile considering the 
memorandum in connexion with the revision of licence 
application forms in association with the introduction 
in the 1970s of a central system for driving licences and 
vehicle registrations. 


MINING ENGINEERING 


Saving the Lost Tin 


Tue Science Research Council announced last week that 
it had awarded a grant of £14,638 over the next three 
years to a nuclear physicist, Professor G. F. Powell of 
Bristol University, to support research into improve- 
ments in methods of extracting tin from its ores. All 
this may sound a most unlikely combination, but the 
grant is a small example of the SRC's new policy of 
preferentially increasing support to applied research 
(see page 216 of this issue). In fact the grant is going 
to support Dr C. R. Burch and Mr R. Mozley at the 
Wills Physics Laboratory, who have, since 1965, 
devised a machine which improves extraction of 
cassiterite (tin oxide) from crude ore and which is 
already saving one of the two remaining Cornish tin 
mines about £50,000 a year. 

The development of this machine is an example of 
the sort of project which is likely to become increasingly 
common now that the SRC is turning to applied research, 
and the NRDC has a realistic budget. In 1965 Mr 
Mozley, a mining engineer, joined Dr Burch, then two 
years away from retirement, as his research assistant 
and immediately began building a prototype ore 
concentrator at the Geevor tin mine near Land’s End. 
Crude tin ore contains about one per cent cassiterite 
and much of this is lost with the conventional gravity 
concentrators, which cannot recover particles less than 
50u in diameter. Mr Mozley had an idea how to improve 
recovery, but, as he says, it is no use trying to change 
the ways of traditionally minded mining engineers hy 
showing them models, and so from the outset he had to 
build a full scale prototype. The machine worked; it 
recovered particles down to 5,4 in diameter and in. 
ereased overall recovery from about 79 per cent to 81 
per cent. That may sound not very much, but with tin 
costing £1,300 a ton it makes a great difference to the 
profit of a mine. In fact the Geevor mine was so 
pleased with the machine that it built six copies of the 
prototype and the NRDC gave £2,000 for further 
development, took out patents and has sold a lieenee 
to a company to build commercial models. These are 
finding a ready market with the companies which are 
reworking the waste tips of a number of Cornish mines 
that closed in the 1920s. 

The SRC came into the act this year because, like 
many successful inventions before it, no one is quite 
sure how the Mozley-Burch concentrator works. The 
SRC baulked at the prospect of providing funds for 
building prototypes of an improved version, saving, 
quite properly, that that is the province of the NRDC 
with which renewed negotiations are under way, but 
it has provided £14,000 to support work on the physical 
principles of the concentrator. As far as is known, 
Bagnold forces are probably responsible for its suecess. 
A 1 mm thick film of crushed ore, suspended in water, 
flows over a large flat surface of resin bonded fibre glass 


216 


suspended by wires from a rigid frame, which is kept in 
orbital.motion by a rotating weight attached under- 
neath. The orbital motion shears the film and sets up 
& shear gradient in it. Bagnold found in his studies of 
particle motion in deserts that, under such conditions, 
forces acting on the particles and at right angles to the 
gradient—in other words vertical forces—develop, and 
these are proportional to the particle size but not to the 
density. The net effect, of course, is that the small 
dense cassiterite particles come out of suspension and 
can be collected. 

Whether or not this turns out to be how the machine 
works, the research is bound to lead to a better under- 
Standing of the physies of ore separation and better 
machinery, both of which are certainly needed now 
that low grade ores are having to be exploited. 


ARCHAEOLOGY 


Norman Castle at York 


from our Archaeology Correspondent 


A RECONNAISSANCE excavation at Baile Hill just within 
the city walls at York, directed by Mr P. V. Addyman, 
of Southampton University and sponsored by the Royal 
Archaeological Institute as part of its programme to 
investigate the origins of the castle in England, has 
almost certainly identified the hill as the partly denuded 
motte of one of the two castles built in York by William 
lin 1068 or 1069. Recently (Nature, 219, 1214; 1968), 
Dr B. K. Davison's new theory of the origin of the motte 
and bailey castle was outlined, namely that the design 
evolved in England after the Norman Conquest, and his 
prediction that the earliest mottes could well have been 
built on top of earlier Norman earth ringworks. Both 
the castles built in York within three years of the 
Conquest were taken in September 1069 during the 
Anglo-Danish uprising against William and partially 
destroyed, but then promptly retaken by William and 
repaired. One of the castles was continuously occupied 
and extended throughout the middle ages and remains 
as York castle; the other, as it turns out, on the Baile 
Hill site had fallen into disuse by the thirteenth 
century and the large number of mediaeval arrow heads 


New Burdens for Science 


Tue last eighteen months have been a trying time for 
the Science Research Council. First, its budget has not 
been inereased by anywhere near as much as everyone 
hoped; in 1967-68, the council spent nearly £38-6 
million (see Table 1) compared with £34-3 million in the 
previous financial year. Second, as Professor B. 
Flowers, the councils chairman, said when he intro- 
duced the third annual report on October 10 (HMSO, 
7s. 6d.), the council has witnessed its "biggest negative 
achievement ever". He meant, of course, the British 
Government's injudicious decision, taken in the face of 
the council’s advice, not to participate in building the 
CERN 300 GeV accelerator. The 5 GeV accelerator 
NINA at Daresbury, which was commissioned this year, 
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found during the excavation suggests that the site was 
used thereafter chiefly as an archery butt. Because the 
Baile Hill castle was built immediately after the 
Conquest and not in use for very long, on the face of 
things it is probably the best site in England for 
discovering the layout of the earliest motte and bailey 
castles and could prove a crucial test of Davison's 
theory. 

The erucial question as far as Dr Davison's theory is 
concerned is whether the motte was the primary or a 
secondary Norman structure on Baile Hill The 
excavation so far has not provided an unequivocal 
answer, but it does seem certain that the motte was 
built before 1100. So far the trench at the base of the 
motte has been uncovered as well as a flight of steps 
formed in the clay of the mound, which were so freshly 
preserved that they were once probably faced with 
wood. The steps presumably led from the bailey to the 
summit of the motte and the trench was in all proba- 
bility bridged by a horizontal wooden bridge. During 
the excavation of these steps the ground surface on 
whieh the motte was raised was revealed. It contained 
no pottery that can be dated to later than 1100 but 
plenty of Saxon pottery (Thetford, Stamford and York 
ware) as well as a fourth century Roman pit. The motte 
must thus have been built before 1100, but until further 
excavations at the base of the motte have been made it 
is impossible to rule out the possibility that there are 
earlier Norman ringworks on the site. The chances are, 
however, that the motte is the primary structure. 

Excavation of a small area on the summit of the 
motte revealed a cobbled surface, probably laid when 
the motte was built, overlain by several feet of earth 
containing abundant Saxo-Norman pottery and objects 
of the eleventh and twelfth centuries and traces of the 
Royalist battery built during the Civil War. The 
Norman cobbled area did not extend to the head of the 
flight of stairs, so presumably this area was covered by 
an entrance building, but the area excavated was too 
small to reveal any foundations of Norman buildings. 
The site is, however, sufficiently well preserved to merit 
further excavations which are planned for next summer. 
The only problem is that the mediaeval town walls and 
a modern road abut Baile Hill and so excavation for the 
possible ringwork will be expensive. 


Research Council 


is no substitute, and the council, refusing to be 
reconciled to the CERN decision, has pledged itself to 
continue to press for a reversal. 

The SRC is, however, in agreement with the Govern- 
ment and the Swann Committee over the general policy 
of inereasing preferentially support to applied research. 
This is apparently the councils own view, reached 
without prompting from the Government or anyone 
else. At the end of 1967 the SRC started a major 
review of its general policy, and as a result has decided 
that although it will continue to support research on a 
broad front it will concentrate on work likely to yield 
the most significant scientific advance or to be the basis 
of social or economie benefit to Britain. This will 
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Table 1. HOW THE SRC SPENT ITS MONEY IN 1967-68 
Organization Net 
£ 
London Office Administration 960,159 
Rutherford Laboratory 6,885,074 
Daresbury Laboratory 3,170,057 
Atlas Laboratory 711,471 
Radio and Space Research Station 1,162,852 
Royal Greenwich, Cape of Good Hope and 
Radcliffe Observatories 679,428 
Royal Edinburgh Observatory 359,393 
Grants to Universities and Other Bodies, etc. 
Nuclear Physics 1,270,045 
Upper Atmosphere 568,740 
Other Researches 6,566,140 
Postgraduate Training Awards 4,810,312 
Space Research Central Expenses 1,000,855 
Astronomy Central Expenses 51,776 
Subscriptions to International Organizations : 
European Organization for Nuclear Research 4,971,059 
European Organization for Space Research 1,900,000 
NATO Scientific Schemes 188,000 
Totals 37,855,361 
Gross total 38,574,506 


mean, in the immediate future, a more selective ap- 
proach to financing basic research and postgraduate 
training. Assuming that the universities will receive 
equipment grants from the University Grants Commit- 
tee to cover their basic requirements, the SRC will have 
to devote a larger proportion of its funds to support 
fewer laboratories. Quite rightly, the SRC is going to 
promote centres of excellence, and the “chosen people", 
as Professor Flowers called them, will be selected 
according to the scientific or economic promise of their 
. Work. The council accepts that if this policy is to work 
-the SRC will have to collaborate very closely with the 
other research councils, the UGC and the ] Ministry of 
Technology. 

At the same time, the council is going to increase 
support for applied research at the expense of pure 
research, although most of its money will still go to pure 
research. In this, the council is simply continuing the 
trend of the past seven years, during which research 
studentships in pure science have doubled while those 
for technology have tripled; research grants for pure 
research have increased fourfold and grants for tech- 
nology have increased tenfold. The SRC is also pre- 





Table 2. DISTRIBUTION OF SRC AWARDS CURRENT ON 
OCTOBER 1, 1967 
Advanced 
Research course Research 
Subject student-  student- fellow- 
ships ships ships 
1967 1967 1967 

Biology 789 60 43 

Chemistry 1,516 73 105 

Computing Science 39 49 -— 

Mathematies 477 252 3 

Geology — — — 

Human Sciences 66 47 3 

Physics 1,011 117 58 

Metallurgy and Materials 221 50 8 

Chemical Engineering and 

Technology 198 74 1 

Aeronautical and Civil Engineering 235 124 — 
Mechanical and Production 

Engineering 178 101 — 

Electrical and Systems Engineering 328 108 1 

Total 5,058 — 1,055 222 
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pared to devote a small but significant proportion of its 
funds to facilitating the industrial application of dis- 
coveries made by the scientists it supports. This will 
be done in very close cooperation with the NRDC and 
the Ministry of Technology because the council has no 
intention of setting itself up as a rival to the NRDC. 

The councils policy for support of postgraduate 
education is completely in line with the recommenda- 
tions of the Swann Report. By not increasing the 
number of SRC postgraduate studentships between 
1969-73 above the current 6,000 (see Table 2), the 
council will be restrieting the growth of postgraduate 
and post-doctoral education in the universities in the 
hope that industry and the schools will reeruit the 
surplus manpower. The SRC also intends to give more 
emphasis to its various scholarship schemes for encour- 
aging movement between the universities and industry, 
and for the first time these awards will be available to 
school or technieal college teachers. The number of 
Science and Industry Awards, given to people prepared 
to gain experience in industry or schools before starting 
postgraduate work, is increased to 170. Cooperative 
Awards in Pure Science, for work done at the uni. 
versities but in cooperation with industry, are inereased 
from 90 to 130 a year, which represents 6-5 per cent of 
new research studentships. The council is also going 
to use its one year post-doctoral fellowships in an 
attempt to reverse the brain drain to North America, 
but last year they were not outstandingly successful; 
only 59 of the 90 fellowships on offer were taken up. If 
the fellowships were for longer than a year they might 
be more attractive. 

The council intends to encourage an increase in the 
number of advanced courses directly relevant to in. 
dustrial needs and has made a start by reducing the 
number of advanced courses eligible for SRC support by 
eliminating some of those irrelevant to industry. As à 
result, 32 per cent of all the SRC's advanced course 
studentships are held by people attending 55 indus- 
trially oriented courses and the proportion will no 
doubt be increased. 

The balance of support amongst the disciplines is 
being changed. Apart from technology, astronomy is to 
receive high priority while support for nuclear physics 
will be run down. Funds have been allocated for 
upgrading the Jodrell Bank 250 foot radio telescope to 
inerease its resolution, but the start on a 400 foot 
telescope has been delayed for another two years. And 
the council seems confident that about £2 million will 
be made available for a 5 km telescope at Cambridge in 
the near future. Having saved the ultraviolet astro. 
nomy group at the Culham Laboratory from disband- 
ing, the SRC intends to increase its support for ultra- 
violet astronomy and for infrared astronomy. The 
latter is in much the same position as radio astronomy 
was in 1950 and the SRC hopes to repeat its success by 
building first a 60 inch and later a 120 inch infrared 
telescope. The difficulty at the moment is finding a 
suitable site, which must be at a high elevation and in 
subtropical latitudes. British space research, which is 
almost entirely dependent on SRC support, will con- 
tinue to receive up to 20 per cent of the council's total 
budget despite the recent setbacks to ESRO. The 
decision not to proceed with the Large Astronomieal 
Satellite (LAS 3) was, the SRC believes, particularly sad 
because such large projects, beyond the means of indi- 
vidual countries, are the chief justification for ESRO. 
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How Canadians decide What to Do 


from our Special Correspondent recently in Canada 


CANADA'S attempts to devise effective planning 
machinery for science do not yet seem to have influenced 
the direction of public policy. Neither the Science 
Council nor the Science Secretariat was behind the 
recent decisions to cancel the intense neutron generator 
and the 150 inch Queen Elizabeth Telescope, which is 
as much a criticism of the organizations as it is of the 
decisions. Although neither organization is more than 
four years old, there is already talk of the need to 
reorganize them-—the fact that Mr Pierre Trudeau is 
said to take a particular interest in science policy has 
lent respectability to the rumours. 

The Science Secretariat is the older of the two bodies. 
It was set up four years ago under the direction of 
Professor Frank Forward, as part of the Privy Council 
Office in Ottawa. Dr J. R. Weir, the present director, 
describes the secretariat as "the focal point for scientific 
advice within the government". It is also responsible 
for most of the gathering of information which goes 
into the development of policy, and recommending the 
kind of organization Canadian science needs. Dr Weir 
describes it as defining "the place of science and tech- 
nology in Canada's total policy”. 

]t is no coincidence that Dr O. M. Solandt, chairman 
of the Science Council, would describe his own job in 
almost exactly the same terms. Indeed, it is at times 
difficult to tell where one organization takes over from 
the other. Although the Science Council is less closely 
involved with the Government, it too takes a general 
view of its responsibilities. Dr Solandt says that the 
council’s task is to “get government scientists to take 
a broad national view". The council, with twenty- 
nine members, meets several times a year, and has 
produced reports on space programmes for Canada and 
the intense neutron generator. Later in the year, the 
council is expected to produce a review which will 
recommend priorities on which Canadian science 
policies should be based. It is expected that this report 
will emphasize distinctly Canadian interests at the 
expense of research which could be carried out any- 
where in the world. 

Until this report is published, judgment of the 
Science Council’s work is difficult, but it has come 
under fire in the pages of Science Forum, a new and 
lively journal devoted to Canadian science. Dr L. E. 
Howlett, head of the Division of Applied Physies at 
the National Research Council, criticizes the Science 
Council principally for its method of operation. "It 
is not entirely clear how surveys of what is and has 
been going on in science can form a sufficient basis for 
determining future scientific needs.” It would be 
better, Dr Howlett says, for the Science Council to 
establish how best to stimulate Canada’s economic 
development, and then to define a scientifie policy 
which would support this development. The general 
report expected in December could go some way 
towards satisfying this aim; Dr R. Gaudry, rector 
of the University of Montreal and vice-chairman of 
the Science Council, hints that the report will recom- 


mend limitations on the scale of government expendi- 
ture on science, with the emphasis on areas unique to 
Canada. “It means pulling out of other areas where 
we couldn't compete with the giants," he says. 

More criticism of the Science Council seems likely to 
be meted out when the Senate Committee on Science 
Policy continues its examination of Canadian science 
later this month. The committee was set up in March 
this year at the instigation of Senator M. Lamontagne, 
who is now its chairman. The committee, roughly 
equivalent to the House of Commons Select Committee 
on Science and Technology, is the first public forum 
for the discussion of science policy in Canada. Although 
the Senate ranks no higher in influence than the 
British House of Lords, the committee has made a 
good start. Senator M. Lamontagne, a professor of 
economies at the University of Ottawa, is a coherent 
critic of government policy. The Government, he says, 
is not spending enough on research—only 1:5 per cent 
of Canada’s GNP, less than other industrialized 
countries. What is spent is spread too thin, and there 
are serious gaps in life sciences, medicine and social 
sciences. He would like to see the formation of a 
Ministry for Science. We did it for culture," he says, 
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"why not for science ?' Senator Lamontagne also 
believes that Canada should establish three major 
centres, for life sciences, social sciences and physical 
sciences, as well as smaller centres devoted to specific 
problems. His committee, 18 strong and supported 
by two research directors, will be spending about two 
days a week discussing science policy, but is not likely 
to produce a report for at least another year. 

Although Senator Lamontagne's recipe for a ministry 
of science and a triumvirate of research organizations 
has some elegance, its relevance to Canada's problems 
is doubtful. Like Britain, Canada needs particularly 
to spread an awareness of science throughout the civil 
service, not best done by bottling up scientific expertise 
in one ministry. "There is, however, no doubt that 
changes are in the air, and one idea which is sometimes 
heard in Ottawa is that the Science Secretariat should 
be divided into two. The part responsible for direct 
advice to the Government would remain within the 
Privy Council, while the part responsible for investi- 
gations would move to the Science Council. At the 
moment the secretariat supplies advice to the Govern- 
ment as well as carrying out studies for the Science 
Council, an ambiguous position criticized by members 
of Senator Lamontagne's committee. 

Although there is argument about the organization 
of science in Canada, there is a wide measure of agree- 
ment about what its aims should be. Industry must 
be persuaded to invest more in research. Because 
Canadian industry is dominated by foreign interests, 
very little research is done by Canadian firms. Although 
Canadians would like to reduce the amount of American 
influence, there is little hope that this can be done 
rapidly. Without the inflow of capital through foreign 
investment, Canada would be running a balance of 
payments deficit. In this situation, the Hon. C. M. 
Drury, president of the Treasury Board, see the 
choice as one between foreign investment or a slow 
growth rate. But while he believes that foreign 
ownership is becoming less significant as an issue 
because of the growth in competence of the local 
management, others disagree. Dr Solandt says that 
the slow growth of industrial research is "partly 
apathy”, but that foreign ownership is a more important 
restraint. Dr John Orr, industrial adviser at the 
Department of Industry, points out that industry 
carries out only 41 per cent of the total research in 
Canada. "It should be nearer fifty or sixty per cent," 
he says. In 1965, the last year for which figures are 
available, 800 firms spent a total of $287 million, and 
thirteen firms accounted for half of this figure. Although 
accurate figures are not available, Mr Orr's guess is 
that Canada spent as much again importing tech- 
nology from abroad. 

Mr Orr gives three reasons for this failure. Canada 
has little secondary industry, and the primary industry 
is resource based, with little tradition of technological 
involvement. The population of Canada, only twenty 
million people, means that the market is too smali to 
support many large firms, which tend to do more 
research. Finally, he agrees that foreign ownership is 
very important-—‘“Canada is a horrible example of how 
far foreign ownership and control can go in the absence 
of Government efforts”. To counter this trend, a 
whole series of inducements have been provided to 
encourage industry to do more research. The National 
Research Council, for instance, runs a programme 


219 


called the industrial research assistance programme 
(IRAP) in which the salaries of new research workers 
in industry are paid by NRC. The programme does 
not apply to existing workers, and companies therefore 
only receive a benefit when they increase the scale of 
their research effort. The Department of Industry 
runs two schemes, called the Industrial Research 
and Development Investment Assistance, and the Pro- 
gramme for Industrial Technology (IRDIA and PAIT). 

The Department of Industry programmes provide 
for assistance both for current expenditure and capital 
expenditure. In effect, the assistance amounts to 
25 per cent of the cost of any new capital expenditure, 
and 25 per cent of the increase in current expenditure, 
based on the average of the last five years. Mr Orr 
says that so far 500 applications for these assistance 
programmes have been received, amounting to some 
$35 million, 12 per cent of total industrial research 
expenditure. So far, the department has been con- 
centrating on increasing the quantity of research rather 
than its quality, and has made few attempts to measure 
whether the investment has been a sound one. But 
early results on PAIT have encouraged the department ; 
of eighteen projects which are now either terminated 
or completed, twelve are described as successful. The 
industries concerned have projected sales in the first 
five years of products resulting from the programmes 
of $50 million. The Government contribution to these 
eighteen programmes was a mere $1 million, so the 
returns seem healthy enough if the sales justify the 
present optimism. 

Despite this, it is very hard to find industrialists 
who approve of the assistance programmes. Many 
research directors agree that the assistance for current 
expenditures takes so long to be worked out and paid 
that it is hardly worth the trouble. The assistance 
for capital expenditure is better, because it can be used 
effectively as a means of persuading managements to 
make new investment in research. Another drawback 
from industry’s point of view is that if the development 
is profitable, the grant must be repaid to the depart- 
ment. One engineer suggested that this makes it 
possible for industries to claim assistance at the last 
minute and only on those projects which are obviously 
going to be unsuccessful. The department also makes 
the stipulation that results of research must be applied 
in Canada, another requirement which industrialists 
find irritating. This may help to explain why British 
companies with subsidiaries in Canada have been slow 
in taking advantage of the assistance programmes— 
Mr Orr says that American companies have been much 
more eager. Professor Gaudry is contemptuous of the 
PAIT programme— "The Government shares the cost 
only if the results are unexportable. This is unaecept- 
able to 80 per cent of Canadian companies." The fact 
that the programmes are based on the quantity of 
research, and take no account of the quality, he 
describes as “very wrong and short-sighted”. 

Most people agree that more will have to be done 
before the balance in research shifts decisively away 
from government laboratories and towards industry. 
Dr Weir agrees that the present assistance programmes 
are not a powerful tool and he suspects that they 
influence companies only in borderline cases. But old 
habits die hard, and there is some reluctance to go 
over to a system of 100 per cent research contracting 
for civil work. 
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Research at the General Post Office 


from our Special Correspondent 


Tug healthy range of short term projects under way at 
the Post Office research laboratories in Dollis Hill 
should not be allowed to conceal the relegation of basic 
research to a level that must cause some concern. 
Although the Post Office is affected by uncertainty 
about its future status, and senior officials deserve 
some sympathy in their efforts to recruit new staff on 
the rigid scale of pay of the civil service, the danger of 
impending change being used as a pretext for procras- 
tination should not be overlooked. 

The chief dilemma facing the Post Office is that it is 
attempting to fulfil several conflicting roles. It is 
supposed to provide a service to the country, and yet 
be a commercial success; it is asked to plan a communi- 
cations network to encompass the future needs of the 
country, and yet is denied the administrative machin- 
ery to enable it to compete effectively for the scientific 
manpower it requires. Within the framework of these 
constrictions, which hopefully will be loosened (within 
a year or so) by a new constitution, the research 
laboratories are busy making sure that they at least 
win the next few rounds of technological advance. 

The research and development budget for the year 
1967-8 shows an overall increase of about 25 per cent 
over that of the previous year, with exchange equip- 
ment and circuitry being the principal beneficiaries. 
Of the £8-3 million total expenditure, £6-9 million was 
spent on telecommunications research, and the break- 
down of this figure is shown in the accompanying table. 
The rise in research into overseas services is claimed to 
be due to the need to fulfil existing contracts, and runs 
counter to the general policy of the department. 

The remainder of the £8-3 million was swallowed up 
by work on postal plant and by various accommodation 
services. 


RESEARCH AND DEVELOPMENT EXPENDITURE ON 
TELECOMMUNICATIONS PLANT 


1966-7 Projeet 1967.8 
(£x 10°) (£x 103) 
1,050 Trunk and junction circuits 1,460 

400 Local lines 360 
530 Subscribers’ circuits 580 
1,970 Exchange equipment 2,420 
300 Telegraph equipment 350 
1,480 Overseas services 1,760 
5,730 Total 6.939 


The pressure for research work in the Post Office 
stems from two principal sources; the customer, who 
must be supplied with the desired brand of equipment, 
be it a new undersea cable or a more efficient telephone 
exchange; and the materials industries, which turn out 
new plastics or fibres whose potential for telecommuni- 
cations has to be investigated. Sandwiched between 
these two endeavours lies the design of new circuitry 
and devices suitable for general application in the Post 
Office. 

There is no lack of outlets for inventiveness in such 
an expanding concern. Pulse code modulation (PCM) 
techniques have passed beyond the stage of field trials 


and are likely to replace conventional analogue methods 
on an ever increasing scale. To keep pace with this, 
such problems as the efficiency of switching devices in 
telephone exchanges, or the need for multichannel 
transmission media to cope with the vast output of 
digital information that will have to be conveyed 
around the country, are receiving serious attention. The 
site at Martlesham Heath in Suffolk, which is destined 
to house the Post Office research laboratories after 
1972, is already host to an experiment to test whether 
different models of waveguide are suitable as communi- 
cation lines along heavily populated routes. This is a 
venture undertaken jointly with a university research 
group. Collaboration with industry, however, occurs 
more frequently than with universities, and in some 
spheres—as with the computer industry—the Govern- 
ment department is riding squarely on industry's 
shoulders. This is sensible, because duplication of 
work is pointless. But it is also imperative that the 
enthusiasm generated by research workers being able 
to pursue their projects to logical as well as commercial 
conclusions should not be missing from a department 
that requires vision as much as practicality. 

Progress in adapting microcircuits to the demands of 
PCM is certainly afoot, involving probes into the proper- 
ties of metal-oxide-silicon devices and the technology 
of constructing reliable and cheap cpm but has 
the question of the optimum size for departments 
working on topies with such potential been seriously 
enough considered ? Perhaps this is an example of how 
day to day events can mould the structure of a depart- 
ment into a form which appears quite consistent on the 
surface and yet hides a more radical malaise beneath. 
For in several departments at the research station there 
seems to be room for an expansion of activity which is 
accepted as wholly desirable, but which is thwarted as 
much by prescribed bounds to the Post Office as a whole 
as by the values expressed in the civil service hierarchy. 

There are several countries which have similar com- 
munications problems to those of Britain, and similar 
aspirations as well. Have all the avenues for inter- 
national collaboration been fully explored? Or has 
the export potential for the new techniques which the 
Post Office is pursuing been sized up in relation 
to current research expenditure ? Such tasks are no 
doubt difficult, and preoccupation with home demand 
clearly takes up much of the available resources, but 
an awareness of the possibilities here deserves some 
emphasis. 

Work now in progress on lasers, semiconductors, 
microcircuits and waveguides is likely to be trans- 
formed into some of the technological cream of the 
seventies, and it needs some or ganized drive to make 
sure that those scientists and technologists who could 
contribute most significantly to this process are not 
rebuffed by rigidity or a lack of glamour. Many of the 
problems are as challenging as those devoured with 
relish at the universities, and it is to be hoped that the 
full scale removal of the research laboratories to Suffolk 
will provide the spur for some radical thinking in this 
regard. 
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French journals in Flux 
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from cur Paris Correspondent 


For a long time now it has been widely known that 
French scientific publishing is in a bad way. So it could 
be foreseen that, in the general movement towards 
reforming the universities which was begun last May, 
the Government would start thinking about taking 
measures to remedy this situation. A first timid step 
has just been taken with the formation of a working 
party made up of personalities from the scientific 
world, specialist publishers and representatives of 
government departments concerned (education, scien- 
tific research, industry). The job of this commission is 
to analyse the problem and offer recommendations on 
what is to be done. Putting these recommendations 
into practice could be opposed by a solid body of 
interested parties, but the Government seems to have 
decided to put an end to inertia and ill will. 

The two most urgent questions concern theses and 
seientifie journals. In France, the doctoral thesis 
(especially in the humanities) is a formidable under- 
taking which necessitates often 10, 12 or even 15 years 
work on the part of candidates. These scholarly 
monographs, the subject of which is more often deter- 
mined by personal whim than by the importance of the 
theme, are often devoid of what little interest they 
might have had at the moment of final publication. 
This system, which weighs heavily on the future holder 
of a doctorate (who is also prevented from carrying on 
more fruitful research during the most creative time in 
his career) is also costly for the state, which partly 
subsidizes the publication of these huge works. The 
system has often been criticized. There is reason for 
thinking, however, that it is coming to an end. Among 
the proposed solutions, the best would certainly be to 
treat as a thesis a collection of articles published in 
specialist journals. This would allow the scientific 
world to reap the benefits of a candidate’s work as he is 
doing it, not 10 years after. There is also some talk 
of publishing theses only in microfilm form and reserv- 
ing publication in book form only for when the author 
agrees to a strict limit in length (for example, 250 pages) 
or for when the subject seems to justify a wider audience 
than the narrowly specialist one. 

Solving the problem of scientific journals will create 
many more difficulties and provoke many more argu- 
ments. At present, financial aid from public funds is 
spread over a large number of journals, many of which 
are either mediocre in standard or repetition. Further- 
more, while it is the ambition of every university 
lecturer to “have his own journal" and to obtain the 
necessary capital to publish it, no one seems to have 
given much thought to marketing these periodicals. 
The capital set aside to subsidize all these journals, 
while quite considerable, is not ruinous for the state. 
But is it of any use ? The National Scientific Research 
Centre (CNRS) will have allocated in 1968 about 
15,000,000 new francs (roughly 4 per cent of its 
budget) to some 250 journals, some of which are of 
doubtful interest. The more clear-headed scientists 
foresee drastic remedies: simply, the straightforward 
closing down of some journals and the merging of 
several others. A CNRS commission, having studied 


the matter in 1966, has already formulated conclusions 
along these lines. The Government will certainly be 
favourably disposed towards such measures. But are 
they adequate ? 

The fundamental consideration lies in the quality of 
the journals. Through not publishing enough first 
class articles, many French journals are completely 
unknown to foreign research workers, The fact that 
they are usually not provided with English résumés 
does not make their circulation in international 
scientifie circles any easier. The fact is that, in many 
fields, there are just not enough high quality French 
research workers to feed material regularly into the 
specialist periodicals. As for foreign authors, they 
generally prefer, both for prestige and language reasons, 
to publish their work in English language journals. 
Certain reformers have expressed their desire to see 
the establishment, among other things, of & French 
Nature. It has soon become apparent that this pro- 
position could not be carried out. 

If there is no real solution as far as France itself is 
concerned, some people are now thinking that there is, 
on the other hand, a solution on a European level, 
provided, of course, that it is agreed that there should 
be no one predominant language. The most recent 
attempt in this direction is, without doubt, that of the 
Annales d’ Astrophysique, whose example should serve 
to make scientists in other fields think a bit. Dr 
Steinberg, managing editor of the Annales, had for à 
few years been feeling somewhat discouraged by the 
lack of effectiveness of his work. Circulation was poor 
(750 subscribers . . . some free), the average level of 
articles inadequate, deadlines were difficult to meet as 
contributors were either too slow or too careless, and 
Dr Steinberg noticed a depressing rate of quotation in 
analogous foreign journals (Astrophysical Journal, 
Monthly Notices of the Royal Astronomical Society). 

Taking up his pilgrim's cloak, therefore, he set out to 
persuade a certain number of foreign colleagues —each 
of whom was experiencing similarly depressing events 
—to pool their efforts. This plan will now bear fruit. 
À new monthly journal, grouping together the existing 
national journals, ought to see the light of day at the 
beginning of 1969. Published in English, French and 
German, with the title Astronomy and Astrophysics, A 
European Journal, it will be the result of cooperation 
between the Scandinavian, the Dutch, the German and 
the French. Its editorial committee will, of course, be 
multinational. 

One can obviously ask why this new Common 
Market in scientific information also leaves Great 
Britain at the door, especially as it was the Royal 
Astronomical Society which, we are told, first raised the 
idea of a European journal at the general assembly in 
Prague of the International Astrophysical Union. Tt 
appears that this time General de Gaulle is not to blame. 
The Royal Astrophysieal Society took part in the 
preliminary discussions, but, although keeping a 
benevolent eye on the proceedings, it refused, it is said 
in Paris, to contemplate sacrificing for the time being 
its Monthly Notices on the European altar. 
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The Importance of Professor Hoyle 


Tue George Darwin lecture to the Royal Astronomical 
Society which Professor Fred Hoyle delivered last 
week was a memorable occasion. It is not every day, 
after all, that distinguished people stand up in public 
and ask for a radical revision of the laws of physics. 
This, however, is the goal to which Professor Hoyle 
now considers that physicists and their camp-followers 
should be striving. In essence, his argument is that 
there is at present a conflict between the predictions 
of the theories used for the description of the processes 
of gravitational collapse in several kinds of celestial 
objects and certain observations recently accumulated. 

In simple terms, there is not much difficulty in con- 
structing an account of what should happen when a 
sufficiently massive star is pulled in on itself by gravita- 
tional self-attraction. One obvious limitation of the 
speed with which such a contraction can be carried out 
is the need somehow to radiate away the very large 
amounts of potential energy which may be released. 
For many stars, the Sun most probably among them, 
there is on paper and probably in reality an end point 
to the process of collapse—the point at which a mass 
of spent thermonuclear fuel loses most of its heat and 
becomes a cold and therefore invisible white dwarf. 
In denser stars, where the gravitational potential is 
greater, there will be a tendency for protons and 
electrons to be converted into neutrons. Professor 
Hoyle’s view last week was that stars which are too 
massive to remain as white dwarfs are probably also 
unstable as neutron stars. Certainly with objects more 
than twice as massive as the Sun, existence as a neutron 
star can only be a temporary stage in a continuous 
process of evolution. Although there are great un- 
certainties in how things will progress beyond that 
point, concerning the precise interpretation of calcula- 
tion in general relativity or the complications arising 
from the existence of magnetic fields, for example, it 
seems most probable that the point will eventually be 
reached at which further collapse will continue. But, 
by this time, the gravitational field will be so intense 
that the spectra of emitted radiation will be strongly 
shifted towards the red, signals from the stars concerned 
will be qualitatively more difficult to detect, and 
eventually the objects concerned will be for all practical 
purposes invisible. 

What is wrong with this simple if somewhat catas- 
trophic view of what happens to massive objects, stars 
and galaxies alike? Professor Hoyle’s evidence last 
week was largely circumstantial; he is most of all 
impressed by the unexpected properties of some of the 
objects recently recognized in the sky. The quasi- 
stellar sources are objects which have strongly red- 
shifted radiation and other characteristics, particularly 
variability, which are otherwise hard to understand. 


Pulsating stars are another problem, as are the giant 
radio galaxies which emit extraordinarily large amounts 
of radiation. The infrared galaxies recently discovered 
are equally unexpectedly prolific sources of energy, 
while Professor Hoyle himself is impressed by situa- 
tions in which a group of apparently similar galaxies 
will contain one with a very much greater red-shift 
than the others. The nub of his argument is that these 
and other situations are circumstances in which the 
supposedly quiescent collapse of a star or galaxy under 
its own weight is not running true to form. Instead of 
a smooth collapse, massive objects like this seem to be 
stimulated by progressive collapse into great outbursts 
of activity. This, at least, is what happens to some of 
them. Professor Hoyle’s demand is that people should 
acknowledge the need to explore the ways in which the 
rules and regulations of the theory of gravitation are 
somehow invalid. One of his gibes last week, which 
no doubt struck home, is that the physicists who 
abhor singularities in other fields are unreasonably 
willing to live with the singularities supposed to be 
capable of existence in the gravitational field. 

There are two categories of comments to be made. 
In the first place, although Professor Hoyle has no 
specific suggestions to make about the ways in which 
existing theories should be modified, there is no short- 
age of tasks to be undertaken. Obviously the high 
energy physicists could have a great deal to say about 
forms of particle interactions which could help to 
explain some of the processes of explosive energy 
production in exceedingly massive objects. No doubt 
it will also be extremely useful if people now pay more 
attention to the fine print of the theoretical predictions 
of the process of gravitational collapse—Professor 
Hoyle himself suggested last week that fluctuations of 
some kind may play a crucial part in determining which 
massive objects will become explosive sources of energy. 
But there is also à promising opportunity for reviving 
variants of the cosmological models which predicate 
continuous creation in some shape or form, and Profes- 
sor Hoyle was not slow, last week, to raise this banner 
once more. If he has served to stimulate a great deal 
of interesting and important work, he has also probably 
revived past controversies. 

So why not let old quarrels rest ? And what purpose 
is served by demanding that the frailties of current 
theories should be openly acknowledged without sug- 
gesting what should be put in their place? These will 
be only some of the sceptical questions that will now 
be asked. There are some simple but important 
answers, To begin with, Professor Hoyle has directed 
attention to a set of problems which seem, on the face 
of things, to be full of promise. It may be comfortable 
but it would be foolish to leave them alone. Second, 
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he has taken a grand sweep at the outstanding problems 
of physies and eosmology which has been unfashionable 
almost since the thirties, when Eddington's Relativity, 
Protons and Electrons was still in circulation. Trying 
to establish a connexion between cosmological and 
microscopic constants is a particularly well-known trap, 
but Professor Hoyle is brave as well as daring. He 
did all this last week with rare wit, cleverness and 
clarity. Even the sceptics among those who heard 
him last week probably found themselves hoping that 
he will turn out to be right. 


CHRONOMETRY 


Time and Motion 


Tux most recent set of measurements to define the 
wobble in the Earth's rotation has appeared in a bulle- 
tin of the Royal Astronomical Society. Measurements 
of time based on a scale defined by the Earth's rotation 
have been compared with equivalent measurements 
using the Greenwich atomic time scale and the results 
for two versions of the former are displayed in the 
figure. The dots represent individual measurements 
taken at the Greenwich Observatory and the con- 
tinuous line gives the smoothed curve throughout the 
years 1965 and 1966. The effect of the Earth's motion 
on the methods of measuring time was the subject of 
this year's presidential address to the Royal Astro- 
nomieal Society. The lecture, delivered by Dr D. H. 
Sadler, director of the Nautical Almanac Office, in 
February, is reported in the latest issue of the Quarterly 
Journal of the society. 

The long-term and irregular variations in the speed of 
rotation of the Earth were apparently suspected in the 
eighteenth century, but it took a comprehensive 
analysis of the observed motions of the Sun, Moon and 
planets, published in 1939, to bring the issue to the fore. 
Until 1950 the only time scale in general use was that of 
Universal Time, and although it no longer serves as the 
definition of the second, its measurement has been 
sufficiently improved to make it an adequate scale for 
almost ell purposes of astronomy and geodesy. Two 
corrections are applied to the observed Universal Time, 
one to account for the effect of polar motion in such a 
way as to make the time independent of the position of 
the observer and the other to offset the effect of the 
annual variation of the speed of rotation of the Earth. 
This version of Universal Time is then approximately 
uniform for short periods. 

Most time signals are now given in terms of a co- 
ordinated Universal Time (UTC), which is connected to 
Atomic Clock Time by precise linear relations. The 
unpredictable long-term variations in the speed of the 
Zarth's rotation, however, demand that the relations 
be changed frequently; how this should be achieved is 
currently a source of some controversy among astron- 
omers, At the Paris Conference on the Fundamental 
Constants of Astronomy in 1950, the introduction of 
Ephemeris Time was recommended in order to eliminate 
the dependence on the Earth’s rotation. Six years later, 
the Ephemeris second was adopted as the unit of time 
interval in the Systéme International des Unités, 
replacing the previous unsatisfactory measure of it as a 
specific fraction of a mean solar day. In 1967 a new 


223 


definition of the second was fixed in terms of the 
frequency of the radiation corresponding to the tran- 
sition between two atomic states in caesium-133, and 
there is currently an argument as to whether this fixed 
unit of time is also useful as a measure of the rate of 
time for astronomers and navigators who are basically 
interested in their positions on the rotating Earth. 
There is, however, no dispute about the value of the 
atomie second (except for the purpose of fundamental 
astronomy) as this unit is now reproducible with 
ordinary commercial apparatus to a precision of about 
ten parts in one million million. 

The limitations of Ephemeris Time are self-evident, 
in that it requires accurate theories of the motions of 
the Sun and Moon which depend on intricate calcula- 
tions of celestial mechanics. It might be asked whether 
we still have a need for Ephemeris Time. When ET 
was first introduced it was used with UT as a measure 
of the irregularities in the rotation of the Earth, and 
was consequently of geophysical interest. The advent of 
Atomie Time has now made the use of ET obsolete for 
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this purpose. Nevertheless, if the times of eclipses or 
other phenomena are predicted well in advance the 
times will be in ET, and as it seems that future observa- 
tions of the Sun, Moon and planets are to be made in 
Atomic Clock Time, there will eventually be a well. 
determined relationship between ET and AT. 

As A'T is defined, it can be identified with the proper 
time of relativity theory, being the time in the frame of 
reference of the object under serutiny. By contrast ET 
must be identified with the direct coordinate time. 
There is, therefore, a variation between the two time 
scales due to the relativistic factor, of which the main 
contribution is claimed to be about two thousandths of 
a second in a year. Because the theory of the Sun, 
Moon and planets is strictly gravitational, non- 
gravitational effects or any cosmological variation from 
Newton's theory of gravity will show up as an acceler- 
ation of ET on AT. Although there have been claims of 
detecting a difference between AT and ET since 1956, 
Dr Sadler has treated these assertions with scepticism. 
He concludes, however, that a high precision compari- 
son of the two time scales should be feasible in the not 
too distant future. 


MATERIAL SCIENCE CLUB 


Materials in Medicine 


from a Correspondent 


THE annual meeting of the Material Science Club, held 
at Worcester on September 27 and 28, was attended 


224 


by some fifty delegates who examined the role of 
materials science in the medical-dental field. 

À material for this purpose must be compatible with 
its bio-environment for perhaps quite a long time. 
The material must also be sterilizable, and this is a 
much greater problem with plastic materials than with 
either metal or ceramies. Steam sterilization at 
120°-140° C is the preferred method, but some plastics 
cannot tolerate this because of low softening tempera- 
tures or a tendency to degrade, and so chemical 
sterilization by gaseous ethylene oxide may be adopted. 
There is then a danger that there may be a change in 
other physical properties of the plastic. Sterilization 
by high energy radiation may also result in some 
degradation, particularly to low molecular weight frag- 
ments, which could also prove undesirable. 

The replacement of part of the hip joint with an 
implant has two principal objectives: to reduce pain 
and to produce a stable and functional joint. From 
the earliest attempts has gradually evolved both im- 
proved surgical technique and a better understanding 
of the materials problem. Acrylic replacements of the 
hip joint undergo a time dependent change and the 
material becomes brittle and erazed, so breaking into 
irregular pieces after between 8 and 12 years, in contrast 
to the fact that wear occurs at a much more uniform 
rate. Nylon has also been proved unsuccessful, being 
unstable in the body, particularly under the heavy 
strains of the hip joint. The engineering design of 
such joints must be sound and the principles of wear 
understood and if possible simulated to enable the 
correct choice of material to be made. Such considera- 
tions have led to the introduction of low friction 
devices based on high molecular weight polyethylene 
in combination with stainless steel. There is still, 
‘however, a need for further improvements in this area; 
in particular there is a need for stable and strong 
adhesives to key the units to bone, as replacements of 
the present practice of grouting with acrylic resin. 

Corrosion of implants, induced chemically or by 
Stress, can lead to discomfort or pain because of the 
build-up of corrosion products or their release into other 
areas of the body, and this situation frequently results 
in the need for re-operation. To predict the likely 
effects within the body the anodie corrosion curves of 
metal implants are determined and have been cor- 
related with the observed corrosion effects. It has been 
found that surface finish is important in that good sur- 
face finish imparts more stability and so resists corro- 
sion. Corrosion frequently occurs when otherwise 
stable metals are brought into contact; for example, the 
use of stainless steel bolts on cobalt/chrome alloy 
implant plates. In some cases such mis-matching 
as in the case of titanium and cobalt/chrome alloy 
components in contact gives a stable combination below 
the breakdown potential. The stress effect on fatigue 
is enhanced by the corrosive environment, but there is 
little evidence of ductile failure in components exam- 
ined, whieh would be the case if components were 
over-stressed. It is considered impractical at present 
to introduce surface coating of components, using an 
impervious layer, for, in particular, rough handling 
sometimes necessary during the fitting in surgery 
could lead to scratching and the result would then be 
serious crevice corrosion. 

There is increasing use of plastic materials in surgery, 
and often the plastics come into contact with tissue 
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and blood. Tissues can react not only to the polymer, 
but also to the various additives, such as plasticizers, 
antioxidants, residual catalyst, stabilizers and fillers. 
Physical reaction to implants is frequently caused by 
the condition of their surface, for the type of surface 
which is most likely to have no effect on the surround- 
ing tissue is a gel. Rubber-like materials usually have 
smooth elastic surfaces and from these we expect little 
reaction on cells; in practice the most satisfactory 
have been found to be the silicones. The surface finish 
in manufacture is also important and surfaces which are 
uneven due to filler particles or pigments protruding 
from the surface layer are not suitable. Such rough 
surfaces on tubes to be used intravenously or as 
anaesthetic tubes or as devices in contact with epi- 
thelial and mucous surfaces may cause sufficient 
damage to be troublesome even during short periods 
of time. 

In normal circumstances there is no surface reaction 
when blood passes naturally through heart and vessels 
since in fluid medium these surfaces are gels. In 
certain pathological conditions vessel walls become 
calcified. The patches formed are hard and rigid and 
at these surfaces there is a reaction and some platelets 
can change their shape and adhere to the material; 
cells and fibrin are deposited forming a thin clot 
Studies on the clotting of blood on non-biological. 
material are well advanced both in theory and experi- 
mental technique. For major advances there is 
evidently a requirement for a surface which does not 
readily promote clotting. Blood does not wet graphite, 
and further studies using this material may prove 
promising, as may the use of fused silica. Although it 
is not yet possible to identify those surface features 
which would not promote clotting, studies of the 
mechanism by which platelets stick to each other and 
adhere to surfaces by first flattening and then deform- 
ing to generate long threads have characterized certain 
of the important steps in the clotting mechanism. 

Meanwhile, the fact that clotting is easily promoted 
must be borne in mind when designing artificial kidney 
machines. The extensive use of transparent plastics 
such as polymethyl methacrylate enables blood clots 
to be seen as they form, and so facilitates their removal. 
The choice of tubing in such machines must also be 
guided by extensive screening tests. Plastics which 
contain fillers such as kaolin and celite are unsuitable 
because such fillers usually act as rapid initiator sur- 
faces for clotting. Stabilizers such as ultraviolet 
absorbers in PVC also readily coagulate blood. 

The field of restorative dentistry represents a signi- 
ficant proportion of the market for materials. Since it 
was first introduced in 1937 the use of acrylic polymer 
has grown to £1:6 million p.a. (UK) mainly for dentures 
but also for anterior teeth filling where aesthetic 
considerations preclude amalgam fillings, in spite 
of the fact that acrylic teeth wear more rapidly than 
porcelain teeth. Metal silicates are competitive 
as anterior prosthetics, but these are in general more 
brittle and soluble than polymethyl methacrylate. 
However, slight leaching of trace fluoride ions has 
been shown to inhibit tooth decay in the adjacent area, 
somewhat compensating for other material deficiency. 
There is also a very definite need for resins to be 
developed that will adhere to wet tooth surfaces. 
Thermal matching of filling and dentine is of great 
importance to patient comfort, as is also the develop- 
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ment of resilient linings to give relief before castings 
are made. 

Standards and specifications exist only for a limited 
number of materials in medical use. It is felt that these 
numbers should be increased and should take account 
of the use to which material is to be put. For example, 
gastric juices may leach out a particular plasticizer 
from a PVC that would be quite satisfactory if used in 
contact with urine. In another case, of forty-eight 
varieties of tubing available for medical use, twenty- 
five contained one or more ingredients which were 
known to migrate to tissue and cause toxic response. 

Collaborations at all stages of materials selection is 
perhaps indicated, so that the materials scientist can 
work closely with the clinician. Firms which wish to 
enter the manufacturing and supply side should obtain 
expert guidance well in advance, and here the role of 
the Ministry of Health is particularly to be emphasized, 
since it has the power to regulate the potential dangers 
to the patient. 


HYDRODYNAMICS 


Mathematics and Ships 


from a Correspondent 
A svMPOSIUM on “Mathematics in Ship Hydro- 
dynamics" was held at the Ship Division, Natural 
Physical Laboratory, on September 25. It was or- 
ganized jointly by the Institute of Mathematies and 
its Applications and the National Physical Laboratory 
with the intention of bringing the mathematical 
problems of ship hydrodynamics to the attention of 
mathematicians unacquainted with the subject. Most 
of the speakers dealt with conventional displacement 
ships, but some attention was also given to hovercraft. 

One of the chief topies in ship hydrodynamics is the 
prediction of the resistance of the ship in steady 
forward motion and the design of the hull to minimize 
it. The wavemaking part of the resistance depends on 
the pattern of surface waves produced by the ship. 
Dr G. Gadd (Ship Division, National Physical Labor- 
atory) described attempts to carry out calculations 
taking account of the non-linearity in the surface 
boundary condition, 

A radically different approach to hull design is pos- 
sible when a large amount of information has been 
accumulated about ships of a particular type, so that 
the resistance is known for many combinations of the 
parameters which define the shape of the hull. As 
described by Mr J. G. Hayes, director of Numerical and 
Applied Mathematics, NPL, a statistical investiga- 
tion by regression methods can then reveal the effect on 
resistance of variation of each parameter and lead to 
improvement in hull design. 

Apart from any hydrodynamic considerations, the 
purely geometrical problem of specifying the shape of a 
ship’s hull is rendered difficult by the fact that it is a 
large three-dimensional surface of a complicated shape, 
especially near the stern and bow as outlined by Dr J. 
Wellicome, Ship Division, NPL. Until recently the 
method of giving the builders the necessary information 
has involved the preparation of large-scale drawings 
from the designer’s small-scale drawings. The intro- 
duction of numerically controlled machine tools and 
draughting machines, however, has led to the investiga- 
tion of the use of computers to specify the shape 
numerically, either by using them to scale up the 
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designer's drawing, or to design the hull in mathe- 
matical terms starting from the beginning. This 
procedure raises problems of describing three-dimen- 
sional surfaces mathematically and of organizing the 
computer programs. 

In lectures by Mr D. Clark of the British Research 
Association, Professor F. Ursell of Manchester Univer- 
sity, and Mr R. P. Brown, Ship Division, NPL, it was 
suggested that the forces on the ship's hull are also 
required to predict its behaviour when being manoeu- 
vred on a course which is not straight, and also when 
it is responding to waves by motions such as pitching 
and roling. Because ships are elongated bodies, the 
first approach is to regard each cross-ship section as 
part of an infinite cylinder and to calculate the hydro- 
dynamic forces on it by two-dimensional flow theory. 
There still remain some mathematical problems in this 
approach, but even if it were perfected there would 
still remain the fact that most ships are not sufficiently 
slender for it to be accurate. The forces on a ship 
being manoeuvred might be calculated by extending 
aerodynamic slender wing theory; those on the ship 
when it is pitching or rolling may well require a full 
three-dimensional potential solution, 

From the hydrodynamic point of view—put forward 
by Professor R. I. Lewis of the University of Neweastle 
and Dr J. W. English, Ship Division, NPL, the part of 
the ship next in importance after the hull is the propel- 
ler. Problems arising out of the use of ducted propellers 
were considered; these seem likely to be amenable to 
methods similar to those used in the theory of turbo- 
machinery. The duct may be represented mathematic- 
ally by a surface singularity distribution and the 
vortices by the Biot-Savart law. 

Most of the urgent problems of unconventional craft 
arise from hovercraft which were discussed by Mr P, R 
Crew, British Hovercraft Corporation. Problems of 
hydrofoils are more amenable to established mathe- 
matical methods, but hovercraft behaviour tends to be 
dependent on non-linear mathematical equations, 
particularly dynamic stability and the effect of flexible 
skirts. 


HOLOGRAPHY 


Holography in Engineering 


from a Correspondent 
A SYMPOSIUM on the engineering use of holography, 
organized by the Department of Mechanical Engineer- 
ing of the University of Strathclyde in association with 
the National Physical Laboratory, was held at Strath- 
clyde from September 17-20, 1968, Thirty-four varied 
papers were read. 

Papers on general holographic techniques, of a 
largely tutorial nature, were given by Lehmann of 
Stanford Electronics and by Bradford of EMI Elec. 
tronies. Nassenstein and others from Germany pre- 
sented a useful investigation of the properties of the 
Agfa-Gevaert materials which, by providing much 
faster materials of high resolution, have recently eased 
the practical problems involved in obtaining good 
quality holograms. 

The improvements in this respect were most appar- 
ent in the papers on strain and vibration measurement. 
The excellent series of holographie interferograms 
presented by Leadbetter of the National Engineering 
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Laboratory and Allan of Strathelyde show that, for 
strain measurement, the method has become a standard 
technique which can be used in the analysis of other- 
wise intractable engineering problems, in this case the 
pre-buekling behaviour of axially loaded cylinders. 
Similarly the usefulness of the Powell-Stetson method 
of time-average vibration measurement as a standard 
technique was demonstrated in several papers. A 
paper by Archbold and Ennos of the NPL described an 
alternative stroboscopie method of vibration analysis 
which, although requiring more complex apparatus, 
has several advantages. 

Increasing interest in hologram interferometry was 
also the stimulus for important theoretical papers 
given by Stetson of Stockholm, Vienot and others of 
Besancon and Hildebrand of Battelle Northwest. 
They covered the localization and visibility of fringes 
and the application of coherence theory. A study of 
hologram interferometry often leads back to an interest 
in speckle patterns, and Groh of Hamburg described 
some elegantly simple examples of the uses of speckle 
patterns for translation and rotation measurement 
and fatigue detection. 

The papers on particle size analysis again show this 
to be a reliable standard technique, and its adaptation 
to bubble chariber recording is an important possibility 
for the future. 

Papers on the application to micro-cireuit manufac- 
ture by Beesley of SERL and Kiemle of Siemens 
suggest that this may soon be an economically important 
application of holographic imaging. Finally, three 
papers on acoustie holography contained many interest- 
ing ideas, but gave a less clear picture of the line of 
development which this technique is likely to follow 
in the future. 

The symposium included an exhibition on lasers 
and holography comprising exhibits by twelve British, 
Belgian and American firms, by the NPL, the Atomic 
Energy Research Establishment and the University 
of Strathclyde. The most obvious feature of the 
exhibits was the increased range and improved design 
and reliability of the helium-neon and ruby lasers now 
commercially available. 

The organizers, particularly E. R. Robertson of 
Strathelyde and A. E. Ennos of NPL, are to be con- 
gratulated on a most successful symposium. The 
proceedings are to be published in the spring of next 
year by the Cambridge University Press. It seems most 
desirable that further symposia on this topic should be 
held at suitable intervals, and tentative proposals have 
been made to hold the next in a European institution 
in 1970. 


NEUROPHYSIOLOGY 


Apical Dendrites 


from our Neurophysiology Correspondent 


Tur overwhelming histological impression of any 
cortical tissue is of interwoven, highly branched, 
dendrites, yet we are accustomed to thinking of the 
cerebral cortex largely in terms of neuronal cell bodies 
and their associated axons. Although this is no doubt 
partly a result of the greater ease with which we can 
imagine the propagation of action potentials rather 
than the decay of electrotonically spreading excitation, 
it is also partly a consequence of underestimates of the 
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number of synaptic endings on dendrites and of the 
total area of the dendritic membiane. The pyramidal 
cells of the mammalian cerebral cortex have single apical 
dendrites, up to 1 mm long, which point towards the 
cortical surface. The dendrites may be so long and the 
distance of the major branch point (MBP) so far from 
the soma that at first sight is seems unlikely that 
dendritic activity could have any significant effect 
on the soma, particularly at the site of action potential 
initiation. The space constant of a dendrite 5u in 
diameter is about 3004, so electrotonically conducted 
excitation from the periphery would be greatly attenu- 
ated. This consideration led several groups to look 
for dendritic action potentials; however, theoretical 
calculations by Rall showed that it was possible for 
post-synaptic excitation of the dendrites to provide 
significant background depolarization of the motor- 
neurone soma. 

Jacobson and Pollen have now applied Rall’s theory 
to their own measurements of the electrical constants 
of pyramidal cells in the cat in order to calculate the 
size of change in membrane potential to be expected 
at the soma for a dendritic depolarization (Science, 
161, 1351; 1968). They make two assumptions: that the 
neurone is in à "steady-state" with a constant level of 
dendritic depolarization, so that effects resulting from 
its membrane capacitance can be ignored; and that 
the resting membrane potential is constant throughout 
the neurone. Then the parameters whose values must 
be known are: a, the ratio of apical dendritie to basilar 
dendritic conductance; p, the ratio of dendritic 
conductance to somatic conductance; and R, the 
total input resistance of the neurone. Values for p and 
R, had already been obtained from cells identified as 
pyramidal. To caleulate a, precise data were needed for 
the length and diameter of the apical dendritic shaft: 
these were measured from Golgi-Cox preparations of 
two cat brains. ('This introduced a possible source of 
error, for the anatomical and electrical data were taken 
from different neurones, but it is reasonable to assume 
that typical ranges for both sets of data were covered.) 
Using their anatomical data, Jacobson and Pollen 
calculated R, and R, the apical and basilar dendritic 
resistances as seen from the cell soma, and substituted 
them in Rall’s equation, 





As 
+ Ro + RP 


where Æ, is the somatic resistance. 
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They calculated upper and lower limits for a by con- 
sidering either an infinite resistance or a zero resistance 
in series with the apical shaft and found that in the least 
favourable case for electrotonie propagation 27-5 per 
cent of a potential difference produced at the MBP 
would be seen at the soma, while in the most favourable 
case 38-1 per cent would be measured at the soma. The 
authors suggest that it is likely that “the apical den- 
dritic contribution relative to soma size" is roughly the 
same for a range of pyramidal cell sizes as core resist- 
ance of the dendritie shaft decreases as cell size 
increases. 

From their results a depolarization of 20 mV through- 
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out the dendritic tree distal to the MBP would produce 
5-5-7-6 mV depolarization at the soma if it were 2504 
away, which is comparable with the depolarization 
known to be produced by strong stimulation of the 
non-specific thalamic system, the fibres of which end on 
apical dendrites in the upper cortical layers. If the 
MBP were 750u from the soma, then the equivalent 
depolarizations would be 0-4 to 0-6 mV, which would 
still be sufficient to modulate spike frequency, though 
insufficient to cause spike initiation unaided. 


VIROLOGY 


Cleaving Viral Proteins 


from our Cell Biology Correspondent 


THE encapsulation of polio virus RNA genomes in 
capsid protein apparently involves a most intriguing 
mechanism, the specific cleavage of viral protein. In the 
latest issue of Proc. US Nat. Acad. Sci. (61, 77; 1968). 
Jacobson and Baltimore report that none of the three 
viral coat proteins (VPO, VP1 and VP3) is a primary 
gene product, but that all three are produced by 
cleavage of a precursor protein, NCVPl1. The evidence 
for this is that in a pulse-chase experiment radio- 
activity is lost from NCVPI and at the same time there 
is a large increase in the radioactivity in the three 
coat proteins. To clinch the argument, tryptic digests 
of the four proteins are being made and they should 
provide unequivocal evidence of the precursor product 
relationship between NCVP1 and the capsid proteins. 

. None of these experiments, of course, necessarily 
implies that the three polio capsid proteins exist as 
separate entities in vivo, for although they can be 
separated on polyacrylamide gels, in vivo the chain of 
NOVPI could be folded and cross-linked so that the 
produets of its cleavage are held together. 

Recently Holland and Kiehn (Proc. US Nat. Acad. 
Sci., 60, 1015; 1968) demonstrated a similar cleavage 
process during the replication of several enteroviruses, 
and Baltimore and his colleagues have followed this up 
and report briefly that, during mengovirus replication, 
a protein of about the same size as the polio protein 
NCVPI is cleaved to yield viral specific proteins. 
Thus the cleavage of primary gene products seems to be 
a general phenomenon in the replication of some RNA 
mammalian viruses and is not restricted to the en- 
capsulation process. Indeed, Jacobson and Baltimore 
suggest that all the major species of the fourteen polio 
virus polypeptides which can be identified in extracts of 
infected HeLa cells are cleavage products either of 
nascent or of complete polypeptide precursors. And 
they speculate, reasonably enough, that the polio virus 
RNA genome, a single stranded RNA molecule, may 
be translated as a few and perhaps even as just a single 
polypeptide chain which is then specifically cleaved. 

A comparison of the structure and translation of the 
genetic material of the three other types of mammalian 
RNA viruses with that of the polio virus type is 
interesting in the light of this speculation. Viruses of 
the reovirus type contain a number of fragments of 
double stranded RNA, each of which acts as template 
for synthesis of separate mRNA molecules. Viruses 
of the influenza type contain a number of single 
stranded fragments which are presumably translated 
independently. Viruses of the Newcastle disease type 
contain a very large single stranded RNA molecule, but 
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apparently shorter mRNA molecules complementary to 
the genome RNA are synthesized and then translated. 
One possible interpretation of these three types of 
organization is that they are all mechanisms for 
packaging genetic information in small units and so 
allowing control of gene expression; mechanisms which. 
have evolved to circumvent the fact that in mammalian 
cells, unlike the case of bacteria, it seems impossible to 
initiate translation of amRNA molecule internally but 
only at the 5’ end. Polio virus, on the other hand, pays 
the consequence of not packaging its genetic informa- 
tion in small units; the whole genome is translated as a 
single polypeptide chain which then has to be cleaved. 
This means, of course, that there is little scope for a 
flexible control of the time of gene expression during 
the infective cycle. 

These intriguing arguments hang on the claim that 
in mammalian cells there is no internal initiation of 
translation, and Jacobson and Baltimore have mar- 
shalled some convincing evidence in support of it. In 
brief, internal initiation is thought of as a mechanism, 
in bacteria, for the translation of polycistronic mRNAs, 
but in mammalian cell all the evidence points to 
monocistronie messengers. Polysomes making haemo- 
globin, myosin and actin, for example, seem to contain 
monocistronie messengers. In at least some mam. 
malian cells there is a linear relationship between the 
number of ribosomes in a polysome and the average 
length of the nascent protein per ribosome. Such a 
relationship is incompatible with internal initiation and 
is not found in bacteria. Finally, in uninfected HeLa 
cells there is little evidence for the cleavage of HeLa 
proteins, which implies that, unlike polio mRNA, the 
host cell mRNA is monocistronic. In general, then, in 
mammalian cells there is no need for internal initiation 
because messengers specify only one species of protein. 
It will be interesting to see how many of Jacobson and 
Baltimore’s stimulating ideas stand up to critical 
experimental tests. 


MOLECULAR BIOLOGY 


Polymorphic Polynucleotides 


from our Molecular Biology Correspondent 

Tug chemistry of the polynucleotides has, regrettably 
perhaps, passed from its age of innocence, when there 
was only base pairing to consider, to one of sophistica- 
tion and complexity—of stacking, loops, slippage and 
tertiary structure. The interest of these developments 
goes well beyond their capacity to entertain the physi- 
eal chemists, as several new studies in the current 
literature show. 

Scheffler, Elson and Baldwin (J. Mol. Biol., 36, 291; 
1968) have studied a series of oligomers of alternating 
dAT, of the type d(pTpA),, where » is 4 or greater. 
Fractions, each with a unique value of n, have been 
obtained, as shown by end-group analysis and molecular 
weight determination by sedimentation equilibrium. 
The temperature melting profiles of these molecules 
show some remarkable effects. At low salt concen- 
trations, the curve is simple, with a mid-point and 
breadth which depend in the expected manner on chain 
length, and the melting process is rapidly reversible on 
cooling. The melting curve, as molecular weight 
measurements show, is in fact that of single chains, 
folded back on themselves in a hairpin, in which only 
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the bases at the turn are unpaired. At higher salt 
concentrations, however, a new phenomenon is 
observed: the absorbance-temperature profiles show a 
subsidiary transition at quite low temperature, well 
below that of the main structural transition. On 
cooling, moreover, the sample does not retrace the 
entire curve, but returns instead to the absorbance at 
the top of the low-temperature transition. After this. 
it reverts slowly, by a first-order process, to its initial 
state, and the cycle may then be repeated. Sedimen. 
tation equilibrium shows that the secondary transition 
is accompanied by a diminution in molecular weight 
and, taken together with the temperature dependence of 
the process, this clearly shows that in these conditions 
one is observing the melting of helices eonsisting of two 
chains. Because there is complementarity, and the 
chain does not have to fold on itself, this form has no 
unpaired bases, and the hypochromicity will therefore 
be greater than that of two hairpins, by an amount 
corresponding to the bases in the turn. Simple theory 
indicates that as the temperature decreases, and with it 
the equilibrium constant for the melting of a base pair 
at the end of a double helix, the two-chain form 
becomes relatively more favoured. Thus when a 
melted oligomer is cooled, it will be expected first to 
form hairpins, which will then rearrange to linear two- 
chain helices. Scheffler et al. discuss the types of 
"slippage" mechanism by which this kind of low- 
temperature rearrangement can occur. 

lt is interesting now to speculate on the extent to 
which these results with simple, fully complementary 
systems may bear on the polymorphism and aggrega- 
tion effects that have been observed with natural RNAs. 
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A new example of these, paralleling to some extent the 
observations of Fresco and others on transfer RNA, 
comes from Monier's laboratory, and concerns the small 
ribosomal species (58 RNA), so far of unknown func- 
tion. As with (RNA, it turns out (Aubert et al., Proc. 
US Nat. Acad. Sci., 61, 292; 1968) that there is an 
active conformation of the molecule, which can be 
inactivated by exposure to heat or solutions of urea. 
Activity in this case is defined as the ability to be 
reincorporated into the 505 ribosomal subunit, from 
whieh, as Aubert ef al. found, it is displaced, together 
with some 50 per cent of the ribosomal proteins by 
treatment with 2 M lithium chloride. The inactive form 
of the RNA separates from the active on methylated 
albumin columns and gel filtration. The two forms are 
interconvertible in an essentially reversible manner. 
Although the inactive form is more excluded in gel 
filtration it is evidently not an aggregate, because its 
sedimentation properties are not appreciably different 
from those of its isomer. It is, however, much more 
prone to aggregate in conditions of high magnesium, or 
ionic strength generally. 

The optical properties of the two forms are not 
described; Adams and Zachau (Europ. J. Biochem., 5, 
556; 1968), in discussing the aggregated forms of 
serine tRNA, which is found (ibid., 559) to be readily 
formed on adding magnesium to a solution at pH 3, 
state that the aggregates are slightly hypochromic with 
respect to the monomer. This may reflect some addi- 
tional base pairing. As in the dAT system, the relative 
stabilities of different forms of RNA evidently depend 
on ionic strength, or perhaps in a more specific way on 
magnesium ion concentration. 
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by 
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Parke-Davis and Co., 
Hounslow, Middlesex 


Tue effects of withdrawing, after prolonged administra- 
tion, a drug that induces dependence tend to be contrary 
to those of taking it. This favours the proposition that a 
drug induces dependence through changing the balance 
of a normal endogenous process. In most current theories 
of dependence, this proposition takes the form that the 
drug interacts with a neurohumoral transmitter substance, 
the release of which at a sufficient rate excites or inhibits a 
nerve cell of the brain. Such theories suppose that the 
drug increases or decreases the rate of production (or 
release) of the transmitter or blocks or facilitates its access 
to the cell. 

To support theories of this type there is evidence that 
some drugs inducing dependence interact with endogenous 
substances that may have transmitter functions in the 
brain. For example, morphine liberates noradrenaline? 
and 5-hydroxytryptamine? from the brain of the cat and, 


in this article, based on a contribution to the Symposium on the 
Scientific Basis of Drug Dependence, London, April 1968, two 
theories of drug dependence are discussed. 


during chronic treatment, increases the concentration of 
noradrenaline in the brain of the rat?-*. Morphine also 
lessens the amount of acetylcholine released from guinea- 
pig ileum?) or from cat brain*:'", In the ileum, morphine 
blocks receptors for 5-hydroxytryptamine that differ from 
those blocked by lysergide!. Cocaine interacts with 
catecholamines'*-™4 and nicotine with acetylcholine!®.18. 
Theories arising from the postulated interaction of drug 
and transmitter are chiefly of two types. One type of 
theory supposes that drug increases the supply of trans- 
mitter while decreasing the effect of transmitter on the 
responding nerve cell. On withdrawal of drug, exeess of 
transmitter induces excessive responses from the no longer 
depressed cell. For example, Shuster’? supposes that 
morphine activates an enzyme that synthesizes transmitter 
or depresses one that destroys it, while at the same time 
antagonizing the effect of transmitter on a nerve cell. 
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Tolerance arises through inerease in the supply of trans- 
mitter and withdrawal effects occur when no drug is 
available to antagonize this increased supply. Again. 
Paton!* suggests that morphine dams back the acetyl- 
choline produced by a nerve cell, that tolerance arises 
through overflow from this reservoir and abstinence effects 
arise from the sudden opening of the sluice by withdrawing 
the drug. 

A seeond type of theory is that interaction between 
drug and neurohumoral transmitter affects the nerve 
cell's sensitivity to transmitter, so that, on withdrawal of 
the drug. normal supplies of transmitter elicit abnormal 
responses, One variant of this type of theory supposes 
that the drug induces supersensitivity of the nerve cell 
by lessening its supply of transmitter!®.?°, Another variant 
supposes that the drug alters the number of receptors for 
the transmitter on a nerve cell?!-?, These two variants, 
which I shall discuss later, could be fitted together as 
different ways of saying the same thing; but they could 
involve quite distinct processes. 


Supersensitivity as a Model of Physical Dependence 


In the supersensitivity of pharmacological denervation, 
repeated treatment with a drug blocking excitation of an 
effector organ sensitizes that organ, just as surgical 
denervation does?', The salivary gland, for example, 
can be rnade supersensitive to adrenaline by blocking 
with atropine its acetylcholine receptors**.*5, or by block- 
ing with chlorisondamine ganglionic transmission in its 
nerve supply**, Skeletal muscle can be made super- 
sensitive to acetylcholine by preventing with botulinum 
toxin the release of this transmitter from its motor nerve?’. 
Vascular and splenic smooth muscle, the nictitating mem- 
brane and the radial muscle of the iris can be made 
supersensitive to catecholamines by depleting with reserp- 
ine their normal noradrenaline supply?*-?. Supersen- 
sitivity begins within a few days of drug treatment and 
reaches a maximum within about 2 weeks. It declines to 
normal during the week after withdrawal. Most work on 
supersensitivity has been done with peripheral organs; 
but the process has been shown to occur in the isolated 
cerebral cortex of the cat, in which supersensitivity 
emerged in 2-3 weeks after surgical denervation!*. 

Supersensitivity may develop towards other endogenous 
substances than the normal transmitter. For example, 
surgically denervated guinea-pig diaphragm may become 
supersensitive not only to acetylcholine but also to brady- 
kinin, histamine and 5-hydroxytryptamine?!, Again, after 
treatment of guinea-pigs for several days with chlorisond- 
amine, isolated pieces of ileum were more than usually 
responsive to histamine, 5-hydroxytryptamine and potas- 
sium, as well as to acetylcholine??, 

Most examples of the supersensitivity of pharmacologi- 
cal denervation apply to the blockade by drugs of excita- 
tory processes. That drugs could also give rise to super- 
Sensitivity towards inhibition, though not yet proved, 
seems likely, because cutting the inhibitory nerve supply 
of the smooth muscles of bronchioles, intestine, uterus or 
blood vessels can induce this type of supersensitivity®*. 

The converse of supersensitization by a blockading 
drug has also been described; for example, sialagogie 
drugs, such as pilocarpine and adrenaline, reduced the 
sensitivity of salivary glands, previously made super- 
sensitive by treatment with atropine or by denervation?*. 
This process, however, did not reduce sensitivity below 
normal level. 

As a model, drug-induced supersensitivity accounts 
both for tolerance and abstinence effects. If a drug cuts 
off a normal excitatory transmitter supplying a nerve 
cell of the brain, that cell may be expected to become 
supersensitive. Such supersensitivity should cause toler- 
ance to drug, because less transmitter would be needed 
to elicit a response. If, on lifting the blockade by with- 
drawing the drug, normal supplies of transmitter are 
restored, these are likely to elicit more than normal 
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excitation from the sensitized cell. Because access of the 
transmitter reduces the sensitivity of the cell to its 
ordinary level, the excitation induced by abstinence in 
the dependent nerve cell should subside. 

The supersensitivity of pharmacological denervation 
has been used as a model of physical dependence on 
barbiturates!*-*4.35 and on opiates**-**, because it is flexible 
enough to explain different patterns of tolerance seen 
with different types of dependence-inducing drugs. If 
the blockade by drug occurs at or near the responding cell 
itself, so that little transmitter can reach it, supersen- 
sitivity and hence tolerance of central origin should be 
relatively great, as it is with opiates. If a drug cuts off 
the supply of normal excitatory transmitter to a nerve 
cell at a point more distant from the cell than its surface, 
and the cell is thus accessible to leakage of transmitter (or 
even of another excitatory substance) from the neigh- 
bourhood, less supersensitivity and hence less tolerance to 
the drug should develop. Such an arrangement might 
provide a model of the development of tolerance and 
physical dependence towards barbiturates. 

A model of this second type resembles the redundancy 
model of Martin®* in the development through blockade 
by drug of an alternative pathway to the responding 
cell. The two models differ, however, in that, in the 
supersensitivity model, the responding cell becomes 
sensitive to the alternative source of transmitter through 
deprivation of its normal supply, and this may be expeeted 
to reduce rather than enhance tolerance and dependence, 
whereas, in the redundancy model, the alternative path- 
way becomes more effective through use. 


Supersensitivity and Psychic Dependence 


If the psychic effects of a drug arise in a way comparable 
with its physical effects, although they are expressed in 
different forms and observed by different means, then the 
supersensitivity of pharmacological denervation should 
provide a basic model of psychic as well as physical 
dependence on drugs. For this, the model must apply to 
centres of the brain concerned with psychic events and 
responding to psychoactive drugs. 

With the exception of the changes in sleep pattern 
observed after withdrawal of amphetamine*’, physical 
abstinence effects are seen only after treatment with 
drugs that chiefly depress the central nervous system, 
such as morphine, ethanol and barbiturates. Psychic 
dependence, however, can occur towards either stimulant 
or depressant drugs. To accommodate psychic dependence, 
the model of supersensitivity therefore needs a two-way 
adapter. 

This requirement may be met with the two systems of 
the brain postulated to explain the phenomena of self- 
stimulation with implanted electrodes in experimental 
animals?**. One of these systems is concerned with reward 
and the other with punishment. 'The reward system has 
been sited chiefly in the medial forebrain bundle and the 
punishment system in the periventricular fibres**, To 
integrate the two systems, cross-inhibition between them 
has been proposed?*. Stimulation of the posterior amyg- 
dala with electrodes implanted in the human brain has 
shown that comparable systems for euphoria and dys- 
phoria may be supposed to exist in man as well as in the 
self-stimulating rati?. 

Because the reward and punishment systems are 
believed to be cross-inhibited, activation of the reward or 
depression of the punishment system would have com- 
parable results—a lessening of drives, accompanied by a 
sense of gratification and the reinforcement of the be- 
haviour leading to these effects. Fifteen years ago, 
Wikler!! drew attention to the great reduction of drives 
during morphine dependence. A survey of the mental 
effects of drugs inducing psychic dependence shows that 
the lessening of hunger, sex, fear or other drives is a 
common property of all these drugs. This lessening of 
drives provides a mechanism for operant conditioning, 
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which is today seen as the chief factor in the genesis of 
psychic dependenee'?-55, 

The linked reward and punishment systems can be 
used to explain psychie withdrawal effects, to which 
addieted persons bear witness, by gearing these systems 
to the basie model of the supersensitivity of pharmacologi- 
eal denervation.  Depressant or stimulant drugs that 
induce psychie dependence might be supposed directly 
or indireetly to lessen excitation of the punishment system, 
or to increase excitation of the reward system. This 
supposition is supported by the findings that meprobamate 
and barbiturates strongly attenuate punishment dis- 
crimination in trained rats!" and that amphetamine 
lowers the threshold of the reward system??. 

A drug-induced disbalance of the reward-punishment 
interrelationship, either in itself or through the particular 
mechanism by which it is brought about. may in turn be 
supposed to lead to supersensitivity of the reward system 
towards inhibition, or of the punishment system towards 
excitation. Such a supersensitivity would be expected to 
lead, along the lines I have discussed, to tolerance during 
administration of drug to abstinence effects after its with- 
drawal and to removal of abstinence effects by again taking 
the drug. The tolerance and abstinence effects would here 
be psychie, because the systems affected are concerned 
with psychie events. 

The induction of psychic dependence is thus seen as 
the result of a persistent tipping of the balance of the 
reward--punishment systems in favour of reward, through 
the action of a drug. This type of explanation suggests 
the existence of an unrecognized entity psychie tolerance 
towards drug. Cocaine is said to induce psychic depend- 
ence without tolerance; but the tendency of man or 
monkey addicted to this drug to increase the dose and 
thus poison himself suggests that cocaine may induce 
psychic tolerance without its physical counterpart (ref. 
48 and personal communication from M. H. Seevers). 

Recently, Myers and Veale’ have reported that 
p-chlorophenylalanine (pCPA) and a-methyl-p-tyrosine 
(aMpT) depress ethanol-seeking in addicted rats. Whereas 
the effect of pCPA lasts for several weeks after cessation 
of treatment, that of «MpT ceases at the end of treatment. 
Various explanations of this finding might be proposed; 
in terms of the last mentioned model, it could be inter- 
preted by supposing that pCPA destroys the mechanism 
in brain cells whereby ethanol interacts with transmitter 
to shift the balance of the reward-punishment systems 
towards reward, whereas «MpT affects the transmitter in 
the same sense as does ethanol. 


Supersensitivity and Receptors 

The foregoing models of physical and of psychie de- 
pendenee, provided by the supersensitivity arising from 
deprival of transmitter, may be translated into terms of 
pharmacological receptors by making three assumptions. 
First, that an increase in the number of receptors heightens 
and a decrease lowers a submaximal response by changing 
the probability of drug receptor interaction; second, that 
depriving a cell of humoral transmitter increases the 
number of receptors for transmitter on the cell; and, 
third, that subsequent exposure of the cell to transmitter 
reduces the number of receptors**. 

According to these assumptions, a drug that deprives 
a brain cell of transmitter should induce on it further 
receptors for that transmitter, which should in turn permit 
a stronger response to such transmitter as passes the 
blockade, with accompanying tolerance. If the blockade 
oceurs at or near the responding cell, receptor induction 
and hence tolerance should be great; but if the site of 
deprivation lies at a distance from this cell, receptor 
induction and henee tolerance might be less, through 
the leakage of transmitter(s) from elsewhere. After 
withdrawal of drug, transmitter should become more 
accessible to more receptors, with consequent abstinence 
effects, On continued exposure to normal amounts of 
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transmitter, the number of receptors should decline and 
abstinence effects should subside. If some of the additional 
receptors are left, this might explain any persistent after- 
effects of the drug. 

That the effects of opiate withdrawal in the dog and rat 
closely resemble those of injecting 5-hydroxytryptophan 
led me to propose a few years ago that one way in which 
morphine might induce physical dependence would be 
by occupation of 5-hydroxytryptamine receptors on 
appropriate brain cells?'-?*, If this proposal is to be main- 
tained, in the face of the conclusion that tolerance to 
and dependence on morphine, nalorphine and cyclazocine 
develop only in respeet of their agonist and not their 
antagonist activity*?!, the assumption seems needed that 
morphine antagonism depends on different receptors from 
morphine agonism and that their interaction is allosteric. 
The same difficulty does not apply to other forms of 
5-hydroxytryptamine blockade than occupation of its 
receptors. 


Drug-induced Changes in the Number of Receptors 


That drugs can induce an increase in the number of 
receptors for humoral transmitter has occasionally been 
proposed. Thus Axelsson and Thesleff**, by releasing 
acetylcholine iontophoretieally from the tip of a miero- 
pipette, showed that, after denervating a striated muscle. 
sensitivity to this transmitter spread out from the motor 
end-plate over the general surface of the whole muscle 
fibre until, after 1 or 2 weeks, sensitivity everywhere 
equalled that hitherto restricted to the end-plates. 
Pharmacological denervation with botulinum toxin in- 
duced, in about the same period, a similar change in 
sensitivity to acetyleholine applied by micropipette”, 
These effects were interpreted as a spread of acetyleholine 
receptors over the surface of the muscle fibre, induced by 
deprivation of this transmitter. 

The effectiveness of interaction between transmitter and 
its receptors may increase quite quickly. For example, 
cocaine rapidly raises sensitivity to noradrenaline. This 
effect, in the rat isolated vas deferens, has been inter- 
preted as an increased receptor utilization", but it raises 
the question whether drug dependence could be induced 
by increase in number of receptors for a transmitter 
without involving the slow process of supersensitization. 
The receptor theory of dependence does not require 
the sensitivity model, but only a drug-induced change 
in the number of receptors for the appropriate trans- 
mitter on the appropriate nerve cell. In some eir- 
cumstances, a decrease in the number of receptors would 
explain drug dependence**; for example, if a drug lessened 
the number of receptors available to a transmitter in- 
hibiting the reward system in the hypothalamus. 

The mechanism by which receptors might increase in 
number in response to drug treatment is unknown, but. 
there is evidence suggesting that protein synthesis may 
sometimes be involved. Thus the development of toler- 
ance to morphine in the mouse and rat is inhibited by 
actinomycin D (ref. 53), puromycin™ and 8-azaguanine?*. 
The long persistence of traces of tolerance induced by 
morphine? is also consistent with some change in chemical 
structure underlying the development of tolerance. The 
question would be worth looking into whether actinomycin 
D or drugs that act in a similar manner inhibit the onset 
of dependence as well as of tolerance. 

Pursuing such observations, Ungar and Cohen? have 
claimed that brain extracts, from rats made tolerant to 
morphine, induce morphine tolerance in mice. If this 
claim is confirmed, in spite of the failure of Tirri** to do 
80, it would seem to point to a parallel between morphine 
tolerance and infective drug resistance in bacteria. In 
the experiments of Ungar and Cohen, however, morphine 
tolerance was induced in mice by cell-free dialysates of 
rat brain, whereas, in bacteria, cell to cell contact has so 
far been needed for the transfer of drug-resistance. 

To summarize, two theories of drug dependence have 
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been discussed. Both are based on changes induced by 
drug in the sensitivity of nerve cells to endogenous neuro- 
humoral transmitter substances. One is that the super- 
sensitivity of pharrnacological denervation provides a 
model of how dependence happens. This model has been 
used to explain physical dependence!?:3*; but it can also 
be applied to psychie dependence, by gearing it to the 
two-way adapter of the linked reward and punishment 
systems of the brain. The other theory accounts for 
dependence in terms of drug-induced change in number 
of receptors for transmitter, and it can likewise be applied 
to physical and psychie dependence. 

The two theories are complementary and they may be 
neatly fitted together, if an increase in the number of 
receptors for transmitter underlies the supersensitivity of 
pharmacological denervation; but the theories are not 
essential to one another. Supersensitivity might develop 
by another mechanism than increase in number of recep- 
tors for a transmitter. Likewise, drugs might induce an 
inerease in number of receptors for a transmitter by mech- 
anisms other than those involved in supersensitivity. 
Moreover, à drug-induced decline in number of receptors 
for an appropriate transmitter on an appropriate brain cell 
would also provide a mechanism of dependence. 

Ithank Dr A. Herxheimer, Dr D. Joyce and Dr B. H. P. 
Poschel for advice. 
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OBSERVATIONS of pulsar pulse shapes have shown that 
individual pulses, and the mean of several pulses, have a 
complex structure containing several subpulses!?. The 
fact that the mean of large numbers of pulses shows no 
such complex detail? has been widely taken to imply that 
the timing of the subpulses is essentially random. Obser- 
vations of long sequences of pulses from the pulsars 
AP 2015--28 and CP 1919 have now shown that the 
existence and timing of the subpulses are the result of a 
second periodic pulsation. The period of this second 
pulsation, which we will call elass 2 or fast, is of the order 
of 10 ms and is incommensurate with the well known 
pulsations with periods of the order of 1 s which we 


The pulses from pulsating radio sources seem to be made up of two 
subpulses, slow, class I, and fast, class 2. 


will call the slow or class 1 pulsation. The incommen- 
surability causes the mean shape of large numbers of 
pulses to be smooth, and makes difficult the detection of 
the class 2 pulsation. The period of the fast pulsation 
varies by a fraction of 1 per cent in times of the order of 
1.000 class 2 periods. This implies that a significant 
energy loss or gain is associated with the class 2 pulsation, 
in contrast to the class 1 pulsation where the extreme 
stability of the period implies that the periodie pheno- 
menon is not associated with a significant energy gain or 
loss. Thus the source of energy in the pulsars is very 
likely associated with the class 2 pulsation. 

One manner in which the class 2 pulsation ean be de- 
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tected and measured is shown in Figs. 1 to 3. In Fig. 1 
are shown fifteen successive typical pulses from AP 
2015--28 and CP 1919. 'The time scale in Figs. 1 to 3 
is intrapulse time, which is a time coordinate whose 
origin is earlier than the start of each pulse by an arbitrary 
amount. The time interval between successive zeros of 
intrapulse time is the apparent class 1 period. Inspection 
of the pulses of AP 2015-- 28 shows that a subpulse re- 
appears at about the same intrapulse time in each sueces- 
sive pulse. In fact, with each successive pulse the given 
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Fig. 1. Pulse shapes of fifteen consecutive pulses from the pulsars 

AP2015--28 and CP 1919. Observed with time constants of 2:6 and 

1-0 ms, on September 10 and August 26, 1968, respectively, and at a 

radio frequency of 428-5 MHz. The points designate the intrapulse time 

of subpulse maxima. Small points indicate that the time of maximum 
subpulse intensity is poorly defined. 
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subpulse appears earlier in intrapulse time by about 2 ms. 
As a given subpulse approaches the leading edge of the 
pulse, a new subpulse appears near the trailing edge, some 
11 ms after the first subpulse, and repeats the motion 
towards successively earlier times of appearance. The 
same phenomenon is visible in the pulses of CP 1919, 
although it is more difficult to see because of the greater 
variability of the pulsar. Nevertheless, again regular 
appearance of a given subpulse at a time which decreases 
linearly is seen, With this pulsar the overall pulse width 
is sufficient to permit three subpulses to lie within it, so 
that at proper phases in the progression of the subpulse 
three are visible, while at other times only two may be 
visible. 

To establish the characteristics of this apparently 
systematie phenomenon, we have studied the arrival times 
of the subpulses of 200 consecutive pulses from each 
pulsar. Fig. 2a gives a plot of the intrapulse time of sub- 
pulse maximum versus pulse number for CP 1919. Be- 
cause in this pulsar some subpulses are poorly defined, 
we have plotted the values for such subpulses with 
small points. Pulses 106 to 120 are those of Fig. 1. 
Inspection of this array of points again shows the sys- 
tematic decrease in arrival time previously described. 
It is also apparent that the time interval between sub- 
pulses is nearly constant. The array of points as plotted 
here can be described well as a sequence of inclined 
straight lines. This sequence of lines is plotted with the 
points in Fig. 2b. 

Fig. 3a is a similar presentation of the data for AP 
2015--28. Pulses 48 to 62 are those of Fig. 1. Again 
inspection shows that the points describe a sequence of 
nearly uniformly spaced inclined lines. This sequence of 
lines is shown with the points in Fig. 35. The ability to 
describe the subpulse arrival times in this simple way 
requires that the interval between subpulses be essentially 
constant and that the subpulses be a periodie phenomenon 
which preserve phase coherence from one class 1 pulse to 
the next. The fact that the lines are inclined requires 
that the class 2 period, P,, be incommensurate with the 
class 1 period, P,. Thus these data show that the pulsar 
radiation is generated by a system possessing & periodie 
phenomenon associated with P}, with this fast process 
being modulated by another system possessing P,, or 
vice versa. The striking fact that the class 2 pulsation 
preserves phase coherence from one class 1 pulse to 
another suggests that the class 2 pulsation is in fact 
continuous. The incommensurability of the periods 
strongly indicates that the two systems are not coupled 
physically, although they both influence the radio emis- 
sion. The pulsars C.P 0950 and CP 1133 also appear to 
possess the class 2 pulse, but the great variability of these 
pulsars and the short duration of the class 1 envelope 
make the existence of class ? more difficult to establish 
with certainty. 

The data ean give accurate values for P}. 'To do this, 
an estimate of P, is made by simply measuring the mean 
time interval between subpulses in individual pulses. The 
approximate number of class 2 pulses per P, is then 
determined by finding the period elosest to this estimate 
which will lead to the observed advance in consecutive 
subpulse arrival times. The most accurate value for the 
class 2 period is in the end obtained by using the total 
advance in the intrapulse time of subpulse maximum 
over the entire 200 pulses. By this means, the heliocentrie 
values for the class 2 periods have been determined and 
are shown in Table 1. 

These values are not influenced by the value of P, 
used in the data recording and reduction. In AP 2015 + 28 
there are 52-204 class 2 pulses in each P, and in CP 1919 


Table 1 
Standard 
Pulsar Date P, error 
(ms) (ms) 
AP 2015 +28 September 10, 1968 10-6879 0-0002 
CP 1919 August 26, 1968 15.5089 0-0001 
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there are 86-2276 class 2 pulses in each P,. The data for 
AP 2015-- 28 are not adequate to rule out the possibility 
that there are 51-204 class 2 pulses per P,; should this 
be the eorreet value, P, would be 10-8966 + 0-0002 ms. 

In contrast to P,, P, is not maintained constant within 
the observational errors. This is readily seen from the 
faet that the inelined lines of Figs. 2 and 3 are not pre- 
cisely me spaced, nor are they all of the same slope. 
The class 2 pulsation is therefore undergoing an observ- 
able variation in period or a phase modulation over the 
time interval of these observations. V teria UE this 
variation is not large enough to conceal the class 
periodicity. The phase modulation in class 2 pulse arrival 
time may be determined by comparing the predicted time 
of subpulse maximum, as given by P, with the actual 
time of subpulse maximum. This is done most con- 
veniently and accurately by comparing the times when 
the inclined lines of Figs. 2 and 3 intersect a reference 
intrapulse time with the times predicted for such an 
intersection from P,. The results of such computations 
are shown in Figs. 4 and 5 for the two pulsars. 

It is seen that in both cases gradual phase modulations 
of the order of half a class 2 cyele occur in times of the 
order of 25 s. This is roughly a one-half cycle phase 
change in the course of some 2,000 class 2 pulses. The 





a, [ntrapulse time of subpulse maximum intensity as a function of primary, ar class 1, pulse number for CP 1619 (428-5 MHz, August 
Small points designate intrapulse times which are poorly defined. 
of times of subpulse 


The same data as in Fig, 24 but with lines defining the locus 
RR ae 


variation 1n the class 2 period is then of the order of one 
part in 4.000. 

The behaviour of the class 2 pulsation is like that of a 
damped harmonie oscillator. If this is an apt model, the 
quantity Q. the ratio of stored energy to energy dissipated 
per cycle. is of the order of 4,000. This is in sharp eontrast 
with the Q of the class 1 pulsation, which from the con- 
stancy of P, is so large that it has not yet been measured, 
The Q of class 1 is greater than 109 from the data of 
Moffett and Ekers (presented at the meeting of the 
American Astronomical Society, Victoria, British Colum- 
bia, in August 1968). This suggests that the physical 
system giving rise to the class 2 pulsation po 


























significant energy sources or losses, whereas the e i 
physical system possesses far less important sour or 
losses of energy. For this reason, it seems plausible to 


identify the class 2 system with the basic source of 
energy which leads eventually to the radio emission. in 
pulsars. The class 1 system would then serve to modulate 
the results of the class 2 process so as to produce the 
observed characteristies of the radio emission. 

The model of a pulsar which is probably most straight- 
forward on the basis of these results is a rotating and 
pulsating neutron star. The class 2 periods are in the 
range predicted for neutron stars’, and it is the class ? 
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Fig. 4, Departure from strict periodicity of pulse arrival time dé and 


concomitant phase shift dẹ in class 2 cycles for AP 2015+28. A 
typical standard error is dicated. 

stem which probably possesses the primary energy 
source, We would therefore identify the class 2 pulsation 
with the pulsations of a neutron star. The value of Q 
found here is considerably less than most estimates of 
Q for radial pulsations of neutron stars’. Wheeler’s* 
discussion, however, indicates that values of Q of the 
order of 4,000 may occur, appropriately, in rapidly rotat- 
ing neutron stars as a result of the coupling of radial 
pulsations to non-radial modes which produce strong 
gravitational radiation. 

The class 1 system would contain a mechanism which 
either modulates or generates the radio emission excited 
basically by the class 2 energy source. If this mechanism 
leads to highly directional radio emission, and the star is 
rotating, the fundamental observed pulsar characteristics 
are produced. Thus we would identify the class 1 period- 
icity with the stellar rotation. The high Q of class l is 
consistent with rotation which would be nearly lossless. 





b, Same data as in Fig. 3a but with 


Broken lines denote subpulse sequences the existence of which is uncertain. 


This picture is consistent with the submilliseeond varia- 
tions in pulsar intensity? which imply that pulsars are 
only tens of kilometres in size and therefore the size of 
neutron stars, It is also consistent with the fact that the 
pulsar of shorter P, AP 2015+28, which would be the 
more condensed neutron star, and thus probably the faster 
rotating, possesses the smaller P,. The available data, 
however, are so limited that this last situation cannot be 
considered statistically significant. 

Conklin et al.* have noted that autocorrelation analyses 
of large numbers of pulses from the pulsar CP 1919 show 
that pulse amplitude is systematically greater at about 
four pulse intervals. 'The average pulse enhaneement is 
of the order of 2 per cent. This is readily seen to be the 
result of the class 2 pulsar pulsation and the ineom- 
mensurability of class 1 and 2 periods. Because of the 
shape of the class 1 pulse, the overall pulse energy is 
greatest when the class 2 pulses are arriving with such a 
phase that about three class 2 pulses are placed sym- 
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Fig. 5. The same data as in Fig. 4 for CF 1919. 
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metrically within the class 1 envelope. This causes class 2 
pulses to occur simultaneously with the maxima of the 
class 1 pulse, giving especially strong emission. This 
situation will recur every 4-395 class 1 pulses, for it 
requires that number of pulses for the class 2 pulses to 
advance one class 2 period in intrapulse time. Thus the 
effeet observed by Conklin et al. is simply explained, and 
its existence confirms the existence of the class 2 pulsation. 

The Arecibo Ionospherie Observatory is operated by 
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Keun has said: "From the earliest times breathing and 
the warmth of the body were recognized as the chief 
manifestations of life’, An understanding of heat pro- 
duction in mammals at the level of molecular biology has 
been significantly advanced in recent years by a number 
of incisive studies on cellular respiratory processes! and 
by an understanding of the thermogenie functions of 
brown adipose tissue*-*. For many years, physiologists 
have classified heat producing processes into two cate- 
gories: (1) shivering or physieal thermogenesis, which is 
manifest as increased muscular activity; and (2) non- 
shivering or chemical thermogenesis, which is not manifest 
as increased muscular activity. We wish to propose a 
biochemical rather than a physiological classification of 
thermogenic processes. 

It has long been recognized that the production of heat 
by living organisms is associated with respiration! and 
concomitant oxidation of foodstuffs. Recent studies” can 
be interpreted as demonstrating that the oxidation of 
foodstuff at the level of mitochondrial respiratory activity 
is the primary heat releasing process. The enthalpies 
of certain substrate oxidations are listed in Table 1. 
The enthalpies of combustion were determined for the 
pure substrates; the in vivo enthalpy of combustion of 
the ionized substrates in aqueous solution is assuredly 
somewhat different from the values quoted in the second 
column of Table 1. The differences, however, are quite 
small, as was shown in the case of succinate oxidation!*. 
In any case, the differences do not affect the conclusions 
to be presented here. The third column of Table 1 shows 
the enthalpy of oxidation of those metabolie products 
produced from the substrate, the reducing equivalents of 
which have not yet traversed the mitochondrial respiratory 
chain, specifically NADH and reduced flavoprotein. The 
close similarity between the values listed in the second 
and third columns demonstrates clearly that virtually all 
the heat released during oxidation of the substrate takes 
place during the reaction of the mitochondrial substrates 
(like NADH and succinate) with oxygen, as mediated by 
the mitochondrial respiratory chain*. The values given in 
the fourth column are equal to the enthalpies of substrate 
oxidation minus the amount of heat that would be con- 
served in ATP if oxidative phosphorylation and sub- 
strate-level phosphorylation were tightly eoupled to the 
oxidation of substrate. For the fourth column, the in 
vivo AH of ATP formation is taken to be + 4-7 kealories/ 
mole; this value will be discussed later. The fourth 
column shows clearly that only about 25 per cent of 
enthalpy of substrate oxidation may be conserved in 
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of Mammalian Thermogenesis 


The authors suggest a new classification for heat producing processes. 
Their criteria are biochemical and not physiological as in the existing 
classification. 


Table 1, ENTHALPY BALANCE FOR SUBSTRATE OXIDATION 
AH, AH, keal- AH, kealories] 
Substrate kealories/mole substrate ories/mole ^ mole after 
reaction Com- Oxida- caleu- phosphorylation 
bustion tion lated* (CAB AT x 100) 

NADH, + 10,— 7 

NAD+H,0 -61.6r13* ~616 9 475 (77) 
Succinate + 40,-> 

fumarate + H,O ~86241-2 ~~ 36-2 ~ 268 (14) 
Oleic acid (1) + 2540, 

—>1800, + 17H, ~ 2,605715 ~ 2,833 — 1-904 (700 
Acetic acid (1) +20. 

—»2C0,+ 2H,0 — 209-415 -2210  —102-4 ITS) 
Lactic acid (1)-- 30, i 

—3CO, + 3H,0 — 336-015 —94£2 — 264-3 (81) 
Glucose (a) 4- 60, 

—9CO, + 6HO — 673-035 —6884 HIPZ (77) 


* This 4H is equal to the sum of the AH for the oxidation of the number of 
moles of NADH and succinate produced during the oxidation of 1 mole of 
the substrate. 

t The FADH, produced during §-oxidation is assumed to be equivalent 
enthalpically to the FADH, of succinate dehydrogenase, . 

ł This 4H is equal to the JH, in the second column minus the amount of 
heat that goes into ATP formation for the number of ATP molecules that are 
formed during the substrate oxidation, It is assumed for thia calculation that 
oxidative phosphorylation is fully coupled and the in vivo 4H of ATP hydro- 
lysis is — 4-7 kealories/mole. 


ATP. Thus oxidative phosphorylation does not need to 
be uncoupled for there to be substantial production of 
heat during the oxidation of foodstuff. 

The £n vivo enthalpy of hydrolysis of ATP to ADP and 
orthophosphate has not yet been determined. The in 
vitro AH has been shown" to depend in a complex way 
on the temperature, pH, ionic strength and cationic 
composition of the phosphorylation medium used. The 
most important aspect of a phosphorylation medium near 
pH 7-4, at 37° C, and at an ionic strength of about 01, 
relevant to heat changes is the nature of the buffer, for 
about 0-8 moles of protons are taken up from the medium 
for each mole of ATP formed. Podolsky and Morales", 
by correcting for the heat of buffer ionization in their 
reaction medium, measured the AH of ATP formation to 
be +4:75+0-1 kealories/mole. Bernhard” subsequently 
used the data of Podolsky and Morales to calculate the 
in vivo AH to be +36 kealories/mole. Bernhard? 
identified intrafibrial muscle fluid buffers, and weighted 
their enthalpies of ionization according to the buffer con- 
centrations and pK values to obtain his in vivo AH. 
Wilkie! has proposed that the in vivo AH is about 
+11 kealories/mole in muscles. Wilkie has measured the 
in vivo AH of creative phosphate hydrolysis as 11-6 
kealories/mole, and has noted that the ratio of heat to 
tension during muscular contractions is not appreciably 
altered by FNDB (which blocks breakdown of creatine 
phosphate). Wilkie therefore concluded that the ia viro 
AH for the hydrolysis of ATP is about the same as for the 
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hydrolysis of creatine phosphate. The values of Bernhard 
and Wilkie represent the extremes of feasible physio- 
logical values for the in vivo AH of ATP formation. If 
the in vive buffers are primarily amine-type buffers, such 
as the e-amino group of lysine, then Wilkie’s value is 
correct. If, however, the in vivo buffers are predominantly 
phosphate moieties, then Bernhard's value is correct. 
Phosphate buffers have the largest negative heats of 
jonization for physiological buffers, while amine-type 
buffers have the largest positive heats of ionization. The 
correct in vivo AH of ATP formation doubtless lies 
between the extreme values proposed by Bernhard and 
Wilkie. For a medium containing equimolar concen- 
trations of phosphate and amine-type buffers. the enthalpy 
of buffer ionization is near zero, and the im vivo AH 
would be +47 kealories/mole. This latter value was 
taken as a reasonable value and was used in the illus- 
trative caleulation performed for Table 1. The qualitative 
conelusions presented in this article based on the data in 
Table I are not altered by use of any value for the in 
vivo AH of ATP formation between the values proposed 
by Bernhard and Wilkie. 

The foregoing discussion provides quantitative insight 
into how homeotherms and hibernators, in resting con- 
ditions, maintain their temperature above that of the 
environment. The balance between heat producing 
reactions in basal metabolism, and heat conserving pro- 
cesses, is clearly such as to nece itate net heat production. 
In addition to that heat evolved as a consequence of 
resting basal metabolism, mammals are capable of gener- 
ating additional thermal energy by a variety of reactions 
in both physiological and pathological conditions. 

The breakdown of the ATP formed during respiration 
can provide only about a quarter the amount of thermal 
energy that can be derived from respiration. It is there- 
fore apparent that a discussion of thermogenesis, now to 
be defined as those reactions producing heat in addition 
to resting basal metabolism, should primarily focus on 
those factors which control cellular respiration. From 
the data presented in Table 1 we can conclude that any 
cellular reaction which leads to an increase in respiration 
is a thermogenic process. Whether a particular reaction 
contributes significantly to the heat production of the 
animal physiologically or pathologically is sometimes 
diffieult to ascertain. There have been many studies of 
changes in metabolie intermediates and enzyme activity 
patterns during thermal stress, but these are not con- 
sidered for discussion here. 

The biochemical classification of thermogenesis pre- 
sented here is based chiefly on those processes controlling 
oxidative metabolism at the level of the mitochondrial 
respiratory ehain and assumes an adequate supply of 
reducing equivalents and molecular oxygen (the normal 
intracellular condition). The classification proposed in 
Table 2 is by no means exhaustive, either with regard to 
the different possibilities for releasing the coupling of 
respiration to phosphorylation or with regard to the 
references cited, which are used as examples only. The 
various metabolie situations listed in the second column 
of Table 2 are grouped into the four categories shown in 
the first column. The categories correspond to the degree 
to which the mitochondrial respiration in the situation is 
controlled by the availability of phosphate acceptor. 

The first category for thermogenie processes is that 
where respiration is controlled by the regeneration of 
phosphate acceptor at the level of ATP degradation. The 
breakdown of ATP during muscle contraction, that is, 
shivering, leads to an increased consumption of oxygen 
and is well established as a major heat generating pro- 
cess!®, Because no external work is done during shivering 
the energy from the splitting of ATP appears solely as 
heat and contributes an amount of heat equal to that 
conserved during oxidative phosphorylation. Another 
mode of thermogenesis operating at the ATP level of 
control is the re-esterification of free fatty acids in white 
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Table 2. BIOCHEMICAL CLASSIFICATION OF SPECIFIC THERMOGENIC PROCESSES 
Respiration Metabolic Refer- ela 
control process Status ences classifi- 

point cation 
Degradation Musele contraction Well estab- 
of ATP lished 16 Shivering 
Fatty acid re-esteri- Non- 
fication in white Good shivering 


adipose tissue evidence 17 

Synthetic reaction as 
with neoplasms di- 
agnosed by therm- 
ography 

Fatty acyl CoA hyd- 
rolase reactions 


Oligomycin-in- lon translocation 
sensitive res- across mitochond- 


Some 
evidence i8 





Hypothetical 9 


piration (but rial membranes Hypothetical 20, 21,23 
sensitive to Energy-linked trans- ‘ 


uncouplers) hydrogenation Hypothetical 25, 26 
Loose coupling Hypermetabolism of 
non-thyroid origin Good 
in a patient evidence 5 


Unconpling Fatty acid uncoup- 
ling 

Adaptations to cold 
exposure and in 
hibernation 


Hypothetical 28 
Hypothetical 31, 32 


adipose tissue which is thought to act like an electric 
blanket!*. 

In the case of certain neoplastie processes detectable 
by thermography, there seems to be a positive correlation 
between the rise of temperature and the degree of malig- 
naney'*. As far as we know, no correlative metabolie 
studies have been carried out with these particular 
tumours. Neoplastie processes are notable for high rates 
of synthetic reactions which require ATP; the rapid use 
of ATP would lead to respiratory release and concomitant. 
production of heat. The oxidative metabolism of tumours 
has been reviewed by Aisenberg!*. Aeyl CoA hydrolase 
reactions are another possible means of consuming ATP, 
but their significance remains to be elucidated’. Any 
system which generates ADP, that is, phosphate acceptor. 
can lead to an increase in respiration and concomitantly 
produces heat. l 

The second category for thermogenesis considers those 
metabolic processes which are not blocked by oligomycin 
but are sensitive to uncoupling agents. Oligomyein blocks 
the synthesis and breakdown of ATP in isolated mito- 
chondria, and slows mitochondrial respiration when the 
mitochondria have ATP synthesis coupled to the respira- 
tion. Uncoupling agents such as dinitrophenol uncouple 
substrate oxidation from the normal concomitant ATP 
formation, and ean release mitochondrial respiration 
which is retarded by oligomyein.  Challoner?? has sug- 
gested the importance of examining oligomycin-insensitive 
respiration in hypermetabolic states such as pheochromo- 
cytoma, where released catecholamines have a ealorigenie 
effect. probably mediated chiefly through fatty acid meta- 
bolization and oxidation? Catecholamine-induced fatty 
acid oxidation in brown fat cells has been shown to be 
sensitive to oligomyein, but the oligomycin is thought to 
block the ATP synthesis needed for fatty acid activation 
before oxidation?. It is conceivable that most chemical 
energy in brown adipose tissue is dissipated before the 
oxidative phosphorylation is blocked by oligomycin. One 
recent hypothesis suggests that a K* pump in the mito- 
chondrial membrane uses the energy of oxidative phos- 
phorylation in this tissue?" The active translocation of 
monovalent and divalent cations across mitochondrial 
inembranes has been demonstrated in many tissues to be 
insensitive to oligomyein but blocked by uncoupling 
agents?3-?5, Another hormone, thyroxin, which has many 
actions?*, has also been proposed to exert its calorigenie 
effect through an oligomycin-insensitive pathway, by the 
transfer of reducing equivalents through energy-linked 
pyridine nucleotide transhydrogenatioa®? to the NADP- 
cytochrome e reductase of the endoplasmie reticulum in 
the liver?. Like cation translocation, energy-linked 
transhydrogenation is sensitive to uncoupling agents? 
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The third category (Table 2) is primarily based on the 
observations of Ernster and Luft, who reported a case of 
hypermetabolism of non-thyroid origin resulting from 
"loose coupling" of muscle mitochondria. Mitochondria 
isolated from the patient's muscle tissue had a normal ratio 
of P to O but decreased respiratory control’. The isolated 
mitochondria had an appreciable rate of respiration un- 
affected by oligomycin or dinitrophenol when pyruvate 
and malate were used as substrate; the oligomyein and 
dinitrophenol did diminish phosphorylation. Loose 
coupling or uncoupling has been suggested as a possible 
mechanism for allowing respiration to proceed at a high 
rate during catecholamine-induced thermogenesis in brown 
adipose tissue?*, The loose coupling hypothesis was based 
in part on the observations that, under maximal nor- 
epinephrine stimulation, the respiration of brown fat cells 
could not be increased by uncoupling agents, whereas the 
uncouplers would stimulate respiration if lesser amounts 
of norepinephrine were used? and that norepinephrine 
eaused only a small decrease in the amount of ATP 
(ref. 29). 

The last category of our biochemical classification con- 
siders the control of respiration at the level where un- 
coupling agents are thought to act on oxidative phos- 
phorylation. Pressman and Lardy?* have proposed that 
uncoupling of oxidative phosphorylation might be a 
physiological mechanism for achieving high rates of 
respiration. These workers found that fatty acids could 
uncouple oxidative phosphorylation in isolated mito- 
chondria. Numerous suggestions for fatty acid uncoupling 
as physiological and pathological mechanisms have been 
offered, as with brown adipose tissue?^*:39 and diabetic 
ketosis", Unequivocal proof of the in vivo validity of this 
hypothesis is presently lacking. Such a hypothesis, how- 
ever, seems to be particularly plausible in light of the 
recent studies", which have demonstrated the restoration 
of oxidative phosphorylation in isolated brown fat mito- 
chondria by the removal of free fatty acids. Some workers 
have proposed that uncoupling is an adaptive mechanism 
in cold exposure and arousal from hibernation, but the 
evidence seems ambiguous at present?^*1, Thyroxin, 
which can elevate body temperature, has been shown to 
uncouple oxidative phosphorylation. The concentration 
of thyroxin needed is much greater than that which is 
thought to occur in the animal, however’. 

In conclusion, we have summarized thermodynamic 
data showing that about 25 per cent of the enthalpy pro- 
duced when food is oxidized is conserved in ATP, and 
that the enthalpy released is almost exclusively confined 
to the reactions of the mitochondrial respiratory chain. 
Accordingly, we have presented a biochemical classifica- 
tion of thermogenic processes based on the control of 
cellular respiration at the level of the mitochondrial 
respiratory chain. 
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We thank Professors Britton Chance and R. W. Esta- 
brook and Drs C. P. Lee, J. R. Williamson and M. Makinen 
for helpful discussions. 

Note added in proof. This classification of thermogenesis 
is confirmed by recent double-beam spectrophotometric 
studies in our laboratory measuring cytochrome b in 
brown fat cells. These measurements show that fatty 
acids, which are released from triglyceride stores by nor- 
epinephrine, have a dual funetion: (i) provision of sub- 
strate for oxidation, and (ii) control of the energy coupling 
mechanism. The second function has been shown to 
operate prior to the incorporation of inorganie phosphate 
in the oxidative phosphorylation sequence by experiments 
with oligomycin. 
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Formation of Galaxies in Classical Cosmology 


by 
P. J. E. PEEBLES 


Palmer Physical Laboratory, 
Princeton University, 
Princeton, NJ 


Harrison! recently discussed some of the problems that 
arise if one insists on extrapolating the expansion of the 
universe all the way back to the point that the Hubble 
length (particle horizon) et in the Friedman—Lemaitre 
model is less than the mean distance between particles. 


Galaxies may have arisen out of thermal fluctuations in early stages 
in the expansion of the universe. 


My purpose here is to point out the part in this line of 
speculation played by the primaeval fireball (if it may be 
presumed to exist), and to discuss the possible signifieance 
to a relativistic theory of the origin of galaxies, 
According to the primaeval fireball picture®, at a suffiei- 
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ently early stage in the expansion of the universe the 
radiation temperature would have been high enough to 
have permitted thermal electron pair production, at a 
still earlier stage nucleon pair production, and so on. In 
the theoretical description of these microscopic processes 
it is possible to ignore general relativity because the de 
Broglie wavelength of each particle is so much smaller 
than the Hubble length ct. This means that we can 
deseribe the particle in a local Minkowski coordinate 
frame, ignoring the very small second order variation in 
the components of the metric tensor over the region of 
space occupied by the particle. The gravitational inter- 
action is thought not to perturb appreciably the wave 
function and, to excellent accuracy, the expansion of the 
universe can be considered as an adiabatic variation of 
the wave function. When the Hubble length ct is com- 
parable with the de Broglie wavelength of a particle, the 
latter approximation fails, and the former might be 
questionable?. In the present context, this is the problem 
discussed by Harrison}, 

To make these remarks more quantitative, one must 
introduce a more definite model for the evolution of the 
universe. I assume first that the expansion rate is given 
by the conventional Friedman-Lemaítre model, and that 
particle reaction rates are rapid enough to assure that the 
material in the universe is expanding in a reversible way. 
This second assumption is necessary wherever a new 
species of particle can be created. 

If the expansion is reversible, the entropy per nucleon 
number is conserved. When the fireball temperature was 
104 °K, the entropy would have been distributed among 
the electromagnetic radiation field, electron pairs and 
neutrino pairs of both types, the entropy density of the 
radiation being 4/3 aT”, the electrons contributing 7/3 aT”, 
and each kind of neutrino contributing 7/6 a7?. When the 
eleetrons recombine, the neutrinos are in effect decoupled 
from the electrons and electromagnetic radiation, so that 
the radiation temperature ends up higher than the neutrino 
temperature by the factor (11/4)!°. We have then that 
the entropy per nucleon number in the early universe is 
given by 





D 1 3 

Ec ES Bob aie a) 

Nk 11 NX 
In evaluating this equation, I have assumed that the 
present radiation temperature is 7,-— 2.7 °K (ref. 4), and 
that the nucleon number density is N,- 1-07 x 10-5 em-3, 
the value needed just to close the universe with a Hubble 
constant H,3-1»x10!9 yr. 

In the very early stages of expansion of the universe, 
when the temperature was high enough to permit thermal 
x meson production, the equation of state becomes 
uncertain because we have no theory which takes adequate 
account of the strong interaction forces. Extrapolation 
beyond about 104 °K (~10 GeV) necessarily involves a 
still more extreme flight of the imagination, because we 
have almost no more empirical evidence. For purposes 
of discussion, I assume that the equation of state at high 
temperature is approximated by a system of free particles 
with negligibly small chemical potential. In this model, 
the free particles produced thermally would certainly 
include photons, neutrinos, electrons, muons, x mesons, 
neutrons and protons, and perhaps also p and 7 mesons, 
and so on. This amounts to the assumption that the 
typical thermal kinetic energy kT of a particle is much 
greater than the interaction energy everywhere save at 
the resonances. Further, the effect of each resonance, 
whether long or short lived, is approximately described 
as a new species of free particles. 

The number of species of free particles remains un- 
known. The numbers may be characterized by two func- 
tions of temperature, gp, and gy, which are separate counts 
for bosons and fermions of the sum of the spin statistieal 
weights for each species of partiele and antiparticle for 
which mc? « kT. It will be assumed that the functions ge 
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and g; do not inerease too rapidly with temperature, so 
that a regular sequence of particles is produced with in- 
creasing temperature. For a given species of particle 
there is a fairly rapid transition from the commencement 
of appreciable thermal production to the relativistic 
limiting case. The mass density is therefore given as a 
function of the temperature by the approximate formula’ 


aT* rg, DuA 
16%, 
where a is Stefan’s constant. In the same approximation 


the number density of particles of all kinds is given by 
the formula’ 


ec) = 





(2) 





_ aT? + 3 , 
ng = 0-185 I (Go tg gr) (3) 


and the entropy per unit volume is 
2 


TON 
S= T»( gr 
a go + 3 9r) (4) 


By equations (1), (3) and (4) the number of particles per 
nucleon number is 
(go + 2 gr) 
ne BA x qb ee (5) 
N 7 7 x 
Mo + gr) 


This number is almost independent of the statistical 
weights gp and gp. 

If the picture on which equation (2) is based is correct, 
the chief contribution to the mass density would be by 
free relativistie particles, so the pressure would be one third 
of the energy density. The age ¢ of the model would 
therefore be related to the density p(t) by the familiar 
expression 


t = (3/32 rG) (6) 


There are two interesting questions to consider. When 
did the Hubble radius encompass but a single de Broglie 
wavelength, and what would have been the thermo- 
dynamic fluctuations in the energy density at that time ? 

In the model, most of the particles are relativistic, the 
typical kinetic energy kT exceeding mc?, so the momentum 
is of the order of kT'/c, and the de Broglie wavelength is 
of the order of the thermal length 


A zm he/kT (7) 


From equations (2) and (6) we find that the length 4 is 
equal to the Hubble length ct when both quantities 
satisfy the equation 
G 7 E : 
Ay = et, = 52 e (go, + g I) (8) 
According to equation (3) the total number of particles 
within the Hubble radius at this time is of the order of 


3 
Aha = 30 (gs. * 1 gn) (9) 


and the nucleon quantum number within this volume is, 
by equations (5) and (9) 
uN es bbs TO gc ae) (10) 
M icm NA 8 nj 
If we may presume that in the very early universe the 
energy is shared among a substantial number of kinds of 
particles (that is, g,2»1) we conclude from equation (8) 
that the classical approximation fails when the Hubble 
length is still well above the characteristic length (Gh/c*)/2, 
and from equation (9) that at this time there are still 
substantial numbers of particles within the Hubble 
volume. This would mean that the classical theory fails 
because the single particle wave functions have un- 
manageably large wavelength before the particles acquire 
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unmanageably large gravitational self-energy. By this 
we mean that, at time /, each particle has total mass 
M~ kT,/c®, hencegravitationalself-energy U, ~ — GM ,?/5,, 
and hence ratio of gravitational to total energy 





4x10 
-U, GkT, - ate ‘an 
Mc Act a (gv + 5") 


According to equation (10) there is the fascinating 
possibility that the statistical weight could be large 
enough (g^ 105) to assure that when the classical regime 
commences each Hubble volume contains one nucleon 
quantum number, attended by one particle of each kind 
and spin. 

This line of speculation has some relevance to the 
problem of initial density irregularities and the origin of 
the galaxies. Some writers on this subject have concluded 
that the galaxies could not have grown out of strictly 
thermal fluctuations in the initial energy (mass) dis- 
tribution in the time available*. (I have argued for the 
opposite point of view in refs. 7 and 8.) Quite the opposite 
is the case in the present model. If at some chosen time 
t, the matter were distributed in a strictly thermal way, 
the root mean square density fluctuation would be* 


7p— <p>E "RATIOS? y 16k\1 16x10- 
porum se M s 1 
( «p» » ( E ) Ga Syper 09 


In this equation <p> is the mass density in the very 
large scale average, and the "local" density p is equal to 
the energy E that happens to be in the fixed volume V, 
divided by Vc*. The first equation of equation (12) is the 
expression from conventional statistical mechanics for 
the fluctuation in energy when the volume and tem- 
perature are held fixed, the second equation is derived 
from the model for the matter, and the result is evaluated 
using equation (1). It will be noted that this computation 
does not require communication across V. One need only 
imagine that each small part of the universe somehow 
had been placed in thermal contact with a heat reservoir 
at temperature T; the result (12) then follows if the 
thermal fluctuations in all the small parts aie uncor- 
related. It might be noted also that equation (12) says 
in effect that the thermal particles (equations (3) and (4) ) 
are distributed at random. 
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The galaxy contains N V ~ 10% nucleons, so the thermal 
fluctuation of equation (12) is of the order of 10-* on 
this scale. We would like the fluctuation to grow under 
the influence of gravity to perhaps 10-? when the Hubble 
length contains 10 Mg in protons’. This happens 
at the time £j ~ 108s. In the early universe irregularities 
grow in direct proportion to ¢, so we would want to start 
with the thermal fluctuation (12) when f~ 10-* s. By 
equation (8), the classical theory has to fail at the time 
t~ 10-3 4/g s, and, unless the statistical weight g grows 
out of hand, t, does exceed t. ; 

This argument shows there can be room in the classical 
regime for the formation of galaxies out of thermal fluctua- 
tions. Of course, this is by no means a proof that the 
fluctuations did exist, because one does not have to admit 
strict thermal equilibrium over distances larger than the 
Hubble length, and for that matter it seems that one does 
not want the power spectrum of the initial irregularities 
to be quite flat, as the thermal picture would prescribe, 

If this general approach to the very earliest states of 
expansion of the universe is valid, we conclude that the 
needed irregularities entering the classical regime are 
modest indeed, less than would be obtained for a strictly 
thermal distribution of particles. The pursuit of this 
programme still further back in time, and the search for 
an explanation for the number in equation (1), may then 
await a more intimate marriage of quantum mechanics 
and general relativity. ; 
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Tue structure of immunoglobulin proteins has been 
intensively investigated by a variety of techniques!. 
Although considerable information about the primary 
sequence of some of these proteins has been obtained, 
little is known of their three-dimensional structure. 
There are five distinct classes of immunoglobulins: IgG, 
IgA, IgM, IgD and IgE. IgG has been more thoroughly 
investigated than the other immunoglobulins and can 


The first X-ray diffraction pictures of an intact immunoglobulin 
protein have been obtained. 


serve as a general model for the group. The basie mole- 
cular unit consists of two identical light polypeptide 
chains (molecular weight 22,500), and two identical heavy 
polypeptide chains (molecular weight 55,000), held to- 
gether by covalent (disulphide) and non-covalent bonds. 
Digestion of IgG with papain or other proteolytic enzymes 
releases three fragments, two Fab and one Fe, each 
having a molecular weight of about 55,000. 
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IgG isolated from normal serum is heterogeneous*. By 
contrast, G-myeloma proteins, which are present in large 
quantities in the serum of some patients with multiple 
myeloma, are quite homogeneous. Crystals of both 
the Fe* and Fab* fragments of human G-myeloma 
proteins have been reported, and the Fe crystals are being 
investigated by X-ray diffraction methods*. We present 
here the results of an X-ray diffraction investigation of 
an intact crystalline human G-myeloma protein. 

This protein was encountered in the course of a study 
of IgG eryoglobulins® (immunoglobulins which precipitate 
when chilled). It was noted that two of the seven IgG 
eryoprecipitates examined were crystalline. The 
crystals were small, thin and variable in shape; they 
showed definite birefringence, but they were unsuitable 
for X-ray diffraction, and attempts to grow larger crystals 
were unsuccessful. A search was started for additional 
crystalline cryoglobulins. Such a protein had been 
observed by Dr John Will, University of Cincinnati 
College of Medicine, in the serum of a patient with 
multiple myeloma, and he provided us with serum and 
plasma from this patient. The results of clinical studies 
of the patient and a physicochemical examination of the 
myeloma protein will be reported elsewhere by Dr Will 
and his colleagues. 

When serum or plasma from this patient was left at 
4° C for several days, large crystals with an average 
dimension of about 0-4 mm appeared. Recrystallization 
was readily accomplished from 0-1 M tris at pH 8-0. The 
erystals were collected, washed three times with ice cold 
saline, and a portion was redissolved by warming to 37°. 
Antigenic analysis showed that the crystals consisted of 
a G-myeloma protein of the Gl heavy chain subclass 
with x-light chains. No other immunoglobulins or serum 
proteins were detected. The sedimentation coefficient 
(uncorrected) for redissolved crystals at 28° C at a con- 
centration of 6 mg/ml. in 0-1 M tris buffer, pH 8, was 
1:37 S, compared with a value of 7:31 S for pooled human 
IgG sedimented in the same conditions. 

The crystals are diamond shaped prisms with the 
maximum dimension frequently exceeding 1 mm (Fig. 1). 
They are monoclinie with space group C2, and the b axis 
lies along the short diagonal of the diamond (001) face. 
The unit cell dimensions obtained from 9° precession 
camera photographs (Fig. 2) are a=194-640-4 A, b= 
92-7+0-2 A, c=51-1+0-7 Å, 8—101* 7/15". The c axis 
appeared to be somewhat variable and we have recorded 
distinct values from 50-4 to 51-8 A from different erystals. 
We do not know what factors determine this variability. 
The X-ray diffraction pattern from crystals at room 
temperature extends to a Bragg spacing of 4-5 A. At the 
higher angles of diffraction the photographs show char- 


1 





Fig. 1. 


Crystals of the IgG protein (x16). The rounded edges and 
etched suria 


aces resulted when the crystals partially redissolved on 
the warm microscope stage. 
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Fig. 2. 9° precession camera photograph of the A0j zone of the IgG 
crystals, 


acteristic regions of diffuse scattering which presumably 
indicate some disorder in the crystals. The crystals are 
also very sensitive to radiation, showing a marked decline 
in the intensities of the higher order reflexions after 
exposure to X-rays for 8 h. 

Preliminary experiments in collaboration with Dr V. R. 
Sarma indicate that neither the quality of the X-ray 
diffraction pattern nor the resistance of the crystals to 
radiation damage is improved by maintaining the crystals 
at 4° C during mounting and subsequent examination. 
The density of the crystals measured by “flotation” in a 
density gradient consisting of xylene and carbon tetra- 
chloride was 1-165 + 0-006 g/em*, and the density of the 
mother liquor was 1-004 + 0-003 g/cm?. Assuming a partial 
specific volume of 0-74 em?/g and a molecular weight of 
about 155,000 as found for other IgG proteins, we cal- 
culate that the number of protein molecules within an 
asymmetric unit must be n = 0-55. Also, assuming n = 0*5, 
the calculated solvent content of the erystals is 58 per cent, 
which is well within normal limits, whereas for n= 1 there 
would have to be a solvent content of only 16 per cent, 
which is considerably less than the lowest values observed 
for other globular proteins’. There must therefore be half 
a molecule per asymmetric unit, which indicates unequiv- 
ocally that the IgG molecule has a two-fold axis of 
symmetry. 

The various models which have been proposed for anti- 
bodies can be examined within the context of these X-ray 
data. Although the results are not sufficiently restrictive 
to define the size and shape of the IgG molecule, they can 
be used to place certain limits on the dimensions of par- 
ticular models. The short c cell edge of 51 A rules out the 
possibility of the molecule being even approximately 
spherical for, from considerations of molecular weight and 
partial specifie volume, such a sphere would have to be 
of diameter about 77 A. Cylindrical models of the kind 
proposed by Kratky et al.*, and extended by Edelman 
and Gally’ could be packed into the observed unit cell. 
In these models the diad axis is perpendicular to the 
cylinder axis of length 240 A, with cross-sectional dimen- 
sions of 19x 50 A. An alternative rod-shaped model in 
which the diad axis is parallel to the long axis is also 
consistent with these X-ray data provided that the length 
of the rod does not exceed 92 A, The other dimensions 
are less predietable, but would have to be contained 
within a cell 50x 95 Å. Y-shaped molecules of the kind 
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discussed by Noelken et al.!° and by Valentine and Green™ 
are too complicated to be analysed in this way, but are 
in general also consistent with the X-ray data. 

The existence of a diad axis is consistent with the 
chemical data! which show that the molecule consists of 
two identieal pairs of chains linked by S-S bonds. In 
addition, the Fe fragment has recently been shown by 
Goldstein, Humphrey and Poljak to possess a erystallo- 
graphie diad axis*. It is interesting to note that if the 
two halves of the molecule are joined by 8-8 bridges, 
then the diad axis must pass through the middle of each 
of the S-S bonds and must be perpendicular to them. 

The analysis reported here is the first characterization 
of an intact immunoglobulin molecule by X-ray diffrac- 
tion, and it is very encouraging to find crystals of a 
myeloma cryoglobulin protein that are suitable for analysis 
by this technique. Crystals of intact rabbit antibody have 
been reported!?, but. despite strong evidence for chemical 
homogeneity they gave a poor diffraction pattern*. We 
have commenced further X-ray studies to obtain in- 
formation regarding the overall shape of the IgG mole- 
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cule. In order to extend these studies to the atomie level 
we are attempting to improve the quality of our current 
diffraction photographs, and are looking for other crystal- 
line eryoglobulins of this general type for which the X-ray 
data might extend to a higher degree of resolution. 
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Startle-response in Teleost Fish: an Elementary Circuit for 


Neural Discrimination 


b This report describes a simple neural circuit, consisting of two 
y identical linked halves, which discriminates without error between 
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identical inputs to each half if the signals are as little as 0:15 ms apart. 
Its output is then finite from one side, and zero from the other. 


A simple, easily realizable "re-tuning" would permit very much 


Department of Physiology, 
University College, London 


A SHARP blow to the side of an aquarium usually elicits 
a characteristic startle-response from the fish inside, 
which appears to be a brisk swivelling movement which 
nevertheless displaces the animal by à small but definite 
amount. Although there is no satisfactory direct evidence. 
this presumed escape reflex appears to be mediated in 
teleost fish in the following way: VIIth nerve impulses, 
set up by vestibular receptors, excite the large Mauthner 
neurone cell bodies in the medulla oblongata, from which 
impulses are then discharged along the giant Mauthner 
axons (these nerve fibres cross the mid-line and then run 
down the spinal cord) to spinal motoneurones. The 
description by Bartelmez! stil stands in this regard. 
But what would happen if an adequate vibratory stimulus 
were suddenly presented, placed exactly symmetrically 
with respect to the two vestibular systems ? The simul- 
taneous activation on both sides of the body of the museles 
subserving the reflex would seem undesirable and even 
hazardous for the animal. Our results show how this 
problem seems to be solved in teleost fish, and also 
demonstrate an elementary circuit which any central 
nervous system could use to achieve a precise and fine 
discrimination of the sort which might be required, for 
example, in the appreciation of directionality by auditory 
systems. 

The two Mauthner axons in the spinal cord of an 
anaesthetized and immobilized goldfish (Carassius auratus 
L.) or tench (Tinea tinca L.) were directly stimulated by 
electrodes near the vertebral column, and the two VITIth 
nerves by electrodes suitably placed inside the skull; the 
axon-hillock spikes of the excited Mauthner cells were 
recorded extracellularly with microelectrodes?*. The 
activity of cells in the exposed spinal cord of the dorsal 


* Present address: Physiology Institute, University of Zurich. 


finer discrimination. 
directionality-appreciation in auditory systems ? 


Might a similar system provide the basis for 


fin region was recorded with microelectrodes filled with 
potassium citrate. and ventral roots of the same region 
were prepared for stimulation and recording. The output 
from motoneurones was also measured by recording the 
electromyogram (EMG). 


Findings 

l. The reflex and its inhibition. The excitation of one 
Mauthner neurone causes a powerful tail flip away from 
the side of the Mauthner cell body, towards the side of its 
axon; there is also an associated twitch of the jaw, both 
eyes and both gill opereula. The complete response 
obviously resembles that observed in the startle-response 
in the free-swimming animal. (The reflex also ineludes a 
smaller and slightly later muscle response on the side 
opposite to that of the excited Mauthner axon (Fig. 1); 
but this will not be considered further in this aceount.) 

'The key experiment, the simultaneous excitation of the 
two Mauthner cells, can be done by stimulating both 
VIIth nerves, but with much greater precision and 
control by direct excitation of the Mauthner axons in the 
spinal cord. In either case the result is the same: there 
is no muscle activation of the trunk and tail (Fig. 1), but 
the eye, jaw and operculum movements are still present. 
Somewhere in the spinal part of the eireuit, coming af 
the Mauthner axons, a mutual crossed inhibition oceurs 
which extinguishes the excitatory response on both sides 
of the trunk and tail. 

By progressively delaying one Mauthner axon excitation 
after the other, the erossing inhibition is found to last 
about 10-40 ms, persisting longer, and beginning sooner, 
in some motoneurones than in others. Even though the 
inhibition is crossed, it actually becomes effective sooner 
than does the ipsilaterally evoked excitation; 3n other 
words, the inhibiting Mauthner axon impulse can be 
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Mauthner cell spike 
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Trunk EMG 





_ 
2:0 ms 


Fig. 1. 
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10 ms 


Responses recorded extracellularly and simultaneously from 


both Mauthner cells in brain, and both right and left trunk muscle. 


Corresponding records are alongside each other. 


(Mauthner axons cross 


before descending in spinal cord, so an impulsefrom right cell propagates 


along left axon, v 





'h is ipsilate 
Vertical calibrations alongside upper pair of E 


al to left muscle, and vice versa.) 





G records are 2:0 mV 


for all right muscle and all M-cell records, and 1-25 mV for all left muscle 
records 


delayed slightly after that of the other Mauthner axon, 
and yet prevent the effects of the latter (Fig. 2, inset; 
points just to left of vertical axis). 

Inspection of Fig. 2 and similar results, based on both 
EMG and ventral root that when two 
impulses occur, one in each Mauthner axon, there is no 
tail flip if the interval between them is less than about 
0-15-0-20 ms; there is, however, a partial response to the 


records, shows 


first impulse (that is, some motoneurones fire) if it leads 


by about 0-15-0-5 ms. This response reaches a maximum 


when the interval exceeds 0:5-0-8 ms. The excitatory 
effects of the delayed impulse are always completely 
suppressed. 


2. The discrimination of the spinal circuit. 
the inset of Fig. 2. The origin of the axes is the point 
when the Mauthner axon spikes are synchronous. The 
time between this point and that where the response-curve 
to the left represents the minimum 
separation time between the two spikes which the total 
circuit can resolve. This is the minimum *'diserimination 
time of the system. It is almost always about 0-15—0-20 ms 
At times shorter than this, the erossed inhibition prevents 
the excitation process in the motoneurones from reaching 
threshold. 

This inhibition acts very effectively to cut short the 
rising excitatory post-synaptic potential (e.p.s.p.) in the 
motoneurone which follows the excitation of the ipsilateral 
Mauthner axon (Fig. 3). When the two Mauthner axon 
spikes are synchronous, then the time between this cut-off 
point of the e.p.s.p. in the motoneurone, and the moment 
when it would, in the absence of the inhibition, have 
reached threshold, represents the discrimination time for 
that motoneurone; were the inhibition to be delayed by 
that much, the motoneurone would fire. The gradual rise 
of the response curve to the left of the ordinate in Fig. 2, 
indicates a range of individual motoneurone discrimination 
times (Fig. 3 shows two), and the smallest of these is the 
minimum discrimination of the system. 

3. The spinal circuitry. The evidence for this will 
not be detailed here. It includes a correlation between 
electrophysiological and histological findings, and some 
unpublished electron microscopic observations of E. G. 
Gray. 


Consider 


begins to ascend 


(a) Excitation. A short collateral of the Mauthner 
axon synapses with a special region of the motoneurone, 
some 100-300 py distal to the cell body The e.p.s.p. 
begins about 0-5—-0-6 ms (at 12? C) after the steepest 
rising portion of the Mauthner axon spike. Synaptic 
transmission seems to be chemical. This special 
motoneurone region is remarkably free of noise, and only 
when the intracellular 
the cell body of the obtain clear 
evidence of other excitatory inputs to it, or see conven- 
tional “‘synaptie noise" 

(b) Inhibition. This is often associated with a 
hyperpolarization, and it is blocked by strychnine, 
suggesting that the inhibition too is chemically mediated. 
Although the inhibition is crossed, however, its latency is 
often only slightly longer than that of the e.p.s.p. (Fig. 3). 


thus 


recording is made near to, or in, 
motoneurone do we 
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ms between two Mauthner axon spikes 


Fig. 2. Ordinate, response of trunk muscle on left side only, as a 
percentage of its respone to excitation of ipsilateral (left) Mauthner axon 
alone Abscissa, time between the spikes in the two Mauthner axons 

the origin (at arrow) is point where the two axons are synchronously 
excited: to the right of this (negative values), the left axon spike lags 
behind the contralateral axon spike, and to the left of the origin (positive 
values), the left axon spike is in advance of the contralateral axon spike. 
Inset shows the part of the graph near the origin, with a x 10 expanded 

time scale. 
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Fig. 3. Intracellular records of the activity in two different motoneurones 
(both impalements were made near the region of synaptic activation by 
the ipsilateral Mauthner axon collaterals). Each set of three traces shows 

above, low-gain record of motoneurone spike caused by excitation of 
ipsilateral Mauthner axon; middle, same, at high gain to show e.p.s.p 
and inflexion point where spike fired (the spike rose too rapidly to be 
aay Ral in cell on left); below, high gain record of response when 
joth Mauthner axons were fired synchronously. Vertical calibrations: 
upper, 10 mV; lower, 2 mV. ‘The vertical lines are drawn through the 
points where (1) the e.p.s.p. reached the firing threshold in the absence of 
inhibition (right-hand line), and (2) the inhibitory process (due to the 
contralateral Mauthner axon activity) cut off the e.p.s.p. shortly after 
it began to rise (left-hand line). The time interval between the 
lines =the “discrimination time" for that motoneurone. It is 0-25 

for the cell on the left, and 0:57 ms for that on the right 











This might suggest that the excitation and inhibition are 
both "direct", from Mauthner axon to 
Occasionally, we have recorded, in association with the 
firing of one Mauthner axon, an impulse in a unit very 


motoneurone, 


close to the opposite Mauthner axon; from the latency of 


this impulse, the unit must have been either a collateral 
fibre of the first Mauthner axon, or a cell electrically 
excited by such collaterals. If the latter were the case, 
such units could be inhibitory interneurones, serving to 
“switch” with minimum delay from one transmitter type 
to another. 


Why only 0:15-0:20 ms Discrimination ? 


(a) For the "startle-response". It would 
advantageous to the fish to reduce the minimum dis- 
erimination time as much as possible, because Mauthner 
cell spikes separated by intervals less than this cause no 
reflex trunk movement. As already described, however, 
the smaller this time is, the nearer to the firing point has 
to be the inhibitory cut-off of the e.p.s.p. in the moto- 
neurone. There would inevitably be spontaneous fluc- 
tuations of threshold (resulting physical and 
biological *noise" in the system), so a cut-off timed to 
occur very near the firing point would occasionally fail, 
and the firing threshold would be reached. Whenever the 
separation of the two Mauthner spikes was near to the 
minimum discrimination time of the system, therefore, a 
few of the spinal motoneurones with very small dis- 
crimination times would fire off to effectively opposed 
muscles. In the fish, a greater survival value seems to 
have been achieved with a system having approximately 
a 0-15 ms minimum discrimination, but one assured of a 
zero output to the muscles when the Mauthner spikes 
were separated by times less than this. 

It could be argued that in the free-swimming unanaes- 
thetized fish, the motoneurones might often be at a level 
only slightly below the firing point because of the activity 
of other excitatory inputs. In such an event the e.p.s.p. 
would reach the threshold much and the dis- 
crimination time for such a motoneurone would be much 
less, than the values measured experimentally. The 
region of the motoneurone activated by the Mauthner 
axon collaterals seems, however, to be functionally 
"isolated" from other excitatory inputs; such an arrange- 


seem most 


from 


sooner, 
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ment is highly appropriate for a reflex with the charac- 
teristics described here. 

(b) For other central nervous activities. In a system 
like that we are dealing with here, there would appear, 
from our knowledge of the circuitry involved, to be no 
difficulty in obtaining minimum discrimination times of 
only a few us. It is simply a matter of delaying the 
inhibition towards the moment when the e.p.s.p. would 
reach threshold. The “‘cost” of such a finely tuned system, 
however, as indicated here, would be the occurrence of 
finite, and perhaps almost equal, outputs from the two 
half-cireuits when the time separation between the two 
inputs was than the eritieal value. At greater 
separations, one output would increase and the other 
diminish (eventually to zero). But if these outputs could 
be passed on to other neurones, rather than muscles, 
there need be no special hazards involved as there would 
be in the case of the startle-reflex in fish. Moreover, the 
two outputs from such a finely tuned total circuit could, 
if necessary, be passed on as inputs to a similar second 
system, which could be tuned, like that already existing 
in the fish, to produce final outputs of zero on one side 
and finite amplitude on the other. The information 
content of the output from such a system (concerning 
the relative amplitudes and separations of the original 
inputs) depends on the relationship between the steepness 
of the response and the time interval (left side of Fig. 2), 
which is easily variable. The duration of the inhibition 
determines the “resetting” time of the whole circuit. 

Such circuits would seem to be potentially valuable fo: 
phase or amplitude discrimination in neural systems. For 
example, directionality appreciation in auditory systems 
must often require the discrimination between inputs to 
the two ears of almost identical amplitude, and differing 
very slightly in phase. (It should however, 
that the Mauthner cell system of tench and goldfish is 
not tuned so as to allow directionality of sound to be 
perceived through its activation. This would require 
minimum discrimination times of at most 10-20 us. If 
directionality perception exists‘, it must be attributable 
to the activity of other systems.) 


less 


be noted. 


The Symmetrical Stimulus in Fish 

What can cause the necessary 0-15 ms (or more) delay 
of excitation in one Mauthner axon, relative to that in the 
other, when the stimulus is symmetrically located ? We 
propose that—even if the vestibular receptors on both 
sides were in an identically equal excitatory state—it is 
unlikely that both Mauthner cells would be so. They 
have inputs from very many parts of the brain'*; th 
state of the two sides of the animal must be to some extent 
represented in the excitability of the corresponding two 
cells. But when swimming, the fish at any instant will 
rarely have identical influences from both sides because 
it undulates. The water turbulence, the muscular 
activity and possibly even the illumination, will be 
different on the two sides of the animal at any one moment 
The excitabilities of the two Mauthner cells will fluctuate, 
and very probably therefore fluctuate in an out-of-phase 
manner; thus even identical inputs to the two cells will 
lead to an impulse in one being initiated slightly before 
that in the other. Once the minimum necessary separation 
of impulses in the two Mauthner axons is produced (here 
0-15 ms), the spinal mechanism takes over as 
described, amplifying the difference between the original 
signals, and allowing a muscular response to the earlier, 
while precluding that to the latter. 

G. M. Y. is in receipt of a grant from the Swiss National 
Foundation for Scientific Research. 
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GTP is required for the binding of formy]-methionyl- 
tRNA (F-met-tRNA) to ribosomes, and for the subsequent 
incorporation of the F-met moiety into a dipeptide!-*. 
Guanylyl-5’-methylene-diphosphonate (GMP-PCP) can 
substitute for GTP in the binding reaction, although in 
this case the bound F-met-tRNA cannot react with either 
puromycin or an aminoacyl-RNA. to form a peptide 
bond!3, These facts suggest that, in the normal process 
of initiation, GTP is involved in two sequential steps. The 
first is a binding step, in which F-met-tRNA is bound to 
ribosomes in an unreactive form; GTP is not hydrolysed 
at this stage. In the second step GTP is hydrolysed and 
the bound F-met-tRNA is converted to a highly reactive 
state’. 

A further complication is that the initial binding step 
probably occurs on a free 305 ribosomal subunit*-!!, 
whereas the final reaction of activated F-met-tRNA with 
an aminoacyl-tRNA (or puromycin) to form a peptide 
bond occurs on the 50S portion of a 70S ribosome?-!!. 
At some point, therefore, during the sequence of steps 
just outlined a 505 particle must join the 305 initiation 
complex to form a 70S unit. Evidence is presented here 
to demonstrate that this “junction step” occurs after the 
initial binding step, but before the GTP hydrolysis step 
resulting in activation of the bound F-met-tRNA. 

The experimental approach to this problem has been 
simply to determine whether, in the presence of GMP- 
PCP, the 508 subunit can join the 30S initiation complex 
to form a 708 complex, in which the bound F-met-£RNA 
cannot react with puromycin. Sucrose gradient sedimenta- 
tion has been used to identify this complex. 

Ribosomes, crude initiation factors, f, and f}, synthetic 
oligonucleotide messengers and charged {RNA were all 
prepared as previously deseribed?-/?. Supernatant en- 
zymes were prepared from a crude 5-100 by ammonium 
sulphate precipitation (60 per cent saturation) and passage 
over a column of ‘Sephadex G-25'. Further purification 
was obtained for some preparations by fractionation on 
DEAE-'Sephadex 4-50’ as previously deseribed". Reac- 
tion mixtures were prepared as previously described, and 
the details are given in the legends to figures and tables. 
After incubation for 10-20 min at 20°-25° C, mixtures 
were layered on 5-20 per cent sucrose gradients (5 ml. 
total volume) containing buffer I (5-10 mM Mg(OAc),, 
10 mM tris-HCl, pH 7-4, 50 mM NH,CI and 1 mM mer- 
captoethanol; in early experiments 0-15 mM GTP or 
GMP-PCP was also included in the gradients, but sub- 
sequent studies indicated that these additions were not 
required for complex stability). "These were centrifuged 
in an SW-39 rotor for 24 h at 39,000 r.p.m. Centrifuge 
tubes were then punctured and fractions were collected, 
diluted with buffer I, and the absorbance at 260 mu was 
determined. The diluted fractions were then added 
directly to 10 ml. of Bray’s scintillator solution” and 
counted. 


Some new facts suggest that the junction of a 50S particle with a 
30S initiation complex does not require the hydrolysis of GTP. 


To determine whether a 70S ribosome-F-met-tRNA 
complex ean form in the absence of GTP hydrolysis 
incubation mixtures containing ribosomes (undissociated 
70S), F-met-tRNA, unresolved initiation factors, ApUpG, 
salts, and GTP or GMP-PCP (see Fig. 1 for details) were 
ineubated for 10 min at 20° C and then layered on sucrose 
gradients, centrifuged and assayed as described here, 
Sedimentation profiles are shown in Fig. 1. It is clear that 
with both GTP and GMP-PCP, most of the ribosomal 
bound F-met-(RNA sediments at 705. Similar results 
were obtained when the 70S ribosomes were first disso- 
ciated into 50S and 30S subunits immediately before the 
binding reaction (see Fig. 2). 

In order to verify the identity of the 705 complex 
formed in the presence of GMP-PCP, the reactivity of the 
bound F-met-tRNA with puromycin was tested in several 
ways. A typical experiment was as follows. Two reaction 
mixtures similar to those already deseribed were divided 
after incubation into equal portions, to one of which was 
added puromycin, These pairs of reaction mixtures were 
analysed by sucrose gradient sedimentation, and the 
results are shown in Fig. 2. In the absence of puromycin, 
both GTP and GMP-PCP stimulated large amounts of 
F-met-tRNA binding to 70S ribosomes, as expected. 
When puromycin was added to the reaction mixtures, 
however, the GTP dependent binding was completely 
eliminated; in contrast, the GMP-PCP dependent bind- 
ing is unaffected by puromycin. In separate experiments, 
using the method of Leder and Bursztyn"™, the identity of 
the released product was verified as F-moet-puro, in the 
reaction containing GTP, whereas no F-met-puro was 
formed with GMP-PCP. 

These experiments demonstrate that GTP hydrolysis 
is not required for the formation of the 70S ribosome-F- 
met-tRNA complex. In view of the evidence previously 
cited that this complex is formed by the addition of a 
50S particle to the preformed 30S initiation complex*-!!, 
it ean be concluded that this junction step per se does not 
involve GTP hydrolysis. It remains to be considered what 
funetion the hydrolysis of GTP actually performs. As 
we shall describe later, it seems likely that the free energy 
obtained by hydrolysis drives a translocation step, which 
shifts the bound F-met-tRNA from the A site of the 708 
complex (where it is unreactive with puromycin) to the 
P site, in which state it can react readily with either puro- 
mycin or an incoming aminoacyl-tRNA. Thus, according 
to this model, translocation would be equivalent to the 
activation step which we have referred to. 

The results obtained with F-met-(RNA prompted us to 
determine whether aminoacyl-tRNA would also bind to 
70S ribosomes, in the presence of GMP-PCP and super- 
natant enzymes. Experiments designed to answer this 
question were conducted essentially as we have just 
deseribed, except that the message was ApU(pG)(pU)n 
(in whieh the second triplet, GUU, eodes for val) the 
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Fig. 1. Sucrose gradient sedimentation analysis of F-met-t-RNA bound 
to ribosomes in the presence of GTP and GMP-PCP. Reaction mixtures 
contamed in a total volume of 100 ul. : 50 mM tris-HCl buffer, pH 7:4, 


H,Cl, 5 mM Me(OAc),, 1 mM DTT, 3-0 A,,, units of ribosomes 


(undissociated, chiefly 70S), 130 4g of unresolved initiation factors, 
5:5 ug of ApUpG, 30 ug of (RNA charged with *H-F-met (1,100 Cijan), 
M4C-val (C4, 140 iCi/ um), and eighteen cold amino-acids, and either 1-0 mM 


GTP (A) or 1-0 mM GMP-PCP (B). Reaction mixtures were incubated 


as described in the text and layered on sucrose gradients which con- 

tained, in addition to buffer I, 0-15 mM GTP or 0:15 mM GMP-PCP, 

respectively. Sedimentation was at 39,000 r.p.m. for 2-5 h at 3° C. Frac- 

tions were collected and analysed for ODs and radioactivity as 
described in the text. 


tRNA was charged with *H-F-met and "C-val, and a 
supernatant enzyme fraction rich in T factor was em- 
ployed!?, The sedimentation profiles of a series of binding 
experiments are shown in Fig. 3. In the presence of 
supernatant enzymes and GMP-PCP, val-tRNA binds 
only to 70S ribosomes (Fig. 3B). When initiation factors 
are added to this system, however, the val-tRNA binding 
is completely inhibited and only F-met-tRNA is bound 
to 70S ribosomes (Fig. 34). The minus GMP-PCP control 
is shown in Fig. 3C. In contrast, when GTP is substituted 
for GMP.PCP, both F-met and aminoacyl-tRNA are 
bound to 708 ribosomes, probably in the form of oligo- 
peptidyl--RNA (Fig. 3D). These results are entirely 
consistent with earlier findings using the 'Millipore' filtra- 
tion teehnique directly for analysis of binding reactions??. 

Experiments of this type were repeated using the more 
purified initiation factors f, and f, (RNA charged with 
HC-F-met and *H-phe, and ApUpG(pU)n (note that the 
second triplet in this message is UUU, coding for phe). 
A typical example is shown in Table 1, where the binding 
to 705 ribosomes is recorded (no bound radioactivity was 
detected in any other region of the sucrose gradients). 
The first conclusion to be drawn from the data in Table 1 
is that here, as in less purified systems, F-met-(RNA is 
bound to 70S ribosomes in the presence of GMP-PCP, 
f,, f, and supernatant factors. In addition, it is clear that 
in these conditions phe-tRNA does not bind, although 
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Table 1. BINDING OF F-met AND Phe-FENA TO 70S RIBOSOMES DIRECTED 


BY ApUpGipUm 


Additions to baaic uuMoles bound to 708 


reaction mixtures* F-met phe 
GTP (0-5 mM) 66 12-7 
GMP-PCP (0-4 mM) 3-3 t5 
Nonet 07-14 p5-34 


* Basic reaction mixtures were as described in Fig. 2, except that they 
contained 25 ug of f,, 100 ug of fa, 100 ug of supernatant factors, 3-0 Aqu, 
units of ribosomes, 10 ug of ApUpG(pU)s, 40 ug of (RNA charged wit 
HC-F-met (110 uCi/um), *H-phe (4,250 uCi/um), and eighteen cold amino- 
acids. Sucrose gradient sedimentation, fractionation, Asse determination 
and radioactivity counting were conducted as described in Fig. 2. 

+ These blank values were estimated from direct ‘Millipore’ filtration 
analysis of a reaction mixture lacking GTP or GMP-PCP. In general, the 
direct filtration assay gave the same amount of total bound radioactivity as 
was obtained by the sucrose gradient technique. 








when GTP is present it is found in large amounts on the 
70S ribosomes (probably in the form of F-met-phe-phe- 
oC ARNA). 

'These results indicate that the enzymatie binding of 
aminoacyl-tRNA can be observed on the 705 ribosomes in 
the presence of GMP-PCP; furthermore, the inhibition 
of aminoacyl-tRNA binding by the addition of f, and f, 
is also seen at the level of the 70S ribosome. Nevertheless, 
it seems likely that the initial events which determine 
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Fig. 2. Sucrose gradient sedimentation analysis of F-met-tRNA bound 
to ribosomes with GTP or GMP-PCP, in the presence or absence of 
puromycin. Reaction mixtures contained in a total volume of 200 al.: 
80 mM tris-HCl buffer, pH 7-4, 50 mM NH,CI, 10 mM Meg(OAc, 1 mM 
DTT, £8 Az units of ribosomes (pre-dissociated into 505 and 905 
subunits), 100 ug of unresolved initiation factors, 16 ug of ApU poi». 

30 ug of (RNA charged with *H-F-met (3,100 «Ci/um), and either 0-6 m3 

GTP (tube 1), 0-4 mM GMP-PCP (tube 2), or no addition (tube 3), ‘These 
reaction mixtures were incubated for 10 min at 25° C, placed in an ice 
bucket and divided into two equal aliquots. Puromyein was then added 
to one aliquot each from tubes 1 and 2 (final concentration of 1 mM. 
After 3 min in ice, the six aliquots were layered on aix suerose gradients, 
which were centrifuged for 24 h at 39,000 r.p.m., fractionated and 
analysed for radioactivity as described in the text. The two identical 
eontrol aliquots lacking GTP or GMP-PCP (from tube No, 8) were 
diluted for measurement of ODs before counting. A, Aliquots cote 
taining GTP, plus and minus puromycin; B, aliquots containing GMP- 
PCP, plus and minus puromycin. The lack of perfect congruence of 
optical density and radioactivity profiles in B is the result of a small 
difference in the number of fractions collected from each gradient. 
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Fig. 3. Sucrose gradient sedimentation analysis of F-met and val-tRNA bound to 
ribosomes directed by ApU(pG),(pU)» in the presence of GMP-PCP. Reaction mixtures 
were as described in Fig. 1, except that they contained 10 mM Mg(OAc),, 9 ug of ApU- 
POD 3-0 A units of ribosomes (pre-dissociated to 50S and 305), 45 ug of tRNA 
charged with *H-F-met (1,000 uCi/um), “C-val (160 uCi/um), and eighteen cold amino- 
acids, and 80 ug of supernatant factors. In addition, tube 1 contained 100 uz of un- 
resolved initiation factors and 0-2 mM GMP-PCP (4); tube 2 contained 0-2 mM GMP-PCP 
(B); tube 3 contained 100 «g of unresolved initiation factors (C); and tube 4 contained 
100 ug of unresolved initiation factors and 0-2 mM GTP (D). Incubations and analysis 


were as described in Fig. 1. 


this phenomenon occur on the 305 particle, during the 
binding of initiation factors and F-met-tRNA. According 
to this interpretation, F-met-/RNA is initially bound to 
that portion of the A or entry site which is located on the 
30S subunit!/9:?:5, The 30S initiation. complex thus 
formed would contain GMP-PCP in place of GTP, and so 
would be incapable of undergoing the hydrolysis-linked 
activation step (whieh is thought to be equivalent to 
translocation) after junction with a 505 particle. The 70 
complex resulting from this junction step would therefore 
represent a blocked intermediate in the normal sequence of 
events: it would contain F-met-tRNA bound in the 
completed A site, including both 50S and 30S portions; 
presumably f, and f,; GMP-PCP, which would be equi- 
valent to unhydrolysed GTP; and the AUG triplet of 
the multicodon message bound at the 30 portion of the 
A site. The GMP-PCP in this complex cannot be hydro- 
lysed, and so there can be no translocation of the F-met- 
tRNA and AUG codon from the A site to the P site. 
The second codon in the message could not, therefore. 
enter the A site, and binding of the corresponding amino- 
acyliRNA would thus be prevented. 

In conelusion, we would like to re-emphasize the distinc- 
tion that must be drawn between experimentally de- 
termined facts, conclusions directly deducible therefrom, 
and more general hypothetical mechanisms used to inter- 
pret them. The new facts presented in this article are the 
following. F-met-tRNA is bound to 708 ribosomes in the 
presence of initiation factors and GMP-PCP, and in this 


state it does not react with puromyem. Aminoacyl-<RNA 
can also bind enzymatically to 70S ribosomes with GMP- 
PCP, although this binding is completely inhibited by the 
addition of initiation factors. The conclusion deduced 
directly from these facts is that the junction of a 508 
particle with a 308 initiation complex does not require 
the hydrolysis of GTP. Our interpretation of these facts 
in terms of a hypothetical reaction mechanism has been 
presented here, the favoured model involving initial 
binding of F-met-tRNA to the portion of the A site 
located on the 30S subunit. It is sufficient to say here 
that other interpretations which support different hypo- 
thetical mechanisms! are still possible, although to us 
they appear less likely. 
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A theory of stellar evolution taking into account magnetoturbulence 


might explain the observed properties of pulsars. 


Harvard College Observatory, 
Cambridge, Massachusetts 


OBSERVATIONAL evidence suggests that the five reported 
pulsars? are highly condensed objects lying within 100 pe 
of the Sun. This implies that the total number of pulsars 
in the galaxy is at least of the order of 10°, and hence that 
they are "common objects of long life-time [resulting] 
from normal processes of stellar evolution”. The most 
obvious periodie mechanisms that are consistent with this 
general pieture are (a) radial pulsations of a star at least 
as condensed as a white dwarf*, (b) orbital motion in a 
binary system the mean density of which exceeds that of a 
typical white dwarf**, and (c) rotation of a highly con- 
densed star with a localized emitting region on its sur- 
face", Other periodic processes can be imagined, but 
most of them would be difficult to reconcile with the 
extremely accurate periodicity shown by the observations. 
Indeed, the first two mechanisms mentioned run into 
serious difficulties with gravitational radiation which, in 
the models of type (b) so far considered, would lead to a 
secular rate of increase of the period exceeding that 
permitted by the observations*?!9 and which would also 
give rise to unacceptable changes in the periods of rota- 
tionally flattened models of type (a). Models of type (c) 
avoid this difficulty if the quadrupole axis coincides with 
the rotation axis. 

Ostriker’? has shown that differentially rotating models 
of white dwarfs can be constructed that have periods of 
the required order. The masses of these models exceed 
the Chandrasekhar limit (for non-rotating stars) by factors 
of 2 or more. But owing to the differential rotation of 
the surface layers (in a typical model the rotation period 
varies by a factor of 6 between equator and poles) the 
linear dimensions of the emitting region must be improb- 
ably small for such a model to be consistent with the 
observed degree of constancy of the period. On the other 
hand, if the rotating star is a neutron star, periods as 
short as 0-001 s are permitted by the criterion w?<G 6, 
where c is the angular velocity of rotation and p is the 
mean density. Why then are all the observed periods two 
to three orders of magnitude longer than the minimum ? 

If puisars are indeed as common as they are currently 
held to be, their three fundamental characteristies— 
accurate periodicity, high degree of condensation and non- 
thermal radio emission with very fine temporal structure— 
must have a common origin. The fact that current theories 
of condensed stars and their evolution do not aecount 
in a straightforward way for the observed periods or for 
the non-thermal radiation—a fact amply attested by the 
strikingly ingenious character of many of the proposed 
models—would suggest that some important element is 
missing from the current picture of stellar evolution. The 
purpose of this article is to pursue some implieations of 
an earlier suggestion"! that the missing element is magneto- 
turbulence and to indicate how a theory of stellar evolu- 


tion that takes account of magnetoturbulence might 
account for the observed properties of pulsars. 

According to present theoretical ideas, stars the masses 
of which lie below the Chandrasekhar limit quickly evolve 
into white dwarfs once they have exhausted their supply 
of nuclear fuel. More massive stars may, in the course of 
evolution, shed enough of their mass to become white 
dwarfs or (in the case of supernova cores) neutron stars. 
A star that does not succeed in reducing its mass to a 
value below the Chandrasekhar limit undergoes gravita- 
tional collapse, its radius asymptotically approaching the 
Schwarzschild radius R,=2GM/c*. Because gravitational 
collapse is such a rapid process, the only highly condensed 
stars that one would expect to observe, according to this 
picture, are white dwarfs and neutron stars, in which 
gravitational forces are balanced by degeneracy pressure 
forces. We suggest that there may exist another class of 
highly condensed stars in which gravitational forces are 
balanced by magnetoturbulent pressure forces. 

The theoretical basis for this conjecture has been out- 
lined in a previous paper!!, where it was argued that every 
sufficiently massive gas cloud converts a major portion of 
the energy liberated through gravitational contraction 
into an internal magnetoturbulent field (an irregular 
magnetic field with associated irregular wave motions). 
The magnetoturbulent field despins a contracting cloud 
by concentrating its angular momentum in thin surface 
layers which are then ejected in the form of shells mag- 
netically coupled to the main body of the cloud. This 
process maintains the ratio w*/Gp at a value much less 
than unity, because when this ratio is not small strong 
circulation currents flow causing a transfer of energy 
from rotational motions to the magnetoturbulent field. 

According to this picture. a star the contraction of 
which has recently been checked by the onset of thermo- 
nuclear reactions may be expected to have a strong in- 
ternal magnetoturbulent field. Magnetic buoyaney will 
cause portions of the submerged field to rise from the 
interior and ultimately to emerge from the surface of the 
star, where, we conjecture, they will give rise to various 
kinds of magnetic activity of the kind observed in the 
solar chromosphere and corona. In this way, and through 
resistive decay in the interior, the internal magneto- 
turbulent field will gradually be dissipated. Thus the 
observed correlation between age and chromospheric 
activity? emerges as a natural consequence of this picture. 

After a star has exhausted all its soureés of nuclear 
energy it will begin to eollapse. For reasons explained in 
ref. 11, the ratio of magnetic to gravitational energy 
increases during periods of gravitational collapse. Ultim- 
ately the magnetoturbulent pressure gradient in the star 
wil become large enough to check the contraetion-— 
unless degeneracy pressures intervene. This certainly 
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cannot happen if the mass of the star exceeds the Chandra- 
sekhar limit (about 1-2 Mo for a star that has exhausted 
its hydrogen). (In the present picture of stellar evolution 
the ratio o*/G' o always remains small, so that the classical 
theory of white dwarfs is valid in a first approximation.) 

According to the preceding considerations a burnt-out 
star the mass of which exceeds the Chandrasekhar limit will 
collapse to a quasi-equilibrium state in which gravitational 
forees are balanced by  magnetoturbulent pressure 
gradients. Such a star would cool very rapidly and 
would thus emit very little thermal radiation. As virtually 
all its internal energy would be in the form of magnetic 
fields and associated wave-like motions, the star would 
lose energy chiefly through the decay of these fields. 
Because of the high electrical conductivity of degenerate 
matter, resistive decay (Joule heating) would probably be 
negligible throughout the interior. In these circumstances 
processes analogous to solar flares occurring at the 
surface of the star could well be the chief mechanism 
for dissipating the magnetoturbulent field. We consider 
flares to be produced by acceleration processes in magne- 
toturbulent plasma that has emerged into the corona. 
These processes convert magnetic energy into the energy 
of fast particles whence it may be converted into various 
forms of nonthermal radiation (sy nehrotron, Cerenkov and 
soon) depending on the physical conditions. The acceleration 
process has previously been discussed in some detail in 
another context (ref. 13 and unpublished work of J. R. 
Burke and D. Layzer); a fuller discussion of solar flares 
and related phenomena will be published elsewhere. 

Major solar flares tend to occur repeatedly in small 
long-lived active regions, whieh we interpret as regions 
where exceptionally large and complex portions of the 
submerged magnetoturbulent field have risen to the 
surface. Solar flares are also observed to have complex 
small-scale microstructure, both in space and in time 
(which we attribute to the localization of acceleration 
processes in a large number of small regions). These 
properties of solar flares are qualitatively similar to those 
required to account for observations of pulsars. Lacking 
a quantitative theory, we cannot estimate the lifetime of 
a flare-producing region, but the present picture does 
require that this lifetime be finite. Thus sufficiently 
prolonged observations of pulsars should show discon- 
tinuous phase shifts corresponding to the emergence of 
new active regions. The fact that the observed radiation 
from pulsars seems to be produced by a single emitting 
region suggests that the radiation is strongly beamed, 
but the possibility of observing two or more active 
regions simultaneously certainly cannot be ruled out. It 
is important to notice that a magnetoturbulent star 
would be expected to rotate as a rigid body because 
differential rotation of any kind would be quickly elimi- 
nated by the magnetic stresses. Thus the present model 
is consistent with the extremely well defined periodicity 
that constitutes such a remarkable feature of the 
observations. 

The internal magnetoturbulent field may be expected 
to possess a high degree of statistical isotropy. Thus we 
should not expect it to contribute significantly to the 
quadrupole moment. The quadrupole moment resulting 
from rotational flattening does not, of course, give rise 
to gravitational radiation because it is stationary. As 
for energy losses through the nonthermal processes 
discussed, observational estimates! suggest that the 
radiation level of pulsars is comparable with that of 
the Sun during periods when intense flares are present 
(of the order of 10? erg s-'). For an object of stellar 
mass as highly condensed as a neutron star the corre- 
sponding time scale for significant changes in the internal 
energy is extremely long—of the order 10% yr. Thus 
even if the observed radiation represented, say, one part 
in 10° of the total, the evolutionary time seale of these 
objects would exceed the age of the universe. 

To estimate the expected range of rotational periods, 
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we note that the mean density of a star of mass M and 
radius equal to the Schwarzschild radius is 


P = (05/3283M?) ~ 10! (M 6M? (4) 


Beeause M must exeeed the Chandrasekhar limit, we see 
that p S 10!'* g em“. Now, we have seen that the ratio 

c?[G o may be expected to be much less than unity. For the 
Sun o Gp 10-4, while for a typical B star the same 
ratio is of order 10-*. The above approximate inequality 
for o implies that the critical period T, -2z(Gp) 2 
3x10-*s. Thus the shortest periods one would expect to 
observe are of the order of 3 x 10 s, and periods ranging 
from 3x 10-? s to 3 s (corresponding to o*/Gg5 in the 
range 10-* to 10-*) would seem to be most likely for 
very highly condensed objects. These crude estimates 
are in harmony with the available observational evidence. 

'The preceding discussion applies to stars the masses of 
which exceed the Chandrasekhar limit. Less massive stars 
will evolve into white dwarfs. It is conceivable, however, 
that in some cases the transition from the ordinary 
stellar state (gravitation balanced by gas pressure) to 
the white dwarf state (gravitation balanced by degeneracy 
pressure) may occur through an intermediate sequence 
of quasi-equilibrium states in which gravitation is balanced 
by magnetoturbulent pressure. If such stars exist, their 
masses probably exceed 1 Mo because in less massive 
stars the internal magnetoturbulent field would prob- 
ably have deeayed too much during the main-sequence 
phase of evolution to allow magnetoturbulent pressures 
to grow to a significant level during the subsequent period 
of gravitational collapse. 

According to the ideas outlined in this communication, 
it is not unlikely that the total number and the total 
mass of pulsars are comparable with those of main- 
sequence stars or of white dwarfs. The initial distribution 
of stellar masses is quite unknown, but there is no reason 
to postulate a sharp eut-off at the Chandrasekhar limit. 
Although significant mass loss may well occur at certain 
stages of stellar evolution, current theories afford no 
secure basis for the assumption that the mass of a star 
will invariably lie below the Chandrasekhar limit by the 
time it has exhausted its supply of nuclear fuel. Thus 
it is reasonable to suppose that a significant fraction of 
the mass of the galaxy resides in burnt-out stars with 
masses exceeding the Chandrasekhar limit. The hypothesis 
that magnetoturbulence plays a dominant part in the 
early development of self-gravitating gas clouds---origin- 
ally put forward in a completely different context—— 
implies that these burnt-out stars will develop into stable, 
long-lived objects the properties of which differ markedly 
from those of white dwarfs and neutron stars. Their 
internal energy will be almost entirely in the form of 
turbulent magnetic fields and associated wave-like 
motions; they will rotate as rigid bodies with small 
angular velocities (in the sense that «?/G o <1); and they 
will radiate chiefly through nonthermal surface processes 
of the kind responsible for solar flares. 

This work was supported in part by the US 
Science Foundation. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Short-term Variations in Line Strengths 
of Planetary Nebulae 


IN 1964, Aller and Faulkner! reported the results of spec- 
trophotometrie observations of southern planetary nebulae 
carried out in 1960-61 using a spectrum scanner. In recent 
months, we have been engaged in the measurement of 
radial velocities of southern planetaries using a Newtonian 
spectrograph on the Radcliffe 74 inch telescope as pre- 
viously deseribed?. In the course of this work the emission 
lines were identified and visual line strengths assigned by 
estimation. Correlations between strength estimates in 
different spectra of the same object usually yield good 
results, permitting estimates of line strength to be con- 
verted from one spectrum to another. They do have the 
disadvantage that no allowance has been made for varia- 
tion of spectral sensitivity of the emulsion used (103a-O) 
or for various sources of absorption in the sky and the 
instruments, or for exposure time. 

The suspicion has been aroused that in some planetary 
nebulae the line strengths have varied with time, even 
within the duration of our programme. In one case the 
evidence is sufficiently good to warrant reporting. In 
Table 1 we reproduce for three planetaries common to the 
two lists the estimates of visual line strengths from our 
deepest speetra and Aller and Faulkner's scanner measures 
for the near ultraviolet. Our line strengths are only 
consistent within each speetrum while those of Aller and 
Faulkner are calibrated. The spectroscope, however, at 
312 A mm^, resolves certain features which are blended 
for the scanner; it records many more lines and goes 
sufficiently deeply into the ultraviolet to match the 
scanner's range. 


ESTIMATES OF VISUAL LINE STRENGTHS 
NGC 2867 NGC 6153 


Table 1, 
IC 4642 


A E <AcandF. E  A.andF. E Á.andF. 
3341 Or 1 m 
3846 [Nev] R y 
3426 Ney] 05 30 7 
3420 Orn ‘ 
3444 oul 10 0-5 2 

3727 [O11] 70 86 — 30 L2 Absent — 46 
3750 | 4 1 

3760 OHI 4 0-5 

3771 6 2 

3798 10 0:4 5 2 

3820 Hel 0-5 0-5 

3835 H 15 0-6 E 4 

3800 [Nel Il] 80 96 80 $0 — 50 67 
3889 H, Hel 40 40 12 

3924 Hell 0-5 

3957-70 — H,[NelI]] 70 341 75 24 45 2-9 


Thus in JC 4642 we would have expected the forbidden 
oxygen doublet at 3727 À to have a photographie line 
strength estimate of about 50, but on three spectra ob- 
tained in our programme there is no sign of it. This 
repetition should rule out the possibility of misidentifica- 
tion on our part. The object is so small that alignment on 
a different part of it from Aller and Faulkner is also 
excluded. Unless there has been some misunderstanding 
of their results it seems that the spectrum has changed at 
some time during the past 8 years. 
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The 3727 doublet is one of the most important lines 
both observationally and theoretically in the spectra of 
planetaries, and the possibility that line strengths may 
vary may have far reaching effects on the theory of these 
objects. The explanation probably lies in a variation of 
the exciting star. Our speetra show a fairly strong nuclear 
spectrum with some twenty absorption features, mostly 
in the ultraviolet, but it has not yet been possible to 
identify these with certainty owing to the wide variety of 
choice which is open in a star of, no doubt, very high 
excitation. 
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Search for X-rays from the 
Large and Small Magellanic Clouds 


A HIGH energy X-ray sky survey was carried out in a 
balloon flight from Mildura, Australia, on October 24, 1967. 
We placed upper limits on the high energy X-ray intensities 
from the large and small Magellanic clouds of one-twelfth 
and one-eighth the intensity from Tau X-1, respectively. 

We used four Nal(Tl) scintillation detectors with a 
total sensitive area of 368 em? and an anticoincident 
jacket of plastic scintillator. The field of view had an 
angular width of 17:5? at half maximum. The instrument 
was suspended from the balloon with its axis inclined 
at 40? from the vertical, and it was rotated continuously 
with an average period of about 8 min. The pulses 
were analysed in seven channels covering the energy 
range from 20 to 110 keV. In-flight calibration every 
20 min with an “Am source demonstrated that no change 
of any significance oceurred in the channel boundaries. 
We determined the background rates by averaging over 
400 s intervals, exeluding those periods when obvious 
sources were in the field of view!. The azimuth of the 
telescope axis was measured continuously by magneto- 
meters which were calibrated in flight by reference to a 
Sun sensor. The direction of the telescope axis was 
determined within an uncertainty radius of approxi- 
mately 2? at every instant throughout the flight. A 
more detailed deseription of the instruments and matters 
of analysis is given elsewhere?:?, 

No evidence was found of discrete sources in the 
direetions of the large and small Magellanie clouds. 
The upper limits on the X-ray energy flux between 20 
and 52 keV from the large and small Magellanic clouds 
are —0.6x 10-9 ergs/em* s and ~0-9x 10-* ergs/em* s, 
respectively, assuming spectra like that of Tau X.1 
(refs. 4 and 5). The upper limits in the 52 to ~ 110 keV 
energy range for both clouds are ~ 10-* ergs/em* s. This 
upper limit on the large Magellanic cloud is a factor of 
three below the only other reported upper limit? in the 
energy range above 20 keV. 

We thank E. Curwood, D. Seott and the staff of the 
Balloon Launch facility at Mildura, Australia, for carrying 
out the balloon flight, and the Australian Ministry ofo 
Supply for their cooperation. We also thank M. Gerassi- ^ 
menko for assisting in the analysis. 

This work was supported in part by a grant from the 
US National Aeronauties and Space Administration, in 
part under contract from the US Atomic Energy Com- 
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MIT. 
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Radiation and Matter in an Open 
Cosmological Model 


Tar discovery! of the cosmic background radiation has 
stimulated research on the cosmological model with both 
matter and radiation?. As usually used the Friedmann 
solutions correspond either to pressureless matter alone 


Gg zz A gy (eosh n — 1), ct= Ag (sinh n= 7) (1) 
or to radiation alone 
ar= Ay sinh yn, ct= Ar(cosh «— 1) (2) 


Here a( 7) is a scale factor of the line element 
ds* = c#d t*—a® (sinh? y(dv?+sin? vd?) c dj 


and Am, Ar are constants. These equations describe an 
open model with negative curvature. It seems reason- 
able to consider an open model because of a number of 
observational and theoretical arguments’. Here I 
consider some properties of the analytical solution for the 
open cosmological model containing both radiation and 
matter. 
The solution can be written in the following form‘ 


a= Á g(cosh 7—1)+ Ar sinh yn, e+ = A (sinh n- n) + 
Ar(cosh 7 —1) (3) 


This expression gives the correct time dependence for the 
scale factor and, what seems to be more important, it 
permits the analysis of the relationships between the 
characteristics of radiation and matter in terms of an 
exact solution. Solution (3) has a peculiar property: 
a (and + too) is given as a sum of two items, each of which 
is the solution for matter and radiation taken separ- 
ately. It is worth recalling at this point the non-linearity 
of cosmological equations. 

The symmetry of solution (3) with respect to radiation 
and matter might in a sense be still more complete, 
provided the two constants Am and A; are equal. Let 
us therefore see what can be deduced from the supposition 


Am=Ay. The supposition gives rise to a connexion 
between the mass-density of matter 
E 
EC 
m x a 


&nd the mass-density of radiation 


Indeed, Am and 4, are as follows 


gis gs Us 
Am i (S) ( pe~ ep Pms Ar = e) 


{pe— p) er^ 
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where x = 8nGe-*, p= pm+ gr. and go is the critical density. 
Given that Am=Ar= A, then 


a= A(en—1),et=A(et—y—1); pm= 2p l pe— p)? (4) 


These expressions relate gm to pr and pe. 
pr and pe are known rather precisely: prx6x 10-95 g 
em, and pex2x10-** g em-*. But the values of pm 
can only be estimated with considerable uncertainty 


The values of 


10-9! < pm < 10-?* g em 


The lower limit corresponds to the density due to galaxies, 
while the upper limit takes into account the other possible 
forms of cosmic matter. 

Using relation (4) and pr and pe, we obtain pm©2x 
10-31 g em~ which does not contradict the empiric data. 
This result, as well as other arguments’, is in favour of a 
special preference for the open cosmological model with 
matter density close to the average density of the visible 
matter due to galaxies. 
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New Method of Forecasting 
Geomagnetic Activity using Features 
of the Solar Corona 


EARLIER studies*? have shown that a geomagnetic disturb- 
ance will oceur when, and only when, a coronal formation 
is directed towards the Earth. An idea of the features and 
the temporal changes of the solar corona which are not 
currently observable can be aequired through the known 
relations between coronal formations and prominences. 
It is also necessary to realize that the coronal structure is 
formed by local magnetic fields, the extent and temporal 
stability of which are studied by means of prominences 
and the chromospheric structure in general. Coronal 
formations ean bé divided into four groups: helmets, 
streams, equatorial helmet of the minimum type and 
polar rays. Streams are characterized by a relative 
instability of the local magnetie fields at their base, 
which is displayed especially by the occurrence of unstable 
filaments, surges and a changing chromospheric structure. 
The remaining coronal formations are characterized by 
relatively stable conditions in the chromosphere and the 
photosphere. 

From the point of view of geomagnetie effects, coronal 
streams and the minimum type corona are significant. 
'The coronal stream above the centre of the solar disk is 
followed by a geomagnetic disturbance either with a sudden 
commencement, provided the stream was formed in the 
central region, or with a gradual commencement. if a 
coronal stream which already exists is moved to the centre 
of the disk by the solar rotation. A similar case occurs if 
the peak of the minimum type corona passes through the 
centre of the disk. If a minimum type corona is formed 
directly over the central meridian, as a result of the decay 
of perturbing local magnetic fields, a geomagnetic dis- 
turbance with a sudden commencement follows. If the 
minimum corona formation has already been formed 
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before reaching the central meridian, a geomagnetic dis- 
turbance with a gradual commencement follows after its 
passage through the central meridian. 

From this characteristic of the new model, it is clear 
that it can be used to give a unified interpretation of 
geomagnetic activity throughout the whole solar cycle 
(presented by us at the IAU Symposium in Budapest, 
1967), that is, of sporadie and recurrent storms, and 
M -region disturbances, as well as periods of geomagnetic 
calm after the splitting of the corona above the disk 
centre as a result of the presence of strong, relatively 
stable local magnetic fields. 

For forecasting geomagnetie activity it is absolutely 
necessary to have indicators which can be observed 
direetly. Coronal streams are indicated by the generation 
and decay of sunspots, by the change in the extent and 
brightness of floceuli fields, by the occurrence of flares, 
surges, and by partly or completely disappearing filaments. 
The minimum corona formations are indicated by the 
absence of spots and flocculi fields. The splitting of the 
corona is indicated by relatively stable groups of spots, 
especially of older types. The second factor necessary for 
forecasting geomagnetic aetivity is the length of the time 
interval between the appearance of the indicator at the 
centre of the disk, or the CMP of the indicator, and the 
commencement of the corresponding enhancement or 
deerease in geomagnetie activity. In the best defined 
cases, when the coronal stream is being newly formed 
over the centre of the disk, the observed length of the 
interval is between 28 and 38 h. In the remaining cases, 
when the coronal formation has been shifted over the 
CM by solar rotation, and, as a result of a longer lifetime, 
is not sharply defined, the time interval observed is 1 to 
2 days. This applies to the increase as well as the decrease 
of geomagnetie activity. 

On the basis of the information already mentioned, 
test forecasts of geomagnetic activity were provided for 
a total of 737 days covering the period from September 
1959 to December 1967 with a reliability of 90 per cent. 
Clearly, in order to be able to provide forecasts of first 
class reliability for all days the cooperation of more 
observatories is necessary. These would supply up-to-date 
images of the solar chromosphere, obtained at the rate 
which is usual for flare patrols, to a common forecasting 
centre, where the continuous solar record could be inter- 
preted by means of speeded-up projection. Another 
possibility would be to use observations from extra- 
terrestrial stations. 

The presence of filaments on the CM during events 
resulting in geomagnetic disturbances indicates that the 
mass of the filaments after ionization in the corona con- 
tributes at least partly to the plasma streams. This fact 
was made use of in some cases to extend the forecast to 
cover the degree of disturbance of the geomagnetic field, 
expressed by the maximum three-hourly Kp index of the 
expected disturbance, or the minimum K, index of the 
expected geomagnetic calm. In the period between April 
1964 and November 1967, 94 days with an expected dis- 
turbance and 42 days with expected periods of geo- 
magnetic calm were covered by the forecasts’. 

The difference between the maximum observed Kp 
index and the maximum forecast K index for the appro- 
priate day was used as a measure of the reliability of the 
forecasts. The occurrence frequencies of these differences, 
which are conspicuously assembled around zero, are given 
in Table 1. Because the forecast was usually formulated as 
an expected geomagnetic activity reaching a given degree, 
the reliability criterion of forecasting is in our case more 
severe, because the forecast maximum Kp value is being 
taken as the level of activity which should have been 
reached. From this point of view, and also in regard to 
the unavoidable inaccuracies due to the subjectivity in 
the estimation of the situation on the Sun and to the 
incompleteness of the solar observations, it is n 
to take account of the distribution of frequencies of 
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Table 1. DISTRIBUTION OF THE DEPARTURES OF THE Kp INDEX FROM 


FORECAST VALUES 


Forecast (Actual Kp max.) — (Forecast Hp max.) 
disturbance -3 -2 -1 0 +1 42 +8 Total 
Number of cases 4 4 25 39 16 8 0 94 
Per cent 4 4 27 42 17 6 0 i00 
Forecast. (Actual Kp min.) — (Forecast Kp min.) 
calm -3 -3 -i 0 +1 +2 4+3 Total 
Number of cases — — — 37 3 1 o 41 
Per cent — — — 90 7 3 iH 100 
occurrence of the individual differences in Table 1. Due 


to the nature of the issue, a departure of unity in the Kp 
index both ways from the forecast value is not very 
serious. 86 per cent of the forecasts are contained within 
these limits. 

If geomagnetic calm was expected the forecast was 
usually formulated to say that the geomagnetie activity 
on the day in question would decrease to at least Ky = 1. 
As a measure of reliability of the forecasts the differences 
between the minimum Kp index observed and the mini. 
mum Kp index forecast for the day in question were used, 
the occurrence frequencies of which are given in the latter 
part of Table 1, and which are again accumulated around 
zero (negative differences cannot occur). Agreement be- 
tween reality and forecasts occurred in 90 per cent of the 
cases. One of the cases, although it satisfied the definition 
(minimum Ky = 1 in two intervals), was excluded because 
of the disturbed character of the day. If we accept the 
possibility of a unit deviation towards higher values, the 
agreement between reality and forecast will rise to 97 
per cent. 

It is worth noticing that this method of forecasting 
can be used without difficulty for forecasting the existence 
or non-existence of plasma streams in interplanetary space 
above the visible solar hemisphere‘. The technical require- 
ments for this do not in any way exceed the requirements 
necessary for securing an optimum forecasting service for 
the Earth, mentioned earlier. 
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Observations of the Minor Planet 
1566-Icarus 


At the Cape the faint and fast moving asteroid, Icarus, 
was successfully registered on plates which were taken in 
each of eleven observable nights from June 18 to July 12. 
During this period its magnitude varied from 13-8 to 
18-0, the latter being the limit for the Cape instruments. 
On each night simultaneous exposures were made on both 
the Victoria 24 inch blue refractor with Ifa-O baked 
emulsion and on the adjacent 18 inch yellow refractor 
with 103a-D emulsion plus a yellow filter, in order to 
identify Icarus with certainty from spurious images, 
Schedules of observation for each night were prepared in 
advance for the shift of the telescope at regular intervals 
according to the predicted motion of Icarus. The intention 
was to keep its image stationary on the plates to within 
3 to 4s of are. The 8 inch guider with a movable eye- 
piece was used to set on off-set guide stars, selected so as 
to have Icarus very close to the plate centres. Division 
heads were fitted to the screws attached to the eyepiece 
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so that the latter could be set to within 0-01 mm (0-3^). 

Two observers carried out the observing schedules; one 
made the calculated settings on the division heads and 
the other, at the scheduled times, adjusted the telescope 
fast motions to bring the crosswire back on the guide star, 
and guided. Audio second-signals were available in the 
dome for accurate timings. Exposure times on Icarus 
were from 4 min for the first night up to 75 min for the 
last. For the first night, shifts had to be made every 15s, 
when the change in the position of Icarus was at the rate of 
16-3 s of are a minute and, for the last night, every 5 min 
(see Fig. 1). From June 25 a three magnitude field-redu- 
cing filter was used on the 24 inch to cut down the stellar 
images thereby facilitating their measurement. This 
filter was prepared by fogging an unbacked photographic 
plate from which, after processing, à small aperture of 
film at the centre was removed to allow the light. from 
Icarus to pass through undiminished. 

On the night of July 25, Icarus was photographed with 
the 74 inch Radeliffe refractor at Pretoria, and the plate 
was forwarded to the Cape for measurement and reduction. 
The predicted magnitude of Icarus was then 19-0, and a 
45 min exposure on Icarus was made on 103a-D emulsion. 
In this case the plate itself was shifted every 5 min. 

Referenee stars for the measurement and reduction of 
the Icarus plates are based on the positions and proper 
motions of the star catalogue for 1950-0 on the FK4 
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Fig.2. a, Right ascension (O-C) positive; b, declination (O-C) negative. 


O, Measured positions reduced to geocentric; C, Shapiro's Astrometric 
Ephemeris. 


Observatory. Several field plates were also measured 
and reduced to provide a suitable and adequate number of 


system prepared by the Smithsonian Astrophysical reference stars for the Icarus plates. 
Table 1. MINOR PLANET 1566-ICARUS 
A Cape observations 
E Kt (0-C) 
Date: 1968 UT R.A. 1950-0 Dec. H 4a Ab 

June 18, 83472 15 h 00 m 21-560 s T 01? 58’ 15-72” 4-0h04mO03s 910^" ~ 15-0" 

, 84236 5 03 11-512 -03 31 24.79 +0 16 11 4171 —10-8 

20, 83542 15 05 17-900 —07 26 56-45 +0 07 59 +145 -94 

21, 82899 15 06 58:443 —10 24 29-45 +0 00 59 412: ~ BG 

23, 82465 15 09 33-601 —-14 83 19-58 0 00 00 +91 -60 

24, 82465 15 10 37-230 —16 03 23-96 +0 02 53 +86 -53 

25, 81875 15 11 346581 —17 17 43-44 -0 02 39 467 —50 

26, 82083 15 12 28-100 ~18 20 53-12 +0 03 24 +76 46 

27, 81597 15 13 18-204 —19 14 28-88 -0 00 30 £74 -42 

28, 81520 15 14 06310 —20 00 54-56 -0 02 23 + Bb -23 

July 12, 73785 15 24 48-005 —25 17 03-97 -1 05 41 42:1 84 

Radcliffe observation 

July 25, 76586 15 36 29-809 —27 13 23-43 +0 53 20 +01 -05 
N In Table 1 the column headed “H” gives the hour angle 
of Icarus at the time of observation. Under the heading 
j (O-C) a comparison is given of the measured positions, 
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Fig. 1. Enlarged print (scale, 1 rum —6 s of arc) of the central part of a 

plate of Icarus near magnitude 16. During a total exposure of 40 min, 

the telescope was moved every 2 min in declination and every 8 min in 
right ascension to keep the image of Icarus stationary. 


reduced for the geocentric parallax of Icarus, with an 
Astrometric Ephemeris by Dr Irwin Shapiro of the Massa- 
ehusetts Institute of Technology, who used the orbital 
elements of Dr Samuel Herrick of the University of 
California. In Fig. 2 showing these residuals the points are 
plotted opposite the day of observation (and not strictly 
to UT) for it is intended to indicate approximately the 
probable error of each measured position in each coordinate 
by its divergence from the smoothed curves. Only a few 
positions approach an error of a second of are, estimated 
in this way. The chief obstacle to greater precision is the 
fact that the reference framework is now more than 30 
years old. The proper motions are individually poor 
and may even be subjeet to systematie errors in small 
localized areas, usually an inheritance from the errors 
of early positions of about epoch 1900. 

I thank Mr J. Churms, co-observer at the Cape, for his 
assistance, and Dr D. H. P. Jones for obtaining the Pretoria 
plate on July 25. 
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Age and Rate of the Sinistral Movement 
along the Dead Sea Rift 


Tue fact that quantitative results from unrelated 
earth sciences confirm and complement each other is a 
significant success of the continental drift hypothesis. The 
results of geophysical and oceanographical research on the 
age and rate of opening of the Red Sea are compared here 
with the geological and palaeogeographical indications of 
the component of this movement along the Dead Sea Rift. 
The interpretation of the geomagnetic anomalies in the 
median trench of the Red Sea is supposed to show! that 
the rate of opening of the Red Sea at latitude 16? is approx- 
imately 1 em yr during the last 3-4 million years. New 
data on the sinistral movement along the Dead Sea Rift 
which are presented here show a similar rate of movement 
of the Arabian block northwards relative to the Israel- 
Sinai block during the Pliocene-Pleistocene. This move- 
ment was preceded by a period of standstill during the 
Miocene, which may correspond to the pause in the expan- 
sion of the mid-ocean ridges 10 million years ago (refs. 2 
and 3). 

A sinistral rnovement of 100 km along the Dead Sea 
Rift was suggested 36 years ago by Dubertret*. This 
movement explains the 100 km offset of all the igneous 
and sedimentary rocks of Pre-Cambrian to Late Cretaceous 
age on the two sides of this rift*-*, although several geo- 
logists’-"* maintain that these offsets can be explained 
otherwise. As to the age of this movement, Quennell* 
suggests that a movement of 67 km occurred during the 
Early Miocene, and that the remaining displacement of 
40 km happened during the Late Pleistocene. Freund* 
relates this movement to several tectonic phases since the 
Late Cretaceous, but Dubertret!? still argues that the 
whole movement is Pre-Cenomanian, 

Alluvial fans displaced sinistrally by 600 m and 150 m 
are shown by Zak and Freund" (Fig. 14). Displacements 
of 150 m are noticed in the Lisan Marl of the Jordan 
Valley. This movement is younger than the Lisan Marl, 
which is 23,000 yr old according to radiocarbon dating!*, 
The average rate of the strike slip movement during this 
period is therefore about 0-65 em yr. Rhomb shaped 
grabens appear in the alluvial fan between the en-échelon 
segments of the strike slip fault as a consequence of the 
sinistral movement (Fig. L4). The depressions of Lake 
Kinneret, Hula and Marj-Ayun (Fig. 1B) are similar, 
though much larger, rhomb- -shaped structures. They are 
therefore most likely due to a sinistral movement on a 
larger scale. These depressions are younger than the cover 
basalt!* of the Eastern Galilee and the Golan plateau, the 
age of which is supposed to be Late Pliocene to Early 
Pleistocene", that is 2-4 million years. The exact amount 
of sinistral movement cannot be determined because of the 
lack of appropriate markers, but it certainly does not 
exceed the 20 km length of the Hula depression. According 
to the offsets of the southern and northern margins of the 
cover basalt, this movement is estimated to be some 
10-15 km long. No displacement has been detected so far 
in the Upper Pliocene marine and lake deposits which 
underlie the cover basalt, but this is probably due to 
there being insufficient exposures on the Golan plateau. 
Taking all these shortcomings into consideration, and 
assuming the displacement and time estimates are correct, 
it might be concluded that the rate of movement is about 
0-3-0-7 em yr- during the Pleistocene. 

The evidence for the older, post-Miocene movement of 
40-45 km is more reliable (Fig. 2). The northernmost dis- 
placed body is the Marne lacustre et Poudingue de Zahlé'*, 
which consists of many hundred metres of yellow lake 
deposits and of well cemented, well rounded conglomerates 
consisting of Eocene Nummulitie limestone. These sedi- 
ments extend from Zahle and Kh. Kanafar in Lebanon 
northwards on the eastern side of the Yamuneh fault, 
whereas on the western side of this fault they extend from 
the northern margin of Marj-Ayun to Kfar Gil'adi!* in 
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Fig. 1. 


Rhomb-shaped grabens formed between en-échelon segments 
of d rlke slip faults, in (4) alluvial fan east of Timna in southern Israel, 
and (B) Kinneret, Hula and Ayun depressions in northern Israel. The 
amount of displacement is indicated by arrows. Note that the features 
in B are 14 times larger than in 4. 


northern Israel. The distance between Kh. Kanafar and 
Kfar Gil'adi is 45 km. The age of these sediments is 
Pontian (Late Miocene to Early Pliocene) aecording to 
Hipparion teeth found in them**. Across the fault, on its 
eastern side near Kfar Gil'adi, the Tanur conglomerate” 
occurs. This is supposed to be contemporaneous with the 
sediments just mentioned, although it differs from them 
considerably, The Tanur conglomerate consists of more 
loosely cemented and more angular constituents of diverse 
origin; red silt beds are interbedded in it, and the yellow 
lake deposits are missing. The Tanur conglomerate 
resembles the red beds which occur on the north-west side 
of Lake Kinneret, some 40 km southwards on the west 
side of the Rift*. 

The next displaced body is the lower basalt which out- 
crops on the north-east side of Lake Kinneret, and may 
well extend beneath the cover basalt northwards. On the 
western side of the Rift the lower basalt occurs from the 
south-eastern corner of Lake Kinneret southwards. The 
age of this basalt, which is several hundred metres thick, 
has not yet been determined, but it is generally** con- 
sidered to be of Miocene age. Its southern bo 
though covered on the west side, is displaced by about 
40 km sinistrally. 

The marine Miocene beds on the southern end of the 
Gulf of Elat (Aqaba) extend on the eastern Arabia side** 
about 45 km northwards beyond their northernmost 
occurrence on the western Sinai side**. These sediments 
are compared with the Miocene beds of the Gulf of Suez, 
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Fig. 2. Sedimentary and volcanic bodies of Miocene age in northern 
Israel and southern Lebanon displaced sinistrally about 40-45 km 
along the faults of the Dead Sea . 
but it is not certain that they do not continue to the 

Lower Pliocene'*, 

On the east side of the northernmost end of the Dead 
Sea Rift in southern Turkey an overthrust movement of 
more than 20 km is reported** in the Elazig nappe. This 
everthrusting is later than Upper Miocene. 

All the displaced bodies just described are certainly of 
Miocene age, but they may extend to the Lower Pliocene. 
The 40-45 km sinistral movement therefore most likely 
occurred less than 12 million years ago, which is the age of 
the Miocene-Pliocene boundary. The average rate of the 
movement for the Pliocene-Pleistocene would thus be at 
least 0-35 cm yr. Girdler! arrived at a 1 em yr rate 
of separation of Arabia from Africa at latitude 16* during 
the past 3-4 million years from the interpretation of the 
geomagnetie anomalies in the median trench of the Red 
Sea. Because the northward movement of Arabia is anti- 
clockwise, rotational, and because the Dead Sea Rift is 
approximately halfway closer to the hypothetical centre 
of this rotation than latitude 16? (ref. 8), Girdler's result 
would amount to a rate of movement at the Dead Sea 
Rift of 0-5 em yr. This is certainly in line with our 
results mentioned here, although it extends over a shorter 
period and although a certain part of the movement in 
the Red Sea has been taken up by the Gulf of Suez 
branch. The topographical contrast between the deep 
Red Sea and Gulf of Elat on one hand and the shallow 
topography of the Gulf of Suez on the other suggests, 
however, that the Elat branch of the Red Sea Rift has 
been more active recently than the Suez branch. 
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Vine and Matthews’s*’ linear correlation between the 
time of the palaeomagnetie reversals and the distance of 
the geomagnetic anomalies is generally accepted as 
evidence for the constant rate of ocean floor spreading 
during the previous several million years. But the 
periodic accumulations of sediments in the Dead Sea Rift 
indicate that this movement has a discontinuous nature. 
This discrepancy may be explained in several ways which 
will not be discussed here. 

The Pliocene—Pleistocene movement of 40-45 km was 
preceded by a quiet period during the Miocene, in which 
the Hatseva red beds filled up the Dead Sea Rift until 
rivers from Transjordan could cross it to the Medi- 
terranean Sea. These sediments, in the upper part of 
which Middle Miocene mammal bones have been found 
(unpublished work of R. J. G. Savage and E. Tshernov) 
contain "allochthonous" pebbles of Eocene flint and 
Pre-Cambrian igneous rocks. The direction of the sedi- 
mentary structures and of the fossil river courses reveals 
several Miocene rivers*?*?* (Fig. 3): Sorek, Zohar, 
Rotem, Marzeva, Pa’ran and Hiyyon. It may be assumed 
that the heads of these rivers occupied the deep gorges 
which cut the Transjordanian plateau. Only two of the 
west-side Miocene rivers have a direct east-side continua- 
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Fig. 3. Miocene riversin central Israel displaced 43 km sinistrally from 
their heads in the Transjo n plateau, 


NATURE, VOL. 220, OCTOBER 19, 1968 


. tion under the present geographical position, but all have a 
corresponding counterpart displaced sinistrally about 
43 km. This provides additional evidence for the post- 
Miocene sinistral movement of 40-45 km. This Miocene 
quiescence period may be related to the pause in the 
ocean floor spreading prior to 10 million years (refs. 2 and 
3). It is assumed that the duration of this pause was 
15-30 million years. In our region this quiet period was 
preceded by the Upper Oligocene-Lower Miocene tectonic 
activity which formed the Hatseva depression in the Dead 
Sea Rift and the depression of the Gulf of Suez. 
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Occurrence of Cretaceous Tuffisite 
in Carmel 
Tue hilly region of Carmel, in north-west Israel, comprises 


an uplifted Cretaceous block with an ill defined anticlinal 
pattern. The exposed sedimentary column is built chiefly 
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of dolomites, limestones and chalks with interbedded — 


pyroclastics ranging in age from Albian to Senonian, and 
is 1,000 m thick. This essentially limey sedimentary 
Sequence was deposited in broad epicontinental seas 
which were favourable to the development of neritic 
carbonate. Previous geological investigations in. the 
Carmel region recorded several stratigraphically separated, 
lens-like basie alkaline tuff layers, conformable with the 
normal marine Cretaceous strata. 

I have recently discovered isolated new exposures of 
mainly lapilli tuff which outcrop along road-cuttings in the 
Romema and Ramot-Remez suburbs of Haifa. On closer 
inspection in the field, the following characteristics were 
revealed. (a) The exposed tuff-like rock consists of poly- 
genetic fragmented materials. Broken, abraded and re- 
worked carbonate wall-rocks are mixed with voleanic 
bombs and are embedded in weathered, vitrie lapilli tuff. 
(b) Although porous and friable in nature, the tuff 
intrudes into the surrounding, nearly horizontal, carbonate 
rocks. No effect of contact metamorphism is, however, 
discernible. 

The regional reconstruction and intereonnexion of 
individual exposures suggest a circular voleanic vent 
about 2 miles in diameter. Such peculiar types of central 
intrusion have been referred to as tuffisite’. A eross- 
section through several independent outcrops is repre- 
sented in Fig. 1. 

The occurrence of the ammonoid species Hyphoplites 
faleatus (Mantell). indicative of lowermost Cenomanian 
in beds immediately above the tuffisite, point to the late 
Lower Cretaceous age of the intrusion. 

Thin sections, cut from polyesther-indurated samples 
of tuff materials and their limey admixtures, were sub- 
jected to microscopic examination. Petrographically, 
four rock groups were encountered. (1) Wall-rock cora- 
posed of either grey, coarse crystalline, limey dolomite or 
of yellow hardened limonitie chalk. (2) Pyroclastics, 
constituting ultrabasie lapilli vitric tuff, and patches of 
serpentine retaining ghosts of the original microlitic, often 
dolomitized, olivine. embedded in a ground mass of brown 
palagonitic bubbly glass. All fragments are cemented by 
intersertal sparry calcite mosaic, Nontronite and some 
other smectite mineral of secondary origin occur as both 
bubble fillings and metasomatie marginal replacements of 
olivine, glass and carbonate minerals. (3) Microcrystalline 
ferroan dolomite, found in the form of white, chalk-like 
pebbles and cobbles, intermixed with the rest of the 
tuffaceous rock. (4) Voleanie bombs, often highly 
altered, representing glass rich ultramafites. 

Cenomanian tuffs elsewhere in Carmel contain ultra- 
basic xenoliths such as eclogite, pyroxenite and garneti- 
ferrous peridotite*. 

It therefore seems reasonable to suggest that this 
peculiar type of intrusive magmatism is related to & 
partial melting of a deep seated eclogite or peridotite mass 
followed by the rise of erystal carrying droplets of magma 
to the surface through the action of streaming, ascending 
gases of magmatic origin. 


NW 








1,000 


Fig.1. Hatched areas, dolomite: black areas, chalk; stippled area, tuffisite. 
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A comparable intrusive vent, now under investigation, 
is located near the Beit-Oren village, about 8 km south 
of the one described. . The two volcanic outlets are aligned 
on a north-south trending lineament, of decisive morpho- 
tectonic importance. 
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Five-coordination and Paramagnetic 
Anisotropy 


CONSIDERABLE effort has been devoted recently to the 
establishment of simple experimental criteria by which 
the stereochemistry of five-coordinate transition metal 
species ean be recognized. They have been primarily 
concerned with examination of the electronic spectra and, 
when paramagnetic, the bulk (powder) susceptibilities. 
These techniques have long been used successfully to 
differentiate between octahedral and tetrahedral co- 
ordination in complexes. It must be emphasized, however, 
that this success is dependent on only these two alterna- 
tive stereochemistries having been previously established. 
A substantial number of five-coordinate complexes of 
niekel(II) and cobalt(II) have been prepared and some 
of these have sufficiently distinctive electronic reflectance 
spectra to reveal their geometry. The point dipole and 
point charge calculations of Ciampolini', of Ciampolini 
and Bettini (personal communication) and of Wood? have 
provided bases for their assignment and also for the 
low temperature polarized single crystal spectra (unpub- 
lished work of Kohl, Gerloch and Lewis) of the molecules. 
M(arsine oxide),X, (M=Co, Ni; X=ClO,-, NO,-). By 
contrast the reflectance spectrum of B-Co(paphy)Cl, may 
be equally well assigned? on the basis of octahedral or 
tetrahedral stereochemistry although the X-ray datat 
established this as five-coordinate. 

The magnetic criteria of stereochemistry have been 
concerned essentially with the orbital moments displayed 
by the complexes. Complex ions with formal orbital 
triplet ground states often show much higher moments 
than those with orbital singlets. Frequently, however, a 
determination of the variation of the magnetic moment 
with temperature is necessary to establish the orbital 
multiplicity. Those ions or complexes with orbital singlet 
ground terms usually display no major dependence of 
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orbital triplets usually do. Thus tetrahedral cobalt(II) 
compounds (ground term *4,) should show little tempera- 
ture dependence of a moment close to the spin-only value, 
while octahedral ones (ground term 7,5) should have 
higher moments varying with temperature. An inverted 
situation is predicted for nickel(II) complexes. Five- 
coordinate complexes, however, have either orbital singlet 
or doublet ground terms? depending on geometry, making 
predictions of magnetic behaviour less sure. In contrast, 
iron(II) compounds of tetrahedral, octahedral or five- 
coordinate geometry have Ag) ground terms with 
temperature independent moments equivalent to the spin- 
only value 5.92 B.M. ‘Table 1 contains values of the 
magnetic moments of some nickel(1T), cobalt(II) and iron- 
(III) complexes for a variety of stereochemistries. Tho 
five-coordinate compounds of nickel(IT) and cobalt(II) 
show a marked dependence on temperature although they 
may formally involve orbital singlet ground states. For 
iron(III) adducts, neither the magnetic moments nor their 
dependence on temperature allow differentiation between 
geometries or coordination numbers. Furthermore, the 
d-d spectra do not allow a ready assignment of the 
stereochemistry and, for ligands more complex than the 
simple halides, charge transfer bands may obscure the 
d-d bands. The value and variation with temperature of 
the magnetic moments of the niekel(IT) and cobalt(IT) 
compounds are not diagnostie of five-coordination; thus 
in the ease of the arsine oxide complexes, the observed 
moments are high while for 8-Co(paphy)Cl, and the 5- 
chlorosalieylaldiminato nickel(II) compound the moments 
are low. We have found, however, that even a cursory 
study of crystal magnetic anisotropy can be a very useful 
guide to stereochemistry. 

Van Vleck* has previously commented on the magni- 
tudes of magnetie anisotropy to be expected for ions with 
idealized stereochemistries. Formal ground state orbital 
degeneracies may be lifted by small erystal field perturba- 
tions, so giving rise to large magnetic anisotropies asso- 
ciated with the differential population of components with 
particular directional properties. To first order, orbital 
singlet terms are not split by low symmetry crystal fields 
and so do not give rise to anisotropy. ‘Thus “octahedral” 
cobalt(II) and “tetrahedral” nickel(IT) complexes ('T'g 
and ?T, formal ground terms) display large magnetic 
anisotropy while tetrahedral cobalt(II) and octahedral 
nickel(II) (44, and *A.g) ones do not (see Table 1). These 
latter complexes, however, do show some anisotropy and 
this arises from the zero-field splitting of the orbital 
singlet ground terms. For, in second order, spin-orbit 
coupling mixes into the ground term components of the 
higher energy ‘T, and ?T,g terms (respectively) so that 
the ground term assumes some of the character of an 
orbital triplet. In distorted octahedral and tetrahedral 
moleeules the excited orbital "triplet" states may split 
giving a concomitant “zero-field” splitting of the ground 


the moment with temperature while those with "formal" state by virtue of its admixed triplet character. The 
Table 1 
Approx. crystal 
300° K 90° K anisotropy 
Compound Approx. geometry uf pt (per cent) Ref, 
(B.M.) (B.M.) Axl at 300° K 
NÍS0,0H,0 Octahedrai 3:316 3-10 26 13 
bis(N-isopropylesalicylaldiminato)Ni(11) Tetrahedral 3-24 8-10 25 l4, f 
bis( N-B-diethyiamino-5-chloro-salicylaldiminato)NiOT) Square pyramidal 23:23 8-12 22 i 
Ni(IDOPh,MeAsSO)08O,),.H,0 Square pyramidal 3-45 3.33 25 
Co(acetylacetone),.2H,0 Octahedral 4-04 4-62 14 
oCh Tetrahedral 4:66 4-46 7T 15 
B-Co(paphy Cl,” Square pyramidal 4-84 4-59 ? 3 
Co(ID( Ph;MeAsO) (NO, HO Square pyramidal 511 4-84 55 i 
K,Fe(oxalate),.3H,0 Octahedral 5-82 5-81 0:5 16 
[(C, Hy), [recu] Tetrahedral 5:98 5.89 ? 17 
Fe(Salen)Cit Square pyramidal 59 ? 40 * 


* paphy = Pyridine-2-aldehyde-2-pyridylhydrazone. 
t salen = N,N-bis(salicylidenealdimine). 
1 Gerloch, M., and Slade, R. C., in preparation. 
$ Brown, D. J., and Gerloch, M., in preparation. 
| Kohl, J., Gerloch, M., and Lewis, J., to be published. — 
€ Bentley, R. B., Gerloch, M., and Lewis, J., to be published. 


** Gerloch, M., Lewis, J., Mabbs, F. E., and Richards, A., to be published. 
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resultant magnetic anisotropy wil usually be only 
small in magnitude, But in five-coordinate molecules the 
departure from idealized orbital triplet states is so largo 
that the energy separation from the ground state may be 
much less than for the two cubic-field geometries. Though 
such molecules may have formal orbital singlet ground 
states, the degree of admixed orbital degeneracy is much 
greater. In these cireumstances the complex may exhibit 
a considerable orbital contribution to the magnetic 
moment but, equally important, a concomitant large 
magnetic anisotropy. We have measured the anisotropies 
of several five-coordinate molecules and it is clear from 
Table 1 that even cursory study of the crystal anisotropies 
{as opposed to the molecular anisotropies which require a 
previous knowledge of the crystal structures) of these 
eomplexes may give very useful information.  'This is 
particularly the case for the pentacoordinate® iron(II) 
molecule, Fe salen Cl, which displays a very much larger 
anisotropy than either tetrahedral or octahedral ferric 
ions. The anisotropy arises’ chiefly from the mixing into 
the ground *4, term components of the higher lying #7’, 
term which is grossly split by the low-symmetry field: 
that is, there is a large zero-field splitting of the 6A, term. 
An extreme case of this is haemoglobin for which the 
g value anisotropy has been reported? as gj = 2, gah. A 
measurement of the crystal anisotropy is likely to dif- 
ferentiate between tetrahedral and five-coordinate geo- 
metries in cobalt(II) compounds and between octahedra! 
and five-coordinate stereochemistries in nickel(II) com- 
plexes. The interpretation of five-coordinate anisotropy 
in terms of zero-field splitting effects may be justified by 
an example of the complex most recently studied by us. 

Crystals of bis(N-8-diethylaminoethy]-5-chlorosalicyl- 
aldiminato)nickel(I1) contain essentially square pyramidal 
moleeules*. The electronie spectrum has been assigned 
by Ciampolini? on the basis of 3B,—E (7-7 kk), 3B,—54, 
(9-9 kk), ?B,—5B, (12-6 kk) and *B,—*E (16-5 kk) in Ca 
idealized symmetry. An order of magnitude calculation 
of the magnetic anisotropy allows the neglect of spin- 
orbit mixing of the *E term at 16:5 kk into the ground 
*B, term: the 34, term has no spin-orbit matrix element 
with the *B,. A simple expression for the sign of the 
anisotropy is then afforded by 


/ 1 l 


Ag roe, X spin-only 


This equation!* was derived for the equivalent case of a 
split *'4, term in “octahedral” symmetry mixing into the 
8A, ground term: it is valid also in this case to a fair 
degree of approximation for the relevant wavefunctions 
correlate in Cyy and Dan symmetry in these systems. From 
Ciampolini’s assignment we take Ag < Ap, (7-7 vs 12-6 kk) 
so that, for negative values of the spin-orbit coefficient 2, 
we expect K, > Ky. This is borne out by our experiments 
(unpublished work of D. J. Brown and M. Gerloch). This 
sort of calculation is impossible without previous know- 
ledge of the crystal and molecular structures of the com- 
plex; accordingly paramagnetie anisotropy measurements 
are generally directed toward investigations of the elec- 
tronie distribution in, rather than stereochemistry of, com- 
plex moleeules. Nevertheless, determinations of the crystal 
magnetic anisotropies based on measurements about any 
two or more random axes of a complex of unknown 
geometry will allow an order of magnitude for the molecu- 
lar anisotropy to be established. Krishnan’s “critical 
torque" method" provides a simple means for measuring 
erystal anisotropies. The restoring couple experienced by 
an anisotropic crystal in a magnetic field is measured by 
the torque in a fine quartz fibre from which the crystal is 
suspended. The Faraday method can also be used to 
measure principal magnetic moments. Crystals generally 
must weigh a minimum of about 1 mg. Both techniques 
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allow the use of conventional Gouy and Faraday type 
eryostats!? for measurements at lower temperatures. 

Thus the electronic spectra and powder susceptibilities 
of five-coordinate transition metal complexes are often 
intermediate in character between those of tetrahedral 
and octahedral molecules. This is not surprising if only 
on the basis of the intermediate coordination number: 
but also the ligand field set up, for example, in a square 
pyramidal molecule with perhaps a lone pair of electrons 
in the vacant “octahedral” position need not be so very 
different from that in a tetragonally distorted octahedral 
complex. The potential usefulness of magnetic anisotropy 
measurements lies in the fact that even regular five- 
coordinate molecules are expected to be anisotropie—an 
important feature which is not intermediate in character 
between octahedral and tetrahedral geometries. Taken 
with other, more conventional, techniques and with the 
caution demanded by these, a determination of the order 
of magnitude of crystal magnetic anisotropy should serve 
as a powerful guide to stereochemistry. 


D. J. Brown* 
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CuSe,, a Marcasite Type Superconductor 


CuSe, oceurs in a room temperature form of the marcasite 
type! and a high-pressure high-temperature modification 
of the pyrite type?*. In both the marcasite and pyrite 
struetures the cations are coordinated by six anions 
forming a distorted octahedron while the anions are 
bonded to three cations and another anion. In the pyrite 
structure the anion octahedra are connected by shared 
corners and in the marcasite structure the octahedra 
form chains by sharing edges. In the pyrites and the 
normal marcasites the deformation of the anion octahedra 
is not very marked. The marcasite family, however, has 
another branch, the loellingites, in which the deformation 
of the anion octahedra is much more pronounced and of 
opposite sign. The ratio of the octahedron edge parallel 
and perpendicular to the cation chains is roughly 1-1 in 
the normal marcasites and about 0-75 in the loellingites?-*. 
Different electronic structures of the cations account for 
the different distortions. Loellingites are found only in 
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non-metallic phases containing d? and d* cations and 
distortions then result from the Jahn-Teller effect. 
Pyrites with d" cations occur for n25, while normal 
mareasites are known only for »26. In both the pyrite 
and the normal marcasite phases non-metallie properties 
are possible only if the cations have completely oceupied 
d subbands, such as de*dy?, de®, de*d-? and d'?. Examples 
of these configurations are MnS,, RuS,, NiS, and ZnS,(p) 
respectively. (The symbols (r), (h), (p) indicate room tem- 
perature, high temperature and high pressure modifica- 
tions, respectively.) Because large distortions would be 
required to separate the energies of the degenerate dy 
states, all d’ and d? phases are metallic and adopt either 
the pyrite or the normal marcasite structure. 

CuSe;(r) is a normal (d?) marcasite with an octahedron- 
edge ratio of 1:06. The decrease in volume from the C18 
to the more symmetrical high-pressure C2 modification 
is 6:5 per cent. Such transitions are also known for FeS,, 
FeSe, FeTe, CoSe, CoTe, and NiAs, (ref. 4). Both 
modifieations of CuSe, exhibit paramagnetism which is 
almost independent of temperature. 

Compounds which are metallie because of non-localized 
d electrons are frequently superconductors. Subic 
CuSe,(p) has been reported to be superconducting below 
about 2:5? K (ref. 2). Other d-band superconductors are 
RhSe,(h), PtSbTe, CuRh,S,, PdSb, CuS, NbSe,, MoTe,(h), 
Nb,Se, (ref. 4), etc. The high-temperature, high-pressure 
modifications are more metallic and if superconducting 
they have higher critical temperatures than the cor- 
responding low-temperature modifications. To test this 
rule we examined orthorhombic CuSe, for superconduc- 
tivity and did indeed find a transition at 7,— 0-785? K— 
well below the critical temperature of the cubic modifica- 
tion. The transition was very sharp (within 0:010? K). 
'The measurements were made at 16 ke using an induction 
method. 

To study the influence of the cation electron configura- 
tions on the critical temperature we have tried to prepare 
orthorhombic mixed crystals of composition Cu,.;T;Se, 
with T= Fe, Co, Ni and with x 0-5. We always obtained 
the eubie modifieations, however, even in the case of 
(Cu, Fe) 8e, although FeSe, itself forms only in the marca- 
site strueture when synthesized in ordinary conditions. 

The magnetic susceptibility of the Co and Ni mixed 
phases was of the Curie-Weiss type whereas that of the 
Fe phases was temperature independent. Nevertheless, 
down to 0-32? K no supereonductivity was observed in 
the cubic Cu, ;Fe;Se, phases with 220-25 although this 
system is somewhat similar to cubic Cu, ;Zn;8, where 
superconduetivity persists up to z—0-2*. In the Zn 
phases, however, all d states of the replacing cations are 
oecupied, whereas in the Fe phases their dy states are 
empty. 
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Contrasting Background Conditions for 
Aggregation in Planaria 


PLawARIA are known to form large aggregations in the 
laboratory and in the wild!. One of us (J. H. R.) has 
shown? that planaria aggregate in conditions of homogene- 
ous illumination, in the dark and when two species are 
maintained together, differentially according to species. 
Furthermore, the effect is general, being found in several 
species of planaria*. These results support a pheromone 
or chemotaxis interpretation of aggregation formation in 
whieh planaria presumably secrete chemieal substances 
to which planaria are positively chemotactic. 

Alternatively, an established aggregation may represent 
a distinctive, visual stimulus. According to this idea, 
planaria may respond positively to morphological charac- 
teristics such as colour of individual or aggregated 
planaria; these physical characteristics, prominent and 
intensified when part of a large aggregation, presumably 
contrast with and ean be distinguished from the back- 
ground on which the aggregation is formed. There is some 
support for this hypothesis, for black planaria aggregate on 
a black background when contrasting backgrounds are 
provided and, in some conditions, photokinesis and the 
photonegative character of planaria may be subordinate 
to the nature of the background (unpublished results of 
J. H.R., K. K. Gleason and R. Ottemann). Thus although 
planaria commonly aggregate in shadow and are often 
considered to exemplify photokinesis!, Cura foremant, a 
photonegative black planarian species, has often been 
seen to form aggregations on a black tape background 
rather than under an available shadow (unpublished 
results of J. H. R. et al.). 

We have examined aggregation in a black planarian 
species, C. foremant, with a contrasting (white) or identical 
(black) background. When a small black surface is 
available which contrasts with a larger white surface, C. 
foremant forms large aggregations on black tape (unpub- 
lished results of J. H. R. et al.). But the small black area 
guarantees that any planaria adhering there will co- 
incidentally aggregate, particularly if a contrasting black 
surface has an inhibitory function which reduces or stops 
movement of planaria that have approached it. Because 
aggregation in planaria requires stationary organisms, 
inhibitory mechanisms are almost certainly involved. 
Morphological characteristics of planaria which contrast 
with the background may initiate inhibitory effects; 
eliminating the contrast between aggregation and back- 
ground should subsequently eliminate or markedly reduce 
aggregation in planaria. 

We used 100 planaria, C. foremani, varying in size from 
6 to 14 mm, maintained as two populations of fifty 
animals in small milk glass bowls (2-5 inch base diameter; 
4-5 inch top diameter) containing aged tap water. Plan- 
aria were maintained as in our earlier experiments*-*. 
Population containers were directly illuminated by a 
source of fluorescent light that produced homogeneous, 
diffuse illumination with a uniform light incidence of 
approximately 65 foot candles as measured by a Gossen 
‘Lunasix’ light meter. Temperature in the experimental 
room and in the water was maintained at 75°+3° F. 

Black plastie tape was fastened to the entire interior 
surface of one bowl (identical background condition); to 
control for the properties of the tape which could influence 
the aggregation behaviour of planaria, identical white 
plastie tape was fastened to the entire interior surface of 
another bowl (contrasting background condition). Each 
population was observed in conditions of contrasting 
(white) and identical (blaek) background. One population 
was observed for seven and five sessions in contrasting and 
identical backgrounds while the other had seven and 
five sessions with identical and contrasting backgrounds 
respectively. 
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lmmediately before each experimental session, all 
stationary subjeets were dislodged from their resting places 
by directing water at them with a pipette until all fifty 
in the population were free-swimming. Observations 
were made and aggregations were recorded four times 
daily at 1 h intervals for a 4 h period and after 24 h. 
Aggregations were required to consist of at least four 
resting subjects and individual animals were not included 
unless they were less than 0-5 inch from another individual 
in the aggregation.  Aggregations were usually well 
defined and this requirement primarily provided a stand- 
ard for excluding or ineluding marginal subjects along the 
periphery of a cluster. 

Our results, summarized in Fig. 1, were obviously signi- 
ficant and clearly show that planaria formed large aggrega- 
tions on a contrasting white background which gradually 
increased in size within sessions, while there were only 
small aggregations on an identieal black background. 
The largest aggregation was observed on the white back- 
ground, and the total number of planaria to aggregate 
was also largest on the white background, indicating that 
background influenced both relative size and relative 
frequency of aggregation. Run tests’ were significant 
(P « 0-025) in every case, reflecting the fact that there was 
little or no overlap between the background conditions 
for both size of aggregation and total number of planaria 
aggregated. 

Although aggregations on an identical black background 
were usually small and marginal, one session produced a 
large aggregation varying from sixteen to twenty-five 
individuals. This occurred only once, and accidental 
faetors probably contributed to the initial establishment 
of the aggregation. Even a modest aggregation may 
attract other planaria through chemical secretions, 
eventually establishing a large aggregation?^?. 

To control for the remote possibility that chemical 
differences between the two kinds of tape modify the 
aggregation behaviour of planaria, tests on the black and 
white backgrounds were conducted in the dark. In 
neither case was there any aggregation. We have also 
observed that aggregations which develop on white, milk 
glass bowls are indistinguishable from aggregations which 
develop when the interior surfaces of bowls are covered 
with white tape. "Together these findings suggest that 
any chemical differences distinguishing the tapes do not 
seriously influence planarian aggregation behaviour. 
On the other hand, it is interesting that while C. foremani 
does not form aggregations in the dark, this has been 
observed in another planarian P. gracilis?. 

Earlier research (unpublished results of J. H. R. et al.) 
provides substantial support for ehemotaxis, distinctive 
morphology and photokinesis as important mechanisms 
which, separately or together, determine the extent of 
aggregation in planaria. But these mechanisms apparently 
serve an activation function in which planaria approach 
either an already established aggregation or a suitable 
environment within which aggregations can develop 
mechanically. The results reported here complement 
these mechanisms, suggesting that & background which 
visually approximates salient morphological characteris- 
ties of planaria can inhibit further movement thus main- 
taining the aggregation. In natural conditions the aggrega- 
tion itself may represent a sufficient background, effec- 
tively inhibiting further movement in planaria which 
have approached it. 

Our research regarding aggregation in planaria (refs. 2 
and 3 and unpublished results of J. H. R. et al.) indicates 
that this effect is not only a mechanieal response to an 
optimal environment. It is more likely that characteristics 
of the aggregation also attract other planaria. Both the 
idea that planaria secrete chemical substances to which 
planaria are positively chemotactic and the view that dis- 
criminable morphological characteristics of aggregated 
planaria attract other planaria imply a primitive form of 
social behaviour. Chemical and visual mechanisms are 
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Fig.1. Size aggregation withregard to number of individuals and total 
number aggregated for planaria C.foremani with contrasting (white) 
and identical (black) backgrounds, 


&lmost certainly involved when new planaria join the 
existing group (unpublished results of J. H. R. ef al). 
Previous research, however, has only shown the approach 
and activation function of such stimuli. The results of 
this investigation indicate that a visual inhibitory mechan- 
ism is also involved. 

Aggregation in planaria is a simple and primitive form 
of social behaviour which probably does not include social 
organization. Nevertheless, it is striking that similar 
mechanisms, that is, chemical and visual mechanisms, 
mediate socialization in many higher vertebrates? and 
social insects’. Although such an apparent relationship 
may be accidental or dependent entirely on ecological 
requirements, it suggests that the evolutionary develop- 
ment of a relatively simple social behaviour pattern in 
planaria anticipates later complex social strueturing and 
organization in phylogenetically higher organisms. 

As well as their relevance to aggregating behaviour in 
planaria, our results may have a broader methodological 
significance. Based entirely on differential aggregation 
effects, our results indicate that planaria can discriminate 
black from white, a conventional brightness discrimination 
dimension and one which has been used in recent planaria 
learning experiments*. This is not unusual, for discrimitia- 
tion learning techniques have often been used appro- 
priately and successfully when the sensory or perceptual 
capacities of an organism have been examined. But 
because learning as a planarian phenomenon has been 
disputed and questions about the learning capacities 
of planaria have not been entirely resolved’, learning 
techniques and their effects cannot yet be interpreted 
unambiguously when applied to planaria. Varying back- 
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ground coloration or brightness may permit an evaluation 
of some sensory capacities of lower "social" organisms, 
independent of the controversy associated with learning 
in lower organisms. 
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Isolated Population of Elminius 
modestus (Crustacea: Cirripedia) 
in Northumberland 


Tue immigrant barnacle Elminius modestus, spreading 
from the Channel, has been known for several yoars in 
the North Sea, being reported from the Thames before 
1948 (refs. 1 and 2), from the Humber in 1951 (ref. 2) and 
from near the Tees in 1958 (ref. 3). There its northwards 
progress along the east coast was arrested; however, a 
separate settlement, doubtless introduced by shipboard 
agency, flourishes in the Forth‘, extending as far south as 
Dunbar. The intervening coast has remained uncolonized 
until recently, despite a considerable seaborne traffic 
between the Thames and the principal rivers of Northum- 
berland and Durham. Apart from those found on ships’ 
bottoms, a specimen settled on a mussel in the River 
Blyth in 1950 and two specimens settled on a musrel in 
the River Tyne in 1961 constitute the only records from 
these counties until this year. 

Now a colony has been found in a very restricted 
locality at Newton-by-Sea (lat. 55° 31’ N) in north 
Northumberland. It was first observed in April of this 
year at the root of the Emblestone rocks, the eolony 
occupying an area 200 x 150 m at mid-tide level. Here it 
constitutes about 20 per cent of the barnacle population. 
Elminius is absent from adjoining stretches of rocky coast. 
Prompted by the Newton discovery search was made at a 
dozen places between West Hartlepool and Eyemouth in 
Seotland. Only at West Hartlepool and Seaham, both 
close to the Tees, were a very few specimens found. 

The date of the Newton Bay settlement is unknown, 
but the area is visited annually by a class of university 
students and teachers, some of whom are familiar with 
the species from elsewhere, and it has not previously 
been collected at Newton. The origin of the colony is also 
in doubt. No ships other than local fishing cobles call here 
and the larvae must have been carried by currents from 
the Forth, 46 sea miles distant, or from the Tees, 55 miles 
distant. The predominantly southerly set makes the 
Forth the more likely source. 
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It is remarkable that Elminius is not found at inter- 
mediate places. Yet Newton Bay is also noteworthy for 
a number of sand-dwellers absent or not commonly found 
on other Northumbrian beaches, Echinocardium, Coch- 
lodesma, Ensis, Lanice and Venus being examples. It is 
an exceptionally sheltered region, yet not estuarine, and 
may represent the sole Northumbrian locality favourable 
for a barnacle living at the extreme limit of its range. 
The arrival of Elminius adds one more peculiar species 
to the unique fauna of this bay. 


FRANK Evans 


Dove Marine Laboratory, 
University of Newcastle upon Tyne. 
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Seawater as a Source of 
Plant Nutrients 


THE use of seawater as a practical growth culture medium 
and a source of essential nutrients for algae and other 
plants has been studied. The results obtained, using 
the green alga Chlorella pyrenoidosa, show that seawater 
provides a wealth of nutrients and is a cheap nutrient 
coneentrate which when diluted and properly supple- 
mented can support optimum plant growth. 

The mineral requirements for autotrophie growth of 
Chlorella have been determined? The chemical composi- 
tion of seawater is also known?; it has an abundance of 
mineral nutrients and is deficient only in nitrate, phos- 
phate and perhaps available iron and some trace elements 
such as manganese and molybdenum. 

Knowing the mineral requirements for the autotrophie 
growth of C. pyrenoidosa and the composition of seawater. 
1t can be shown that seawater, when diluted twenty-five- 
fold with fresh water, still contains adequate amounts of 
magnesium, sulphur and potassium to support photo- 
synthesis and growth of Chlorella (Table 1). Nitrate, 
phosphate, iron, manganese and molybdenum need to be 
added to the diluted seawater. 


Table 1. THE ELEMENTAL COMPOSITION OF SEAWATER AND INFORMATION 
ON CRITICAL AND MINIMUM CONCENTRATION REQUIREMENTS FOR ALGAL 


GROWTH 
Concen- Critica! Fold dilu- Minimum Fold diu- 
Element tration concentra-  tionf of concentra- tion of 

(mg/l)  tion* (mg/L) seawater tioni(mg/L) seawater 
Sodium 11,100 l 0-014 
Magnesium 1,830 46 29 60-046 29,000 
Calcium 420 (0-3)ji 1,400 
Potassium 390 17 23 O17 2,300 
Chlorine 19,800 
Sulphur 920 6 153 0-06 15,800 
Bromine 66 
Boron (0-1) 50 
Phosphorus 0-08 6 
Iron 0-001 to 0-06 1 0-01 
Zinc 0-05 0-00005 
Manganese 0-001 to 0-01 0-006 0-00005 
Molybdenum (0-01)]i 


Calculated values are given for the number of times seawater can be 
diluted to reach the critical concentration and the minimum concentration 
for each element. 

* Required for C. pyrenoidosa except sodium is that required by 
Nostoc muscorum and other blue-green algae. Critical concentration is the 
lowest concentration which still produces optimum or maximum growth. 

t Which will lower the concentration of the respective element in sea- 
water to the critical concentration. 

f Required for . yrenoidosa. Minimum 
concentration below which there is no growth. E 

$ Which will lower the concentration of the respective element in sea- 
water to the minimum concentration. 

j| Required by N. muscorum for nitrogen fixation. Calcium and molyb- 
denum are uired for other functions at concentrations 1,000-fold less. 

*i Required by N, muscorum. 


concentration ia the 
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A growth experiment was performed in which seawater, 
diluted twenty-five-fold with distilled water, was supple- 
mented with nitrate, phosphate, iron and all the required 
trace elements (Table 2). C. pyrenoidosa, when cultured 
in diluted seawater without supplemental nitrate and 
phosphate, produced almost no growth, whereas adequate 
supplements of nitrate and phosphate to diluted seawater 
produced good yields. Nitrate and phosphate were added 
as the sodium salts in an investigation of the adequacy 
of potassium to support the growth of Chlorella in diluted 
seawater. 


Table 2. COMPARATIVE GROWTH OF C. pyrenoidosa IN DILUTED SEA- 

WATER, IN ONE-TENTH STRENGTH WARBURG AND BURK MEDIUM, AND IN 

DILUTED SEAWATER SUPPLEMENTED WITH PHOSPHATE AND VARYING 
AMOUNTS OF NITRATE 


Yield 4 days 


Growth culture medium (ul. packed Yield Yield 
cells) 6 days 11 days 
Diluted sez water (25-fold) 10 10 10 
Control in 1/10 strength Warburg and 
Burk medium (3-5 mg or 85 p.p.m. 
nitrogen) 450 920 1,480 
Diluted seawater +276 mg NaH,PO,. 
H,O +122 mg NaNO, (2 mg or 20 
p.p.m. nitrogen) 280 
Diluted seawater +2-76 mg NaH,PO,. 
H,0 +61 mg NaNO, (10 mg or 100 
p.p.m. nitrogen) 450 1,630 2,000 
Diluted seawater --2-76 mg NaH.PO,. 
H,O +122 mg NaNO, (20 mg or 200 
p.p.m. nitrogen) 516 1,110 1,650 


All values are based on 100 ml. cultures grown at 25° C bubbled with 5 
per cent CO, In air and illuminated with 1,400 ft-candles of fluorescent light. 


Control cultures of C. pyrenoidosa were grown with 
known amounts of nutrients in Warburg and Burk 
medium of one-tenth strength. Warburg and Burk 
medium‘ was prepared by dissolving 2-5 g of KNO,, 25g 
of KH,PO,, 5 g of MgSO,.7H,O and 2 g of NaCl in 1 1. of 
distilled water. The approximate salt content of 100 ml. 
cultures of diluted seawater was 0-14 g, and that of 100 ml. 
cultures of one-tenth strength Warburg and Burk medium 
was 0-12 g. This estimate of the salt content of diluted 
seawater does not include the supplements of nitrate and 
phosphate. 

“The seawater was collected in the vicinity of Miami. 
Florida, and was stored in a clean polyethylene carboy. 
Each culture of C. pyrenoidosa had a volume of 100 ml. 
and was grown in a 300 ml. ‘Pyrex’ flask which was 
specially constructed with two side-arms for gassing by 
continuous bubbling with 5 per cent CO, in air. Each 
culture medium was supplemented with iron, manganese 
and a trace element mixture of copper, boron, cobalt and 
molybdenum from suitable stock solutions which pro- 
vided adequate amounts of these micronutrients. The 
cultures were inoculated with 1 ul. of washed C. pyrenoi- 
dosa cells which were suspended in 1 ml. of distilled water. 
Continuous illumination from cool-white fluorescent tubes 
was provided so that there was about 800 ft-candles 
from below and about 600 ft-candles from above. The 
air conditioned laboratory had a temperature of about 
25° C. The yields were determined by measuring the 
packed cell volumes of suitable aliquots using ‘Exax’ 
sedimentation tubes which have graduations every 4 ul. 


CLYDE EYSTER 
Mobile College, 
Mobile, Alabama. 
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Calcific Heart Disease in 
New Zealand Brown Trout 


CERTAIN brown trout caught in fresh water streams and 
lakes on the west coast of the South Island of New Zealand 
were found to show very little fight and to be in poor 
physical condition. Local anglers refer to such fish as 
“slabs”. 

These initial stream-side observations by one of us 
(S. de C. B.) were followed by dissection which revealed 
varying degrees of dilatation and calcification of the 
bulbus arteriosus of the heart. From this evolved the 
epidemiological study which has involved collection of 
specimens of the trout population, both brown and 
rainbow, from various New Zealand lakes, rivers and 
streams. 

Brown trout (Salmo trutta morpha fario) were first 
suecessfully introduced into New Zealand from Tasmania 
in 1868-69, and are widely distributed throughout the 
country, but are more common in the South Island. 
Rainbow trout (Salmo gairdnerii irideus) are native to 
North America, and were introduced into New Zealand 
in 1883. 

Specimens were obtained by netting, or from fishiraps, 
by officers of the Wildlife Division of the Internal Affairs 
Department, and of the Fisheries Research Division of 
the Marine Department: 123 rainbow trout from. the 
Rotorua area were caught by anglers during-an angling 
competition. Specimens have been obtained from Rotorua 
in the North Island and from Greymouth, Te Anau and 
Queenstown in the South Island. "This report is based 
on data from 158 rainbow trout and ninety brown trout. 

In the field the fish were weighed, measured and sexed. 
The hearts were removed and stored in formalin, and 
scales and fins were taken for ageing. The hearts were 
weighed, X-rayed and some were examined histologically. 
Hearts were classified according to the degree of dilatation 
and calcification revealed by gross examination and by 
X-ray examinations, A limited number of trout were aged 
according to the number of rings in the dorsal fin. 

The lesion involving the bulbus has been found in 
varying degree in eighteen of ninety (20 per cent) brown 
trout, but in none of 158 rainbow trout. Of the eighteen 
trout affected, nine were males and nine were females. 

In the brown trout which were aged, the prevalence of 
the disorder reached a peak in the older fish, those 5 and 
and 6 years old. There was no clear sex difference (Table 1). 


Table 1, SAMPLES OF TROUT ACCORDING TO TYPE, SEX, PRHESHNOK OF BULEUS 
AND AREA WHERE CAUGHT 


Bulbus Bulbus Total 
Brown trout Males disease Females disease Total affected 
Greymouth 14 2 17 4 31 ü 
Te Ànau 12 4 20 4 32 & 
Queenstown 
(Lake Hayes) 19 3 8 1 27 4 
Total 45 9 45 9 96 is 
Rainbow trout ; 
Rotorua district 47 Nil 95 Nil 142 Nii 
Te Anau 6 Nil 7 Nil 13 Nil 
Queenstown 
(Lake Johnson) us Nil 1 Nil 3 Ni 
Total 55 103 158 


The bulbus is a museulo-elastie chamber distal to the 
single ventricle and, in the normal trout heart, is a soft, 
pear-shaped organ. The wall is thickest at the point 
where it is separated by a fibrous septum from the ventri- 
cular muscle, and becomes gradually thinner as it ap- 
proaches the aorta. The principal bulk of the wall is the 
inner layer in which the fibres are collected im trabeculae. 

The earliest gross lesion in the abnormal hearts ig a 
dilatation of the distal part of the bulbus with the yellow- 
ish plaque-like lesions immediately beneath the surface. 
In the more severely affected hearts there is gross distor- 
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Fig. 1. X-rays of hearts, First two on left of top row are normal, others show an increasing 
degree of dilatation and calcification. 


tion and dilatation of the bulbus with areas of aneurysmal 
bulging. The lumen of the bulbus is dilated as a result 
of reduction in the bulk of the trabeculae forming the 
greater part of the bulbus. The deposits of calcium 
commence in most cases in the distal part of the bulbus 
and may extend in an irregular manner to involve the 
whole of the bulbus. The calcium deposits are contained 
within the trabecular layer leaving the outer circum- 
ferential layer unaffected in most cases, although it may 
become thinner and show collagen replacement. Even 
in severe cases, the endothelial lining layer and subendo- 
thelial connective tissue layer show no significant 
abnormality. Histological examination of the early 
lesions shows that the calcification occupies a patch of 
hyaline necrosis separated from the endothelial lining by 
a thin, but distinct, layer of normal tissue, and from the 
outer circumferential zone by a layer with no obvious 
vascular spaces. 

In the more extensively calcified cases, the avascular 
necrosis is more extensive and involves many trabeculae. 
These tend to shrink away from one another, widening 
the sinuses but, in the central zone of the wall, the areas 
coalesce. 

In some cases a moderate inflammatory reaction is 
present with many macrophages and histiocytes of the 
epithelioid type at the margins of the necrotic area, and 
in some of the sections calcification occurs in the inflam- 
matory zone. Eventually the whole area of the necrosis 
tends to become calcified. In some cases areas of bone 
have been present. 

The initial lesion is apparently the zone of avascular 
hyalinization, followed by complete necrosis. This is a 
lesion of the type associated with loss of blood supply, 
and some sections show a vasculitis involving the intra- 
mural vessels, with swelling of the endothelial cells 
associated with the adherent degenerating red cells and 
occlusion. It is considered that this may be the pre- 
cipitating factor in the avascular necrosis affecting the 
adjacent wall tissue. 

The progression seen in most cases from the distal to 
the more proximal part of the bulbus, together with the 
dilatation that occurs, can be seen from the X-rays of 
eight hearts in Fig. 1. The first two hearts on the left 
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of the top row are normal, while the others 
show an increasing degree of abnormality 
including dilatation and calcification. 

The disorder affecting the bulbus of the 
hearts of certain brown trout not 
appear to have been previously described. 
Vaseular disease involving the coronary 
arteries has been reported in spawning steel- 
head trout (Salmo gairdnerii). The coron- 


does 


ary arteries were normal in these New 
Zealand brown trout. The evidence col- 
lected so far suggests that the disorder 
involves both sexes, shows an increasing 


prevalence with age and certainly inter- 
feres with the physical performance of the 
fish. 

Its exaet contribution to morbidity and 
mortality in the affected fish populations 
has yet to be determined. It is clearly a 
further cause to be added to the known 
faetors contributing to fish in New 
Zealand. 

'The nature of the lesions going on to the 
formation of caleified plaques shows super- 
ficial similarity to human arteriosclerosis. 

We have no definite views yet on the 
aetiology of this condition. If the 
was a result of an infection, it would be 
reasonable to expect it to occur in both 
species of fish in the same area. The fact 
that it is so far apparently confined to brown 
trout may, however, indicate a species 
specificity on the part of the infecting agent. The habits 
of the two species of fish may also expose them to different 
types of vector. 

The brown trout population of New Zealand is derived 
from a small batch that were introduced to the country 
in 1868-69. This raises the possibility of a genetic pre- 
disposition, but no evidence can be brought forward to 
support this. The disorder known in New 
Zealand for at least 15 years, but may well have been 
present for many years and not observed. Further work 
is in progress to elucidate the many unknown facets 
of this disorder, and it will be of very great interest if it 
is found that the disorder is confined to New Zealand 
brown trout. 

We thank the officers of the Wildlife Division of the 
Internal Affairs Department, and of the Research Divi- 
sion of the Marine Department for their help. 

I. A. M. Prior 
W. L. WEBBER 
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Effects of Bud Removal and Wounding on 
Rooting in Hardwood Cuttings 


Prriopicrry in the capacity of cuttings to regenerate is 
well known in horticulture. It has been shown that the 
number of cuttings of fruit rootstocks which are able to 
root falls to a low level in mid-winter and rises again as 


spring approaches'. 
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5960A 


Here is the first atomic 
absorption spectrometer 


which can 
analyze 

up to 

6 elements 


in 60 seconds. 





Pushbutton wavelength selection is the reason. 


If you still think of atomic absorption solely 
as a research tool for the trained spectro- 
scopist, then think again. Now, thanks to the 

Hewlett-Packard Model 5960A Atomic Ab- 

sorption Photometer, even multi-element 

analysis has become a mere routine of a 

few seconds. Here's how. 

1. Push the Element Wavelength Selector 
Button, selecting any of six narrow band- 
pass filters, each pre-calibrated and 
zeroed. No monochromator, slit or elec- 
tronic balance adjustments. No special 
operator skill required. 

2.Rotate the Lamp Selector Wheel and 
place any of six hollow cathode lamps 
in operating position — instantly and with- 
out warm-up. A broad range of element 
options is available. 

3. Read Concentration directly on the built- 
in meter. Calibration controls for each 
eiement establish direct readout with a 
wide linear operation range. 


European headquarters 
Hewlett-Packard S.A. 

54, route des Acacias 

1211 Geneva 24, Switzerland 
Tel. 428150 


28 sales and 
service offices 
throughout Europe 


You can repeat this procedure up to six 
times to analyze as many as six elements 
in the same sample. Total time required: as 
little as 60 sec. 

Features which contribute to the outstand- 
ing reliability of the 5960A include; a fixed 
optical system which never needs alignment 
or adjustment: dual wavelength singlepass 
optical system which compensates for in- 
stabilities in a single pass without source 
modulation; directly interchangeable bur- 
ners (laminar flow and total consumption), 
both designed for absolute safety. 
Complete specifications are yours for the 
asking. If you would like to keep abreast of 
developments and applications inthe atomic 
absorption field, drop us a iine and we shall 
put you on the mailing list for Atomic Ab- 
sorption Application Notes. 


The price of the 5960A is $4400 FOB 
Factory. 
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A new angle 

on surface 
topography with 
the goniometer 
stage of 

the EM 300 


Fitting a goniometer stage to 
Philips EM 300 electron micros- 
cope greatly extends its versatility, 
as two Belgian scientists recently 
discovered. 

The goniometer accurately con- 
trols the tilt axis, independent 

of specimen movement and is 
therefore ideal for the study of 
crystalline specimens. 

A. Ponslet and D. Bariaux of the 


Université Libre de Bruxelles used 





Photo 3 


Photo I is obtained with the goniometer 
tilt at 0°; pictures 2 and 3 are obtained by 
tilting around the line AA’. The angle 
between the two vanishing planes as 
measured on the goniometer is 111° 
indicating these planes are two (111) 
planes (the angle between (111) planes 
is 109.479). The replica was then rotated 
on its own axis to set the tilt axis on 
BB'. Tilting about this axis (photos 

4 and 5) gives the angle between the two 
planes as 92? indicating that they are 
two (100) planes (the angle between (100) 
planes is 90°), 


the instrument in Philips 
Application Laboratories to study 
carbon replicas of thermally 
etched copper single crystals. 

The replicas were tilted around 
the horizontal axis of the 
goniometer, which was set to 
intersect both microscope axis and 
the specimen plane, The angles 
between the different planes of 
the faceted surface were then 
measured, 

Any required azimuth in the 
replica can be set to lie in the tilt 
axis by rotating the specimen in its 
own plane. 





The angles between opposite 
planes of the pyramid are 
measured by reading the gonio- 
meter tilt angles at which the 
projection of each plane is at a 
minimum. This is repeated for 
planes in other azimuths by. 
rotating the specimen. 

Tilt angles can be read to an 
accuracy of 10’ and the maximum 
useful tilt of the goniometer is 
+60° to — 609, 

For more details of this investi- 
gation, please write for “Study of 
Surface Topography on Replicas 
using the EM 300 Goniometer 
Stage". 

Philips EM 300 Electron Micros- 
cope has an international reputation 
as an advanced high resolution 
instrument. In standard form it 
has a guaranteed point resolution 
of 5 & and combines ease of 
operation with unprecedented 
versatility. Ask for our 48 page 
brochure. 





Scientific and Analytical 
Equipment Department 

N.V. Philips Gloeilampenfabrieken 
Eindhoven, The Netherlands. 


PHILIPS 


Si vous désirez obtenir des 
renseignements complé- 
mentaires sur tout article 
figurant dans les pages 
d'annonces, veuillez in- 
scrire les details appropriés 
sur la formule ci-contre, 
la détacher et l'adresser à 
T. G. Scott & Son Ltd. 
Nul affranchisement n'est 
requis en Grande-Bretagne 
ni Irlande du Nord, mais 
tous nos lecteurs à l'etran- 
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carte au tarif habituel. 
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Für Grossbritannien und 
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riportata. — Distaccatela e 
inviate a: T. G. Scott e Son 
Ltd.  L'affrancatura é a 
carico del destinatario se la 
spedizione viene effettuata 
dalla Gran Bretagna o dall’ 
Irlanda del Nord, mentre 
tutti i lettori esteri dovranno 
affrancare regolarmente. 


Nature, October 19, 1968. p. «ix 


N ATU RE INTERNATIONAL JOURNAL OF SCIENCE 


READER ENQUIRY SERVICE 








IF you would like to receive further information on any product or service. 
advertised in this issue, please enter the appropriate details on the form below, 
detach the page and post it to T. G. Scott and Son Ltd. No stamp is required 
if the letter form is posted In Great Britain or Northern Ireland, but all over- 
seas readers must pay the necessary postage. 


































Date of Page 
Name of Manufacturer -e issue No. 
PrOOUCE eos oh Lou eee ete eie finder oe | 
Date of Page 
Name of Manufacturer s. de cr a issue No. 
Product) - Le AC OR SOT PRE Re Mic PINS 
Page 
Name of Manufacturer ———— i Alo. 
ProdüclE sep Th ec scenes 
Date of Page 






Name of Manufacturer — UE issue 


Product 








Name of Manufacturer. Ll 


Product... ss. 











Date of | 


Name of Manufacturer ... EN Ellen a cel M issue 


Product m- TENEO RR 














Name of Manufacturer -oee 


Product ~~. PETENS he 





Date of | 
issue 





Name of Manufacturer — E 











Product. —————— s Luc 





PLEASE SEND REPLIES TO: CAPITAL LETTERS PLEASE 
Name xu sche LL DL Lr 
Position i e LRL Lo LE Lu DL e aL 
Organisation: s o a e etn m 


Address: mec Lose. coe um woo ue pU umor nur 





Nature, October 19, 1968, p w 


INTERNATIONAL JOURNAL 
OF SCIENCE 







READERS OUTSIDE U.K. PLEASE 
AFFIX POSTAGE STAMPS 


This 
ENQUIRY 
SERVICE 


has been instituted 
to enable you to 
obtain information 
on any product ad- 










2nd Fold 





NO POSTAGE 
STAMP 





OR NORTHERN 
ELAND 


i STAGE NECESSARY IF 
MILL BE POSTED IN i i 
AID EY eee IN. vertised in the pages 


of NATURE easily 
and in the shortest 
possible time. Please 
make use of it. 









BUSINESS REPLY SERVICE 
Licence No. W.C. 2866 


T. G. SCOTT & SON LTD 


1 Clement's Inn 


Ist Fold 





Strand ENQUIRIES MADE 
WITHOUT OBLIGATION 

London WC2 

England 


Srd Fold 


HAVE YOU INCLUDED YOUR 
NAME AND ADDRESS? 


Please ensure that 
your full name and 
address are carefully 
indicated on the form 
overleaf. 


Tuck in 





NATURE, OCTOBER 19, 1968 





Science, Spirit 
and Superstition 


CONSTANTIN BRUNNER 


‘Students from a wide field will find this book 
an excellent medium for a closer understanding 
of human aims and accomplishments.” Liverpool 
Daily Post. 82s. 


Principles of 
W ood Science 
and Technology 


FRANZ KOLLMAN and W. A. COTE, Jr. 


Since wood science is logically founded on 
the knowledge of the structure of wood and 
the woody cell wall, this volume has been 
organized on the same basis. The chapters on 
processing follow those dealing with structure, 
chemical composition and biological charact- 
eristics. (Volume 1) £8 














ALLEN & UNWIN 





published by 
INTERSCIENCE 
—~ a division of 
John Wiley 

& Sons Ltd 


PROGRESS IN INORGANIC 
CHEMISTRY Volume 10. 

edited by F. A. Cotton, Department of 
Chemistry, Massachusetts Institute o 
Technology, Cambridge, Massachusetts. 


822 pages 164s. Due November 1968, 


DILLON’S UNIVERSITY 


BOOKSHOP Ltd 


ALL CURRENT SCIENTIFIC AND TECHNICAL TEXTBOOKS 
NEW GEOGRAPHY CATALOGUE AVAILABLE OCTOBER 


1 MALET ST., LONDON, W.C.1. MUSeum 2128 


WHELDON & WESLEY, LTD. 
Biological & Geological Books 


CATALOGUES ON REQUEST 


LYTTON LODGE, CODICOTE, HITCHIN, HERTS 


BOOKS BOUGHT 


SCIENTIFIC CIRCULATIONS LTD. 


All Scientific and Technical publications purchased 


Horton Road, Stanwell Moor, Staines, Middlesex 
Telephone: COLNBROOK (London Dial XM4) 2266 











Mathematics Dictionary, 
third edition l 
Edited by GLENN JAMES and ROBERT C. JAMES | 


Revised and enlarged, this edition defines nearly 8,000 terms | 
including more than 800 that have gained currency since | 
the last edition. The Dictionary includes topics in which 
interest is currently growing such as category theory, | 
measure theory, linear and dynamic programming, and the 
contributors have approached this revision from the more | 
recent points of view, such as those of set theory and 
group theory. : 
Ín the multilingual edition mathematical terms in French, | 
German, Russian and Spanish are listed with their English | 
equivalents. Illus., Regular edn. 454 pp, £6 6s., Multilingual | 
edn. 526 pp, £8 3s. 6d. 


Diffusion Kinetics for Atoms in 
Crystals 


JOHN R. MANNING, National Bureau of Standards, | 
Washington, D.C. 


A systematic discussion from an atomic random-walk 
viewpoint. 274 pp, 91s. 


Social and Natural Biology: 
Selections from Contemporary 
Classics 

Edited by CECIL E. JOHNSON 


A selection of 19 articles by some of the great writers in 
biological and behavioural science, including: George 


Gaylord Simpson, L. S. B. Leakey, Rachel Carson, and 
Konrad Lorenz, 286 pp, paperback, 28s. 


Perspectives in Clinical Psychology 
(The University Series in Psychology) 
Edited by A. Z. GUIORA and M. A. BRANDWIN, | 


University of Michigan 


Organized under three general headings: Clinical Inter" 
action and Judgment; Conceptual Context and Perspective: 
and Professional Identity and Direction. 348 pp, paperback: J 
39s. 6d. 


Disclosing Man to Himself | 
SIDNEY M. JOURARD, Professor of Psychology, l 


University of Florida 


A ‘humanistic’ approach to psychology in which the author 1 
shows what psychology might look like if psychologists tried | 
more directly to show those whom they study what they | 
have learned. 254 pp, 46s. 6d. (cloth), 23s. 6d. (paper). 


Creativity and Personal Freedom 
(Insight, 44) 
FRANK BARRON, University of California 


A research study summarizing the results of ten years of | 
intensive inquiry into the origins of human vitality and 1 
creative expression. 336 pp, paperback, 37s. 6d. ' 


Write to the publisher for prospectuses or catalogue 


VAN NOSTRAND 
Windsor House, 46 Victoria St., S.W.1 























L 


Editor in Chief: 
K.-H. Hellwege 


and Technology 











Group 1: Nuclear Physics and Technology 


Volume 3 


Numerical Tables for Angular Correlation 
Computations in o-, p- and y-Spectroscopy: 
3j-, 6j-, 9j-Symbols, F- and I-Coefficients 


By H. Appel. Editor: H. Schopper 


in German and English. VI, 1202 pages. 1968. Cloth DM 328,— 


The various types of angular correlation coeffi- 
cients published so far in the literature are 
scattered throughout a number of original papers 
or hidden away in reports which are not generally 
available. These tables have been compiled so as 
to present them as completely as possible and in 
a readily accessible form, thus enabling the 
required coefficients to be looked up without 
wasting time. 


Much thought was given to the question up to 
which maximum values of angular momentum 
the tabulation should be carried out, with practical 
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New Series 


Numerical Data and Functional Relationships in Science 


considerations predominating. Only a few excep- | 


tional cases will not be found here. 


| 


The introduction gives the most frequently used | 


definitions of the coefficients and their correla- 


tions, also the more important of the formulae 


for angular correlations. 


These tables have primarily been compiled to 


meet the needs of nuclear physicists but, in view 


of the growing importance of angular correla- . 
tions in atomic spectroscopy and solid state | 
physics, they should prove equally useful in these : 


and other spheres. 


Table of Contents: introduction.—Angular correlation formalism.—Definition and 

properties of the tabulated coefficients.—Tabulation of 3/-symbols.— 

Tabulation of 6/-symbols.—Tabulation of some selected 9/-symbols.— 

Tabulation of F-coefficients.—Tabulation of T'-coefficients.—Useful angular functions.— References. 
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It has been proposed that seasonal 
differences in rooting are determined 
in some plants by an influence from 
the bud which becomes progressively 
inhibitive, and then promotive, to 
rooting as the plant passes into and 
then out of the rest phase. This is 
largely based on observations of the 
beneficial effects on rooting of chilling 
cuttings or removing buds in mid- 
winter, and the detrimental effect of 
removing non-dormant buds in autumn 
and spring?~*, 

The effects of bud removal on the 
seasonal rooting of hardwood cuttings 
of fruit réotstocks have therefore been 
examined, Cuttings measuring 60 cm 
were treated with a synthetic rooting 
hormone, and were inserted for one- 


Rooting percentage 


third of their length in a peat/grit Noy: 
medium at 21? C basal temperature 
for one month*. Buds were removed Fig. 1. 


together with a small area of surround- 
ing stem tissue by making a shallow 
scooping cut with a sharp, small bladed knife. 

A preliminary experiment during the winter of 1965-66 
showed that cuttings of plum (Prunus cerasifera cv. 
Myrobalan B) and apple (Malus domestica ev. M.26) 
which were completely disbudded in this manner were 
capable of rooting in greater numbers than were normal 
cuttings (P< 0-001). 

Cuttings of Myrobalan B plum were collected and buds 
were removed on seven occasions between November and 
March in the following winter, and their capacity to root 
was compared with controls. A third treatment was 
included in which cuttings which had earlier been 
disbudded on the stock-plant in late October were 
also collected and propagated on each occasion. To avoid 
the development of roots from wounds which were pro- 
duced by bud removal at the base of the cutting, the basal 
two or three flat buds (approximately 10 per cent of the 
total) were not removed after the first experiment. 

The usual seasonal-rooting pattern is seen in Fig. 1, 
which also shows that cuttings which were disbudded 
at each collection date (— 0——) gave a consistently greater 
number of rooted cuttings (P< 0-001) than the controls 
(4), although the improvement in rooting relative to the 
percentage of controls that rooted (@) was greatly reduced 
during February and March. Cuttings that were dis- 
budded in October (9) rapidly lost the stimulatory 
effect’ resulting therefrom and then behaved similarly 
to normal cuttings. 

The effect of winter chilling on subsequent bud activity 
and rooting in the stock plant has also been examined. 
Cuttings from pot-grown bushes of M.26 apple were over- 
wintered either outside or in a warm glasshouse (minimum 
temperature 15-5" C) and were propagated the following 
spring (Table 1). 


Table 1. RESPONSE OF M.26 CUTTINGS FROM BUSHES OVERWINTERED OUT- 
SIDE OR IN A WARM GLASSHOUSE 


(Combined data for 1966-67 and 1967-68) 


Percentage of 
cuttings with buds 
capable of growth 
when subsequently 

placed in a 
warm glasshouse 
1 Wintered outside 67 88 
2 Wintered in glasshouse 87 12 


Rooting 


Treatment percentage 


In a further experiment it was shown that a large 
rooting stimulation could result from the removal of only 
30 per cent of the buds on Myrobalan B plum cuttings in 
mid-winter, and that the position from which the buds 
were removed was unimportant (Table 2). 


None of these results supports the view held at present 
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Rooting of disbudded cuttings (©) 
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Feb. 


Jan. 
Months 1966-7 


Seasonal rooting pattern. ©, Cuttings disbudded at collection; A, not disbudded 
(control); (1, disbudded in late October; @, right-hand ordinate, (© — A/ A) x 100. 


that fluctuations in rooting ability are controlled by 
seasonal changes in bud activity. Buds of Myrobalan B 
plum were visibly active during February and March, 
and capable of even earlier growth in a warm environment, 
but their removal at that time did not depress rooting 
(Fig. 1). Cuttings prepared from shoots which had had 
most of their buds removed while they were still attached 
to the stock-plant during the previous autumn still showed 
an increasing ability to root during January, February 
and March (Fig. 1) M.26 apple cuttings which had 
dormant buds rooted as well as those in which dormaney 
had been overcome by winter chilling (Table 1), and even 
though dormant buds are thought to inhibit rooting during 
mid-winter only partial disbudding of plum cuttings at 
that time, with retention of up to 70 per cent of the buds, 
still improved rooting (Table 2). 

A “specific wound hormone" has been postulated which, 
when released from damaged tissues may be important 
in the formation of protective callus*, and in rooting’. 
Furthermore, deliberate wounding at the base of cuttings 
is accepted propagation practice in some species, although 
the reason for the resulting improvement in rooting has 
not been fully explained*. Because the cutting is neces- 
sarily wounded when its buds are removed, wounding 
per se has been examined as a possible explanation for the 
observed effect of bud removal on rooting in these experi- 
ments. Table 3 shows the effect on Myrobalan B plum 
cuttings of removing buds, of making a similar sized 
wound diagonally between buds in the internodes and of 
combining these two treatments. 


Table 2. RESPONSE OF MYROBALAN B CUTTINGS TO QUANTITY AND POSITION 
GF BUDS REMOVED 
Rooting 
Treatment percentage 
1 Control, not disbudded 25-8 
2 Onein every three buds removed Lo 
3 Two in every three buds removed ez 
4 Threeinevery three (maximum 90 per cent) buds removed 46-8 
5 Distal 30 per cent of buds remove 526 
6 Median 30 per cent of buds removed 497 
7 Proximal 30 per cent of buds removed át 


Treatment 1 compared with treatments 2 to 7, P «0-001, 
Soamente 2 to 7 compared, n/s. 
S.E.tó1. 


Table 3. RESPONSE OP MYROBALAN B PLUM CUTTINGS TO DISBUDDING AND 
INTERNODE WOUNDING 


Rooting 
Treatment percentage 
Control, not disbudded 0 
Disbudded 95i 


Ha QO b e 


Wounded at internodes 
Disbudded and wounded at internodes 


8895 
27-5 


Comparison of treatments 2, 3 and 4, n/s, S. E, - 4-2. 
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Table 4. RESPONSE OF M.26 APPLE OUTTINGS TO DISBUDDING AND INTER- 


NODE WOUNDING 


Rooting 
Treatment percentage 
1 Control, not disbudded 29-2 
2 Disbudded 46-0 
3 Wounded at internodes 47-1 


Treatment 1 compared with treatments 2 and 3, P < 0-05. 

Treatments 2 and 3 compared, n/s. 

S.E. 4-9. 

Table 4 shows that rooting of M.26 apple cuttings was 
also enhanced after the internodes had been wounded. 

Similar results have been obtained in other experi- 
ments; the improved rooting that follows wounding of 
internodes often was equivalent to, or greater than, the 
effect obtained as a result of the removal of buds. 

The results of experiments in which cuttings have 
been girdled above their base without depressing rooting 
have discounted the possibility that enhanced rooting 
following wounding is brought about by the many wounds 
themselves effectively girdling the stem, and preventing 
the downward movement of materials which are inhibitory 
to rooting. 

This work shows, first, that changes in the capacity of 
cuttings to root between autumn and spring are not related 
to the state of activity of buds on the cutting as influenced 
by the winter environment, and second, that removal of 
buds can result in improved rooting through the release of 
a wound-indueed stimulus, an effect which might mis- 
takenly be considered to result from the removal of 
supposedly inhibitory buds. 

B. H. Howarp 


East Malling Research Station, 
East Malling, 
Maidstone, Kent. 
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Asynchronous DNA Replication and 
Discordant Length of Homologous 
Autosomes demonstrated by 

the Use of Markers 


We have evidence of differential long arm labelling of 
homologous chromosomes of the B group in cases where 
one of the homologues had a deletion of its short arm 
(our unpublished work with D. Warburton and P. 
Allderdice). Grain counts have shown that the long 
arm of the deleted ehromosome was more heavily labelled 
than that of its homologue in the case of chromosome 4, 
and more lightly labelled in the case of chromosome 5. 
'The long arm of the deleted chromosome was consistently 
shorter than that of its normal homologue. We describe 
here a similar difference in grain counts and length 
between other homologous chromosomes in the human 
complement. 

We have studied three cases with an apparent deletion 
of the short arm of a D group chromosome. 'The chromo- 
some involved was shown by terminal labelling studies 
to be a chromosome 13 (13p—) in case 1, a chromosome 
14 (14p—) in case 2 and a chromosome 15 (l5p—) in 
case 3. Case 1 is phenotypically normal; meiotic studies 
have shown that a translocation rather than a simple 
deletion is present (unpublished results of E. Lieber, 
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Fig. 1. Composite partial karyotype of labelled and unlabelled D group 

chromosomes from cases 1, 2 and 3 and of chromosomes 17 and 18 from 

case 4, Arrows Indicate the marker chromosomes; each is more heavily 
labelled than its homologue. 


K. Hirschhorn, W. Seegers, P. Allderdice, A. de €. 
and O. J. M.). Case 2 is a malformed, severely retarded 
female, whose karyotype shows only a deletion of the 
short arm of chromosome 14. Her clinically normal 
mother has a similar deletion, so it is likely that a re- 
ciprocal translocation is present in the family. Case 3 
is a chromatin positive XY/XXX mosaic, without any 
other abnormality, except mild mental retardation. 
We have also studied one case with a deletion of the 
short arm of chromosome 18, who had most of the clinical 
features of the 18p— syndrome. 

Peripheral blood cultures incubated with tritiated 
thymidine for the last 5-7 h of culture were used for 
autoradiography. Details of the techniques used have 
already been given!. 

The silver grains were counted under the microscope 
on the long arms only of the D or E group chromosomes. 
Control cells were similarly prepared and analysed. 
Labelled cells were selected for analysis only if the three 
pairs of the D group chromosomes or the two pairs 
numbered 17 and 18 were identified by labelling using 
the criteria of Giannelli and Howlett?. Most of these 
cells had good chromosome morphology and were suitable 
for measurement studies. Details of this technique 
have been given before?*. 
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Deleted chromosomes were consistently more heavily 
labelled than their homologues in almost all the cells 
from each of the four cases. The difference in grain 
counts between the homologues was small, though 
consistent on a cell by cell basis in cases 1, 3 and 4. 
Case 2 (14p — ) showed a greater difference in the number 
of grains between the two homologues (Fig. 1 and Table 1). 
The Wilcoxon matched pairs signed ranks test shows 
that the difference is highly significant in each case 
(P « 0-01). 

In the 13p— and 18p— cases there were twenty-four 
cells which were not used for the previous analysis 
because the chromosomes did not fall into three pairs. 
In six of them the deleted chromosome was relatively 
heavily labelled, while all the other D and Æ group 
chromosomes were either unlabelled or very lightly 
labelled (Fig. 2). In only one of the twenty-four cells 
was the normal homologue the only heavily labelled 
chromosome in the group. Such asynchrony did not 
occur between homologues in either the D or Æ group 
in 125 control cells. The difference in labelling between 
the marker chromosome and its homologue may therefore 
be larger than is shown by the data in Table 1 because 
of the bias introduced by selecting only those cells in 
which distinguishable pairs were present. The 13p — and 
the 18p— chromosomes seem therefore to be the last 
chromosomes in their groups to terminate DNA synthesis. 

Measurements showed that the long arm of the deleted 
chromosome is shorter than that of its homologue in 
the 13p —, 15p — and 18p— cases (Table 2). The Wilcoxon 
test has shown that this difference is highly significant 
(P «0:01 and «0-02, respectively) in the first two cases, 
although the difference is not signifieant in the 15p— 
case. Nor is the deleted chromosome in the 14p— case 
significantly shorter than its homologue. 

In the three cases where a structural abnormality is 
restricted to the short arm, there is a small but con- 
sistent difference between homologues in both grain 
count and length of the long arm. 

The discrepancy in labelling and length in our patient 
with the 14p— could be caused by a reciprocal trans- 
location between a number 14 and another, more heavily 
labelled, chromosome. Part of the long arm (and centro- 
mere) of the morphologically 14p— chromosome could 
have been derived from the other chromosome. Un- 


Case 1 
^ AA ^ 
Case 4 : g 
-. ^ - 
Fig. 2. Composite partial karyotype of one cell from case 1 (13p — ) and 


one from case 4 (18p — ). The deleted chromosome, marked with 2 
bais the most heavily labelled chromosome in the group. m-— 


265 


Table 1. COMPARISON OF GRAIN COUNTS ON THE LONG ARM OF MARKER 


CHROMOSOMES AND THEIR HOMOLOGUES 


Case 1 2 Case 3 Case 4 
Cell No. 13 13p- 14 lip- 16 15p- 18  18p- 
1 12 20 17 19 1 i 16 16 
2 10 15 7 25 4 6 10 17 
3 12 17 24 15 1 3 8 18 
4 13 14 6 17 1 4 11 6 
5 10 20 9 8 3 2 3 3 
6 ll 15 21 33 0 1 10 10 
7 4 7 7 21 3 4 11 5 
8 20 19 3 12 4 0 7 7 
9 18 18 22 27 3 8 1 11 
10 10 14 11 18 0 3 10 14 
11 10 9 3 4 6 6 
12 19 19 12 20 2 3 12 14 
13 16 18 16 22 2 3 11 18 
14 19 16 18 16 1 2 10 12 
15 11 l4 17 0 1 5 8 
16 19 19 14 14 5 6 
17 11 14 3 11 11 7 
18 10 20 4 g 
19 10 15 19 17 14 15 
8 10 4 11 8 6 
21 23 25 10 21 10 7 
22 5 5 12 21 13 14 
23 11 12 8 23 
24 14 20 7 13 
25 13 25 9 12 
26 7 12 
27 10 11 
28 10 14 
Total= 314 391 320 483 28 45 200 226 
z= 126 15:6 115 17-2 r9 30 94 103 
P= < 0-001 « 0-001 ~0-0 «0:01 


Table 2. COMPARISON OF LONG ARM AND LENGTH* IN EACH MARKER CHROMO- 
SOME AND ITS HOMOLOGUE, IDENTIFIED BY AUTORADIOGRAPHY 


Case 1 Case 2 Case 3 4 

Cell 13  13p- Cell 14  !4p- Cell 15 15p— Celll8 18p— 
1 33°8 35-2 1 360 373 1 213 222 1 217 209 
2 30:4 903 2 248 229 2 220 19:2 3 149 183 
3 49-7 41-7 3 3394 33:7 3 203 188 5 109 191 
4 40:5 304 4 372 313 4 153 175 6 22-0 193 
5 20-2 29.7 5 311 360 5 196 188 8 192 213 
6 47-8 12:2 6 33:2 306 6 189 17-4 11 21-8 19:2 
7 30:1 268 7 270 284 7 2L8 90-0 12 9240 223 
3 382 38:0 10 302 296 8 17-9 21-2 18 9287 235 
9 357 à 301 12 289 205 9 21-7 230 14 220 22-4 
10 36-3 34-3 13 31:31 32:3 10 27-3 23-3 18 22-9 20-8 
19 351 35-7 14 27-1 26-8 11 20-8 182 19 25:9 23-7 
13 34-0 31-6 18 279 248 12 214 22-0 20 214 181 
14 43-5 363 20 301 311 13 203 179 21 194 185 
16 372 302 21 290 206 14 193 19-1 
17 320 20-4 22 31-2 20-4 15 190 19-9 
20 283 275 23 232 255 
23 37:0 à 330 24 S394 351 
24 95-0 38.40 25 33-1 346 

26 227 235 

Total = 

_ 18 687-0 636-6 19 540-0 536-7 15 306-0 200-4 13 381:3 344-3 
t= 30:16 33-5 30.5 29.8 20-46 19-06 21-2 20-2 
P= « 0-01 »005 » 0-05 «0-02 


* Each value is the sum of two measurements of the two chromati 
expressed in units of 0-059 mm, the distance between notches on the wheel 
the map measurer. 


fortunately, we cannot discriminate between a genetically 
normal but more heavily labelled chromosome 14 and a 
translocated segment more heavily labelled around the 
centromeric region. The occurrence of the same abnorm- 
ality in the normal mother and the clinical picture 
support the latter interpretation. 

We have observed correlated differences in length 
and replication pattern between homologues in at least 
five autosomes. Utakoji and Hsu‘ have observed that 
the late replicating X chromosome in hamster cells is 
shorter than its homologue, but comparable data in man 
are unobtainable because only late replicating human X 
chromosomes are identifiable. Quantitative studies on 
the length of the late replicating X place it between 
chromosome 8 and 9 (ref. 5), whereas the early replicating X 
chromosome in male cells appears to be nearly as long 
as chromosome 6 (ref. 6). 

Either homologous autosomes occur in two different 
states, differing slightly in replication pattern and length, 
or a deletion of the short arm affects the length and 
replication pattern of the long arm. We do not have 
the information to distinguish between these two altern- 
atives, because every ease has had a genetically abnormal 
chromosome. Use of genetically normal marker chromo- 
somes, for example chromosomes with enlarged satellites, 
should permit resolution of this problem. 
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Species Specificity in Growth 
Regulatory Effects of Cellular Interaction 


Scurrace (monolayer) cultures of human diploid cells 
show a marked decrease in the rate of synthesis of DNA, 
RNA and net protein as the population density of the 
cultures inereases!, but it has not yet been determined 
whether growth inhibition occurs because of actual cellular 
eontaet, or whether growth inhibitory compounds are 
released extracellularly to act only at very short range’. 
Heteroploid epithelial human cells, either arising as 
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spontaneous transformants in cultures of normal cells, or 
cultured from cancerous tissue, were much less susceptible 
than diploid cells te growth inhibitory effects and attained 
three to ten-fold greater population densities. Strains of 
hypodiploid and trisomic human fibroblasts behaved like 
normal cells in their susceptibility to population density 
inhibition’. 

Human cell strains which were susceptible to growth 
inhibition in pure culture usually inhibited each other in 
mixed culture’, (An exception was the absence of in- 
hibition between early passage epithelial human amnion 
cells and human fibroblasts, including those deriving from 
amnion.) Conversely, cells which had escaped in greater 
or lesser degree from inhibition of growth at high popula- 
tion densities were inhibited to only a minor degree when 
superinoculated on to fully grown and essentially static 
cultures of diploid cells. These experiments with human, 
monkey, mouse, rabbit, vole and hamster cells concern 
the degree of species specificity in the growth inhibitory 
effects of cellular interaction. 

The cell lines used in this work are listed in Table 1. The 
methods of cultivation have been previously described‘, 
as has the procedure of superinoculating a formed cell 
monolayer in replicate T'-15 flasks with cells of a different 
type?. Cell lines were chosen for the underlying substrate 
(Table 1) on the basis of two criteria: relatively low 
maximum population density in terms of protein content 
or cell counts, and the ability of the stabilized culture to 
survive 4-10 days after superinoculation without cofning 
off the glass. 

The number of cells in the culture was determined in 
a Coulter particle counter. The culture medium was 
removed, the cells washed quickly with growth medium? 
lacking serum, calcium and magnesium (MB) and then 
treated with the same medium containing versene at 
0-04 per cent and Difco trypsin at 0-25 per cent. This 
was removed after 15-30 s. When the cells had separated 
from the glass and had largely dissociated, they were 


Table 1, CELL CULTURES USED FOR STUDY OF INTERSPECIFIC GROWTH INHIBITORY EFFECTS 


Species Strain 


Human Diploid fibroblasts 


Heteroploid Spontaneous 


tranaformants L 

RA$ 

Sarcoma RPMI 41$ 
RPMI 


Epithelial cancer 
celis KB 


African green monkey Kidney 


CV-1 
AGME-CP 
3T3 


L 


8 180 
Epithelial 


Mouse 


Rabbit Lensj Diploid 
Heteroploid 
Kidney 

Lung (embryonic) 


Lungtt 
* Highest values attained in three-ten experiments. 


Hamster BHK 


Vole 


AGMK (early) 
WGM 


Fibroblast-like 


Maximum* Maximum* cells Used for under- Used for 
protein (ug/em?) — x10*(perem?) lying substrates *. superinoculation 
37 51 x 
58 8-4 x x 
72 67 x 
77 16 x x 
80 1i x xotÍ 
88 16 x x 
100 17 x x 
101 11 x x 
141 21 x x 
207 35 x 
135 33 x. 
215 43 x 
166 36 x 
160 30 x 
196 48 x 
186 32 x 
371 85 x 
49 7T6 x x 
90 22 x x 
100 39 x n 
108 38 x x 
59 10 x x £ 
260 70 x A 
221 49 xA 
31 35 x x E 
102 12 x@ 
282 52 X 
126* * 36 x” 
211 34 < Y 


T Cells highly susceptible to growth inhibition at high population density. Saturated cultures were used as substrates for superinoculation with other 


cell lines for the determination of heterospecifie inhibition. 


f Symbols used in Figs. 1-3 to designate superinoculated cells. Open symbols (O, A, Q, DI) represent celis extremely susceptible to growth inhibition 
at high population density. All were diploid except for 3T3. Half-filled symbols (@,4, &B, ¢, V) represent spontaneously altered, heteroploid celis deriving 
from normal tissues; and solid symbols (@, A) represent cells cultured from cancers. A 

§ RA—a “triploid” culture of human amnion cells*. RPMI 41, 1922—cultures of human sarcomata*, C 4—human cancer culture’. 

 AGMK (early) were green monkey kidney cella in the first three passages and still diploid. . n 

i Lens (diploid)—early passage epithelial cells isolated by Dr Arnold Shapiro. — Lens—a fibroblast-like, spontaneously altered and heteroploid variant 


of the diploid cell. 


ae Misleading low value, caused by separation of cellsfrom glassin crowded cultures. 


+7 Cultured by Dr Eva Hansen-Melander. 
The provenance of cultures not otherwise specified has been described’. 
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Table 2. PARTIAL INHIBITION OF A MOUSE CANCER CELL (S 180) SUPERINOCULATED ON TO A Ó DAY CULTURE OF EABLY PASSAGE AFRICAN GREEN MONKEY 
KIDNEY CELLS (AGMK) 





Protein and cell determinations 





On day of n day after superinoculation 
superinoculation 1 2 4 6 
Substrate alone (AGMK) ug protein 489 524 558 816 597 
Cells x 10* 57 55 57 
Superinoculated cells alone ug protein 964 557 762 1,002 
(8 180) Cells x 10* 20 93 146 1866 
Combined culture vg protein 569 773 984 
Cells x 10* 116 150 
Net growth of superinocu- Control Protein 461 666 906 
lated celis Cells 73 126 146 
In mixed Protein 153 (33%) 272 (41%)* 
culture Cells 41 (5592) 73 (58%) 
(Combined (Overlay t (Underlay 
culture) inoculum) control) 
» Net growth of overlay in combined culture on day 4 984 — 96 — 816.272. 14 ner cent 
Net growth of overlay in control culture 762 — 96 666 : 
(Control (Inoculum) 
culture) 


+ The size of the inoculum was determined by protein analysis and cell counts 24 h after planting and includes the usually negligible growth of cells in 


that initia! 24h. A quantitatively more serious potential error is introduced by 


the continuing slow growth of the cells in the underlying monolayer (compare 


with top row of table). The calculation assumes that the underlay grew to the same (minor) extent in the mixed culture as it did in the control, Iw this 
example, in the unlikely event that the substrate monlayer had itself been completely inhibited by the relatively small superinoculum, the percentage of 


i Ses 984—90—489 
superinoculum growth after 4 days would be R98 — 
Shaken for 5-10 s in 5 ml. of MB-versene medium (no 
trypsin) until they were almost totally monodisperse, 
when 5 ml. of complete growth medium containing 10 per 
cent serum was added, and the suspension counted. 
Samples were diluted 1: 2 or 1:3 if counts were in excess 
of 2x 10*/ml. to minimize coincidence error. Counts in 
replicate flasks were similar within 5 per cent. 

The degree to which superinoculated cells adhered to 
the monolayer, and their persistence during the following 
5-10 days of incubation, was determined by using cells 
prelabelled with “C-thymidine, added to the medium at 
0-025 uCi/ml. for 4-8 days before superinoculation. The 
superinoculated cells usually adhered to the underlying 
monolayer as effectively as in a control empty flask 
(Table 3). In a few instances the adhesion was enhanced. 
In most experiments the labelled inoculated cells per- 
sisted in the mixed culture throughout the period of 
incubation. In some experiments, the “C counts of the 
superinoculated cells decreased progressively but just as 
rapidly in the control as in the mixed culture, probably 
because of partial separation of cells from the glass in the 
course of the incubation period. In some cases this 
decrease may have been caused by the incorporation of 
MC-thymidine into the DNA of mycoplasma which may 
have then dissociated from the cell'. No difference was 
noted, however, between cultures infected with myco- 
plasma and those uninfected with respect to their ability 
either to inhibit or to be inhibited by other cell types. 

The possibility that the superinoeulated cells might 
have adversely affected the underlying monolayer was 
examined by prelabelling the underlying cells for 3-6 days 
with *H-thymidine at 0-025 pCi/ml. before superinocula- 
tion. In most experiments, the underlying monolayers 
were not affected by the growth of the superinoculated 
cells: the *H-thymidine counts were sustained in the 
mixed culture. Occasionally, however, there was a marked 
decrease in tritium activity. No attempt has been made 
to determine whether the decrease was caused by cell 
turnover or mycoplasma in the underlay!?, but it was 
usually as rapid in the control cultures as in those which 
had been superinoculated. 

At the end of the experiment the cells were dissolved 
in 1/4 strength Lowry's solution C and portions were used 
to determine cell protein by a modified Lowry procedure’. 
Samples (0:5 ml.) were counted in a Beckman scintillation 
counter, the channel windows set so that approximately 
6 per cent of the "C count spilled over into the *H channel, 
while none of the *H channel counts appeared in the C 
channel. 

An illustrative experiment showing a partial inhibition 
of superinoculated mouse cancer cells (S 180) by a green 
monkey cell monolayer is summarized in Table 2. 


= 60 per cent of the control, instead of 41 per cent. 


In Figs. 1-3 the degree to which various cell strains 
grew when superinoculated on to fully sheeted and slowly 
growing monolayers of the same or different species has 
been expressed as a percentage of the growth attained 
by the same inoculum in pure culture. The results based 
on cell counts and proteins were averaged. 

With the human diploid cells listed in Table 1 as sub- 
strates (Fig. 1) there was a reasonably good correlation 
between the ability of superinoculated cells to escape the 
inhibitory effects of an underlying monolayer and their 
inherent growth potential in pure culture (Table 1). 
This was unrelated to the animal species of the super- 
inoculated cells. Cells with low maximum growth potential 
were usually completely inhibited, whether human, rabbit 
or mouse. Superinocula labelled with MC (Table 3) 
showed that they had adhered to the underlying mono- 
layer, and had persisted during the following 5-10 days' 
incubation. The observed inhibition of growth was there- 
fore caused by the failure of the adherent superinoculated 
cells to multiply. 

In eontrast, heteroploid human, mouse, hamster or 
vole eancer cells or spontaneously altered cells derived 
from normal tissues, whieh were all capable of attaining 
high population densities in pure culture, were only 


Table 3. SUPERINOCULATED CELLS WHICH FAILED TO GROW IN COMBINED 
CULTURE* USUALLY ADHERED TO THE UNDERLYING MONOLAYERT, AND 
PERSISTED IN THE FOLLOWING 5-10 DAYS’ INOUBATION 


Adhesion Persistence 
MCconnts24h “C counts 
Cell in underlying Superinoculated after 5-10 days 
substrate C-labelled cell inoculation later t 
Mixed Mixed 
Control culture Control eulture. 
Human E 699 Mouse 3T3 3,340 3.483 2,821 3,085 
diploid Det 510 3,349 1,910 1,900 2,190 
(Fig. 1) Det 510 Rabbit lens (epithelial, —277 370 314 OT 
WI 38 diploid) 38,060 2,870 3,815 3,030 
WI138 Hela 2 23 22 ii 
RPMI-41 2,080 1,980 754 $90 
Monkey-CV (Fig. 2) Human-E 699 33 28 25 19 
Mouse-L 2,766 1,2211 2,426 664$ 
Rabbit lens 45 29 — 24 
Mouse-3T3 (Fig. 3) Monkey-CV 142 136 120 93 
-CP 25 26 — — 
Rabbit lens 1,088 1,153 1,083 874 
Rabbit lens Human Penny 497 5406 348 408 
diploid Det. 510 905 1,156 1,100 1,048 
HG 46 577 460 587 512 
Det. 532 1,090 785 1,190. 1,000 
Monkey CV 1,700 1,262 1,800 . 1,200" 
cP 1,471 Ti6f 1,435... 2858 
Mouse 3T3 2,208 1,058 LIIS 1,312. 


gene of superinoculated cells « 10 per cent that of same cells in pure 
c ure, 

1 Same as in a control culture inoculated directly on to glass. 

i Experiments in which failure of superinoculated cells to grow was 
attributable in part to their failure to adhere to the underlying substrate at 
the time of inoculation. 

$ Experiments in which failure of superinoculated cella te grow was 
attributable in part to their progressive dissociation from the substrate during 
the following incubation. 








268 








Bé V Lo TOS we, SS E UI UP 
100 * x A i 
i 
è? x i ici | 
: aa 
* 9 eo * | 
E: e e» g 5 g i 
e | à ] 
g | 5 e 4 : 
3 | d və P 
$ ow x $ 1 
des | ^ j 
FE | ide 9 
M 
t 
EB | . ° 
2g | 9 | 
ag | 
om i 
se | M | 
Co i i 
$8 | 
LA | 
Se 20 - A | 
g | e | 
*$ | | 
Ec | i 
P | 
5 | 
| 
10 - . 1 
«10 [DOAAA 2000 a oo €- ‘eo i 
50 100 150 200 250 300 
“Growth potential” of superinoculated cell 
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Fig. 1l. The growth inhibitory effects of “contacted” human cell sub- 


strates on superinoculated cells. Fully sheeted and saturated cultures of 
human diploid cells were superinoculated with small numbers of a variety 
of other cell types (©, human; A, mouse; ©, monkey; VY, vole; x, 
hamster; D], rabbit), Half closed symbols are heteroploid variants of 
normal cells, and solid symbols are cells cultured from cancers (compare 
with Table 1), The net growth of the superinoculated cells, expressed as 
a percentage of that observed in a pure culture, has been plotted as a 
function of their “growth potential’ (maximum density achieved in pure 
culture in the conditions of these experiments (Table 1). &*, Human 
cancer cells inhibited by human diploid strain WI 38. 


slightly inhibited, as indicated in the right hand portion 
of Fig. 1. (A 50 per cent growth inhibition in a com- 
bined culture after 5 days, when the control had increased, 
for example, sixteen-fold, reflects only a slight prolonga- 
tion in generation time, from 1-25 to 1-66 days.) An 
exeeption was the ability of one human diploid cell 
strain (WI 38) to inhibit certain human cancer cells 
(HeLa, 41), not inhibited by other human diploid strains 
(Fig. 1). It is possible that this is related to the higher 
cell density (and protein content) achieved by this WI 38 
monolayer (Table 1). 

Intermediate results were obtained with overlays of 
heteroploid monkey and rabbit cells, corresponding to 
their intermediate capacity for independent growth. 

When a mouse fibroblast monolayer (3T3) was super- 
inoculated with a variety of cell lines, there was again a 
correlation (Fig. 2) between the growth potential of the 
superinoculated cell and the degree to which it escaped 
from the inhibitory effect of the underlying and contact 
inhibited monolayer. As with human cell substrates, the 
degree of inhibition was largely independent of the species 
of the superinoculated cell. 

Somewhat different results were obtained with three 
green monkey kidney strains as substrates (Fig. 3). 
Although some cell overlays were inhibited, again without 
regard to the species of origin, there was no clear inverse 
correlation between the inherent growth capacity of the 
superinoculated cell and its susceptibility to mhibition by 
the underlying monolayer. A mouse line (3T3) which 
showed marked contact inhibition in pure culture (Fig. 3) 
was not greatly inhibited by the monkey cell monolayer. 
Conversely, several heteroploid human lines with a high 
growth capacity were more inhibited than some diploid 
human cells which attained smaller population densities 
in pure culture. The L mouse cell line, capable of attaining 
high population densities (Fig. 3), was, nevertheless, 
strongly inhibited by the monkey cell substrate. This was 
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partly caused by the failure of this specific overlay to 
adhere fully to the monkey cell substrate, and its continu- 
ing dissociation during the following incubation (Table 3). 

An unexpected result was obtained with two lines of 
rabbit lens as substrates, one a diploid epithelial cell which 
showed a high degree of contact inhibition, and the other a 
heteroploid fibroblastic variant capable of attaining con- 
siderably higher population densities (Table 1). Both 
substrates almost completely inhibited the growth of super- 
inoculated human fibroblasts, monkey kidney cells and 
mouse 313 cells; both were partially inhibitory for vole 
cells; and neither strain inhibited hamster cells signifi- 
cantly. When these two strains were superinoculated with 
heteroploid human or malignant mouse cells, however, 
the strongly contact inhibited diploid rabbit cell was less 
effective than its heteroploid counterpart in imposing its 
own growth arrest on to the superinoculated cells (Table 4). 

A variety of human diploid cel! strains highly sus- 
ceptible to self inhibition in pure culture! inhibit each 
other in mixed culture*, while heteroploid human cells 
which in pure culture are insensitive to growth regulation 
{and which in consequence attain high population den- 
sities) are inhibited only slightly when superinoculated 
on to an arrested confluent culture of human diploid cells*, 
In these experiments the inhibition of a number of human, 
mouse, hamster, rabbit, vole and monkey cells by under- 
lying cell substrates was not species specific: cells of the 
same and different species were equally inhibited. The 
ability of superinoculated cells to escape from the growth 
inhibitory effects of haman, mouse or rabbit cell substrates 
was inversely related to the inherent growth potential of 
the superinoculated cell, regardless of its species; and the 
population density of a cell type in pure culture was 
inversely related to its susceptibilisy to inhibition by 
substrate monolayers of other cell types (Figs. 1 and 2). 
This relationship suggests that caneer cells, and many 
spontaneous heteroploid transformants of normal cells, 
have escaped from contact inhibition of growth because 
they fail to respond to the normal inhibitory stimulus. 
The possibility that such cells may continue to emit that 
inhibitory signal is not excluded. 

The correlation between the growth potential of a 
given cell and its susceptibility to inhibition by other cell 
types was not complete and there were several instances 
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Fig. 2. The growth inhibitory effects of “contacted” mouse cell sub- 
strates on superinoculated cells (compare legend to Fig. 1). 
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_of selective inhibitory interactions (Table 5). Several 
cancer cell inocula which were not significantly inhibited 
by most human diploid cells were markedly inhibited by 
cell line WI 38 (Fig. 1). Similarly, a mouse heteroploid 
fibroblast (L) which had a high capacity for growth, and 
which was not significantly inhibited by, for example, 
human fibroblasts, was markedly affected by monkey 
kidney cells (CV) (Figs. 1 and 3). 

Conversely, the 8T3 mouse fibroblast, self-inhibited in 
pure culture and correspondingly sensitive to inhibition 
by human and rabbit cells, was not inhibited by monkey 
kidney cells (strain CV) (Fig. 3); and the latter, which 
were strongly inhibited by each other, mouse cells and 
rabbit cells, were not inhibited by human diploid cells 
(Fig. 1). 

There was no clear correlation between the capacity of 
a cell strain to inhibit other superinoculated cells, and its 
own susceptibility to contact inhibition. The WI 38 
strain, which attained higher population densities and 
cell protein per unit area than any of the human diploid 
strains tested, was, nevertheless, the most effective in 
inhibiting the growth of superinoculated heteroploid cells 
(Fig. 1). Similarly, although a (largely) diploid epithelial 
rabbit lens cell was the most self-inhibited of any tested. 
reaching maximum population densities of only 3-5 x 10: 
cells and 31 ug of cell protein/em? of culture surface, it 
was considerably less inhibitory for superinoculated cells 
than a heteroploid fibroblastic variant, which was sig- 
nificantly less contact inhibited and which attained 
12x 10t cells and 102 ug of cell protein/cm? (Table 4). 
The latter was the most actively inhibitory of all the 
cultures tested, and significantly reduced the growth rate 
of a number of superinoculated human, mouse and vole 
lines which were affected only slightly by contact with 
other cell substrates. At least in these two examples 
unusually marked inhibitory activity of a cell substrate 
for other cell types did not depend on a high degree of 
-Self-inhibition. 

It would be of interest to determine whether cancer 
cells, which are relatively insensitive to growth inhibition 
by other cell types, are still capable of inhibiting the 
growth of superinoculated normal cells. Experiments on 
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Table 4. DIFFERENTIAL GROWTH INHIBITORY EPFROTS OF DIPLOID AND 
HETEROPLOID RABBIT LENS OELL SUBSTRATES ON SUPERINOCULATED HUMAN 
AND MOUSE CELLS 


Growth relative to that in pure 
culture (95) when auperinoeulated 


Cell type superinoculated onto rabbit cell aubstrate 
Diploid Heteroploid 
epithelial* fibroblastiot 
Human Spontaneous RA 
transformants FL 89 3,11 
Epithelioid cancer HeLa 59 0, 6, 
KB 80, 100 40, 41 
Sarcomata RPMI 41 45 14, 36 
RPMI 1,922 40 9,19 
Mouse L 60, 75 16, 18, 22 
8 109 60 


180 0, 
* Rabbit lens cell which attains density of 3-5 x 10* cells and 31 pg protein 
per cm? culture surface (compare Table 1 footnote). 
tSpontaneously altered variant which attains density of 11-8 x 10* cells 
and 102 ug protein per em? culture surface. 


Table 5. SELECTIVITY IN HOMO AND HETERO-SPECIFIC GROWTH INGIBITORY 
EFFECTS 


Cell species superinoculated 


Cell species Human Mouse 
in underlying Diploid Heteroploid Monkey 8T3 L 
substrate Growth of superinoculated cells, relative to that in 
pure eulture, per cent 
Human  Fibroblast 0* 55 50 8 78 
diploid lines (0—10) (35-95) (25-100) (0-12) (20-80) 
WI 38 0 4it 
alone (0-44) : 
Monkey 24 2211 0 10011 iir! 
(18-47) (5-75) (0-40) (70-100) (9-52) 
Mouse (3T3) 5 60 17 51 
(0-19) . (23-100) (0-28) (80-66) 
Rabbit Diploid 0 64 
(0-19) . (40-100) (2) 60, 75 
Aneuploid 0 171! 0 1811 


(0) (0-41) (0-32) (10-22) 
* Median of four to fifteen observations with variety of cell lines; range in 
parentheses. 


the interaction of virus transformants with normal cells 
and with each other and the species specificity of these 
effects are being carried out. 

In summary, human, mouse, rabbit and monkey cells 
sensitive to contact inhibition of growth usually inhibit 
each other, regardless of species. Cancer cells (or spon- 
taneous transformants of normal cells) whieh have escaped 
from contact inhibition of growth, and in consequence 
achieve high population densities in pure culture, are 
correspondingly insensitive to inhibition by other cells 
of the same or other species. It appears that such cells 
bave to different extents lost their eapacity to respond 
to the growth inhibitory signal. Exceptions to both 
these generalizations have occurred with specific cell 
combinations. 

We thank Miss Mina Levy and Miss Gail Donaldson for 
technical assistance. This investigation was supported 
by a Public Health research grant, US National Institute 
of Allergy and Infectious Diseases, and by grants from 
the American Cancer Society and the US National Science 
Foundation. 
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Iron Content of Isolated Intestinal 
Epithelial Cells in relation to Iron 
Absorption =, 
THE iron content of the small intestinal epithelial cell 
plays an important part: in the most probable explanation 
of the mechanism by which the intestinal mucosa regulates 
iron absorption'-?. According to this concept: (1) a 
limited number of iron receptor sites is available within 
each intestinal epithelial cell; (2) these sites may be 
occupied by iron from the body or from the diet; (3) iron 
from the body is incorporated into epithelial cells as they 
are formed and remains with the cell throughout its life 
span; (4) the amount of iron absorbed depends on the 
degree of saturation of the iron receptor mechanism. In 
iron deficiency the iron receptor mechanism is thought 
to be relatively unsaturated with iron from the body 
so that absorption of dietary iron is increased, whereas in 
iron excess the converse is thought to occur. 

Support for this concept has been found in the inverse 
correlation between intestinal non-haem iron concentra- 
tion and iron absorption??. In these earlier studies the 
non-haem iron concentration of the full thiekness of the 
small intestine was determined. Thus non-haem iron of 
structures in addition to the epithelial cells was measured. 
Little iron can be visualized within intestinal epithelial 
cells*:5 by light and electron microscopy. Most stainable 
iron is seen in the lamina propria and in the submucosa‘. 
Because of the possibility that non-haem iron measure- 
ments of the whole small intestine might not reflect non- 
haem iron within the intestinal epithelial cell, the relation 
of iron absorption to non-haem concentration in isolated 
rat small intestinal epithelial cells was investigated. 

Studies were performed on normal, iron-deficient and 
iron-loaded female Wistar rats weighing approximately 
200 g. Iron deficiency was produced by phlebotomy of 
8 ml. of blood taken in 2 ml. samples every other day 
beginning 2 weeks before the study. Two groups of iron- 
loaded rats were prepared by intramuscular injection of 
iron dextran 2 weeks before study. One group received 
25 mg of iron and the other 50 mg. 

Rat small intestine epithelial cells were prepared by the 
technique described by Stern and Jensen‘, in which sodium 
citrate is used to remove epithelial cells from mucosa. 
Previous studies have indicated that this procedure 
yields a relatively pure suspension of epithelial cells while 
leaving intaet but denuded intestinal vill. Morphological 
studies in this laboratory have confirmed these results. 
As further evidenee of isolation of epithelial cells the 
activity of sucrase, an enzyme localized within the brush 
border of the epithelial cell*, was assayed in the remaining 
intestinal shell and in whole small intestine’. Results 
given in Table 1 indicate a significantly greater concentra- 
tion of sucrase activity in the cell suspension compared 
with the remaining shell and with the whole small intes- 
tine, and indicate the relative purity of the isolated cells. 





Table 1, SUORASE ACTIVITY OF INTESTINAL EPITHELIAL CELLS COMPARED 
WITH THE REMAINING SHELL AND WHOLE INTESTINE 
Epithelial cells Intestinal shell Whole intestine 
(uM/min/g (uM/min/g (uM/min/g 
protein) protein) protein) 
Mean 46-3 9-2 22:3 
S.D. +35 £4 £25 
Range 43-2-51-6 7-13-9 19-6-26-2 
Number 5 5 5 
P value « 0-001 « 0-001 


P values refer to comparison between activity in isolated epithelial cells 
and the other two preparations. 


The non-haem iron content of the isolated, small 
intestinal cells as well as of the total small intestine was 
measured using the method of Foy et al.. Protein was 
measured by the method of Lowry et ai.!*. 

Iron absorption was measured using a previously 
described technique for determination of total body radio- 
activity in a small animal whole- body counter, The 
dose of iron contained 0-25 uCi of iron-59 sulphate and 
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100 ug of iron as ferrous sulphate in 2 ml. of water at 
pH 1-2. This dose was given through an olive-tipped 
oesophageal tube to rats which had been fasted 16 to 
18 h. Radioactivity of the rats and of an appropriate 
standard was measured 3 h and 7 days after the oral dose 
of iron-59 to determine the percentage of iron absorbed 
by the animals. 

Results of non-haem iron measurements in whole small 
intestines and in epithelial cells, and iron absorption values 
for each of the groups of animals are given in Table 2. 
These three determinations—iron concentration of whole 
small intestine, iron concentration of epithelium and iron 
absorption—were made in separate groups of animals 
prepared identically for each experimental situation. 


Table 2. RELATION OF INTESTINAL NON-HAEM IRON TO IRON ABSORPTION 


Tron excess 





Control Iron deficient 25 mg 50 mg 
Non-haem iron of Wiole small intestine (ug/g) 
Mean 2-4 35-0 — 
S.D. 33 24 t i4 X164 — 
Range 9517-8 5:8-10-4 23-3-70-8 — 
Number 9 12 9 — 
Non-haem iron of isolated epithelial Mere a (vein ag protein) 
Mean 0-176 031 0-1 0:210 
S.D. i 0-030 z00 de 20-056 i 0:032 
Range 0-194-0-236 0-079-0-240 0- Dr 312 0-166—0-254 
Number 18 12 6 
Iron absorption (per cent) 
ean 6-7 — 48 
S.D. t 13 +13 
Range 2-6-16-8 (9-271 — 93-71 
Number 1i — 6 


Non-haem iron concentration values in isolated epithe- 
lial eells were not significantly different in control and iron- 
deficient animals (P «0-17 0-05). Absorption values of 
iron-deficient animals, however, were significantly greater 
than control rats (P « 0-001). These results were in con- 
trast to non-haem iron values in the total small intestine 
of these two groups of rats. When measured against total 
small intestine, significant differences in concentrations 
of non-haem iron were present (P<0-001). Those rats 
that had received 50 mg of iron showed slight but signifi- 
eantly increased non-haem iron values for isolated epithe- 
lial cells (P «0-05). These increases in non-haem iron 
concentrations in epithelial cells, however, were not 
assoeiated with a significant decrease in iron absorption 
values (P > 0:3). The 2 5 mg dose of parenteral iron did not 
produce a change in non-haem iron concentrations in 
epithelial cells (P 2 0-9) although non-haem iron in the 
total small intestine was significantly increased (P « 0-001). 

These results indicate that the epithelial cell of the rat 
small intestine is not especially sensitive to changes in 
total body iron or erythropoiesis. Second, they indicate 
that a change in iron absorption is not necessarily accom- 
panied by an inverse change in ncn-haem iron concentra- 
tion of the epithelial cell. Together these findings suggest 
that the non-haem iron concentration of the epithelial 
cell of the small intestine does not regulate iron absorp- 
tion. These studies do not bear on the questions as to 
whether some unique location of iron within the epithelial 
cell or some other intestinal cell regulates iron absorption. 

This study was supported in part by grants from the 
US Publie Health Service. 
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Protection against Whole Body 
X-irradiation by Adrenochrome 
Monoguanylhydrazone 
Methanesulphonate in Mice 


IwTENSIVE studies of radioprotective chemicals have 
recently been reviewed'?. Unfortunately, however, no 
agent with a definite protective effect which is sufficiently 
non-toxic to be clinically applicable has been discovered 
yet. We have been carrying out some experimental 
investigations of radiation protection by agents with low 
toxieity?, and describe here experiments involving an 
adrenochrome derivative. 

Adrenochrome is an indole derivative of adrenaline, 
but it has none of the pharmacological properties of 
adrenaline. Its derivatives have been widely used in 
recent years, chiefly as haemostatic agents. But, as 
Thomson noted!, adrenochrome has been shown to possess 
slight protective properties against radiation. The mono- 
semiearbazone of adrenochrome, which is more stable 
than adrenochrome, but which has low solubility (0-3 
mg/ml. at 0? C for water), also has a slight protective 
effect in doses of 500 mg/kg. Higuchi e£ al.* reported a 
slight protective effect by another derivative, adreno- 
chrome-3-sodium sulphonate, in doses of about 50 mg/kg; 
this has a higher solubility (15 mg/ml. at 0° C) than mono- 
semicarbazone. Recently, a still more soluble derivative, 
adrenochrome monoguanylhydrazone methanesulphonate 
(chemical name, 1-methyl-3-hydroxy-5-amidinohydrazone- 
6-oxo-2,3.5,6-tetrahydroindole methanesulphonate; solu- 
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Fig.1. Effect of different doses of adrenochrome monoguanyihydrazone 

methanesulphonate on the survival of mice exposed to a single whole- 

body X-irradiation of 700 r. Numbers in parentheses indicate the 
number of mice used. 
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Fig. 2. Plot of dose against survival of treated and control mice. 

Adrenochrome monoguanylhydrazone methanesulphonate im a dose of 

5 mg/kg was injected intraperitoneally into treated mice 15 min before 

the X-irradiation. Numbers in parentheses indicate the number of 
mice used. 


bility 180 mg/ml. at 0° C) has become commercially 
available (‘S-adchnon’, produced by Shiraimatsu Shinyaku 
Co., Ltd, Asahi-ku, Osaka). Because this has a higher 
solubility than other derivatives we thought that it 
might afford more protection against radiation because 
it could be given in larger doses. The results of the present 
investigation indieate that the compound has a definite 
protective effect even at very low doses, far below the 
toxie level, and its future applieability to human beings 
seems to be promising. 

Male dd/YF mice sixty days old from a closed colony 
Stock obtained from Funabashi Farms, Funabashi, were 
used. Whole body X-irradiation, operated at 190 kVp, 
25 mA with additional filters of Cu 1 mm + Al 0-5 mm, was 
applied to mice placed in a plastic box. Doses of radiation 
were monitored with a ‘Radocon’ dosimeter probe inserted 
into the box at every exposure. The test compound, 
dissolved in physiological saline, was injected intraperiton- = 
eally 15 min before the irradiation, and the mice were 
observed for 30 days. In each series of experiments 
between fifteen and twenty-five mice were used in each 
treatment group. Experiments were repeated two or 
three times, if necessary, to confirm the results. The 
total number of animals represented by each dot are 
shown in parentheses in the figures. 

The relationship between the dose of the compound 
and its protective effect is shown in Fig. 1. In this figure 
the percentages of mice surviving for 30 days after receiv- 
ing 700 r. are shown for each dose of the compound. 
Contrary to expectation, survival was maximum at the 
low dose of 5 mg/kg. The increase in survival is st ig- 
ally significant. Radiation dose and survival are plotted 
in Fig. 2 for mice pretreated with 5 mg/kg of adrenochrome. 
The dots for treated animals are rather scattered, but the 
results indicate clearly the protective effect of the cor- 
pound. The dose reduction factor is estimated roughly 
to be 1-32. 

The LD,, of the compound for mice was estimated to be 
1,834 mg/kg when given subcutaneously. The compound 
has been injected intravenously into patients in doses of 
50-200 mg without any side effects. Thus it seems that 
& dose of 8 mg/kg can be used safely in human beings 
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without difficulty. If the compound protects human 
beings as it does mice and if the same dose per kg of body 
weight, or less, is sufficient for human protection, this 
may be the first radioprotective agent applicable in 
man with appreciable effect. The mechanism of the 
protective action of the compound remains to be elucidated. 
Kondo (personal communication) has reported that the 
compound in a wide range of concentrations has neither 
toxic nor radioprotective action on E. coli. This finding 
suggests that there may be some pharmacological mechan- 
ism specific for mammals. The difference in the time 
pattern of relative effectiveness between haemostatic and 
radio-protective action in preliminary experiments suggests 
some unknown mechanism other than the haemostatic 
factor. Studies to elucidate these mechanisms are now 
in progress. 
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Metabolic Cooperation between 
Genetically Marked Human 
Fibroblasts in Tissue Culture 


GENETIC variants of several mammalian cell lines which 
are not able to incorporate preformed purine or nucleoside 
into the cell's nucleic acids have been known for some 
time. In some of these cell lines a lack of activity of the 
enzyme inosinie pyrophosphorylase (IPP), also called 
hypoxanthine-guanine phosphoribosyltransferase (PRT) 
(EC 2.4.2.8), has been demonstrated'-*. This enzyme 
catalyses the conversions both of hypoxanthine to inosinic 
acid and of guanine to guanylie acid, and constitutes an 
essential part of one of the purine "salvage" pathways. 
Seegmiller and his colleagues’ have recently shown that 
the severe sex-linked neurological disease of humans 
known as the Lesch-Nyhan syndrome is associated with 
the virtual eomplete absence of this enzyme activity 
from brain and all other tissues which have been 
examined’, 

Using hamster fibroblast cell lines transformed with 
polyoma virus, Subak-Sharpe, Bürk and Pitts’* have 
recently described a phenomenon, which they termed 
“metabolic cooperation”, in which the ability to ineorpor- 
ate hypoxanthine into nucleic acid was found to be gained 
by cells which lacked the enzymatic activity (PRT-), by 
a process which apparently required direct or indirect con- 
tact with cells that had the enzymatic activity (PRT*). 
More recent work from the same laboratory has shown 
that when cells which lacked this enzyme activity were 
grown in mixed culture with an equal number of cells 
which lacked adenylie pyrophosphorylase (adenine phos- 
phoribosyltransferase) activity, all cells participated in 
such metabolic exchange’, but the basis of the pheno- 
menon has not been clearly established so far. 

Using an autoradiographic technique we have investi- 
gated in tissue culture the PRT activity of fibroblasts 
taken from patients with the Lesch-Nyhan syndrome and 
from control children, to determine whether the pheno- 
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Fig, 1. 

sathine, exposure to emulsion for 1 week, and staining with Giemsa. 

a, Normal control fibroblasts, and 5, fibroblasts from a patient with the 
Lesch-Nyhan syndrome. 


Autoradiograph of cells after labelling fur 12 h with *H-hypox- 


menon of metabolic cooperation is confined to the polyoma 
virus-transformed PRT-hamster cells in which it was first 
deseribed, or whether it applies generally to mammalian 
cells, irrespective of whether they have a limited or 
unlimited lifetime in tissue eulture. 

Fibroblast cell lines were obtained from three patients 
with the Lesch-Nyhan syndrome and from several control 
children, as has been reported previously*. Cells were 
grown on the flat surface of glass or Falcon plastic bottles 
in Eagle's medium supplemented with 10 per cent foetal 
calf serum. Normal cells were made readily identifiable 
by growing them in the presence of 0-1 per cent suspen- 
sions of carbon or carmine by slight elaboration of the 
method of Stoker!?, After exposure to carbon or carmine 
for 16-24 h the labelled cells were washed free of non- 
engulfed material first by ten vigorous washings with 
growth medium while still attached to the glass surface, 
and then by trypsinization and repeated washing in 
suspension with medium until no more free particles could 
be detected in the supernatant, The washed cells were 
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Fig.2. Autoradiograph of a mixture of normal and Lesch-N yhan cells 
after exposure for 12 h to *H-hypoxanthine and subsequent exposure 
to emulsion for 1 week, followed by staining with Giemsa. a, A single 
Lesch-Nyhan cell in contact with a control cell, and b, several Lesch- 
Nyhan cells in contact with a control cell, Note the presence of other 

Nyhan cells close to, but not in contact with, the carmine 
labelled control cell, and their very low level of incorporation compared 
with that of genotypically Eee rey en are in direct contact with 

the control cell. 


finally allowed to re-attach to glass for a few hours and 
were then washed once more. Despite these treatments 
their subsequent growth and metabolic properties seemed 
to be unimpaired. 

For metabolic cooperation experiments, cells were 
removed from the glass bottles with 0-25 per cent trypsin 
0-02 per cent versene and were replated at low cell density 
on glass cover slips, either alone or after mixing in the 
proportions 1:50 of normal to Lesch-Nyhan cells. In 
different experiments, to each 2:5 ml. of culture fluid 
10 pCi of *H-hypoxanthine (1 mCi/mmole) or ?H-guanine 
(5 mCi/mmole) (both from Schwarz Bioresearch, Inc.) 
were added; the labelling was allowed to proceed from 
0-18 h or from 18-40 h after plating. At the end of the 
labelling periods, the cover slips were washed in phosphate 
buffered saline, pH. 7-4, and fixed in 4 per cent formalin 
in 0-9 per cent NaCl for 10 min at room temperature. 
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They were then extracted twice in ice-cold 5 per cent tri- 
chloroacetic acid for periods of 10 min and were then 
washed twice for periods of 10 min in ice-cold distilled 
water. The coverslips were finally given one rinse in 
ethanol and were allowed to dry in air. Autoradiography 
was performed with Kodak NTB-3 emulsion, and cells 
were examined for radioactivity after exposure to the 
emulsion for 1 week and staining with Giemsa 
stain. 

Fig. la shows the heavy degree of incorporation of 
hypoxanthine into the nucleic acids of control cells, 
whereas identically treated Lesch-Nyhan cells showed 
the incorporation of only a few grains (Fig. 1b). The 
small but apparently irreducible amount of incorpora- 
tion in the nucleie acid of Lesch-Nyhan cells was seen in 
the three unrelated Lesch-Nyhan lines tested even when 
extensively purified hypoxanthine was used, as well as 
when labelled guanine, guanosine or inosine was used. 
The incorporation into mutant cells is therefore a result 
of either a small amount of residual PRT activity in the 
cells or the presence of a minor alternate pathway for 
purine metabolism. 

Fig. 2 shows areas of elose contaet, as observed by light 
microscopy, between control cells marked with carmine 
particles and Lesch-Nyhan cells after the two cell types 
were mixed and plated as described here. In Fig. 2a, 
the contact is confined to one Lesch-Nyhan cell, and in 
Fig. 25 the apparent contact extends over three cells. 
Note the heavy incorporation of the control cells, and the 
very minimal incorporation into Lesch-Nyhan cells which 
are not in contact with normal cells. Where contact does 
take place, there is a clear increase in the incorporation 
of labelled hypoxanthine into the nucleic acid of such 
Lesch-Nyhan cells. Unlike the hamster system, we have 
so far not observed incorporation gradients* in Lesch- 
Nyhan cells which are in contact (with lessening incorpora- 
tion as the distance from the normal cell increases). 
Fig. 2b contains Lesch-Nyhan cells which are close to, 
but not in contact with, the normal cell and therefore 
contain only background levels of radioactivity, whereas 
Lesch-Nyhan cells which are farther away from but in 
contact with the normal cell are metabolically cooperating 
and show increased incorporation of radioactivity. 

As with the previously deseribed polyoma virus-trans- 
formed hamster cell system, so far there is no conclusive 
evidence concerning the nature of either the materials or 
structures which are transferred from cell to cell, nor 
have we yet investigated the type of cell junctions formed 
between the cells. 

Because neither the basic nature of the PRT defect in 
the Lesch-Nyhan syndrome nor the cellular localization 
of the enzyme have been established, it is not possible 
to decide between the following possible explanations: 
(1) transfer of a small regulatory molecule; (2) transfer 
of informational nucleic acids!!; or (3) transfer of the 
gene end product, that is, protein. We consider it possible 
that the metabolie cooperation may be mediated through 
exchange of small amounts of cell membrane and eyto- 
plasm after contact between cells. 

What has been established is that metabolic cooperation 
does oceur in euploid human fibroblasts as well as in the 
aneuploid transformed hamster cells. Fujimoto and his 
colleagues?! have recently obtained evidence of what 
seems to be metabolic cooperation between PRT- and 
PRT* clones of fresh aminotie cells from a female foetus 
heterozygous for PRT deficiency. This provides further 
important evidence against the possibility of artefacts 
caused by long term in vitro growth, or possible myco- 
plasma infection. We feel that the phenomenon of 
metabolic cooperation will provide insight into the 
metabolic consequences of cell contact, but more work 
will be required to establish the importance of such 
contact in intercellular communication in vivo. 

We thank Mrs Doris Hayashikawa for technical 
assistance. This work was supported by a grant to 
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Dissolved Organic Carbon from Deep 
Waters resists Microbial Oxidation 


OCEANS contain a large absolute amount of organic 
material in solution. The origin, fate and involvement in 
biogeochemical processes of this large, but extremely 
dilute, pool of organic compounds is an enigma to those 
studying the life and chemistry of the oceans. Recent 
studies by several workers!'-? have shown that the dissolved 
organie carbon (DOC) content of deep water is relatively 
constant over a wide range of depths and throughout 
many regions of the world’s oceans. The DOC content 
averages about 0-60 mg/l. and does not decrease signifi- 
cantly with depth from 400 m to 6,000 m (refs. 2 and 4), 
nor does the DOC increase in deep waters below highly 
productive regions such as along the coast of Peru? , 
The range of reported values is from 0-40 to 0-70 mg/l. 

In the work cited!" the DOC was measured by the 
wet oxidation method of Menzel and Vacearo*. In 
this method the organie compounds are oxidized in sealed 
glass ampoules by persulphate and the resultant CO, is 
measured by infrared spectrometry. The method of 
Menzel and Vaccaro? agrees well with results obtained 
by photo-oxidation with ultraviolet irradiation’, contra- 
indicating that the wet oxidation ineompletely oxidizes 
any of the organic material in seawater. It remains to be 
settled why Skopinstev!*-?, using dry combustion, con- 
sistently measures two to three times more DOC than is 
measured by wet or photo-oxidation. 

The relative constancy of the distribution of DOC over 
great depths and wide geographie areas suggests that 
dissolved organie material in deep water is biochemically 
inert. If there were significant turnover of DOC, one 
would expeet to see a gradient of decreasing abundance 
away from the surface where new organic matter is syn- 
thesized. Several ideas have been proposed to explain 
the apparent biochemical inertness of the organic solutes 
in deep water: the compounds remaining after exposure 
to heterotrophic micro-organisms at the surface could be 
largely refractory compounds that resist further break- 
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down?1#11.18; the concentration of the DOC substrates 
may be below the threshold concentration necessary for 
bacterial growth!*1?; or else the lack of particulate 
surfaces may prevent microbial activity, especially at low 
concentrations of organic solutes), 

To test the effect of dilution and surface area on micro- 
bial degradation of the DOC of deep water, an experiment 
using pressure dialysis to increase the concentration of 
DOC and small bottles to provide surfaces for microbial 
growth was carried out. Water from the depths was 
collected at four stations (Table 1) in the western North 
Atlantic on Cruise 72 of the R/V Chain. The water was 
collected in a 10 1. non-toxic glass and "Teflon' sampler. 
Samples for DOC analyses were treated and sealed into 
ampoules within 1 h of collection. The water to be con- 
centrated was placed in a ‘Diafio®’ ultrafiltration pressure 
cell over a ‘Diaflo® U M-3' diffusive membrane. According 
to the manufacturer, solutes with a higher molecular 
weight than 500 are retained by this membrane. A pressure 
of 100 p.s.i. was placed on the system with oxygen. After 
a two-seven-fold concentration, a sample was taken for 
an initial concentrated DOC measurement (column 4, 
Table 1) and the remaining volume removed from above 
the membrane and placed in combusted glass bottles. 






Table 1. CHANGE IN DISSOLVED ORGANIC CARBON (DOC) AFTER CONCENTRA- 
TION AND INCUBATION IN THE DARK AT 20? C 
Cone, Conc, 
Cone. DOC DOC 
Location Depth DOC poc -1mth, +2 mths, 
m mg/l. mg/l. mg/l. mg/l. 
Woods Hole, Mass. 0 ro 42 2:2 
Woods Hole, Mass. 0 1:9 4-2 2-1 
36° 54° N, 68° 11° W 50 OS 3-6 3:6 357 
36*54'N,68^ 11' W 50 0:8 3-6 57 
38?47'N,09^20' W 1,200 07 3:7 345 
38*47'N,60^20'W 1,200 0-7 27 37 
38?47' N, 69° 20 W 1,200 0-7 37 37 
38° 55’ N, 67 'W 4,000 0-6 24 9-5 266 
38?55'N,67^22'W — 4,000 0-6 3-2 31 
35°26’ N, 67°17 W 4,900 0-6 $3 38 


The organic solutes were concentrated by pressure dialysis using a diffusive 
membrane which retained molecules with a molecular weight greater than 
500. 


The water was not filtered or otherwise treated in an 
effort to ensure that the original microbial flora was pre- 
sent and as little disturbed as possible in the concentrate. 
The volume concentrated was approximately 1 1., ensuring 
that some microbes would be present in the concentrate. 
The concentrate was saturated with oxygen, and subse- 
quently incubated at 20° C in the dark for 1 or 2 months 
and had optimal conditions for microbial growth. The 
concentrate was ineubated in 125 ml. bottles so that the 
miero-organisms had large surface areas to grow on. 
During incubation the presence of viable microbes was 
tested with Difco 4C medium rehydrated with autoclaved 
seawater. Surface water from Vineyard Sound, near 
Woods Hole, Massachusetts, was treated identically. 

The results of the DOC measurements at all the stations 
oceupied on Cruise 72 are given in Fig. 1; the water con- 
tained an average of 0-65 mg of carbon/l. from 300 m to 
4,900 m. These results agree well with Menzel's? earlier 
measurements in this region. Deep water from four 
stations was concentrated until it contained from 2-7 to 
4-1 mg/l. of DOC. This degree of concentration was chosen 
for two reasons: first, studies showed that indigenous 
microbes could consume DOC from surface waters when 
present in these concentrations, and second, the diffusive 
membrane retention characteristics were somewhat 
dependent on concentration; that is, 98 per cent of the 
DOC was retained during a 3-6-fold concentration but 
only 72 per cent was retained during a 7-4-fold concentra- 
tion. This characteristic made use of high concentration 
factors impossible without the undesirable feature of 
selectively concentrating the larger molecular weight 
solutes. 

Table 1 shows that when DOC from surface water was 
concentrated to 4:2 mg/l. the microbial flora decreased 
the organic carbon to 2-1 mg/l. in one month; about 
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Fig. 1. Composite vertical profile of the distribution of dissolved organic 
earbon in the western North Atlantic Ocean on a section from 40° 43’ N 
and 69° 11’ W to 35? 25’ N and 67° 17’ W. 


50 per cent of the concentrated solute was consumed 
and the amount of DOC remaining was approximately 
the same as in the original unconcentrated water. 

In contrast to this result there was no change in the 
amount of DOC in any of the deep r wateconcentrates 
after 1 or 2 months (Table 1). The Difco AC medium 
assay established that viable microbes were present in 
each concentrate and the microbial activity in the surface 
concentrates showed that there is no inherent toxicity 
in the concentration procedure. These experiments can 
therefore be assumed to test whether low concentration 
and/or lack of surface area prevents the microbial mineral- 
ization of deep water organic solutes. The absence of 
microbial oxidation of deep water DOC after concentration 
to 2-4-3-7 mg/l. reported here provides experimental 
evidence for the idea that organic material dissolved in 
the deep sea is a class of compounds or complexes of 
compounds which are relatively resistant to biochemical 
oxidation. 

This work was supported by a grant from the US 
National Science Foundation. 
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Mutant of E. coli containing an 
Altered DNA-dependent RNA 
Polymerase 


Ir is generally believed that genetic transcription is. 
earried out by an enzyme, DNA-dependent RNA poly- 
merase’, which is capable of copying DNA sequences into 
RNA sequences. The enzyme requires DNA and the four 
naturally occurring ribonucleotide triphosphates to pro- 
duce RNA which is a faithful copy of the DNA template? 
in terms of base composition, nearest neighbour analysis 
and DNA-RNA hybridization’, 

The in vitro reaction mimics the im vivo synthesis of 
RNA in several ways: in both cases the RNA product is 
asymmetric*:^, because for given regions of the DNA only 
one strand is transcribed, and the direction of growth of 
the RNA chain is from 5' to 3' (refs. 6 and 7). 

The study of a mutant with an altered enzyme may 
make a contribution to the understanding of transerip- 
tion*, so we began to search for such a mutant and we 
now report the isolation of an E. coli strain with an 
altered RNA polymerase. 

Through Professor L. Silvestri we recently became 
aware of the existence of an antibiotie, rifamycin?, 
isolated from Streptomyces mediterraneus, and of a large 
variety of semi-synthetic derivatives, Several investigators. 
have reported on the in vivo mode of action of rifamycin; 
in particular, Lancini and Sartori, in a detailed study 
(unpublished), showed that *"C-uracil incorporation in. 
E. coli at 37° C is blocked 30 s after the addition of rif- 
ampicin (a semi-synthetic derivative of rifamyoein), 
HC-phenylalanine incorporation stops after approximately 
8 min, but DNA synthesis, on the contrary, continues to 
termination of the initiated round of replication. These 
data and those of others!'* provide evidence that the 
primary én vivo effect of the drug is the inhibition of 
RNA synthesis. 


Hartmann et al., Wehrli et al2? and Umezawa et. al. oo 


have described the inhibition by rifamycin of the in vitro 
RNA synthesis catalysed by E. col RNA polymerase. 
Hartmann et al."' have suggested that rifamycin acts on 
the enzyme rather than on the DNA template, like 
actinomycin. 

We have isolated a derivative of E. coli HfrC met-ROret 
resistant to rifampicin. Our mutant grew on trypton 
plates containing 200 ug/ml. of the drug. (The wild type 
is inhibited at 2 pg/ml.) We purified the RNA poly- 
merase from the mutant and from the wild type according 
to Chamberlin and Berg*, and Fig. 1 shows the behaviour 
of the two purified enzymes when tested at different con- 
centrations of rifamycin B using T4 DNA as a template. 
The mutant preparation is remarkably more resistant to 
the drug than the enzyme derived from the wild type, 
and the same level of resistance can be observed through 
the purification steps used in the adopted procedure. 

We conclude therefore that our mutant possesses àn 
altered RNA polymerase. In addition, our results 
definitely demonstrate that the antibiotic acta on the 
enzyme rather than on the DNA; in agreement with this 
conclusion, binding of !C-rifampicin to RNA polymerase 
has been detected (Di Mauro, E., Marino, P., and Tocchini- 
Valentini, G. P., unpublished resulta). 

The location of rifampicin resistance (riff) on the E. 
coli genetic map should, on the basis of our results, cor- 
respond to a gene controlling the structure of the enzyme 
RNA polymerase. We have crossed our mutant (HfrC 
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¥ig.1. Comparative effect of rifamycin B on wild type and on mutant 
purified RNA polymerases. V/Vo is the ratio of the velocity in the 
presence and absence of the drug. V/Vo is plotted against the con- 
centration of rifamycin B. Rifamycin B and the enzymes were mixed 
together and after 5 min a mixture containing T4 DNA, the four 
naturally occurring ribonucleotide triphosphates (among them ATP 
was labelled) and ions’ was added and the incubation carried out at 
30°C for 10 min. To obtain 50 per cent inhibition of the wild type 
enzyme (@) 0-03 ug/ml. of rifamycin B were required. ‘To inhibit 
the mutant enzyme (©) to the same degree 0-18 ug/ml. of the drug 
were needed, 


met- riff RCrel) with an F- (PA340 B,- T- L- His- Arg8- 
Asp- Lae- Gal- Malt- Xyl- Mti- Sm® obtained from 
Professor L. Gorini) selecting for Arg* Sm? recombinants. 
Out of sixty-two recombinants examined, fifty-five were 
resistant to rifampicin. We therefore conclude that a gene 
for RNA polymerase is located on the E. coli map between 
the origin of Hfr Cavalli and arginine H or slightly distal 
to the latter marker. 

The fact that rifamycin promptly blocks the synthesis 
of all cellular RNA in the wild type! seems to indicate 
that at least the part of RNA polymerase which reacts 
with rifamycin is involved in the synthesis of all types of 
RNA. We have also found and reported elsewhere“ that 
the growth of RNA phages f2 and MS2 in the wild type 
is sensitive to the drug, when added before infection. 
The RNA phages, however, grow normally in the presence 
of rifampicin on the mutant which possesses an altered 
polymerase. These results are compatible with the idea 
that at least a part of the host DNA-dependent RNA 
polymerase has a role in the replication process of viral 
RNA. 

We thank Professor F. Graziosi for his stimulating 
interest in this work and Mr A. Lamberti and Mr B. 
Esposito for technical assistance. We also thank the 
Lepetit S.p.A., Milan, for a generous gift of rifamyeins. 
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Mutations affecting RNA Polymerase 
associated with Rifampicin Resistance 
in Escherichia coli 


Tue rifamycins and their semi-synthetic derivatives such 
as rifampicin inhibited the RNA polymerase of E. coli 
Instead of interacting with the DNA, they appear to act 
on the RNA polymerase itself?, inhibiting the initiation of 
RNA synthesis after the RNA polymerase has already 
combined with the DNA®4. 

It might therefore be possible to isolate RNA polymer- 
ase mutants by selecting for rifampicin-resistant mutants. 
We mutagenized E. col? strain K100 cells with N-methyl- 
N'-nitro-N-nitrosoguanidine^, grew them overnight to 
allow phenotypie expression and treated with 0-01 M 
EDTA in 0-3 M tris, pH 8, hoping to minimize the survival 
of mutants resistant to rifampicin because of reduced 
permeability’, and plated in the presence of 50 ug/ml. 
rifampicin. There were about 200 colonies per 10? cells 
plated. After purification, eultures were grown up, broken 
by sonic oscillation and centrifuged at low speed and at 
81,000g (avg.) for 90 min. The high speed supernatants 
were tested for RNA polymerase activity in the presence 
and absence of rifampicin. 

All extracts examined exhibited RNA polymerase 
activity with increased resistance to rifampicin. In our 
assay conditions, almost complete inhibition of the 
enzyme of the parental strain is obtained at 2 ug/ml. 
A mutant culture chosen for further testing, labelled strain. 
K100R3, exhibited RNA polymerase activity resistant to 
250 ug/ml. rifampicin (Table 1). The enzyme activity 
of the mutant strain is insensitive to rifamycin SV and 
largely insensitive to the compounds present in a fresh 
aqueous solution of rifamycin B not protected from 
the atmosphere (Table 2). When mutant and normal 
enzyme were mixed, we found no evidence of destruction 
or binding of the rifampicin by factors in the mutant 
extract (Table 3). Pre-incubation of 10 ug/ml. of rifampi- 
cin with the mutant extraet at 37? C for 15 min does not 
destroy the capacity of the drug to inhibit the wild type 
enzyme (Table 4). There is no significant difference in 
the rate of heat inactivation of the two enzyme prepara- 
tions at 56? C (Table 5). 

The growth rate of this strain in tryptose phosphate 
broth was unaffected by the mutation, but the cells are 
considerably fatter in shape than those of the parent 
strain. As in the parent (relaxed) strain, starvation of 
amino-acids does not markedly affect the rate of RNA 
synthesis. 

Rifampicin-resistant mutants of four other strains 
derived from K12, isolated by this procedure, have been 





Table 1. EFFECT OF RIFAMPICIN ON RNA POLYMERASE OF E. coli K100 AND 
K100R3 
Rifampicin upgMole UTP-*£ incorporated 
(ug/ml) K100 K100R3 

0 31 22 

2 3 25 

50 21 

100 16 

250 18 


The assay was performed according to Chamberlin and Berg’, except that 
2 mM spermidine and 100 ug bovine albumin were added, the DNA was 
reduced to 7 ug, and the UTP-2-"C, 22 mCi/mntole, was present at 1:14 «M. 
Samples were incubated at 30* C for 10 min, chilled, mixed with 0-25 mg 
RNA and 5 per cent TCA, plated on ‘Millipore’ filters, and counted by liquid 
scintillation. Control values (not subtracted) without added GTP, CTP and 
ATP or with ribonuclease or without DNA and with deoxyribonuclease 
ranged from 1:5 to 5 uumole.. Enzyme samples tested throughout this paper 
are 0-05 or 0-1 ml. of high speed supernatant of crude extract. 


EFFECT OF RIFAMYCINS ON RNA POLYMERASE OF E. coli K100 
AND K100R3 


puMole U'TP-C incorporated 
K100 K10 


Table 2. 


Concentration 


Rifamycin (ugiml.) ORS 
(Control) — 45 48 
Sv 2 3 42 
60 2 31 
B 2 3 27 
80 e 19 


Assay performed as in Table 1. 
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Table 3. BFFECT OF RIFAMPICIN ON RNA POLYMERASE ACTIVITY OF MIXED 
EXTRACTS oF E. coli K100 AND KI100R3 
npuMole UTP-'*€ incorporated 
Control Rifampicin 


(2 ug/ml.) 
K100 extract 21 2 
K100R3 extract 23 22 
1: 1 mixture 43 23 


Assay performed as in Table 1. In one mixing experiment, samples were 
taken at 5, 10 and 15 min. Incorporation was linear with time in all tubes. 


Table 4. EFFECT OF PRE-INCUBATION OF RIFAMPICIN WITH MUTANT EXTRACT 


Wild type 


Pre-incubation mixture enzyme added — c.p.m. UTP2^H 


at 15 min incorporated 
Mutant enzyme No 2,840 
Mutant enzyme Yes 7,190 
Mutant enzyme plus rifampicin No 2,050 
Mutant enzyme plus rifampicin Yes 1,690 


Assay as in Table 1, except that UTP-?H, 140 mCi/mmole, was present at 
72 nM, instead of UTP-!*C, All components except substrates were incubated 
with 6-05 ml. K100R3 extract with or without rifampicin for 15 min at 
37°C, Then the samples were chilled, and substrates, a second aliquot of 
DNA and 0-05 ml. K100 enzyme (where required) were added. The samples 
were incubated for 10 min at 30° €, and processed in the usual fashion, 
The rifampicin concentration was approximately 20 ;gml, during pre- 
incubation and 10 ng/ml. during incubation. 


Table 5. HEAT DENATURATION OF RNA POLYMERASES 
c.p.m. UTP-"H incorporated 
Min at 56 € Rifampicin-sensitive Rifampicin-resistant 
0 4,340 (1:00) 3,240 (1:00) 
0-5 2,810 (0-85) 1,960 (0-60) 
10 1,770 (0:41) 1,360 (0-42) 
2-0 1,210 (0-28) 950 (0-29) 


Assay asin Table 4. A mixture of 0-6 ml. K100 extract and 1:2 ml. K100R3 
extract was incubated at 56 C, Samples (0-1 ml.) were withdrawn and 
assayed with and without 2 ug/ml. rifampicin to measure the disappearance 
of sensitive and resistant enzyme in the same milieu. The numbers in paren- 
theses represent the fraction of the original activity remaining. Similar 
results were obtained with the extracts tested separately, 


examined. One of them, derived from strain JHM 544: 
yielded an extract displaying 70 per cent inhibition of 
RNA polymerase at 10 ug/ml. rifampicin. The other three 
were all completely resistant at that level. Mixing 
experiments and heat inactivation experiments with the 
four strains produced results parallel to those illustrated 
in Tables 3 and 4. 

One of the three completely resistant mutants has been 
partially mapped. We propose the name rna for genetic 
loci affecting RNA polymerase, rna-1 for the mutation in 
strain P4X6R1, derived from strain P4X6, and Rif-r 
and Rif-s for the rifampicin-resistant and sensitive 
phenotypes. P4X6R1 is a Met B-, streptomycin-sensitive 
Hfr strain injecting in the order origin leu thi metB str. It 
was mated on ‘Millipore’ filters with W678 (Thre-, Leu, 
Thi-, Str-r), the mating interrupted with a Vortex mixer 
at 30, 60, 90 and 120 min, and Thre* Leu* Str-r recombin- 
ants selected. These recombinants were tested for rna 
by replica plating on 100 ug/ml. rifampicin-streptomycin 
plates, and Rif-r colonies tested (without purification) 
for met by spotting and for thi by diluting and streaking. 
Rifampicin resistance was present in 6 out of 111 colonies 
at 30 min and 42 out of 237 at 60 min. At 30 min, 18 out 
of 46 Rif-r colonies were Met-, while at 90 min, 19 out of 
30 were. At 30 min, 3 to 6 out of 28 Rif-r Met* colonies 
were Thi-. At 90 min, 2 out of 28 Rif-r colonies were 
Thi-. Evidently the rna locus is located very close to thi. 
More detailed and extensive mapping is in progress. 

It seems likely that the mutants described are altered 
in a structural gene for RNA polymerase. It will be 
interesting to examine the effects of such mutations on 
the regulation of RNA synthesis by amino-acids and by 
enzyme repression. Definitive establishment of the 
nature of this mutation would also serve as additional 
evidence that the commonly studied RNA polymerase is 
responsible for all, or virtually all, of the RNA synthesis 
in the Æ. coli cell. 

This work was supported by grants from the US 
National Science Foundation and the National Institute 
for Allergy and Infectious Diseases. The rifamycin 
derivatives were gifts from Dr Piero Sensi, Lepetit S.p.A., 
Milan, and from the Research Center, Dow Chemical 
Co., Zionsville, Indiana. Strain K100, from Dr Barbara 
Brownstein, is her stock of Æ. coli Hfr-1 of Reeves. 
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Strain P4X6 was from Dr E. Vanderwinkel. The use of 
EDTA in the mutant selection was suggested by Dr 
Allen Rogerson. 

Note added in proof. The isolation of similar mutants 
has also been reported by Wehrli, W., Kniisel, F., and 
Staehelin, M., Biochem. Biophys. Res, Commun., 32, 284 
(1968), and by Babinet, C., and Condamine, H.. CR Acad. 
Sci. Paris, 267D, 231 (1968). 
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Metabolic Behaviour of Isozymes of 
Acetylcholinesterase 


CHOLINESTERASE (ChE) from various sources can be 
separated into different molecular forms or isozymes? and 
we have resolved several bands with ChE aetivity in 
extracts of rat neural tissue using dise electrophoresis 
(Fig. 1). To gain more information about these isozymes, 
we have studied their physiological properties, particularly 
their turnover, and have detected an isozyme which seems 
to have a rapid rate of turnover. 

In order to obtain high resolution of the ChE isozymes, 
some modifications were applied to a standard dise 
electrophoretic technique*. Glass tubes with an internal 
diameter of 3 mm were used. The separation gel, with 
tris buffer (pH 8-1), was cast in two parts, a lower gel 
(B) with 8-0 per cent acrylamide and an upper gel (A) 
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Fig. 1. Disc electrophoretograms of ChE in extracts of rat retina, 

The gels were incubated in Cu-AcThCh solution for 1 h, and after 

washing, treated with dithio-oxamide. (a) Detergent (*Myrj 53*) extraet 

of control retina. (b) *Myrj' extract 2 h after DFP. (e) 'Myrj' extract 

6 h after DFP. (d) Detergent ("Triton X-100") extract of the 'Myrj* 
residue from a control retina. 
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with 6-25 per cent. The aerylamide concentration of the 
sample and spacer gel was 5:0 per cent. 

Bands of ChE activity were detected by a modification 
of the copper-acetyl thiocholine (Cu-AcThCh) histo- 
chemical technique’. After incubating the gels with 
substrate for 30-60 min at 25°-26° C, and washing each 
gel overnight in 100 ml. of 20 per cent sodium sulphate, 
the white bands of copper thiocholine sulphate (CuThCh- 
SO,) were converted to the green colour of copper dithio- 
oxamide to be more easily seent. The gels were soaked 
overnight in a saturated aqueous solution of dithio- 
oxamide, made 0-02 M in sodium acetate. 

In order to quantify the ChE bands, a microdensito- 
meter was set up*. The copper-dithio-oxamide bands 
proved to be unsuitable for quantification, but scanning 
the turbidity of the developing CuThChSO, precipitate 
directly gave good results. Each gel was placed on the 
microscope stage in a chamber filled with the Cu-AcThCh 
solution and was scanned repeatedly during incubation. 
On the recorder chart, lines were drawn through the band 
peaks, and the slopes, in arbitrary units, were taken 
as the measure of enzyme activity (Fig. 2). After an 
initial period of 10 min, the slopes were linear for 10-60 
min, the more active bands diverging from linearity more 
rapidly. Slopes in their linear portions were also propor- 
tional to the amount of extract placed on the electro- 
phoresis gels. Obtaining enzyme activity as slopes from 
multiple scans rather than by a single measurement at a 
fixed time had certain advantages. Optical defects in 
the gels, for example, did not interfere and blanks were 
unnecessary. Moreover, the more active regions in the 
gel could be scanned repeatedly during their short period 
of linearity, and the slopes of the slower bands could be 
obtained later (Fig. 2). . 

We used rat (male albino, 200—400 g, Holtzman) retina. 
mostly, though brain and muscle were also examined. 
Several ways of extracting ChE were tried. Homogeniza- 
tion in water extracted 5-15 per cent of the enzyme from 
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retina, giving about ten bands on electrophoresis. 'Myrj 
53' (detergent, Atlas Chem. Ind.; 0-8 per cent in 0-005 M 
sodium phosphate buffer, pH 7-0) gave a very similar 
isozyme pattern (Fig. la) and, because the yields with 
this agent were more consistent and slightly higher, it 
was used in this work. All the bands in a 'Myrj' extract 
of retina appeared to be acetylcholinesterase (AChE), 
because they were reduced at least 90 per cent by 5x 
107 M BW 284c51; (Burroughs-Welleome), a specific 
inhibitor of AChE*. Much of the enzyme remaining in 
the 'Myrj' residue could be extracted by ‘Triton X-100’ 
(Rohm and Haas; 1-0 per cent) and could be separated 
into five bands on electrophoresis (Fig. Id). The large 
amount of enzyrne extracted by "Triton' has not, however, 
shown such interesting behaviour as the small amount 
in à ‘Myrj’ extract, and we have studied the latter more 
thoroughly. 

We have used two approaches to study the turnover 
of the ChE isozymes, and both have given consistent 
evidence that one isozyme undergoes a rapid turnover. 
In one approach, animals were injected with diisopropyl- 
fluorophosphate (DFP), an irreversible inhibitor of ChE. 
The gradual recovery of enzyme activity observed in vivo 
after this agent is presumed to represent the production of 
new enzyme molecules”. Reactivation of inhibited enzyme 
had not been completely ruled out, however. With the 
second approach, rats were given intraocular injections 
of inhibitors of protein synthesis, and degradation of the 
AChE isozymes in retina was measured. 

Figs. 1 and 3 show results obtained with the first 
approach. Two hours after DFP (2 mg/kg of ‘Flucropryl’, 
Merck, injected intramuscularly), the retinal homogenate 
AChE and all the isozymes extracted by ‘Myrj’ were 
inhibited 85-95 per cent (Fig. 15). Six hours after DFP, 
however, bands B2 and A3 showed considerable recovery 
(Fig. 1c). Our study has centred on B2, because A3 was 
variable and had too low a level of activity for good 
quantification. The other bands of the 'Myrj extract 
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i i 2 i as scanned 
first 10-20 min of the incubation, only the B region of the gel w "d (on the drawn through the band A4 peaks. 


the arrow, the entire gel was seanned for detection of slower bands. 


my) of the developing CuThCbso, 
The recorder chart drive ran continuously during the incubation. The scan 


bands in an electrophoresis gel of a "Myrj 63‘ extract of control 
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(a) Recovery after DFP of AChE band B2 in 'Myrj' extract of 

Rats were injected with DFP at 0 h and killed at the times 

Recovery is plotted (circles) as 1-— (fractional recovery) 
(specific activity of B2 after DFP) 


(specific activity of control B2) 

(fraction uninhibited after DFP). The specific activity is calculated 
using the protein content of the total homogenate’. Except at 4 h, 
where there was one animal, points are means with standard deviations, 
nrangingfrom 2 to 4. Three animals (squares) received 5 ug of acetoxy- 
cycloheximide intraocularly at O h. The inhibition of recovery is 
apparent. (b) Recovery of the rapidly recovering phase of B2. Points 
are the values of (a) minus 0-6, which is the estimated fraction of the 

slowly recovering phase. 


Fig. 3. 
retina. 
indicated. 


where (fractional recovery) = 





and all the bands of a subsequent ‘Triton’ extract (except 
for one very weak band) underwent no measurable re- 
covery in the first 6 h. They all increased later, most of 
them showing 50 per cent recovery by 1 week. AChE 
assays* of the homogenate and the 'Myrj' extract revealed 
a slight recovery at 6 h, but no detectable change in the 
‘Myrj` residue. 

Soleus muscle and various brain areas of rat as well as 
whole mouse brain, although not examined in detail, 
displayed somewhat similar isozyme patterns and a rapid 
rate of recovery for band B2 after DFP. 

Studies with several enzymes have indicated that these 
proteins are synthesized with a zero order rate and de- 
graded randomly with a first order rate!?. After irrevers- 
ible inhibition of such an enzyme, a semilogarithmic plot 
of l— (fractional recovery) against time is linear, the 
slope being the rate constant for degradation!'*. The 
recovery of retinal B2 for the first 12 h after DFP was 
plotted in this manner (Fig. 3a) and the points appeared 
to fall on a straight line for 9 h. Because a small amount 
of enzyme was left inhibited after DFP (an average of 
8 per cent), ib was necessary to subtract this value in 
making the plot. The uninhibited enzyme fraction 
varied between animals, and the fractional recovery data 
were eonsequently rather irregular at the low enzyme 
concentrations during the early hours of recovery. The 
AChE in the 'Myrj' residue showed no detectable increase 
in the first 6 h, so this activity could be used as an estimate 
of the fraction of uninhibited enzyme in each individual 
retinal extract. For the 9 and 12 h points it was neces- 
sary to use the average value. Plots of the uncorrected 
data showed more seatter, but there was no indication of 
systematic divergence from linearity, and the estimated 
slopes were within 20 per cent of the slopes obtained with 
corrected data. 

At times more than 9 h after DFP, the recovery rate of 
band B2 seemed to decrease. At 7 days, band B2 was 
still only 78 per cent (S.D.=8, n- 7) of the control, 
while it was already 36 per cent at 9 h. These results 
appear consistent with the hypothesis that band B2 
Actually contains two separate isozymes, one with fast 
and one with slow turnover. Their presence in the same 
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band may reflect incomplete electrophoretic resolution. 
The fast component comprises about 40 per cent of the 
total band and seems to be synthesized by a zero order 
process and degraded by a first order process. 1f the 
rapid phase of recovery is plotted alone (assuming it 
represents 40 per cent of the total) then a half-life of 
3-2 h is obtained (Fig. 35). 

Certain objections can be raised against the use of an 
organophosphate inhibitor to study ChE turnover. For 
example, DFP reportedly persists sequestered in tissues 
for many hours and brings about additional inhibition 
of ChE when the tissue is homogenized. Experiments 
were conducted to determine whether such inhibition 
was affecting the values for B2 recovery. Retinas from 
rats treated with DFP 1 h earlier were homogenized in 
the presence of either (a) normal retinal homogenate, or 
(b) horse serum ChE (Sigma), which was used because it 
is highly sensitive to DFP. With mixture (5), but not (a), a 
small amount of DFP could be detected in the homogenate, 
but this amount was calculated to cause no more than 
5 per cent inhibition of retinal AChE. It can further be 
objected that enzymes inhibited with organophosphates 
can be reactivated®, and we have accordingly attempted 
to examine this possibility as an explanation for the rapid 
recovery of B2. In one experiment, brain homogenates 
from mice treated with DFP were kept at 20° C for 24 h 
without detecting any increase at all in band B2. Other 
experiments, with intraocular injections of inhibitors of 
protein synthesis, have shown that the recovery of B2 
in retina is dependent on protein synthesis. Acetoxy- 
cycloheximide (AXM, 5 ug) was injected at the same time 
as the rat was treated with DFP. Protein synthesis was 
inhibited 90-95 per cent, and the recovery of B2 measured 
5 and 6 h later was substantially blocked (Fig. 3a). 
Experiments with AXM and puromycin before the micro- 
densitometer was available gave essentially the same 
results, as judged by visual examination of dithio- 
oxamide-stained gels. The blockage of recovery was not 
caused by irreversible damage to the retina by the com- 
bination of DFP and AXM, because animals killed 18 h 
after the drug injections, when protein synthesis had 
recovered to some extent, showed an increase in B2. 

AXM has also been used in experiments to study the 
degradation of ChE isozymes when protein synthesis 18 
blocked. Six hours after the intraocular injection of 
AXM in animals not treated with DFP, band B2 was 
reduced by 32 per cent (S.D.—3, n=4). After another 
9h of AXM treatment (requiring three intraocular injec- 
tions of the drug), B2 was reduced only 13 per cent more, 
a further indication that the band contains a slow as well 
as a fast turning over component. The other isozymes, 
with the possible exception of A3, showed no significant 
changes 6 h after AXM. If 40 per cent of the activity i 
band 2 is again assumed to consist of a component with 
rapid turnover (the remaining 60 per cent showing neglig- 
ible metabolism in 6 h), then the results of this experiment 
imply a half-life of 2-6 h for the fast component. 

In another experiment with AXM, an estimaie was 
obtained for the half-life of the component of B2 with 
rapid turnover in the absenee of the component with 
slow turnover. Rats were injected with DFP and allowed 
to recover for 6 h before intraocular AXM was given. 
Fig. 4 shows that the early recovering portion of B2 
fell off rapidly with a half-life of 3-3 h. 

Three different kinds of experiments have indicated 
that there is an isozyme of AChE with the unusually short 
half-life of about 3 h (3-2, 2-6, 3-3 b). The kinetics of the 
metabolism of this isozyme, as with several other 
enzyines!*, seem to be zero order for the synthesis and first 
order for the degradation. While certain assumptions 
were made in ealeulating the half-life, they introduce an 
error of no more than 1 or 2 h. In contrast with this 
short half-life, our work and others!? indicate that half- 
lives for many of the other isozymes or for total ChE 
are of the order of 1-2 weeks. The significance of the 
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Fig. 4. Degradation of the rapidly recovering component of B2. Rats 

wereinjected with DFP and 6 h later with intraocular AXM. Fractional 

recovery values (asin Fig. 3a) are plotted, The 6h pointis from Fig. 3a, 
the other points are for individual animals. 


rapidly turning over form of AChE is uncertain. Band 
B2 comprises only a small percentage of the total ChE. 
Perhaps the fast component of B2 is a precursor for other 
bands. Its rapid turnover may reflect a role in changing 
neural organization. 
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Thermally Labile Cross-links 
in Native Collagen 


AN outstanding characteristic of the collagen fibre is the 
sharp eontraction to about one-third of its initial length 
on heating'?. The generally accepted view is that melting 
involves the rupture of secondary valence bonds and a 
rearrangement of the triple helieal structure into a random 
configuration?, the stable eovalent inter and intramole- 
cular bonds remaining intact. We now propose that a 
proportion of the covalent intermolecular cross-links 
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present in native collagen are thermally labile and are 
also ruptured during the shrinkage process. 

Recent investigations have demonstrated that collagen- 
ous tissue may be disrupted? or sclubilized® by B-amino- 
thiols. On the basis of our own studies it was proposed 
that a proportion of the intermolecular cross-links in 
collagen are labile and involve an aldimine bond (Schiff 
base)"*. These latter studies were concentrated on the 
changes in tensile strength of native rat tail tendons but 
fibres from other species, for example, chick and pig 
tendons, exhibited a similar effect. although to a markedly 
lesser extent. A more effective measure of the extent of 
the covalent bonds may be obtained by determining the 
tension generated during thermal contraction while the 
fibre is mamitained at a fixed length® t°, 

Tendons were carefully dissected from the feet of pigs 
and chickens and from the tails of rats. Measurements of 
the development of isometric tension were made using a 
2 STO 2 transducer and M 8 physiological recorder 
(Devices Ltd). The samples were immersed in liquid 
paraffin at 70° C and the development of isometric tension 
was observed, Each tendon was divided transversely 
into three portions for examination: the first analysed 
without prior treatment, the second immersed in. D-peni- 
cillamine (0:1 M. pH. 7-4) overnight at 2° C. and the third 
portion reduced with sodium borohydride for 2 h at 20°C 
(pH 7-4, ratio collagen to NaBH, 30-1). 

As anticipated from previous studies, the maximum 
tension generated during thermal contraction by the 
fibre treated with D-penicillamine was less than the 
untreated fibre. The tendon reduced with borohydride 
had an isometric tension in excess of the native fibre 
(Table 1). When the fibres were kept at 70° C, however, 











‘Table ]. MAXIMUM ISOMETRIC TENSION DEVELOPED BY PORCINE FOOT TENDONS 


Tendon Tendon 
Native tendon treated with reduced by 
D-penicillamine NaBH, 
Tension (kg/cm?) Ls 0.63 2.34 
Standard error 0:150 (274 03118 





the untreated fibre exhibited a rapid partial loss of tension, 
and then after a few minutes the tension decreased very 
slowly over a prolonged period (Fig. la). Neither the 
reduced tendon nor the tendons treated with D- -penieill- 
amine exhibited this phenomenon (Fig. 1b and e). Further- 
more, the extent of this rapid loss of tension was approxi- 
mately equivalent to the decrease in isometrie tension 
produced by D-penicillamine because of cleavage of the 
labile bonds before thermal contraction. 

These results suggest that the proportion of the inter- 
moleeular cross-links known to be labile to treatment 
with penicillamine are also thermally labile. 

Preliminary studies have confirmed our previous find- 
ings* that the proportion of labile eross-links decreases 
with age. and varies greatly between species, The iso- 
metrie tension developed by tail tendons from rats up 
to 9 months old decreased rapidlv to zero. while after 
treatment with D-penicillamine the tension generated 
during contraetion was negligible. eonfirming that with 
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Fig. 1l. Typical isometrie iension curves developed by young porcine 
foot tendons. (a) Native tendon; (b) tendon treated with D-peniecill- 
amine: (e) tendon reduced by borohydride. 
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Fig . Elution curves of amino-acid hydrolysates of collagen fibres 

uced with tritiated sodium borohydride showing the radioactive 

peaks. (a) Native rat tail tendon reduced with NaBH,*; ; (b) tendon 

treated with D- nee and reduced with NaBH,*; (¢) thermally 
enatured tendon reduced with NaBH,*. 


this tissue almost all the intermolecular cross-links are 
in the labile form. 

Reduction of intact rat tail tendon with borohydride 
has been shown to stabilize the cross-linking aldimine 
bonds against cleavage by mild chemical reagents? and the 
reaction results in an almost completely insoluble collagen 
(85 per cent in weight insoluble after 2 h in water at 
80° C). The solubility of rat tail tendons reduced after 
treatment with D-penicillamine or thermal contraction, 
however, was approximately the same as that of unreduced 
tendons (5 per cent by weight insoluble), thus supporting 
the view that treatment with both penicillamine and heat 
ruptures the intermolecular bond. 

To establish that the bonds ruptured thermally are 
the same bonds ruptured by D-penicillamine we have 
compared the amino-acid composition of the treated 
tendons. Reduction of the tendons with tritiated boro- 
hydride after cleavage of the aldimine bond by D-penicill- 
amine, or by thermal contraction, should result in the loss 
from the elution pattern of the same radioactive peaks, 
that is, those corresponding to the labile bond. 

Aliquots of intact rat tail tendons were therefore treated 
in the following ways. First, some were reduced with 
tritiated NaBH, (ratio collagen: NaBH, 30-1) for 1 h 
at pH 7-0 and hydrolysed for 48 h with 6 N HCI. A second 
aliquot was immersed in 0-01 M D-penicillamine, pH 7-0, 
for 24 h at 2? C, reduced with tritiated NaBH, and 
hydrolysed as before. The remaining tendons were ther- 
mally denatured by immersion in isotonic saline, pH 7-0, at 
70° C for 30 s, cooled and reduced and hydrolysed as before. 
The acid hydrolysates were analysed with a Technicon 
amino-acid analyser and the radioactivity was determined 
as described previously’. 
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Comparison of the tritium activity curves of the native 
tendon and the tendon treated with D-penicillamme 
(Fig. 2) reveals that the two major peaks (4 and B) are 
virtually absent from the latter curve, indicating that 
they are probably involved in the aldimine eross- ink. 
Further comparison with the thermally contracted tendons 
again reveals that the same two peaks are absent, confirm- 
ing that the same labile bonds are cleaved by the different 
treatments. 

In summary, these results confirm the previous findings 
that a proportion of the covalent intermolecular eross- 
links in native collagen are in a labile form. The propor- 
tion of these bonds varies with the age of the tissue and 
from species to species. Furthermore, it is now clear that 
in addition to being readily cleaved by various mild 
chemical reagents the bonds are also thermally labile. 

We thank Mr A. H. Whiting for carrving out the amino- 
acid analysis, and Dr S. M. Partridge for his continued 
interest. 
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Evolution of Senescence and 
Specific Longevity 


ZOMFORT'S recent article! prompts us to comment on an 
aspect of the evolution of senescence: particularly on 
the question why. given equally good environments, 
organisms differ very greatly in longevity. We agree with 
Comfort? in defining senescence as the total effect of all 
changes which occur in an organism as it ages and which 
render it more vulnerable or less viable. We define 
specific longevity as the time from birth to 99 per cent 
mortality in à cohort. 

Medawar? has pointed out that the efficacy of natural 
selection decreases with increasing relative age until, near 
the end of life expectancy, selection against harmful but 
late acting genes is insufficient to remove them from the 
population. Harmful genetic effects are postponed by 
selection and late acting harmful mutations are allowed 
to accumulate, so that senescence develops. This may be 
true provided that the life span is already determined. 
Any gene, however, which extends the reproduc tive period 
by postponing the onset of senescence bas a selective 
advantage, so that there is a general tendency to prolong 
the mean reproductive life of individuals of any spec 
Thus, in order to explain specific longevity, a mechanism 
is needed which opposes the natural tendency to live 
longer. 

In Medawar's model, illustrated by a population of 
self-reproducing laboratory test tubes, the opposing mech- 
anism would be the breakage rate of the test tubes. This 
implies to us that accidental death might oppose the 
tendency to prolong life in real populations, thereby 
determining the very different specifie longevities found 
in nature. 
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Williams‘, aware of the need for such a counteracting 
factor, has proposed that the mechanism resides in the 
effects of pleiotropie genes, the favourable effects of which 
early in life outweigh in selective value the harmful 
effects they have later on. 'The age at which such harmful 
effeets are permitted would be determined by the in- 
eidence of adult mortality. For example, birds can fly. 
and are thus less liable to predation than other homeo- 
therms of similar size; their mortality rate is lower, and 
consequently senescence occurs at a later age. 

Whether or not the appeal to pleiotropy is compelling, 
we attach importance to the rest of Williams's argument 
which, with slight modification of emphasis, can be stated 
in the following form: specific longevity is determined 
by (1) natural selection tending to prolong it and (2) the 
sum of all environmental hazards tending to curtail it. 

As Medawar has pointed out, senescence results from: 
(1) extrinsie eauses, including mechanical wear, and 
(2) intrinsic causes, which are genetically built in. Even 
in the absence of intrinsic seneseence, there must be a 
period of time beyond which survival is improbable. 
because of chances of accidental death by predation, 
starvation, desiccation and so on, added to the effects of 
extrinsically caused senescence. We call these combined 
effects the hazard factor, which clearly varies in intensity 
between species. For potentially immortal eicohanta the 
hazard factor is probably far lower than that for potentially 
immortal fruit flies. If the hazard faetor thus sets a limit 
to longevity even in a population of potentially immortal 
individuals, then late acting harmful genes ean aecumulate 
and intrinsie senescence ean develop. In a real population. 
where intrinsic senescence has been established, observ- 
able specific longevity is determined by three com- 
ponents: (i) random accident, (ii) environmentally caused 
extrinsic senescence and (iii) intrinsic senescence. The 
hazard factor (which is a funetion of components (i) and 
(ii)) would, if acting alone, permit a greater specific 
longevity than exists in any population showing intrinsic 
senescence. The hazard factor prevents prolongation of 
life while any species remains in a particular niche (sensu 
lato). Should the niche change, or the species evolve 
(presumably both would occur simultaneously). then of 
course the hazard factor may change in such a way as to 
determine a longer or shorter specific longevity. 

The hypothesis requires that it should be possible to 
prolong the life span of a species by breeding it in an 
environment where the hazard factor is lower than normal. 
Such an experiment would be difficult to carry out, 
because genetically controlled senescence, already present 
in a population, would limit the extent to which environ- 
mental improvement could immediately extend specific 
longevity. 

A quicker answer might be obtained by the reverse 
proeedure-—in which the experimenter would impose an 
additional severe hazard by decreasing the normal life 
span for several generations. Then, according to the 
hypothesis, the subsequent life span of the experimental 
population should be shorter than that of a control 
population when both are tested in the environment of 
the control population. Drosophila would be a suitable 
experimental animal. In the simplest form of the experi- 
ment, all adults would be removed from the population 
after (say) 7 days of egg laying, only the eggs which they 
had by then laid being used to continue the population, 
the process being repeated for fifty or so generations. In 
this way, the "unlived" portion of the normal life span 
would not be exposed to differential selection, so that 
random mutations and gene interactions applicable to 
that period would be allowed to accumulate. Comparison 
of the life span of the resulting population with that of 
another, where adults had been left to breed and die 
normally, might provide an indieation of the validity of 
the hypothesis. 

Comfort! urges the need for research to decide whether 
or not there exists a single "leading process" as the cause 
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of mammalian senescence. If the hazard factor hy pothesis 
is valid, differences in specifie longevity in different species 
are seen primarily as phenomena with ecological aetiology, 
and the existence of a single "general" cause of senescence 
seems unlikely. 


E. B. EpxEY 
Rosert W. GILL 


Department of Life Sciences, 
University of California, 
Riverside, California. 
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Effect of Neomycin on an Inhibitor of 
Spontaneous Tumours in Mice 


I wave already discussed the effect of liver extracts on 
the biological characteristics of spontaneous tumours in 
C3H/St mice. These effects were obtained by exposing the 
offspring of a tumour-bearing mother to a parenteral 
injection of a specially prepared liver extract. In other 
words, the extract was injected into a pregnant mouse 
and the ensuing offspring did not develop spontaneous 
tumours of mammary gland origin (adenocarcinoma) for 
several months; this is a striking effect om the charac- 
teristics of cancer?. 

I have emphasized? that two commonly accepted 
mechanisms are involved in experimental cancer. These 
are: (1) a mechanism involving an initiator or promotor 
for the origin of cancer, and (2) a mechanism for the 
continuation or survival of the tumour. In the case of the 
well known mammary gland tumours in mice, the presence 
of the milk factor or virus of Bittner is certainly im- 
portanti. 

I have now found that spontaneous tumours occur in 
the offspring at ages comparable with those of the controls, 
and so mechanism (1) for the origin of cancer may not 
be affected by the treatment of the tumour-bearing 
pregnant females with liver extracts. But the contin- 
uation of the neoplastie condition is affected (growth 
rate and retrogressive changes) and therefore mechanism 
(2) involved in the continuation of neoplasia, may be 
involved as a result of the experimental procedure of 
injecting liver extract into à pregnant mouse. 

Many tumours undergoing retrogressive changes become 
extremely soft, even though the liver extract is always 
injected peritoneally at sites remote from the neoplastie 
growth, which is always subcutaneous. Large areas 
filled with liquefied material develop in the tumours. 
These foci sometimes coalesce to form enormous cysts 
which can be drained by a hypodermic needle. Cultures 
of newly formed liquefied areas are sterile (according to 
tests carried out by Dr Phillips Gausewitz of the Seripps 
Memorial Hospital, La Jolla, California); but many of 
these soft areas become secondarily infected with the 
common bacteria usually found in a mouse colony, 
especially if a break occurs in the skin. In many cases 
the death of the tumour-bearing mouse is obviously 
affected by the presence of these infective organisms. 

In an attempt to control the secondary infections in 
retrogressing cancerous tissue, perhaps only partially, 
and thus prolong the life of a tumour-bearing animal, I 
have investigated the effects of several antibiotics. I 
report here the effects of neomycin, given in drinking 
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water, on a tumour-bearing mouse that was receiving 
liver extracts. 

Neomycin was given at the rate of 12 mg/kg body 
weight/day. As in previous investigations of the effect of 
the inhibitor on neoplastic growth®?, the liver extract was 
administered peritoneally. The preparation of the liver 
extracts has already been desceribed??. Essentially, the 
extract is an alcohol soluble (80 and 100 per cent) moiety 
obtained by exposing the ground liver of several species 
(mouse, South African rat, cattle and horn shark) to alcohol. 
The lyophilized material is taken up in distilled water 
and refrigerated while not in use. Before use the extracts 
are warmed to room temperature to avoid the spasms 
associated with the injection of refrigerated materials. 
A small quantity of thymol is added to the extracts as a 
preservative, and the liver extracts in distilled water are 
pasteurized at 56? C for 30 min before being stored in 
sealed serum bottles. 

A total of 334 C3H/St mice bearing spontaneous tumours 
(adenocarcinomata of mammary gland origin) was used. 
They were divided into four groups as follows: (1) 
sixty-three controls; (2) twelve given neomycin alone; 
(3) thirty-six given neomycin and inhibitor; (4) 223 
given inhibitor alone. Results are presented in Fig. 1 
which shows that there are obviously only two patterns 
of growth rate for spontaneous tumours in mice of the 
four groups. These data are based on successive incre- 
ments of growth per unit of time. This means that all 
curves start at zero because the initial size of a tumour 
is always deducted from successive sizes in order to 
compute the increments of growth. The patterns are: 
(1) a single curve (solid line with dots) which was obtained 
from the effect of the liver inhibitor on the growth of the 
neoplasm and (2) a composite group of three curves made 
up of (a) the controls (solid line with triangles); (b) 
neomycin alone (short dashes); and (c) neomycin and the 
liver inhibitor (long dashes). 

Obviously there is no difference between the growth 
rates of spontaneous tumours obtained in mice of one or 
the other class in group (2) (Fig. 1). The rate of growth 
of spontaneous tumours treated with liver inhibitor is 
eonsiderably suppressed compared with any of the three 
classes in group (2). 

Neomyein given in drinking water to a tumour-bearing 
mouse had no effect on the rate of growth of the spon- 
taneous tumour (Fig. 1). Periodic injection of liver 
extraet (three times a week) inhibits the growth of a 
spontaneous tumour of mammary gland origin in mice 
(Fig. 1). Finally, the administration of neomycin in the 
drinking water of a tumour-bearing mouse apparently 
“inactivated? the tumour inhibitor which had been 
administered peritoneally (Fig. 1). 

Inactivation of an inhibitor of spontaneous tumours in 
mice is well documented, but considerably more research 
is needed before an explanation can be given. It is 
questionable whether neomycin could control completely 
the secondary infections of a spontaneous growth, for it 
exerts its antibiotic effect in the gut. It is possible that 
not all the biological effects of this drug are known. 
Furthermore, the nature of the inhibitor is far from clear. 
The term "liver extract" is not specific in view of the 
innumerable components in the liver and the variety of 
methods available for extraction. Other differences 
between liver extracts, which are associated with the 
species of animal used, age and so on, may be involved 
(my unpublished results). For example, extract of male 
liver is more inhibitory to spontaneous tumours than 
extract of female liver. It is also important to remember 
that the effectiveness of the inhibitor has been reported 
to change while the liver extract is being stored in distilled 
water under refrigeration’. Some of these changes seem 
to be cyclical; their meaning is unclear, although because 
the materials in the water form an emulsion or emulsoid, 
some of the changes may be associated with the aggregation 
of particles. 
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Fig. 1. Growth rates of spontaneous tumours (adenocarcinomata of 


mammary gland origin) in C8H/St mice expressed as increments in 
successive periods of time (three observations a week) expressed on the 
base line. A, Controls (sixty-three mice); - - - , mice treated with neo- 
mycin alone (twelve mice); — — — , mice treated with neomycin and 
the inhibitor (thirty mice); — 6 —, mice receiving the inhibitor alone 
(two hundred and twenty-three mice). Sizes of tumours are expressed on 
the verticalline; these were computed as the multiplieation of the two 
longest diameter of the tumours. 


Perhaps the use of neomycin will make it possible to 
reach an understanding of the nature of the tumour 
inhibitor which has been found in liver extracts. 

Neomycin was supplied by Dr George B. Whitfield of 
the Upjohn Company, Kalamazoo, Michigan. 

LEONELL C. STRONG 
Leonell C. Strong Research Foundation, Ine., 
Del Mar, 
California. 
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Role of Leucocidin and Triphospho- 
inositide in the Control of Potassium 
Permeability 


LEUCOCIDIN is a product of Staphylococcus, consists of two 
proteins and is toxic to the polymorphonuclear leucocytes 
of rabbit and man. The study of the response of leuco- 
eytes to leucocidin has led to the unexpected finding that 
the changes that oecur mimic those in excitable or secret- 
ing cells during membrane depolarization or stimulation 
by hormones!. Thus the permeability to cations but not 
other small molecules increases, protein in the cytoplasmic 
particles is secreted and calcium is accumulated in vesicles. 
It is probable that the primary response to leucocidin is 
the increased permeability to cations’. The changes in 
membrane structure that precede the altered cation 
permeability during membrane depolarization are un- 
known and the mode of action of leucocidin may be 
relevant. The study of the interaction of leucocidin with 
the isolated leucocyte membrane and with purified 
phospholipids led us to suggest that the primary action 
of leucocidin is to change the conformation of triphospho- 
inositide in the leucocyte surface membrane. This 
communication provides confirmatory evidence for this 
hypothesis. 

The triphosphoinositide content of the leucocyte (32 
mumoles/g wet weight of packed cells) is about twelve 
times less than that of brain? although expressed as a molar 
fraction of the phospholipid, the triphosphoinositide 
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content of the leucoeyte surface membrane (6 mmoles/ 
mole of phospholipid) is similar to that of myelin*. That 
is, in the leueocyte and in brain, triphosphoinositide 
probably occupies a similar fraction of the membrane 
area but the leueoeyte does not possess the multiple 
membrane layers characteristic of myelin. The isolation 
of triphosphoinositide from the leucocyte is not feasible 
and its stability and structure have been determined 
from the properties of labelled triphosphoinositide from 
leueoeyte surface membranes, mixed with unlabelled 
material from brain. 

Brain triphosphoinositide was isolated by the procedure 
of Hendrickson and Ballou? with modifications to ensure 
absence of calcium from the purified product. Labelled 
triphosphoinositide was prepared from 10!* leucocytes 
that were incubated for 1 h with 16 mCi of ??P.ortho- 
phosphate in Krebs-Ringer bicarbonate solution free of 
phosphate. The cell surface membranes were prepared 
by our method! and samples (5 mg of protein) were 
maintained at room temperature for 30 min in 0-145 
M NaCl, 0-05 M tris buffer, pH 7-2, alone, or with 10 ug 
of each component of leucocidin. The mixtures were 
centrifuged and the membrane pellets extracted with 
acidified chloroform : methanol. To the extract 3 umoles 
of ox brain triphosphoinositide was added and the mixture 
purified’. It was then deacylated* and the glycerol 
inositol triphosphate was isolated by paper chromato- 
graphy*. The specific radioactivity of the products from 
normal and leucocidin-treated membranes did not differ, 
showing that leucocidin does not solubilize triphosphoino- 
sitide or change the covalent structure. 

In further experiments the mixed triphosphoinositide 
was degraded by mild alkaline hydrolysis*, or by periodate 
and phenyl hydrazine’, or by strong acid hydrolysis’, 
and the glycerol inositol phosphates or inositol phos- 
phates were chromatographed in conditions that would 
separate the isomeric forms’. No separation of phos- 
phorus and radioactivity was obtained. Thus leucocyte 
triphosphoinositide has the structure assigned to ox brain 
triphosphoinositide by Brockerhoff and Ballou!*. 


Table 1. SEPARATION OF THE HYDROLYSIS PRODUCTS OF LECCOCYTE AND 


OX BRAIN TRIPHOSPHOINOSITIDE 


Treated with acid-phenol Not treated with acid -phenol 
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A mixture of labelled leucocyte and unlabelled ox brain triphosphoinositide 
was prepared by the acid-extracti 





‘tion procedure and degraded by mild alkaline 
hydrolysis. A sample of the glycerol inositol triphosphate (50 zg of P, 500 
p.m. of radioactivity) was maintained at room temperature for 24 h in 0-2 
ml. of phenol saturated with 1 N HCl:acetie acid : ethanol (100 : 10 : 12, by 
volume) and then dried in à vacuum. It was then appiied to paper together 
with another sample of glycerol inositol triphosphate which had not been 
treated with the acid-phenol solvent. The paper was irrigated with iso- 
propanol-NH,-water for 7 days. The phosphate esters were located by 
spraying and the specific radioactivity of strips of the glycerol inosito 
triphosphate determined. 


If the glycerol inositol triphosphate obtained from ox 
brain and labelled leucocyte triphosphoinositide was 
maintained in phenol saturated with 1 N HCI : acetic acid : 
ethanol (100 : 10 : 12, by volume) for 24 h at room tem- 
perature or in 0-1 N HCl at 100? C for 5 min, partial 
hydrolysis to inositol triphosphate with a lower specific 
radioactivity than the unchanged glycerol inositol tri- 
phosphate oceurred. Furthermore, after treatment with 
the acid-phenol solvent the unchanged glycerol inositol 
triphosphate separated on prolonged chromatography 
into regions of different specifie radioactivity (Table 1). 
These results suggest that glycerol inositol triphosphate 
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exists in at least two conformational states differing in 
rates of mild acid hydrolysis but not resolved by chromato- 
graphy in isopropancl-NH,—water® and that after treat- 
ment with the acid-phenol solvent a further conforma- 
tional state is produced which ean be partially resolved 
by chromatography in isopropanol-NH,-water. These 
conformational states cannot be specified at present. 
Broekerhoff and Ballou'* observed that glycerol inositol 
triphosphate and glycerol inositol monophosphate differ 
in their reaction to strong base hydrolysis and inositol 
triphosphate may not have the "chair" conformation of 
inositol. 

Different triphosphoinositide preparations can be 
resolved by prolonged chromatography on paper treated 
with formaldehyde. Fig. 1 shows that labelled triphospho- 
inositide from leucocytes partially separates from un- 
labelled triphosphoinositide from either ox or rabbit 
brain. The specific radioactivity profiles obtained with 
the two carriers differ and so ox brain triphosphoinositide 
is not identical with rabbit brain triphosphoinositide. 
Some of the separation can be a consequence of differences 
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Fig. 1. Specific radioactivity of labelled leucocyte triphosphoinositide 
mixed with unlabelled triphosphoinositide from ox brain or rabbit brain, 
and chromatographed on paper treated with formaldehyde, ‘Triphospho- 
inositide was isolated from labelled leucocyte membranes with either ox 
brain or rabbit brain triphosphoincsitide as carrier, using the acid- 
extraction procedure and chromatography on DEAE-cellulose to 
remove radioactive diphosphoinositide. Samples of the purified triphos- 
phoinositide were chromatographed on paper treated with formaldehyde, 
with the upper phase of butanol : acetic acid : water : ether (100 ; 25 : 
125 : 30, by volume) as solvent. Descending chromatography waa used 
and the solvent allowed to drip off the end of the paper. The specific 
radioactivity of successive regions containing tripho: oinositide was 
determined. LO, leucocyte-ox brain triphosphoinositide mixture 2 days 
chromatography. LR, leucocyte-rabbit brain. triphosphoinositide 
mixture 3 days chromatography. @, Specific radioactivity: ©, phos- 
phorus content. 
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Fig. 2. Modification by leucocidin of triphosphoinositide in the leuco- 
eyte membrane, Labelled triphosphoinositide from normal membranes 
and membranes treated with leucocidin was isolated by the neutral 
extraction procedure with ox brain triphosphoinositide as carrier and 
chromatographed on paper treated with formaldehyde, as described in 
Fig. 1, for 3 days. A, Triphosphoinositide from normal membranes. B, 
triphosphoinositide from membranes treated with leucocidin; C, triphos- 
phoinositide from membranes treated with leucocidin, converted to the 
uncharged form before chromatography. ©@, Specific radioactivity; 
©, phosphorus content. 


in the esterified fatty aeid content; however, as is shown 
here, some of the separation stems from the inositol 
triphosphate conformation. 

The conformation of triphosphoinositide might be 
changed if it is converted to the unionized form or to the 
caleium salt. Accordingly triphosphoinositide was isolated 
from leueoeytes without the use of acid extraction. 
Samples of labelled leucoeyte surface membranes (0-5 mg 
of protein in 1-0 ml. of 0-145 M NaCl, 1 mM Na-EDTA, 
0-05 M tris buffer, pH 1-2) were maintained alone or with 
5 ug of each component of leucocidin at room temperature 
for 30 min and then added to 1 umole of ox brain triphos- 
phoinositide in 0-5 ml. of 0-145 M NaCl, 1 mM Na-EDTA, 
0-05 M tris buffer, pH 7-2, at 0°. Four volumes of acetone 
were immediately added. The insoluble fraction was 
extracted successively with 4 volumes of acetone, 4 vol- 
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umes of ethanol, 4 volumes of petrol ether and dried in a 
vacuum. The material was suspended in 1-0 ml, of 01 
M tris buffer, pH 7-2, and incubated at 37° C for 3 h with 
100 ug of the proteolytic enzyme ‘Nagarase’. The digest 
was then dialysed against distilled water and freeze-dried. 
The solid was extracted with LO ml. of chloroform : 
methanol: water (75: 25:2) and the soluble fraction 
ehromatographed on formaldehyde-treated paper for 3 
days’. 

Fig. 2 shows the specifie radioactivity profile of labelled 
triphosphoinositide from leucocyte membranes, either 
normal or treated with leucocidin, mixed with a prepara- 
tion of unlabelled ox brain triphosphoinositide. The 
material from treated membranes resembles ox brain 












triphosphoinositide more closely than does that from 
normal membranes. The change induced by leucocidin 
is reversed by converting the triphosphoinositide extracted 





from membranes treated with leucocidin to the unionized 
form by dissolving it in chloroform : methanol : concen- 
trated HCl (200 : 100 : 0-75 by volume) and then making 
the ammonium salt for chromatography. This reversal 
by acid conditions shows that the separation on paper 
treated with formaldehyde is not a consequence of differ- 
ences in esterified acid content alone. 

Previous work has shown that cocaine, promethazine, 
sulphydryl reagents, cholesterol, hydrocortisone, vitamin 
E and inhibitors of respiration or glycolysis do not 
inhibit leucocidin'. It has now been found that tetra- 
ethylammonium ions inhibit the effects of leucocidin. 
Table 2 shows that 80 mM tetraethylammonium chloride 
inhibits the efflux of potassium, swelling of cells and the 
secretion of 8-glueuronidase from the cells treated with 
leucocidin. "Tetramethylammonium chloride (100 mM) 
or choline chloride (100 mM) were without effect. The 
action of tetraethylammonium ions is competitive (Table 
3) and also prevents leucocyte membranes from inactivat- 
ing leucocidin (Table 4). It is possible that leucocidin 
and tetraethylammonium ions have identical sites of 
action. 

Elsbach and Schwartz! observed that when leucocytes 
are cooled to 0° C they accumulate sodium and loose 
potassium, but when they are subsequently maintained 
at 37° C potassium is aecumulated but the sodium con- 





Table 2. INHIBITION OF LEUCOCIDIN BY TETRARTHYLAMMONITM IONS 


K* content of cell B-giueuronidase 


Leucocidin pellet (ug atom/gm Wet weight of secreted (enzyme 








present wet weight) cell pellet (mg) units/10* celts) 
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Samples of 10* leucocytes in ascitic fluid were centrifuged in weighed 
tubes and the pellets were suspended in 3 ml, of Hanks balanced salt solution 
in which part of the NaCl had been replaced by 80 mM fetraethyl- 
ammonium chloride (TEA). The cell suspensions were ; ab room 
temperature for 5 min and then incubated alone, or added 
leucocidin, at 37° € for 10 min. 












Table 3. COMPETITIVE INHIBITION 


OF LEUCOCIDIN BY 
AMMONIUM IONS 


Leucocidin required to give equivalent 


TETRAETHYL- 


Concentration of 
tetraethylammonium ions 
(mM) 
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Leucocytes were treated as described in Table 1 except that different 
concentrations of tetraethylammonium ions were used. The amount of 
leucocidin giving a cell pellet with a concentration of potassium equal to 
the mean of the concentrations for control cella and those with excess lenco- 
cidin was determined graphically. 


reduction in potassium concentration 
(ug of each component) 
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Table 4. EFFECT OF TETRAETHYLAMMONIUM IONS ON THE INACTIVATION OF 
LBUCOCIDIN BY LEUCOCYTE CELL MEMBRANES 
: F component 8 component 
Mixture activity units activity unita 
Leucocidin alone 40 
Membranes and leucocidin 10 20 
Membranes in 100 mM TEA and leucocidin 40 40 


Leucocidin (0:3 ug of each component) in 0-01 mL of 0-145 M NaCl solution 
was added to 1-0 ml. of 0-145 M NaCl, 0-05 M tris buffer, pH 7-2, containing 
1:0 mg/ml. of bovine serum albumin, or to leucocyte ceil membranes (0-5 mg 
of protein) suspended in this solution. In a further mixture part of the NaCl 
was replaced by tetraethylammonium chloride. r 15 min at room 
temperature the mixtures were centrifuged and the activity of leucocidin in 
the supernatant was determined by assay with macrophages*, One activity 
unit is the amount of either component of leucocidin which, in the presence 
of excess of the other component, inhibits macrophage respiration under 
these conditions. 


tent is not completely restored. It is probable that in 
the leucocyte the balance of electrolytes is maintained by 
controlling the amount of potassium in the cell and that 
this is changed by leucocidin. Comparison of the rates at 
which potassium is lost from leucocytes cooled to 0? C 
or treated with leucocidin shows this substance acts by 
producing a potassium channel rather than by inhibiting 
a cation pump. Leucocidin, however, could produce a 
channel through a structural change in the potassium 
pump. A. M. W.' has pointed out that mere alteration 
of the electrolyte content of leucocytes does not lead to the 
eytotoxie effects induced by leucocidin and has argued that 
the structural change induced by leucocidin leads to 
alterations in phosphorus metabolism in the cell mem- 
brane. Leucocidin has been shown to stimulate break- 
down of adenosine triphosphate in the leucocyte’. These 
eonsiderations suggest that if triphosphoinositide controls 
the potassium content of the normal leucocyte it might 
function as a component of an electrolyte pump. 

The very specific inhibition of leucocidin by tetra- 
ethylammonium ions suggests that the permeability of 
leucocytes treated with leucocidin may be relevant to that 
of peripheral nerve. In nerve, tetraethylammonium 
ions block the potassium channel (Hille!?) and it must be 
considered if this could be controlled by triphosphoino- 
sitide. It has been claimed that triphosphoinositide is 
restricted to rayelin'?. This may not be so, however, if the 
content of triphosphoinositide is expressed as a function of 
the content of phospholipid and not of the wet weight of a 
tissue. In nerve, potassium permeability is controlled 
by a gating mechanism. "Triphosphoinositide has a high 
negative charge density and we have shown that the 
conformation is dependent on this. The possibility that 
triphosphoinositide is present at a potassium gate and 
changes its eonformation during the action potential 
deserves consideration. Mueller and Rudin'* have 
suggested that ion gates and pumps may have identical 
components. If triphosphoinositide has a similar function 
in the leueocyte and in nerve these arguments would 
receive independent support. 
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Hepatic Regeneration: Effect of Size 
of Resection on in vitro Growth of 
Remnant Liver Cells 


THE size or extent of a liver resection influences (a) the 
rate of liver regrowth grossly, that is to say, the larger the 
resection, the more rapid the regrowth'?; (b) the mitotic 
index in the remnant liver, whieh inereases with more 
extensive resection? 4; and (c) the uptake of labelled 
DNA precursors by the remnant liver, which is increased 
with larger resections’. We have studied the effect of a 
large versus a small hepatic resection on the characteris- 
ties of the tissue culture of the remnant (unremoved) 
liver tissue, at varying intervals after partial hepatectomy. 

Long-Evans male rats from the same litters were used 
and were kept on a complete diet. In the initial study, 
using 204 rats (240—260 g), 96 were then given a small 
(«30 per cent) hepatic resection and 108 a large (> 60 
per cent) hepatic resection as illustrated in Fig. |. They 
were divided into sixteen groups of twelve rats in which 
weights were equal to within 2 g. In each group the liver 
extirpation (that is, "large" or "small") was carried out 
at the same time on these twelve animals. At regular 
intervals (Fig. 2) up to 28 days after these resections, the 
twelve rats (six of each resection size) were killed anda 
portion of the caudate lobe (Fig. 1) removed for culture. 

Liver segments from each group (that is, "large" or 
"small") were combined, minced and trypsin-dispersed. 
Cells were washed in Hanks solution, suspended in saline 
and counted. An inoculum of 1-8 x 105 cells from each of 
these pools was placed in twenty Petri dishes containing 
Eagle’s medium with 10 per cent calf serum. These were 
maintained at 37° C in 5 per cent CO, for 16 days*. Re- 
feedings with the same media were carried out at intervals 
of 4days. After 16 days of cultivation, and three feedings, 
cells were removed from the surface of the plates with 
trypsin solution, suspended in saline and counted in a 
haemocytometer. Variation in growths between indivi- 
dual plates (twenty) in each series was minimal. 

Cells from liver, which was removed from the hepatic 
remnants 24 h after resection ("large" or “‘small’’), failed 
to survive in vitro. This result was repeated with three 
additional groups of similar rats. Cells removed from the 
remnant 48 h after a large resection also did not survive; 
and after a small resection, a minimal survival of cells 
was found. Beginning with tissue removed 72 h after the 
resections and continuing thereafter until the 28th day, 
increased cell growth was noted in all pools (Fig. 2). 

There was an early peak of growth (538,000 cells/plate) 
in cell pools from rats which had undergone a large hepatic 


Small 


Large 





Fig.1. The “small” resection consisted of the right (larger) portion of the 

anterior or mediallobe. The “large” resection consisted of this segment 

plus the entire left lobe. The biopsy site, the caudate (right posterior) 

lobe, was not contiguous to either ‘‘small” or “large” resection. Shaded 
areas, liver resection; black areas, biopay site. 
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Days after resection (cell growth/size of stimulus) 
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Fig. 2. Male rats (240-260 g) in which a "large" or “small” hepatic 

resection was followed by biopsy of the caudate lobe (remnant liver) on 

the days after resection asindicated. Each symbol represents the growth 

of pooled liver cells from six rats. Growth (ordinate) determined by cell 

counts after 16 days in gisele ien (aee text): >-+ O---, Large; 
— W, small. 


resection. The sustained growth potential of cells from 
animals 5-22 days after small hepatic resections is shown 
(Fig. 2). In both groups £n vitro cell survival returned to 
almost zero in liver removed on the 28th day after resec- 
tion. Cells from the liver of rats of this weight do not 
survive in media without prior liver resection using this 
technique’. 

A second experiment was designed to study further the 
observed absence of growth in the pools of cells removed 
in the first 48 h after either type of resection. One hundred 
male weanling rats were used. Ten animals were subjected 
to a 68 per cent hepatic resection (right and left anterior 
lobe and entire left lobe) when they reached the weight- 
range indicated in Table 1. The animals in each group 
were killed 24 h after the initial procedure and sterile 
tissue was taken from the caudate lobe (Fig. 1) All 
methods were as in the previous experiment. Liver tissue 
from each group of ten rats formed a cell pool which was 
inoculated into twenty plates. 

Cells from the livers of the 56-62 g rats grew signifi- 
cantly and, from the 127-150 g rats, minimally when 
removed 24 h after a large (68 per cent) hepatic resection. 
Cells from the livers of all groups of rats with weights 
between 180 and 400 g did not survive when obtained 
24 h after the 68 per cent resection (Table 1). 

It appears that the growth characteristics of cells from 
the hepatic remnant after partial hepatectomy are in- 
fluenced by (a) the size of the hepatic resection, (b) the 
interval following resection at whieh cells are taken from 
the animal for cultivation, and (c) age of the animal. 

In the present studies, cells originating in a liver whieh 
had undergone either a large or small resection show a 
characteristic growth pattern (that is, "large" or "small" 
in Fig. 2) to the end of the period of cultivation. The 
extent of contact of these cells with humoral factors in the 
intact animal would be limited to that period between the 
initial resection (large or small) and the removal of the 


Table 1, THREE LOBE (G8 PER CENT) HEPATIC RESECTION 
(growth in remnant cells) 


Weight range (g) Average weight (g) No. of plates Cell growth 


56-62 59-1 20 230,000 + 15,000 
127-150 130-0 20 45,000 + 11,780 
166-176 169-8 20 3,400* 
180-240 189-0 20 0 
240-268 248-0 20 0 
252-282 268-5 20 0 
273-300 288-6 20 0 
300-327 310-4 20 0 
842-365 358-4 20 0 
365-400 381-0 20 0 


Twenty-four hours after 68 per cent resection, liver was removed from ten 
rats (male, Long-Evans) for culture to form each cell pool. Tissue was 
ed only from caudate lobe (see Fig. 1), that was not next to the original 
resection. 


* Nostandard deviation, cells had to be eombined for Counting. 
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cell from the hepatic remnant. After this, the cells are 
washed, trypsin-dispersed, rewashed and kept apart from 
possible humoral influence for 16 days. 

Of partieular interest was the laek of growth of cells 
removed during the initial 48 h after hepatie resection. 
lt is in this period that many facets of the regenerative 
process appear to have their maximal activity, that is, 
mitosis counts, DNA precursor uptake and so on, and it 
is the period during whieh gross liver growth is most 
'apid. . 

The unique potential for growth of cells from the livers 
of weanling rats seems to overeome the factor which 
accounts for the lack of growth of cells removed at short 
intervals following massive resection in older rats (Table 1 
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Isolation of Membrane-associated 
Tumour-specific Antigens from Rat 
Hepatomas induced by Aminoazo Dye 


TUMOUR-SPECIFIC antigens (TSTA) have been demon- 
strated by transplantation methods in tumours induced 
by carcinogens and an important feature is that each 
tumour possesses characteristic individual antigens!-*. Host 
resistance can be evoked against these tumours after 
exposure to viable or attenuated tumour cells, whereas 
isolated tumour fraetions have usually been devoid of 
immunogenic activity**. Tumour-specifie antigens with 
individual specificities similar to those demonstrable by 
transplantation methods have recently been detected 
on aminoazo dye induced rat hepatoma cells. An 
indirect fluorescent antibody test? was used based on 
that developed by Möller’ for the detection of histocom- 
patibility antigens associated with the cell membrane. 
This in vitro procedure provides a more simple test than 
tedious transplantation methods for assaying the anti- 
genicity of subcellular fractions from transplanted rat 
hepatomas. Particular attention has been paid to plasma 
membrane fractions prepared by the general method of 
Davies and his co-workers which was initially devised for 
the isolation of mouse H-2 isoantigens! and more 
recently applied in the extraction of transplantation 
antigens from human spleen!?. 

Rat hepatoma D23, originally induced by 4-dimethyl. 
aminoazobenzene (DMAB) and transplanted in syngeneic 
Wistar rats’, was used for the isolation of membrane 
fractions. Hepatoma cells were brought into suspension 
by repeated trypsinization of minced tumour? and the 
cells collected by centrifugation (30g for 5 min). Pooled 
hepatoma cells were washed three times in Medium 199, 
resuspended at a concentration of 10? cells/mi. in 0-9 per 
cent sodium chloride and kept at 2° C for 18 h. Cells 
were then collected by centrifugation (600g for 15 mum), 
extracted with distilled water (3 x 10 ml.) and the eluted 
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cell-free membrane material separated from the aqueous 
extracts by centrifugation (80,000g for 30 min). 

The antigenicity of tumour cell membrane fractions 
thus isolated was assayed by their capacity to absorb 
antibody from isoimmune or tumour-specific immune sera 
compared with that of intact viable cells. Tumour- 
specific antisera were prepared by immunizing syngeneic 
rats with irradiated isografts of hepatoma D237, and 
isoantisera by allografting this tumour in Slonaker rats. 

For absorption, antisera were incubated with equal 
volumes of tumour cell suspensions or membrane fractions 
for 2 h at 2° C and then centrifuged at. 600g for 15 min 
or 80,000g for 30 min to remove cells and membranes 
respectively. Absorbed antisera. together with unabsorbed 
samples, were then assayed against viable hepatoma D23 
cells using the indirect fluorescent antibody test?. Briefly, 
tumour cells were incubated with sera for 20 min at 37° C, 
washed several times with medium 199 and again 
incubated with fluorescein conjugated rabbit anti-rat 
IgG. Cells, finally washed in medium 199, were suspended 
in 1 : 1 (v/v) Dulbecco A : glycerol and examined for 
membrane fluorescence staining. Fluorescence indices 
were calculated as the proportion of unstained cells in 
the sample exposed to normal rat serum minus the 
proportion of unstained cells exposed to the test-serum, 
divided by the former figure’. 

Slonaker anti-hepatoma D23 isoantisera gave strong 
immunofluoreseence staining of hepatoma D23 cells, 
fluorescence indices approaching 1-0 being obtained (Fig. 
1)  Pre-absorption of these antiscra with increasing 
numbers of viable hepatoma D23 cells progressively 
removed antibody so that after treatment with approxi- 
mately 3x 10* cells/ml., the fluorescence index was below 
a significant value (0-30). Isoantibody could be similarly 
absorbed with membrane fractions derived from hepatoma 
D23 cells (Fig. 1). Treatment with amounts equivalent 
to 14-25 mg membrane protein/ml. resulted in a decrease 
of the fluorescence index to a value less than the significant 
value. These amounts of membrane represent the yields 
from between 5-4 and 7-8 x 108 cells. Compared with the 
absorption obtained with viable hepatoma D23 cells, this 
represents a recovery of between 38 and 56 per cent of 
the isoantigenie activity of whole cells in the membrane 
preparations. 

Immunofluorescence staining of hepatoma D23 cells 
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Fig. 1, Absorption of isoantibody with hepatoma D23 cells and 
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NATURE. VOL, 220. OCTOBER 19, 1968 


a9 


[Un 


0:5 


Fluorescence index 


0:3 

















0d 
ü + 
10 
0 10 20 40 50 


mg membrane protein/ml. antiserum 





Fis. 2. Absorption of anti-hepatoma D23 antibody with hepatoma 


D23 cells and membrane, 


intense than that observed with isoantisera, fluorescence 
indices of the order of 0-3 to 0-6 being generally obtained 
(Fig. 2). Absorption of antisera with increasing numbers 
of viable hepatoma D23 cells progressively removed 
antibedy as indicated by the reduction of the fluorescence 
indices (Fig. 2). In this case, absorption with at least 
109 cells/ml. was necessary to reduce the fluorescence 
index to less than 0:30. Membrane fractions derived 
from hepatoma D23 cells also absorbed tumour-specific 
antibody, such that treatment with amounts equivalent 
to approximately 8 mg of membrane protein/ml. reduced 
the fiucrescence index below 0:30. This amount of 
membrane represents the yield from 3x 10* hepatoma 
cells which indicates an overall recovery of tumour- 
specific antigen in the membrane fraction of about 0-3 
per cent of the antigenic activity in whole cells. This is 
very much lower than the recovery of isoantigens in the 
membrane fractions and may reflect the greater lability 
of the tumour-specifie antigens. 

Iu contrast to these findings, pre-absorption of antisera 
with concentrated soluble cytoplasmic protein (cell sap, 
45 mg protein/ml.) did not neutralize the tumour-specific 
antibody. Thus fluorescence indices obtained with 
absorbed serum (0-34, 0-37) were comparable with that 
of untreated serum (0-33). Furthermore, cell sap was 
ineffective for neutralizing isoantibody and there was no 
marked reduction in fluorescence indices following 
absorption of isoantisera with these fractions. 

In order to confirm that absorption of anti-hepatoma 
D23 antibody by hepatoma D23 membrane was specific, 
a series of eross-absorption tests was carried out with 
cells and membrane fractions from other DMAB-induced 
rat hepatomas as well as unrelated tumours (Table 1). 
Pre-absorption with viable cells or membrane fractions 
from other transplanted hepatomas, originally DMAB- 
induced, did not remove antibody and, in all the examples, 
absorbed serum still showed positive immunofluorescence 
staining with hepatoma D23 (fluorescence index > 0-30). 
Similarly, pre-absorption with cells or membrane fractions 
from other transplanted tumours, including two mammary 
carcinomas (Sp 4 and Sp 15) and a fibrosarcoma (Sp 7), 
all of which arose spontaneously, did not absorb anti- 
hepatoma D23 antibody. Thus, apart from one test with 
Sp 4 membrane, absorbed serum still gave positive 
immunofluorescence reactions (Table 1). In general, 
there was a more marked loss of antibody following 
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Table 1. ABSORPTION OF ANTI-HEPATOMA D23 ANTIBODY WITH TUMOUR 


CELLS AND MEMBRANE FRACTIONS 


Fluorescence index against hepatoma 
D23 cells 


Tumour used for Serum absorbed with: 





absorption Unabsorbed Intact Membrane 
serum celis* fraction * 
Hepatoma D25 0-63 0 Q 
0-61 0-02 e 
0-01 0 
Hepatoma D33 0-38 0-38 
D. 0-47 
Hepatoma 109 0-61 0-46 
Hepatoma 110 0-51 
Mammary carcinoma — 
8Sp4 0-28 
Mammary carcinoma - 0:40 
Sp 15 31 — 
Fibrosarcoma Sp 7 ~ 0-38 





* 10* cells/ml. 

+ Membrane equivalent of 10° cells/ml. 
absorption with tumour membrane fractions compared 
with whole cells and this may reflect some non-specific 
effects. The experiments confirm, however, that removal 
of antibody following treatment with hepatoma D23 
cells or membrane is not due to non-specific absorption. 

These studies demonstrate that antigenic material can 
be isolated in membranous extracts of aminoazo dye- 
induced rat hepatomas with antigenic specificities, as 
defined by immunofluorescence t 
the tumour-specific transplantation antigens’. 
these findings, the ability of membrane 
induce tumour-specific transplantation resistance in 
syngeneic hosts is being examined. In this respect. 
Wolf and Klucis have recently reported that immunity 
can be indueed against a syngeneic mouse tumour using 


Based on 
fractions to 


membrane fractions, although these were much less 
active than irradiated intact cells. Apart from these 
studies, however, previous attempts to induce host 





resistance with cell-free preparations have been unsuccess 
ful’, As we have now shown. this most likely reflects 
marked loss of tumour specifie antigens after cell 
extraction. Methods for antigen 
eritieal importance if cell fractions are to be used for the 
induetion of host resistance to tumours and such studies 
are particularly relevant when the applicability of active 
immunotherapy to cancer is considered, 
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Cytotoxicity of Human Lymphocytes: 
Antagonism between Inducing Processes 


CELL-MEDIATED immunity is of fundamental importance 
for transplantation immunity and delayed hypersensi- 
tivity reactions. The actual mechanism by which the 
immunologically triggered lymphocytes exert their effect 
is unclear, but it is known that the reactions obey im- 
munological rules of specificity. Initiation of the reactions 
is probably based on immunological recognition. By the 


tests, similar to those of 


isolation are thus of 
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development of i» vitro techniques to investigate cell- 
mediated immunity, the specificity of cytotoxic reactions 
caused by lymphoeytes from sensitized donors has been 
confirmed. These techniques also led to the diseovery 
that non-sensitized lymphocytes could exert a cytotoxic 
effect on target cells in vitro’, provided the lymphocytes 
were stimulated by certain substances or processes. 
During studies of various reactions responsible for trig- 
gering human lymphocytes into a eytotoxieally active 
state, it was found that lymphocytes exposed to one 
inductive agent became unresponsive to another which 
by itself could initiate cytotoxicity. This suggests the 
existence of previously unknown pathways of lymphoeyte 
reactivity. which may be important in understanding 
the mechanism of lymphocyte cytotoxicity in graft 
rejection, and of cellular pathways for the establishment 
of unresponsiveness in previously — lympho- 
cytes. which may be important in cellular reactions 
involved in immunological tolerance. 

Lymphocytes derived from patients sensitized by skin 
grafts against allogeneic individuals are capable of 
damaging allogeneic target fibroblasts in vitro', whereas 
lymphocytes from non- enbigued individuals have no 
detectable effect. If, however, lymphocytes from non- 
immunized patients are confronted with fibroblast hee 
cells in the presence of phytohaemagglutinin (PHA) they 
acquire the ability to destroy the targets? ". This eyto- 
toxic effect does not obey immunogenetic rules of speci- 
ficity because both allogeneic and autoehtonous target 
cells are killed’. The degree of cytotoxicity induced by 
PHA increases in parallel with the degree of lymphocyte 
transformation caused by PHA (refs. 1 and 4). In spite 


















of this correlation, it is possible to suppress the trans- 
formation of lymphocyte morphology induced by PHA 


t 





and the stimulation of protein, RNA and DNA synthesis 
by various antimetabolites. without affecting cyto- 
toxicity? 5. Cytotoxicity requires living lymphocytes ‘and 
is abolished by disintegrating them in various ways or by 
heating them to 48° C for 30 minèt, It seems likely 
therefore that cytotoxicity is the result of active lympho- 











cyte reactions. which are induced or expressed after 
contact with PHA. Energy requiring processes are 
necessary?, but protein, RNA and DNA synthesis are not 





direetly involved in the killing process. 

PHA is not unique in its capacity to induce cy 
toxicity in lymphoeytes. It ean be achieved by ce 
bacterial toxins, by triggering immune pro in 
lymphoeytes or by exposing lvmphoeytes to antigen 
antibody complexes or certain antibodies (antilympho- 
cyte sera). 

Lymphocytes were obtained from venous blood of 
human individuals’. Contaminating granulocytes were 
removed by pretreating the suspension with carbony! 
iron powder. They were then taken away with a n t. 
The fibroblast monolayer cultures were started from skin 
biopsies and maintained as monolayer cultures in an 
atmosphere of 5 per cent CO, in air. Cytotoxicity ex pe ri- 
ments were carried out by adding lymphocytes (105-109) 
to pre-indicated sites on the monolayer. Cytotoxicity 
was revealed as formation of plaques, which were observed 
on stained cultures directly or under the microscope and 
graded from + + ++ to — (ref. 3). 

Antilymphocyte serum (ALS) was produced in a horse 
by five intravenous injections with 10* or 5x 10* human 
spleen cells or blood lymphocytes. The serum was col- 
leeted 4 weeks after the last injeetion and inaetivated at 
56° C for 30 min. Antibodies to sheep red blood cells 
(SRBC) were colleeted from rabbits after ten intravenous 
injections of 2 ml. of a 25 per cent suspension of SRBC. 
The rabbits were bled 7 days after last injection and the 
serum was inactivated by heat and absorbed with an 
equal volume of packed and washed human red blood 


to- 






























cells. The antiserum did not stimulate DNA synthesis in 
human lymphocytes or react serologically with human red 
cells. 
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Antigen-antibody complexes of various types can 
stimulate DNA synthesis in normal human lympho- 
cytes’, so we investigated whether lymphocytes exposed 
to antigen-antibody complexes would acquire the ability 
to kill target fibroblasts. These experiments were carried 
out with sheep fibroblast target cells and the antigen- 
antibody complex was created by treating the fibroblasts 
with rabbit anti-SRBC serum. Non-sensitized human 
lymphocytes alone did not cause cytotoxicity on sheep 
fibroblasts. In the presence of PHA, marked cytotoxicity 
was observed (Table 1). When normal human lympho- 
cytes were added to sheep fibroblasts, which had been 
treated with rabbit anti-SRBC serum, they caused target 
cell death (Table 1). Cytotoxicity occurred both when 
antiserum was present in the medium and when the 
fibroblast cultures had been pretreated with antiserum 
and washed afterwards. The anti-SRBC serum induced 
cytotoxicity even when diluted 100,000 times, whereas its 
highest serologically detectable titre was 1/1,000. If the 
antiserum was added to human fibroblasts which were 
subsequently exposed to human lymphocytes, there was 
no cytotoxic effect. The anti-SRBC serum itself could 
not trigger human lymphocytes into a cytotoxic state. 
It therefore seems likely that the confrontation between 
the human lymphocytes and the sheep fibroblasts coated 
with antibody transformed the lymphocytes into a cyto- 
toxie state. This is analogous with the ability of sheep 
fibroblasts coated with antibody to stimulate DNA 
synthesis in lymphocytes!:7. 

Addition of antigen to lymphocytes derived from 
specifically immunized individuals causes stimulation of 
the lymphocytes, so we investigated whether such cells 
would also acquire the ability to kill fibroblast targets. 
Human lymphocytes from patients sensitized to Salmon- 
ella bacteria were added to autochtonous and allogeneic 
human fibroblasts, respectively, in the presence or absence 
of the bacterial antigen. Only lymphocytes confronted 
with the specific antigen killed the target fibroblasts 
(Table 2). Cytotoxicity was equally expressed on allo- 
geneic and autochtonous fibroblasts, as in experiments 
on rat fibroblasts’. 

When lymphocytes from histoincompatible individuals 
are mixed in culture, they transform morphologically and 
inerease their synthesis of DNA, RNA and protein. 
Contact between histoincompatible lymphocytes also 
resulted in cytotoxicity. When lymphocytes from two 
individuals were mixed in a limited area on allogeneic 


Table 1. OYTOTOXIC EFFECT OF NON-IMMUNIZED HUMAN LYMPHOCYTES ON 
SHEEP FIBROBLASTS IN THE PRESENCE OF RABBIT ANTI-SRBC SERUM AND/OR 


PHA 
No. of Antiserum Addition Plaque formation at day 
lymphocytes dilution of PHA 6 
10 — p -— an 
10° — * * +++ 
10° 1/10 ~ — * 
10* 1/100 - + b+ 4 
104 1/1,000 - + BR 
10* 1/10,000 - _ + 
10* 1/100,000 - - 4 
10* — ~ _ _ 
105 — * * + 
10* 4/10 -— ~ _ 
10* 1/10 + - - 
10 1/100 - ~ - 
105 1/100 + € = 
10* 1/1,000 - - - 
108 1/1,000 + ~ + 
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Table 3. CYTOTOXICITY ON AUTOCHTONOUS AND ALLOGENEIC FIBROBLASTS 
BY HUMAN LYMPHOCYTES CONFRONTED WITH HISTOINCOMPATIBLE LYMPHO- 
CYTES, PHA AND ALS 
Aniagonism between ALS and PHA-Induced cytotoxicity 
Plaque formation at indicated days 
on allogeneic fibroblasts 

1 





Lymphocytes Substances 





A = ~ 

A PHA* t+ ts 
B -— = 

B PHA +++ 
A+B ++ 
A — ~ ~ 

A PHA ck BR 
A ALS 1/10 + 

A ALS 1/50 ze 

A ALS 1/100 - 

A ALS 1/1,000 - 

A ALS 1/10-- PHA - * 

A ALS 1/50 4- PHA d ~ 

A ALS 1/100+ PHA + 

^ ALS 1/1,000+PHA +4 + 44 ttt 
A PHA ++ +t 
A ALS 1/10 = t4 
A ALS 1/100 - - 

A ALS 1/10+ PHA - ++ 
A ALS 1/100 + PHA = - 


* PHA diluted 1/100. 


fibroblast monolayers, they killed the human target 
fibroblasts. The lymphocytes alone were not cytotoxic 
unless PHA was present (Table 3). 

All processes used to induce cytotoxicity also stimulated 
DNA synthesis and morphological transformation in the 
lymphocytes. ALS induced lymphocyte changes com- 
parable with those caused by PHA and certain concen- 
trations transformed the lymphocytes into a eytotoxically 
active state (Table 3). ALS is strongly immunosuppressive 
on cell-mediated immune reactions in vivo, so it was of 
interest to investigate the effect of ALS on the PHA. 
induced cytotoxic potential of human lymphocytes. 

ALS abolished cytotoxicity induced by PHA (Table 3) 
and could suppress cytotoxicity induced by PHA at con- 
centrations insufficient alone to induce cytotoxicity. The 
cytotoxicity induced by PHA could be suppressed even 
when ALS was added 6 h after PHA. ALS also suppressed 
4C-thymidine incorporation into lymphocytes treated 
with PHA, as in the work of Mosedal et al*. 

Antigen-antibody eomplexes as well as ALS suppressed 
lymphocyte-mediated cytotoxicity induced by PHA. The 
eytotoxie effect of human lymphocytes on sheep fibro- 
blasts, induced by PHA. was abolished or suppressed if 
the sheep fibroblasts were treated with rabbit anti-SRBC 
serum (Table 1). The effect was most pronounced when 
the number of lymphocytes was insufficient to cause 
cytotoxicity when confronted with the antigen-antibody 
complex. 

Lymphocytes from patients specifically sensitized to 
allogeneic individuals by means of skin grafts have the 
ability to kill allogeneic fibroblasts in the absence of PHA. 
Cytotoxicity caused by such lymphocytes varied in 
intensity on different allogeneic target genotypes. This 
was expected from partial cross-reactivity of histo- 
compatibility antigens between different human indivi- 
duals. It seemed possible that confrontation between the 
specific antigen and the sensitized lymphocytes would 
inhibit the cytotoxicity induced by PHA. This was 
confirmed by direct experiments (Table 4). Cytotoxicity 
in the presence of PHA was usually weakest in lympho- 
cyte-target cell combinations that caused the strongest 


Table 2, INDUCTION OF PLAQUE FORMATION BY CONTACT BETWEEN SPECIFIC ANTIGEN (Salmonella BACTERIA) AND HUMAN LYMPHOCYTES YEOM IMMUNIZED 
INDIVIDUALS ON AUTOCHTONOUS AND ALLOGENEIC TARGETS 


Immune status Dilution of 


Plaque formation at indicated days on 





oflymphoecyte Salmonella vaccine Addition Autochtonous targets x ; Allogeneie targets " 
donor in the eultures of PHA 3 5 7 t 3 5 7 
Immune ae - - - - * s oa Ei ce 
Tmmune 1/0 + ++ +++ +++ H+ BRA bh + et 
immune 1/10 -— -— - + - n4 = NS 
immune 1/1,000 ~ - - + ~_ = + + 
Immune ~ -— — -— = = ai 
Immune ~ + ++ +++ BRA ob Ebo 
Immune 1/10 ~- - + ~ + hoof fe 
Immune 1/1,000 - - LG + + + 
Normal - : "NEC m 
Normal 1/20 -— - - Ed 
Normal 1:1,000 - v à 
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Table 4. CYTOTOXICITY BY LYMPHOCYTES FROM PATIENTS IMMUNIZED BY 
ALLOGENEIC SKIN GRAFTS ON ALLOGENEIC FIBROBLASTS IN THE PRESENCE OR 
ABSENCE OF PHA 


Lymphocyte Substances Plaque formation* on target fibroblasts 
donor added R ST LA 
AE B te tt Tc ttt 
AE PHA + + + 
MD = + + 4 — sje e 
MD PHA ++ $ + + 
KA pm +b + ed ++ 
KA PHA + +++ +++ 
RK — Tl ab sb tees 
RK PHA +++ + + 


* Plaque formation waa read on day 1 in the presence of PHA and on day 7 
in the absence of PHA, 


eytotoxieity in the absence of PHA. In allogeneic com- 
binations in which cytotoxicity was weak in the absence 
of PHA, it was strong in the presence of PHA. This 
reciproeal relationship was observed only during the first 
days of culture; subsequently PHA caused marked cyto- 
toxicity in all lymphocyte-target cell combinations. 

Together the findings suggest that an agent or a process 
which is competent to induce cytotoxicity alone and also 
to stimulate DNA, RNA and protein synthesis in lympho- 
cytes, may antagonize partly or completely the effect 
of PHA, which by itself causes analogous cellular changes. 
Thus a process leading to lymphocyte stimulation may 
block the cells for another stimulating process. It is 
unlikely that this is caused by steric hindrance or coating 
of lymphocyte surface, for example, because each agent 
suppressing the cytotoxicity induced by PHA wascompetent 
by itself to cause cytotoxicity when used in larger doses. 
If the mechanism of cytotoxicity is the same regardless 
of the inductive agent, the antagonism observed must 
occur at the level of lymphocyte induction. It could be 
caused by competition between the inducing substances 
for common receptors on the lymphocytes. This is 
unlikely because it implies that all the different inducing 
mechanisms (PHA, specific immunological recognition, 
antigen-antibody complexes. ALS, and so on) react 
with a common lymphocyte receptor. It is more likely 
that they react with different cellular receptors. A 
reaction between one inducing agent and its receptor may 
suppress cellular expression of other and different recep- 
tors or interfere with the cellular reactions caused by 
other inducing agents. 

Specific immunological recognition is commonly assumed 
to be a property of a minority of the lymphocyte cell 
populations, but in our systems recognition blocked most 
of the population to induction by PHA. PHA presumably 
reacts with most of the lymphocytes. Although sup- 
pression by specific immune recognition was weak and 
lasted for only a short time, it is necessary to postulate 
that a recognition process effected by a few cells in some 
way influences other lymphocytes, which are not actively 
engaged in the recognition process. Such non-specific 
spread of information between lymphocytes in vitro has 
been verified in a number of different experimental 
situations!'-!?, Receptor suppression of the type postu- 
lated may be the mechanism at the cellular level for 
allehe exclusion of various lymphocyte products, such as 
allotypes, immunoglobulin classes and antibody speci- 
ficities. 

The fact that antigen-antibody complexes initiate 
cellular changes in normal lymphocytes leading to 
acquisition of cytotoxicity on allogeneic and autochtonous 
target cells, suggests a mechanism by which normal host 
lymphocytes (innocent bystanders) may be activated by 
the interaction process between the product of specifically 
sensitized cells and the antigen and become competent to 
participate in various cell-mediated immune reactions, 
such as delayed hypersensitivity and the homograft 
reaction. These and previous results? constitute an ex- 
planation of the difficulties encountered in tracing speci- 
fieally sensitized cells in delayed hypersensitivity reactions 
and in the homograft reaction. Furthermore, the finding 
that activation of lymphocytes by one mechanism 
may block the cells to other inducing processes. including 
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specific immunological recognition, offers an explanation 
of the immunosuppressive effect of ALS on homograft 
reactivity and supports the concept of “sterile activa- 
tion" as the responsible mechanism. Other potent 
lymphocyte activating substances or processes may have 
immunosuppressive properties and ALS mediated sup- 
pression of cytotoxicity caused by specifically sensitized 
lymphocytes or by PHA-transformed lymphocytes may 
function as an ?n vitro test for the immunosuppressive 
potentiality of ALS in human systems. 

Lymphocytes that have been stimulated by different 
substances may respond in two different ways: (1) change 
into a state where they exert a eytotoxie effect on fibro- 
blasts; and (2) become morphologically transformed and 
increase their rate of DNA synthesis. Although both 
pathways are often induced by the same triggering event, 
they appear to be uncoupled—suppression of trens- 
formation did not lead to inhibition of cytotoxicity. 
Furthermore, suppression of cytotoxicity could be 
achieved even when lymphocytes had been already 
transformed by treatment with PHA for 3 days. They 
acquired a cytotoxic potential, but did not exert cyto- 
toxicity on fibroblasts in the presence of ALS. Agents 
which suppressed cytotoxicity induced by PHA did not 
necessarily by themselves stimulate DNA synthesis in 
lymphocytes. This was particularly striking in experi- 
ments with heterologous antibodies directed against 
human IgG, IgM and IgA globulin classes, which all 
suppressed cytotoxicity induced by PHA, whereas the 
antibodies alone possessed little or no ability to stimulate 
DNA synthesis in the lymphocytes. Consequently, failure 
of an agent to stimulate DNA synthesis in lymphocytes 
or to transform them morphologically does not rule out 
the possibility that such an agent can suppress eyto- 
toxicity. 

In summary, it was shown that non-immune human 
lymphocytes can be induced to exert cytotoxicity on 
autochtonous and allogeneie fibroblasts by phytohaemag- 
glutinin (PHA) antilymphoeyte serum (ALS), contact 
with histoincompatible lymphocytes and antigen anti- 
body complexes. Lymphocytes sensitized against bac- 
terial antigens become cytotoxic after contact with the 
bacteria. The PHA-induced cytotoxicity was suppressed 
by other inducing processes, ALS being particularly 
efficient in this respect, suggesting that the different 
inducing mechanisms antagonize each other abt the 
cellular level. 
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Hidden Antigenic Determinant in 
Secretory Immunoglobulin A 


IMMUNOGLOBULIN A (IgA) occurring in external secre- 
tions is composed of two 78 IgA units! ? and an additional 
protein portion termed the transport piece’, x,-chain*. 
T-component! or secretory piece?. The secretory piece 
occurs free im seeretions devoid of immunoglobulins! and 
in secretions containing immunoglobulin M (IgM) or 
immunoglobulin G (IgG) but no IgA". Varying amounts 
of free secretory piece may be present in secretions con- 
taining IgA, Direct quantitation of free secretory 
piece in à fluid containing seeretory IgA has previously 
been impossible, however, because antisera to the 
"piece 17.9.19 were antisera to secretory IgA adsorbed with 
serum IgA. The remaining antibodies could not distinguish 
between free piece and that associated with IgA. We there- 
fore attempted to produce a highly specifie antiserum to 
the free secretory piece from human parotid secretions. 
Chromatographic fractions containing free secretory 
piece were obtained’ from normal parotid secretions and 
from secretions virtually devoid of immunoglobulins. In 
immunoelectrophoresis and double diffusion a rabbit 
antiserum (R-77) to eolostral IgA produced two precipitin 











ares with these fractions and with seeretions devoid of 
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immunoglobulins .(Fig. 14). The two precipitin ares 
produced in many reactions with the fractions were 
excised, separately pooled, thoroughly washed and 
injected into rabbits" 1*, The resulting antisera appeared 
to be monospecific when tested against parotid secretions 
devoid of immunoglobulins (Fig. 1B). The activities 
against the seeretory piece and lactoferrin (R-123 and 
R-125, respectively) were those expected and were verified 
by Drs L. A. Hanson and T. B. Tomasi. Similar results 
were obtained in other rabbits. 

Our antiserum to the free seeretory piece differed from 
our antiserum to that associated with IgA; the former 
made the free secretory piece spur over secretory IgA 
in double diffusion (Fig. 18), whereas the latter produced 
reaction of identity (Fig. L4). By adsorbing antiserum 
R-123 at equivalence with secretory IgA from colostrum 
or parotid secretions we obtained a reagent which reacted 
with free secretory piece but not with that associated 
with IgA (Fig. 15). 

Free secretory piece thus contains antigenic determin- 
ants which are either lacking or inaccessible on that associ- 
ated with IgA. To examine these possibilities volumes (100 
ul.) of a 1-5 per cent (w/v) solution of colostral IgA were 
dialysed against $-mereaptoethanol (SME) diluted in 0-1 M 
tris-HCl buffer, pH 8:0. to molarities varying from 0-001 











Fig. 1. 


(1) antiserum to colostral IgA (R-77) adsorbed with F(ab’), (active against 
ferrin); (2) antiserum to colostral IgA adsorbed with normal 
inst secretory piece and lactoferrin); (3) antiserum to free 
ive against free and IgA-associated 
> adsorbed with colostral IgA (active against free secretory 


secretory piece and lact 
human serum (active 
secretory piece (R-123) (ac 
serum to free secretory pi 











piece); and (5) antiserum to lactoferrin (R-123). 


Double diffusion reactions with four types of antisera to the secretory pieee: 


a-chains, 








cretory piece): (4) anti- 


Antigens: (a) normal human serum; 


(5) partially purified human colostral IgA; (e) forty times concentrated parotid secretion 

containing free secretory piece and devoid of immunoglobulins: (d) colostrum diluted 

1:2; and (e) colostral IgA reduced with 0-4 M SME and alkylated with 0-001 M iodo- 
acetamide. 
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to 0-90. After reduction at 4? C for 18 h the samples were 
dialysed against 0-001 M iodoacetamide for 24 h and over- 
night against isotonic phosphate buffered saline, pH 7-4. 
The reduced and alkylated colostral IgA was tested in 
double diffusion against antiserum R-123. After reduction 
with 0-005 M BME a distinct reaction was produced 
with the adsorbed antiserum. The reaction was much 
stronger after reduction with 0-1 M BME, but became 
fainter on further increase in molarity (Fig. 1C). The 
antigenic group deteeted by the adsorbed antiserum is thus 
present but buried in the intact secretory IgA molecule. 
On mild reduction the group becomes accessible, but it is 
inereasingly destroyed on further reduction. 

This was investigated by gel filtration on ‘Sephadex 
G-200' of reduced and alkylated colostral IgA. The 
accessibility of the antigenie group in question was 
accounted for by release of secretory piece coneurrent 
with the splitting of colostral IgA into 7S IgA units®®, 
The released piece was immunochemically similar to nor- 
mally occurring free secretory piece as determined with 
antiserum R-123 (Fig. 1C). Their molecular radii determ- 
ined by gel filtration were also similar and approximated 
the radius of free secretory piece occurring in parotid 
secretions’. 

By using the adsorbed antiserum R-123 in single radial 
immunodiffusion? the amount of free secretory piece in 
secretions or in chromatographie fractions could be 
measured on a relative basis regardless of the presence of 
secretory piece associated with IgA (Fig. 2). The yield of 
free secretory piece after degradation of secretory IgA 
could similarly be determined without separating the 
split products (Fig. 3). Yield is indicated in per cent of 
the maximum yield which occurred after reduction of 
colostral IgA with 0-1 M BME. In increasingly reducing 
conditions the yield decreased because of degradation of 
the secretory piece. 


Iga 


Secretory 
piece 


Free 
secretory 
piece 





Fig. 2. Single radial immunodiffusion of two samples of human 
colostrum (4 and B) diluted 1:40, IgA was precipitated with an 
antiserum specific for a-chains; the secretory piece was precipitated 
with R-123 (two precipitin rings occurred because of activity against 
both the free secretory piece and that associated with IgA); free 
secretory piece alone was precipitated with R-123 adsorbed with 
eolostral IgA. Sample 4 contained approximately twice as much IgA 
and secretory piece associated with IgA as sample B, whereas B con- 
tained nearly twice as much free secretory piece as A. 
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Fig. 3. Relative yield of free secretory piece after reduction of human 
colostral IgA with §-mereaptoethanol (ME) and alkylation with 
iodoacetamide. 


This process was studied by gel filtration of the split 
products. At approximately 0-7 M BME most of the 
secretory piece released was degraded although there 
was still some associated with IgA left, probably non- 
covalently bound?*. Our antiserum R-123 adsorbed 
with eolostral IgA reacted faintly with the remaining 
secretory piece associated with IgA (to be published). 
The antigenic group inaccessible in the intact secretory 
IgA molecule is hence apparently involved in linking the 
secretory piece to IgA by disulphide bonds. 
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Effect of Bursectomy and Thymectomy 
on the Responses of Chicken 

Peripheral Blood Lymphocytes to 
Phytohaemagglutinin 

THe immunological significance of the transformation of 
lymphocytes by phytohaemagglutinin (PHA) has not 
been clearly defined. PHA stimulates cells other than 
lymphocytes? and there is evidence to suggest that the 
response of lymphocytes is not dependent on earlier 
sensitization to PHA itself*. None the less, transformation 
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seems to be related to the immunological competence of 
the responding lymphocytes; thus this response is greatly 
diminished in children with congenital absence of the 
thymus gland, associated with impaired immune re- 
sponses*:*, 

After neonatal thymectomy in mammals, lymphocyte 
transformation by PHA is reduced both in vivo? and 
in vitro*?, but can be restored by thymus grafts’. In 
thymectomized mammals, however, both humoral and 
cellular immunity can be suppressed, and although these 
experiments suggest a dependence of PHA responses on 
the thymus gland, they do not distinguish the type of 
immuno-competence possessed by the responding cells. 

The partial separation of central lymphoid tissues 
controlling immunological responses in the bird!?1} 
provides a more direct system for testing the relationship 
between PHA responsiveness and immuno-competence, 
for cellular and humoral immunity seem to be largely 
dependent on the thymus and bursa of Fabricius, respec- 
tively. In our study the transformation of peripheral 
blood lymphocytes by PHA has been investigated in 
chickens which were either thymectomized or bursectom- 
ized at hatching. 

Rhode Island Red chickens were used throughout. 
Thymectomy was carried out surgically on 1 day old 
chicks. Bursectomy was achieved either surgically on 
1 day old chicks, or hormonally by injecting 6/7 day old 
incubated eggs with 2 mg of testosterone propionate. Some 
2 day old birds from unoperated and operated groups were 
given total body irradiation—600 or 700 r. (119 r./min, 
220 kV, 15 A with a 1 mm aluminium filter). One group 
of birds was sham thymectomized. Post-mortem examina- 
tion was carried out on all birds after tests were completed. 

Transformation of peripheral blood lymphocytes by 
PHA was tested when birds were 13-14 weeks old. 
Approximately 5 ml. of blood was collected from the wing 
vein, and the lymphocytes were separated by differential 
centrifugation. Heparinized blood was mixed with three 
volumes of medium 199 and centrifuged at 150g for 6 
min. Erythrocytes, most granulocytes and platelets 
formed a cell button leaving lymphocytes in suspension. 
The latter were washed twice in medium 199 to give a 
final suspension containing more than 90 per cent lympho- 
cytes. Cells were resuspended in 20 per cent inactivated 
adult fowl serum in medium 199, and the cell concentra- 
tion was adjusted to 2-0 x 109*/ml. One ml. aliquots were 
cultured with or without PHA (Burroughs Wellcome) in 
bijou bottles, and were gassed with 5 per cent CO,/air. 
Cultures were collected after incubation for 72 h. The 
percentage of blast cells was assessed morphologically by 
phase contrast observation and in May-Grunwaid/Giemsa 
stained smears. DNA synthesis was quantitated by the 
uptake of “C-thymidine (specific activity 55:8 mCi/mM; 
Radiochemical Centre, Amersham). 0-125 pCi of MC- 
thymidine was added to each culture 16 h before harvest- 
ing, and the uptake was measured by liquid scintillation 
eounting with an automatie external standardizer as 
deseribed by Ling and Holt. 

‘Chicken lymphocytes were transformed by PHA into 
blast cells similar to those observed in mammalian 
lymphoeyte cultures. The peak response occurred after 
12 h, the optimal dose being 0-033 ml. of reconstituted 
PHA/nml. 

The efficacy of thymectomy and bursectomy was 
judged by post-mortem examination. Bursectomy was 
complete in every case, but the results of thymectomy 
were variable (Fig. 2). The number of transformed cells 
observed in PHA cultures from thymectomized chickens 
was very low eompared with the normal group, whereas 
the percentage transformation given by the bursectomized 
group was slightly, but not significantly, higher than 
normal (Table 1). Sham thymectomy had no effect. 
The mitotic response to PHA evaluated by uptake of 
uC.thymidine similarly showed a striking reduction in 
responsiveness of the thymectomized group (Fig. 1). The 
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BURSECTOMISED: 


100 


Percentage of normal response ('*C-thymidine uptake) 
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Fig. 1. Effect of bursectomy and thymectomy on mitotic response to 
PHA. DNA synthesis was assessed by uptake of **C-thymidine. 
Each point represents the mean of triplicate cultures minus the counts 
obtained in control cultures lacking PHA, and is expressed as a per- 
centage of the mean normal response. The results for irradiated and 
non-irradiated birds in each group were ineluded together. 


variability in the degree of reduction observed in the latter 
was found to correlate with the completeness of thymec- 
tomy as judged by post-mortem examination (Fig. 2). 
Hormonal and surgical bursectomy marginally increased 
the mean uptake of thymidine, but the numbers were 
insufficient to establish the significance of this observa- 
tion. 

These experiments have shown that neonatal thymec- 
tomy with or without irradiation depresses or completely 
abolishes the response to PHA, the degree of reduction 
being directly related to the completeness of thymectomy. 
Thus the lymphocytes responding to PHA are a thymus- 
dependent population and may therefore be implicated in 
cell-mediated immune reactions such as delayed.type 
hypersensitivity, homograft rejection and the interaction 
with bone marrow cells in mice during the antibody 
response to sheep red blood cells??. In contrast bursectomy 
with or without irradiation marginally enhances trans- 
formation, suggesting that bursa-dependent cells which 
are associated with antibody produetion may be insensi- 
tive to the mitogenic effect of PHA. Studies on immuno- 
logical deficiencies in man are consistent with these 
conclusions'*. Thus the responsiveness to PHA is de- 
pressed in disorders such as sarcoidosis’, Hodgkin's 
disease!*, chronic lymphocytic leukaemia’? and Sjógren's 
syndrome?! which are associated with a reduced ability to 
give cell mediated hypersensitivity reactions. On the 
other hand, in congenital sex-linked agammaglobulinae- 
mia, where immunoglobulin synthesis is defective but 





Table 1. EFFECT OF THYMECTOMY AND BURSECTOMY 6N THE BLAST CELL 
RESPONSE TO PHA 

Percentage 

Group No. of biast cells 

birds Mean t SE. 
Normal 6 529 8r27 
Normal ( X- irradiated) 6 518r24 
Hormonally bursectomized 4 60-64 1-8 
Surgically bursectomized (X-irradiated) 6 03-0438 
Thymectomized 3 VR 7445 
Thymectomized ( X-irradiated) 10 12-3446 
Sham thymectomy (X-irradiated) 6 524-37 
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EXTENT OF THYMECTOMY: 
LOBES REMAINING (POST-MORTEM) 
2uoOo98765 4 3 2 3| 
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Percentage of normal response ('5C-thymidine uptake) 
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Fig. 2. Correlation of mitotic response to PHA with the completeness 

of thymectomy. The results are expressed as in Fig. 1. The standard 

deviation of the normal group is given. A fragment of residual thymus 
was recorded as half a lobe. 


delayed hypersensitivity reactions are unimpaired, the 
degree of lymphocyte transformation is usually normal'*. 
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Delayed Hypersensitivity and 
Transplantation Immunity elicited by 
Soluble Antigens of Chemically Induced 
Tumours in Inbred Guinea-pigs 


Ir has been shown repeatedly that tumours induced in 
mice and rats at the site of subcutaneous injection of 
polyeyclic hydrocarbons such as methylcholanthrene 
possess antigens capable of eliciting transplantation 
resistance in isogenic and autochthonous hoste! A 
remarkable antigenic individuality characterizes these 
tumours; immunization with any one tumour induces 
resistance to that tumour and usually to no other. 
Resistance to transplants can be transferred to normal 
recipients by means of viable cells from the spleen, 
lymph nodes or peritoneal cavity of actively ummunized 
donors. The serum of immune animals is ineffective 
in conveying resistance and may induce enhanced growth 
of the tumour transplant^*. Antibody to surface com- 
ponents of the tumour cell has been demonstrated in 
the serum of immunized animals by a variety of sero- 
logical techniques*-?. It is not clear, however, whether 
the antigens being detected by these techniques are the 
specific transplantation antigens or are unrelated cellular 
antigens, such as the G (Gross) cellular antigen (aaso- 
ciated with infection by Gross leukaemia virus) which 
occurs commonly in tumours induced by methylehol- 
anthrene in mice!?:1!, 

Although the guinea-pig is considerably less susceptible 
than mice and rats, tumours can be induced after an 
extended latent period by subcutaneous inoculation 
of polyeyclic hydrocarbons! Tumours | induced 
by 3-methylcholanthrene, 1,2,5,6-dibenzanthracene and 
9,10-dimethyl-1,2-benzanthracene in inbred strain 2 and 
strain 13 guinea-pigs have been found to be strongly 
immunogenie!*!. As in mice and rats, these tumours 
in guinea-pigs are found to be antigenically distinct 
no tumour yet tested is capable of eliciting transplan- 
tation resistance to a tumour other than itself. One of 
our purposes in studying chemically induced tumours 
of the guinea-pig was to determine whether delayed 
skin reactions of the type seen with microbial antigens 
and transplantation isoantigens!*-'* could be elicited by 
tumour antigens, and whether these would follow the 
pattern observed for specifie transplantation resistance. 
We report here, as an extension of our earlier studies!^ 19.29, 
that: (1) delayed skin reactions to tumour homogenates 
are found in specifieally immunized guinea-pigs and (2) 
the antigens eliciting delayed reactions and transplan- 
tation resistance are easily extractable from tumour 
cells in soluble form. 

Inbred guinea-pigs of strain 13 were bred and main- 
tained in our own colony. Tumours were induced im 
female guinea-pigs, 1-4 weeks old, by injecting 6 mg of 
3-methyleholanthrene (MC) or 20 mg of 9,10-dimethyl- 
1,2-benzanthracene (DMBA) subcutaneously under the 
shaved skin of the abdomen. Tumours developed in forty- 
three of ninety-one guinea-pigs that were injected with MC 
and in three of four guinea-pigs that were injected with 
DMBA. The earliest tumour was noted 2-5 months and 
the latest twenty months after injection (Table 1). While 
most tumours were fibrosarcomas, several contained 
other mesenchymal components. They were maintained 
in serial passage in strain 13 guinea-pigs by bilateral 

































Table 1. LATENT PERIOD OF TUMOURS INDUCED IN INBRED STRAIN 13 GUINEA» 
PIGS WITH MC OR DMBA 





Latent period No. of 
(months) tumours Designation of individual tumours 

0-3 4 
4-6 15 MC-A, MC-H, MC-L, MC-M, MO-N 
7-8 9 DMBA-A. MC-G, MC-f 
9-16 5 AfÍC-K, MC MC-P 

11-12 3 MO-I 

13-14 5 MC-D, MC-E, DMBA-H 

15-16 2 

17-20 3 AIC-F 
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subeutaneous implantation with a trocar piece (approx- 
imately 40 mg/animal) These transplants grew to a 
tumour mass of some 50 g in 3-9 weeks. In the experi- 
ments presented here, the tumours were in their first 
to thirty-sixth transplant generations. 

Initially, guinea-pigs were immunized by subcutaneous 
tumour transplants (approximately 5 mg) that were 
too small to grow progressively. These animals were 
then found to be resistant to larger grafts of the same 
tumour, and after a series of inocula of increasing size, 
they could reject up to 6 g of tumour tissue, approximately 
100 times the amount necessary to initiate a successful 
transplant. 

In guinea-pigs immunized with two or three successive 
tumour grafts, skin reaction of the delayed type could 
be elicited by the intradermal injection of a saline extract 
of tumour of the same antigenic type. The test antigen 
was prepared by homogenizing tumour fragments in 
0-9 per cent NaCl (20 per cent w/v) for 2-5 min in a Virtis 
45 homogenizer. The homogenate was centrifuged at 
670g for 15 min, and the supernatant (S) was used for 
skin tests. This (0-1 ml.) was injected with a 26 gauge 
needle intradermally into the skin of the shaved back. 
Positive reactions, characterized by erythema and 
induration, appeared after 8-16 h, reaching peak intensity 
by 24-48 h. Histologically the reaction consisted of 
mononuclear infiltrates of the epidermis. Delayed hyper- 
sensitivity reactions to this antigen could also be elicited 
10-14 days after immunization with crude tumour 
homogenate in complete Freund’s adjuvant. This homo- 
genate (H) was prepared by suspending tumour fragments 
in saline (50 per cent w/v) and homogenizing the sus- 
pension by hand in a Potter-Elvehjem tissue grinder 
with a ‘Teflon’ pestle. One volume of homogenate was 
emulsified in one volume of adjuvant (containing 2 mg 
of heat killed Mb. tuberculosis/ml.), and a total of 0-8 ml. 
of the mixture was injected into the foot pads and the 
subcutaneous tissue of each guinea-pig. 

Table 2 shows the results of skin tests performed with 
extracts (S) in guinea-pigs immunized with one of the 
following homogenates (H) in complete Freund's adjuvant: 
MC-A, MC-D, MC-E, DMBA-B tumours, normal 
adult strain 13 tissues (a pool prepared from spleen, 
kidney and liver) and whole 2:5 week old strain 13 foetuses. 

Strong reactions to the homologous tumour antigen 
were seen in each case. No cross-reactions among the 
various tumours were observed. Extracts of normal 
adult tissues did not elicit skin reactions in guinea-pigs 
immunized either with tumour or with normal tissues. 
Skin tests with extracts prepared from foetal tissues 
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Fig. 1. Transplantation immunity to sarcomas DM BA-B (C—O) and 
MC-E (@—@) in strain 13 guinea-pigs immunized with soluble (SSC) 
tumour antigens. Each point represents the average tumour diameter of 


five guinea-pigs. Left, guinea-pigs immunized with DMBA-B; right, 
with MC-&. 


obtained 2-5 and 5 weeks after mating were negative, 
and tumour extraets did not produce skin reactions 
in guinea-pigs immunized with homogenates of foetal 
tissues. In addition to the tumours listed in Table 2, 
extracts (S) from twelve other tumours (MC—F to MC-P 
and DMBA-A) did not elicit skin reactions in animals 
immunized with homogenates of MC-A, MC-D, DMBA-B 
or foetal tissues. In two cases guinea-pigs were tested 
with both tumour and normal tissues from the same 
primary host. No reactions were seen in tests with tumour 
or normal tissues in one case; in the other, delayed 
reactions were elicited by tumour (MC-P) but not by 
normal tissues (spleen, kidney and liver) in guinea-pigs 
immunized with MC-P. 

To learn more about the antigen eliciting delayed 
skin reactions, antigen preparation (S) was further 
centrifuged, first at 1,000g for 30 min and then at 100,000g 
for 60 min. For most experiments, this soluble super- 
natant (SS) was concentrated (SSC) to one quarter its 
original volume by negative pressure dialysis. Guinea-pigs 
immunized with tumour homogenate were tested with 
the extract (S) and with the soluble supernatant (SSC). 
Both preparations gave positive skin reactions. Again, 
there was no cross-reactivity among different tumours. 
The same results were obtained when the soluble super- 


Table 2, DELAYED SKIN REACTIONS ELICITED BY ANTIGENS OF CHEMICALLY INDUCED TUMOURS IN GUINEA-PIGS OF STRAIN 13 


Immunized with 


Skin tested with 





MC-A MC-D MC-E DMBA-B Normal tissues Foetus (5 weeks) Foetus (2-5 weeks ) 
MC-A | 2204 | 1000 ü 0 0 0 0 00 0 0 0 0 0 
14423 | 0 6 0 0 0 0 0600 0 0 0 
458 j 00 0 
MC-D 0000 123 3.4 | 1000 0000 0 0 0 0 
0000 | 225 3 0 00 0 0 0 0 0 0 
0 | 8 | 
MC-E 000 0 0000 | 3 4 5 5 000 0 000 0 0 00 0 0 0 0 0 
0 00 0 0 0 0 6 | 5.125 5 0000 00 60 0 n 0 0 0 
0 6 | 35 3 5 0 6 0 60 00 0 0 
2525 3 000 0 n 0 
| 45 6 5 0 0 0 0 
2434 00 0 6 
DMBA-B 0000 0 00 0 6 0 0 0 i104 4 4 4 | (E 00 0 000 0 0 00 0 
0000 000 60 6 0 0 0 ! 4 5 4 3 | 000080 ü 0 
9 0 0 000 0 0006.6 14 4 5 4 | 000 0 
0 0 6 6 00 i 565 6 4 | 0 0 0 
0000 ' 5520 , 
6 6 0 0 i386 45 | 
0 0 0 1356555 j 
t28 6 5 | 
| 4 i 
Normal tissues 0 0 0 0 00 0 6 6 0 0 0 00 0 0 0.0 6 1 
000 9 6000 6 000 80 000 0 0.0 8 0 
0 0 0 6 Gg 0 0 6 0 0 
Foetus (2-5 weeks) 0 0 0 0 10 0. 0 0 1 0 0110 


6 
The reactions were recorded at 24 h; each value represents the score for one test. 
the site of injection (average of 2 diameters) -0, 2-4 mm; 1, 5-8 mm: 2, 9-11 mm: 3 


The measuremenis are based upon the area of inflammation at 
. 12-18 mm; 4, 14-15 mm; 5, »15 mm. 
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Fig. 2. Transplantation immunity to sarcoma DM BA-B in strain 13 
guinea-pigs immunized with soluble (SSC) DMBA-B antigen after 
passage through a ‘Millipore’ filter of pore size 0-2 u. Each line represents 
the behaviour of DM BA-B in individual guinea-pigs. - -- , Adjuvant 

only (guinea-pigs 1-5); ——-—, antigen in adjuvant (guinea-pigs 6-10). 


natant (SSC!) was used for both immunization and skin 
testing. 

To determine whether resistance to isogenie trans- 
plants could be elicited by immunization with these 
soluble tumour antigens, the following experiments 
were performed. One group of five guinea-pigs was 
immunized with the soluble supernatant (SSC) of sarcoma 
DMBA-B, and another group was immunized with a 
comparable preparation from sarcoma MC-E. Two 
weeks later each guinea-pig was inoculated subcutan- 
eously on either side of the abdomen with grafts of both 
tumours. Average growth curves are shown in Fig. 1. 
In each group, tumour growth was inhibited in animals 
that had been immunized with soluble antigen from tumour 
of the same antigenic type, whereas the immunologically 
unrelated tumour grew progressively. Comparable results 
were obtained in animals immunized with SSC that had 
been passed through a ‘Millipore’ filter (pore size 0-2 p, 
Fig. 2). Immunization with Freund’s adjuvant alone 
had no effect on tumour growth. 

Thus soluble products of chemically induced tumours 
elicit delayed hypersensitivity and provoke transplan- 
tation immunity to isogenic grafts. Purification of the 
skin sensitizing antigen should be facilitated by the 
availability of an assay based on delayed hypersensi- 
tivity. Whether the skin sensitizing antigen and the 
transplantation antigen are the same cannot at present 
be answered, but this should be resolved as purer prep- 
arations of skin sensitizing antigens become available. 

The detection of tumour antigens by delayed hyper- 
sensitivity offers a new approach to several questions 
regarding the antigens of chemically induced tumours. 
How many distinct antigenic changes are possible in 
tumours induced by chemical carcinogens? In this 
study no cross-reactions were observed among sixteen 
tumours, extending the general impression gained from 
transplantation studies that cross-reactions among 
individual tumours are rare. By immunizing guinea- 
pigs with an isogenic tumour and then skin testing with 
soluble extracts of other tumours it should be easier 
to determine the extent of unique antigenicity among 
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different tumours. The guinea-pig is sensitized with 
isogenic tumour tissue, and so antigen for skin testing 
may be prepared from tumours of both isogenic and 
allogenic guinea-pigs, and even from tumours arising 
in species other than the guinea-pig. Furthermore, 
although we did not find evidence that the antigens 
of chemically induced tumours eliciting delayed sensi- 
tivity are present in foetal tissue, this can now 
be tested more thoroughly with tissues of foetuses ob- 
tained at various states of development. 

This work was supported by grants from the US 
National Cancer Institute, the Damon Runyon Memorial 
Fund, and the Fleischmann Foundation. 
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Lack of Recruitment of Antibody 
Forming Cells during the Late 
Haemagglutinin Response 


IMMUNOLOGICAL memory and high concentrations of 
serum antibody are maintained for many months in 
animals immunized with various types of antigen’. One 
proposed mechanism for this lengthy immunity is that 
persisting antigen? continuously triggers immune pro- 
genitor cells to form new antibody producing cells and 
memory cells to replace dying ones. Recent evidence, 
however, suggests that immunological memory may not 
require persistence of antigen*®, Similarly, our results 
show that continued antigenic stimulation is not necessary 
for sustained haemagglutinin produetion late in the 
immune response. 

In studies of the effects of X-rays on late stages of the 
immune response®, recruitment of new antibody forming 
cells from surviving and/or recovering immune progenitor 
cells could not be ruled out. We attempted to eliminate 
this problem by (1) inereasing the X-ray dose, (2) prolong- 
ing the X-ray effect by preirradiation thymectomy, and 
(3) studying a small population of antibody producing 
spleen cells cultured in cell impermeable diffusion 
chambers. 

Mice were thymectomized or sham-thymectomized at 
10 weeks of age; 2 weeks later they were immunized 
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with 109 rat red blood cells. Eight weeks after immuni- 
zation, half the animals were irradiated with 400 r., 
an X-ray dose estimated to destroy approximately 95 per 
cent of the immune progenitor celis. The thymus was 
removed before irradiation because thymectomy delays 
the recovery of the immune progenitor cell compartment 
from radiation®. If cell proliferation dependent on 
antigen were the principal mechanism by which the serum 
antibody eoneentrations were maintained, this treatment 
should result in a marked reduction of cireulating antibody. 
At no time during the 16-week observation period were 
the serum titres of thymectomized and sham-thymecto- 
mized X-irradiated mice markedly different from their 
unirradiated counterparts (Fig. 14). In a second experi- 
ment, adult mice were thymectomized and, 2 weeks later, 
immunized with rat red blood cells. Four weeks after 
immunization they were divided into three groups. 
Group 1 was irradiated twice with 400 r. Group 2 was 
irradiated with 850 r. and subsequently injected with 
2x10* isologous bone marrow cells (IBM). This X-ray 
dose has been shown to extend the latent period of the 
immune response in non-thymectomized mice to approxi- 
mately 20 days*. Group 3 was not irradiated. The 
antibody levels of the unirradiated control mice remained 
constant between 4 and 12 weeks after antigen injection 
(Fig. 1B). In the group receiving two consecutive X-ray 
exposures, a marginal reduction in antibody levels was 
observed. In the group irradiated with 850 r., no change 
in titre oecurred during the first 3 weeks after X-irradi- 
ation. Some damage developed late after the higher 
X-ray doses, but it in no way approached what would 
have been expected had the progenitor cell supply been 
eut off in the steady state of a rapidly turning over cell 
population. 

We performed a final experiment using the diffusion 
chamber culture technique, because higher X-ray doses 
can be applied, the X-ray effects are limited to the cell 
system under study, and a comparatively small cell 
population ean bs studied, thereby greatly reducing the 
probability of surviving or recovering progenitor cells. 
25 x 105 spleen cells from donor mice primed with sheep 
red blood cells were cultured together with the test 
antigen for 2 weeks. The chamber cultures were then 
irradiated with 1,200 r. in vitro, reimplanted into a new 
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Fig.1. Effect of X-irradiation on the antibody response of thymectom- 
ized mice after antigenic stimulation. A, Irradiation given at 8 weeks; 
O, sham-thymectomy, no irradiation: £3, thymectomy, no irradiation; 
,sham-thymectomy, 400 r.; $, thymectomy, 400 r. B, Irradiation 
given at 4-8 weeks; ©, no irradiation; @, 400 r. given at 4 and 7 
weeksafter antigen; Wl 850r, +2 x 10* [BM given 4 weeks after antigen. 
Horizontal bars indicate standard error of the mean. 


NATURE, VOL. 220. OCTOBER 19, 1968 


Mean log, serum 
haemagglutinin titre 





nn p 
0 2 4 6 8 
Time after culture (weeks) 
Fig. 2. Effect of X-irradiation on serum haemagglutinin levels of mice 
carrying irradiated (@) or unirradiated (©) diffusion chamber cultures. 
Cultures were inoculated with 25 x 10° primed spleen cells and 2-5 x 10° 


sheep red blood cells and irradiated with 1,200 r. 2 weeks later, Hori- 
zontal bars indicate standard error of the mean. 


set of recipients, and serially transferred every other 
week!?*. In the recipients carrying irradiated chamber 
cultures, only a marginal reduction of the serum antibody 
level was observed (Fig. 2). 

Our experiments indicate that the cells involved in the 
maintenance of the late antibody response are not part 
of a highly active cell renewal system?-**, Otherwise, 
X-irradiation preceded by thymectomy should have 
resulted in an earlier and faster rate of decay of serum 
haemagglutinin levels. This would have been partieularly 
noticeable in the conditions of the diffusion. chamber 
experiment in which the culture had to build up the 
serum antibody level in the new host from zero after 
every transfer, which is possible only if the cultures 
are actively synthesizing antibody. Differences between 
these and earlier reports? may be explained by the 
differences in the experimental model used, for example, 
type of antigen and test animal. 

Previous investigations! also suggest the existence of 
a long lived plasma cell population. The late reduction 
in antibody levels seen at the higher X-ray exposures 
(Figs. 1B and 2) is interpreted as a late manifestation 
of X-ray damage to the cells producing antibody 
(unpublished work of T. Sado) rather than to precursor 
cells sensitive to antigen. Although our experiments 
cannot completely rule out the possibility of a low rate 
recruitment of new antibody producers brought about 
by a small amount of persisting immunogen, they do 
suggest that other factors are more important in maine 
taining high serum antibody levels for prolonged tim- 
periods. Changes in quality of antibody'*, in the half-life 
of eells producing antibody and in their efficieney in 
producing antibody are important variables to be con- 
sidered. 

Our observations support findings*!* which suggest 
that foreign red blood cell antigens persist in immunogenic 
form and quantities for only a few weeks. The maintenance 
of antibody production and of immunological memory? 
beyond this time seems therefore to depend on a population 
of long-lived cells being called into existence during the 
first few weeks of the immune response. Our research 
was jointly sponsored by the US Natio Cancer Institute 
and by the US Atomic Energy Commission under contract 
with the Union Carbide Corporation. We thank Dr E. H. 
Perkins for his suggestions and criticisms. 
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Double Infections of Cultured Cells 


TOXOPLASMOSIS is a widely occurring protozoan infection 
of most species of animals, The causative agent, Toxo- 
plasma gondii, is an obligate intracellular parasite. In 
general, the natural infection is clinically inapparent, 
but occasionally it is severe, and sometimes fatal. 
Toxoplasma infections have been observed in animals, 
and in human beings with concurrent viral disease. 
Canine distemper and toxoplasmosis quite frequently 
complicate each other, and it has been suggested that the 
virus disease activates the latent protozoan infection!, 
Patients have been reported to have toxoplasmosis 
concomitant with herpetic pneumonia? and with eytome- 
galic inclusion disease’. 

Our interest is in the double infections produced by 
Toxopiasma and viruses. In this preliminary communi- 
cation, we deseribe such infeetions in cultured cells. 
Both viruses and Toxoplasma can cohabit the same cell 
and furthermore, Toxoplasma can multiply in cells which 
are infected and severely damaged by viruses. 

Cultures whieh were used in this study were human 
eancer-derived cells (H.Ep.-2). irowth medium was 
Eagle's basal medium in Earle's salt solution supple- 
mented with 10 per cent inactivated foetal bovine serum 
and containing small amounts of penicillin, streptomycin 
and amphotericin B. For maintenance during infections 
the serum level was 2 per cent. 

The viruses, selected for their potential for producing 
inclusion bodies, included measles (cytoplasmic and 
nuclear inclusions), pseudorabies (nuclear inclusions), 
adenovirus type 12 (nuclear) Newcastle disease virus 
(cytoplasmic) and a bovine parainfluenza virus (cyto- 
plasmic and nuclear), Stock virus pools were grown in 
these cell cultures. 





Fig. 1. 

in H.Ép.-2 cells, Note nuclear virus inclusion body in cell in centre. 

Same cell also contains clusters of Toroplasma. Virus was added 72 h 
before the parasite, and the preparation was stained after 96 h. 


Double infection with adenovirus type 12 and Tozoplasma gondii 
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Fig. 2. Double infection with bovine parainfluenza and J'oreplasme 

gondiiin H.Ep.-2 cells. Almost every cell has viral cytoplasmic inclusions, 

Note proximity of masses of Toxoplasma to inclusion bodies. Virus 

infection proceeded for 11 days before parasite was added, The prepara- 
tion was stained on the thirteenth day, 


The C-37 strain of T. gondii (of chicken origin), main- 
tained in H.Ep.-2 cells‘, was used in all trials. The in- 
fection produced by this agent in cell cultures is a moderate 
one characterized by rapid penetration of cells, a resting 
phase of 8-10 h, multiplication by binary fission with 
a generation time of 4—8 h, formation of large clusters of 
organisms in 24-48 h, followed by rupture and death of 
cells*. 

In order to produce concurrent infections, cell cultures 
were grown out on cover slips in Leighton tubes at 36° C. 
High concentrations of the various viruses were added 
and infection was allowed to proceed until characteristic 
cytopathic changes were present throughout. Cultures 
were then inoculated, each with about 10° Toxoplasma 
organisms. Concomitantly infected cultures and appro- 
priate virus and parasite controls were incubated for a 
further 1-5 days. The cover slips were removed, fixed 
in Bouin’s solution and stained with haematoxylin and 
eosin, the preparations were sereened by microscopic 
examination for evidence of virus infection (typical 
cytopathic changes and specific inclusion bodies), and 
for signs of Toxoplasma multiplication. More careful 
examinations were made to detect individual cells which 
were infected concomitantly with both virus and the 
protozoan. 

In trials with all five viruses plus Toxoplasma, there 
were indications of growth of both types of agents. These 
consisted of characteristic areas of Toxoplasma raulti- 
plieation scattered throughout the cultures, and foei of 
cellular damage usually specifie for the virus involved. 
In all doubly infected cultures there were areas of over- 
lapping effects, some cells having both viral inclusions 
and clusters of Tozoplasma (Figs. 1 and 2). 

In the case of viruses which were more rapidly destruc- 
tive, for example, pseudorabies, it was difficult to find 
more than a few doubly infected cells. With this virus, 
after rounding up, the cells had scanty cytoplasms, 
thereby making it difficult to see the parasites within 
the cells. 

The most interesting results were obtained with the 
parainfluenza  virus-T'oxoplasma system. Before the 
addition of the parasite, the viral infection seemed to 
proceed slowly; thus after 12-14 days, minimal cyto- 
pathic effects were observed in living cultures. and there 
were only a few foci of rounded cells and synevtial for- 
mations. Staining of virus control cultures, however, 
showed the presence of inclusion bodies in every cell 
which was observed. Inoculation of Toxoplasma into such 
cultures resulted in many doubly infected cells. Numerous 
parasites were seen in single cells and in syneytia. 
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Fewer doubly infected cells were noted in cultures 
which were inoculated with the other viruses used in this 
study. With all combinations, however, both the parasite 
and virus appeared to replicate at their usual pace for 
culture system. There was no evidence of the occurrence 
of interference phenomena. This conclusion, however, is 
based mostly on morphological evidence. Growth rates 
per se were not determined in this work, but with all viruses 
which were studied, indications of viral growth were 
obtained by various tests, for example, haemagglutination. 
immunofluorescence and some infectivity titrations. 

It is not very likely that double infections of individual 
cells concomitantly infected with viruses and Toxoplasma 
occur naturally, but it is possible. It would be of 
interest to know the nature of the interaction between 
two such unrelated organisms growing in the same cell 
and a number of intriguing questions could be raised. 
Are the agents antagonistic or synergistic with regard to 
their effects on the cell? Toxoplasma has been shown to 
produce interferon which is inhibitory to viruses in 
mammalian cells’. Does virus-induced interferon also 
have inhibiting effects on Toxoplasma? The Toxoplasma 
were able to multiply in cells severely damaged by viruses 
at a time, when, presumably, such cells were almost 
totally involved in viral synthesis. It is still not known 
why Toxoplasma is an obligate parasite and what it 
requires from living cells. But in double infections it 
seems possible for the organism to assimilate viral pre- 
cursors or perhaps intact virions. What would be the 
fate of these viral components in the protozoans ? Could 
Toxoplasma provide some of the necessary synthesizing 
pathways for viruses ? This is not inconceivable. Bacillus 
subtilis has been reported to contribute such pathways 
for the production of polyoma virus*. Could T'oroplasma 
participate in infections in a role similar to that of “helper” 
viruses ? Finally, a very interesting problem would be à 
study of the effects of Toxoplasma infections on virus 
latency. 

This work was supported by a grant from the US 
National Institute of Neurological Diseases and Blindness. 

THEODORE BURNSTEIN 
ARTHUR A. BICKFORD 
Department of Veterinary Microbiology. 
Purdue University. 
Lafayette, Indiana. 


1 Moller, T., and Nielsen, S. W., Path. Vet., 1, 189 (1964), 

! Checver, A. W., Valsamis, M. P., and Rabson, A. S., New Engl. J. Med.,272, 
26 (1965). 

* Hemsath, F. A., and Pinkerton, H., Amer, J. Clin. Path., 26, 36 (1956). 

t Bickford, A. A., and Burnstein, T., Amer. J. Vet. Hes.,116, 319 (1965). 

* Freshman, M. M., Merigan, T. C., Remington, J. S., and Brownlee, 1. E., 
Proc. Soe. Exp. Biol. and Med.,193, 862 (1066). 

* Bayreuther, K. E., and Romig, W. R., Science, 146, 778 (1964). 


Transplantation of Anaemic Mice of 
the W-Series with Haemopoietic Tissue 
bearing Marker Chromosomes 


Tue W gene of the house mouse has several effects, one 
of which is to cause an anaemia. This is present in the 
foetus and throughout the life of the affected individual!. 
In the homozygous state the viable allele, We, produces 
a severe normochromie, macrocytic anaemia. In the 
heterozygote (Wew) the alleles are co-dominant and there 
is a mild form of the anaemia. Bernstein and Russell? 
first observed that the homozygous anaemies could be 
permanently cured by the transplantation of syngeneic 
normal haemopoietic tissue. They assumed that the 
injected cells had implanted and were functioning ac- 
cording to their own genotype. Seller and Polani? ob- 
tained the same result using allogeneic tissue, and observed 
the presence of haemoglobin typieal of the donor in the 
cured individuals. TS also found that the heterozygote 
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anaemies were susceptible to this treatment, and these 
transplanted animals, too, bore donor haemoglobin. 

Although the evidence from the haemoglobin studies 
supported Bernstein and Russell’s thesis on the fate of 
the injected cells, other more remote possibilities, such 
as the incorporation of donor DNA in the host cells, 
were not excluded. Such explanations have finally been 
disearded following the cytogenetic analysis reported 
here, of anaemic individuals transplanted with haemo- 
poietic tissue bearing the distinctive T6 marker 
chromosomes. The presence of the donor cells in the 
bone marrow of the defective hosts has been shown by 
direct observation. This method has also allowed a 
quantitative evaluation of the degree of chimaerism 
established in the two anaemic genotypes. 

Details of the transplantation technique have been 
described already?. A suspension of liver cells was ob- 
tained from 16-18 day old foetuses from CBA/H mice 
homozygous for the 76 translocation chromosome. The 
original two pairs of these mice were supplied by Dr 
C. E. Ford of the MRC Radiobiological Laboratory, 
Harwell. Approximately 8x 10% cells were injected 
intravenously into We W? mice within the first day of life. 

Chromosome studies were made when these individuals 
were 9-18 months old. Because I was investigating the 
situation in the successfully transplanted mice, I selected 
for chromosome analysis those individuals whose red 
blood cell count had increased to within the range of a 
haematologically normal mouse (11-12 x 10* cells/mm? in 
the strains of this laboratory) and in whom donor haemo- 
globin could be demonstrated. 

Chromosome preparations of mitotic cells from the 
bone marrow, spleen, thymus and peripheral lymph 
nodes were made after treatment with ‘Coleemid’, by an 
air dry method*. The cells were stained with 2 per cent 
toluidine blue. For cytological analysis between thirty 
and a hundred, usually fifty, mitoses were scored in 
each tissue. Care was taken to eliminate bias in favour 
of the 7'67'6 cells by scoring only those cells which 
appeared under low magnifieation to be perfeetly spread. 

The results are presented in Table 1. In both W 
genotypes a very large proportion of haemopoietie and 
lymphatic tissues was composed of cells bearing the T6 
chromosomes. In both W*W* and Wew mice the greatest 
colonization by the donor cells was in the bone marrow, 
and the least colonization was in the lymph nodes. In 
all tissues, however, the proportion of donor cells was 
greater in the homozygote anaemies than in the hetero. 
zygotes. 

Of particular interest was the homozygote bone marrow, 
in which all the dividing cells scored were of the donor 
type. 

These results represent the situation found in success- 
fully transplanted anaemic mice during 9 to 18 months 
after the introduction of the donor stem cells. Within 
one genotype group there was no difference in the pro- 
portion of host to donor cells between individuals exam- 
ined at 9 months or 18 months, and so it seems that 
these observations record the state of balance achieved 
between the two populations of cells. 

The complete colonization by the donor cells of the 
bone marrows of the transplanted W*We* mice must give 
some measure of the defective state of the W* haemo- 
poietie cells. They appear to be completely unable to 
stand competition with a population of genetically 
normal cells, and are totally eliminated. The percentage 
of non-T'6 cells in the heterozygote bone marrow prob- 
ably reflects a small proportion of cella possessed by this 
Table 1. PERCENTAGE OF TOT CELLS IN THE MITOSES OF TISSUES OF WoW. 


AND Wew ANAEMIC MICE SUCCESSFULLY TRANSPLANTED WITH CBA/H-T6TG 
HAEMOPOIETIO TISSUE 


No. of Per cent T6T6 cells in the mitoses of 
Genotype mice Bone Lyrmph 
studied marrow Spleen Thymus node 
We We 6 100 92 96 86 
Wee 6 88 80 83 71 
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genotype which have no selective disadvantage when 
compared with the donor cells, and are able to survive 
equally well in eompetition with them. 

The total take-over by the donor cells in the homozygous 
marrow has further implieations, for the bone marrow 
manufactures granular leucocytes in addition to erythro- 
eytes. It therefore seems that granulopoiesis is now also 
a function of the donor cells. Direct evidence for this 
has come from a WeWe mouse transplanted with rat 
haemopoietic tissue?" whose bone marrow, too, has become 
completely colonized by the rat tissue. In addition to 
the presence of rat haemoglobin, granulocytes with a 
strong positive alkaline phosphatase activity have been 
demonstrated in the peripheral blood. Such activity is 
typical of the rat and is not present in mouse granulocytes. 

Of farther interest is the distribution of donor cells in 
other tissues. The high proportion in the spleen is pro- 
bably to be expected, because the red pulp in mice is 
haemopoietic’. It is impossible from the present work 
to say whether the distribution in the lymphoid organs 
can be accounted for by cells lodging there and pro- 
liferating directly from the foetal liver cell inoculum, 
or whether there was an immediate colonization only of 
the bone marrow followed by a more gradual secondary 
incursion of the lymphoid tissue, in a manner similar 
to that occurring in irradiated mice transplanted with 
haemopoietic tissue’. 

I thank Dr C. E. Ford for tuition in chromosome 
preparation and Miss S. Brooke for technical assistance. 
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Behaviour of Jaw Muscle Stretch 
Receptors during Active and Passive 
Movements in the Cat 


EVIDENCE in favour of the concept of servo control of 
muscle as expressed by Merton!, depended first on an 
interpretation of the electromyographie silent period 
resulting from procedures which unload the spindle?. 
Direct recording of spindle and fusimotor activity has 
supported the idea in the case of certain reflex limb 
movements* and in the respiratory muscles of anaes- 
thetized animals*^. We have sought to extend consid- 
eration to the jaw muscles of the cat by recording from 
their afferents during reflex movements. The cell bodies 
of these first order afferents can be located in the mid- 
brain nucleus of the fifth cranial nerve (mid-n V) with 
extra-cellular metal microelectrodes, with a minimum of 
operative interference*. Receptors from jaw closing 
muscles greatly outnumber those from the openers?* and 
attention is restricted here to spindles and tendon organs in 
the former. "Three other types of receptor are potentially 
represented and must be eliminated. First, tooth mechano- 
receptors are plentiful, particularly related to the canine 
teeth?. They were distinguished by their sensitivity to 
„direct pressure on a tooth or gum with jaw supported. 
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Fig.1. A, Unit behaving as spindle afferent. a, Sinusoidal jaw dispiace- 
ment at 2 and 3 Hz; b and c, averaged responses to BO twitches of 
masseter and temporalis respectively; d, the effect of 20 ug SCb into 
carotid artery. B, Unit behaving as a tendon organ. a and b, Effect of 
sinusoidal stretching at 2 and 3 Hz, 1° amplitude; c and d, averaged 
responses to 50 twitehes of temporalis and masseter; e, records taken 
before and 10 s after 6 doses of 10 ug SCh given at 10 s intervals. 


Cells belonging to such receptors occurred commonly in 
groups, their frequeney range was lower than that of 
spindles and their extra-cellular action potentials were 
usually larger than those of any other cells. Second, 
extra-ocular muscle stretch receptors have been stated to 
have their cell bodies in the mid-n V" and, because the 
bony orbit is deficient in the cat, jaw movements might 
have exeited them. Although units were often found to be 
affected by passive eye movements, however, they were 
invariably more sensitive to jaw movement. Third, 
temporo-mandibular joint receptors might be represented 
in the mid-n V, but in fact no unit has been encountered 
which could not be ascribed to one of the other groups. 
Elimination of the above types leaves spindles and tendon 
organs in the jaw closing muscles. They ean be distin- 
guished as follows. The three muscles act in parallel on 
the jaw, so that twitch contraction in one of them brings 
about a pause in a spindle located in any of them, if some 
jaw movement is permitted. A tendon organ in one 
muscle will also pause during a twitch in either of the 
others, but will speed during a twitch of its own musele. 
A twitch to each muscle in turn can therefore identify 
and locate a tendon organ or identify a spindle. The 
spindle must then be located by probing the muscle 
surface. Another important test for spindles is their 
sensitivity to small doses of succinyl choline (SCh) 
injected intra-arterially!*. Each unit recorded was first 
tested as above (save for the SCh) and then its behaviour 
Studied during active jaw movements. In the cat lightly 
anaesthetized with sodium pentobarbitone, reflex move- 
ments could be produced by putting fluid in the mouth, 
mechanically stimulating the pharynx and by obstructing 


302 


NATURE, VOL. 220, OCTOBER 19, 1968 





Fig.2. 


Behaviour of a primary spindle afferent during active and passive jaw movements. a, Active movement following 


finid in mouth; b, the movement of a applied passively; c, another active movement due to fluid placed in the mouth. 
The jaw is restrained by a spring of angular compliance 2-2 deg/kg-cm torque. 


the airway. Testing with SCh was delayed till after 
recording active movements. 

Two types of unit are illustrated in Fig 1. The discharge 
frequency of unit A in response to passive sinusoidal 
jaw displacement (d) shows some phase advance, indi- 
cating a degree of dynamic sensitivity. The unit is 
silenced during the closing phase. It is characterized 
as a spindle afferent by the pause in discharge during 
a twitch of the masseter (b) and of the temporalis (c). 
These illustrations were prepared by averaging the r 
ponses to 50 successive twitches. This technique was 
used because the jaw muscles have been found to be 
extremely fast (contraction time about 11 ms) so that a 
single twitch may produce very little visible disturbance 
in a steady discharge. The response to intra-arterial 
SCh (d) is typical of a primary spindle afferent!. 

Most of the jaw muscle receptors encountered have 
been of this type, but in the eourse of 21 satisfactory 
experiments, three units have been found which behaved 
as tendon organs. Unit B, Fig. 1, is one of these. It res- 
ponds with some dynamic sensitivity to sinusoidal 
stretch (a and b). Twitches of the temporalis cause a 
speeding during shortening (c) and twitehes of the mas- 
seter cause a speeding during the relaxation phase (d). 
There is no response to SCh (e). 

Under light pentobarbitone anaesthesia reflex jaw 
movements occurred when saline was placed in the 
mouth. Fig. 2 shows the resulting behaviour of a unit 
characterized as à primary spindle afferent. It fires at 
high frequencies during active closure (a) and during 
opening. The comparison with passive behaviour is 
emphasized by record (b). Here the active movement of 
(a) has been recorded on magnetic tape and played back 
through a servo to cause identical jaw movement passively. 
The spindle fires at lower frequencies, is silenced during 
closure and is much less irregular. Active swallowing 
movements elicited in these conditions are quite 
stereotyped, as illustrated by a further active movement 
in (e). 

In ease of tendon organ receptors, active movements 
cause discharge consistent with their series arrangement 
in the active muscle. There are complications as a result 
of contraction of other muscles in parallel. 

Our experiments have shown that the sensitivity of 
spindles in the jaw closing muscles changes during reflex 
movements in a way which can only be explained on the 
basis of increased fusimotor activity. Thus the first 
requirement for accepting the existence of servo control 
via the spindles in this situation is satisfied. To establish 
the case fully, however, it is also necessary to show that 
the fusimotor drive and the afferent discharge precede 
the active movernents and that there is sufficient reflex 
power in the connexions of these afferents to produce 
the ensuing muscular contractions. In the present 
work on anaesthetized cats, the timing of the afferent 














discharge has varied widely, only preceding the movements 
in a proportion of cases. It is not profitable to argue in 
detail from such results in anaesthetized animals. Motor 
eoordination is likely to be disorganized and measure- 
ment of the reflex power in these conditions has no 
relevance to the normal state. Further clarification of the 
role of fusimotor drive in the control of normal movements 
requires the recording of afferent activity from spindles 
in the unanaesthetized animal. Meanwhile, our experi- 
ments at least indicate that there is sufficient fusimotor 
activity accompanying « motor activity to reduce the 
tendeney to silencing of the spindles during aetive con- 
traction. 
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Individual Differences in Short-term 
Memory 


PERFORMANCE data reported in an earlier communication! 
have been found to fit a short-term memory model sug- 
gested in the first instanee by subjects’ introspective 
reports. The experiment concerned used the “missing 
sean method’’?, in which random series of letters drawn 
from the ensemble A to H were presented orally by tape 
recorder. Each letter occurred only once in each list, and 
every list contained seven items, so that one letter of the 
ensemble was missing on each trial — Subje were re- 
quired to name this missing letter as quickly as possible. 

The subjects’ reports implied two forms of strategy 
for registering and storing items, one associated with a 
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fast rate of input of 1 letter/s, the other with a slow'rate 
of 0-5 letters/s. The fast rate seemed to involve retention 
of items in the form of a positive after-image (store I), 
with transfer to a categorized and ordered quasi-visual 
image (store II) following completion of input. The slow 
rate results implied the transfer of items to store II as each 
individual item arrived during presentation. Performance 
data suggested that this store II was selectively vulnerable 
to the effects of low doses of nitrous oxide. This com- 
munieation concerns observations on two aspects of intro- 
spective reports obtained in a further experiment, other 
aspects of which have been reported elsewhere’. 

As in the earlier study, subjects performed under four 
drug conditions (15, 25 and 35 per cent nitrous oxide in 
oxygen, and air control). The missing scan method was 
again used, but with digits 1 to 9 instead of letters. Pre- 
sentation rates were very fast (VF), 4 digits/s; medium 
(M), 1:3 digits/s; and slow (S), 0-4 digit/s. In contrast 
to the findings of the earlier experiment, there was no 
evidence of an increase in response latency with any dose 
of nitrous oxide. Such an increase in the fast condition 
of the earlier study was taken to reflect an effect on the 
time to transfer items to store IT. Faced with such an 
apparent clash of evidenee, one would normally be 
tempted to suppose that the earlier result arose by 
chance. Examination of subjects’ reports, however, 
points to the importance of differences in performance 
strategies. 

Table 1 shows a classification of subjects’ reports on 
the basis of the predominant performance strategies 
adopted for the various rate conditions by fourteen 
subjects who were questioned on completion of the 
experiment. 

Of the eleven subjects who reported a consistent 
strategy in the VF condition, nine reported no transfer 
to a second form of storage after input presentation. 
Their reported method of determining the correct response 
is summarized in the paradoxical phrase “hearing the 
missing sound". This seems to have involved gaining an 
impression on the basis of the total input without any 
post-perceptual checking of the items. This implied dif- 
ference in behaviour from the first experiment might be 
brought about by the more rapid input rate in this fast 
condition, or by the use of digits, which the ear is less 
likely to confuse. That this or some similar factor which 
makes digits easier to handle was the crucial difference is 
suggested by the distribution of strategies reported for 
the medium rate condition (1:3 digits/s), a rate comparable 
with the fast condition of the first study. In this medium 
condition, most of the subjects with a consistent strategy 
reported a transfer strategy during registration like that 
in the slow conditions of both studies, rather than waiting 
until the end of presentation before transferring to store TI. 

Of special interest were the two subjects in the VF 
condition (see Table 1) reporting a post-presentation 
transfer strategy characteristic of the fast condition in 


Table 1. CLASSIFICATION OF REGISTRATION AND RETENTION STRATEGIES 
REPORTRD FOR VARIOUS PRESENTATION RATES IN MISSING SCAN EXPERIMENT 


No. of 
subjects 
reporting as 
predominant 
strategy 

Auditory after-image: post-presenta- 2 
tion sorting onto mental list 
(b) Auditory after-image: response based 
on Impression of missing sound. No 
sorting onto list 
(c) Mixed (a) and (b) 
(d) Unclassifiable 
Medium: (e) Asin VF condition (a) 
1:3 digita/s (f) Asin VF condition (b) 
(M) (g) Asin 8 condition (j) 
(h) Mixed VF and S strategies 
(i) Unelassiflable 


(j) Individual items checked onto mental 
list as they arrived 

tk) As for (j), but with miscellaneous idio- 
syneratie features 

(1) As for (j), but with rehearsal of earlier 
items when new item arrived 


Presentation Description of strategy 
condition 
Very fast: (a) 
4 digits/s 
(VF) 


© 


Slow: 
0-4 digita/s 
(8) 


9». $9. GO OSIN RES 
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the earlier study with letters. In contrast to the other 
subjeets, they showed a tendency for response lateney to 
increase with dose, the trend being significant on a 
Jonckheere trend test (P=0-046). The EP; values ob- 
tained in this test were significantly larger for the two 
transfer-strategy subjects than for the subjects reporting 
the new non-transfer strategy (Mann-Whitney; P= 0-01). 
These two subjects also took longer to respond overall 
than the subjects who did not use transfer (Mann- 
Whitney; P=0-044). 

A second observation concerns the use of rehearsal 
in the slow condition. Of the eleven subjects reporting 
the characteristic strategy for slow input without idio. 
syncratic variations, three reported rehearsing ihe con- 
tents of the postulated store II between successive input 
items when placing the latest item into that store. ‘The 
rehearsal group showed significantly better recall than the 
subjects not reporting rehearsal (Mann-Whitney; P= 
0-036). 

What strikes one about these admittedly limited obser- 
vations is the extent to which individual differences in 
subjective reports correspond to differences in objective 
performance. Although subjects may be able to defy 
experimental control to a disconcerting extent in memory 
experiments, they can sometimes compensate by giving 
useful, valid information about the control they them- 
selves exert through their selection of performance 
strategies. Systematic collection of introspective reports 
of this kind may lead to more adequate recognition of 
individual differences*:* besides casting light on details of 
processes underlying performance. Furthermore, it might 
suggest ways of instructing subjects to perform so as to 
minimize the effects of impairing agents such as drugs or 
ageing. 

This work was supported by a grant from the National 
Institute of Mental Health, US Public Health Service. 
I thank Elizabeth Cornish for her comments. 
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GENERAL 


Risk from Supernovae compared with 
Risk Standards for Nuclear Reactors 


FARMER! has argued that any nuclear power reactor is in 
principle capable of offering a range of risk to life and 
property and that the plant safety standards should be 
controlled so that the larger consequences have an 
associated lower risk. Discussing appropriate standards, 
he observes that the permissible frequency for the largest 
accidents seems to be in the range 10-* to 10-* (reactor 
years)“, depending on the system of extrapolation for 
risk versus accident size. 

Terry and Tucker? estimate that the explosion of super- 
novae may produce lethal doses of radiation from cosmic 
rays with a frequency 2x 10-? yr. The event considered 
by Terry and Tucker is incomparably more serious than 
that considered by Farmer and may, at first sight, imply 
the extinction of human life on Earth. If this is correct, 
Farmer’s standard would seem too severe and, as a 
corollary, many of the everyday risks, by reference to 
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which this standard was derived, would also appear to be 
disproportionately safer than our galactic situation would 
justify. 

I suggest that interpretation of Terry and Tucker’s 
thesis in this sense is unjustified because of the fore- 
warning to be expected of the radiation from the super- 
nova event, 

The cosmic ray energy and velocity are connected by 


_ Mp 
V1— vic? 


Where Mp= proton rest mass and Myc?~1 GeV. 





E (1) 


Puts = Time of flight of protons—time for light to arrive 





'Time for light to arrive 


Sestcle- 


v 3EPC (From (1)) (2) 


The warning time T = sR where R is the radius in 
light-years to the supernova. If E, is the energy of a 
particle fast enough to beat the warning time 

E, = RQJ2 (From (2) (3) 
If F(E) is the flux of cosmie ray protons having energy 
greater than E 

F(E) = constant x E-'*5 (see ref. 3) 
Therefore the fraction of particles from a given event with 
energies whieh exceed E, 
z ea 
E, 
(minimum) Will be taken as 1 GeV. 
From equation (2) of ref. 2 
3x10 1 


pre-warning dose from a given event = Re ES 


= =m (From (3)) 


This gives the following results 


Frequency 
(using equation (3) of ref. 2) 
2:5 x 10- yr' 
10-1 yr! 


Pre-warning dose 


Less than 50r. 
More than 500 r. 


It is assumed that within the warning time of 1 year 
between the arrival of light and radiation, shelter could 
be improvised for the human population. Then a dose 
of 50 r. should not be exceeded at a frequency higher 
than 2:5 x 10-? yr and a dose of 500 r. at a frequency 
higher than 10-!? yr. I suggest that these conclusions 
are not incompatible with the standards discussed by 
Farmer in the reactor context. 

J. H. Bowen 
UKAEA, 
Authority Health and Safety Branch, 
Risley, Lancashire. 
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Incidence of Brand-Switching 


Tue correlation between whether or not people buy one 
brand of a non-durable consurner good and whether or 
not they buy another brand in the same product-field is 
extremely low, usually between +0-2 and — 6-1. These 
small eorrelations are, however, highly systematie and 
reflect a relationship of the form 
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bxy = Dbxby 


where by and by are the proportions. of ‘the. population 
buying brands X and Y respectively in the given time- 
period, bxy is the proportion buying both brands, and 
D is a constant. For observed duplication values ranging 
up to about bxy — 20 per cent, this relationship holds to 
within an average of +1-5 pereentage points. 

The duplication constant D is the same for all pairs of 
brands in a given product-field and time-period and can 
be estimated by the formula D=Xbyy/Lbxby, the sum- 
mation being over the different brands in the product- 
field. D varies by product-field, the highest, value found 
so far being about 1-5 in a 24-week period. It decreases 
systematically for shorter time periods and becomes less 
than 1 in time periods as short as 4 weeks. The correla- 
tion coefficient between buying X and Y being (D-1) 
M. (bxby/(1 —bx)(1—5»)). values of D «1 represent nega- 
tive between-brand correlation, that is, a tendency for a 
purchase of one brand actively to inhibit purchase of 
another brand in the same period. 

In an area where little is yet known (see ref. 1) this 
relationship now provides a quantitative basis for practical 
application to brand-switching problems in marketing. 
This will be pursued elsewhere. The relationship also has 
two major theoretical implications. 

First, the general form of the relationship shows that 
the level of the duplication of purchase between any two 
brands is not a brand-specific characteristic (a point 
which has already been argued in conceptual terms by 
Pyatt?) Thus bxy can be successfully predicted without 
having to take any account of the specific identity of the 
brand as such. Instead, it is determined simply by the 
product-field constant D and by each brand’s sales level 
mx or penetration level bx (the latter two quantities being 
related? by my —bxw/(1 —bx), where w is a product-field 
constant depending on the number of brands and on the 
average amount of a brand bought per buyer of the 
brand). 

Second, the low numerical level of the between-brand 
correlations explains why the repeat-buying behaviour 
of any given brand, brand X, say, in i=1 tot stationary 
time-periods of length T; can be modelled by the multi- 
variate negative binomial distribution* with p.g.f. 





i 
G(u)— (a£ZT(u-u)r* 
$ 


while completely ignoring what other brands Y, Z, ete, 
buyers of brand X may, or may not, be buying as well**. 

The empirical results reported here come from varied 
product-fields like toothpaste, detergents, instant coffee, 
margarine and petrol. They are based on analyses of data 
from the Television Consumer Audit operated by Audits of 
Great Britain and from the Motorists Panel operated by 
Sales Research Services. The findings relate to work 
carried out for Cadbury Bros., Esso Petroleum, Gallahers, 
J. Walter Thompson and Unilever. 
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BOOK REVIEWS 


SUPERNATURAL PRACTICES 


Ojibwa Religion and the Midéwiwin 

By Ruth Landes. Pp. vui+ 250. (University of Wisconsin 
Press: Madison, Milwaukee and London, 1968). 665. 6d. 
Ir is a truism that every society has a philosophical 
system or supernatural rationale for deahng with the 
areas of uncertainty in life, Few Indian groups have had 
more written about their system of religion and belief 
than the Ojibwa, an Algonkian speaking people on both 
sides of the Great Lakes and spreading westwards to the 
prairies. Theirs is the classic case of the Guardian Spirit 
ethic, a people whose world was filled with spirit forces 
and whose existence depended on gaining power over 
these forces, both benign and malevolent. The relevance 
of the Guardian Spirit was shown in a person’s attempt 
to draw to himself one of the powers by means of his 
vision quest. Throughout life a personally gained spirit 
would guide and support him through all kinds of adver- 
sity. For those unsuccessful in gaining a vision there were 
specialists who, for a fee, would help the supplicant gain 
power, or at least cure his illness or misfortune. In this 
well ordered system there was explanation and satis- 
faction for success or failure in addition to a theatre for 
rivalry and pseudo political influence to be played out by 
the more gifted or ambitious. 

Some of this religious world emerged from the writings 
of the fur trader, J. Long, in the 1770s, through Henry 
Schooleraft early in the nineteenth century, Peter Jones 
and J. G. Kohl in 1860, and culminating for the historical 
period in 1891 in Hoffman's account of the Grand Medicine 
Society or Midéwiwin. The latter, which was practised 
by some Ojibwa groups, was the ultimate in social ritual 
and drama in which a number of skilled specialists 
grouped together to eure the sick and to initiate appren- 
tices into various degrees of the society. 

This book contains material chiefly about the Midé- 
wiwin, its origin tales, its ritual and its organization. It 
was collected between 1932 and 1935 from two informants, 
Will Rogers of Cass Lake, Minnesota, and Maggie Wilson 
of Emo, Ontario. As new material it is important, 
especially coming from the noted Ojibwa scholar. 

At the same time, the way in which the material is 
presented raises several questions. In talking of the past, 
the informants may be rather nostalgic about their days 
of power. Consequently, a preoccupation with malevolent 
sorcery may be overstressed. Contemporary fieldwork 
indicates that while people talked freely about sorcery, 
rarely would anyone admit to anything but benevolent 
magic. An overweaning focus on evil doing by sorcery 
accords with the lonely life of the trappers which Landes 
has always maintained. But other writers deny this 
individualism or ‘‘atomism’”’ in Ojibwa society. Landes's 
reference to recent demography in Rogers's study fails 
to recognize that even these people were not isolated in 
their winter trapping. Here a small but organized group 
cooperated, sharing and help being a sine qua non. 

Moreover, it is difficult to understand how the author 
could have ignored the large and significant work of 
Hallowell. In the area of Ojibwa philosophy, psychology, 
magie and religion, Hallowell's publieations have made 
this ethnie group a textbook case. Yet she refers to only 
one of his studies, that of the role of conjuring. 

Finally, with largely autobiographical reminiscence the 
concept of authorship is changing. Such studies as Radin’s 
Crashing Thunder (1926), Ford’s Smoke From Their Fires 
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(1941), and Simmons’s Sun Chief (1942), the anthropo- 
logist claimed authorship. More recently, perhaps under 
the influence of the search for identity by ethnic groups, 
Sammy Louis was collected and edited by W., E. Sayres, 
and I, Nuligak was edited and translated bv M. Metayer. 
Perhaps too, therefore, this deseriptive study of Ojibwa 
supernatural practices should have been by Will Rogers 
and Maggie Wilson, edited or collected by Ruth Lande 

R. W. DuxNiING 





AGGRESSIVE MAN 


Human Aggression 
By Anthony Storr. Pp. 127. (Allen Lane, 
Press : London, 1968.) 25s. 


Dr Srorr propounds the very tenable thesis that agg 
sion is instinctive in us, and though it may be aggra 
by frustration, it is not simply the product of the 
as some psychoanalysts claim. He rightly differentiates 
the useful drive to overcome obstacles, both physical and 
psychological, which man possesses, from activity inspi 
by hatred and what Gibbon calls “the deplorable de: 
injure". 

Storr reviews the literature of aggression in animals, 
and their behaviour in regard to territory, which certainly 
has persisted in man. This was strongly borne out by the 
rally to the colours in 1939 by those who had suffered so 
badly in the depression of the thirties, who might well 
have felt indifferent as to what befell their country. Yet, 
as we have seen so often since, the slogan "workers of 
the world unite" has never replaced the call of patriotism. 

When Storr gets onto clinical matters it is harder to 
agree with him to the same extent as in his other chapters. 
Thus his explanation of schizophrenia in particular, 
though also in cyclic depressions—in terms almost only of 
early rejection and frustration—is not convincing, 
although one does not belittle the importance of these 
factors. One can believe that they produce the intro- 
verted shy "schizoid" type, but the confusion of acute 
schizophrenia and the disjointed thinking is so like what 
is seen in toxic and drug induced states, and the waxy 
rigidity of catatonia so like what a cerebral tumour can 
produce, that an organic explanation will surely ultimately 
emerge. Indeed, in some known organic states, for 
example, GPI, a typical schizophrenic picture may 
present, all of which would point to psychological factors 
determining the content of the psychosis; but other 
factors are more likely the actual causes of the break- 
down. 

Returning to the main theme, in the last chapter on 
ways of reducing hostility, Storr once again gives a 
balanced and realistic analy: sis of where we stand. He 
starts off by modestly disclaiming psychiatrie infallibility, 
observing that psy chiatrists “are apt to proffer advice in 
fields of human activity where they all are no more than 
inexperienced amateurs". This reads in pleasant contrast 
to a letter in the Lancet before the War in which the signa- 
tories commenced with the portentious statement that 
"we as psychiatrists deplore war", and then continued to 
outline quite unrealistic “psychological” schemes for 
preventing it! 

As Storr brings out, one of the tragedies of modem 
war is that decent individuals can perform the most 
dreadful acts because they are done at a distance. Such 
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behaviour is, of course, not truly agg ve, but a 
caleulated act; hence reducing man’s aggressiveness, 


as some urge, would not truly meet this situation. 

Storr has produced a clear and suceinet review of his 
subject. He writes with an attractive simplicity of style 
and freedom from jargon which so often bedevils psychia- 
trie writings, and he includes an occasional very nice turn 
of sardonic phrase. The book can be warmly commended. 

W. LixpESAY NEUSTATTER 
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LOOKING AT HUMAN WICKEDNESS 


Aggression and Defence 

Neural Mechanisms and Social Patterns. By Carmine D. 
Clements and Donald B. Lindsley. (UCLA Forum in 
Medical Sciences, No. 7.) Pp. xv+361. (University of 
California Press: Berkeley and Los Angeles; Cambridge 
University Press: London, 1967.) 142s. 6d. 


THERE is no doubt that we are learning more and more 
about aggression in human beings, but the time when all 
these pieces of information from sociology, neuro-endo- 
erinology, neurology and so forth can be woven into a 
eomprehensive whole is still a long way off. It is not 
peeuliar of this age that man should worry about his 
potential for killing but the amount of effort being 
expended in the study of eausation and origin of this 
fatal flaw in his character is surely remarkable. Perhaps 
this is because of the mounting cost of aggression to the 
community; sheer economies begins to support the moral 
arguments. 

This symposium was naturally no more successful 
than any other recent one on this subject; the partici- 
pants cannot be said to have produced even a consensus of 
opinion. But the characterization and evaluation of the 
various approaches is most valuable; probably the physio- 
logy and neurology of human aggression is put at more 
length here than previously. 

It has become almost obligatory to discuss animal 
aggression in this search for a rostrum. For this purpose 
a distinetion is made between predation and inter-indivi- 
dual aggression, but this seems to be an intuitive and 
thoroughly anthropomorphie distinction the value of 
which seems to be highly questionable when the results 
of brain stimulation are considered. Leakey, in his 
consideration of the role of aggression in human evolution, 
maintains that Homo habilis regularly attacked giant 
baboons as prey and suggests that it was but a short step 
to attacking his own kind. Furthermore, the very charac- 
terization of aggression in animals is on the human model, 
to then parallel it with human behaviour seems a somewhat 
circular argument. The spectrum of behaviour which 
constitutes not only the grades but also the types of 
aggression in humans is beautifully characterized in 
Plog’s report on the Watt’s riots where looters were 
seen to respect traffic lights in the midst of their highly 
aggressive behaviour; anarchy did not take complete 
control. Welch, in part of the discussion, suggests that 
the state of aggressiveness should be perhaps distinguished 
from the act of aggression. This measure of subtlety is 
achievable in human beings but, though necessary, can 
hardly be attained in animal studies. 

This work is well reviewed in papers by Barnett and 
Eibl-Eibesfeldt and is shown to be biologically adaptive 
(not a “bad habit"). Though Cetacea are not at all fre- 
quently seón to fight, indirect evidence adduced by Norris 
seems to show conclusively that they are not exceptional 
among animals. Kawamura gives a careful and interest- 
ing account of aggression in Japanese monkeys including 
some remarkable observations of attacked monkeys 
enlisting the aid of their attacker to aggress against & 
third. These monkeys also will attack in troops; aggres- 
sion is not solely an inter-individual affair. 

Brain stimulation may produce complete or partial 
patterns of aggressive behaviour when the electrodes are 
in parts of the brain stem and hypothalamus, as Kaada 
describes. But the results of stimulation are often in- 
fluenced by the environment in which the animal finds 
itself; the electrie current does not throw a switch, as it 
were, bringing into action aggression; it occurs only if it 
is appropriate in that particular situation. Delgado’s 
studies of radio-stimulation of parts of the brain in 
monkeys which axe therefore not constrained by wires lead 
him to postulate mechanisms for aggressive drive different 
from those for the performance of aggressive acts. These 
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neurologists do not oversimplify their problems, realizing 
as they do the influence of the hormone levels in the 
animal and the incoming sensory information. Rothballer 
considers the specific role of neurohumours; Berkowitz 
describes the experiments on the effect of seeing aggression 
take place on subsequent behaviour of his human subjects, 
while Brosin takes a psychiatrist's view of the control of 
aggression by religions and so forth at various stages in 
human history. Finally, Laswell presents his inter- 
national lawyer's view of war as "the distinctive institution 
of a divided world". 

Much of the long diseussions reported at the ends of tho 
papers is very useful and sustains the stimulation which the 
papers must cause the reader. Sometimes the argument 
becomes formless and the hard edge of critical thought is 
blunted, but there is an air of sincerity even in the purple 
passages. J. D. CARTHY 


REACTIONS TO INJURY 


The Pharmacology of Inflammation 

By W. G. Spector and D. A. Willoughby. 
Medicine.) Pp. ix+123. 
London, 1968.) 40s. 


(Modern 
(English Universities Press: 


Tas book is about the endogenous humoral factors in 
inflammation, rather than about drugs which may in- 
fluence this process. Inflammation is defined as “‘the local 
reaction to injury of the living microcirculation and its con- 
tents". Some workers may consider this definition too 
narrow. 

A brief summary of the more important historical 
developments is followed by a discussion of the intimate 
mechanism of increased vascular permeability. This 
chapter includes the beautiful electron microscopic 
evidence, obtained by the late Lord Florey and his col- 
leagues, of the passage of blood cells through endothelial 
gaps in the vascular wall. 

The examination of the individual endogenous sub- 
stances is guided by the authors’ useful criteria for accept- 
ing factors as mediators of inflammation, These are listed 
on page 5 and re-stated more fully on page 22: the 
postulated mediator should exert the appropriate effects 
and should be detectable only during inflammation; its 
specifie antagonists should also suppress the changes 
attributed to it; these changes should not occur after 
previous removal of the substance from tissues. The 
sections on histamine and on the polypeptides kinins 
deal with the distribution of these agents, properties 
relevant to inflammation, liberation and the evidence 
for their participation in inflammation. A full account 
is given of the numerous contributions made in this 
field by the authors and their colleagues. Comparatively 
little importance is attached to 5-hydroxytryptamine. 

The discussion of delayed hypersensitivity centres 
around the authors’ extensive work on the lymph node 
permeability factor (LNPF) which they consider to be the 
“leading contender as mediator of these reactions”. 
LNPF can be extracted from many tissues. Besides 
permeability effects, it induces migration of leucocytes 
and deposition of fibrinoid. Experiments with antisera 
against LNPF support the claim that it participates in 
the tuberculin reaction and other types of delayed hyper- 
sensitivity. 

Future editions of the book will undoubtedly be im- 
proved by more careful editing and proof reading. Kalli- 
krein is a protein and enzyme as stated on page 57. It is 
not a decapeptide as shown on page 56, where it is also 
wrongly implied that kallikrein and kallidin are synonym- 
ous. The plasma enzyme which destroys the peptides 
kallidin and bradykinin is a kininase, not a kinase. The 
section on histamine (page 28) lacks a title; and the first 
sentence on page 36 lacks a beginning. 
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Investigators' names are frequently given in the text, 
but references are limited to "suggestions for further 
reading" and occasional references in the legends. 

V. EisEN 


MICROBIAL TRANSFORMATION 


Microbial Transformation of Steroids and Alkaloids 

By Hiroshi Iizuka and Atsushi Naito. Pp, xi+ 294. 
(University of Tokyo Press: Tokyo; University Park 
Press: State College, Pennsylvania, 1967.) $16.50. 
Reviewine this book is like reviewing a telephone direc- 
tory beeause the only text in the whole book is that 
contained in the preface. 

The book describes the microbial transformation of 
steroids and alkaloids using structural formulae. Each 
transformation is supplemerted with a reference to the 
original work and quite frequently also contains reference 
to the appropriate literature where maximum yield for a 
particular transformation has been obtained. 

Structures are attractively drawn and beautifully laid 
out. As far as l could cheek, most of the references 
and the structural representations were correct. A 
person who is not an expert in the field but who can 
appreciate organic structures can bring himself up to date 
on the subject in a single sitting. The book covers 
material published up to 1966 and within the framework 
of its conception contains no serious omissions. 

This is a reference book meant primarily for research 
workers and no doubt would find space in most institu- 
tional libraries. M. AKHTAR 





ANTIBODY METHODS 


Methods in Immunology and Immunochemistry 

Vol. 1: Preparation of Antigens and Antibodies. Edited 
by Curtis A. Williams and Merrill W. Chase. Pp. xxi+ 
479. (Academic Press: New York and London, 1967.) 
2058. 4d. 


Tais volume contains a wealth of practical detail on 
methods of producing antisera in many different species. 
It is just the right book to which to refer your colleagues 
who are requesting “a little help with the practical 
aspects" of antibody produetion. Here can be found all 
the small details of antigen purification and preparation, 
of animal handling and antiserum processing which have 
for so long been passed by word of mouth and practical 
demonstration from one laboratory to another. This 
volume transforms the black magic of immunology into a 
scientific technology, based stil on many empirical 
procedures which have proved their worth over the years 
but showing some rational system in its application. 

This is essentially a book of laboratory procedures, 
similar to another series of "Methods" which is so familiar 
and invaluable to enzymologists and biochemists. This 
is the first volume of the series and, although leaving 
many topies including antibody assay to later volumes, 
it contains all one would hope to find on techniques of 
antibody production and related procedures. Nearly 
sixty contributors who are world renowned for their 
achievements in immunology have given full accounts of 
the methods used in their own laboratories. 

The first chapter, which occupies almost half the text. 
describes methods for preparing, purifying and charac- 
terizing a wide range of different antigens. Proteins, 
bacterial antigens, blood-group substances, viruses, conju- 
gated and synthetic antigens are all treated in turn. 
Understandably the techniques of protein purification and 
characterization have not been described in detail but 
are reserved for the second volume. The practical 
techniques, however, for the production of such specialized 








antigens as conjugated and synthetic antigens and some 
of bacterial origin are given in full detail. The second 
chapter concerns the produetion of antiserum and provides 
instructions for preparation of immunogens, immunization 
procedures, collection and handling of serum and the 
manipulation of many types of animal. The purification 
of specific a antibody to different types of antigen and the 
separation of different immunoglobulin classes from 
antisera are described in the third chapter. A short fourth 
chapter gives details of radioisotope and ferritin labelling 












of antigens and antibodies, but refers readers to the 
fourth volume for description of fluorescent labelling. The 
final chapter describes methods used in studies of the 


structure of immunoglobulins. The more highly 
ized nature of this topic makes it appear some what out 
of place in a volume of such general application, but the 
immense progress whieh has resulted from such studies 
perhaps justifies its inclusion for the benefit of the specialist, 
worker or the interested general reader. 

This volume can be strongly recommended to all who 
experiment with immunology in any shape or form. One 
hopes that the third volume which will deal with that 
other essential part of immunology, the assay of antibody 
activity, will be of equal standard. J. E. FOTRERGILL 


ANIMAL VIRUSES 


Introduction to Animal Virology 
By A. P. Waterson. Second edition. Pp. x 4-176. (Cam- 
bridge University Press: London, 1968.) 355; $5.50. 
THe declared aim of this book is to provide newcomers 
to animal virology, or those working in neighbouring 
fields, with a short and readable account of the main facts 
about viruses infecting man and other vertebrates. To 
attain this goal the subject matter has been subdivided 
into eight sections, seven of which achieve the author's 
stated aim and should provide a useful introduction for 
newcomers trained or training in biology or medicine. 

The first chapter deals rapidly with the historical 
development of the study of viruses which led to the 
emergence of the discipline of virology. An excellent and 
concise chapter diseussing the nature of the virion with 
short sections on the purification, examination, character- 
ization and classification of viruses is then followed by 
ehapters dealing with quantitative methods and haem- 
agglutination. The discussion then shifts to the infected 
cell and brief consideration of the growth cycles of the 
major groups of animal viruses. The chapter on viruses 
and tumours which follows is adequate, though it could 
be clearer. For example, the comparisons made between 
lysogenic phages and polyoma virus are not happy: many 
non-inducible phages are known; some phages do have 
an effect on the bacterial cell (conversion); and the 
eryptic mutants of 4 do not show resistance to super- 
infection. Only a very small minority of virologists sub- 
seribe to the view, favoured in the same chapter on page 
105, that the RNA of Rous sarcoma virus is transcribed 
to DNA and that this then is duplicated at cell division. 
As this unsubstantiated scheme runs contrary to the (so 
far) universally found direction of imformation flow 
(DNA — RNA — PROTEIN), it is scarcely likely to prove 
of help to beginners. The chapter on the genetics of 
animal viruses commences with a table on page 113 whieh 
classifies heterozygosis as non-heritable variation, though 
this is later contradicted by the text on page 120. There 
are further mistaken or misleading statements (for 
example, mutant frequency is confused with mutation 
rate) until on page 123 near the end there is a sentence 
with begins “As guanine and cytosine pair with thymine 
and adenine . . ."! 

The last chapter deals admirably with the topic 
“Viruses and Disease”. 

There are also some careless mistakes: for example, on 
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page 35 the formula for the number of morphological 
subunits is given as l0x(n— 1) and not lOx(n— 1)?4-2, 
which fortunately appears correctly on the next page; 
some tables contain errors of fact and some appear with- 
out being mentioned in the text. 

The book is written in an easy and eminently readable 
style, and is illustrated by many fine electron micrographs 
of virus particles. J. H. SUBAK-SHARPE 


CHEMOTHERAPY OF CANCER 


New Vistas of Chemotherapy of Cancer 
By 5. B. Ullman. (8. B. Ullman, 577 Glencairn Avenue, 
Toronto, 1967.) n.p. 


CANCER research, like polities, is replete with unfulfilled 
promise, open to conflicting opinions and attracts those 
who would hold out new vistas. Most of those who believe 
themselves chosen to lead unseeing research workers to new 
visions of cancer causation or cure lose their enthusiasm 
with the passing of time. Not so S. B. Ullman. Unfor- 
tunately, however, his new vistas are more apparent to 
him than to his readers. 

In this privately printed pamphlet, Ullman criticizes 
the sereening methods and the results obtained by the 
United States Cancer Chemotherapy National Service 
Center, but adds nothing himself to the discussion which 
has gone on for at least two decades on the best way to 
undertake this form of screening. Nevertheless his criti- 
cisms of antitumour screening are not wholly without foun- 
dation. A plant extract he submitted to the CCNSC came 
baek with negative results, and Ullman feels somewhat 
aggrieved by this because he had earlier found it to possess 
some activity. 

Criticism of the CCNSC is not however confined to the 
disappointed, but has also come from more substantial 
quarters. There have been raised intellectual eyebrows 
because of the empirical methods, impatience with the rate 
of progress and doubts about the value of the results. On 
the other hand, there has been uncritical acceptance of the 
results, Neither of these attitudes is completely justified. 

The conception of the CCNSC was a courageously deter- 
mined and generous act; so, to an overwhelming degree, 
is its execution. If it had done nothing else than set up 
standards for screening it would have done a tremendous 
service; as it is the CCNSC, by testing tens of thousands of 
compounds in roughly comparable tests, has provided a 
unique international contribution to scientific endeavour 
on & scale unprecedented in cancer research. 

Wide screening (that is, on a large variety of tumours), 
which Ullman seems to think will provide better answers, 
of substances seleeted for good theoretical reasons might 
be preferable to empirieal selection and testing, but if the 
theoretical grounds on which such substances were made 
are subsequently discovered to be without foundation or 
even wrong, as is so often the case, then there is nothing in 
scientifie logie to distinguish them from those substances 
made and tested for empirical reasons. 

Like politics also, cancer research suffers from a severe 
shortage of ideas. Yesterday cancer in man was caused by 
infective organisms, now sought in viruses; today it is a 
failure of the immunological mechanism; the conviction 
and the converted are there, only the evidence is missing. 

Ullman is not worried by all this; he suggests as 
another “new vista" the administration of one drug after 
another to the miserable patient. The difficulties of assess- 
ing unequivocally the effectiveness of one antitumour agent 
against one type of cancer in patients do not deter him. 
These heroic measures are reminiscent of some operations 
for malignant melanomas, but ultimately even heroic mea- 
sures may be justified provided they are successful. Ullman 
does not, however, tell us anything about his results. 
The pamphlet is full of errors, too numerous to mention. 

K. HELLMANN 


NATURE, VOL. 220. OCTOBER 19, 1968 


HANDBOOK FOR IBP AREAS 


Guide to the Check Sheet for IBP Areas 

Compiled by G. F. Peterken. Including a Classification 
of Vegetation for General Purposes by F., R. Fosberg. 
(IBP Handbook No. 4.) Pp. x - 133. (Blackwell Scientific 
Publieations: Oxford and Edinburgh, 1967. Published 
for the International Biological Programme.) 15s. 


THE International Biological Programme aims to stimu- 
late research into the biological basis of production and 
its implications for human welfare. In order to do this 
certain basic information on the world's biological 
resources must be available, so that research may be 
concentrated on the most significant problems and its 
results extrapolated with reasonable reliability. IBP is 
publishing a series of methodological handbooks to provide 
a standardized framework of reference for information 
basic to its aims. This, the fourth in the series, is à guide 
for gathering required information on IBP Areas; that 
is, those areas at present regarded by IBP and other 
international conservation agencies as adequately con- 
served, and also those representative areas of the principal 
ecosystems, and others deemed of outstanding biological 
interest, in each country that is in need of conservation. 

The problems of defining individual ecosystems are 
insuperable without simplification. The compiler legitim- 
ately argues that this is best done by providing a classi- 
fication of the terrestrial plant communities, and sub- 
sequently relating them to animal communities and 
human influences. F. R. Fosberg has devised a consistent 
logical classification of world vegetation to the level 
of Tansley's formation, based solely on criteria of the 
vegetation itself. arranged in the form of a key. Classi- 
fication of such a diverse and multivariate phenomenon 
as vegetation necessitates compromise and intermediate 
forms are bound to be frequent; this does not detract 
from its usefulness, which will be as much to standardize 
description as to pigeonhole individual ecosystems. 

The main part of the book describes the methods for 
completing a check sheet, devised by the Conservation 
of Terrestrial Communities Section of IBP, for recording 
the characteristics, history, dynamies, distribution, and 
present conservation status of IBP Areas. The four 
sections outline the aims of IBP and the survey, criteria 
for selecting IBP Areas, the theoretical basis on which 
the check sheet has been constructed, and a succinct 
guide for its completion; appendices include technical 
information on classification of plant formations and 
sous, notes on Gould’s geocode, and a sample check sheet 
completed. The book is clearly divided and arranged 
and consequently easy to use. "The definitions are concise 
and unambiguous. The check sheet was tested before 
final publication under diverse conditions, and I have used 
both book and check sheet in tropical rain forest and 
temperate grassland and heath with satisfactory results. 

Peterken's handbook admirably accomplishes what it 
has set out to do; it provides, besides, the first attempt. 
of its kind and thus has considerable theoretical interest. 

P. S. ASHTON 


STATISTICS IN FORESTRY 


Forest Biometrics 
By Miehail Prodan. Translated by Sabine H. Gardiner. 
Pp. xi+ 447. (Pergamon: Oxford, London and New York, 
1968.) 150s. 
SiwcE 1961, when Prodan published his Forstliche Bio- 
metrie, an English translation has been awaited. This has 
now been expertly done by Sabine Gardiner. 

The book consists of twenty-five chapters covering a 
wide field of statistics ineluding distribution theory and 
use, analysis of varianee, sampling and survey, experi- 
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< mental design, regression and correlation, growth func- 
tions and econometries. The examples are numerous and 
virtually all taken from forestry problems. 'The text is 
well illustrated by diagrams and figures. Inevitably, in 
intending the book for "students, praetieal workers and 
research project leaders", the author will not completely 
satisfy each category. lt is probably too complex for the 
practieal worker and yet not detailed enough for someone 
engaged in research. To many forest biometricians there 
will not be enough emphasis on modern computing 
methods; there is only a brief mention of electronic 
computers and much of the book, particularly the chapters 
on regression and correlation, would benefit from a greater 
bias towards their use. The space devoted to the various 
subjects is perhaps out of balance, and not related to 
their importance and degree of use. For example, the ana- 
lysis of variance, a technique used very widely in forest 
research, does not get a wide coverage and contains very 
little on testing procedures, whereas there is a large amount 
on distributions which could probably be reduced. 

The figures and tables in the translation have been 
excellently reproduced and anglicized, several of the tables 
being re-cast to avoid dividing them. Some of the original 
typographical errors have been corrected but others still 
exist. The translation of the German text is good with 
very few ambiguities, such as where, for example, the 
coefficient of determination is referred to as the coefficient 
of dependence. The text and formulae are clear and easily 
followed. This book is a very valuable addition to the 
bookease of the researeh worker and the examples also 
provide valuable teaching material. H. L. WRIGHT 


CRYSTALS, LIQUIDS AND GLASSES 


Physical Properties of Molecular Crystals, Liquids, 


and Glasses 
By A. Bondi. 
nology of Materials.) Pp. xix + 502. 
and London, 1968.) 175s. 


Tuis work attempts to present generalized correlations 
that should enable chemists and chemical engineers to 
relate certain physieal properties of condensed phases to 
molecular structure. The physics of molecular condensed 
phases is not sufficiently well developed theoretically to 
allow the calculation of precise physical properties from 
molecular structure data alone. The author has therefore 
selected the procedure of producing easily usable methods 
that yield information rapidly and of an order of precision 
warranted by users who want to estimate physical 
properties for development and process work. The 
method adopted was one of extrapolation from known 
data based on the principles of similarity analysis. 
Available theory is used first to obtain accessible measures 
of the important properties of individual molecules and 
these parameters are then used under guidance of theory 
to make the physical properties and state variables of 
interest dimensionless. The resulting plot of experimental 
data, an application of similarity to molecular physics, 
forms the basis of the correlations presented in this book. 
Most of the correlations are based on the use of experi- 
mentally accessible properties as correlating parameters, 
the van der Waals dimensions and volumes, standard 
entropy of vaporization of liquids and standard heat of 
sublimation of solids. The group increments for these 
and related properties are summarized in table form in 
chapter 14. 

The states of matter treated are molecular crystals, 
liquids and glasses. The physical properties considered 
are the pressure, volume and temperature and related 
thermal properties and transport properties which yield 
to the method of treatment. After opening chapters on 
the properties of molecules and the principle of corre- 
sponding state the following chapters deal with the 
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thermal, elastic and transport properties of molecular 
crystals including polymer crystals. Other chapters 
eover the subjects of fusion. liquids, p.v.T properties of 
liquids, heat capacities of liquids and polymer melts, 
thermal conductivity of non-associated liquids, diffusion, 
viscosity and finally the physical properties of molecular 
glasses. The last section of the book collects together 
calculating methods for physical properties in à form 
convenient for translation into computer programs. 

The book contains an immense amount of valuable 
information and the author has succeeded in his primary 
purpose of presenting caleulating schemes which will be 
most valuable to the chemist and chemical engineer in 
estimating property data required for synthesis and 
development of new materials and for process calculations 
and produet development work. An additional feature 
of the book is that in order to assist the above types of 
users most of the correlations described in the text are 
restated as estimating methods at the end of each major 
chapter. C, E. H. Baws 














PHYSICS HANDBOOK 


Physics Pocketbook 
Edited by Hermann Ebert. Pp. 575. 
Edinburgh and London, 1967.) 63s. 


EnrERT's Physikalische Taschenbuch is somewhat of a 
German classic. It was first published in 1951 and sub- 
sequent editions appeared in 1957 and 1962. The present 
volume would appear to be a remarkably good translation 
of the 1962 edition for the references do not go beyond 
1960. The translator is not identified nor is there an in- 
troduction or preface. The author, or rather compiler, 
is Hermann Ebert, a member of the Physikalisch-Tech. 
nisehe Bundesanstalt, and he therefore speaks with 
authority in the sections on vacuum technology, hygro- 
metry, thermal expansion, and equations of state of solids 
which he himself has written. A variety of authors have 
contributed the numerous other sections and though it 
would seem they have been given free choice it is remark- 
able how well a uniform standard is attained throughout 
the volume. 

Naturally, with a limit of six hundred pages and thirteen 
chapters much has had to be omitted or compressed, but 
a large amount of aecurate information, numerous formu- 
lae, and many tables of data have been included. "There 
are deficiencies—some gross, some minor. Not all the 
information is up to date; for example, the maser is 
briefly dealt with, but not the laser (neither ‘‘molecular 
amplifier" nor “maser” occur in the index). The recom- 
mendations of recent meetings of the Conference of 
Weights and Measures do not appear. References are 
nearly all confined to a name and year, for example 
(Casimir, 1945). Many names are incorrectly spelt, either 
in the text or in the index. 

'The subject arrangement of the text is useful, but the 
numbering of the chapters, sections and subseetions is 
somewhat strange. The first four chapters dealing with 
units, mathematical aids and statistics are numbered 111 
to 114, and the remaining nine chapters dealing respec- 
tively with relativity and quantum theory, mechanics, 
acoustics, optics, heat, electricity, magnetism and electro- 
magnetism, atomic and nuclear physics, and strength of 
materials, 120 to 128. Decimal numbers denote the 
sections and subsections of the chapters. 

The publisher recommends the book as indispensable 
to all university students. Though students and r 
workers will find the work informative and stimulating, 
they should be recommended to use it with care and only 
in conjunction with other handbooks and encyclopaedias. 
The trouble is that too much has been attempted—a 
dictionary, handbook and encyclopaedia cannot all be 
provided within one volume of six hundred pages. 


(Oliver and Boyd: 
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[The latest information I have is that there is a 1966 
German edition of the Physikalische Taschenbuch this is 
not recorded in the above volume.] S. WEINTROUB 


METALLURGY OF CHROMIUM 


Chromium 

By A. H. Sully and E. A. Brandes. Second edition. 
(Metallurgy of the Rarer Metals, No. 1.) Pp. xiii + 373. 
(Butterworths: London, 1967.) 95s. 


Tue second edition of this suecessful book has been pre- 
pared by E. A. Brandes. It is, like the first, a well-balanced 
review of the metallurgy of chromium covering its oceur- 
rence, extraction, purification, fabrication, properties and 
use. The tables and text of the original seven chapters 
have been expanded and brought up to date where 
appropriate and a new chapter has been ineluded. 

As dictated by its current role, a substantial part of 
the book is devoted to the industrial application of 
chromium as a surfacing material. There are chapters on 
electro-plating and ehromizing in which techniques are 
described in some practical detail and à review is made 
of the current understanding of the processes. The chapter 
on physieal properties has been revised and up-dated to 
include the interpretation of the anomalous variations in 
such properties as Young's modulus, coefficient expansion 
and internal friction which oceur along with the magnetie 
transition at 310° K. The section covering equilibrium 
diagrams now includes several additional binary systems. 

The new chapter on mechanical properties and fracture 
forms an important part of the revision since it covers an 
area in which recent research has been largely concen- 
trated. Work before 1966 is summarized with particular 
emphasis on the brittleness problem which remains a 
major obstacle to the more widespread use of chromium 
as a structural material. The effects of temperature, 
strain-rate, grain size, purity and alloying on the mech- 
anical properties of chromium are surveyed. While the 
coverage is complete, little attempt is made to discuss 
hypotheses as to the mechanisms underlying brittleness, 
which is surprising in view of Brandes's own contributions 
to the field. 

In any text of this nature, it is likely that individual 
readers will regret a lack of emphasis in their own area. 
In the present instance, the purifieation of chromium 
using the iodide process and the properties of chromium- 
metal oxide alloys in general, seem worthy of greater 
emphasis. Russian work on the electron-beam and tung- 
sten are-welding of chromium could have been profitably 
included, as could data on the diffusion of foreign atoms 
in ehromium, particularly bearing in mind the importance 
of impurity additions to the properties of the host. 

Subjective matters apart, the book achieves its aim as 
a textbook and a readable work of reference. While 
repetition of information, particularly in the earlier 
chapters, may prove a minor irritation to those working 
through the book, it is a price which must be paid if it 
is to do such double duty. It is 100 pages longer than 
the first edition, but the inclusion throughout the text of 
new material among the old has been done unobtrusively. 
Half-tone reproduction, however, has deteriorated and is 
now barely good enough for some of the electron micro- 
graphs which are included. 

Despite the intensive research which has been carried 
out in the thirteen years since this book was first pub- 
lished, unalloyed chromium remains an intractable 
engineering material. Those engaged in the development 
of heat-resistant chromium-base alloys, however, may 
take some comfort from the fact that one of Brandes's 
textural revisions has been to omit Sully's original con- 
clusion that “. . . the potentialities of chromium-base 
alloys as engineering materials are not all that good...” 

A. GILBERT 
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MATHEMATICAL LOGIC 


From Frege to Gédel 

A Souree Book in Mathematical Logic, 1879-1931. By 
Jean van Heijenoort. (Source Books in the History of 
the Sciences.) Pp. x+660. (Harvard University Press: 
Cambridge, Mass.; Oxford University Press: London, 
1967.) 1485. 

Most logicians will want to own this collection of classic 
papers which have shaped the subject as it is today. 
They will have often seen references to them but will 
probably not have read many, because nearly half of 
them are not easily accessible and they were originally 
written in seven languages, only five (out of forty-six) 
being in English. Most of the others are translated into 
English here for the first time. 

The translations have been made by mathematical 
logicians and are very good, accurate rather than fluent, 
but this is perhaps desirable in a collection which 
is intended as a reference source rather than a course 
of reading. Each paper is accompanied by explanatory 
notes which are most helpful. Even that daunting 
paper of Lówenheim containing the first (incomplete) 
proof of the Lówenheim-Skolem theorem, the one which 
starts straight out with: “We put ljz1 ll, 
. ", now becomes intelligible. Although there have 
been several other seleetions of papers on mathematical 
logie published recently this volume overlaps very 
little with them; for example, it has only one paper 


in common with each of Benacerraf and Putnam's 
Philosophy of Mathematics and Davis's The Un- 


decidable. All but five of the papers are presented 
here in their entirety. The printing and layout are 
excellent and the price is very reasonable for a work of 
this kind and size. 

The book starts with a complete translation of Frege's 
Begriffsschrift, his first work in logie, containing, amongst 
other things, a complete and accurate propositional and 
first order functional ealeulus, a remarkable achievement 
when one considers that it was many years before the 
latter was fully rediscovered and that as late as 1938 
eminent logicians were stating incorrect versions. This 
is really the basis of modern mathematical logic. 

After selections from Peano and Dedekind follow 
the most important papers on the paradoxes, by 
Burali-Forti, Cantor, Richard, Russell’s letter to Frege 
and Frege’s reply. Then the attempts to avoid 
the paradoxes by Russell and Zermelo, and the 
further development of axiomatic set theory by 
Fraenkel, Skolem, von Neumann. The Léwenheim- 
Skolem theorem is represented by the original papers 
of these two authors, and Skolem’s first work on 
primitive recursive arithmetic is here. The formalist 
intuitionist dispute is well documented with papers 
by Hilbert, Weyl, Bernays, Brouwer and Kolmo- 
gorov, and some of the positive contributions of in- 
tuitionism (fan theorem, bar theorem) by Brouwer are 
presented and put into perspective by some very helpful 
notes of Charles Parsons. 

Herbrand's theorem and the Gédel completeness 
theorem are here, and the incompleteness theorems 
are well covered, starting with Finsler’s 1926 paper 
“Formal Proofs aad Undecidahility”’. Many will 
be interested to read this and the notes discussing its 
relation to Gédel’s work, which is represented by his 
first abstract, main paper and also a less well known 
short paper “On Completeness and Consistency” giving 
generalizations. Amongst the other papers appear the 
well known contributions of Padoa, Wiener and Schén- 
finkel and Post’s “Introduction to a General Theory of 
Elementary Propositions’ containing consistency and 
completeness proofs for the propositional caleulus. 

Undoubtedly a valuable addition to the bibliography 
of mathematical logic for the English speaking world. 

J. C. SHEPHERDSON 
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Correspondence 


Naming the Units 


Tue letter to which these correspondents refer (Nature, 
219, 765; 1968) was written by Professor George Gamow 
Shortly before he died. 


Sim,— Professor Gamow proposes names to be applied to a 
new series of units 10° greater than those in current use: 
the thought of adding yet another unit of length (for 
example) to the thirty or so already in use in Great Britain 
is frightening indeed. Professor Gamow finds the SI 
prefix giga (G : 109) unfortunate and one must agree 
that all the names mega (M : 10*), giga (G : 10°) and tera 
(T : 10%) relating as they do to Roman and Greek giants 
and monsters rather than to the power indices 6, 9 and 
12 could be improved on. But there is an overwhelming 
measure of international agreement for their use. The 
real need now is for the naming on a logical basis of new 
prefixes carrying the series up into the range of 10!5, 
10" and so on. 

For example, in the energy industry generally the 
joule is ineonveniently small and in partieular when 
dealing with national energy outputs even the terajoule 
is too small. 

Is there some exotie language which provides readily 
voiced prefixes suggesting 15, 18 and so on with initial 
letters acceptable for use as abbreviated forms ? 

As an interim and somewhat retrograde step pending 
international agreement on such further prefixes, we can 
revert to the use of eompound prefixes: the teraterametre 
(TTm: 10% metres), for example, would be unambiguous 
and could cope immediately with cosmic distances. 

The case for avoiding new unit names may be pointed 
by arguing the extreme (and currently impracticable) 
proposition that, with everyone using the same system, 
units need not be named at all. For example, even now, 
few in Britain would misunderstand the answers “56”, 
"10—74— 17", “24 front, 26 rear, please", “one eighty”, 
“100 in the shade" and “36-24-36” to the questions, 
"How old are you?", "What are your shoe/hat/collar 
sizes ?", "What pressures do you want in your tyres ?", 
"What was your weight given as in the United States ?”, 
"What was the temperature?” and “Vital statistics”, 
respectively; no units are mentioned but all are clearly 
understood. Similarly, it was not strictly necessary to 
apply names to the derived SI units such as that for force 
(Newton: N:kg m/s?) Pascal is being suggested for 
pressure (Pa: N/m?) The adoption of such names, in 
fact, increases the temptation to invent names for other 
derivatives or multiples/sub-multiples whieh can only 
store up terror once again for future generations of 
schoolchildren who will have to remember the affiliation 
of each. 

We suggest that, even with the admitted imperfections, 
there is an overwhelmingly strong case for early world- 
wide adoption of metrication and decimalization using SI 
basie units and prefixes together with a firm veto on the 
creation of any new unit names whatsoever. 


Yours faithfully, 


F. W. DERWENT 
Mining Research Establishment, 
National Coal Board, 
Isleworth, Middlesex. 

W. H. OAKLAND 
Statistics Department, 
National Coal Board, 
Grosvenor Place, London SW7. 
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Sig,—The letter from G. Gamow proposing names for 
units involving 10? contains some well merited honours 
such as 1 Rutherford (—10? electron volts) and some 
happy inventions such as 1 inferno (= 10* °K). However, 
his statement that the British, inter alia, have no name 
for 10° is surely very surprising. In adopting ST units, 
the giga was accepted, being, one may think appropriately, 
of G.(I) Gamow! 





Yours faithfully, 


H. J. ABRAMS 
P. J. Kine 


University of Manchester Institute of Science 
and Technology, 

Sackville Street 
Manchester 1. 





Sir,—-Gamow has suggested names for four large physical 
quantities, 10? times the following units: a vear (time), 
a light year (distance), a kelvin degree (temperature) and 
an electron volt (electrical energy). These large quan- 
tities arise in the "big bang" theory of cosmology. The 
names proposed by him are aeon, hubble, inferno (I^) and 
rutherford, respectively. I should like to make the fol. 
lowing comments. 

(1) Gamow sets out with the eriticism that there are 
different and confusing names for the number 10* in the 
principal languages of Europe and the United States, but 
finally he suggests no name for this number for universal 
adoption. Instead, he proposes names for the four physical 
quantities mentioned. In fact, the Conference Inter- 
national des Poids et Mesures (CIPM), at its meeting in 
1948, had approved the names fer some large numbers in 
excess of one million (Jerrad, H. G., and MeNeill, D. B., 
A Dictionary of Scientific Units, Science Paperbacks, 1966). 
They called 10!? a billion. (The United States should fall 
into line.) CIPM at its meeting in 1958 recommended 
the prefix giga (pren. ji’ga; symbol G) for the multiple 
10*. Thus, for example, 10° light years necome giga 
light years, which may be abbreviated into Gly. GeV for 
10° electron-volts is already common. The prefix giga (() 
will serve all quantities and there is really no need for 
the new names suggested by Gamow. 

Two of the proposed names are of famous scientists, 
but in one case it is apparently suggested that we drop 
the name of another great scientist, Kelvin, and accept 
inferno in its place. We honour the great men of science 
by understanding their works and not by taking their 
names more often. Naming laws and principles after 
their discoverers is a different matter. 

(2) Synge (in Relativity: The General Theory, 421, 
North Holland, 1960) has suggested an alternative to the 
recommendations made by CIPM in 1958, but we may 
examine the matter ab ovo. 

Posterity is bound to criticize us for the uneconomical 
use of the alphabet. (We can blame our forefathers for 
an unscientific alphabet.) We still coin new words as 
haphazardly as, probably, the Cro-Magnon man did. (Ts 
is interesting to see how the name Googol, for the number 
10%, arose, page 58 of Relativity: The General Theory), 
Often we turn to Greek and Latin for the sake of con- 
sensus. Combinations of letters like ab (already an 
abbreviation for absolute), ac (a.c. is used for alternating 
current), ad (abbreviation for advertisement), af, and so 
on, can be used to name various quantities. If af is 
taken to represent 10°, fa can conveniently stand for 10-*. 
Thus elementary combinations of suitable consonants and 
vowels can yield many new simple words for use in science. 

(3) Giving new names to different magnitudes of already 
familiar units of time, distance, temperature and electrical 
energy will add to vocabulary without adding to know- 
ledge. At the same time, this may become an obstacle to 
understanding or a load on memory. Which do you prefer, 
Hertz cr cycles per sec, galileos or em per see? ? Surely a 
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Newton for mere 10* dynes — 1/4 Ib foree is sheer waste 
of a great name. 5 
(4) A minor point: Dante's inferno was not at a very 
high temperature. Liquids and solids were visible. In 
fact, the central portion of inferno, filled with the foulest, 
was found frozen. 
Yours, ete., 


G. H. KESWANI 
11-A, Koregaon Park, 
Poona 1, India. 


More About the Units 


Sing, —The internationally agreed symbol for 10° is M and 
this is the initial letter of million. Would it not be logical 
and convenient to turn this happy accident into a prin- 
ciple and use G, the internationally agreed symbol for 10°, 
as the initial letter of the word fcr 1,000,000,000 ? That 
number would thus be called a gillion. Whether the g 
should be hard or soft is a matter of opinion. I incline to 
hard because of the derivation from giga. 

Yours faithfully, 

N. W. PIRE 

42 Leyton Road, 
Harpenden, Hertfordshire. 


Science Not Applied 

Sir,—It is gratifying, if in a rather pessimistic sense, to 
find the Swann committee confirm what increasing 
numbers of QSEs have come to realize in recent years, 
namely the growing disillusion with apphed science among 
newly qualified young people. "Tbe ills of industrial re- 
search are well known; perhaps the report will encourage 
the general transformation needed in our educational 
structure, and, one hopes, stimulate a more enlightened 
view in that most conservative of all our institutions— 
British industry. To promote science for the sake of the 
economy is, however, rather like making an offering to 
propitiate the rain god; the result is unpredictable. 
Until economie forecasting progresses beyond the primi- 
tive use of first and second derivatives ("trends" and 
“levelling off" respectively) and can take some account 
of mutual interaetions the possibility of the proposed 
measures triggering off limit-cycle behaviour (as exempli- 
fied by "stop-go" policies) will always be with us. 

Yours faithfully, 


A. C. SELDEN 
Royal Holloway College, 
Englefield Green, 
Surrey. 


Chemists into Economists 


Sig,—In your issue of October 5 (220, 6, 1968) you pub- 
lished an aecount of a meeting of a group of economists 
and chemists held recently at ICI Mond Division, Run- 
corn, to discuss whether economies can be usefully intro- 
duced into undergraduate chemistry courses. The possi- 
bility of creating “new courses in which chemistry and 
economics stand in equal partnership" was mooted and it 
was stated that a combined chemistry and economics 
course had been proposed at Oxford. 

The purpose of this letter is to point out that such a 
course has been in existence in the University of Exeter 
since October 1965. The course is one of the options in the 
Inter-Faculty BSc degree in science, social studies and 
philosophy which is à combined honours degree in either 
chemistry or physics and either economics or sociology or 
polities or economic history with ancillary mathematics 
and, at present, philosophy. This is just the sort of degree 
course which is being widely advocated at the present. 
time. The response to the provision of this course has been 
very disappointing to those of us who were instrumental in 
setting it up, believing it to be a useful and desirable new 
development. This year, for twenty available places, 
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there were only twenty-five applicants, of whom four have, 
in the event, come into residence, two to read chemistry 
and economies; this represents a marked decrease in 
applications in comparison with the previous three years. 

Tt is possible that this poor response is in part due to 
the somewhat uninformative description of this course 
(Exeter 24/85000/SSSP) in the UCCA handbook (How to 
Apply for Admission to a University, 1968 edition). I hope 
very much that publieation of this letter will stimulate 
many more potential candidates to apply for admission 
to this course, the nature of which is so much in keeping 
with modern trends and ideas. 















Yours sincerely, 


H. N. Rypowx 
Department of Chemistry, 
University of Exeter, 
Stoeker Road, Exeter. 


Superconductors in Power Plant 


Sir,—Some of the comments made by Mr Wilkinson about 
the IRD superconducting motor in the article "Super- 
conduetors in Power Plants" (Nature, 219, 1317; 1968) 
have now been retracted, but the implications were so 
damaging to our work that an answer 1s necessary. 

The development of superconducting machines has been 
in progress at IRD for 5 years, and following the success ofa 
50 H.P. machine over two years ago we are now construct- 
ing a 3,250 H.P. motor with the support of NRDC. We 
have established that there are good market prospects for 
both supereonductiong d.c. motors and generators and 
many designs are at an advanced stage. We have not yet 
published details of our work for reasons of commercial 
and military security, and Mr Wilkinson's remarks will be 
answered in detail when we publish next year. However, 
we took strong exception to his main eomment (now 
retracted) that copper could replace the superconductor 
and that the cost of the refrigerator would pay for the 
copper, power supplies and capitalized value of the losses. 

If the superconducting winding of our motor, which I 
wish to emphasize is a prototype for much larger machines, 
is replaced with 99-999 per cent pure copper the power 
consumption would be 14 MW which is quite impractical. 
This neglects magneto-resistance effects whieh would 
increase the loss significantly and assumes the same 
average current density as the superconducting winding. 
The capitalized cost of the losses at the modest figure of 
£100 per kilowatt is £l:4m. If the current density is 
reduced to a more realistie value of 10,000 amp/inch? the 
power loss is 5-7 MW but the useful magnetie flux of the 
machine is reduced by 20 per cent because of the large coil 
volume. Further reductions in current density bring the 
machine flux to an even more unrealistie level. Cryogenic 
cooling is no better than water cooling in these machines; 
the total loss (joule heating and refrigerator power) is 
30 MW for liquid nitrogen and 20 MW for liquid hydrogen. 
The only practical way to use copper windings is in con- 
junction with an iron magnetic cireuit that is the con- 
ventional type of machine; our reason for departing from 
conventional machines was to achieve eost and weight 
reduetions and there is a very sound case for super- 
conducting machines which will be published later. 

Finally, I must add that we (and others who have been 
collaborating with us in this field) performed many 
similar calculations to the aforementioned over the last 
5 years and substantial sums of our own and publie money 
have not been committed without extremely careful 
cheeks of our calculations. 






Yours faithfully, 
A.D. APPLETON 
Head of Electrieal Engineering Department, 
International Research & Development Co., Ltd, 
Fossway, 
Newcastle upon Tyne. 
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International Meetings 


December 1-5, Microbiology, Panama (Octavio E. Sousa, 
Apartado 6403, Panama City, Panama). 


December 1-5, Operating Metallurgy, Cleveland (Jack 
V. Richard, Metallurgical Society of Aime, 345 E 47th 
Street, New York, NY 10017, USA). 


December 1-7, Pediatrics, Mexico (Dr Lazaro Benevides, 
Organizing Committee, e/o Hospital Infantil de Mexico, 
Calle Dr Marquez 162, Mexieo 7, DF Mexico). 

December 2-4, Western National Geophysical Union 
meeting, San Francisco (Dr J. C. Harrison, Department 
of Geophysical Seiences, University of Colorado, Boulder, 
Colorado 80302, USA). 

. December 2-6, Engineering Materials and Design 
pternational Exhibition and Conference, Londen 
: "Industrial Trade Fairs Ltd, Commonwealth House, 
1-19 New Oxford Street, London WC). 


December 2-7, Uses of Analogue and Digital Tech- 
niques, Tucson (Dr J. W. Harshbarger, c/o University of 
Arizona, Tucson, Arizona 85721, USA). 
December 3-5, Foetal Autonomy, London 
Foundation, 41 Portland Place, London W1). 


December 3-6, Computers on Board Satellites, Paris 
(Centre National d'Etudes Spatiales, 129 rue de l'Univer- 
site, Paris 7, France). 


December 4-6, Wire and Cable, Atlantic City (J. Spergel, 
US Army Electronics Command, Amsel-KI-EE, Fort 
Monmouth, NJO 07703, USA). 


December 4-6, Circuit Theory, Miami Beach (Group on 
Cireuit Theory, Institute of Electrical and Electronics 
Engineers, 345 E 47th Street, New York, NY 10017, USA). 


December 6-7, International Cartographic Associa- 
tion, Dehra Dun (Dr S. P. Chatterjee, Indian National 
Committee for Geography, 1 Acharya Jadagish Bose Road. 
Caleutta 20, India). 


December 9-11, Computer Conference, San Francisco 
(American Federation of Information Processing Societies 
211 E 43rd Street, New York, NY 10017, USA). 


December 12-14, Nuclear Energy Conference, Milan 
(Milan Federation of Scientific and Technical Associations, 
Piazzale Rodolfo Morandi 2, Milan, Italy). 


December 12-17, Phase Transformation, Canberra 
(Professor G. D. Garland, Internationa! Union of Geodesy 
and Geophysics, c/o Geophysics Laboratory, University 
of Toronto, Toronto 5, Canada). 

December 16-20, Relativistic Astrophysics, Dallas (Dr 
Ivor Robinson, South bod Centre for Advanced Studies, 
PO Box 30365, Dallas, Texas 75230, USA). 


December 18-20, American Physical Society meeting, 
San Diego (Professor W. Whaling, California Institute of 
Technology, 1201 East California Street, Pasadena, 
Cahfornia 91109, USA). 

December 26-31, 135th meeting of the American Asso- 
ciation for the Advancement of Science, Dallas (Mrs 
Thelma C. Heatwole, Public Information for Annual 
Meeting, 5110 West Franklin Street, Virginia 23226, USA). 


December 27-30, Institute of Mathematical Statistics 
meeting, Washington (Joan R. Rosenblatt, 337 Adminis- 
tration Building, Gaithersburg, NBS, Washington DC 
20234, USA). 

January 6-10, Phase Transformations, Canberra (Dr 
D. H. Green, c/o Department of Geophysics and Geo- 
chemistry, Australian National University, Canberra, 
Australia). 


January 6-11, Caribbean Chemical Conference, Cave 
Hill, Barbados (Dr R. C. Russell, Chemistry Department, 
University of the West Indies, PO Box 64, Bridgetown, 
Barbados). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, October 2! 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, 
at 10 a.m. —Colloquium on “Electrical Passenger Vehicles". 

SOCIETY OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Belgrave 
Square, London, 8W1), at 4 p.m.-—Dr N. G. Morgan: "Spray Application 
Efficiency in Fruit Crops". 

BRITISH SOCIETY FOR THE HISTORY OF SCIENCE (in the Lecture Theatre of 
the Science Museum, Exhibition Road, London, SW7), at 5.30 pame- Dr 


Helen Wallis: “Thematic Maps—a New Cartographie Language". 


London, WC?2), 








. INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND 
STUDENT SECTION (at Savoy Place, London, WC2), at 6.30 p.n PE 
Miley: “Control of a Large Power System” (Chairman's Inaugural rgo sa) 


Tuesday, October 22 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.—Dr W. F. R. Gosling: ''An Optical Beam Rider”. 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMORILE DIVISION 
Birdeage Walk, Westminster, London, SW1), at 6 p.m.—' Two pa 
Mr Maurice Platt and Professor A. C, Stevens (Lanchester Centena 


SOCIETY OF CHEMICAL INDUSTRY, PLASTICS AND POLYMER GROUP (at 14 
Belgrave Square, London, SW1), at 6 p.m.—Dr D. Lim: ‘Polymerization of 
some Methacrylic and Acrylic Monomers by Alkali Metal Compounds". 


UNIVERSITY OF LONDON, DEPARTMENT OF EXTRA MURAL STUDIES; and the 
LINNEAN SOCIETY OF LONDON (at the Linnean Society, Burlington House, 
Piccadilly, London, Wi), at 8.30 p.m.-—The Earl of Cranbrook, CBE: 
“Exploration for Animals in the 19th and 20th Centuries (Fourth of 
twelve lectures on “The Historical Background to Modern Zoology 


INSTITUTION OF THE RUBBER INDUSTRY (at the Ecc leston Hotel, Ece 
Square, London, SW1) at 7 p.m.—Mr M. Kaufman: ‘Training in 
Rubber Industry" 


iat 1 
: by 














Wednesday, October 23 


ROYAL INsTITUTION, History OF SCIENCE Discussion GROUP (at 21 
Albemarle Street, London, WD, at 1 p.m. —Miss A. K, O'Hara-May: " Early 
Studies of Quantification in Nutrition''.* 


INSTITUTE OF NAVIGATION (at the Royal Geographical Society, 1 Kensing- 
ton Gore, London, SW7), at 4.30 p.m.-—Annual General Meeting fallowed by, 
Professor A. Stratton: “The Science and Technology of Navigation" (Presi- 
dential Address). 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.— Discussion meeting on “Electro-Optics” opened by Dr J. Bass 
and Dr K. F. Hulme. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WEZ) 
at 5,30 p.m.—Mr F. J. Lane, OBE: “Engineering Unlimited". 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, EDUC. 
(at 9 Bedford Square, London, WC1), at 6 p.m.—Mr Roy Cox: 
inations Really Necessary ?'"" 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, Westmin- 
ster, London, SW1), at 6 p.m.—8ir Arnold Lindley: “Becoming Wise after 
the Event" (Presidential Address). 


SOCIETY OF ENVIRONMENTAL ENGINEERS, PackaotNG GROUP (n the 
Mechanical Engineering Department, Imperial College, London, BWT}, at 
6 p.m.—Mr C. F. Marshall: “Another Look at Fragility”. 


SOCIETY oF CHEMICAL INDUSTRY, FOOD ENGINEERING PANEL (nb 14 
Belgrave Square, London, SW1), at 6.15 p.m.--Mr C. Dodson and Mr A. 
Cunningham: ‘Uses of Plastics in Food Processing Plant’. 


Thursday, October 24 


INSTITUTION OF MECHANICAL ENGINEERS, MANUFACTURE AND MANAGE 
MENT GROUP (at 1 Birdcage Walk, Westminster, London, SW1) H-day 
Discussion meeting on “The Utilizution of Professional Engineering Man- 
power”. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, Wed), 
at 2.30 p.m.—Colloquium on ‘‘Transmission-Line Properties of Interconnec- 
tions and Their Measurement”. 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, JOINT IERE/TEE 
MEDICAL AND BIOLOGICAL ELECTRONICS GROUP fat 9 Bedford Square, 
London. WC1), at 2.30 p.m. Colloquium on “Recent Advances in the 
Design of Biological "Amplifiers". 


INSTITUTION OF MECHANICAL ENGINEERS, NUCLEAR ENERGY GROUP (at 
1 Birdcage Walk, Westminster, London, SW1), at 6 p.m.— Discussion meeting 
on “Power Station Control--is Automation the Preferred Solution ?" 


Friday, October 25 


ROYAL INSTITUTION, PHOTOCHEMISTRY Insct: SSION Group (at 21 Albe- 
marie Street, London, Wi), at 1 p.m.--Dr A. Kelly: ‘Some Mode! Systems 
for Photosynthesis”.* 


SocrETY OF CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS GROUP 
(joint meeting with the Institution of Highway Engineers, at the Institution 
of Structural Engineers, Upper Belgrave Street, London, SWI), at Deli the 
Dr A. R, Lee: “Slag for Highways: Production, Properties s and Uses" 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 9 pam.-— 
Surgeon Rear-Admiral Stanley Miles: “Human Factors in Underwater 
Research”. 
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Monday, October 28 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 2.30 p.m.—Colloquium on “Solid State Displays". 

INSTITUTION OF MECHANICAL ENGINEERS, RAILWAY ENGINEERING GROUP 
(at 1 Birdcage Walk, Westminster, London, SW1), at 6 p.m.—Diseussion 
meeting on "Commissioning New Equipment”, 
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PLASTICS INSTITUTE (at the ‘‘Coachmakers Arms”, 88 Marylebone Lane, 
London, W1), at 7.30 p.m.-——"Which Resin Should You Use—and Why ?" 
(brains trust). 


REPORTS and other PUBLICATIONS 


(not included in the monthly Bocks Supplement) 
Great Britain and Ireland 


'The Beginning of Rayon. By Edwin J. Beer. Corrigenda and Supplement. 


Pp, 36. (Shorton, Paignton: Phoebe Beer, 1968.) [179 

Transactions of the Royal Society of Edinburgh. VoL 68, No. 1: Further 
Observations on the Seottish Carboniferous Eurypterids. By Charles D. 
Waterston. Pp. 1-204 3 plates. 15 $2.60. Vol. 68, No. 2: On the 














ence to Dreissena 
iJ. I. Campbell. 
imens of Cladorylon 
By Albert G. Long. 
The Royal Society of 





Heteromyarian Condition in the Bivalvia with specia! refi 
polymorpha and Certain Mytilacea. By C. M. Yonge a 
Pp. 21-44. 14s; $2.40. Vol. 68, No. 3: Some Spe 
from the Calciferous Sandstone Series of Berwickshir 
Pp. 45-62 --2 plates. 11s; $1.80. (Edinburgh: 












Edinburgh, 1958.) {179 

Department of Education and Science. Education Surve : Language 
Laboratories. Pp. vie 32. 4s. net. Building Bulletin No. 43: Secondary 
School Design: Modern Languages. Pp. 76. (London: H.M. Stationery 
Office, 1968.) (189 


Department of Employment and Productivity. Annual Report of HM 
Chief Inspector of Factories 1967, Pp. xiv +159. (London: H.M. Stationery 
Office, 1968.) 14s. 6d. net. [189 

Proceedings of the Royal Irish Academy. Vol. 67, Section A, No, 1: 
Generating Functions and Characters of Irreducible Representations of 
SU(3) and SU(2,1). By L. C, Biedenharn, B. Gruber and H. J. Weber. 
Pp.1-14. (Dublin: Royalirish Academy, 1968.) 4s. (199 

Ministry of Transport: Road Research Laboratory. Road Research 
Technical Paper No. 75: The Economic Assesament of Road Improvement 
Schemes. By R. F. F. Dawson. Pp. v+56. (London: H.M. Stationery 
Office, 1968.) 6s. net. (199 

The Edinburgh School of Agriculture. Experimental Work 1967. Pp. 
viii FE (Edinburgh: The Edinburgh School of Agriculture, E 
T8. 6d. 199 

Science in Action, Vol. 1, No. 1 (19 September 19658), Published fort- 
nightly (during term). Pp. 1-60. Annual subscription: UK and overseas 
30s. Six months pro rata. Single copies including postage: current issue 
ls. 6d., back numbers 2s. (London: New Science Publications, Ltd, 
1968.) : (199 

Applied Optics at Imperial College 1917-18 to 1967-68. Pp. 28. (London: 
Imperial College, 1968.) [209 

Philosophical Transaetions of the Royal Society of London. Series A: 
Mathematical and Physical Sciences, No. 114, Vol. 263 (19 September 1968): 
Kinematics of Geomagnetic Secular Variation in a Perfectly Conducting 
Core. By G. E. Backus, Pp. 239-266. (London: The Royal Society, 1968.) 
148. 0d.; $1.90. {209 

Bulletin of the British Museum (Natural History). Entomology, Vol. 22, 
No. 5: The Subgeneric Divisions of the Genus Bombus Latreille (Hymenop- 
tera: Apidae). By O. W. Richards. Pp. 209-276. 30s. Vol. 22, No. 6: A 
List of the Type-Specimens of Libellulidae and Corduliidae (Odonata) in 
the British Museum (Natural History). By D. E. Kimmins. Pp. 277-805. 
12s. (London: British Museum (Natural History), 1968. [209 

Freshwater Biological Association. Thirty-sixth Annual Report for the 
year ended 31 March 1968, Pp. 144. (Ambleside: Freshwater Biological 
Association, 1908.) 5s. [239 

Meteorological Office.  Sceientifle Paper No. 28: Numerical Solution of 
Atmospheric Diffusion Equations. By C. E, Wallington. Pp. 38. (London: 








ELM, Stationery Office, 1968.) 6s. 6d. net. j [239 

Building Research Station Digest No. 97 (Second Series): Tendering 
Documents with a Production Bias. Pp. 8. (London: H.M. Stationery 
Office, 1968.) 44 [239 


Schools Council. Working Paper No. 20: Sixth Form Examining Methods. 
Pp. vi-- 20. (London: H.M. Stationery Office, 2968.) 3e. 6d. net. [239 
Biological Conservation, Vol. 1, No. 1 (October 1968). Edited by Nicholas 
Polunin. Pp. 1-102, Subseription rates: Four issues per volume, 120s. or 
$14.40 plus 10s. or $1,20 postage per volume. (Barking, Essex: Elsevier 
Publishing Co., Ltd, 1968.) g [239 
Ministry of Transport. Road Research 1967—-Annuai Report of the Road 
Research Laboratory. Pp. xv--230. (London: H.M. Stationery Office, 
1968.) 20s, net. p 4 [239 
Department of Education and Science. Psychologists in Education 
Services--'l'he Report of a Working Party appointed by the Secretary of 
State for Education and Science—the Summerfield Report, Pp. xix +171. 
(London: H.M. Stationery Office, 1968.) 45s. net. [239 
Recent Forest Products Research Laboratory Publications— Reprints 
Available, List 6. Pp. 10. (Princes Risborough, Aylesbury: Forest Producta 
Research Laboratory, 1968.) [239 
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University of London. University College Calendar 1968-60. Pp 


xevi+260, (London: University College, 1968,) [249 
Institute of Navigation. Annual Report 1967-68. Pp. 17. (London: 
Institute of Navigation, 1968.) [259 


Confederation of British Industry. Britain's Small Firms: Their Vital 
Role in the Economy. Pp. 28. (London: Confederation of British Industry, 
1968.) 5s. 2 


Other Countries 


New Facts in the Genetics of Colour Vision Besides Ideas of the Colour 
Perception. By Georg H. M. Waaler. Pp. 24. (Oslo: Universiteta-forlaget, 
1968. 6 N.kr. [139 

US Atomic Energy Commission, Division of Technical Information. 
Meteorology and Atomic Ener: 1968. Edited by David H. Slade, Pp. 
x+445. (Oak Ridge, Tennessee: US Atomic Energy Commission, 1968. 
Available from Clearinghouse for Federal Scientific and Technical Informa- 
tion, National Bureau of Standards, US Department cf Commerce, Spring- 
field, Virginia.) $3, {169 

Musée National du Canada, Bulletin 215: Le Costume Civil en Nouvelle- 
France. Par Robert Lionel Séguin. Pp. xvi+ 3830. (Ottawa: Queen's 
Printer, 1968.) $4. [169 

A Manual of Standardized Terminology, Techniques and Scoring System 
for Sleep Stages of Human Subjects. By Allan Techtschaffen and Anthony 
Kales. Pp. 13 +40 figures, (Bethesda, Maryland: US Department of Health, 
Education and Welfare, National Institutes of Health, 1968.) [169 

List of Papers published by the members of the Research Institute for 
Iron, Steel and other Metals, Tohoku University, 1967, Pp. 28. (Sendai, 
Japan: Tohoku University, 1968.) {189 

Smithsonian Miscellaneous Collections. Vol. 153, No. 1: Morphology and 
Systematics of the Bryozoan Genus Metrarabdotos. By Alan H. Cheetham. 
(Publication 4733.) Pp. vii+ 121-- 18 plates. Vol. 153, No. 3: Fossil Verte- 
brates from the Marine Pleistocene of South-eastern Virginia. By Clayton E. 
Ray, Alexander Wetmore and David H. Dunkle. (Publication 4742.) Pp. 
25 +2 plates. (Washington, DC: Smithsonian Institution Press, 1968.) [100 

Canada: Department of Energy, Mines and Resources. Paper 68-1, 
Part B: Report of Activities, November 1967 to March 1968, Pp. vii+ 89. 
$1.50. Paper 68-14: Cretaceous Stratigraphy between Tetsa and La Biche 
Rivers, North-eastern British Columbia, By D, E. Stott. Pp. v--41. $1.50. 
Miscellaneous Report 16: Guide for the Preparation of Geological Maps and 
Reports. Compiled by R., G. Blackadar. Revised edition. Pp. v- 147. $1. 
Geological Maps. Map 24-1967: Panther Culmination, Alberta. Map 
1227A: Wesleyville, Newfoundland, (Ottawa: Queen's Printer, 1968.) [20 

New Zealand: Department of Health. Environmental Radioactivity in 
New Zealand and Measurements on Samples from Fiji and Rarotonga, 
January-March 1968. Pp, 10. (Wellington: Department of Health, 
1968.) [209 
Directory of Current Scientifie Research Projects in Pakistan, 1066-67. 
Pp. viii 162. (Karachi: National Science Council, 1968.) 230 

Comptes Rendus des Travaux du Laboratoire Carlsberg. Vol. 30, No. 15: 
The Proteolytic Degradation of the B-Chain of Oxidized Insulin by Papain, 
Chymopapain and Papya Peptidase, By J. T. Johansen and M. Ottesen. 
Pp. 265-284. 4 kr. Vol. 36, No. 16: The Fine Structure of Pelomyxa palustris, 
By Nils Andresen, Cieily Chapman-Andresen and Jytte R. Nilsson, Pp. 
285-318--6 plates. 9 kr. Vol 36, No. 17: On the Leakage of Ultraviolet 
Absorbing Materials and Alanine from Synchronized Tetrahymena pyri- 
formis. By John R. Cann. Pp. 319-325, 2 kr. (Copenhagen: Danish Science 
Press, Ltd, 1968.) 239 

Institutt for Atomenergi, Kjeller Research Establishment. Kjeller Report 
No. 129: Pigg, a Multigroup One-Dimensional P-1 Code. By J. O. Berg, 
G. E. Fladmark, T. Kulikowska and O, P, Tverbakk, Pp. 81, (Kjeller, Nor- 
way: Institutt for Atomenergi, Kjeller Research Establishment, 1968.) [239 

Population Newsletter, No. 1 (April 1968). Pp. 46. (New York: Population 
Division of the Department of Economic and Social Affairs, United Nations, 
1968.) J [240 

University of California Publications in Geological Sciences, Vol. 77: 
Australian Tertiary Deposits Containing Terrestrial Mammals. By R. A. 
Stirton, R. H. Tedford and M. O. Woodburne. Pp. 30. (Berkeley and Los 
Angeles: University of California Press; London: Cambridge University 
Press, 1903.) $1.50. [255 



















United States Department. of the Interior: Geological Survey. Abstracts 
of North American Geology, July 1968, Pp. i 927-1105. (Washington, 
DC: Government Printing Office, 1968.) $0.45, [259 


United States Naval Observatory. Circular No. 121: A Linotron System 
Manual for the Photo-Composition of Astronomical and Mathematical 
Tables. By D. K. Scott, Pp. 41. (Washington, DC: US Naval adis 6^ 
1968.) 25t 

Mitteilungen aus der Biologischen Bundesanstalt für Land- und Forst- 
wirtschaft, Berlin-Dahlem. Heft 129: Der Gegenwártige Stand der 
Erforschung und Bekümpfung von Reisschádlingen, Von Dr B. Ohnesorge. 
Pp. 61. (Berlin-Dahlem: Biologische Bundesanstalt für Land- und Forst- 
wirtschaft, 1968.) 14 DM. [259 
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. and for fundamental research into the 
energy-relay phenomena of biochemistry. . . 


These Cygnet more — 
joiners call BIOENERGETICS 


Biological oxido-reduction reactions - respiratory- 
chain enzymes and cytochromes - mitochondrial elec- 


tron transfer and respiratory-linked ion transport - 
ems V oxidative phosphorylation - photosynthetic phos- 
phorylation - photosynthetic organelles and pigments 


- contractile and motile systems 


a a "m 
à nti i H : Some forthcoming papers: 
Inhibitory action of oxaloacetate on succinate oxidation in 


rat-liver mitochondria and the mechanism of its reversal - 
A.B. Wojtczak (Warsaw, Poland) 

Respiratory control in submitochondrial particles obtained 

by sonication - I. Vallin (Stockholm, Sweden) 

Effect of filipin on rat-liver and yeast mitochondria - W, X. 
Balcavage, M. Beale, B. Chasen & J.R. Mattoon(Baltimore 
USA) 

Ion transport in heart mitochondria. XIII, The effect of 

ethylenediaminetetraacetate on monovalent ion uptake - 
C.T. Settlemire, G.R. Hunter & G.P. Brierley (Columbus, 
USA) 

Participation of the microsomal electron transport system 

involving cytochrome P-450 in oxidation of fatty acids 
F. Wada, H. Shibata, M. Goto & Y. Sakamoto (Osaka, 
Japan) 

The preparation and properties of the membranal DPNH- 

dehydrogenase from Escherichia coli - M. Gutman, A. 
Schejter & Y. Avi-Dor (Tel-Aviv & Haifa, Israel) 

Properties of azoferredoxin purified from nitrogen-fixing 

extracts of Clostridium pasteurianum - E. Moustafa & L.E, 
Mortenson (Lafayette, USA) 

Cytochrome oxidase and its derivatives, IX. Spectrophoto- 

metric studies on the rapid action of ferrous cytochrome c 

oxidase with molecular oxygen under conditions of com- 

plete and partial oxygenation - M.V. Gilmour, M.R. Lem- 
berg & B. Chance (Philadelphia, USA) 

Quinones of Athiorhodaceae - J. Maroc, H. De Klerk & M.D. 
Kamen (Gif-sur-Yvette, France) 

Maximum quantum yield and action spectrum of photosyn- 

thesis and fluorescence in Chlorella - R. Govindjee, E. 
Rabinowitch & Govindjee (Urbana, USA) 





Subscription details for 1969: 
BBA-Bioenergetics Vols. B5, B6 & B7: 9 is- 
sues, total price Dfl. 195.00 (post-free). Air- 
mail surcharge for USA & Canada: Dfl. 4.50 





They have a right to. They are real craftsmen, and have pe 
been for years, in producing specifically designed, carefully Earlier Volumes (1967—1968) 
made laboratory furniture. Specialisation, technical know- BBA-Bioenergetics Vols. Bl, B2, B3 & B4 


how, quality, which in turn enables efficient production (Biochim. Biophys. Acta, Vols. 131, 143, 153 
and competitive prices, have made Cygnet the most res- & 162): DA 72 00 per velum (post-free) Sia 
pected name among top organisations. The Cygnet careful PEE NS à 
approach applies to single units and complete installations, 
and many leading laboratories benefit from this. Progressive Send orders to your regular bookseller or to 
organisations throughout the country utilise the Cygnet ELSEVIER PUBLISHING COMPANY 
consultative service. Write for our fully comprehensive P.O. BOX 211, JAN VAN GALENSTRAAT 335 
P.H.2. catalogue. AMSTERDAM, THE NETHERLANDS 


CYGNET JOINERY LIMITED 


Ge MM Elsevier 
Chaftamen in Laboratory Furniture TUM Publishing 


Higher Swan Lane, Bolton. Tel: 62121 x Company 


a member of the Group of Companies. 
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Classified Advertisements 


Al copy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion. 
The Publishers wili not be liable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers’ errors. 
although every care is taken to avoid mistakes. 
Semi-displayed £6 iper single column inch, 
Minimum £3, each additional 1/I2th of an inch 
10s. Full page £158, Half page across £80. 
Colour (orange) £20 extra. 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number. 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement's 
Inn, Strand, London, W.C.2. Telephone: 
na 4743. Telegrams: Textualist, London, 





APPOINTMENTS VACANT 


UNIVERSITY OF MANCHESTER 
MANCHESTER, 13 


EXPERIMENTAL OFFICER OR 
SENIOR EXPERIMENTAL 
OFFICER 
IN THE 


DEPARTMENTS OF BOTANY 
AND ZOOLOGY 


Applications invited for this post. Offi- 
cer will supervise the running of an Elec- 
tron Microscope Unit and assist and par- 
ticipate in research. Some experience in 
electron. mícroscopy desirable but candi- 
dates with appropriate biological or tech- 
nical qualifications considered, Salary 
ranges per annum: E.O., £920 to £1,525; 
S.E.O., £1,450 to £2,200. F.S.S.U. 

Particulars and application forms (re- 
turnable by November 2) from the Regis- 
irar, Quote Ref. 177/68/Na. 0155 





UNIVERSITY OF MALAYA 
FACULTY OF ARTS 


Applications are invited for the vacant posts 
listed below. Candidates should have at least a 
good honours degree with suitable teaching and 
research experience in addition to the special 
qualifications stated for each post. 

DEPARTMENT OF GEOGRAPHY: Four 
posts likely to be available in 1969. Successful 
candidates will be expected to pursue research in 
their special fields with reference to Malaysia 
and Southeast Asía. Candidates with appropri- 
ate qualifications in some of the following fields 
of Geography are sought: Physical Geography 
(including Soil Studies, Human Ecology, Land 
Use Surveys, Urban Social Geography, Trans- 
portation and Manufacturing. 

Salary Scales (approximate sterling equiva- 
lents): Lecturers: £1,498 by £65 to £1,889/ 
£1,954 by £73 to £2,320; Assistant Lecturers: 
£1,303 by £65 to £1,433. In addition to basic 
salary, the following allowances are payable: 
Variable Allowance: 35 per cent of basic salary, 
subject to certain maxima depending on marital 
status: Minimum £244 per annum, maximum 
£651 per annum. Inducement Allowance: (if 
awarded), for Lecturers, up to £488 per annum, 
for Assistant Lecturers, up to £326 per annum. 
Housing will be provided, if available, for which 
a rent of £163 to £204 per annum will be 
charged. Provident Fund: Staff member contri- 
butes 5 per cent and University 15 per cent of 
basic salary. 

Further particulars and application forms are 
obtainable from the Association of Common- 
wealth Universities (Branch Office), Mariborough 
House, Pall Mall, London, S.W.1. The closing 
date for receipt of applications is November 11, 
1968. 170 

UNIVERSITY OF GLASGOW 
LECTURESHIP IN AGRICULTURAL 
CHEMISTRY 

Applications are invited for a LECTURE- 
SHIP IN AGRICULTURAL CHEMISTRY. 
Salary scale £1,470 to £2,630 per annum. 
PS SU. 

Applications (eight copies) should be lodged, 
not later than November 11, 1968, with the 
undersigned, from whom further particulars may 
be obtained.—Robt. T. Hutcheson, Secretary of 
the University Court. 12195 
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"Body-centred' Physicist 


required to join a team 
studying human comfort in all its 
aspects. The team already includes 
a psychologist, physicists, engineers 
and an architect. We wish to add a 
further graduate who would contribute « 
to the problems of physiological 
monitoring and interpretation. 
He must be interested in, or at 
least curious about, human 
physiology and would preferably 
have a background in physical 
science or perhaps solid state 
electronics. Two environmental 
chambers and excellent supporting 
facilities will be available. 











This appointment will be made 
within one of a series of 
salary bands, the overall 

maximum of which is £3,145. 





Please apply giving:relevant 
details of age. expétience and 
qualifications to : 
Mir. D. C. Page, 
Head of Personne 
ELECTRICITY COU! 
RESEARCH CENTRE; : 
Capenhurst. Chester. 
Quoté ref. N/157 







(1231) 


IRELAND 
AN FORAS FORBARTHA 


RESEARCH OFFICER — 
(NATURE GONSERVATION) 


An Foras Forbartha is responsible for research and advisory services in nature conserva- 
don in the context of the provisions of the Local Government (Planning and Development) 


Act, 1963. The growth in the demand for these services requires the appointment of à 
Research Officer (Nature Conservation) in the Planning Division. Applicants should 
possess an honours degree In agricukure, foresiry, botany, zoology, geology or geography. 


with wide experience in nature conservation in a planning context. I: is likely that the 
successful candidate will also have a post-graduate qualification in nature conservation or 
ecology, but an otherwise exceptionally well-qualified candidate may be appointed and 
given subsequendy the opportunity to acquire such a qualification, 

The person appointed will be responsible for the research and advisory work in nature 
conservation with special reference to the problems of local planning authorities in 
pro:ecting areas of scientific importance, 

The salary scale for Research Officer is £2.152 by £70 to £2,802. Eniry point on scale 
will depend upon qualifications and experience. 

Application forms may be obtained from the Managing Director, An Foras Forbartha, 
4 Kildare Street, Dublin 2. 

Latest date for receipt of completed application forms is November 15, 1968. (1252) 
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ZA ASONS 


WYE COLLEGE 
{UNIVERSITY OF LONDON) 


RESEARCH CHEMIST OR 
BIOCHEMIST 


Applications are invited for an appoint- 
ment as a research chemist in the Depart- 
ment of Horticulture. 

Candidates should be graduates in 
Chemistry or Biochemistry with some post- 
graduate experience, preferably in the 
chemistry of natural products. 

The candidate appointed will be expected 
to take part in a research programme on 
factors controlling flowering in higher 

. plants and to undertake some undergradu- 
åte and postgraduate teaching. 

The appointment will be made according 
to qualifications and experience within the 
Assistant Lecturer scale, £1,105 to £1,340 
with F.S.S.U. 

Further particulars may be obtained from 
the Secretary, Wye College, Nr. Ashford, 
Kent, to whom applications should be sub- 
mitted by October 31. GID 






UNIVERSITY OF 
NOTTINGHAM 


DEPARTMENT OF APPLIED 
BIOCHEMISTRY AND NUTRITION 


RESEARCH ASSISTANT IN 
ANIMAL NUTRITION 


Applieations are invited from graduates 
in Agricultural Biochemistry, Nutrition or 
related fields for a research assistantship in 
a programme concerned with the amino 
acid nutrition of ruminants. The successful 
candidate would be expected to register for 
a higher degree and the research topic 
woghl be concerned with measuring the 
efficiency of utilisation of “* protected '* 
amino acids in the ruminant. The salary 
would be within the range of £600 to £656 
per annum. 

Further particulars may be obtained from 
Professor D. Lewis, Department of Applied 
B xemistry and Nutrition, University of 
Nottingham School of Agriculture, Sutton 
Bonington, Loughborough, Leics. 

(E193) 





COMMONWEALTH 
MYCOLOGICAL INSTITUTE 


Applications are invited from graduates or 
those holding appropriate diplomas for a post of 
ASSISTANT in the Culture Collection. Starting 
salary £916 to £1,243 (plus Outer London 
Weighting) according to age. qualifications and 
experience.  F.S.S.U. benefits. 

Applications by November 8. 1968, to the 
Director, Commonwealth Mycological Institute, 
Ferry Lane, Kew. from whom application forms 
and further particulars may be obtained. 

02085 


bacteriologist 


Fisons Pharmaceuticals Limited require a male graduate experienced in bacteriology/mycology for the 
microbiological section of their expanding research and development department now moving into new 
Laboratories. The successful candidate will probably be about 30 years old; sufficiently versatile to tackle 
a variety of research and development projects, and able to contribute knowledge and experience in at 
least one field of medicine, pharmacy; toiletries, foods or quality control. Other graduate staff are employed, 
but we seek someone competent to accept progressive technical and organisational responsibility. 












Please write giving brief details to: 
The Personnel Manager (10), 


Fisons Pharmaceuticals Limited, 
12 Derby Road, Loughborough, Leics. GBD 


BIOLOGIST 


A vacancy exists for a Biologist to study the growth rate and 
fecundity of fish in rivers. The laboratory, an out-station of the 
Central Electricity Research Laboratories, Leatherhead, Surrey, is 
at Hams Hall, near Birmingham, but the staff are expected to move 
to a new location in about a year's time. 


Applications are invited from young graduates with a good honours 
degree and preferably relevant experience. 


ə Initial salary within ranges rising to maxima of £1,800 or 
£2,185 p.a. inc. Publication of results encouraged. 


Applications, stating full relevant details and present salary, to 
N. Berryman, Personnel Officer (Headquarters), Central Electricity 
Generating Board, Sudbury House, 13 Newgate Street, London 
E.CA, by October 29, 1968. 


Quote Ref. N/346. 


0236) 


MACAULAY INSTITUTE FOR THE LONDON HOSPITAL 


SOIL RESEARCH MEDICAL COLLEGE 
PEDOLOGY (UNIVERSITY OF LONDON) 
DEPARTMENT OF BACTERIOLOGY 


EXPERIMENTAL OFFICER required to 
assist the head of the above Department, SE 1 : ANT 
Dr. R. C. Mackenzie, in studies relating RESEARCH ASSISTANT 
largely to the mineral fraction of soils. Ex- Applications are invited for the appoint 
perience of methods (particularly thermal) ment of RESEARCH ASSISTANT to it 
used in the examination of clay and related vestigate serological relationships of the 
minerals would be an advantage. Candi- genus Pseudomonas. Applicants should be 
dates should have an interest in physical recently qualitied graduates whose stadics 
chemistry, geology or soil science and have included microbiology. Opportunities 
should possess an ordinary B.Sc. degree, :o study for higher qualifications, — Initia 
H.N.C. or , equivalent qualification in a salary £890/£945 plus £60 London Allow- 
relevant subject. Salary scale from £1.461 ance per annum, together with superanmua- 
to £1,853. Contributory superannuation tion under the F.S.S.U, Enquiries co Dr. 
Bene: : G, Gowland (01-247 5454, ext. 164). 

Application forms obtainable from the Applications, two copies, 10 ihe Secre- 
Secretary, The Macaulay Institute for Soil tary, The London Hospital Medical 
Research, Craigicbuckler, Aberdeen, ABS College, Turner Street, London Ei, within 
2Q], to whom they should be returned by En days i i202 
November 8, 1968. (1196) B ` Hati 
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IMPERIAL CHEMICAL INDUSTRIES LIMITED 
AGRICULTURAL DIVISION 


GEOLOGIST 


in the Geology Section of their Research and Development Department, 


at Bellingham, Teesside. 


The Geology Section is concerned with the geology of the raw materials 
of the chemical industry including evaporites, non-metallic materials, oil 


and natural gas. 


It also advises on water supply and the operation of the 


Company's anhydrite mine and brinefield in South Durham. 


Applicants should be male, aged about 25 years and have an honours 
degree in geology together with 2 or 3 years relevant experience, either 
in the mineral industry or in post-graduate research, particularly in 
petrology or sedimentology of sedimentary rocks. 


The preferred candidate will have experience in one or more of the 
following areas: the economic geology of non-metallic minerals, excluding 
coal, oil field work, sub-surface geology and the geology or water supply. 


The Company operates House Purchase, Profit Sharing and contributory 
Pension Schemes and offers financial assistance towards Removal Expenses 
for married men. Social and sports facilities are first class. 


Write, giving brief details of age, qualifications and experience to: 


R. M. Pearson, 

Personnel Department, 

Imperial Chemical Industries Limited, 
Agricultural Division, P.O. Box No. I, 
Billingham, Teeside. 


(1250) 





UNIVERSITY OF MANCHESTER 
MANCHESTER, 13 


POSTDOCTORAL RESEARCH FELLOW IN 
PLANT BIOCHEMISTRY/PHYSIOLOGY 


Applications invited for this post for work 
with Dr. H. Smith in the Department of Botany 
on the biochemistry of phytochrome action in 
pea seedlings. The Fellow may work either on 
the role of RNA synthesis in phytochrome action, 
or on the photocontrol of phenolic biosynthesis. 
Candidates should have a first degree in botany, 
biochemistry, or chemistry, and have completed 
a Ph.D. course in plant physiology, plant bio- 
chemistry or biochemistry. Appointment one 
year from a date to be arranged. Salary up to 
£1,300 per annum according to qualifications and 
experience. 

Particulars and application forms (returnable 
by October 31) from the Registrar, Quote Ref. 
180/68/Na. (0185) 


UNIVERSITY OF ABERDEEN 


LECTURER/ASSISTANT LECTURER IN 
BIOCHEMISTRY 


Applications are invited for this post in the 
Department of Biological Chemistry. Preference 
may be given to applicants with special interests 
in nucleic acids or viral biochemistry. Salary on 
scale: Lecturer, £1,470 to £2,630 ; Assistant Lec- 
turer, £1,105 to £1,340 with placing according to 
qualifications and experience, Superannuation 
(F.S.S.U.) and removal allowance. 

Further particulars from the Secretary, The 
University, Aberdeen, with whom applications (8 
copies) should be lodged by November tms 


UNIVERSITY OF EXETER 
DEPARTMENT OF MATHEMATICS 
Applications are invited for the post of 
RESEARCH ASSISTANT to Professor A. T. 
Price. The Research Assistant will assist with 
work currently in progress on the analysis of 
geomagnetic observations, A knowledge of 
computing methods would be an advantage, but 
is not an essential qualification. The appoint- 
ment is tenable for one year and the salary will 
be in the range £840 to £900 per annum accord- 

ing to qualifications and experience. 

Applications, giving details of age, education 
and experience, together with the names of threc 
referees, should be sent to the Secretary of the 
University, Northcote House, The Queen's Drive, 
si (239, 





GENETICS 
EDINBURGH 


Applications are invited for a RESEARCH 
ASSISTANT to carry out research into the 
genetics of resistance to antibiotics in bacteria, 
under the direction of Dr. E. C. R. Reeve. Can- 
didates should have a degree in Bacteriology or 
Microbiology, or in Biology with training in 
Microbiology ; some training in Bacterial] Gene- 
lics is desirable but not essential. The success- 
ful candidate will gain experience of a wide 
range of genetic techniques using bacteria and 
bacteríophage. The appointment will be for a 
period of two years. Salary: £796 at age 21. 
to £1.088 at age 26 or over. 

Applications, with the names of two referees, 
to the Director, A.R.C. Unit of Animal Genetics, 
Institute of Animal Genetics, West Mains Road, 
Edinburgh 9. 237) 
















| 
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UNIVERSITY OF 
STRATHCLYDE 


CENTRE FOR INDUSTRIAL 
INNOVATION 


PROJECT LEADERS 


Applications are invited for Project 
Leaders to be responsible for projects from 

nception to final acceptance'in the Centre 
for ladustrial Innovation. They will co- 
ordinate the activities of participating stalf 
from University departments, research in- 
stitutions, the Centre and firms, in order 
to achieve the aims of projects within 
time and budget allowances, 
Should have industrial ex- 
technology and management 
and preferably hold a degree in Science 
or Technology, or equivalent. 

The Centre will offer facilities to industry 
for the development of new products or 
processes, facilities for short-term research 
and consultancy services, 

Al appoinuments will be on a contract 
basis of four years and may be extended 
depending on the success of the Centre 
during the formative years. The profes- 
sional staff will be responsible to the 
Director of Industrial Co-operation, Salary 
within the scale £1.470 to £2,630 plus 
Superannuation Benefits. 

Application forms and further particulars 
(quoting 47/68), can be obtained from the 
Registrar, University of  Stratchlyde, 
George Street, Glasgow C.I, with whom 
applications should be lodged by November 
2. 1968. 0223) 


Applicants 
perience ia 





UNIVERSITY OF LIVERPOOL 


DEPARTMENT OF MECHANICAL 
ENGINEERING 





Applications are invited for the post of 
LECTURER or ASSISTANT LECTURER. 
The person appointed will be required to 





heip in teaching Engineering Design. _ This 
subject is being taught on an inter- 
disciplinary basis and the post may thus 















be appropriate to graduates in any branch 
of Engineering. Science or Mathematics. 
Research interests in any field other than 
Thermodynamics will be encouraged. 


The appointment is now open and the 
salary will be within the ramge £1,470 to 
£2,630 per annum (Lecturer) or £1,105 to 
£1.340 per annum (Assistant Lecturer), 
according to qualifications and experience, 

Applications, stating age, qualifications 
and experience, together with the names of 
three referees, should be received as soon 
as possible by the Registrar, The Univer- 
sity, PO. Box 147, Liverpool L69 3BX, 
from whom further particulars and applica- 
tion forms may be obtained. Please quote 
Ref.: RV/699/N. (222) 









UNIVERSITY OF EXETER 


LECTURER/ASSISTANT 
LECTURER IN BOTANY 


Applications are invited for the post of 
LECTURER or ASSISTANT LECTURER 
in the Department of Botany which, with 
effect from October, 1969, will become 
part of a new Department of Biological 
Sciences. 

Candidates should have had postgraduate 
experience in some aspects of Plant Phy- 
sology. li is hoped that the successful 
candidate will be able to take up duties 
in January or Aprii, 1969, 

Salary es 

Assistant Lecturer—£1,105. by £75 to 

£1,180 by £580 to £1,340 per annum: 

Lecturer-—£1,470. by £90 to £2,010 by 

£85 to £2,180 by £90 10 £2,630 per 
annum. 

The initial salary will depend upon 
qualifications and experience. 

Further particulars may be obtained from 
the Secretary of the University, Northcote 
House, The Queen's Drive, Exeter. Closing 
date for applications (eight copies; one 
copy from candidates overseas) ; November 
1. 1968. a202 
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G. K. BUREAU 
SCIENTIFIC APPOINTMENTS 


: tequire the following: 

Veterinary surgeons for research or prac- 
tice (permanent or iocum). 

Chemists, physicists, applied biologists for 
industrial or academic research. 

Technical editors or information scientists. 

Honours degree biochemists, immunolo- 
gists and microbiologists wishing to register 
for a higher degree. 

Geologists, geophysicists and geochemists, 


TECHNICIANS 
For animal houses, colieges, hospitals, re- 
search centres or industry. 
Those with U.K. qualifications are invited 
to apply to: 
Miss J. R. Hortin, 
196 Oxford Street, W.1. (984) 





UNIVERSITY OF WINDSOR 
Windsor, Ontario, Canada 
DEPARTMENT OF CHEMISTRY 


Applications are invited from graduates hold- 
ing first and second-class honours degrees or 
equivalent for a number of Teaching Fellow- 
ships. Teaching Fellows are expected to study 
for a higher degree in addition to their labora- 
tory teaching duties (maximum six hours per 
week). M.Sc. and Ph.D. programmes are offered 
in the areas of Analytical, Theoretical, Inorganic, 
Organic, Physical, Radiation Chemistry and 
Biochemistry,  Stpends: $3,300 for first year, 
and up to $4,600 per annum for subsequent 
years, Advance of salary towards travel to 
Canada can be arranged. 

For further information, write to the Gradu- 
ate Admissions Officer, Department of Chemistry, 
University of Windsor, Windsor, Ontario, 
Canada. (1068) 


SCOTTISH HORTICULTURAL 


RESEARCH INSTITUTE 
INVERGOWRIE, DUNDEE 
ASSISTANT EXPERIMENTAL OFFICER 
An A.E.O. is required to assist with a re- 
search. project concerned with the effects of 
seasonal changes in the environment on the vege- 
tative growth of crop plants. The project is 
part of the International Biological Programme 
and the post is tenable until March 31, 1971. 
There is a reasonable expectation that the suc- 
cessful candidate will be offered an established 
post at the end of the appointment. Applicants 
should possess a degree or equivalent qualifica- 
tion in botany, agriculture or horticulture. Salary 
£796 at 21, rising to £1.088 at 26 (maximum 

commencing salary) and thereafter to £1,250. 
Further particulars may be had from the Secre- 
tary, with whom applications, giving full de- 
tails of age, experience and education, together 
with the names of two referees, should be lodged 
by October 31. ? 











BIOCHEMIST 
(preferably with post Ph.D) to join team inves- 
tigating problems of growth in children. A 


knowledge of steroid and nucleic acid chemistry 
wouid be an advantage, and a background in 
biology desirable. 


Salary depending on age and experience on 
normal Medical Research Council scales. 


F.S.S.U. Superannuation. 


Apply, giving full details, to Clinical Research 
Cemre, Administrative Office, 164 Tottenham 
Court Road, London, WIP 9LH, quoting refer- 
ence M.F.B. (1209) 





LIVERPOOL SCHOOL OF 


TROPICAL MEDICINE 
(UNIVERSITY OF LIVERPOOL) 


Applications are invited from science or 
medical graduates for a research post investigat- 
ing coagulation mechanisms in parasitic infec- 
tions. Good facilities exist and opportunities 
are available to work for a higher degree. 
Salary according to qualifications and experience. 

Applications, stating age, qualifications and 
experience, together with the names of two 
referees, should be sent without delay to the 
Administrative Secretary, School of Tropical 
Medicine, Pembroke Place, Liverpool 3. 

(1253) 


SIENTIFIC GIVIL SERVICE 


TROPICAL PRODUCTS INSTITUTE 


Ministry of Overseas Development 
Gray’s Inn Road, London 


PLANT PHYSIOLOGIST (graded S.S.O./S.O.) for work relating to the post-harvest 
physiology of tropical fruits and vegetables. 
Prospect of permanent pensionable appointment. 


APPLICATION FORMS from Administrative Officer, Tropical Products Institutie, 
56/62 Gray's Inn Road, London, W.C.1, 


TORRY RESEARCH STATION 
Ministry of Technology 
Aberdeen 


BIOCHEMIST (graded S.S.0.;/S.0.) for research on mechanisms of freezing damage 
in fish tissues and general background work on the biochemistry of fish as affected 
by season, fishing grounds and other factors. Qualifications (sce below) should be in 
biochemistry. 

Prospect of permanent pensionable appointment. 

APPLICATION FORMS from the Director, Torry Research Station, P.O. Box 31, 
135 Abbey Road, Aberdeen. Please quote HC/2D/1657/G. Closing date November 4, 
1968. 


SALARIES, QUALIFICATIONS AND AGE LIMITS 


Salaries (starting salary may be above minimum): S.O.. £991 to £1,684 (£1,020 to 
£1,740 from January 1, 1969). (Increments and special £120 award for approved post- 
graduate experience.) S.S.O., £1,866 to £2,306 (£1,925 to £2.372 from January 1, 1969). 
Most Scientific Officer Class appointments carry promotion prospects to Principal 
Scientific Officer, £2,408 to £3,324 (£2,475 to £3,425 from January 1, 1969). Salaries 
are supplemented in the London area, £125 Inner London, £75 Outer London. 
Qualifications : S.O., Ist or 2nd class honours degree or equivalent or higher qualifi- 
cation in appropriate subject. Age under 29, S$.S.0., as above plus at least 3 years" 
post-graduate research, Age normally 26-31. 1200 





SCIENTIFIC EDITORS AND CODERS 


Unique opportunities have arisen for suitably qualified people to work as Editors and 
Coders in the Central London office of a leading technical publisher. We are one of the 
world's leading publishers of scientific literature documentation and we invite applications 
from people who arc qualífied in 
PHARMACOLOGY —PHYSIOLOGY —BIOCHEMISTRY 
PHARMACEUTICAL CHEMISTRY 

Previous editorial experience is not essential, but some knowledge of foreign languages 
would be an advantage. 

Salaries, which will be dependent on qualifications, are extremely attractive and condi- 
tions of service are above average. There are certain fringe benefits. 


HOME ABSTRACTORS 


are also required who have a thorough grasp of pharmacology, cli 1 medicine, or 
biochemistry, and who can translate from halan, Russian, Danish, Swedish, Caecho- 
siovakian, or Polish. 


Please write, giving an abridged curriculum vitae, to: 


General Manager, Derwent Publications Ltd., Rochdale House, Theobaids 
Road, London, W.C.1. 188) 
















UNIVERSITY OF BELFAST WOOLWICH POLYTECHNIC 
LECTURESHIP IN PHOTON AND LONDON, S.E.18 
N PHYSICS 
RADIATION PHYSICS —— DEPARTMENT OF BIOLOGY AND CELL 
The Senate of The Queen's University of SCIENCE 
Belfast, invites applications for a LECTURE- g x" 
SHIP IN PHYSICS in the Department of Pure requires 
and Applied Physics, School of Physics and " " X AY 
Applied Mathematics, tenable from January 1, SENIOR LABORATORY TECHNICIAN 
1969, or other date. The successful applicant LABORATORY TECHNICIAN 
wil be required to undertake teaching at under- i. Senior Animal House Technician to be 


graduate and postgraduate level, and t take responsible for newly constructed animal house. 
part in research, with the Photon and Radiation Work involves care of animals (especially small 
Physics Group (under the general direction. of — mammals) for use in both teaching and research. 
Professor D. J. Bradley, Head of Department), in 2. Technician to take charge of photographic 
U.V. solar and stellar spectroscopy from rockets unit in the department. Preference will be given 
and balloons. Some previous research experience 10 a candidate having experience in photomicto- 
in this field would be advantageous. Salary graphy or electron. microscopy. 

scale for a lectureship is £1,470 to £2,630 with Superannuated posts. Salary Senior 
contributory pension rights under the F.SS.U. Laboratory Technician: £1,015 ied to 
Initial placing on the scale will depend on qual-  £1,335 (qualified). Laboratory Technician: £750 





fications and experience. (unqualified) to £1,115 (qualified), both accord» 
Applications should be received by November ing to age and qualifications. : 

8, 1968. Further particulars may be obtained Particulars and application form, to be re 

from the Secretary, The Queen’s University of turned by November 1, 1968, fram the Clerk to 

Belfast, Belfast BT7 1NN, Northern Ireland. the Governing Body, Woolwich - Polytechnic, 


(1224) Wellington Street, London, S.E.18. (1261) 




















University of Strathclyde © 


DEPARTMENT OF CIVIL ENGINEERING 


Chair of 
Civil Engineering 


Applications are invited for a Chair of Civil Engineering. 
There are three main areas of interest in the Department: 
Structural Engineering, Water Resources, Soil Mechanics 
and Transportation Engineering. 

There is a Professor of Structural Engineering and the 
present vacancy is for someone qualified in one of the 
other areas. 

The Department provides a four years Honours Course 
leading to the degree of B.Sc. for which some 350 
students are currently enrolled. 

Good facilities are available for postgraduate study and 
research and there are about 50 students working for 
postgraduate degrees. 


Application forms and futher particulars (quoting 45/68) can be obtained 

from the Registrar, University of Strathclyde, George Street, Glasgow, C.l., 

with whom applications should be lodged by Saturday, 2nd November, 1968. 
(4112) 


BACTERIOLOGIST 


Findus Eskimo Frood Limited, a fast growing company in the frozen 
food industry, requires a Bacteriologist to take charge of all bacterio- 


logical activities within the Company. These include the creation of 
product standards, hygiene procedures, development of bacteriological 
methods and supplying a service to the development department in 
project investigations. The entire range of Company products will fall 
within the sphere of responsibility of the appointed person. 


The suitable candidate will ideally hold a degree or equivalent qualifica- 
tion in Bacteriology and will have considerable experience in the field 
of Bacteriology in the food industry. 


Please apply in the first instance in strict confidence to: 


F. J. F. Hall, Company Personnel Manager, 
Findus Eskimo Frood Limited, 

St. George's House, 

Croydon, 


Surrey. CR9 INR. 
(1249) 





UNIVERSITY OF MANITOBA se Meee AGE P RA IN 
ES : the biological or medical disciplines required 
POSTGRADUATE STUDY IN CHEMISTRY for scientific information work on the editorial 
Financial support up to $4.200 per annum for staff of International Abstracts of Biological 
first- and upper second-class honour graduates in Sciences. Degrees should be in Chemistry/ 
M.Sc. and Ph.D. programmes in chemistry. Biochemistry or Physiology; postgraduate re- 
‘Travel assistance available. search experience is desirable. Salary scale is 
Details from R. H. Bett, Head, Chemistry £850 to  £1.250 per annum.— Write Editor, 
Department, University of Manitoba, Winnipeg 1.A.B.S.. 4 Fitzroy Square, London, W.1. 
19, Manitoba, Canada. 187) (1268) 


NATURE, OCTOBER 19. 1968 


UNIVERSITY OF DURHAM 
DEPARTMENT OF BOTANY 


Applications are invited for the post of 
SENIOR RESEARCH ASSISTANT in the 
Department of Botany to work on aspects 
of hormonal control of protein biosynthesis 
in developing seeds of Vicia faba using 


model in vitro systems. The post will be 
for one year in the first instance, with pos- 
sible renewal for a further period, on the 
scale £1,100 to £1,260 with F.S.8.U., the 
applicant to commence as soon as possible. 

Applications (four copies) giving the 
names of three referees, should be sent 
by November 5, 1968, to the Registrar and 
Secretary, Old Shire Hall, Durham, from 
whom further particulars may be obtained. 


(12400 





THE CITY UNIVERSITY 
DEPARTMENT OF CHEMISTRY 


LECTURERS OR ASSISTANT 
LECTURERS 


Applications are invited for the following 
posts: 


(a) Lecturer or Assistant Lecturer in 


INDUSTRIAL CHEMISTRY 


Applicants should have a good honours 
degree in Chemical Engineering of Applied 
Chemistry and some industrial experience. 


(b) Lecturer or Assistant Lecturer in 


ORGANIC CHEMISTRY 


Applicants should have a good honours 
degree in Chemistry. 


Salary Scales: 
Assistant Lecturer, £1,105 to £1,340 per 
annum. 
Lecturer, £1,470 to £2,630 per annum. 


In addition there is London allowance 
of £60. 


For application forms and further in- 
formation, please apply to the Deputy 
Academic Registrar, The City University, 
St. John Street, London, E.C.1, quoting 
reference 57] CH/N. 


Completed application. forms should be 
returned not later than November 15, 1968. 


(1235) 





UNIVERSITY OF MELBOURNE 
SENIOR LECTURESHIP IN NUTRITION 
in the 
DEPARTMENT OF BIOCHEMISTRY 
Applications are invited for the above- 

mentioned post. 

Qualifications: Applicants should be graduates 
in Science, Medicine or Agricultural Science, 
should preferably hold a higher degree and have 
had research experience in the general field of 
nutrition. 

The Senior Lecturer in nutrition will partici- 
pate in and have responsibility for the teaching 
of nutrition. which is a third year subject in the 
Faculty of Science. The course at present con- 
sists of threc lectures and six hours' laboratory 
work per week throughout the academic year 
of 26 weeks. It is expected that the course 
will cover fundamental aspects of nutrition as 
they relate to biochemistry and the whole animal. 
The successful applicant will have the oppor- 
tunity to modify the course after discussion 
with other colleagues in the Department of Bio- 
chemistry. 

It is hoped to arrange a postgraduate course 
in dietetics. The appointee would be expected 
to participate in discussions on the content of 
such a course. It is mot envisaged that there 
would be any lecturing duties associated with 
the dietetics course. 

it is hoped that the Senior Lecturer will be 
able to take up appointment before the begin- 
ning of the academic year, March 10, 1969. 

Salary: $47,500 to 58,750 per annum. 

Further information, including — details of 
superannuation. travel and removal expenses, 
housing assistance and conditions of appoint- 
ment, is available from the Association of Com- 
monweakh Universities, (Branch Office), Marl- 
borough House, Pall Mail, London  S.W.1. 
Applications close on November 30, 1968. 

(1244) 








NATURE. OCTOBER 19, 1968 


COVENTRY HOSPITAL 


MANAGEMENT COMMITTEE 


SENIOR BIOCHEMIST required for this 
. group of hospitals (2,306 beds) which includes 
a new District General Hospital. The successful 
applicant will be responsible for the group 
chromatographic service and should have ex- 
perience in this field. Consideration would be 
given to candidates without previous hospital 
experience. Salary (Senior £1,961 rising to 
£2,435 or, if basic grade, £1,030 rising to £1,774). 
Assistance with removal expenses may be given 
io a Senior Biochemist. 

Applications, stating qualifications, age, ex- 
perience and quoting the names of two referees, 
should be submitted as soon as possible to the 


Group Secretary. Coventry H.M.C, — The 
Birches, Tamworth Road, Keresley, Coventry. 
Further information from Dr. Trounson, 
Coventry & Warwickshire Hospital, Stoney 
Stanton Road, Coventry. 


0255) 


UNIVERSITY OF 
NEW SOUTH WALES 
BROKEN HILL DIVISION 


The Broken Hill Division comprises the W.S. 
& L.B. Robinson University College in the city 
of Broken Hil and the Fowlers Gap Field 
Station, 70 miles north of the city. Applications 
for academic positions, tenable in the University 
College, are invited from persons specially in- 
terested in the fields of: Mineral Sciences, 
Mining Engineering. Mechanical Engineering. 
Geology. 

As à result of substantial grants from mining 
companies and the Government, the University 
of New South Wales is expanding its research 
and postgraduate training in specialized fields re- 
lating to the mining industry. These fields in- 
clude geology, geochemistry, geophysics, chem- 
istry and mineral beneficiation. 

Salary: Senior Lecturer, $47,600 range SA8,750 
per annum; Lecturer, $45,400 range $47,300 
per annum. Commencing salary will be in ac- 
cordance with qualifications and experience. 
Climatic and disability allowances of $A208 per 
annum for single men and $A312 per annum for 
married men are paid to all members of staff in 
the Division. 

Details of appoinument, including superannua- 
tion, study leave and housing scheme, may be 
obtained from the Association of Commonwealth 
Universities (Branch Office, Marlborough House, 
Pall Mall, London, S.W.1. Applications close 
in Australia and London on November 11, 1968. 











PORTSMOUTH AND ISLE OF 


WIGHT PATHOLOGICAL SERVICE 


Applications are invited from TECHNICIANS 
with special experience in microbiology, for the 
post of Senior Technician I in the above service. 
The successful candidate will be required to take 
charge of the technical investigations arising from 
an extensive survey into urinary infections. 
Salary wil be in accordance with the scale as 
laid down by the Whitley Council to the Health 
Services. Professional and Technical Council B. 

Applications, together with the names and 
addresses of two referees, should be made to: 
The Senior Pathologist, Portsmouth and Isle of 
Wight Pathological Service, Milton Road, Ports- 
mouth, Hants, (1243) 


UNIVERSITY OF MELBOURNE 
LECTURESHIP IN CHEMICAL 
MICROBIOLOGY 
in the 
DEPARTMENT OF MICROBIOLOGY 


Applications are invited from graduates in 
Science with postgraduate experience and a 
higher degree in Chemical Microbiology or 
Microbial Genetics, Applicants will be expected 
to have had some general training in Microbio- 
logy as well as research and teaching experience 
in Chemical Microbiology, (The duties will be 
primarily, but not exclusively, in teaching in the 
general area of Chemical Microbiology, Micro- 
bial Genetics and Bacterial Physiology, lectures, 
seminars and practical work, to students in the 
Faculty of Science.) In addition, the applicant 
would be expected to supervise students proceed- 
ing to higher degrees, B.Sc. Honours through to 
Ph.D., and to develop a research unit in col- 
laboration with, or separate from, existing units 
in the department. This position is in the 
School of Microbiology which is physically wel 
equipped for research in Chemical Microbiology. 
Salary: $45,400 to $A7,300. Initial salary will 
be determined according to qualifications and 
experience. 

Further information, including details of super- 
annuation, travel and removal expenses, housing 
assistance and conditions of appointment, is 
available from the Association of Commonwealth 
Universities (Branch Office), Marlborough House, 
Pall Mall, London, S.W.1. Applications close on 
November 15, 1968. (1245 
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Salary to $19,747 


WILDLIFE 


SPECIALIST 


To be responsible to the Director Western 


Canadian 
Wildlife Service, 
Edmonton, Alberta 


duct 


Region for 
administration of programs in mammalogy, 
ecology and mammalian physiology : to con- 
personal 
research programs within the Service and 


the research direction and 


research and co-ordinate 


with other organizations. 


University 


graduation at the Doctorate level 


in a course of recognized standing with 





PUBLIC 
SERVICE 


COMMISSION 


OF 





CANADA 


Ottawa 4, 


Quote refe 








AUSTRALIA 


specialization in a field of biology, at least 
15 years productive research and manage- 
ment experience and outstanding scientific 
recognition. 


Applications, résumés or requests for addi- 
tional information should be sent to 


Dr. H. F. Jeffers, 
Bio-Physical Sciences Program, 
Public Service Commission of Canada, 


Canada. 
rence 68-100-02. 


QUEENSLAND AGRICULTURAL 
COLLEGE (LAWES) 


(60 miles west of Brisbane) 


APPLICATIONS are invited for appointment to the following positions: 


HEAD OF DEPARTMENT 


Food Technology 


SENIOR LECTURERS 


Rural Management 
Animal Physiology 


LECTURERS GRADE | 


Animal Physiology 
Entomology 
Agricultural Engineering 
Rural Management 


Agricultural Engineering 
Food Technology 


Food Microbiology 
Poultry Veterinary Hygiene 
Poultry Products Technology 


SALARY RANGES 


Head of Department 
Senior Lecturer 
Lecturers, Grade I 


$A7,500 /$A8,500 per annum 
$A6,500/$A7,400 per annum 
$A4,700/$A6,300 per annum 


APPOINTMENTS will be made within the above ranges having regard to the qualifica- 


tions and experience possessed by applicants. 


QUALIFICATIONS 


APPLICANTS for lecturing positions should 
have an appropriate University Degree, a 
Dipioma or equivalent. For the higher 
positions applicants should have substantial 
professional experience or possess higher 
academic qualifications, 


OCEANOGRAPHER— 


CALIFORNIA 


PHYSICAL/CHEMICAL OCEANOGRAPHER 
required to develop course in either specialty: 


also to teach introductory and intermediate 
courses in general oceanography. Ph.D. pre- 
ferred, Graduate programme currently under 
consideration. 


Write Chairman, Department of Geology, Cali- 
fornia State College, Long Beach, California 
90801. (4261) 


APPLICATION FORMS and FURTHER 
PARTICULARS available from — the 
AGENT-GENERAL FOR QUEENSLAND, 
392 Strand, LONDON, W.C.2. 
Appiications close in Brisbane on Mover 
ber 25, i968. (12682) 





SENIOR TECHNICIAN REQUIRED FOR 
busy diagnostic laboratory connected with vererin- 
ary practice. A knowledge of bacteriology and 
haematology necessary.—Apply, Wickham Labor- 






atories Ltd., Winchester Road, Wickham, 
Hant {210 
MEDICAL 

quired. Only experienced medical and, in par 
ticular, pharmacological revisors, editors or 

senior translators with English mother tongue 


need apply.—Box No. 962, T. G. Scott & Son. 
Lid., 1 Clements Inn, Strand, WC 2. (12065 


XXXVIH 





CSIRO CHIEF 


AUSTRALIA 
DIVISION OF TRIBOPHYSICS 


The Division of Tribophysics of the Commonwealth Scientific and industrial Research 
Organisation has, under the leadership of Dr. Walter Boas, F.A.A., achieved an outstanding 
reputation in the field of metal physics. Dr. Boas will be retiring in February, 1969, and the 
Executive of CSIRO is seeking a successor to him as Chief of the Division. Applications are 
invited from senior scientists who are interested in thís appointment. 


The aim of research in the Division of Tribophysics is to provide background knowledge 
of the properties of materials and thereby to widen the range of materials available in industry. 
The research has been primarily concerned with the behaviour of metals under stress and 
with the reactivity of surfaces. Studies of bulk properties have led to correlations between 
crystal defects and characteristics such as strength, electrical resistivity and internal energy ; 
surface studies have led to a detailed description of the structure of crystal surfaces and to 
pioneering work on the relation between the structure of surfaces and their performance 
as catalysts. 


The Division has a scientific staff of 27 and a total staff of 54. The annual operating budget 
amounts to over $A400,000, The location of the Division in the grounds of the University 
of Melbourne provides opportunities for collaboration| with members of the staff of the 
University. 


The appointee will be responsible to the Executive of CSIRO for the direction of the 
research activitites of the Division, He will be expected to make recommendations on future 
areas of research, particularly those which are allied to the Division’s basic research 
programmes and concerned with the application of knowledge gained to the long-term 
advancement of Australian technology, He will be extected to establish close relationships 
between the Division and research groups in industry. He should have a suitable background 
in the physical sciences or engineering with a record of personal achievement in research 
and research leadership. 


The salary of the appointee will be the subject of negotiation dependent on the experience 
and achievement of the successful applicant, but will not be less than $A12,500 p.a. This 
position carries with it Superannuation priviliges, subject to a medical examination. 


Scientists interested in this position should write in the first instance (quoting Appoint- 
ment No. : 370/198) to: 


Mr. R. F. Turnbull, 
Chief Scientific Liaision Officer, 
Australian Scientific Liaision Office, 
64—78 Kingsway, 
LONDON, W.C.2 by the 13th December, 1968. 
(1216) 


4 The Chemical Limnology Section of the Great 
emicd Lakes Division requires a Section Leader to plan 


and direct the activities of a research program into 


Limnolo isl Chemical Limnology. 
g The scientist appointed to this position will be a 


university graduate, preferably :rained to the 
Doctorate level, and with a number of years of 
related research experience resulting in major con- 
tributions to the scientific literature and with 
demonstrated ability to plan, direct and manage 
sophisticated research programs. 


Department. of 
Energy, Mines and 
Resources 
Burlington, Ontario 


Salary commensurate with training and experience 
and ranges up to $18,000 per annum. 


For further details write to the 


BIO-PHYSICAL SCIENCES PROGRAM, 
PUBLIC SERVICE COMMISSION OF CANADA, 
OTTAWA 4, ONTARIO. 


Please Quote Circular Number 68-1101. 








NATURE. OCTOBER 19, 1968 


UNIVERSITY OF BRISTOL 


ASSISTANT LECTURER IN 
MINERALOGY 


Applications are invited for the post of 
Assistant Lecturer in silicate mineralogy in 
the Deparment of GEOLOGY, tenable 


from August 1, 1969, Special interests in 
petrography, electronic computing applied 
to geological problems or microprobe 
analysis would be an advantage. Salary 
within the range £1,105 to £1,340 per 
annum with F.S.S.U. membership. 


Further particulars may be obtained from 
the Registrar, University Senate House, 
Bristol BS8 ITH, to whom applications 
should be sent by November 30, 1968. 

(1232) 


WELSH NATIONAL SCHOOL 
OF MEDICINE 


(University of Wales) 


Young 


CHEMIST 
PHYSICIST 


required to join a small team 
working on the kinetics of the 
distribution of anaesthetics in the 
body. Some research experience 
an advantage but new honours 
graduates considered, Appoint- 
ment for two years. Salary up to 
£1,069 per annum. 


or 


Enquiries and applications 
(quoting two referees) to Dr. 
W. W. Mapieson, Anaesthetics 
Department, Royal Infirmary, Car- 
diff CF2 1SZ. Telephone Cardiff 
33101, ext. 233, by October 19, if 
possible. (1205) 





MEDICAL RESEARCH 
COUNCIL 


Applications are invíted for an appoint- 
ment to the scientific staff of the Council's 
Laboratory Animals Centre. The success- 
ful applicant would be responsible for 
initiating research into the environmental 
requirements of laboratory animals. Duties 
will also include the giving of advice on 
animal housing and cage design. Appli- 
cants should be interested in laboratory 
animal science and preferably have experi- 
ence either in animal husbandry or a rele- 
vant science. 





Excellent conditions of service, F.S.S.U., 
London allowance, six weeks annual leave. 
Salary, according to qualifications, experi- 
ence and age, will be within one of the 
following salary bands: £1,905 to £2,345; 
£2,450 to £2,630. 


Applications and requests for further de- 
tails of the post should be addressed to the 
Director, Laboratory Animals Centre, 
Medical Research Council Laboratories, 
Woodmansterne Road, Carshalton, Surrey. 
Telephone; 011-643-4461. 234) 


JUNIOR TECHNICAL OFFICER, WITH 
degree preferably in Biology or Chemistry, re- 
quired to assist Director of Pathology at Medical 
Research Council Rheumatism Unit, Canadian 
Red Cross Memorial Hospital, Taplow, Maiden- 
head, Berks. Post vacant mid-Octobet.-—Appli- 
cations, with names of rwo referees, to uoi 

i 
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UNIVERSITY OF SYDNEY 


LINNEAN MACLEAY LECTURESHIP IN 
MICROBIOLOGY 


Applications are invited for the above- 
mentioned post. Applicants working in any 
field of microbiology will be considered but can- 
didates with interests in cytophysiology, will be 
preferred. Courses in Microbiology are provided 
for undergraduates in the faculties of Science and 
Agriculture and the appointee will be required 
to teach in these Faculties at undergraduate, 
Honours and postgraduate levels. He will also 
be able to develop research work within the org- 
anization. of the Department. Salary: $A5,400 
by $A270 to $A7,300 per annum. 

Information concerning superannuation, hous- 
ing scheme, sabbatical leave, etc., and method 
of application should be obtained from the 
Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pali Mall, 
London, S.W.i. Applications close on October 








SCHOOL OF MATHEMATICS AND PHYSICS 


TEMPORARY ASSISTANT LECTURESHIP IN 
THEORETICAL PHYSICS 
Applications are invited for the post of 
TEMPORARY ASSISTANT LECTURER in 
Theoretical Physics from January 1, 1969 (or 
earlier) until September 30, 1970. The stipend 
will be on the scale: Assistant Lecturer £1,105 
to £1,340 plus F.S.S.U. benefits. Exceptionally 
it may prove possible to accept a suitably quali- 
fied candidate at a salary of £1,470 on the 
Lecturer’s scale. It is hoped that the person 
appointed would have an interest in the quan- 
tum mechanics of solids or of liquids but per- 
sons working in other fields may be considered. 
Further particulars may be obtained from The 
Registrar and Secretary, University of East 
Anglia, Earlham Hall, Norwich NOR 88C, with 
whom applications (one copy only), together 
with the names and addresses of three persons 
to whom reference may be made, should be 
lodged as soon as possible. (1241) 





UNIVERSITY OF STRATHCLYDE 
DEPARTMENT OF BIOCHEMISTRY 
LECTURESHIPS IN BIOCHEMISTRY 


Applications are invited for two Lectureships in 
Biochemistry to assist in the development of Bio- 
chemical Teaching and Research, with special 
relevance to industrial needs. Applicants should 
either have experience in teaching Biochemical 
methods in a University, or alternatively, have 
had good Biochemical or related experience in 
Industrial or other major research Laboratories. 
The field of interest of the applicants is not pro- 
scribed, though interest and experience in protein 
metabolism or structure could be an advantage 
for one post. The Department has good re- 
search facilities and is well equipped. Salary 
scale £1,470 to £2.630 per annum with F.S.S.U. 
benefits. Placing on scale according to qualifi- 
cations and experience. 

Further particulars and = applicaton forms 
(quoting 46/68), can be obtained from the 
Registrar, University of Strathclyde, George 
Street. Glasgow, C.i, with whom applications 
should be lodged by November 2, 1968, 


UNIVERSITY OF ESSEX - 


PHYSICAL MEASUREMENTS INCLUDING 
N.M.R. IN POLYMERS 


The interdisciplinary Polymer Consortium in- 
vites applications for two research Studentships 
from candidates with good honours degree or 
equivalent in chemistry. physics or engineering. 
The research projects involve fundamental 
modern techniques of measurement, particularly 
broad-line N.M.R. Close laison will be main- 
tained with the industrial sponsors. Emoluments 
as for Research Council awards (£530 per annum 
with allowances, including dependants and indus- 
trial experience allowances, as appropriate). 

Applications, quoting two referees, should be 
addressed to the Registrar, University of Essex, 
Wivenhoe Park, Colchester, Essex. (1259. 








Technical Officer required in the Chemistry Sec- 
tion of this Unit to join an active research team 
engaged in investigating means of protection 
against environmental strontium-90. Minimum 
qualifications: two “ A " levels G.C.E. in science 
subjects up to age 22 years then pass Degree or 
H.N.C. Salary on a scale rising to £1,285 per 
annum for J.T.O. with prospects of promotion 
to T.O, scale rising to £1,998 per annum. Fringe 
benefits include modern hostel accommodation 
for single men and women, excellent social 
facilities and proximity to Oxford.—Applications, 
giving details. together with the names of two 
referees, should be addressed to: Administrator, 
Radiobiological Research Unit, Medical Research 
Council, Harwell, Didcot, Berkshire, quoting 
Ref.: GEH/27/3. (1195 





CSIRO 


SOIL PHYSICIST- 
HYDROLOGIST 


DIVISION OF SOILS 


GENERAL The Division of Soils of the Commonwealth Scientific and Industrial Research 
Organization is concerned with research on microbiological, chemical and physical studies. 
Integration of these studies in investigations of soil fertility plant growth in the soil environ- 
ment, the relationship of soil and land use to water resources and other multi-discipline 
projects, is being attempted by team research, The headquarters of the Division are at 
Adelaide, with regional taboratories at Brisbane, Canberra, Hobart, Perth and Townsville. 
The Appointee will be attached to the Division's laboratories at Adelaide, 


AUSTRALIA 








DUTIES The appointee will take part in research into the use of naturally occurring 
isotopes, tritium, deuterium, carbon-14, oxygen-18 and others, for hydrological investiga- 
tions. The project has already been initiated and apparatus is available for measuring 
tritium, carbon-14 and deuterium. There is wide scope for a man with initiative and an 
adaptable attitude to research problems. 


QUALIFICATIONS Applicants should have a Ph.D. degree, or postgraduate experience 
of equivalent standard and duration, in physics, physical chemistry or geophysics. Previous 
experience in hydrological or soil physical investigations is not necessary, It would be 
advantageous to an applicant to be able to show some aptitude for the formulation of prob- 
lems that arise in field work in mathematical terms. 


SALARY Depending upon qualifications and experience, the appointment wili be made 
within the salary range of Research Scientist, $A5,250— $46,622 p.a. Salary rates for women 
are $A428 p.a. less than the corresponding rates for men. Promotion within CSIRO to a 
higher classification will be determined by merit. 


CONDITIONS The appointment will be conditional upon passing a medical examination 
and an initial probationary period of twelve months may be specified. Fares paid for the 
appointee and his dependent family. Further details supplied on application, 


Applications (quoting Appointment No.: 270/365) and stating full name, place, date 
and year of birth, nationality, marital status, present employment, details of qualifications and 
experience, together with the names of not more than four persons acquainted with the 
applicant's academic and professional standing, should reach: 


Mr. R. F. Turnbull, 

Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
64—78 Kingsway, 


LONDON, W.C.2. by the 15th November, 1968. 





FEDERATED DUBLIN VOLUNTARY 
HOSPITALS 


UNIVERSITY OF DUBLIN 
Trinity College 


JOINT APPOINTMENT 


SENIOR LECTURER IN CLINICAL BIOCHEMISTRY 
CLINICAL BIOCHEMIST 


Applications are invited for the above position carrying responsibility to the 


Federated Dublin Voluntary Hospitals for the direction of the clinical bio- 
chemistry laboratories within the Hospitals and to Trinity College for Research 
and a limited amount of teaching within its Biochemistry Department. Appli- 
cants must have a wide experience of hospital biochemistry, and a higher 
degree, or equivalent experience. 


SALARY: In the scale £2,960 x £70 to £3,310 p.a. 

with marriage and child allowances, and non-contributory pension. 
Further particulars from the: 

Assistant Secretary (Staff), Trinity College, Dublin 2, 

who will receive formal applications until November 8, 1968. 











GRANTS & SCHOLARSHIPS 


THE ROYAL SOCIETY 


GOVERNMENT GRANT FOR 
SCIENTIFIC INVESTIGATIONS 


Applications for grants from the third 
alownent of the Government Grant for 
Scientific Investigations for the year 1968 
should be made as soon as possible on 
forms of application to be obtained from 
the Executive Secretary of the Royal 
Society, 6 Carlton. House Terrace, London 
S.W.1. No application can be considered 
which is received later than November 20, 
1968. 

Applicants must be of British nationality, 
resident in Great Britain or Northern Ire- 
land. Grants may be made for purposes 
in connexion with the promotion and sup- 
port of research in pure science other than 
for personal maintenance or payment of 
stipends ; for the assistance of scientific 
expeditions and collections; but not in 
aid of scientific publications. (1204) 





a 


COMMONWEALTH SCHOLARSHIP 
AND FELLOWSHIP PLAN 


AWARDS OFFERED BY 
AUSTRALIA, CANADA, CEYLON, EAST 
AFRICA, GHANA, HONG KONG, INDIA, 
JAMAICA, MALTA, NEW ZEALAND, 
NIGERIA, PAKISTAN 


Applications are invited for COMMON- 
WEALTH |. SCHOLARSHIPS tenable in the 
countries named above at universities and (in 
Australia, Ghana, India, Malta, New Zealand 
and Pakistan) also at other institutions of higher 
learning. These awards will be tenable from the 
beginning of the relevant academic year 1969- 
1970  (September/October, except in those 
countries marked * below). These awards offered 
by Australia and New Zealand are tenable from 
March 1970 or in some cases from late 1969. 


Commonwealth Scholarships are in general 
awarded for a programme of study or research 
normally extending over two academic years for 
a higher degree or similar qualification. Eligi- 
bility is ordinarily restricted to men and women 
under 35 who are graduates, or about to gradu- 
ate, and are permanently resident in Britain. 
Emoluments will cover fares, fees and mainten- 
ance allowances of: 


*AUSTRALIA, $A2,000 per annum. 
CANADA, $180 per month. 
*CEYLON, Rs800 to Rs900 per month 
*EAST AFRICA, £600 per annum. 
GHANA, New(C1,440 per annum. 
HONG KONG, $HK900 per month. 
*INDIA, Rs1,000 to Rs1,100 per month. 
JAMAICA, £50 per month. 

MALTA, £500 per annum. 

*NEW ZEALAND, $NZI17 per month. 
NIGERIA, £700 per annum. 
PAKISTAN, Rs800 to Rs900 per month. 


A marriage allowance will be paid in certain 
circumstances to married Scholars studying in 
Australia, Canada, East Africa, Hong Kong, 
Jamaica, Malta, and New Zealand. Certain other 
allowances are payable. 


Further particulars and application forms may 
be obtained from the Secretary General, Associa- 
tion of Commonwealth Universities, Marlborough 
House, Pali Mall, London, S.W.1, with whom 
applications must be lodged not later than 
November 6, 1968. Candidates may apply for 
the awards of up to three countries; they are 
asked to specify in their inquiries the countryGes) 
in which they are interested, a190 





RAMSAY TRAVEL GRANT 


The Trustees will consider in March, 1969, 
applications for a Travel Grant of up to £350, 
for 1969-70, limited to junior academic chemistry 
staff of Universities and Colleges of technology 
or advanced technology in Scotland.—Particulars 
from Joint Honorary Secretaries, Ramsay 
Memorial Fellowships Trust, University College, 
London, Gower Street, W.C.1. {21D 





(iii) EUROPEAN SCHOLARSHIPS —up to six awards for one year's advanced study 
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LEVERHULME TRUST 


Research Awards 1969 


The Leverhulme Trustees, through their Advisory Committee, offer: 
(i) FELLOWSHIPS AND GRANTS in aid of research. These awards are intended 





for the assistance of senior persons pursuing investigations in any field of study, 
particularly those who are prevented by routine duties of any other cause from 
undertaking or completing a research programme; they are not available for 
students reading for higher degrees or equivalent qualifications. The awards are 
limited to British-born subjects normally resident in the United Kingdom but in 
exceptional circumstances the Trustees mey waive the residence condition. The 
duration of an award does not extend over more than two years or less than three 
months and the amount depends on the nature of the work and the circumstances 
of the case. 

The closing date for applications (Form F/2 C) is 76th December, 1968. 
Candidates will be informed privately of the result of applications during April and 
a public announcement of awards will be made in May. The period of award 
will normally date from 1st September, 1969. 


(ii) OVERSEAS SCHOLARSHIPS-—up to six awards for advanced study or research 


in any subject at an institution of university or university college status in any part 
of the world other than the United Kingdom, Europe or North America, At the 
tíme of application candidates must be graduates of a United Kingdom university 
or holders of C.N.A.A. degrees; they must be British-born, normally resident in 
the United Kingdom and under the age of 25 on 1st October, 1969. The value 
of the scholarships is £850 for one year renewable for a second year. In addition, 
an amount of £200 will be provided to cover outfit and return passages; additional 
assistance will be available where the cost of the scholar's return passage exceeds 
£180 or to meet abnormal requirements connected with the course of study. 
A further allowance of £20 per month may be paid, at the discretion of the 
Committee, to a married scholar when accompanied by his wife. 

The closing date for applications (Form 0/2 C) is 75th January, 1969. 
Candidates must be available for interview in London late in March; travelling 
expenses within the United Kingdom will be refunded. The successful candidates 
will be required to undergo a medical examination before confirmation of their 
awards. 


or research in a centre of learning in any European country other than Great Britain 
or ireland. The scholarships are tenable only at or in connection with a university, 
college or similar institution. The value is £1,000; in addition, an allowance of 
£20 per month may be paid, at the discretion of the Committee, to à married scholar 
when accompanied by his wife. Candidates need not be university graduates 
but at the time of application must show evidence of equivalent education or 
achievement; they must be British-born, normally resident in the United Kingdom 
and under the age of 30 on 1st October, 1959, The scholarships are not intended 
for students of modern languages; otherwise no subject of study will be excluded 
but preference will be given to candidates who intend to study in subjects normally 
grouped in the Arts and Social Studies Faculties of universities. 

The closing date for applications (Form E/2 C) is 75th January, 1969. 
Candidates must be available for interview in London late in April; travelling 
expenses within the United Kingdom will be refunded. The period of award 
begins on 1st October, 1969. 


Application forms and further information from The Secretary, Leverhulme 
Research Awards, 21—23, New Fetter Lane, London, E.C.4. 22D 








minerals engineering or metallurgy. Tenure 


FELLOWSHIPS AND 
STUDENTSHIPS 


UNIVERSITY OF WALES 
UNIVERSITY COLLEGE OF SWANSEA 
RESEARCH FELLOWSHIPS 
Applications are invited from microbiologists, 
Organic chemists and biochemists of post doc- 
toral status for appointment as a member of a 
research group investigating a problem in micro- 
biological chemistry. Appointment will be for 
one year in the first instance but may be ex- 
tended to two years. The salary will be in the 

range £1,100 to £1,500 per annum. 

Further particulars, quoting reference No. B6, 
may be obtained from the Registrar. University 
College of Swansea, Singleton Park, Swansea, 
by whom applications (three copies), should be 
received by Thursday, October 31, 1968. (1256) 

UNIVERSITY OF QUEENSLAND 

BRISBANE, AUSTRALIA 
POSTGRADUATE SCHOLARSHIP 

Applications are invited from Honours gradu- 
ates in Science or Engineering for the Broken 
Hil Proprietary Co. Ltd. Postgraduate Scholar- 
ship tenable in the Department of Mining and 
Metallurgical Engineering of the University of 
Queensland to carry out research in mining, 








up to three years would commence on March 1, 
1969. Initial stipend $A2,000 plus fees. 
Additional information and application forms 
wili be supplied upon request to the Registrar, 
University of Queensland, St. Lucia, Brisbane, 
4067, Australia. Applications close on Novem- 
ber 30, 1968. (1247) 


UNIVERSITY OF LONDON 
KING'S COLLEGE 


DEPARTMENT OF ZOOLOGY 


Applications are invited from graduates 
with a good degree in Zoology, for a 
STUDENTSHIP to work on pollution in 
the Thames, sponsored by the Greater Lon- 


don Council. The applicant should have 
special interests in marine ecology or 
physiology and will work for a higher 
degree. The grant is £500 per annum plus 
fees, for three years. 


Applications as soon as possible, not 
later than. November 7, to Professor D. R. 
Arthur, Deparunent of Zoology, King's 
College London, Strand, London W.C_2. 


(1218) 


POSTDOCTORAL RESEARCH 
FELLOWSHIPS 
AT THE WEIZMANN INSTITUTE OF 
SCIENCE, REHOVOT, ISRAEL 
ACADEMIC YEAR 1969/70 


A namber of postdoctoral fellowships 
Gunior and senior level are available to 
candidates from all countries for research 
in the natural sciences. They are norm- 


ally of twelve monhs' duration. 


Facilities are available for research in: 


APPLIED MATHEMATICS CHEMISTRY 
BIOCHEMISTRY ELECTRONICS 
BIODYNAMICS EXPERIMENTAL 
BIOLOGICAL ULTRA- BioLocv 

STRUCTURE GENETICS 
BIOPHYSICS NUCLEAR PHYSICS 
CELL BioLoGY PLANT GENETICS 
CHEMICAL IMMUNOLOGY POLYMER RESEARCH 
CHEMICAL PHYSICS 


Information and application forms may 
be obained from the Academic Secretary, 
Weizmann Institute of Science, Rehovot, 
Israel. 


Applications will be 
November 15, 1968. 

Announcement of awards will be made 
in February, 1969. 0233) 


accepted until 





GIRTON COLLEGE, CAMBRIDGE 
RESEARCH FELLOWSHIP IN SCIENCE 


Applications are invited for a Scientific Re- 
search Fellowship offered for research in Mathe- 
matics, Natural Sciences and allied subjects, open 
to women graduates and tenable for three years 
from October 1, 1969, The Fellowship is of the 
value of £500 a year, with free residence, pen- 
sionable under the F.S.S.U. 

Particulars are available from the Secretary to 
the Council, Girton College, Cambridge, to whom 
applications should be sent by January 8, 1969. 

(1195) 








Diazald 


N-methyl-N-nitroso-p-toluene | 


sulphonamide 


100 g. — 35/- 


Probably the most useful reagent yet 
the preparation of 
Send for data sheet. 


developed for 
diazomethane. 







RALPH N. EMANUELLTD 


264 Water Road, 
Alperton, Middlesex 






Telephone 
01-998 4414 


| kg. — 280/- 
10 kg. — 210/- per kg. 


AUSTRALIAN INSTITUTE OF 
NUCLEAR SCIENCE AND 
ENGINEERING 
A.LN.S.E. RESEARCH FELLOWSHIPS 
ANNOUNCEMENT 


A.LN.S.E. Research Fellowships are offered 
by the Australian Institute of Nuclear Science 
and Engineering for suitably qualified persons 
wishing to undertake research projects within the 
Institute’s fields of interest. Nominations and 
inquiries will be received by the Institute, at any 
time. Candidates for these awards will norm- 
ally be nominated by an Australian University or 
the Australian Atomic Energy Commission. 

Research Fellowships are intended for scientists 
and engineers who have qualifications equivalent 
to the Degree of Ph.D., and are at a relatively 
early stage of an independent research career. 
Minimum tenure is two years, and the award 
may be extended for a third year. Emolument 
will be within the range of 3A5,000 per annum 
to $A7,000 per annum, and the Institute may 
contribute to the costs involved in travelling to 
and from Australia. 

A research project within the field of nuclear 
Science and engineering must be proposed in the 
nomination after agreement between the candi- 
date and the nominating organisation. It is 
normally expected that a Research Fellow's pro- 
ject will require some use of the specialised 
facilities located within the Australian Atomic 
Energy Commission’s Research Establishment at 
Lucas Heights, near Sydney, N.S.W., and that 
a Fellow will spend some part of the whole of 
his working time attached to the Institute at 
Lucas Heights, for that purpose. 

Further information may be obtained from the 
Scientific Secretary, Australian Institute of 
Nuclear Science and Engineering, Private Mail 
Bag, Post Office, Sutherland, N.S.W.. Australia. 

(199) 


BEIT FELLOWSHIP FOR 
SCIENTIFIC RESEARCH 


NOTICE IS HEREBY GIVEN that the Fifty- 
first Election will take place in 1969. Applications 
must be received on or before January 1, 1969, 
and candidates must be under the age of twenty- 
five at the date of election. Forms of applica- 
tion and all information may be obtained from 
the Registrar, Imperial College, South Kensing- 
ton, London S.W.7, (1200) 








UNIVERSITY OF BRADFORD 
Applications are invited for 


INTERNATIONAL WOOL 
SECRETARIAT RESEARCH 


STUDENTSHIP 
(Ref. T/RS(S)/2/X) 


from graduates in Physics, Mechanical Engineer- 
ing or from suitably qualified Textile Technolo- 
gists, for this Studentship tenable in the Poste 
graduate School of Studies in Textile Technology. 
The successful candidate will be required te 
register for a higher degree of the University and 
to undertake research in connection with prob- 
lems of yarn irregularity, particularly irregularity 
of twist, and its effect upon yarn acceptability. 
The value of this studentship is £500 per annum 
plus approved fees. 

Application forms (please quote ref) to be re- 
turned by October 31, 1968, may be obtained 
from the Registrar, University of Bradford, Brad- 
ford 7. (1189) 











FOR SALE AND WANTED 


WM. DAWSON & SONS LTD. 
Back Issues Department, 

16 West Street, Farnham, Surrey, 

England. 

Farnham 4664, 





TeL: 


Offer rop prices for : 
BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HUMANITIES 

aw 








Wanted and for Sale 
Scientific and Technical Reviews 
SANTO VANASIA, 58 Via M, Macchi, 
20124 MILANO OO» 





APE HOLDING 


ORIGINAL BRONZE OF 


human skull '" eritis secut deus," 13 in. high, 
signed “ Rheinhold 1892" Details and offers 
io Box 963.—Nature, T. G. Scott & Son Ltd. 


1 Clement's Inn, London W.C.2. (0257) 





(fj PAT RA 


VEZ Humidity Cabinet 


Accurately simulates mild, severe and accelerated 
climatic conditions 


Your Answer to Shelf Life Problems... : 
The PATRA Humidity Cabinet offers the best way of 
finding out whether your chosen package will stand upto. 
the worst climatic conditions likely on its journey and at | 
its point of sale. No need for expensive, time-consuming 
and often unreliable trial shipments -the job can be done. 
more simply and more efficiently in your own fact 

For low temperatures a refrigerator is available as an 
optional accessory. 

Illustrated catalogue on request fo 

Laboratory Thermal Equipment L 
Greenfield, Nr. Oldham. 

Telephone: Saddleworth 3221.2 
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MARGARINE 
or BUTTER ? 


Maybe youre not obsessed by the 
cannot tell the difference controversy 
neither is one user of the RIIC Fourier 
Spectrophotometer FS-720 who achieved 
peace of mind by an indisputable, far infrared 
analysis! Which goes to show that Fourier 
Spectrophotometer FS-720 is nothing if not a 
resolver of contemporary problems 


can or 










Other features ? 











Designed for chemical and physical 
analysis in the wavenumber region 10 to 
500 cm’. 


Resolutions of up to 0.1 cm"? 






* Compact, space-saving modular construc- 
tion 









Transform equipment available gives a 
direct, rapid, and conventional presenta- 
tion of spectra from interferograms 






% Sample and background spectra can be 
ratioed to produce a final spectrum 
corresponding to that of a dual-beam 

instrument 










Easy adaptability for diverse research 


studies 






Full range of accessories includes sample 
cells, ATR units, beam  condensers 
variable-temperature unit dies and 
ancillary equipment 












LL JE IL 


division of Beckman-RIIC Limite 
WORSLEY BRIDGE ROAD 
Telephone ; 01-650 4801 









LONDON 





S.E.26 








We are a clear and 
precise reference for 
all who are interested 
in untraditional 
products 





We do not ignore tne past. If we did, we should be de 
nying a long experience and neglecting a wealth of 
knowledge and technological skill acquired over eighty 
years of activity.There is ample room in our catalogue for, 
let's call them, “routine” plastics, but our eyes are turn. 
ed to the future, since the more advanced converter 
industries need semi-finished products having new and 
futuristic characteristics To get an idea of what we are 
producing with a mind to the future, a glance at the 
following will be sufficient. 





Styrene-acrylonitrile copolymer 

Oriented and unoriented polypropylene film 
Ethylene-propylene rubbers 

Fluorinated rubbers 

Vinyl-based thermoplastic alloy 





Fluorinated oils 





Polytetrafluoroethylene in powder, dispersion and 
paint form 


High-purity silicon for electronics 
Sulphur hexafluoride 





MONTECATINI EDISON S.p.A. 


Divisione Estero 20121 Milano (Italia) 


£e 
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The fluorescence equipment is designed to provide a 
top rate performance with simplicity and ease of function. 
Controls have been kept to a minimum and the primary 
filters are introduced into the light path, and withdrawn, 
by a set of push buttons. The operator, using only a 
minimum of setting-up time, can pursue the examination 
of a specimen without the irritation of constant adjust- 
ments. 

The barrier filter unit, which is mounted below the 
binocular head, has two milled rings, the upper having 
4 filter stations and the lower 3 filter stations. The unit 
is virtually dust proof. 

The ultra-violet and blue light source is the Osram 
HBO.200 which is very satisfactory for fluorescence 
work. The visible light source is the well established 
tungsten halogen lamp and a voltmeter is fitted to 
ensure the correct operation. Light shields are provided 
above and below the stage to enable the observer to 
achieve good dark adaptation and to eliminate scattered 
ultra-violet light. 

Mixed illumination is achieved very efficiently by means 
of a rheostat used in conjunction with a fixed dichroic 
filter which transmits at a maximum in the ultra-violet 
and blue region of the spectrum and reflects at a maxi- 
mum in the green, yellow and red. The microscope 
mirror is precentred and the operator has only to centre 
the condenser. 

A 35 mm. camera with its own focusing and frame 
indicating eyepiece is offered for photomicrography. 


Let us send you further information 


PATHOLUX WITH 
FLUORESCENCE 
EQUIPMENT 


VIGKERS LIMITED - VICKERS INSTRUMENTS 


HAXBY ROAD - YORK 
PURLEY WAY - CROYDON - CR9 4HN 
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RAPID CONCENTRATION, SEPARA- 
TION AND PURIFICATION OF PRO- 
TEIN SOLUTIONS, ENZY MES, VIRU- 
SES, PLASMA, URINE, CEREBRO- 








SPINAL FLUIDS... PROTEIN-FREE 
FILTRATES... DIALYSES... ION BIN- 
DING STUDIES. 








Diafl2 


DIAFLO systems incorporate a choice 
of newly developed synthetic polymer 
membranes which exhibit extremely 
high water flow rates and control- 
lable solute retention characteristics 





fEnitrifia 


CENTRIFLO membrane cones utilize 
DIAFLO Ultrafiltration for concen- 
tration and purification of multiple 
small samples of protein solutions. 
Samples are processed in a standard 








with cut-offs at approximately 500, 
1000, 10.000, 50.000 and 100.000 M.W. 
DIAFLO membranes are non-dena- 
turing, non-plugging and reusable 
Some are autoclavable. 


AMICON 


AMICON N.V. 

Heemskerckstraat 43 

Den Haag, 

Holland (070) 322195 

In U.S.A.: 27 Hartwell Ave. 
Lexington, Mass. 








NEW DEVELOPMENT 


CELL PRODUCTION 
ROLLER . 2 rinED) 


biological and other relevant techniques. 


speed which is essential in this field. 


INSWdINDA AYOLVYORVI 


dia. x 113” (300 mm) long in 2- tiers of 5. 


For full details, 
LUCKHAM LIMITED 


Labro Works, 
b l UCKHAM Victoria Gardens, 
Y Burgess Hill, Sussex 


telephone: 5348/9 











> 
For the economic use of media for the production 
of large quantities of cells in Biochemical, Micro- 


Special attention has been focused to the slow 


The machine will roll 10- bottles 4" (IlOl mm) 


clinical centrifuge for simultaneous 
Ultrafiltration. 


BER eee eee se 


AMICON N.V., Dept. E2 
Heemskerckstraat 43 
E Den Haag, Holland 


$ 
Please send new AMICON Ultrafiltration 
catalog 


Name EPLER ET ERE TT EETA 
1 Institution. — oov civ Sacer E EEER SOR EE Seve aee UR 
AdOCSBB —— euesseoseacesues usno Feaexeuenvaeeke 
inmmmmummmummmui 


DYES FOR USE IN ALL INDUSTRIES 


RESEARCH & PRODUCTION CHEMISTS: if you 

are looking for dyes with specific chemical and physical 

properties suitable for particular manufacturing and/or 

testing processes you are invited to contact 
EDWARD GURR LIMITED 

for supplies. 


We hold stocks of an enormous variety of dyes, readv for immediate 
despatch, including : 


Cyanine, Dicyanine, Fast Bordeaux O, Aurantia, Crystal violet, BPC, 
Scarlet R, BPC, Diazonium salts, Neutral violet, Lacmoid, Nile blue, 
Janus green, Brilliant green BPC, Rosolic acid, Methyl green, p-Ethoxy- 
chrysoidin, Methyl red, Nitrazine yellow, Pinacryptol green, etc. 


Industrial Research Establishments 


are invited to make use of our professional services as 
consultants on the selection and use of dyes as research 
and production tools. 


BIOLOGISTS are invited to send for our catalogue of: 


‘MICH IRO MIE’ 


STAINS & REAGENTS FOR BIOLOGY 


Acridine orange, Aquamount, Fiuormount, Lipid crimson, Matamount, 
May-Grünwald, Leishman, Giemsa, Toluidine blue, Cresyl fast violet, 
Papanicolaou stains, Thioflavine S, Brilliant cresyl blue, Nile blue, 
Pyronin Y, Trifalgic acid, Rhodanile blue, Haplo, etc 


EDWARD GURR LTD 


42 Upper Richmond Road West, London, S.W.14 
Cables: Micromlabs London SW14 Telephone: 01-876 8228/9 
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Worthington 


provides 198 enzymes 


for research 


and keeps genealogical records 
on every one of them 





Unlike other suppliers of enzymes 
who are merely re-sellers, we at 
Worthington Biochemical Corpora- 
tion make all our own enzyme prod- 
ucts. We keep absolute control and 
detailed records of each step of 
their preparation. 

Our raw materials, except for 
some fireflies supplied by children, 
are collected for us by specialists 
who understand and respond to the 
sometimes unusual needs of the 
biochemist. 

We use specialized analytical 
techniques, including chromatogra- 
phy and electrophoresis, in the rou- 
tine production of high purity 
enzyme products. Many of our en- 
zymes have purity and activity 
levels far exceeding that of any 
other supplier. 

The preparation of an enzyme is 
followed, from raw material through 
multiple purifications steps to final 
packaging, by the one person at 
Worthington who best understands 
the particular procedure. His rec- 
ords provide the complete history 
of each batch. They can be used 
to trace it back to its source, if 
necessary. 

Our strict control and rigorous in- 
sistence on preparing all our own 
products is your guarantee of en- 
zyme quality. Use the attached cou- 
pon to obtain your copy of our 
complete list of products. 


Dept. K 
Freehold, New Jersey 07728 


[] Send WORTHINGTON 
ENZYMES FOR RESEARCH 
booklet. 


CO Send the complete Worthington 
Enzyme Manual, I am a new 
customer. 


Name 
Title 
Institution 
Address 


City 


Worthington Biochemical Corporation 


State ZIP Ux 
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Spectra of 3H, '*C, CL (left to right) taken at the output of the log amplifier of the 
ABAC SL40 as seen on the oscilloscope of an Intertechnique multichannel analyser. 





Convenience - performance 

: | ABAC - SL40 

the liquid scintillation spectrometer 
with the built-in computer. 


The First and Only Liquid Scintillation Counter With an On-Line Core 
Memory Computer*, the ABAC SL40 is Preprogrammed for Simplicity, 
Programmable for Special Applications. 


DUPUY 


O The ABAC is the most advanced liquid scintillation spectrometer, yet 
the easiest to operate 

O It calculates and prints activity in Disintegrations per Minute for 
quenched or unquenched, single or dual-isotope samples 

O Efficiency values are automatically computed from quench curves using 
the external standard ratio and channels ratio methods - no short cuts, 
no over-simplifications 

O Isotope ratios for dual-isotope samples plus computed percent standard 
error 100/ VN are included in the programs 

O Seven modes of computation may be selected on a single rotary switch 
Results are printed immediately after each measurement 

D Automatic channel settinas are provided for common sinale and dual 
isotope samples 

To find out more about the ABAC SL40,please contact us 





World's largest producer of multichannel analysers 78-P A R - FRANCE 
( 
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‘he LKB Minimum Space 
raction Collector 


Designed for space saving 

Designed for coldroom use 

Designed for standard test tubes 

Compact, removable electronic unit 

Stainless steel support rods—polypropylene racks 
For time, drop and volumetric capabilities 


Rack to accommodate 8 to 13 or 15 to 18 mm dia. 
tubes 


,SPITT— 















Flow stop valve for positive flow control 
Electronic counting system 
Power outlet for flow pump 


Provision for event 
marking 


200 test-tube capacity 


LKB INSTRUMENTS LTD. e LKB HOUSE 
232 Addington Road eS. Croydon, Surrey CR2 8YD e TEL: SANderstead 01-657-0286 


HQ LKB-PRODUKTER ABe STOCKHOLM, SWEDEN 
INTERNATIONAL SUBSIDIARIES: WASHINGTON, THE HAGUE, COPENHAGEN, VIENNA, STOCKHOLM 
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These days, over £15,000 is a lot of money to 
raise for a fast scanning mass spectrometer: 


That's why EDWARDS HAVE PRODUCED 
THEIR NEW 60° FAST SCANNING MODEL 
TO SELL AT £7,500 COMPLETE 


Mass range up to 350 a.m.u. 
complete mass separation 
at mass 200... 


Until now if you were interested in 
the mass range up to 350 a.m.u. anda 
fast scan was essential you had a 
reasonable choice and only one prob- 
lem—raising about £15,000. Edwards 
new 60° fast scanning mass spectro- 
meter adds to the choice and reduces 
the problem by half. Two good reasons 
for requesting our 12pp brochure. 


de EDWARDS 


EDWARDS HIGH VACUUM LIMITED 


A member 
GD 282 





Features 


of the British Oxygen group of companies 


Masses 1 to 25, or 2 to 50, or 12 to 200, or 26 to 350 can be scanned in 
O0-1s, Exponential scan gives constant peak widths and rise time 
Versatile unit can be used as a conventional analyser for injected samples 
e.g. continuous analysis of gas chromatography eluted fractions 

or can be adapted to nude source instrument for ‘in system’ analysis 
Variety of sample inlet systems 

Head with electronic control system available separately for nude 

source application 

As a nude source analyser, the instrument has an unequalled 
performance/cost rating 

Stainless steel head. bakable to 350°C. Robust rigid constructior 
ensures reproducible results even after baking 


Partial pressure sensitivity 10-'? torr nitrogen equivalent with 0-1s 
scan, 10:'* torr with slow scan 
Controlled filament warm up and current limiting circuits prolong 


filament life. Space charge emission control means constant filament 
temperature 

lon source can be OPERATED up tc 250'C 

Easily demountable spectrometer head for simple maintenance 


g MANOR ROYAL CRAWLEY SUSSEX ENGLAND 
E) Telephone: Crawley 28844 Telex: 87123 Edhivac Crawley 


Si vous désirez obtenir des 
renseignements complé- 
mentaires sur tout article 
figurent dans les pages 
d'annonces, veuillez in- 
scrire les details appropriés 
sur la formule ci-contre, 
la. détacher et l'adresser à 
T. G. Scott & Son Ltd. 
^ Nul affranchisement n'est 
requis en Grande-Bretagne 
ni Irlande du Nord, mais 
tous nos lecteurs à l'etran- 
ger devront affranchir leur 
carte au tarif habituel. 


Falls Sie an weiteren Einzel- 
heiten eines in den Anzeigen 
angeführten Artikels in- 
teressiert — sein sollten, 
tragen Sie, bitte das betref- 
fende Bezugszeichen in die 
nebenstehende Karte ein. 
Die Karte ist dann abzutren- 
nen und an T. G. Scott 
& Son Ltd. zu senden. 
Für Grossbritannien und 
Nordirland ist keine Brief- 
marke erforderlich, wohl- 
aber bei Aufgabe im Aus- 
land. 


Se desiderate ricevere ulter- 
iori informazioni riguardanti 
qualsiasi prodotto o articolo 
pubblicato, compilate la 
scheda qui a fianco 
riportata. Distaccatela e 
inviate a: T. G. Scott e Son 
Ltd. — L'affrancatura é a 
carico del destinatario se la 
spedizione viene effettuata 
dalla Gran Bretagna o dall 
Irlanda del Nord, mentre 
_ tutti i lettori esteri dovranno 
affrancare regolarmente. 
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READER ENQUIRY SERVICE 












IF you would like to receive further information on any product or service 
advertised in this issue, please enter the appropriate details on the form below, 
detach the page and post it to T. G. Scott and Son Ltd. No stamp is required 
if the letter form is posted in Great Britain or Northern Ireland, but all over- 
seas readers must pay the necessary postage. 
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Strand 
London WC2 
England 
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This 
ENQUIRY 
SERVICE 


has been instituted 
to enable you to 
obtain information 
on any product ad- 
vertised in the pages 
of NATURE easily 
and in the shortest 
possible time. Please 
make use of it. 


ENQUIRIES MADE 
WITHOUT OBLIGATION 


Please ensure that 
your full name and 
address are carefully 
indicated on the form 
overleaf. 


You use our new micropipetting 
system without ever touching 
the capillary tube itself (Really?) 


These untouched disposable capillary tubes are part 
of our new Capac precision micropipetting system. 
With this system you can put a capillary tube into its 
holder, fill it, empty it, and finally eject the capillary 
itself without fingers having touched the tube at any 
time in the entire sequence. For these reasons, and 
others, many of the frustrations usually associated 
with repetitive micropipetting are minimized. 

Or totally eliminated. 

The dispenser box with 250 capillary tubes: Part of 
the secret of how all this can be accomplished 
without handling the capillary tubes resides in the 
dispenser box shown on the left. It contains a roll of tape 
(see it protruding from the box?) which carries 250 
tubes. When you pull this tape, you automatically 
position a new capillary beneath the hole in the top 
of the dispenser box. 

The capillary tube holder: Now inserting the holder 
in the hole in the dispenser box automatically places 
a new capillary in the holder. The holder then does 
this: it controls the liquid level in the capillary, it ejects 
the liquid in the capillary, and finally, it ejects the 
capillary itself (whether filled or empty). 

The capillary tubes: These tubes are accurate 
within 2-196, are inexpensive enough td be 
comfortably disposable, and are available in a wide 
range of sizes: 1, 2, 5, 10, 20, and 25 al. 

The cost: Modest. A Capac "demonstration package" 
with a single dispenser containing 250 capillary 
tubes p/us a capillary tube holder costs only $11.25. 
The standard package has two dispensers and a 
capillary tube holder and costs only $21.50. 

Quantity costs are even more inviting. 

A suggestion: Test the Capac precision micropipetting 
system. Order a Capac "demonstration package" of 
any one capillary size shown above, plus the holder, 
and simplify your life. Or, if you wish more information, 
write “Capac” on a postcard. Include your name, 
address and zipcode, please. Write Dept. E, 

Schwarz BioResearch, Mountain View Avenue, 
Orangeburg, N.Y. 10962. 











Schwarz BioResearch -— > 


A Division of Becton, Dickinson and Company E9 


CAPAC IS A TRA 
CAPAC IS THE S 






RK OF BECTON, DICKINSON AND COMPANY 
JECT OF PENDING PATENTS 





See our agent: Cambrian Chemicais Ltd,, 73 Cherry Orchard Road 
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FLEXIBILITY.... 
TO MATCH YOUR GROWING NEEDS 


When anticipating the purchase of a UV-VIS spectro- 
photometer your important considerations are photo- 
metric accuracy, range, and resolution 


The basic Gilford Model 240 manual spectrophotometer 
has 0.001 A resolution throughout its 0.000 to 3.000 A 
range, and photometric accuracy of 0.5% A 


This unequaled photometric capability, combined with a 
group of versatile accessories, enables you to adapt the 
Model 240 Spectrophotometer to a wide variety of appli- 
cations 

Multiple sample handling, gel scanning, wavelength 
scanning and flow through monitoring are but a few 
capabilities provided by the building block design of 
Gilford spectrophotometric instruments 


Whether you are interested in a manual or an automatic 
spectrophotometer, with either single or multiple sample 
handling systems, call your Gilford representative and let 
him show you how the Gilford building block concept 
guarantees the flexibility to meet your growing needs. 


Phone: 216/774-1041 


ilford 


GILFORD INSTRUMENT LABORATORIES, INC. 
OBERLIN, OHIO 44074 
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The JEM-100 Series is the newest addition to the renowned — € Contamination rate less than 0.1 A min. 
JEM-type Electron Microscopes, with a never-before guar- © High image quality at low magnification 
anteed resolution of 2 A. € Drift-free specimen holder 


JEOL's advanced engineering has made operation remark- Bienen loading of six specimens 
ably simple through automation and overall console layout utomatic camera and vacuum systems 


as well as a new high level in performance, permitting these : Automatic plate numbering mechanism ; 
unprecedented features..... Binocular focusing scope with 20°, brighter image 


"pu eme € CRT display for accurate specimen positioning 
9 Magnification from X500~X500,000 € Easy-to-read magnification digital display 
9 Accelerating voltage stepped from 20 to 100kV € Multi-purpose-application attachments, etc., etc.. 


J EOL» ELECTRON OPTICS LABORATORY CL. LTD. 


New Tokyo Bidg. 3-2 Marunouchi, Chiyoda-ku, Tokyo, Japan Mail this coupon to JEOL Tokyo for more information 


JEOLCO (EUROPE) SA. 


16 Avenue de Colmar, 92 Rueil-Malmaison, Paris. France 





Tel: 967-6700 
DELVILJEM (LONDON) LTD. Country 
DELVILJEM HOUSE T i 

4 Shakespeare Road Finchley, London N-3. TARR 68 OctJEM.100 N 





Tel: Virginia 9241 
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YOU'VE JUST 


UNEARTHED BONE. 


WITHIN 6 WEEKS WE CAN 
TELL YOU ITS AGE. 
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Our radiocarbon labo- 
ratory and counting facil- 
ities can give you the 
fastest service available 
anywhere. A complete 
age determination report 
of your bone specimen will 
be in your hands within 
6 weeks. Often in less time. 

And, the stress is on 
accuracy. Not only do we 
routinely date your bone 
specimens directly by the 
collagen method, at the 
same cost as normal radio- 
carbon dating, but our 
C"/C? analysis can com- 
pensate for natural isoto- 
pic fractionation. 

Prices are based on the 
number of somples we date 
for you during any given 
12 month period. Prices 
range from $160 for a sin- 
gle sample to $120 per 
sample for 50 or more sam- 
ples. For C^ plus C?/C™ 
analysis, the charge is $185. 
Again, less for multiple 
analyses. 

For complete details, call 
or write Isotopes, 50 Van 
Buren Ave., Westwood, 
N.J.,07675. (201) 664-7070. 


gu ISOTOPES 


A TELEDYNE COMPANY 
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A NEW SCAN: NG 


ELECTRON MICROSCOPE 


From Materials Analysis Co. Ke r 
J f the Model 700 SEM: C onductivit " ‘Eads mode can e 
À resolution guaranteed. eyed in na intensity o 
range from 10 to eflection modula on. All solid- 
ating modes: sec- state, mod GEE Three- 
n (also voltage ptical system. 1. Goniometer 
fracting light mi MATERIALS ANALYSIS COMPANY 
Palo Alto, California 94303 


in 
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We have taken rare earth metals and 
shaped them into foil and wire. So that 
now you can examine the properties of 
fabricated metals more easily — just cut 
off the amount you want for testing. 

This is just one of the ways our rare 

earth products could have a catalytic 
effect on your next project. 

But don't be put off by all this grand talk. 
Rare earths are surprisingly low priced for 
what they can do. If you would like analytical data 
or to discuss a project, talk with two of the 

world's authorities on the subject: 

Messrs. Tennant (commercial) and Sherman (scientific). 
You'll discover them at the address below. 


Rare Earth 
Products Limited 


Waterloo Road, Widnes, Lancashire, England. Tel: Widnes 4126. Telex 627366. 





E. Wild M5 


Stereo- 
microscope 


| for top performance 








This precision instrument & 
| can be combined with other 


M tube 


at straig 
to-Micrographic 


versatile Wild units to 


amera I 
make a special microscope kt WI à D 
| for any particular purpose, 
} HEERBRUGG 








| Built-in magnification | / 
changer for 4 different 
magnifications | $ Pamphlet with technical 
| data obtainable from 
! WILD Heerbrugg Ltd 
Heerbrugg, Switzerland. 
ci 





L = | tor safety and convenience. 


| New packing in metal hood | 








Further particulars from: Wild Heerbrugg (U.K.) Ltd., 49-5! Church Street, Maidstone, Kent. 
Telephone: Maidstone 56736 7 8 
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Failure to cut good sections is not always due to a 
faulty knife or technique of preparation. It may be 
the microtome which is at fault. Why not choose 
a microtome in which any shortcomings have 
been eliminated at the outset :—A microtome with 
a completely rigid, vibration-free knife, exact 
guidance of the transport sledge through the 
whole range of movement, precision object feed, 
not necessarily limited to 144. Such a microtome is 
the LEITZ base sledge microtome Type 1300—a 
large universal microtome equally suitable for 
cutting paraffin-, celloidin-, and frozen sections. 





E. Leitz (Instruments) Ltd. 
30 Mortimer St., London, W.1. Tel: MUSeum 3774 
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Simtec makes them tough and 'touchproof* 


HIGH PERFORMANCE 
COOLED SILICON 
LITHIUM DRIFT DETECTORS 





ACTUAL SIZE 


Q Electron resolution — 3.8 kev FWHM 
@ X-Ray resolution — 600 ev FWHM 
@ Sectioned detectors up to 20 mm deep 


Detectors have a very thin 0.2 micron window (50 
micrograms /cm?) and a leakage current as low as a few 
picoamps at 77* K. Window is so rugged it can be wiped 
clean of grease or other contamination with a solvent- 
dipped swab. 


EACH DETECTOR PERFORMANCE-PROVED 


e 600 ev FWHM resolution on 14.4 gamma ray with 
2 mm and 3 mm deep detectors.* 


e 3.8 kev FWHM resolution has been obtained on 974 
kev conversion electrons from BI207, with 3 mm 
deep series K detector.* 


e 20 kev FWHM resolution on 12 Mev protons with 
2 mm and 3 mm deep detectors.* 


e The 20 mm deep detectors will stop electrons with an 
energy of 8 Mev, protons with an energy of 70 Mev. 


Also available: 
e Slim rectangular detectors, active over their full width. 
e Annular detectors up to 3 mm deep. 
drift detectors for use at 


e Simtec lithium room 


temperatures. 
e Totally depleted, all diffused. 
e Rectangular. 


If you're not using Simtec cooled silicon lithium drift detectors now, 
write, call or cable for complete information and prices. 


* Results obtained using Simtec P-11 preamplifier and M-31 linear 
amplifier systems. (Ask us about these too.) 


simtec ltd. 


® 3400 Metropolitan Boulevard E., 
Montreal 38, Canada 
Telephone: (514) 728-4527 


Research Electronics (Nuclear) Ltd. Knowl Road 
Mirfield Yorkshire, England. Tel.Mirfield 7918 
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if you use a 


MICROSCOPE 


you need a 


SINGER 


FULLY PATENTED 


MICROMANIPULATOR 


e. Singer micromanipulators are used in 
ES ond most laboratories all over the world. 
Three types available: 
" Mk I Low power for magnifications 
x1 to x200 
Mk II For magnifications x1 to 
x 500 
Mk IH High power for magnifications 
lI x100 to x 1,000 plus 
The most advanced instruments for 
micromanipulation. As described by 
co Barer and Saunders-Singer with further 
improvements. 
ec Full details and demonstrations upon 
request to: 
P| 
— M —À— 


SINGER INSTRUMENT CO. LTD., 
Fountain Court, 83 London St., 
Reading, Berkshire, England. 








Enbeeco Distortionless Magnifiers 


The ENBEECO Distortionless Magnifier has a coated anastigmatic triplet 10 X. 


for us—to our specification—tt answers the most meticulous 
inished in Satin Chrome and complete with leather pouch in 
F 500A £4:19:6 


Made expeciall 
requirements. 
Gilt and Black silk-lined casket. 


KYOWA Achromatic Magnifiers 


The quality and finish of the Kyowa range of Achromatic magnifiers will satisfy 
even the fastidious. They have a wide field and the coated lenses are excellent. 
The lenses are in black cells and the folding mount ts Satin Chrome. Complete 
In leather pouch. F Kyowa/l0x £3:2:0 F Kyowa/20x £5:18:0 


W. A. QUINN LTD. 


12 FULWOOD PLACE, HIGH HOLBORN 
LONDON, W.C.I 
Telephone: 01-405-5268 
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Another NEW from CHURCHILL 


Digital stopwatch for unmistakable 
elapsed time indication in the 
modern laboratory 


y 0—99,999-9 secs x 0:1 sec 
3- Mains powered 

3€ Frequency independent 
y Reliable 


3- Other models available 


CHURCHILL 


e P^ 
: : cs 
ores < 


E! 
Bl 





Products include controlled closed loop circulators 
for above and below ambient applications, including 
laboratory pumps, bath immersion units, etc. 


CHURCHILL INSTRUMENT CO. LTD. 
WALMGATE RD . PERIVALE . GREENFORD . MIDDX. 


Tel: 01-998 3322 Cables: CICERO GRNFORD Telex: 263147 
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Advance Announcement 


From February 1969 to be published by Academic Press, London and 
New York 


THE QUARTERLY JOURNAL OF 
EXPERIMENTAL PSYCHOLOGY 


Editor: A. J. Watson, Psychological Laboratory, Cambridge 


Starting in February 1969, The Quarterly Journal of Experimental Psychology is 
to be published by Academic Press. As the official organ of the Experimental 
Psychology Society of Great Britain, the journal reflects the interests of the 
members of the Society in experimentally isolating and explaining the basic 
processes of behaviour—for example, learning, perception, memory skills, 
attention and motivation. As the emphasis is on basic behaviour mechanisms, 
investigations of specific applied problems in psychopathology and social 
behaviour are not usually accepted for publication. Papers on topics border- 
ing with disciplines such as physiology, ethology, neurology and pharmacology 
are frequently accepted by virtue of their implications for basic behavioural 
processes. Within these broad limits there is no policy of specialisation, nor 
is there any restriction on country of origin. In the past twenty years, publica- 
tions in the Journal have exerted a major influence on many of the central 
issues of experimental psychology, such as: limited capacity in reaction times ; 
short-term memory ; selective attention ; perceptual constancies ; discrimina- 
tion learning ; cortical functions in primates ; partial reinforcement ; cerebral 
dominance, etc. The number of submitted papers of definite scientific merit 
has increased in recent years to the point where an expansion of the Journal 
has been justified. The growing circulation has confirmed the need for a 
Journal of this type and may be expected to further its aims of spreading 
widely the knowledge of processes underlying behaviour. 


Contents, Vol. XX1 Part 1, February 1969 


A. F. Sanders & J. J. F. Schroots. Cognitive categories and memory span. 
III. Effects of similarity on recall 

R. Bowman & N. S. Sutherland. The discrimination of 'W' and 'V' shapes 
by goldfish 

P. N. Johnson-Laird. On understanding logically complex sentences 

B. A. Doty & W. C. Combs. Reversal learning of object and positional 
discriminations by mink, ferrets and skunks 

R. N. Hughes & D. E. Blackman. Discrimination effects of forcing maze arm 
selection on hamsters 

I. Markova. Hypothesis formation as a function of different degrees of com- 
plexity of the problem 

N. S. Sutherland & C. Williams. Discrimination of checkerboard patterns by 
rats 

R. N. Haber & L. G. Standing. Direct measures of short-term visual storage 

H. Sampson. Interhemispheric transfer of information in short-term memory 

P. C. Wason & P. N. Johnson-Laird. Proving a disjunctive rule 

J. Dutch. Visual complexity and stimulus pacing in chicks 


Subscription Price: 120s. UK, 125s. overseas 
Further details will be available from the Publisher. 
p—-——————  ' 'J'OP&ÁÁ— MH— eran ranean 
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... with Pye Unicam's new SP200A automated infrared 
spectrophotometric system. A built-in logic system cuts out 
hours of experiments with samples. 

By the push of a button, the SP250A automatic scale 
expansion accessory selects the optimum ordinate scale 
expansion factor during a preliminary high-speed scan. 
Then—with no further adjustments—the result is a high- 
resolution presentation-standard spectrum on the first 





Are micro-samples 
cramping your style? 
Get usable traces 
every time... 





run-through at your chosen speed. Automatic grating 
inter-change on the SP200GA and the SP1200A 
spectrophotometers enables the full-range spectra to be 
recorded without interruption. And for particular applications 
the system has an override capability to enable sections of 
spectra to be produced manually. Write or call now fora 

full specification or demonstration of our automated 

infrared capability. 


a 


PYE UNICAM ~. 





Precision Instruments 


Pye Unicam Ltd 
York Street, Cambridge, CB1 2PX, England 
Telephone (0223) 58866 Telex 81 215 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Pulsars-— Three magnetic models — GINZBURG, 
ZHELEZNYAKOV and ZIATSEV AUI Academy 
of Sciences) 


Pulsars —Absolute proper motion P. CP 1919—LU 
(Yale) . 


Puisare-- Evidence that disp: are at per distances 
than originally assumed—SHUTER, VENUGOPAL 
and MAHONEY (British Columbia) 


Pulsars — Origin of their radiation — ST EV ENS 
(Nottingham) $ . . 2 

Pulsars—-Spectral fine structure in pulsar radiation— 
KOMESAROFF (CSIRO), McCULLOCH, HAMIL- 
TON (Tasmania) and COOKE (ANRAO) . : 


Radiosignals—Quasi-periodic VLF emissions and 
their relation to geomagnetic  micropulsations— 
KITAMURA (Doshisha University, Kyoto), JACOBS 
(Alberta], WATANABE (British Columbia) and 
FLINT (Stanford) . P ; 


Atmosphere—-Daily variations in the height ot the 
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NATURE 
No Space for ESRO ? 


ArTER months of inconclusive debate on the future of 
Europe's collaborative space organizations, it now 
seems probable that the member nations will rush into 
hasty and even ill-conceived decisions. The last minis- 
terial meeting of ELDO (Nature, 220, 109; 1968), the 
organization developing a European launcher, seems to 
have been more inconclusive than any held recently— 
a record which must have taken some beating—but 
it did take one concrete decision. This was to set up a 
working group under the chairmanship of Mr Spaey of 
Belgium to consider the future of both ELDO and of 
ESRO. Its report is to be ready the day before the 
next European Space Conference of Ministers, the 
third of a series of annual meetings dealing with the 
political aspects of European space policy, which starts 
in Bonn on November 12. Mr Spaey's working group 
is to draw up long-term proposals for a European space 
programme, a laudable enough aim in itself but an 
exercise which should hardly be necessary so soon after 
the much longer deliberations of the Causse committee 
whose report was presented in the spring of this year. 

The European space programme is a matter of great 
complexity, involving as it does two international 
organizations, ELDO and ESRO, and a dozen or so 
countries which just now have no common mind about 
exaetly what sort of collaboration they want in 
technical and economie matters. And all this is being 
carried on to a background of spectacular space 
achievements by the United States and the Soviet 
Union, far more ambitious than anything Europe can 
attempt within the foreseeable future. What is dan- 
gerous about the new working group, which had its 
first meeting on October 16 in Brussels, is that it is 
attempting to make pronouncements about the future 
of European space affairs after a series of meetings last- 
ing less than a month. Worse still, the way things are 
going there is a serious danger that the fate of ESRO 
will be made to depend unreasonably on the fate 
deserved by ELDO. In other words, even though 
ESRO has in the past few months been looking much 
more healthy than at any time since its creation, the 
disaffection of member nations may lead to its pre- 
mature and unnecessary end. 

It is of course understandable that European 
nations should by now be thoroughly jaundiced about 
ELDO. As far as the British are concerned, it has been 
plain for a long time that the continuation of the 
attempt to develop a European booster rocket might 
profit other nations indirectly but would bring no 
benefit to the United Kingdom itself nor lead to the 
creation of a booster rocket which could be used for 
launching worthwhile communications satellites. But 
ESRO is a different kettle of fish. For one thing, it does 
useful scientific work, even if its output is still enorm- 
ously eostly. For another, it has recently been taking 
an interest in the development of communications 


satellites as well as other applications, and in the long 
run, of course, this is where European countries must 
look for such economie benefits as there may be in 
space technology. No one can deny that ESRO has 
been in a deep crisis, but Professor Bondi's reseue 
operation now seems to be paying off, whereas the 
gloom which surrounds the affairs of the sister orga 
tion ELDO shows no sign that it will soon disp 
The fortunes of ESRO seemed to be at their lowest ebb 
in April this year when increased costs forced the 
organization to cancel the satellites TDI and TD2, 
which had been the rationale of ESRO's existence 
since it became clear that ESRO was unable to cope 
with the building of the large astronomical satellite. 
As announced at the couneil meeting of ESRO at the 
beginning of the month (Nature, 220, 212; 1968), one 
of the TD projects—named for the Thor-Delta rockets 
which will launch them-—has been resuscitated, 
financed by nine out of the ten member states. By all 
accounts, the presentation of the new project as it is 
now to the ESRO meeting made a very deep impression 
on all the members of the council. Professor Bondi is 
not to be blamed if he regards the support that has 
been shown for the TD satellite, which has as its chief 
aim the ultraviolet and infrared spectroscopy of the 
stars, as a show of confidence in the organization. Ways 
are now being considered of flying the experiments 
planned for the abandoned TD satellite, and it seems 
almost certain that these experiments—involved with 
solar physics—will be accommodated in several small 
satellites. It has also not escaped notice that the two 
satellites ESRO 1 and ESRO 2, launched respectively 
in October and in May, have been working perfectly. 
In the circumstances, those countries—~particularly 
Belgium—which have been crying for the demise of 
ELDO chiefly on the grounds that it was doing nothing 
useful should consider carefully whether it is not 
foolish of them also to wish to put an end to ESRO. 
The Science Research Council would also do well to 
note that the worst seems to be over as far as ESRO is 
concerned. In its thoroughly admirable report on 
astronomy and the space sciences, the Science Research 
Council rightly raised the point that the wholesale 
cancellations foreed on ESRO left the organization 
with no projects beyond the scale which could be 
attempted by Britain working without European 
collaboration. Because of this the value of continued 
membership of the organization, together with the 
considerable imbalance of the councils expenditure 
that this necessarily involved, was questioned. But 
in any case the earliest date that Britain could withdraw 
from the organization is the end of 1971, and notice need 
not be given until 1970. Now that ESRO's prospects 
look a little less bleak than they have done—and assum- 
ing nothing goes seriously wrong during the next few 
weeks—it would be wise to give ESRO more time. 
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New Role for the AEA 


Tur United Kingdom Atomic Energy Authority at 
last shows signs of shedding some of its load. Indeed, 
the publication last week of its fourteenth annual 
report (HMSO, 13s) may mark a turning point for the 
organization which has for so long been the major prop 
of British nuclear power. Although there will inevit- 
ably be regret in the authority at the way things 
seem to be heading, what matters most is that its 
experience and talent be put to best use in the new 
industrial framework which is emerging. Happily, the 
authority seems to be cooperating fully and enthusias- 
tically in putting together the new structure. 

So far, only one of the two new nuclear companies 
has been announced. It is made up of English Electric 
(now part of GEC), Babcock and Wilcox, Taylor 
Woodrow, the IRC and the Atomie Energy Authority. 
Already the company has reaped a reward for being 
first off the mark. For one thing, the AEA has 
handed over to Babcock English Electric the con- 
struction of the 250 MW prototype fast reactor at 
Dounreay. This means that by 1971, when the PFR 
is complete, the new company will be the only one in 
the world to have built a fast reactor. The other 
new company will, of course, be licensed to build the 
fast reactor, but without the industrial experience it is 
likely to find itself at a disadvantage. Babcock 
English Electrie has also been able to snap up three 
officials from the AEA for its board of directors— 
Mr J. C. C. Stewart, member for reactors, Mr N. L. 
Franklin and Mr H. V. Disney. This is at least one 
more than the AEA could have expected from its share 
of the equity, and one explanation is that Mr Stewart 
and Mr Disney will both leave the AEA soon and join 
the company full time. It has also been announced 
that the new company has won the contract to build 
the nuclear power station at Hartlepools for the 
Central Electricity Generating Board, so it is off to a 
very good start. 

Within the next week or so, it is expected that the 
details of the organization of the second company will 
be announced. Again the AEA can be expected to 
hold a shareholding, though, as in the first company, 
it will be doing so only as an interim measure until the 
nuclear fuel company is formed. Unfortunately, it 
seems likely thet it will take several years to set up 
the fuel company; legislation will not be introduced 
before the 1969-70 session of Parliament, which 
implies that the fuel company will not be set up until 
late in 1970. 

By then, it is likely that the AEA will have con- 
tracted still further. The authority confirmed this 
week that it is investigating the possibility of closing 
the Wentage laboratory and transferring its work to 
Harwell, although it is stressed that so far no firm 
decision has been made. Wantage is where the AEA 
has coneentrated most of its commercial work on 
isotopes, and the laboratory in fact houses the Isotope 
Research Division of AERE Harwell. By moving the 
staff at Wantage (which numbers 180) to Harwell, some 
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economies could certainlv be made, and the move 
would also have the benefit of concentrating the 
authority's work for the support of industry in one 
laboratory. One of the major projects at Wantage has 
been the Package Irradiation Plant. used for the 
sterilization of food and medical instruments. 

The authority has used the annual report to answer 
the critics who claim that the development of the 
advanced gas cooled reactor has been too expensive. 
An economic benefit analysis carried out by the 
authority shows that the £110 million spent on the 
AGR will produce a benefit of some £600—700 million, 
if very conservative ground rules are accepted. The 
analysis assumes an 80 per cent load factor, 25 year 
life, and fossil fuel costs well below current levels. 
Even if the cost of fossi] fuels falls as low as 3d a 
therm, the benefit of the AGR programme would be 
£350-400 million. For the further development of 
reactor systems, the analysis concludes that a benefit 
of some £800 million is to be expected. 


EDUCATION 


Dvurine the five years that have elapsed since the 
Robbins report was hailed as the first overall plan for 
higher education in this country, it has become com- 
mon knowledge that the committee underestimated 
the likely future output of "qualified school leavers”. 
Thus it was forecast that the proportion of seventeen 
year olds with two A-levels would rise from 6-9 per cent 
in 1961 to 8:4 per cent in 1966, whereas it actually 
rose to 9-6 per cent. In other words, by 1966 the num- 
ber of leavers with these qualifications was already 
16-5 per cent higher than the forecast, and by 1971-72 
this discrepancy can be expected to have increased 
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21 per cent. These figures are quoted in a survey 

dn in a new periodical, Higher Education Review, 
and were compiled by Richard Layard, an economies 
lecturer at the London School of Economics, and John 
King of the City University (Higher Education Review, 
edit. by Tyrrell Burgess, Cornmarket Press, 10s). 

Although the A-level forecast went wrong, neverthe- 
less the Robbins estimates of the trend to stay at 
school have been fairly accurate. University dev elop- 
ment too has followed fairly closely the lines proposed 
by Robbins, the authors say, but the relationship 
between universities and the rest of higher education 
has developed quite differently. In 1962-63, universi- 
ties provided 60 per cent of places in higher education, 
and Robbins recommended the same proportion for 
1966-67. "The actual proportion was, however, 54 
per cent, and when the number of well qualified school 
leavers exceeded the Robbins prediction, the increased 
supply of students was channelled into non-university 
sectors. At the present time, an estimated 53 per cent 
of suitable candidates are accepted by universities 
compared with an earlier figure of 60 per cent at the 
time of the Robbins report. Subject balance in the 
intake has also been upset; in the late fifties and early 
sixties it was the policy of the University Grants 
Committee—reiterated by Robbins—that two thirds 
of additional places in universities should be in science 
and technology. But as the entry rates in arts and 
sciences have moved together, from 1961-62 to 1966-67 
the proportion of extra places provided for science and 
technology has been only 37 per cent (43 per cent 
including colleges of advanced technology). On the 
arts side, the proportion of all places has increased 
from 40 per cent to 44 per cent instead of decreasing to 
37 per cent. This, the authors say, is “undoubtedly a 
failure of planning, since it implies that the capital 
investment in sciences has been higher relative to arts 
than it would have been if the ensuing teaching commit- 
ments had been foreseen”. The result has been that 
the prospective growth of former colleges of advanced 
technology has been sharply restricted. Had they not 
become universities they would now be an important 
focus of expansion. 


UNIVERSITIES 


No Volunteers 


Tue British Government is obviously having an 
extremely difficult time trying to find a suitably com- 
pliant vice-chancellor or public figure to fill Sir John 
Wolfenden’s chair at the University Grants Committee. 
At the end of May the trustees of the British Museum 
announced that Sir John had accepted their offer of 
the top job in the British museum service, the director- 
ship of the British Museum. The trustees no doubt 
realized their choice would create problems with the 
Museums Association, which immediately took umbrage 
at the appointment of an outsider, even if only as a 
stopgap measure for the next five years. But the 
trustees’ problems are nothing by comparison with 
those the Secretary of State for Education must still 
be facing in his search for a new chairman for the UGC. 

Sir John was to have moved to the museum this 
month, but he has apparently agreed to stay on at the 
UGC until his successor is found, which means he is 
likely to be there until some time next year. In the 
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meantime at the museum Mr B. Gray, keeper of the 
Department of Oriental Antiquities, and a member of 
the museum staff for about forty years, has taken 
over as temporary director. 

Relations between the Government and the vice- 
chancellors must be close to breaking point, especially 
after the Government's letter of August 1, which, 
delivered when most of the vice-c chancellors were aw ay 
in Australia, instructed them not to authorize any 
new building projects this year. The effects of this 
moratorium are now beginning to be felt in several 
universities and they are not increasing the popularity 
of the Government or of the UGC, ‘which failed to 
make even a murmur of protest in August. Presumably 
the Government knew of the negotiations between the 
trustees of the museum and Sir John long before the 
May announcement. Its failure to announce Sir John's 
successor can only mean it has so far failed to persuade 
a vice-chancellor or an outsider to take on his invidious 
job. 


EMPLOYMENT 


Where the Graduates Went 


Tue University Grants Committee's sixth annual 
returns covering the first employment of university 
graduates who graduated with first or higher degrees 
in 1966-67 were published on October 22 (HMSO, 7s). 
British universities produced 36,528 graduates in the 
year, 26,411 men and 10.117 women, which is an 
overall increase of 13-6 per cent over 1965-66. The 
returns reveal all the now familiar trends, the dislike 
of industrial careers, the trend to social sciences and 
the trend away from school teaching. 

The Government and industry continue to fail to 
persuade graduates of the advantages of an industrial 
career. The proportion of all graduates entering 
commerce and industry fell from 62-7 per cent in 
1965-66 to 62-2 per cent in 1966-67. These overall 
figures conceal significant divergent trends between 
men and women graduates; the proportion of women 
entering industry rose by 5 per cent to 32-3 per cent 
while the proportion of men entering the field fell by 
2-1 per cent to 70-2 per cent. This year's returns are 
also gloomy reading for education authorities short of 
teachers; in 1966—67 only 13-9 per cent of all graduates 
entered the profession compared with 15-5 and 17-2 
per cent respectively in the two preceding years. The 
expansion of the civil service, on the other hand, was 
duly reflected in an increase in recruitment of graduates, 
from 14-8 to 15-6 per cent of the total. The proportion 
of graduates in further study was virtually the same as 
in 1965-66, 41-6 per cent, but this figure conceals a 
drop in the numbers going on to teacher training and 
other training and an increase in the proportion starting 
research or other academic work. 

The number of higher degree graduates increased 
by 27 per cent, and all the statistics in the returns 
confirm the trends in university edueation and 
the attitudes of the graduates which emerged in 
the Swann and Dainton reports. The only trend 
which is in line with any of the recommendations in 
the Swann report is the decreasing proportion of 
doctorates amongst the higher degree graduates. In 
1966-67 the proportion fell vet again to 47 4 per cent: 
in 1965-66 it was 55-5 per cent and in 1963-64 as high 
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as 61-4 per cent. 1966-67 was in fact the first vear 
in which the proportion of doctorates fell to less than 
half of the total number of higher degree graduates. 
Except for the applied scientists, higher degree winners 
in all the other fields chose careers in education rathor 
than industry, publie service or anything else. In the 
arts, for example, 84-4 per cent of men with higher 
degrees went into education compared with a derisory 
two per cent in industry. 


PUBLISHING 


All Human Life is There 


Art first sight, there is little similarity between Progress 
. in Material Science and the News of the World, or, indeed, 
between Chambers’s Encyclopaedia and the Walton 
Heath Golf Club. But if Mr Robert Maxwell, Britain’s 
most energetic publisher, has his way, they will find 
themselves under the same management quite soon. 
Last week, Pergamon Press, Mr Maxwell’s scientific 
publishing house, made a bid for the News of the World 
organization, which, as well as publishing a weekly 
saga of unoriginal sin, also owns a golf club, several 
provincial papers, book and directory publishing 
interests and printing, papermaking and printing 
machinery businesses. Mr Maxwell, the boss of Per- 
gamon since 1949, has in the past two years made a 
whirlwind series of acquisitions, although he failed 
recently to take control of Butterworths, the publishers. 
But he has succeeded in taking over Bletchley Printers, 
Religious Education Press, Speedwriting, the History 
Book Club, the Co-operative Press and Sun Engraving, 
among many others. 

Although Mr Maxwell’s methods have made him 
rich and successful, they have not always gained him 
friends in the publishing industry. To some extent this 
is to his credit, and few would deny that since his 
arrival British publishing houses have had to become 
more efficiently managed. The Pergamon technique is 
to calculate with great precision how many copies of 
any book can be sold to libraries and institutions, and 
to budget accordingly. Shareholders find this more 
agreeable than do the libraries which have to pay 
Pergamon prices, and it is a technique which can 
hardly be applied to the News of the World. 

The bid has been greeted with the distaste which 
always faces any newcomer who has the effrontery to 
treat a newspaper as a business proposition. Although 
the bid—now raised by Mr Maxwell—is generous in 
financial terms, the managers of the News of the World 
were this week making determined attempts to repel 
boarders, The fact that Mr Maxwell is a Labour 
Member of Parliament is unlikely to help his cause, 
although he has disavowed any intention of changing 
the political character of the paper. The News of the 
World is independent editorially in that extraordinary 
British way which is indistinguishable from being 
Conservative. In any case, everybody remembers that 
Mr Maxwell’s ambition some months ago was to start 
a Labour daily paper, and the suspicion is that he has 
not yet forgotten it, 

As Nature went to press, it was not at all clear which 
side would win. Both Pergamon and the News of the 
World board were buying shares in the market through 
their merchant bankers, and it seemed clear that Mr 
Maxwell had cornered the 25 per cent shareholding 
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owned by Professor Derek Jackson, once a professor 
at Oxford and now a man of leisure. But the News of 
the World board were claiming almost 50 per cent of the 
shareholding, and it seemed quite likely that the bid 
would be repulsed. 


TRANSPORT 


No Electric Shocks 


WirrH tongue firmly in cheek, the Institution of Elec- 
trieal Engineers chose the week of the Earls Court 
Motor Show to arrange a colloquium on electric cars, 
the second in what seems intended to be an annual 
series. In the event, it has to be admitted that the 
internal combustion engine, for all its faults, remains 
very definitely the best way of propelling vehicles from 
one place to another; supporters of the electric car, for 
the most part, agreed with Mr L. Martland of Ford, who 
said that he was “waiting for a commercial battery 
with several times the energy density of those available 
at the moment’. 

One who disagrees is Mr A. Carter, from Carter 
Coaster Ltd of Tamworth. He declared to a disbeliev- 
ing audience that "there are no further technical 
barriers to overcome in producing such a vehicle". 
Indeed, Mr Carter has already produced one, called the 
Carter Coaster, which embodies his conception of the 
ideal electric car. As the picture shows, the Coaster 





The Carter Coaster. 


is really stripped down to essentials; the suspension, 
in particular, with single leaf quarter elliptic springs, 
has a charming vintage air, and the passengers are 
likely to need the foam plastic seats which Mr Carter 
intends to provide. The two electric motors are con- 
tained in a space no larger than conventional brake 
drums at the rear, and the power is supplied by an 84 
cell 168 volt lead acid battery. The bodywork on the 
production vehicle would be vacuum moulded ABS 
(acrylonitrile butadene styrene), although Mr Carter 
has been forced to use fibreglass for the prototype by a 
shortage of ABS in Britain. Like Henry Ford, Mr Carter 
intends to provide only one colour, and his choice is 
dark grey. He expects the design to remain acceptable 
for twenty years, which will keep the price stable at 
£350 and maintain second-hand values. 
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The Coaster is extraordinarily light; empty, it 
weighs only 500 lb, less than half the weight of the Ford 
prototype, the Commuta. Like the Commuta, the 
Coaster would manage a top speed of 40 m.p.h., with 
acceleration from rest to 30 m.p.h. in 10 seconds. The 
cost of running the car, Mr Carter says, would be 
derisory—only ld per 15 miles. Rolling resistance has 

been cut to a minimum by using special tyres at higher 
pressures than usual, and the total resistance is less 
than a quarter that of the Mini. But despite these 
herculean efforts, the range of the Coaster would be 
only 40 miles on each charge, or, as Mr Carter puts it, 
“60 miles under favourable conditions". This is almost 
exactly the same as the range achieved by the Commuta, 
but, unlike Ford, Mr Carter believes that it will be 
enough to achieve a reasonable market. He proposes 
that 80 small privately owned production plants should 
be set up, each capable of producing 50 vehicles per 
week from 50 employees— "efficiency four times higher 
than any existing motor assembly plant in Britain," 
he adds darkly. 

Certainly other participants at the conference had 
the feeling that Mr Carter was ushering in the new age 
before the old had been properly laid to rest. The 
cheerful salesmen at Earls Court showed no signs of 
looking uneasily over their shoulders. One participant 

. at the conference, with a foot in both camps, said that 
-the electric car would be a reasonable proposition at 
the moment only if it could carry around with it a 
generating device for recharging—and the only possible 
recharging device would be a generator driven by an 
internal combustion engine. Mr Weston, from the 
Transport Research Assessment Group, pointed out that 
any electric vehicle that required regular charging 
would, if successful, impose a tremendous strain on 
electricity generation and transmission. He estimated 
that the amount of capital investment required would 
be something like £50 to £100 for every car sold. The 
best chance, many agreed, was the development of 
fuel cells, possibly the hydrazine-air fuel cell. In the 
meantime, there is little the electrie car can do that 
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cannot be equalled by the internal combustion engines 
Seventy years of development, and enormous capital 
investment, have made it a formidable opponent. 


EPIDEMIOLOGY 


Locusts Fight Back 


Ix 1960 the Food and Agriculture Organization insti- 
tuted a desert locust project to develop more effective 
and less expensive control procedures and ultimately 
prevent the outbreak of plagues. The project was. 
concluded in 1966, and the FAO has now issued a final 
report of its operation. Nearly all countries affected. 
by the desert locust cooperated in the project, contribut- 
ing assistance in kind as well as $1,400,000 in currency, 
while the UN contributed a further $2,500,000. The 
money was spent establishing eleven new field stations, 
on research and on courses to train future control 
personnel. 

But perhaps the two central tasks of the projeet were 
a detailed ecological survey of locust breeding areas, 
and a thorough trial of aerial spraying techniques. 
The ecological survey team explored breeding areas 
across Africa, in the Arabian peninsula, in Persia, 
Pakistan and north-west India, and concluded that 
rainfall determines the success of a breeding area, 
though distribution of rain through the year may be 
more important than the total annual amount. The 
nature of the local vegetation seems only to be of 
secondary importance. The spraying trials can be 
counted a success. In Pakistan and India severe pre- 
adult swarms were completely wiped out by aerial 
dieldrin spray, and reconnaissance flights were also | 
effective in detecting areas that had received rain and 
were therefore potential breeding sites. i 

The project started, in 1960, in the midst of a serions. 
locust plague, but by 1962 the plague was abating, and 
no more swarms were seen during the project's life. 
Opportunities to study control techniques were 
therefore curtailed, but the project planners felt more 





Swarms appearing with 
southerly wind 


Swarms appearing with 
easterly wind 


Heavy infestation of 
young swarms 





The reported distribution of locusts in Africa and Arabia from September to mid-October 1968 (from Desert Locust 
information Service). Egglaying or eggfields o; hoppers @; adults, immature x; adults, mature or partly mature *; 


adults, maturity unknown +, Locusts not in swarms or bands:- In groups | 


(1; isolated (); unspecified []. 
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than compensated by the chance to study ways of 
maintaining the locust population at a permanently low 
level—a policy of prevention rather than cure. 

The report ends with an injunction to locust sur- 
veyors to maintain their vigilance and not relax into 
indifference as the years of recession continue. The 
words have an ironic touch, for a major new locust out- 
break has occurred since the report was compiled. 
Heavy rains in Arabia and North Africa made breeding 
conditions exceptionally favourable in the autumn of 
last year. Swarms are now established in Ethiopia, 
the Sudan, Saudi Arabia, Niger and Somalia, and it looks 
as if swarms are already migrating from their summer 
breeding grounds in the Sudan to their winter breeding 
territories of north-western Africa, and the coastal 
plains around the Red Sea. At this distance it is not 
possible to say whether or not the outbreak caught 
hold because of carelessness in field surveys. The desert 
locust has a vast breeding area, and it may be that 
when weather conditions favour the locust, even the 
most meticulous survey will have a fair chance of 
failure. 


INFORMATION 


Scientists Informed 


INFORMATION science achieved respectability in the 
august meeting rooms of the Royal Society last Friday. 
The occasion was a special discussion meeting on 
scientific information attended by fellows, many other 
scientists, librarians and other interested persons. 
That the subject should become respectable was one 
of the prime purposes for holding the meeting. Whether 
it remains respectable is another matter, for scientific 
information is a subject which has received singularly 
little attention from scientists themselves—just the 
group of people who need to be at the forefront of 
scientific information matters. It is a sobering thought 
that many of the suggestions made at the meeting by 
—among others--Sir Harold Thompson, who chaired 
the first session, and Professor F. S. Dainton, who made 
the concluding remarks, were more or less the same as 
those made 20 years ago at the Scientifie Information 
Conferenee organized by the Royal Society in 1948. 
There has of course been progress since then, particularly 
in the classification of information and the use of com- 
puters in information services, and illustrative talks 
on the present and future use of computers took up 
much of the meeting's time. "Talks were given, for 
example, on the Information Service in Physies, 
Electrotechnology and Control (INSPEC), (MEDLARS), 
the Chemical Society’s Research Unit at Nottingham, 
and some of the specialized centres that have sprung 
up all over the country in the past few years. It was 
very clear, however, that despite the increasing 
emphasis on these systems some fundamental prob- 
lems remain, and these are not necessarily the product 
of the cliché-burdened "information explosion". Com- 
puters will not solve these problems, at least not for the 
time being, and they certainly will not until machines 
have been designed expressly for handling information. 

Sir Harold succinctly put his finger on many of the 
problems, and his suggestions, echoed by Professor 
Dainton, must be seriously followed up. At least they 
fell on fruitful ground. In a nutshell, the suggestions 
centred on the complete involvement of scientists in 
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information matters—in the planning of services, in 
decisions of policy, and in the training of students and - 
postgraduates in the use of information. There were 
also pleas in various disguises for the greater involve- 
ment of learned societies in information; not just in 
the rationalization of their publications, but also in 
research and in cooperation with other societies both 
nationally and internationally. Once scientists and 
technologists are better informed on information 
matters, they will begin to press for better information 
services. 

A talk which must have shattered the thoughts of 
some members of the audience was that given by Dr 
B. W. Adkinson of the National Science Foundation on 
“The Role of Scientists and Scientific Societies in 
Information Activities in the United States”. The 
financial commitments of the larger societies are now 
enormous, and quite a large portion of the budget is 
spent on information. This figure can run into several 
million dollars. It appeared from Dr Adkinson’s talk 
that some of the societies in fact are running into 
financial trouble through their being ill-equipped to 
cope with the huge financial programmes they now 
handle. 

Much of the disenchantment of scientists about in- 
formation must surely come from the fact that in many 
cases they just do not know what services are avail- 
able. Miss Maysie Webb's talk on the National 
Reference Library of Science and Invention was there- 
fore a timely reminder that, while computers have a 
future in information, libraries with books and perio- 
dicals will be with us for a very long time to come, 
and that from a well organized reference or lending 
library a scientist can obtain most of the information. 
After all, while computers can pour out lists of titles 
of articles, authors’ names and subject indexes, the 
reader wanting information will ultimately have to 
see the actual document. This will normally have to be 
obtained from a library of some kind. In connexion 
with Miss Webb’s talk it is a nice coincidence that at 
the end of this month a new extension to the National 
Reference Library in Bayswater is opening to the 
public (see page 328). Miss Webb was the guiding 
light behind the growth and development of this 
library before becoming assistant director of the British 
Museum in July. 


MEDICINE 


Home Haemodialysis 


A NEW, twenty bed renal unit financed by the Minis- 
try of Health has recently been opened at the Royal 
Free Hospital at Belsize Park. It is four years since the 
Royal Free Hospital pioneered home haemodialysis and 
since then over fifty patients have joined this rehabilita- 
tion scheme. As soon as the patient enters the unit he 
is put on a six week training course while being treated 
on the haemodialyser. He and one other member of 
his family learn how to operate the machine so that 
by the time the patient leaves hospital he is completely 
independent of medical staff for the whole ten hour 
dialysis procedure. Meanwhile one room of the patient's 
home (if his own home is not suitable an alternative 
is provided by the council) is prepared for the installa- 
tion and running of dialysis equipment. 

The Kül dialyser was developed at the Royal Free 
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Hospital and is being further improved there by Dr 
J. F. Moorhead and Dr R. A. Baillod, who direct the 
unit. It isa parallel flow dialyser which automatically 
sterilizes itself before and after use. The patient's 
blood flows in between the two layers of the Cupra- 
phan membrane and impurities dialyse into the saline— 
salt mixture, which has been diluted with water, 
suitably treated to reduce its caleium content. Attached 
‘to the Kil is the monitoring unit, which records the 
pressure and temperature of the blood returning to the 
patient and also detects blood leaks. An abnormal 
reading causes the appropriate bell to ring and this 
alerts the patient, who can then correct the fault or 
switch off the machine. With dialysis three times a 
week the patient can eventually go back to work and 
is eneouraged to live as normal a life as he is able. 
Such an efficient dialysis system might seem a 
deterrent to tissue transplantation—among. fifty or so 
patients kept alive by regular home haemodialysis only 
two deaths have occurred. But renal grafts are per- 
formed in the unit too; if there is serious rejection the 
new kidney is removed and the patient returns to 
dialysis. Research projects on tissue typing and in- 
vestigation with the immune response are directed 
towards increasing the ease of transplantation. 


GAS 


No Profit in the Pipeline 


Tue transformation of a surplus of nearly £4 million 
in 1966-67 to a deficit of nearly £13 million in 1967—68 
is the sad message contained in the annual report of the 
Gas Council for the year 1967-68 (HMSO, 19s). 
Although some effort has clearly gone into rationalizing 
these figures in terms of some of the unique events of the 
past year, notably the Middle East war, the main 
part of the report is devoted to the achievements and 
implications of adapting the country to natural gas. 

The past year has seen the first instalment of natural 
gas received from the North Sea. The latest estimate 
of the potential of the North Sea reserves is put at 
enough to maintain a flow rate of between 2,000 and 
3,500 million cubic feet a day for the next 20 to 30 
years, these figures being based only on proven gas 
fields, and the Gas Council is now planning on the basis 
that the council and area boards will be receiving 
4,000 million cubic feet a day by the mid 1970s. These 
figures, forged out of the Government's fuel policy, 
form the guidelines for the Gas Council's research and 
development programme. 

The council’s expenditure on research has risen in 
the past year by 25 per cent to £2-7 million, and those 
topies primarily associated with the industrial produc- 
tion of gas suffered a sharp decline. The expansion 
of operational research by a factor of more than two 
is a welcome sign that the problem of fusing a new and 
different source of gas into the existing industrial and 
private markets has been recognized as far from 
trivial. Study of the storage, transmission and dis. 
tribution of gas has also received a handsome increase 
of funds, and expenditure by the area boards on 
development has made a jump of 15 per cent to nearly 
£1-5 million. 

All the planning and researeh being undertaken to 
usher in the era of natural gas augurs well for the 
future, and it appears that the combined effects of the 
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Middle East war and the devaluation of sterling can 
genuinely allow the deficit of last year to he called a 
freak. The additional cost of oil feedstocks from these 
two sources alone amounted to nearly £17 million. 

The conversion of appliances to burn natural gas 
will be undertaken by the area boards over a period 
of about ten years, and the report points out that 
about 50,000 consumers were already being supplied 
with natural gas at the end of the last financial year. 
The cost of these changes is being borne by the area 
boards. 

The Department of Co-ordination and Planning of 
the Gas Council, designed to ensure that the area 
boards and the council fit together to form & coherent 
unit, has expanded its activities in the past year. It 
prepared a detailed brief of objectives and assumptions 
on which the 1968 capital development programmes 
were based, and as a coordinating body it will continue 
to have a useful part to play. 








INSTRUMENTS 


Golden Jubilee Tarnished 


GOLDEN jubilees are usually self-congratulatory affairs, 
but Mr William Storey, chairman of the British 
Scientific Instrument Research Association (SIRA), 
ensured that the anniversary marking 50 years of 
the association was an exception. At a celebratory 
luncheon in London last week, Mr Storey raised the 
spectre of Britain importing more instruments than it 
exports. If present trends continue, this sobering 
situation for the instrument manufacturers will occur 
within a year or two, and Mr Storey said that to 
remedy the position the industry must increase its 
annual growth rate to 12 to 15 per cent. The instru- 
ments industry is cagey about what the figures are, 
but it seems that exports last year were running af 
£74 million, £7 million more than imports. Imports, 
however, have increased more than three-fold since 
1961 while exports have grown much more slowly. 

Mr Storey is therefore eager to ensure that the 
association does not become complacent in its position 
as the oldest research association still in existence. 
To rub this point home, some important changes are 
being made in the way the association is run. To an 
increasing extent, SERA is concentrating on solving 
technical problems which are not general to the 
instruments industry as a whole, financed by contri- 
butions from the interested organizations. A new 
scheme of membership subscriptions which reflects 
this trend was approved at. the annual general meeting 
last week. The new subscription rates are meant. to 
fit the payments made by the members more closely 
to the members’ needs, and to expand considerably the 
range of companies which are members of SIRA. The 
association feels that too many companies are members 
"at second-hand” as it were, through SIRA's com- 
nexions with the other research associations. Closer 
relationships with these companies would be mutually 
beneficial, by forging closer ties with companies which 
are users of instruments rather than manufaoturers. 
Encouragement of this aim is one of the pretexts of 
the new membership structure. One result has been 
the establishment of a membership grade for educa- 
tional establishments, professional institutions and the 
like, which, for a fee of between £50 and £100, will be 
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able to receive certain SIRA publications and make 
some contribution to the running of the association. 

Some of the increase in exports which Mr Storey is 
looking for may well come through sales to eastern 
Europe, in view of the agreements for technological 
cooperation which the Ministry of Technology has 
negotiated. To encourage the sale of instruments to 
the Soviet Union, an Anglo-Soviet working group 
dealing with standards and metrology has been set up, 
with the British Standards Institution, the Ministry of 
Technology, and the Scientific Instrument Manufac- 
turers Association (the instrument industry's trade 
association) responsible for the British side of the 
negotiations. The second meeting of the working 
group was held in Moscow recently, when the two sides 
devised ways of removing technical obstacles to the 
flow of trade, chiefly to do with the testing, guaranteeing 
and servicing of exported instruments. SIRA itself 
is not being slow to exploit the opportunities which 
seem to be arising, and is now hoping to set up some 
kind of relationship with the instrument industries in 
Hungary and Poland. 


HYDROLOGY 


Another Barrage 


Yer another barrage—across the Wash—has reached 
the drawing board. It was announced last week that 
the Water Resources Board has been authorized to go 
ahead with a desk study, and a consulting firm of civil 
engineers, Messrs Binnie and partners, has been 
appointed to do this as a preliminary to a full feasibility 
study. The desk study should be completed by the end 
of next year. 

The idea of a barrage across the Wash is not new. It 
received its biggest impetus perhaps, in 1966, when it 
was one of the recommendations in the Water Resources 
. Board's report on Water Supplies in South East Eng- 
land, In this report the board described some schemes 
which could meet the increasing demand for water in 
the south-east—a demand which will probably have 
doubled by the end of the century. A barrage across the 
Wash turning the area into a huge storage reservoir 
was a project which the board suggested ought to be 
investigated before the early 1970s, when its strategy 
for the period after 1975 has to be decided. The 
board's plea for the investigation “to be put in hand 
immediately" could not be said to have been fulfilled, 
and planners must hope that not too much time has 
been lost for the barrage to be included in future 
planning of water resources. 

Another major project under way is the study of the 
use of the underground water storage in the chalk of the 
Thames Valley to "top up" the flow of the River 
Thames in dry spells and so provide throughout its 
course the additional water supplies needed. A full. 
scale experiment on this has now completed the second 
of its three seasons of study and the final phase will be 
started next year. A second similar experiment was 
started this year in the Great Ouse catchment near 
Thetford. 

Two other barrages for the storage of water that have 
received serious consideration by the board are the 
ones across Morecambe Bay, for which there is a full 
feasibility study in progress (see Nature, 217, 599; 
1968), and the Solway barrage for which as yet there 
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has only been a desk study. More topical, perhaps, is 
the scheme for a barrage or barrier across the Thames 
(see Nature, 220, 111; 1968) which unlike the other two 
would have as its primary function the prevention of 
floods. For all the schemes, however, there are the 
same basic problems to be considered —things like cost 
effectiveness, tidal movements, siltation, ground water, 
ecology, and environment. The Greater London Coun- 
cil has started investigations into the silting of the 
Thames, and the effect the proposed barrage would 
have on ground water levels in the Thames Valley. 
There could be trouble if the level of the Thames were 
kept at a constantly higher level than the present low 
watermark. The GLC proposes, therefore, to drill about 
100 boreholes at various points across the valley to 
investigate ground water levels and movement. 
Recorders will be installed in the bores to collect data 
for about two years and these will be analysed by com- 
puter. The Institute of Geological Sciences and the 
Building Research Station have wide experience of 
silting and ground water and they are cooperating in 
the project in advisory capacities. 


RIVER MANAGEMENT 


Clearance by Carp 


Britain spends about £2-5 million a year on removing 
water weeds from inland waterways, and in 1964 the 
British River Authorities spent on average £69 per mile 
on weed clearance. In an attempt to cut these costs 
the Ministry of Agriculture, since 1964, has been experi- 
menting with the grass carp, a fish native to China but 
widely cultivated for food in South-East Asia and 
Central Europe, as a means of biologieal control of 
water weed. Although the experiments are still at a 
very early stage, no major snags have occurred so far 
and the ministry's Salmon and Fresh Water Fisheries 
Laboratory is still optimistic that the method may 
work. 

In 1964 several 7-5 inch fish kept in wire netting pens 
successfully cleared a Kent pond overgrown with 
Canadian pond weed. This spring 2,000 one and two 
year old fish were imported from Hungary and have 
been used in experiments in fenland ponds. Thirty- 
seven pounds of small fish introduced. into one pond 
have increased in weight to 381 pounds in twenty 
weeks and consumed about 7:5 tons of weed in the 
process. The fenland drainage channels might well be 
kept clear in this way, using electrie barriers to confine 
the carp as they graze successive strips of the channels. 
The ministry is, however, understandably unwilling to 
allow widespread introduction of the species until more 
is known about its biology in Britain for fear that it may 
breed, get out of control and completely upset the 
balance between plants and native fish. The chances 
are that the grass carp, which has only bred naturally 
in Japan and Formosa apart from in its native waters in 
China, will not become established as a breeding popu- 
lation in Britain, but it is not worth risking at this stage 
in the work. And even if it does not breed, the numbers 
introduced into waterways will have to be carefully 
regulated because water weeds are at the base of the 
food chain on which native British coarse fish, which 
are omnivores or carnivores, depend. Granted this, if 
the experiments continue to progress as well as they 
have done since 1964, the grass carp could well become 
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the first example of the exploitation of fish for bio- 
logical control. 


FOOD PRODUCTION 


Starvation round Another Corner 


For once, the annual report of the Food and Agricul- 
ture. Organization has some cheerful news to relate. 
According to preliminary estimates, food production 
rose by about 3 per cent in the world as a whole in 
1967 and by 6 per cent in the developing countries. 
The losses incurred in the disastrous harvests of 1965 
and 1966 have been made good, and per capita rates 
of food production in the developing regions are at 
least no lower than they were in the early sixties. 

Good weather apparently takes most of the credit, 
though the introduction of high yielding varieties of 
cereals has proved very successful. The most effective 
of these proved to be a strain of dwarf rice developed 
in the Philippines and some dwarf wheats developed 
by the Rockefeller Foundation in Mexico. But the 
report is anxious to scotch any premature optimism. 
In many countries cereals are not a basic food, and in 
others natural conditions are unsuitable for the high 
yielding varieties. Further, successful use of the new 
varieties is contingent on improvements in fertilizer 
supply and irrigation control. 

The most serious nutritional problem facing the 
world continues to be the shortage of protein. The new 
cereals will contribute here by releasing land from 
cereals to the production of protein-rich crops, and 
lowering cereal prices sufficiently for them to be fed to 
livestock. There is also promise of a strain of wheat 
which combines high yields and high protein content. 

The report emphasizes the obvious economic truth 
that any lasting solution of nutritional problems in 
the developing world depends on home consumer 
purchasing power and thus on progress in non-agri- 
cultural sectors of the economy, though the report 
has no remedies to offer except gently to beseech the 
rich nations to abandon their evil ways and pursue 
less selfish forms of foreign trade. 


ENGINEERING 


Teaching Tribology 


For a subject which officially came into existence only 
two years ago, tribology probably holds a record for 
the number of committees, panels and centres set up 
and educational courses initiated to ensure its con- 
tinued wellbeing. Most of this activity was sparked 
off by a report published by the Department of 
Education and Science (HMSO, 6s 6d, 1966) in which 
the word tribology was coined for the science and 
technology of interacting surfaces in relative motion. 
The report deplored industry’s lack of awareness of 
tribology and stressed the need for education—both 
general and specialist. 

The University of Leeds now offers a twelve month 
MSc course in tribology which includes the fundamental 
principles of lubrication, friction and wear; the 
analysis of lubricated machine elements and the 
selection and design of bearings. The Universities of 
Reading and Swansea are cooperating to start a similar 
MSe eourse this year. "The Universities of Sheffield, 
Salford, Aston and Swansea offer an assortment of 
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part time courses, evening classes and intensive two or 
three week postgraduate courses covering most aspects 
of tribology. A number of colleges of technology and 
technieal colleges hold evening classes, coneentrated 
courses and symposia. 

A third series of short courses on lubrication is to 
be held at Imperial College this year. The courses, 
each a week long, are designed for practising engineers 
and designers in industries, and are practical and non- 
mathematical. There are general courses of about 
thirty lectures each which provide an introduction to 
the subject or a background for specialists. The 
syllabus has been modified and developed with the 
help of the 400 engineers who have so far attended the 
courses. One new feature is a discussion on centralized 
lubrication systems and their development from grease 
guns to completely automated units. A particularly 
interesting set of lectures deals with the diagnosis of 
bearing failures. There are also two more specialized 
courses—one on the lubrication of large and medium 
diesel engines and the other on automotive bearings. 
In both courses special methods of calculation for 
dynamically loaded bearings are discussed. 


MEDICINE 


Medicine and Biochemistry 


Wuart contribution has the biochemist made to 
medical knowledge in the past and what might medicine 
hope to gain from biochemical research in the future 7 
These were the questions which Professor E. B. Chain, 
Nobel laureate, considered when he spoke to the 
British Postgraduate Medical Federation in Senate 
House, University of London, at the inaugural lecture 
of the series, “The Scientific Basis of Medicine". In 
tracing the development of biochemical knowledge 
Professor Chain drew attention to two stages or eras in 
research. The first, with its relatively crude and 
inexpensive techniques of analysis and separation, saw ` 
the isolation of vitamins A, B, and B,, of hormones 
such as insulin; and initiated the elucidation of the 
metabolie pathways, such as glycolysis, oxidation and 
the urea cycle. The contributions to medicine were 
enormous; Garrod’s work on inborn errors of meta- 
bolism, Hopkins’ research on vitamin deficiency 
diseases and the discovery of hormones were the high- 
lights of the era. The understanding which they gave 
into the cause of disease produced more widespread 
effects than many of the more recent biochemical 
discoveries. 

The present era of biochemistry with its emphasis 
on sophisticated techniques and expensive equipment 
began with the demonstration in 1937 by Tiselius of 
protein cataphoresis. This led the way for analytical 
and diagnostic advances—for example, immuno- 
electrophoresis, which pinpoints diseases of the lymph 
and nutrition disorders, and demonstrates serum 
enzyme abnormalities produced by tissne lesion. The 
uses of radioactive isotopes and spectrometers and 
ultracentrifuges are a few of the new techniques: 
combination of two techniques—sav, detection and 
separation methods such as gas chromatography and 
scintillation counting—provided further automation. 
Autoanalysers are now widely used both in research 
and in diagnosis. 

These machines and the techniques which they 
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employ made possible the isolation of folic acid and of 
hormones such as ACTH and gastrin and of antibiotics. 
It is important, Professor Chain said, to have the right 
technique at the right time. As the isolation of peni- 
cillin required the technique of the then new freeze 
drying methods, so today's sophisticated genetical 
techniques are necessary to nail down the locus of the 
defect" manifesting itself as disease. 

The closer working of chemists with biochemists has 
led to discoveries in the field of natural prcduct 
chemistry; for example, the elucidation of the structure 
of Y globulin, or the determination of the sequence of 
transfer RNA. 

Although these results have increased the under- 
standing of disease they have not contributed greatly 
to its therapy. If the biochemist is to help medicine 
further he must, Professor Chain suggested, consider 
again the importance of comparative biochemistry. 
Only by viewing the intact biological system, and with 
the aid of his advanced techniques and sophisticated 
tools, can the biochemist attempt to solve the problems 
of incurable disease. 


Parliament in Britain 


Hovercraft 

Mr J. P. W. MarLaLIEU, Minister of State in the 
Ministry of Technology, defended his department's 
poliey of concentrating on the design and production of 
hovercraft of 300-500 tons to follow the 160 ton SRN4. 
Replying to suggestions that 5,000 ton hover-ships 
for rapid trans-atlantie freight and passenger transport 
and 400 to 4,000 ton ships for communication between 
Scotland and northern Europe should be developed, 
Mr Mallalieu thought that problems associated with 
the smaller craft should be ironed out before work was 
started on larger ones. The minister said that he did not 
envisage active cooperation with the United States 
and Canada on very large ships but that a useful 
> flow of information was being maintained. He hoped 
that the considerable amounts of money being spent on 
tracked hovercraft would keep Britain ahead in this 
field. (Oral answer, October 14.) 


Concorde 

"THE first prototype Concorde aircraft is expected to 
fly from Toulouse early in the new year and the second 
about six weeks later from Filton. Mr A. Wedgwood 
Benn gave an assurance that there would be no political 
interference with the technical development of Con- 


Nohel|Prizes for Medicine, 


Noxopy will have been in the least surprised by this 
year's award of the Nobel Prize for Medicine to Dr 
M. W. Nirenberg of the National Institutes of Health 
at Bethesda, Professor H. G. Khorana of Wisconsin 
University and Professor R. H. Holley, until recently 
of Cornell University and now at the Salk Institute: 
for several years now, all three have been strongly 
tipped as eventual winners of the prize. They have, of 
course, been central figures in the deciphering of the 
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corde. Replying to a question on the financial implica- 
tions of the delay in the timing of the first flight, Mr 
Benn admitted that time is money, but said he believed 
that the in-service date would not be much affected 
by the initial delays. 

Challenged about the danger to passengers in Con- 
corde of exposure to galactic and solar radiation, Mr 
Benn stated that the estimated annual exposure of a 
Concorde crew member on North Atlantie routes is 
equivalent to the dose from between six and seven 
medical X-ray examinations. Concorde will carry an 
exposure monitoring device which will also give warn- 
ing of the onset of exceptional solar flare radiation 
so that the aircraft can descend to avoid it. With this 
level of radiation no special shielding will be needed 
for the aircraft. (Oral and written answers, October 14.) 
Cyclamates 
In Britain, eyclamates used in all foods and drinks 
except ice-cream need only be labelled as permitted 
artificial sweeteners. Mr Hoy, Joint Parliamentary 
Secretary to the Ministry of Agriculture, Fisheries and 
Food, declared that there was no evidence to indicate 
that any further restrictions should be enforced. 
Reminded that in the United States the Food and Drug 
Administration is considering compulsory detailed 
labelling of all products containing cyclamates, Mr 
Hoy said that the use of cyclamates was much wider 
in the USA than in the UK. The Food Additives and 
Contaminants Committee and the Pharmacological 
Sub-Committee found that there was no risk to health 
at the likely level of consumption of cyclamates. 
Asked if he was aware that many doctors and scientists 
believe sugar to be far more harmful than cyclamates, 
Mr Hoy said he did not want to start another argument. 
(Oral answer, October 16.) 


Fluoridation 

Mr K. Rosrnson, former Minister of Health, outlined 
the progress being made with the fluoridation of water 
supplies. For some time Anglesey, Watford and 
Birmingham have been supplied with fluoridated 
water and this year five more fluoridation schemes have 
started. The total population receiving fluoridated 
water in England and Wales now exceeds two million. 
In order to demonstrate complete faith in the efficacy 
and safety of fluoridation, the Ministry of Health will 
for an indefinite time pay costs for local authorities if 
proceedings are brought against them on grounds of 
injury to health caused by fluoridation. (Written 
answer, October 14.) 


genetic code; in other words, in the determination of 
which amino-acid or punctuation mark is specified 
by each of the 64 three-letter code words in DNA, 
and in the elucidation of the process whereby this code 
is translated during protein synthesis. 

By 1960 the general outlines of the flow of informa- 
tion from DNA to RNA to protein had been established, 
but the prospects of deciphering the code were slim. 
At that time the only way seemed to be by correlating 
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the sequence of amino-acids in a protein with the 
sequence of nucleotide bases in the DNA or RNA 
molecule that had specified the protein. But adequate 
methods for sequencing nucleic acids were not avail- 
able. In 1961, however, Drs M. W. Nirenberg and 
J. H. Matthei revolutionized the position when they 
published their classic experiment which proved that 
cell free extracts of bacterial cells support protein 
synthesis and, furthermore, that when synthetic 
RNAs of known composition are added to these cell 
free systems, they specify short proteins which can 
easily be analysed. The classic result was that poly- 
uracil, an RNA containing only uracil, specified a 
protein containing only one amino-acid, phenylalanine. 
The code word or codon for phenylalanine must 
therefore be a sequence of uracil residues. 

Publication of the cell free system technique was the 
signal for a sharply contested race, notably between 
Nirenberg’s group and that of Ochoa at New York 
University, which led to the assignment of most of the 
genetic code words. Hardly a month went by without 
either or both groups publishing new assignments in 
the Proc. US Nat. Acad. Sci. These experiments were 
chiefly done, however, with random co-polymers of 
two or three of the four RNA bases, so they yielded the 
composition, but not the sequence, of the bases in 
each codon. For example, a polymer containing much 
more adenine than cytosine promotes the incorporation 
of much more asparagine than histidine into a protein. 
The conclusion is that the code word for asparagine 
contains two As and one C, while that for histidine 
has two Cs and an A. But is the sequence of the 
histidine codon, for example, CCA, ACC or CAC? 

Two discoveries led to the answer. First, Nirenberg 
found that simply by adding trinucleotides—in other 
words, single codons—to ribosomes, part of the protein 
synthesizing machinery, the amino-acid specified by 
that codon was attached to the ribosome by its specific 
adapter RNA molecule, its transfer RNA.  Trinucleo- 
tides of known sequence are relatively simple to synthe- 
size and the trinucleotide binding technique is simpler 
than the classie cell free system, so that the order of 
bases in the code words was quickly determined. 
Secondly, by brilliant chemistry, Dr Khorana devised a 
method for synthesizing single codons and much 
longer DNA and RNA molecules of known sequence. 
In essence he began by synthesizing a double stranded 
DNA molecule containing twelve base pairs in a known 
sequence by sophisticated but straightforward organic 
chemistry. He then exploited two enzymes; the first 
was the DNA polymerase enzyme isolated from E. coli 
by Dr A. Kornberg, which replicates DNA in vitro. 
When this enzyme replicates short DNA molecules, it 
somehow slips when it reaches the end of the chain and 
repeats the replication. As a result, a short molecule 
of known sequence is converted into a much longer 
molecule of repeating units. This DNA can then be 
copied by a second enzyme RNA polymerase so that 
the end result is an RNÀ molecule of known sequence. 
With such methods Khorana's group have now synthe- 
sized molecules containing all 64 possible triplets of 
the four nucleic acid bases and all have been assigned 
functions specifying either amino-acids or stop and 
start signals. The latter ensure that when the 
information in an RNA molecule is translated into the 
sequence of amino-acids in a protein, the translation 
always begins at the beginning and ends at the end: 
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in other words, the stop and start codons are the 
equivalents of capital letters and full stops in punctua- 
tion. Brenner's group at Cambridge had, of course, 
produced elegant but indirect genetic arguments for 
the assignment of stop signals which Khorana’s group, 
with their synthetic codons, were able to confirm 
directly and unambiguously; they also quite unam- 
biguously confirmed genetic evidence that each code 
word consists of only three nucleotide bases. 

Professor Holley’s outstanding achievement was 
the elucidation of the nucleotide base sequence of a 
transfer RNA molecule, an alanine transfer RNA from 
yeast, which was announced in 1964 after several 
years’ laborious work. Transfer RNA molecules play 
the vital part of adapters during protein synthesis; 
they have two specific recognition sites, one for the 
specific amino-acid and the other for the codon which 
specifies that amino-acid. Holley's success depended 
basically on two discoveries. The first was finding a 
method for separating and purifying a particular 
species of transfer RNA from all the very similar 
molecules in the cell. When he began in the 1950s, 
most groups working on the problem were trying to 
devise chemical methods of separation but with con- 
spicuous lack of success. Holley devised a physical 
method, known as counter current distribution, which 
relies on the differential solubility of various species of 
transfer RNAs in two phase solvent systems. Once 
over that hurdle he could get down to the sequencing 
itself. The crucial step was to devise a method of 
splitting the molecule into fairly large fragments the 
sequence of which could be determined; from these 
the sequence of the entire molecule could be. pieced 
together. The trick Holley discovered was to use 
nuclease enzymes at unusually low temperatures so 
that instead of breaking down the molecule completely 
they broke it at certain susceptible points to yield 
large but analysable fragments. As with all pioneering 
work, once Holley had reported his successful methods 
others followed, and since 1964 nearly a dozen more 
transfer RNA molecules have been sequenced and 
techniques improved. 

As soon as Holley’s sequence of the 77 nucleotides 
in yeast alanine transfer RNA had been announced, 
Khorana, with his unique abilities and experience of 
synthesizing polynucleotides, started to synthesize 
the gene for yeast alanine transfer RNA. In progress 
reports earlier this year he described how about half 
of the molecule has been made so far and there is 
no reason to expect that any major snags will develop. 
Once the gene has been made it will be attached to a 
bacterial virus which will act as a carrier to introduce 
the gene into a bacterial cell where with luck it will 
function. While all this has been going on at Wis- 
consin, Nirenberg’s group has developed its tri- 
nucleotide binding technique, which was so important 
for the determination of the sequence of code words, 
into an assay for the process of chain termination, the 
reading of the full stops in the genetic message. The 
preliminary results suggest the new technique will be 
as useful as its predecessors. 

Apart from their Nobel prizes, Khorana and Siren: 
berg have something else to celebrate. On October 15 
Columbia University announced that they were the 
joint winners of the $25,000 Louisa Gross Horwitz 
Prize. 
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Canadians Look to the North 


from our Special Correspondent recently in Canada 


“Tus first thing to remember is that the north of Canada 
is the greatest desert in the world." Dr R. F. Legget 
of the NRC Building Research Division might have 
added that it is also the coldest, most uncomfortable, 
least accessible and most underpopulated area in the 
world—none of these descriptions is far from the mark. 
Over vast areas the winter ice gives way only to muskeg 
bog and plagues of blackfly during the short summer; 
farther north, the ground never thaws. But despite 
its rigours, Canadians are now making determined 
efforts to develop the tremendous resources of the 
north, which almost certainly include large oilfields. 

Because of its small population and a wealth of 
mineral and oil resources farther south, Canada has 
been slow to exploit the north. The Arctic explorer 
Vilhjalmur Stefansson, who eame from Manitoba, 
once remarked ruefully that a book he had written 
predicting the discovery of rich resources in the north 
had sold only a few hundred copies in Canada, but 
40,000 copies in Russia. Two thirds of Canada's 
population huddle within a hundred miles of the 
United States border; to the north of them, it is 
another 2,750 miles to Cape Columbia, Canada's most 
northerly point. All major lines of communication 
run from east to west, one reason for a Federal Govern- 
ment plan to spend $100 million over ten years to open 
up great areas of the Yukon Territory. Although 
ordinary roads are prohibitively expensive, it will be 
possible to spin the money out by building simple 
"winter roads" across the ice with a bulldozer and 
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scraper. Using this technique, serviceable roads can 
be built for as little as $300 a mile. 

The best known resources of the north are minerals. 
Silver, gold, asbestos, uranium, copper and zinc have 
all been discovered. At Pine Point on the Great Slave 
Lake, processed lead and zinc ores are being produced 
at the rate of $100 million a year, and another large 
ore body containing zinc and lead has been found near 
the Ross River. Asbestos is in production in the 
Yukon, uranium in northern Saskatehewan, and the 
search for new sources of uranium has been intensified 
by the Department of Energy, Mines and Resources. 
In Newfoundland Labrador, a vast iron ore field has 
been opened up in the past ten years since the building 
of the Quebec North Shore and Labrador Railway. 
The ore body at the two mines operated by the Iron 
Ore Company of Canada at Schefferville and Labrador 
City is thought to amount to 2,300 million tons. 

So far, the most exciting discoveries of oil have 
been made in Alaska, but nobody doubts that there 
are substantial reserves in the Canadian north. In 
the past few years exploration has intensified, and the 
Federal Government has itself taken a hand by buying 
a 45 per cent share in a company called Pan-Arctic 
Oil. The Government, along with the twenty corpora- 
tions which also have shares in Pan-Arctie, has been 
prospecting in the Arctic islands, concentrating on 
Melville Island and Queen Elizabeth Island. If oil 
is found, Pan-Aretie is hoping that it will be possible 
to get it out in very large tankers, but this will depend 
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NEW TITLES IN CHEMISTRY 








Chemical Applications 
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Volume 2 





Carbocyclic Ring 
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Organic Functional 
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Academic Press 


edited by V. I. GOLDANSKII, 


Institute for Chemical Physics, Moscow, U.S.S.R. 
and R. H. HERBER, 


School of Chemistry, Rutgers, The State University, New Brunswick, New Jersey 


Surveys the fundamental theory and experimental practice of Móssbauer 
spectroscopy and discusses the applications of this technique with respect 
to chemical structure and bonding, the elucidation of nuclear properties, 
the study of inorganic and metal-organic compounds, and the investiga- 
tion of solid state properties of metals, alloys, and compounds. 


1968, 701 pp., 270s. ($29.00) 


edited by LEO YAFFE, 


Department of Chemistry, McGill University, Montreal, Quebec 


This two-volume treatise is unique in presenting a topical rather than 
sequential or historical approach to the most important problems asso- 
ciated with nuclear chemistry. 

CONTENTS : Nuclear Fission. The Chemical Effects of Nuclear Trans- 
formations. Modern Rapid Radiochemical Separations. Electromagnetic 
Separator and Associated Techniques. Computers Applied to Nuclear 
Chemistry. Nuclear Chemistry of the Earth and Meteorites, Author 
Index. Subject Index. 


1968, 409 pp., 205s. (822.00) 


by C. DAVID GUTSCHE, Washington University, St. Louis, Missouri 
and DEREK REDMORE, Petrolite Corporatlon, Webster Groves, Missouri 


Supplement | to ADVANCES IN ALICYCLIC CHEMISTRY 
edited by H. Hart and G. J. Karabatsos 


Carbocyclic ring expansion reactions have been frequently used in 
synthesis sequences and have also provided the basis for numerous 
investigations of organic reaction mechanisms. To assist investigators 
concerned with ring expansion processes in either of these respects, the 
authors present an organized compilation and discussion of the extensive 
literature on carbocyclic ring expansion reactions. The book is designed 
to faciliate location of a specific example as well as a particular class of 
ring transformation. 


1968, 243 pp., 1268. ($13.50) 


by MARK M. JONES, vanderbilt University, Nashville, Tennessee 


Presents an in-depth analysis of the effects of metal ions on the rates 
of chemical reactions of donor molecules and the effect of coordination 
of such molecules on their chemical behavior. Special attention is 
given to the reactions of ligands in homogeneous aqueous solution and 
to related theoretical studies. Also included is a preliminary sketch of 
the methods available for predicting the nature of the changes in ligand 
reactivity arising in coordination. 

1968, 258 pp., 1305. 6d. ($14.00) 


by STANLEY R. SANDLER and WOLF KARO, 


The Borden Chemical Company, Philadelphia, Pennsylvania 


A compilation of modern procedures for the preparation of functional 
groups. Each chapter deals with the preparation of a given functional 
group by various reaction types (condensation, elimination, oxidation, 
reduction) and uses a variety of starting materials and reagents. Detailed 
laboratory directions, which are also representative of a general class of 
procedures, are given. Some indications of the scope of the reactions 
are presented. The procedures included in this text have met the follow- 
ing requirements : they are generally useful for a wide range of organic 
structures ; the product yield is high; the preparation is relatively 
uncomplicated and may be carried out in most laboratories safely and 
free from the danger of explosion. 
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on whether it proves possible to extend the shipping 
season in the Arctic. Much hope is being placed in a 
new type of icebreaking bow which can be attached to 
conventional ships. Called the Alexbow, the bow is 
shaped rather like a snowplough. Instead of riding 
up on the ice and crushing it by weight, the Alexbow 
lifts the ice upwards and to the side. This has two 
advantages: first, it means that the ice-breaker does 
not have to overcome the buoyancy of the ice, and 
secondly, the broken ice, instead of floating in the 
cleared passage, is pushed on to the ice at the side, 
leaving the passage clear. "This makes it less likely 
to freeze up again. 

Early tests with the Alexbow have been encouraging. 
and the Department of Energy. Mines and Resources 
hopes that a 200,000 ton tanker fitted with the Alexbow, 
stronger steel plates and slightly more powerful 
engines would transform the economics of oil explora- 
tion in the Arctic. The prospects of getting oil out by 
pipeline are daunting : apart from the great distances 
involved, there is always the problem of building a 
pipe across permafrost. Nobody yet knows whether 
this could be done. 





Testing the Alexbow on Lake Ontario. 


Quite clearly, communications of one sort or another 
hold the key to the future development of the north. 
Until now, telecommunications between the north and 
the main population centres have been limited and un- 
reliable. The Federal Government is now launched 
on an imaginative plan to put a communications 
satellite into geostationary orbit over the Equator, 
from which it will be possible to provide telephone 
and television services for small communities. A 
satellite in a geostationary orbit over the equator 
between 80° W and 120° W would be visible as far 
north as the 78° latitude; if the satellite were parked 
in orbit at roughly the same longitude as Winnipeg, 
it would be able to cover almost the whole of Canada. 
A satellite like this would offer such enormous advan- 
tages that the Federal Government has decided to go 
ahead, and published a White Paper approving the 
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plan in March this year. Two consortia are bidding 
for the contract to supply the satellite and ground 
stations; RCA Vietor of Montreal in partnership with 
TRW and Spar Aerospace Products, and Northern 
Electric in partnership with Hughes Corporation and 
Canadair. The satellite would weigh about 500 Ib, 
about the same as the ISIS A satellite already designed 
in Canada (and awaiting launch in December), and the 
typical ground station might be a 30 ft dish offering 
only a limited amount of movement. The entire 
budget for the satellite, ground stations and launch 
is calculated at $100 million, although only incurable 
optimists believe that this figure will not be exceeded. 

The greatest problem that remains is launching the 
satellite. Although Canada has the technical ability 
to design and build a suitable launcher, most people 
recognize that it would be foolishness to do so. In 
effect, this means that Canada is likely to buy a launch 
from the United States, although there still remains a 
glimmer of hope that ELDO may yet come up with 
the answer. A deputation of Canadian Government 
scientists, headed by Dr J. R. Whitehead of the 
Science Secretariat, is at present touring Europe, 
and it is likely that the possibility of a European 
launcher will figure in talks with European govern- 
ments. 

The north is also being developed as a source of 
hydro-electric power, both for its own development and 
for the rest of Canada. The mining operations in 
Labrador City take their power from the Churchill 
Falls power station in Labrador, which when fully 
developed will produce 5,400 megawatts of electricity. 
In Quebec, the Manicougan River project is almost as 
vast, and its most important dam, Manie 5, was opened 
only a few weeks ago by the late Premier Daniel 
Johnson. In the seventies, the Manicougan project 
will be generating 4,500 MW. "The Nelson River in 
northern Manitoba is also under development, and it 
offers the prospect of up to 3,000 MW when fully 
exploited. 
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Housing the Information Explosion 


Tug National Reference Library of Science and 
Invention enters a new phase next week with the 
opening to the public of a large extension in Bayswater. 
Situated in Porchester Gardens, just off Queensway, 
the extension will complement the Holborn Division 
formerly known as the Patent Office Library. From 
October 29, biologists and other members of the public 
will have access to about 10,000 different periodicals 
and 18,000 books (excluding student texts) on all 
branches of the life sciences, and some physical subjects 
not covered at Holborn. The Holborn Division itself 
has about 17,000 periodical titles, and the two divisions 
together now offer an almost complete collection of 
modern scientific and technical literature, available to 
anyone for reference without a ticket. 

All that is now wanting is a new building to hold 
both collections and the British Museum library as 
one multidisciplinary national reference library. The 
staff of the NRLSI are optimistic enough to call the 
Bayswater Division “temporary”, although how long 
they will have to wait for a new building is anybody's 
guess. The staff have had to make the best they can 
out of two floors above a department store. It is for 
this reason that most of the material there is not so 
easily available as it is at Holborn. Key reference books, 
abstracting and indexing journals, and catalogues can 
be consulted in the reading room, but books and 
periodicals have to be brought from shelves behind 
the scenes by the library staff. The staff say this will 
take only a few minutes. There are several catalogues 
—subject, author and periodical title, for example—to 
help readers who do not know quite what to ask for. 
In addition there are the same services as at Holborn 





a rapid photocopy service, telex, and linguistic help 
with Russian and German. Practical details include 
seats for thirty-one readers in the reading room—more 
will be put in if necessary—an enquiry desk, and the 
help of a staff of science graduates. Opening hours at 
Bayswater are short at present, 10.0 am—4.0 pm (the 
Holborn Division is open from 9.30 am to 9.0 pm). 

There is some overlap in the stock of the two divi- 
sions. For example, bibliographical tools like Chemical 
Abstracts, Biological Abstracts, Referativnyi Zhurnal 
and some journals are common to both libraries, but 
otherwise there is a fairly clear distinction in the 
subject holdings. It is in any case quite easy to travel 
from one library to the other. 

The stock of the Bayswater Division has been 
growing since the move to Bayswater in 1966. This was 
the year the Patent Office library became part of the 
British Museum and changed its name to the National 
Reference Library of Science and Invention. The 
particular emphasis on physical sciences and the 
associated engineering and industrial technologies at 
the old Patent Office library was retained, and 
biological subjects were built up at Bayswater. Some 
of the stock for Bayswater was bought, but other 
literature was acquired from the scientific holdings of 
the British Museum. Although next week’s opening 
will be one milestone in some ways, the literature at 
Bayswater has not been unavailable since 1966 because 
it was always possible to consult material from Bays- 
water in the Holborn Library. This arrangement will 
stop now, but it is still possible to order and collect 
from Holborn photocopies of articles from the Bays- 
water collections. 


— 





Reading Room in the Bayswater Division of the National Reference Library of Science and Invention. 
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Translating Messenger RNA 


Ix bacteria and bacteriophage, some, perhaps most, of 
the messenger RNA molecules contain information to 
specify more than one protein—they are polycistronic. 
This, of course, immediately raises the question of how 
the rates and timing of translation of such messengers 
are controlled. For example, can the information in 
each gene be translated into protein independently of all 
the rest ? On page 345 of this issue Dr H. Lodish 
reports results which imply that the three genes in the 
genome of the RNA bacteriophage f2 can be translated 
independently. 

f2 and the other RNA phage have a single stranded 
RNA molecule which acts both as the store of genetic 
information and as a messenger RNA specifying the 
three phage proteins; these phage are in fact the only 
source of purified messenger, which will, in a cell 
free system, promote the synthesis of defined proteins. 
Using f2 and an E. coli cell free system Lodish devised 
à neat assay procedure for measuring the initiation 
of translation of the three phage genes. All proteins 
synthesized in bacteria are started with the same 
amino-acid, formyl methionine, which acts as initiator, 
but the rest of their sequences differ. Thus the 
second amino-acids in the nascent f2 proteins, the 
coat protein, the RNA synthetase and the maturation 
protein are respectively alanine, serine and either lysine 
or—less likely—arginine. 

Lodish’s assay is essentially a technique to detect 
three peptides with the initial sequence Fmet-ala, 
Fmet.ser and Fmet-lys which must be derived from 
the three nascent phage proteins. Ina cell free system 
programmed with wild type f2 RNA, all three peptides 
can be found as expected. The RNA from a strain of 
f2 which has a mutation in the coat protein gene, 
however, promotes the synthesis of only two formyl 


methionine peptides, Fmet-ala from the coat and 
Fmet-lys from the maturation protein; the RNA 


synthetase gene is not initiated. This result means 
that a mutation in the coat protein gene not only 
affects the complete translation of that gene but also 
prevents any initiation of the neighbouring RNA 
synthetase gene. The mutation does not, however, 
affect the translation of the maturation protein gene 
and this result alone suggests that the genes can be 
translated independently. 

Lodish has obtained other data which point the same 
way. First, the kinetics of synthesis of the three pro- 
teins using wild type f2 RNA show that the coat and 
maturation proteins are initiated simultaneously and 
presumably therefore independently. Admittedly the 
synthetase gene seems only to be read two minutes 
after the start of reading of the coat gene, which implics 
that the coat gene must be translated first to allow 
translation of the synthetase, but this can be explained. 
If it is assumed that all three genes have independent 
initiation sites, the RNA molecule could be folded on 





itself in such a way that the initiation site of the syn- 
thetase gene is not exposed but the initiation sites 
of the other two genes are. The initiation site of the 
synthetase gene might then only be made available 
to the translation machinery by opening up the RNA 
molecule; the act of translating the coat protein gene 
could provide the force necessary to achieve this 
breakdown of the secondary structure of the RNA. 

This model implies that the order of the genes in the 
f2 genome is coat protein first followed by the other 
two genes. What evidence is there for this order? 
The two ends of an RNA molecule are defined by the 
chemical bonding in the molecule: one is called the 
5’ end, the other the 3’ end, and translation of a mes- 
senger RNA always goes in the 5' to 3' direction. Lodish 
found that a fragment of the genome, roughly two- 
thirds of it and including the 3' end, promotes synthesis 
of the synthetase and maturation proteins but not the 
coat protein. 

This result implies, of course, that in the native f2 
RNA molecule the first gene at the 5' end is, as the 
model requires, the coat protein gene and that the other 
two genes are either in the order synthetase and 
maturation protein or the reverse. Robertson and 
Zinder (see Nature, 220, 69: 1968) and Spahr and 
Gesteland before them also reached this conclusion. 





NUTRITION 


Useful Vitamins 


ONE of the symptoms of scurvy, the disease that is 
prevented by a regular intake of vitamin C, is the 
failure of wounds to heal. Vitamin C is essential for 
the formation of sear tissue when wounds heal, and 
scientists at the Dunn Nutritional Laboratory in 
Cambridge have now identified the particular bio- 
chemical reaction which requires the vitamin. 

The connective tissue collagen is the protein which, 
together with mucopolysaccharides, is produced by the 
fibroblast cells to form scar tissue. Collagen forms 
from protocollagen after hydroxylation of the amino- 
acids proline and lysine to hydroxyproline and hydroxy- 
lysine. In a cell free system this conversion, c ataly sed 
by the enzyme protocollagen hydroxylase, has been 
shown to require vitamin C, as well as molecular en, 
ferrous iron and d- ketoglutarate. It is the abse nee of 
vitamin C which results in defective collagen synthesis 
and prevents the healing of wounds. And vitamin C 
has to be supplied in the diet because the human liver-— 
in common with that of the guinea-pig, some monkeys 
and the Indian fruit eating bat—cannot produce 
vitamin C (ascorbic acid) from gluec 

Scientists at the Dunn Labore tory now consider 
fibroblasts to be the most promising material for work 
on the mode of action of vitamin C. The effects of 
vitamin C on the growth and behaviour of fibroblasts 
is now being studied in a chemically defined medium. 
Apart from the more fundamental aspects to be eluci- 
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dated, there are hopes that the practical aspects, such 
as wound healing, will be advanced by this work. 

The metabolic fate of vitamin D, deficiency of 
which causes rickets, is being investigated in rats 
using preparations of the vitamin labelled with tritium. 
The very high specific activity of these preparations 
makes possible detailed investigation of the metabolic 
transformations of the very small quantity of vitamin 
D that the rat metabolizes. The fate of the vitamin 
has been found to involve three processes: first, 
esterification with fatty acids, which may be a storage 
function; second, inactivation by the liver which 
breaks down the vitamin for exeretion; and third, an 
active metabolite may be formed, with a function 
which is so far unclear. 


PUBLIC HEALTH 


Hazards of Obesity 


from a Correspondent 


Tuose who attended the Obesity Association's sym- 
posium on medical and scientific aspects of obesity held 
at the Royal Society of Medicine on October 19 can be 
left in no doubt that obesity is now a major public 
health problem that urgently requires medical and 
scientifie attention. Both Professor Butterfield (Guy's 
Hospital) and I. McLean Baird (West Middlesex 
Hospital) pointed out the difficulties in defining the 
size of the problem, but conservative estimates put 
about half of the population above their "desirable" 
weight. 

There is every indication that the incidence of obesity 
will continue to increase, for childhood obesity is 
becoming more prevalent and, as J. K. Lloyd (Institute 
of Child Health) pointed out, 80 per cent of obese 
children become obese adults. The influence of intra- 
uterine and post-natal nutrition seems to be profound 
and could predispose the infant to obesity in later life. 

In contrast to this, J. T. Silverstone (St Bartholo- 
mew's Hospital) showed that obesity tends to be most 
prevalent among women over 40 from the lower classes. 
In psychological terms those people who become obese 
gradually as they approach middle age usually adapt 
to their condition, while those becoming obese at an 
earlier age (particularly adolescents) tend to be 
vulnerable and can become neurotic. For this reason 
there could be psychological risks attached to the 
treatment of these people for their obesity. 

Until recently, clinicians and most human nutrition- 
ists were all agreed that obesity was a result of gluttony 
and consequently the cure should be starvation or 
semi-starvation. Professor Kekwick (Middlesex Hospi- 
tal), however, warned that our knowledge of energy 
metabolism is not as complete as adherents of this 
point of view would suppose. This was amply demon- 
strated by D. S. Miller (Queen Elizabeth College), who 
provided substantial evidence for the ability of lean 
individuals to dispose of excess calories by increasing 
heat production (that is, thermogenesis). In view of 
this, he proposed that a thermogenie defect could 
underlie the development of obesity and stated that a 
search has been started for thermogenic agents to be 
used in the treatment of obesity. This theme was 
taken up later by P. Turner (St Bartholomew's Hospi- 
tal) who, starting from a consideration of various 


drugs which suppress appetite, pointed out that some of 
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them have the additional property of stimulating 
peripheral metabolism. He suggested that develop- 
ment of this class of drug holds promise particularly 
because they are devoid of central stimulant activity. 

Ina review of dietary aids to slimming, A. N. Howard 
(University of Cambridge) concluded that the low 
carbohydrate with high protein regimen was probably 
the most effective, practical and inexpensive. In his 
opening remarks Professor Yudkin (Queen Elizabeth 
College) had. reported that people on a low carbo- 
hydrate regimen ate a diet complete in all respects 
and, if anything, nutritionally better than their normal 
diet. This should allay the fears of those nutritionists 
(principally American) who have discredited the diet 
on the grounds that it could lead to dietary deficien- 
cies of some nutrients. 

P. Lebon, speaking for the Obesity Association, 
described the enormous difficulties in obtaining recog- 
nition of obesity as a major health hazard and in obtain- 
ing financial support for research. It is hoped that the 
Obesity Association and all those connected with 
research into obesity will gain recognition of their 
efforts soon. 


CRYSTALLOGRAPHY 


Structures for making Chemicals 


from a Correspondent 


On September 24, the Chemical Crystallography Group 
discussed ‘The Applications of Crystal Structure 
Analysis in Synthetic Chemistry” during the Chemical 
Society’s autumn meeting. Topics included natural 
products, organic, organometallic and coordination 
chemistry, all with emphasis on collaboration between 
synthetic chemists and crystallographers. 

With the advent of automatic methods for collecting 
observations and the widespread use of computers, 
analysis of crystal structure is becoming sufficiently 
rapid to supplant total synthesis as the ultimate proof 
of structure, particularly of natural products. Collabora- 
tion is required to produce suitable heavy atom deriva- 
tives for crystal structure analysis and to ensure that 
the reactions have not produced rearrangements. Use 
of direct methods not requiring a heavy atom is likely to 
increase for this reason, and an example was given by 
J. Iball and W. D. S. Motherwell of the elucidation of 
the structure of an amazing compound, 1,3' : 1,3-di- 
epoxy-3,3’-diphenyl-2,2’-bi-indolinyl, the product of 
reaction between phenylacetylene and nitroso benzene. 

Several speakers mentioned R. B. Woodward's 
synthesis of cephalosporin, in which crystal structure 
analysis was used as a tool to check structures of 
intermediates. Similar work on protostephanine and 
aconitine as part of a study of the biosynthetic pathway 
was described by G. Ferguson in a paper with nine 
authors from Glasgow University. One paper was 
remarkable, not only for the quality of the work, but 
because the author, J. A. D. Jeffries, had isolated the 
alkaloid perlolyrine from a small haystack of rye-grass, 
carried out a erystal structure analysis, and synthesized 
the base and two derivatives, to check that the isolated 
compound was not an artefact of the working-up pro- 
cess. Another natural product, decaprenoxanthin, the 
first C,, carotenoid, is the subject of international colla- 
boration between Queen Mary College, London, and New 
Mexico State University; attempted synthesis awaits 
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erystal strueture analysis, other methods having left 
some ambiguities. 

O. S. Mills, in an invited paper, spoke of structural 
variation in organometallic complexes; as the first 
step in eollaboration, E. O. Fischer of Munich made 
chromium instead of tungsten compounds to give 
greater suitability for X-ray analysis. These compounds, 
containing carbene ligands, have variations in bond 
length which can be correlated with the electronic 
structures. 

A wide range of chemistry was covered by G. A. Sim 
in his paper on X-ray studies of products of photo- 
chemical and other reactions. One example was the 
product of ultraviolet radiation of a benzene solution 
of triphenylphosphine and C,H,;Mo(Co),NO shown 
by structural analysis to be C;H,Mo(CO)(PPh4), NCO. 
A group from the University of Essex have determined 
the structure of [Cu(bipyridil),(ONO)|NO, to confirm 
the reliability of spectroscopic evidence that the NO, 
group was coordinated through oxygen and that the 
copper was six-coordinated; they found a novel chelate 
nitrito group. 


PALAEONTOLOGY 


Microsaurs and Reptiles 


from our Vertebrate Palaeontology Correspondent 


THE reptiles and microsaurs of the Carboniferous are 
similar in size and in many details of structure. Until 
recently, so few members of either group were known 
at all completely that it was impossible to make a 
comprehensive and exclusive definition of the two 
groups, and several workers believed that they might 
be related to each other. A few years ago, Carroll 
showed that Hylonomus of the Lower Pennsylvanian 
of Nova Scotia is a reptile and gave a thorough account 
of its structure. Carrol] and Baird have now provided 
an even more thorough account of Tuditanus, a 
microsaur from the Middle Pennsylvanian of Linton, 
Ohio, and discussed the relationships between the 
reptiles and the microsaurs in the light of this new 
information (Amer. Mus. Novit., No. 2337, 1; 1968). 

Tuditanus was originally about 14 em long; with its 
relatively short vertebral column and well developed 
limbs it is very like the reptiles, and it differs from most 
of the previously known microsaurs, which have an 
elongate body and small limbs. Nevertheless, the 
pattern of skull bones of Tuditanus confirms the 
differences between the two groups. Tuditanus, like 
other mierosaurs, has no tabular bone, but there is à 
large supratemporal meeting the postorbital and post- 
frontal. In reptiles, on the other hand, there is both a 
tabular and a supratemporal in the temporal region, 
but these bones are normally reduced in size and meet 
neither the postorbital nor the postfrontal The 
pterygoid bone of T'uditanus, like that of the other 
mierosaurs, lacks the transverse flange characteristic 
of all primitive reptiles. 

The shoulder girdle of T'uditanus differs from that of 
early reptiles in being poorly ossified, and the ilium 
differs in having both a dorsal and a posterior process. 
The manus has only four digits, while all primitive 
reptiles have five and many other microsaurs have 
only three. Like most mierosaurs, T'uditanus has oval 
dorsal scales, whereas early reptiles lack bony dorsal 
seales and have rod-shaped ventral scales. 
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The dorsal vertebrae of the two groups are very 
similar, but the intercentra found in reptiles are not 
present in microsaurs. In both groups there js a ball 
and socket joint between the occiput and the vertebral 
column. In reptiles the occipital condyle is convex 
and articulates with a concave surface formed by the 
first or atlas vertebra, which consists of several ossi- 
fications: the second vertebra is modified to form the 
axis vertebra. In Tuditanus and all other microsaurs 
the oecipital condyle is eoncave and articulates with a 
convex surface formed on a large atlas vertebra; there 
is no axis vertebra. Furthermore, in microsaurs such 
as Pantylus there is an additional unpaired element 
wrapped around the anterior surface of the neural arch 
of the atlas, and two pairs of ribs articulate with the 
atlas complex. Carroll and Baird believe that the 
unpaired element is the neural arch of the original first 
vertebra, the centrum of which has become fused on to 
that of the second vertebra to form the unit known 
as the atlas—which is then not homologous with the 
reptilian atlas, for that is formed by the first vertebra, 

Carroll and Baird consider that these differences 
between the craniovertebral joints of microsaurs (and 
of other lepospondyls and of modern amphibians) and 
reptiles indicate separate development of these two 
groups from the more primitive level of organization 
represented by the ichthyostegid amphibians, in which 
no specialized articulating surface had developed in 
this region. The microsaurs were already diverse even 
in the Early Pennsylvanian, and the other lepo- 
spondylous groups were all distinct very early in the 
Carboniferous. Carroll and Baird therefore conclude by 
suggesting that, if the labyrinthodont ancestors of the 
reptiles shared a common ancestry with these lepo- 
spondyls, this could only have been in the Devonian, 
and only at, or close to, the level of the rhipidistian 
fish. 








MOLECULAR BIOLOGY 


More about Translation 


from our Cell Biology Correspondent 
Do "informosomes" really exist ? Newly synthesized 
mRNA in nucleated eucaryotic cells seems to migrate 







RNA but in association with protein. In 19¢ 
suggested that the protein component of these 
nucleoprotein particles, which have become known as 
"informosomes", may somehow regulate the transla- 
tion of the mRNA. One implication of this hypothesis 
is that the protein and the mRNA should both be 
associated with ribosomes in polysomes. In the latest 
issue of J. Mol. Biol. (86, 401; 1968) Henshaw reports 
that the mRNA released from rat liver polysomes, by 
treatment with EDTA, is indeed associated with pro- 
tein. The mRNA protein complexes are heterogeneous 
and, to judge from their buoyant density, they have 
a higher ratio of protein to RNA than ribosomes. 
Perry and Kelly (J. Mol. Biol., 85, 37; 1968) recently 
reported very similar results with cultured L cells, 
The RNA protein complexes liberated from polysomes 
closely resembled ribosome free RNA protein com- 
plexes found in the cytoplasm, which may be free 
"informosomes". The problem, however, is that all 
these RNA protein complexes might be artefacts; that 
is perhaps unlikely, but as Henshaw points out, the 
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protein associated with mRNA released from polysomes 
has yet to be shown to be identieal with the protein 
in the free cytoplasmic "informosomes". In these cir- 
cumstances, there is little point in speculation about the 
possible function of the protein, and a rigorous proof 
of the "informosome" model seems as far away as ever. 

Also in the latest issue of J. Mol. Biol. (86, 305; 
1968), Shinozawa, Yanara and Imanori report the 
eurious observation that polyvinyl sulphate (PVS) 
interacts with ribosomes, competing with mRNA to 
form polysome-like structures. Their original observa- 
tion was that PVS (known to be an inhibitor of RNase), 
added to an Æ. coli cell free system in an attempt to 
block RNase activity, inhibited protein synthesis 
instead. Following this up they have now shown that 
the PVS binds preferentially to the 308 ribosome and 
mimics mRNA by forming polysomes with 30S and 
508 ribosomes. 

PVS inhibition of protein synthesis in a cell free 
system can be prevented only if the ribosomes are 
preincubated with mRNA, {RNA and GTP, presumably 
because once an initiation complex has been formed 
the binding sites for which PVS competes are occupied. 
In the last issue of Nature (220, 244; 1968) Kolakofsky, 
Ohta and Thach reported a further step in their analy- 
sis of the role of GTP at initiation. It was known that 
GTP was required for, but not hydrolysed in, the first 
step, the mRNA directed binding of Fmet-tRNApy 
to the 308 ribosome, but ATP is hydrolysed during 
the activation of the Fmet-tRNA p on the 708 ribosome 
before peptide bond formation. They asked whether 
the hydrolysis of GTP is involved in the combining 
of the 30S and 508 subunits to form the active 70S 
ribosome; the answer seems to be that it is not. 
issentially the experiment consisted of showing that a 
708 ribosome will form from the two subunits, mRNA 
and Fmet-tRNAy in the usual conditions when GTP 
is replaced by an analogue GMP-PCP, which substi- 
tutes for GTP in the first step of initiation, but cannot 
be hydrolysed so that the second step peptide bond 
formation is blocked. 


MICROBIOLOGY 


Hypercholesterolaemia 


from our Microbiology Correspondent 


Gordon and Schaeffner’s findings that orally admini- 
stered polyene macrolide antifungal antibiotics have 
profound effects on the prostate gland and on prostatic 
hyperplasia in dogs have been discussed recently 


(Nature, 220, 120; 1968). A possible mode of action of 


these antibiotics was considered to be associated with 
their effect on the metabolism of steroid hormones, and 
subsequently Schaeffner and Gordon (Proc. US Nat. 
Acad. Sei., 61, 36; 1968) have provided additional 
evidence for the hypocholesterolaemic activity of 
polyene macrolides. The haptaene macrolide candici- 
din produced a maximum average decrease in the con- 
centration of serum cholesterol of 34 + 14 per cent at 
an oral dose rate of 5 mg/kg body weight during three 
weeks. Similarly, another haptaene macrolide, ampho- 
tericin B, and a pentaene, filipin, reduced serum chole- 
sterol by 45+7 per cent and 50 + 5 per cent respectively. 
On the other hand, unequivocal hypocholesterolaemic 
activity of nystatin (a tetraene macrolide) was not 
demonstrated. There was difficulty in establishing a 
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dose response relationship from the data, because 
such different base line concentrations of serum 
cholesterol were found within the large sample of dogs 
used. Indeed, Schaeffner and Gordon grouped their 
dogs for the various drug treatments according to their 
basal cholesterol titre and, in effect, were studying 
different populations. For example, those dogs treated 
with amphotericin B and filipin were much more 
hypercholesterolaemic than those exposed to candicidin 
or nystatin. But when population percentiles are 
examined in relation to serum cholesterol eoncentra- 
tions before and after drug treatments, it is clear that 
the post-treatment range of cholesterol is much 
narrower than the corresponding pre-treatment range. 
As Gordon and Schaeffner remark, this result suggests 
a greater homeostatic control of serum cholesterol 
after the administration of polyene macrolide. 

Polyene macrolides are only sparingly soluble in 
aqueous systems and are very poorly absorbed from the 
gastro-intestinal traet. How then do these substances 
exert their hypocholesterolaemic effect? The pre- 
vention or reduction of absorption of exogenous 
cholesterol from the gut, and/or resorption of endo- 
genous cholesterol, are obvious possibilities, and Schaeff- 
ner and Gordon claim to have studies in progress that 
support such a hypothesis. Whatever the mode of 
action, the effects of these antibioties on serum chole- 
Sterol concentrations and on prostate abnormalities 
are likely to be closely associated, because the relation- 
Ship of cholesterol to the synthesis of steroid sex 
hormones is well established. If polyene macrolides 
can eventually be used for the treatment of prostatic 
and lipid metabolic disorders, a group of immensely 
important microbiological agents will have been added 
to the arsenal of therapeutic drugs. 


NEUROPHYSIOLOGY 


Fluorescent Neurones 


from our Neurophysiology Correspondent 


À KNOWLEDGE of precise cellular geometrv is often 
important in understanding the nervous systems of 
animals with relatively small numbers of neurones 
where individual patterns of connexion are probably 
fixed genetically. This is true of many invertebrate 
nervous systems, particularly when neurones can be 
identified as homologous in different individuals of the 
same species. Degeneration techniques have often 
failed, sometimes because more than one cell body is 
associated with what appears to be a single fibre, while 
conventional staining suffers from the apparent 
randomness with which neurones are stained. Another 
method is to inject cells with dyes, which must diffuse 
throughout a cell and its processes without escaping 
through the membrane; a suitable group of dyes was 
first used by Kravitz and his colleagues. These are the 
Procions, fluorescent derivatives of cyanuric chloride, 
which form covalent bonds with carbohydrates and 
proteins. Stretton and Kravitz have reported their 
results from injecting Procion-Yellow into cells of the 
lobster abdominal ganglia (Science, 162, 132; 1968). 
They were able to stain corresponding cells in several 
individual lobsters and to follow, with light micro- 
scopy, processes of single cells with diameters of less 
than lu. In one cell, L, of the second abdominal 
ganglion, they showed that there is bilateral symmetry 
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in the destination of its endings in the neuropil. I, 
inhibits fast flexor muscle, so it is possible that the 
bilateral distribution helps to synchronize muscular 
contraction in the abdomen. They found that I, has 
a characteristic branching pattern, repeated in each 
individual. As they point out, their technique deter- 
mines the areas of neuropil which are innervated by 
particular categories of neurone. 

Remler, Selverstein and Kennedy have used the 
same technique to locate the cell bodies of the lateral 
giant fibres of the crayfish (Science, 162, 281; 1968). 
The giant fibres are known to consist of an interneurone 
in each segment, connected together by unpolarized 
electrical septa at each end. Each interneurone also 
sends endings to the neuropil of its own ganglion, 
makes electrical synapse with a motor giant neurone 
and forms a commissural synapse with its contralateral 
partner. Micro-electrode recordings, however, from 
cell somata in the abdominal ganglia have not detected 
any physiologically identifiable interneurones. On 
injection of Procion-Yellow from the rostral end of a 
giant fibre in one segment the dye diffuses into a soma 
on the contralateral side of the segment. The cell 
body stained in each case lies caudally on the ventral 
surface of the abdominal ganglion, near the exit of the 
second nerve root. When recordings are made simul- 
taneously from the soma and the contralateral giant 
fibre small electrotonically decaying somatic potentials 
can be observed. These are always in a fixed time 
relation to the axonal spike and will follow repetitive 
axonal stimulation up to 100 Hz, although spikes 
recorded from the motor neurone somata will only 
follow to 10 or 15 Hz. There seems to be no doubt 
that the somata of the interneurones making up lateral 
giant fibres have been found and that they are capable 
neither of spike propagation nor of initiating spikes in 
their axons. This is supported by the thinness of the 
neurite linking the soma to the giant fibre and by the 
failure of depolarization by as much as 80 mV to 
cause spikes to appear in the axon. 


MOLECULAR BIOLOGY 


Lysozyme Interactions 


from our Molecular Biology Correspondent 


Ir it is generally true that X-ray determinations of 
protein structures have failed to reveal in unequivocal 
terms how the molecule works, the results on lysozyme 
certainly come nearest to fulfilling this objective. The 
work of Phillips and his group on lysozyme-inhibitor 
complexes has led to some convincing inferences about 
the mechanism of action. These have in turn provoked 
many investigations of enzyme-inhibitor and substrate 
interactions in solution, partly with the aim of encom- 
passing a wider varicty of substrates, many not amen- 
able to crystallographic study, and partly as a proving 
ground for new physical methods. 

Some of the most promising results have come from 
proton magnetic resonance studies. The latest of these, 
reported by Dahlquist and Raftery (Biochemistry, 7. 
3269; 1968), reveal more closely the interaction between 
lysozyme and the monosaecharide inhibitor, N-acetyl- 
glucosamine (NAG). This molecule exists in two 
anomeric forms, a and f, and both are found to bind 
to the active site. On binding, some protons in the 
inhibitor (acetamido methylprotons) undergo a ehemical 
shift. which can be used to follow the binding process. 
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The magnitude of this shift is different for the a and 
B forms, and consequently, in the presence of the 
enzyme, the contributions of the two can be resolved. 
Measurements of chemical shifts and line-widths as a 
funetion of concentrations provide enough data in 
principle to determine association constants, and also 
the line-widths for each complex in the pure state. 
The latter differ by a factor of about two between 
bound a and 8-NAG. It follows that their environ- 
ments on the active site are not equivalent. There is 
also a two-fold difference in the binding constants, and 
it is suggested that the corresponding small increment 
in binding energy arises from an interaction of the sugar 
hydroxyl, which is the site of the anomeric difference 
between the two forms. This is a safe inference, for 
Phillips and his co-workers showed in 1967 that the 
sugar ring orientations of the two anomers on the 
enzyme were indeed different. Dahlquist and Raftery 
suggest that the difference in shift of the two forms 
involves the anisotropy of the active site trvptophan- 
108. 

In a second paper (ibid. 3277) the same authors 
describe the pH-dependence of the association of 
lysozyme with 8-methyl-NAG. The binding constant 
is diminished within a pH range which implicates an 
ionizing group of pKapp of 6-1. This is thought to be a 
carboxyl group, for titration data indicate the existence 
of one such, with anomalously high pK, and other 
nuclear magnetic resonance evidence excludes the 
solitary histidine residue from any contact with the 
inhibitor. The group in question could be asp-52 or 
glu-35, and the latter is a better candidate because 
of its non-polar surroundings. The chemical shifts of 
the acetamido methyl protons of the inhibitor undergo 
changes centred on about pH 4-7 and pH 7, the second 
only being accompanied by a change in binding con- 
stant. The first shift is therefore apparently a purely 
vicinal effect, and is tentatively attributed to the 
ionization of asp-103. Now a trimeric inhibitor is 
known from X-ray work to interact with a further site, 
involving asp-101, and, from the pH profile of the 
interaction, this can be assigned a pK,55 of 4-2. Thus a 
considerable proportion of the important ionizing 
groups may already be allocated individual pK values. 

The concept of subsites which interact with various 
groups of substrates has been developed by a group of 
workers at the Weizmann Institute, and a current. 
conference report (Pollock et al., Israel J. Chem., 6G, 
112P; 1968) gives new data on the interaction of several 
saccharides with lysozyme, derived from fluorescence 
spectra of the protein. When three sites, A, B and C, 
are occupied, the introduction of a substrate group, to 
interact with a further site, D, leads to considerable 
fluorescent quenching. It is surmised that a local 
conformational distortion alters the relation between 
the important try-108 residue and glu.35, which, as 
the closest charged group, is its probable quencher, 
Addition of two further saccharide units, binding at 
subsites E and F, partly reverses this effect, and the 
position of glu-35 is perhaps again disturbed so as to 
assist protonation of the glycosidic oxygen between 
residues at D and Æ, or introduce strain energy at this 
position. A second report (ibid., 120P) gives the free 
energy contributions for the binding of successive sugar 
residues. A destabilization of the residue at D is again 
indieated; this suggests that the degree of strain at 
this point is instrumental in determining the rate of 
fission of different saccharides by the enzyme. 
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Failure of the Watson-Crick Theory as a 
Chemical Explanation of Inheritance 


by 
BARRY COMMONER 


Department of Botany and 

Center for the Biology of Natural Systems, 
Washington University, 

St Louis, Missouri 


"Tg Watson-Criek theory proposes to explain in chemical 
terms a process which in nature is uniquely associated 
with life, that is, inheritance. Inheritance involves the 
reappearance in the offspring of those features of the 
parent organism which distinguish it from other forms of 
life, that is, its biological specificity. This is a process of 
self-duplication, for the specificity of the new organism 
is derived solely from the specificity of its parents. While 
other agents, such as suitable nutrients, are also necessary 
for the process of self-duplication, they do not contribute 
to the specificity of the product. 

The Watson-Crick theory relates the origin and trans- 
mission of biological specificity to the biochemical speci- 
ficity of nucleic acids (that is, the particular sequence of 
nucleotides that distinguishes one nucleic acid from 
another) and of proteins (that is, the particular sequence 
of amino-acids that distinguishes one protein from 
another). According to the theory, an organism’s bio- 
logical specificity (or at least that part mediated by 
protein enzymes) is derived solely from the nucleotide 
sequence of its DNA. complement, and the organism's 
capability for self-duplication is derived from the cap- 
ability of DNA to aet as a "self-duplicating molecule" 
(ref. 1 is a recent summary of the Watson-Crick theory). 

In 1964 I concluded, from evidence then available 
(refs. 2 and 3; ref. 4 gives an earlier statement of the 
possible contribution. of DNA polymerase to the bio- 
chemical specificity of DNA) that (a) the biochemical 
specificity of a newly synthesized DNA molecule (that is, 
its nucleotide sequence) arises in part from the nucleotide 
sequence of a pre-existing DNA molecule, but also from 
the enzyme involved—DNA polymerase; thus DNA is 
not itself capable of self-duplication. I also proposed 
that (b) the biochemical specificity of protein (that is, 
its amino-acid sequence) is derived in part from DNA 
(through mRNA) and in part from the amino-acid RNA 
complexes involved in protein synthesis. ‘Thus the bio- 
chemical specificity of protein, and the resultant bio- 
logical specificity resulting from the enzyme activity of 
such a protein, is not derived solely from DNA. (c) Thus 
transmission of biochemical specificity within the cell 
is fundamentally circular rather than linear and the total 
system rather than any single constituent is responsible 
for the biochemical specificity which gives rise to bio- 
logical specificity. 

A recent claim is that these original objections to the 
Watson-Crick theory have now been so seriously contra- 
dieted by the available data that continued expression of 
them “will serve to confuse and delay researc! It is 
therefore appropriate, at this time, to re-examine the 
earlier criticism of the Watson-Criek theory in the light 
of evidence which has since become available. This article 
is devoted to this purpose. 





In reply to recent criticism Professor Commoner discusses current 
evidence in support of his conclusion that the Watson-Crick theory 
is an inadequate explanation of inheritance. 


To test the validity of any theory concerned with the 
chemistry of inheritance, the key problem is to determine 
the path of transmission of biochemical specificity. (As 
used here, the term specificity can be regarded as very 
generally equivalent to "information content" or "genetie 
information". The applieability of information theory 
to biology has not been established, so the term "speci- 
fieity", which has a definite meaning both in biology 
and biochemistry, is to be preferred.) To facilitate this 
task it is useful to consider the processes which transmit 
biological specificity in order to evolve a suitable means 
of interpreting biochemical data. A useful example is 
sex determination. In animals such as man, the egg 
contains an X chromosome and the sperm contains either 
an X or a Y chromosome. If a sperm of the first type 
fertilizes the egg. the offspring acquires the chromosome 
constitution X X, and is a female. If a sperm of the second 
type fertilizes the egg. the offspring has the chromosome 
constitution X Y and is a male, It is self-evident that the 
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Fig. 1. Diagram to illustrate, in & well known biologieal case, the 

derivation of a conclusion regarding the origin of specificity from the 

relevant observation. In general, when observation shows that two 

(or more) alternative forms of an agent (in this case, sperm) lead to 

different specific states of a product (in this case, the sex of the zygote), 

then it is concluded that the agent is a source of the specificity of the 
product (in this case, with respect to its sex). 
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Fig. 2. 


Diagrammatic representation of the transfer of biochemical specificity proposed by the Watson-Crick theory. 
that an agent is necessary for the formation of the product but does not contribute to the biochemical specificity of that product. 
arrow signifies that an agent does contribute to the specificity of the product. 


amino-acid sequence metabolic pathway 


A single arrow signifies 
A double 
A triple arrow signifies the special case in which the specificity 


of a product is solely derived from an identical preceding molecule, and hence that the molecule is capable of self-duplication. 


choice of one of the two alternative outcomes of fertiliza- 
tion is determined by the chromosomal specificity of the 
sperm. This leads to the conclusion that the biological 
specificity of the offspring, with respect to its sex, is 
determined by specificity contributed by the sperm. 

It is useful here to introduce a symbol to indicate 
transfer of specificity (—[»). Thus, if A contributes to 
the specificity of B, then A=B; if Z is necessary for 
the formation of B, but does not contribute to its 
specificity, then the symbolic representation is: Z—[» B. 
In the foregoing case the following processes occur: 
egg-—[>sex of offspring; sperme [»sex of offspring (Fig. 
1) In what follows, the evidence and resultant conclu- 
sions regarding the transmission of specificity among 
biochemical agents relevant to inheritance will be pre- 
sented in the form exemplified by Fig. 1, that is, in terms 
of the consequences of alternative processes, 


Molecular Sources of Biochemical Specificity in 
Inheritance 


The processes of biochemical specificity transfer which 
are embodied in the Watson-Criek theory are shown, as 
an integrated system leading from DNA nucleotide 
sequence to phenotype, in Fig. 2, using the notation I 
have outlined. The linear nature of the Watson-Crick 
system of specificity transfer is self-evident. "Transfer is 
a one way process fron DNA to mRNA, to protein 
amino-acid sequence, to enzyme specificity, to final pheno- 
type. Crick has recently re-emphasized, as an essential 
feature of the theory, that “reverse translation", that is, 
the transfer of specificity from protein to nucleic acid is 
forbidden*, as originally proposed in his “central dogma’’s. 
Consequently the theory holds that specifieity of DNA 
is aequired only from a pre-existing DNA molecule, so 
that DNA is truly to be regarded as a "self-duplicating 
molecule’. (Symbolically: DNA cp. DNA.) 

The issue to be examined in the light of present evidence 
is therefore whether, in each of the various processes 
involved in the foregoing system. specificity is transferred 
only along the rigorously restricted linear path prescribed 
by the Watson-Crick theory, or whether, in keeping with 
the original criticism of the theory. other sources of 
specificity and cireular pathways are involved as well. 

The Watson-Crick theory proposes that the biochemical 
specificity of a newly synthesized DNA molecule (its 
nucleotide sequence) is acquired from the nucleotide 
sequence of a pre-existing DNA moleeule by a template 
effect mediated by hydrogen bonds between complement- 
ary nucleotides. Kornberg’s early experiments’ provide 
a test of this concept. The experimental system contains 
the four requisite nucleotides, DNA polymerase enzyme 

* See ref. 1. Even more recently (at a Columbia University symposium 
in October 1967) Crick reiterated this position as follows: “The central 
dogma is used very loosely to mean the sort of thing that molecular biologists 
believe, but this is in fact quite wrong. The central dogma is a negative 
statement ...a hypothesis which says that you can't translate backwards 


... (that is) from protein to DNA or from protein to RNA.” (Quoted from 
typeseript of BBC film "Towards Tomorrow".) 


(DNAPase), which joins the nucleotides into the nucleic 
acid fibre, and a pre-existing DNA primer. If, in such an 
experiment, two alternative primers which differ strongly 
in nucleotide composition are used, the DNA. produced 
closely resembles the nucleotide composition of the 
primer. Thus it can be concluded that the biochemical 
specificity embodied in the nucleotide sequence of the 
DNA product is at least in part derived from the DNA 
primer (Fig. 3). 

In this experiment, the influence of alternative forme 
of the polymerase was not tested, so that the possibility 
that the DNA polymerase also contributes to the DNA 
nucleotide sequenee and therefore to its specificity cannot 
be ruled out. Evidence concerning this possibility has 
been reported recently (Fig. 4). Speyer ef alè? have 
discovered that certain temperature-sensitive mutations 
in E. coli which alter its DNA polymerase cause a high 
frequency of specifie mutations in other genes. If, as is 
widely believed, the gene is represented by a segment of 
DNA with a specific nucleotide sequence, this result 
means that the enzyme which synthesizes DNA can 
determine, in part, the nucleotide sequence of the DNA 
which it produces. In the words of the authors: '... this 
indicates that the polymerase is involved in base (Les, 
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Fig. 3. Diagram to show the derivation of the conclusion that the 
biochemical specificity of DNA (its nucleotide sequence) is in part 
derived from the biochemical specificity of a preceding molecule of DNA, 
The data are from ref. 7; the numerals refer to the A - T/G-rF C ratio. 
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Fig. 4. Diagram to show the derivation of the conclusion that the 
biochemical specificity of DNA is in part derived from the specificity 
of the polymerase involved in the synthesis of DNA, Data are from 
refs, 8 and 9. 4 Signifies the magnitude of the variability in nucleotide 
sequence, as inferred from the mutation rate, for loci involving the 
given complementary nucleotide pair. In normal E. coli, the mutation 
rates of G-C mutants generally exceed those of A-T mutants by 1-2 
orders of magnitude. In the mutant, @-C mutation rates are increased 
§-8-fold, whereas the A-T mutation rates are increased 44-215-fold. 


nucleotide) selection during DNA replication.” Freese 
and Freese* have confirmed and extended Speyer’s work. 
They show that the normal DNA polymerase ordinarily 
exerts à more rigorous control over replication which 
involves A-T complementarity than it does over replica- 
tion involving G-C complementarity. In Speyer’s tem- 
perature-sensitive mutant, both types of control are less 
rigorous (that is, mutations occur more frequently) than 
in normal E. coli. Unlike the normal polymerase, how- 
ever, the mutant enzyme can control G-C replication 
more rigorously than it does A-T replication. Thus, the 
choice between two alternative types of DNA polymerase 
leads to a difference in the way in which the polymerase 
influences the precision of nucleotide complementarity 
in DNA synthesis. Thus, in the presence of à common 
DNA primer, the choice of alternative polymerases 
determines to some degree the nucleotide sequence of the 
DNA product*. This effect is entirely analogous to the 
influence of different DNA primers in determining the 
biochemical specificities of the alternative DNA products. 
As in the case of the primer effect, we must conclude that 
the DNA polymerase can transmit specificity to the DNA 
which it synthesizes. Hence in the replication of DNA 
the nucleotide sequence of the new DNA molecule is 
determined jointly by the parental DNA molecule and 
by the DNA polymerase. 

The process involved in the transfer of biochemical 
specificity from DNA to mRNA is not clearly elucidated 
at this time. For the purposes of this article it will be 
assumed simply that, in accordance with the Watson- 

+ The proposal that the enzyme which synthesizes DNA contributes 
specificity to it has been criticized on the ground that this requires an 
unjustified expectation that an enzyme is "not simply a catalyst" (ref. 5). 
It is, however, characteristic of enzymes in general that they are highly 
specific and thereby govern the specificity of the reaction products. Thns 
the biochemical specificity of starch is a consequence of the enzymatic 
specificity of phosphorylase, which catalyses the formation of the charac- 


teristic «1,4 linkage rather than any of the other inter-glycoside linkages 
which are possible. 





NATURE, VOL. 220, OCTOBER 26, 1968 


Crick theory, the nucleotide sequence of mRNA is directly 
determined by the nucleotide sequence of DNA. 

Protein is synthesized in à complex process involving 
ribosomes, mRNA, tRNAs to which specifie amino-acids 
are attached, and synthetase enzymes. The specificity of 
given trinucleotides (that is, codons) in binding effectively 
a singular amino-acid-tRNA complex is the source of 
the “genetic code” which, according to the Watson—Crick 
theory, is the unique means by which the biochemical 
specificity of mRNA is transferred to protein where it 
determines the amino-acid sequence. Recently, results 
from Nirenberg’s laboratory have shown that different 
trinucleotides can selectively bind different amino-acid— 
tRNA complexes when both the amino-acid-tRNAs and 
the ribosomes are derived from the same organism!* 
(Fig. 5). In keeping with the Watson-Crick theory, this 
result confirms that mRNA {exemplified by trinucleotide 
sequences) regulates protein amino-acid sequence. But 
it does not rule out the possibility that other agents 
involved in protein synthesis also contribute to protein 
amino-acid sequence. 


OBSERVATION 


Ser tRNA bound: 1.27 


R., Ser tRNA 
(E. cou) 


Ser tRNA bound: 0.03 


CONCLUSION 


ucu C—— LL) Ser bound 





Fig. 5. Diagram to show the derivation of the conclusion that the 

biochemical specificity of protein, that is, the specification of a par- 

ticular amino-acid residue in the primary structure of the protein, is 

in part derived from the specificity of a trinucleotide codon. Data 

are from ref. 10. The numerals indicate the extent of the binding of 

the serine-tRNA complex to ribosomes (R), both isolated from Æ. coli, 
in the presence of two different trinucleotide codons, 


Nirenberg et al. have also studied the effects of amino- 
acid-tRNA complexes from different species (in the 
presence of the same trinucleotide) on the specificity of 
trinucleotide binding. They found that certain trinu- 
cleotide codons bind amino-acid-tRNA complexes derived 
from different species approximately equally. Fig. 6, 
however, shows that in certain cases a given trinucleotide 
yields strikingly different binding capacities when tested 
against amino-acid-tRNA complexes originating from dif- 
ferent species (ËE. coli, guinea-pig liver, or Xenopus liver). 
In such cases, amino-acid selection, and therefore protein 
amino-acid sequence, is in part determined by specificity 
derived from the amino-acid+RNA complex. Nirenberg 
et al. conclude that such species-determined amino-acid- 
tRNA specificity is operative in the binding of seven of 
twenty-one amino-acids, when only three different species 
are tested. Thus, their data show that protein amino-acid 
sequence may be governed by specificity derived from 
both mRNA (as exemplified by a trinucleotide codon} 
and the amino-acid-{RNA complex. 
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The next question is whether or not the protein syn- 
thetase (PSase) which links the successive amino-acids 
to form the protein polypeptide chain also contributes to 
the amino-acid sequence and therefore to the biochemical 
specificity of the protein which it synthesizes. Evidence 
which bears on this question has recently become avail- 
able and is reported in Fig. 7 (ref. 11). This shows that two 
synthetases originating in different species give rise to 
quite different degrees of incorporation of the same 
“amino-acid into protein. This result means that the 
biochemical specificity of the protein must be derived in 
part from the biochemical specificity of the synthetase 
which synthesizes it. Thus the authors state “the experi- 
ments reported give strong evidence that the specificity 
of protein synthesis in vitro resides also in the interaction 
between ribosomes and polymerizing enzymes". 


OBSERVATION 
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Fig. 0. Diagram to show the derivation of the conclusion that the 

8) cation of a particular amino-acid residue is partly a consequence 

of the species origin of the amino-acid-tRNA complex. Data are from 

ref. 10 and show the extent of binding of alanine-tRNA isolated from 

two different species to E. coli ribosomes, in the presence of the same 
trinucleotide codon. 





Finally, there is the matter of the possible contribution 
to protein specificity by the ribosome, long regarded as a 
kind of unspecific jig on which the protein is assembled. 
Fortunately, ingenious genetic experiments by Gorini et 
al. with E. colt mutants which differ in their response to 
streptomycin now provide a clear answer to this ques- 
tion!*, As shown in Fig. 8, when an Æ. coli strain with a 
particular genome is provided with two alternative muta- 
tions, both of which can be shown to affect the ribosomes, 
two different influences on the expression of the original 
phenotype are observed. If the dichotomous effect of 
different ribosomes on the expression of the same genome 
is interpreted by the principles I have described, we must 
conclude that the biochemical specificity of the ribosome 
contributes to the amino-acid sequence of the protein 
synthesized on its surface and so to the protein’s bio- 
chemieal specifieity. In the words of Gorini e£ al., their 
experiment *. . . leads to the conclusion that different 
ribosomal mutants may permit qualitatively different 
types of translation of the same codon". 

It is also interesting to examine the origin of the 
specificity embodied in the amino-acid-£RNA complexes. 
These are formed from the requisite free amino-acids and 
tRNAs, through the action of an amino-acid-tRNA syn- 
thetase (a.a.-/RNA Sase). Again, the results of experi- 
ments comparable with those described here have 
recently become available. The results, which are sum- 
marized in Figs. 9 and 10, show that the specificity of the 
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Fig. 7. Diagram to show the derivation of the conclusion that protein 
specificity (as indicated by the degree of incorporation of a specific 
amino-acid, phenylalanine) is in part derived from the Men EAE 
of the protein synthetase (PSase). Data are from ref. 11. Numerala 
indieate the relative degree of paene ne incorporation observed 
when protein synthetase isolated from two different species is added 
to a system consisting of ribosomes and phenylalanine-tRNA complex 
isolated from B. subtilis. 


amino-acid-tRNA complex is derived from the IRNAs® 
and from the synthetase. Other datat show that a 
factor which is temperature sensitive and is very likely 
the tertiary structure of the {RNA also influences the 
specificity of the amino-acid-tRNA complex. 

According to the Watson-Crick theory protein amino- 
acid sequence is determined only by the trinucleotide 
codons which comprise the mRNA. The evidence I have 
summarized shows that in this respect the Watson-Crick 
theory is incorrect, for amino-acid sequence is also in- 
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Fig. 8. Diagram to show the derivation of the conclusion that protein 
specificity (as indicated by the expression of the phenotype for leucine 
requirement in E. coli) is in part derived from the specificity of the 
organism's ribosomes. The data are from ref. 12, The +/— designa- 
tions show how ribosomes which differ with respect to streptomycin 
(Sm) sensitivity (resistant against sensitive) influence the expression of 
two different genes rio! wl ron phenotype (OTC-88u and 
eu-SSu). 
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fluenced by specificity contributed by ribosomes, protein 
synthetases, and amino-acid-£RNA complexes (the speci- 
fieity of the latter being, in turn, derived from {RNAs 
and from synthetases). 


Chemical Basis of Inheritance 


A considerable virtue of the Watson-Criek theory is 
that it asserts a very specific and readily tested relation- 
ship between the chemical properties of various cellular 
constituents and the biology of inheritance. In the 
previous seetion the relationships proposed by the theory 
were tested by comparing them with relevant experimental 
evidenee and with the conclusions required by that 
evidence. The Watson-Crick theory is not supported 
by the following evidence. 

(a) The theory asserts that the nucleotide sequence of 
DNA is determined solely by the nucleotide sequence of a 
pre-existing DNA molecule; that is, "DNA is a self- 
duplicating molecule". The evidence, however, shows that 
both the DNA primer and the DNA polymerase contribute 
to the nucleotide sequence of a new DNA fibre, so that 
DNA is not capable of self-duplication. 

(b) The theory asserts that the amino-acid sequence of 
protein is determined solely by the trinucleotide codons 
contained in mRNA, the latter specificity being derived 
solely from DNA nucleotide sequence, that is, "DNA is 
the master chemical of the cell". The evidence. however, 
shows that protein amino-acid sequence is determined 
by at least five classes of biochemical agents in addition 
to mRNA, so that DNA is not the only source of protein 
specificity. 

(c) The theory asserts (as part of the "central dogma") 
that "reverse translation"—the determination of nucleic 
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acid nucleotide sequence by protein specificity—is for- 
bidden. The evidence, however, shows that at least 
several proteins (DNA polymerase, protein synthetases, 
and amino-acid-tRNA synthetases) contribute specificity 
to DNA (the first of these enzymes directly and the latter 
two indirectly). 

In sum, whereas the Watson-Crick theory proposes a 
system of specificity transfer which operates in one direc- 
tion, from DNA, through protein enzymes to the bio- 
logical phenotype (Fig. 2), the evidence diseussed here 
shows that the systems which govern both the specificity 
of protein synthesis and of DNA synthesis are funda- 
mentally cireular (Fig. 11). Biochemical specificity em- 
bodied in DNA nucleotide sequence arises partly in 
pre-existing DNA and partly in pre-existing proteins. 
At the same time, biochemical specificity embodied in 
the amino-acid sequence of protein arises partly in protein 
and partly in DNA. In effect, this is the familiar ‘chicken 
and egg" relationship of biology expressed on a molecular 
level. 

It should be added that the system under discussion 
here, even taken as a whole, is itself only a part of the 
total biochemical system in the cell which governs in- 
heritance. Well known biological evidence has shown 
that, like the chromosomes, mitochondria and eytoplasm 
are also vehicles of inheritance, and results of recent 
investigations (see, for example, ref. 13) have begun to 
delineate the biochemieal mechanisms involved in these 
processes. Furthermore, both biological and biochemical 
evidence shows that the nuclear and cytoplasmie systems 
of inheritance are interdependent. It has been proposed, 
too", that DNA plays a part in inheritance which depends 
not on its template funetion but on its capability for 
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Fig. 9. Diagram to show the derivation of the conclusion that both the nature of the 7RNA and the synthetase involved in the synthesis 


of the amino-acid-tRNA complex contribute to the specificity of the latter. — 1 : 
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incorporation of leucine into the leucine-t RNA complex in the alternative conditions indicated. 
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Fig. 10. Diagram to show the derivation of the conclusion that the 

specificity of the amino-acid-t RN A complex is determined by the species- 

specificity of the synthetase which catalyses the formation of the 

amino-acid-tRNA complex. The data are from ref. 13. In this case 

valine-specific (RNA isolated from E. coli is charged with phenylalanine 

rather than valine when the synthetase employed is isolated from 
Neurospora instead of from E. coli. 


nucleotide sequestration. Recent results amply support 
this hypothesis" and show clearly that nucleotide seques- 
tration is related to inherited species-specific charac- 
teristics (especially metabolic rate) among members of 
several vertebrate classes. 

Thus the available evidence leads to the conclusion 
that the biological specificity of inheritance originates in 
no one molecule but in a complex circular network of 
molecular interactions in which various DNA, RNA and 
protein agents participate. As far as we know, this system 
exists only in an actual living cell. 

A chief result of the foregoing considerations is that, 
contrary to the Watson—Crick theory, the biochemical 
specificity which governs the biology of inheritance is 
embodied not only in nucleic acids but in proteins as 
well. Nevertheless, while it is known that genetic speci- 
ficity can be introduced into a cell by means of DNA, 
such transformation has thus far not been accomplished 
by means of protein. As has been pointed out, however?, 
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this difference is an expected consequence of the vastly 
different levels of redundancy of cellular DNA and pro- 
teins*. If a foreign DNA molecule is introduced into a 
cell, it easily competes with the native DNA molecules 
that comprise the genes, of which only one or two replicas 
are usually present, and becomes expressed in inheritance, 
On the other band, the introduction of a few foreign 
protein molecules will make little or no impression on the 
genetic specificity already present in thousands of identical 
protein molecules native to the cell. On this basis I 
suggested earlier? that a cell which for some reason had a 
rather low level of protein redundaney might be capable 
of being genetically transformed by introduction of a 
non-nucleie acid agent. The recent discovery that the 
scrapie virus contains no detectable nucleic acid? may 
be an example of such a phenomenon. 





















Some Consequences 

The basic claim of the Watson-Criek theory is that all 
the inherited features of living organisms, including their 
unique capability for self-duplieation, derive from the 
chemistry of DNA. This is, of course, a claim so sweeping 
as to justify—if correct —ranking the theory with "the 
rediscovery of Mendel's work and The Origin of Species", 
Impelled by this belief much of current. research on a wide 
array of biological processes, including virus infection, 
carcinogenesis, differentiation, memory, and the origin 
of life, has become a search for evidence that might bring 
these processes within the scope of the Watson-Crick 
theory. On similar grounds the theory has begun to 
influence profoundly the structure of academic pro- 
grammes in biology, encouraging emphasis on the sup- 
posedly universal biochemical origin of the specificity 
of biological processes, rather than on the diversity and 
complexity of the processes themselves. 

If, as I have tried to show, DNA is not, in fact, "the 
master molecule” of the cell and is itself incapable of 
self-duplication, then the justification for these pervasive 
effects of the Watson-Criek theory on the course of bio- 
logical research and education becomes considerably 
reduced. If correct, the Watson—Crick theory is indeed 
of overriding importance to biology: conversely, if in- 
correct, its negative effects on the science may be equally 
profound. 

A more disturbing consequence of the failure of the 
Watson-Crick theory to validate its claim as the chemical 
explanation for inheritance and self-duplication relates 
to proposals to "control" inheritance. If the theory were 
correct, then claims such as Sinsheimer's ("For cancer, 





* Ref. 18 reports high levels of redundancy in certain proportions of the 
DNA isolated from a number of higher organisms. As the authors point out, 
however, such DNA cannot serve as a vehicle for classical Mendelian genes. 
Considerable genetic data and the results of radiation damage to the nucleus 
show that gene-related DNA is ordinarily present only at the haploid or 
diploid levels of redundancy. 
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Diagram to summarize the various mechanisms of specificity transfer indicated by the data of the preceding figures, In contrast 


to the Watson-Crick theory (described in Fig. 2), this diagram shows that the biochemical specificity of inheritance is of multimolecular origin 
rather than originating in DNA alone and that the transfer system is circular rather than linear. 
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diabetes, phenylketonuria there will be genetic therapy. 
The appropriate DNA will be provided in the appropriate 
dose’’)** are justified. If, however, as I have tried to show, 
the specificity transmitted in inheritance is determined 
by a multimolecular system vastly more complex than a 
DNA molecule, any promise to control inheritance by 
chemical manipulation of DNA is likely to be illusory and, 
in certain social circumstances, harmful to the welfare 
of man. 

Biologists have confronted successively—like a nest of 
Chinese boxes—levels of complexity ranging from the 
ecosystem to the internal chemistry of the cell. The last 
box has now been opened. According to the Watson- 
Crick theory, it should have contained the single source 
of all the inherited specificity of living organisms— DNA. 
It is my view that we now know that the last box is empty 
and that the inherited specificity of life is derived from 
nothing less than life itself. 

This article reflects, in part, work supported by a grant 
from the US Publie Health Service. 
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A Pulsar Supernova Association ? 


by 
M. I. LARGE 


A. E. VAUGHAN 
B. Y. MILLS 


A pulsar with a very short period (0:089 s) has been discovered 
at the position of a suspected supernova remnant, raising several 


interesting consequences. 


Corneli-Sydney University Astronomy Centre, 
School of Physics, 
University of Sydney 


IN a search for southern pulsars at the Molonglo Radio 
Observatory, a very short period pulsar has been dis- 
covered at the position of a suspected supernova remnant. 
The estimates of distance are also compatible. The 
apparent coincidence of the pulsar and the supernova 
may be fortuitous, so it is premature to draw any far 
reaching conclusions. But it is interesting to explore the 
possibility of a physical association and to assume tenta- 
tively that the pulsar represents the final collapsed stage 
of a star which exploded. A number of deductions can 
then be made and some further observations suggested. 

Following the scheme of Turtle and Vaughan! the 
pulsar is designated PSR 0833-45. The measured 
parameters are given in Table 1. The position given in 
the table was measured with the east-west arm of the 
telescope. The full cross shows a "point" source at 
«(1950.0) = 08h 33m 39.08 +18 and 8(1950.0)= —45° 00° 
05"-- 15". This souree is of the correct flux density and 
close enough in position to be identified with the pulsar. 
Because of the short period of the pulsar (the shortest yet 
found) and the eomparative constancy of the pulse 
amplitudes, the pulsar would be expected to appear as an 
ordinary “point” radio source when recorded with the 
normal 3 s time constant of the full cross (see Turtle and 
/aughan?*) We have therefore adopted the much more 
precise declination of the point source as that of the 
pulsar. 

The pulsar is situated in a region of complex emission 
which has recently been discussed by Milne*. It lies 
within the boundaries of the extended radio source 
Vela X (MSH 0833-45) which Milne has shown to be part 
of a supernova shell some 4 or 5 degrees in diameter. 
The shell includes also the sources Vela Y and Vela Z 


and the filamentary nebula Stromlo 16. Milne suggests 
that the shell is at a distance of 500 + 100 pe, which is in 
good agreement with the distance of the pulsar based on 
the dispersion measurement. The approximate centre of 
the emission region (as defined by Milne's outer contour 5 
at 635 MHz) is at «(1950-0) 08h 38m, 83(1950-0) — 45°. 
The shell shows evidence of distortion, presumably due to 
interaetion with the interstellar gas, so that the original 
supernova might well be considerably displaced from the 
centre of the radio emission region. PSR 0833-45 is 
situated less than 1? (20 per cent of the shell diameter) 
from the radio centre. An identification of the pulsar 
with the stellar remnant of the supernova thus seems to 
be a reasonable working hypothesis. In the following 
diseussion we examine some of the interesting conse- 
quences of such an identification. 


Table 1. MEASURED PARAMETERS OF PSR 0833-15 
a(1950-0) 08" 88^ 39-0: t 1s 
6(1950-0) 454° + 03° 
[AH 263.5? 
bii ~ 28° 
P(s) 0-0892 + 0-0002 
E (at 408 MHz) MHz s~ 155415 
Distance (assuming ne = 0-1 em) pe 500 
Mean flux density (at 408 MHz) 102* W m Hz^ LTEr04 
Pulse length ms ~10 


By comparison of the Faraday rotation of the polarized 
radio emission from Vela X with the dispersion measure- 
ments on the pulsar it is possible to obtain directly the 
mean longitudinal component of the interstellar magnetic 
field. There is some uncertainty about the rotation 
measure because, according to Milne, a large part of the 
Faraday rotation occurs within the radio emitting regions. 
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In particular, he notes large differences of rotation measure 
for points only 0-25? apart near the peak of Vela X. If 
Milne's estimate of 46 rad m-? for the component of 
rotation measure introduced between the source and the 
Sun is combined with the figure of 155 MHz s-t for the 
dispersion of the pulsar at 408 MHz, we find that the 
mean longitudinal field is equal to 10-5 gauss. The mean 
absolute value for the field would obviously be greater. 
The mean electron density of 0-1 em-? initially assumed 
is also consistent with the astronomical distance to the 
supernova derived by Milne. 

The short period of PSR 0833-45 and the low optical 
luminosity of other pulsars*3 makes it most unlikely 
that they ean be associated with rotating or pulsating 
white dwarf stars. The most reasonable hypothesis is 
that they are neutron stars as originally suggested by 
Hewish et al.. The radially pulsating model suggested 
by them would, however, be very difficult to reconcile 
with the long period of 1-96 s found for PSR 2045-16 (see 
Thorne and lpser*). It is more plausible to invoke 
rotation as the basic modulation mechanism. 

It seems most likely that the Vela supernova was of 
type IT, resulting from an explosion of a massive star. 
Milne's data are compatible with either a type I or a type 
IT, but Kesteven’ has shown that the strong non-thermal 
galactic radio sources are typically associated with type II 
supernovae. If neutron stars are formed at every type II 
supernova explosion, and these have been continuing at 
their present rate of the order of one per 100 yr over the 
whole age of the galaxy, then there will be about 10* 
neutron stars in the galaxy, with a space density of the 
order of 10- pc. While the statistics of pulsars is not 
yet well established, their space density must be of the 
order of 10-* pe. Thus on the hypothesis that all pulsars 
are neutron stars, the probability of a neutron star 
exhibiting pulsar characteristics is of the order of 10-3, 
with an uncertainty of about two orders of magnitude. 
One possibility is that all neutron stars pass through a 
pulsar stage lasting for a time of the order of 107 yr 
(shortly after their formation if the suggested identification 
is correct). Alternatively, a fraction of neutron stars may 
be pulsars of longer lifetime. The limiting case is when 
one neutron star in 10? is a pulsar with an active life- 
time at least as long as the age of the galaxy. A pulsar 
phase of long duration seems possible in view of the 
necessarily slow evolution of neutron stars, although the 
chance then of detecting the ephemeral gaseous remnant 
would be rather small. Pulsars probably exist with 
periods appreciably shorter than those already detected. 
It is not impossible that some pulsars are included as 
point sources in radio catalogues. 

It is obviously necessary to examine all known and 
suspected supernova remnants with the greatest possible 
sensitivity. A preliminary search at the Molonglo Radio 
Observatory of fifteen possible remnantslisted by Kesteven? 
has yielded no further pulsars. This is notsurprising because 
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most of the objects are more than 1 kpe distant and the 
resulting low flux densities and large dispersions would 
hinder discovery. Although the sensitivity of the east- 
west arm of the Molonglo Cross is high, the time of 
observation at each transit is limited to about 10 s. It 
would be more promising to track these and similar 
objects with a large steerable reflector with a fairly wide 
beam and to examine the output for periodicities, using 
averaging techniques extended over several hours. A 
range of frequencies and band widths should be used because 
the optimum receiver characteristics depend on the 
speetrum, rate of frequency drift, inherent pulse length 
and pulsar period. Frequencies of a few hundred mega- 
hertz with bandwidths in the range 0-1 MHz to 1 MHz 
seem promising on the present evidence. 

If the age of most pulsars is very great an appreciable 
slowing down of the rotation rate might be expected due 
to the transfer of angular momentum to. the interstellar 
medium. One might expect the older and more numerous 
pulsars to have significantly longer average periods than 
the newer and rarer pulsars. Such an effect would appear 
as a negative correlation between pulsar period and 
distanee. For the eleven pulsars known at present, the 
correlation coefficient between these parameters is 0-53, a. 
value which is statistically signifieant at the 10 per cent 
level. Several times the present number of pulsars is 
required to establish any such correlation. Indeed, 
systematie surveys to detect more pulsars are one of the 
most pressing requirements at present. 

To conclude, the possible association between PSH 
0833-45 and the Vela supernova remnant opens several 
interesting lines of enquiry. The hypothesis that pulsars 
are rotating neutron stars formed in the explosion of 
massive supernovae receives considerable support. If the 
identification is correct, however, it seems clear that it 
was made possible by fortunate astronomical cireum- 
stances. Verification of the idea that supernovae and 
pulsars are associated may require a great deal of further 
radio and optical observations. Details of the instrumen- 
tation used in the pulsar search and more accurate 
parameters of this and other pulsars already detected in 
the programme will be given in a later publication, 

We thank Dr R. Wielebinski for his help in providing 
recording facilities used during the observations. This 
research was supported by grants from the Australian 
Research Grants Committee and the US National Science 
Foundation. 
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East Pacific Rise and Westward Drift of North America 


by 
HAROLD PALMER 


There is some evidence for an ancestral East Pacific Rise which 


was overridden by North America in Mesozoic time. 


Dames and Moore, 
Los Angeles, California 


Tue conformity of the Mid-Atlantic Ridge system to a 
position midway between North America and Europe, 
and South America and Africa, and its magnetic, thermal 


and seismic characteristics lend credence to the seafloor 
spreading hypothesis. Hurley's recent review! of matching 
structural, lithologic and radiometric data which crosg 
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juxtaposed boundaries in reconstructions of these masses 
summarizes the case for dispersion of those continents 
away from the crest of the central Ridge. 


Reconstruction of Laurasia 

If it is assumed that such dispersion occurred, a recon- 
struction of Laurasia requires relocation of the North 
American continent to a position some 2,300 km to the 
east of its present location. The shape of the entire 
Atlantie Ocean Basin suggests that the dislocation of 
both North and South America from the “parent” con- 
tinent was a rotational movement around some pivot 
loeated at a high northern latitude. Carey? suggests that 
this pivot be placed at the “Alaskan Orocline", the great 
flexure in the Alaskan Range. According to Carey's 
reconstruetion, the North American continent should be 
rotated through about 28? to close the Arctic and Atlantie 
Sphenochasms. To achieve closure, Carey proposes that 
one need only rotate the North American continent east- 
ward along displacement flow lines through this angle. 
Adjustments along several megashears are required to 
accommodate apparent translation, but it should be noted 
that in such a procedure Europe remains fixed during 
the opening of the Atlantic Basin. By returning North 
America to Europe in this fashion, the continent must 
override the median Mid-Atlantie Ridge. In the light of 
data now available, it seems that such a reconstruction 
is incompatible with the process of seafloor spreading. 

A more plausible regrouping of continental masses 
bordering the Atlantic Basin is supplied by Wilson?*. This 
hypothesis also proposes rotational translation of con- 
tinental blocks, but suggests mutual drift of both Europe 
and North America away from a central line corresponding 
to the present position of the Mid-Atlantie Ridge. In this 
ease, the pivot is located on or near the New Siberian 
Islands in the Arctic Ocean. This position is adopted in 
the model for continental drift of North America under 
discussion. 


Rate and Magnitude of Continental Dispersion 


I shall assume that a spreading seafloor west of the 
Mid-Atlantic Ridge acts, and has acted, as the primary 
force responsible for the westward drift of North America. 
Evidence summarized here suggests that such spreading 
activity has been intermittent. The rate and magnitude 
of the westward migration of the continent may be con- 
sidered by examining recent data from the region between 
the Ridge and the continental margin. Wüst has termed 
this area of the Atlantic seafloor the North American 
Basin‘. 

In the North Atlantic Basin, Vine’, Heirtzler and 
Hayes’, and Phillips’ have presented data on spreading 
rates observed at various latitudes. Although the cal- 
culations of each are not identical, it seems that the 
western flank of the Mid-Atlantie Ridge has been spreading 
towards the west at a rate of about 1 em/yr. This figure 
has also been proposed by Orowan? for the velocity of 
westward drift of the Americas over the Pacifie floor. 
Phillips’s data suggest a somewhat higher rate and also 
à deerease in spreading velocity 6 million years ago. 
More recently, van Andel and Bowin? have described a 
portion of the Mid-Atlantic Ridge which appears to 
consist of a crestal segment of Quaternary material flanked 
by late Miocene sediments. Their data support Phillips’s 
proposal for two stages of motion, Phillips's data also 
reveal an increase in rate with decreasing latitude, a 
factor consistent with the general inerease in width of the 
Atlantic Basin to the south. 

If the seafloor is spreading from the axis of the Mid- 
Atlantic Ridge, the sediment thickness should increase 
with distance from the crest. Ewing and Ewing’? have 
shown this to be the case at several widely scattered sites. 
In each case, there is a pronounced and abrupt increase 
in sediment thickness at some point on the flanks of each 
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ridge or rise surveyed. The global concordance of this 
break suggests a fairly long period of universal quiescence 
before a renewed cycle of seafloor spreading. This dis- 
continuity lies about 140 km from the crest of the Mid- 
Atlantic Ridge and, at separation rates proposed by 
Phillips, the age of this abrupt thickening is 10 million 
years. 

Several reports’): display or cite some disturbance 
or marked change in character in magnetic profiles at a 
point corresponding to an age of 10 million years. 
Although there is a distinct change in the character of 
the magnetic profiles at this point, the few long profiles 
available for examination®* and those near the conti- 
nental margins® show similar, but subdued, oscillations in 
anomaly profiles which encompass the period of quiescence 
proposed by Ewing and Ewing’. If these linear anomalies 
result from alternating polarity of the Earth’s magnetic 
field, the question arises as to how they could have 
formed during a halt in seafloor spreading. One possi- 
bility is that marked change at the !0 million vear dis- 
turbance is, in reality, a magnetic hiatus. The duration 
of this hiatus can be estimated from additional data on 
deep-sea stratigraphy. 

The widespread “horizon A” noted in many seismic 
reflexion surveys lies at an average depth of 300-500 m 
below the present seafloor surface of the North American 
Basin. This reflector crops out on the seafloor in the 
south-western corner of the Hatteras Abyssal Plain in a 
gap between the Blake-Bahama Ridge east of the Bahama 
Islands. This site has been cored and at this location 
horizon A has been dated as an Upper Cretaceous 
(Maestrichtian) turbidite which represents a buried 
abyssal plain of the same age!?*, This layer lies beneath 
the continental rise at the western edge of the North 
Ameriean Basin and apparently extends to the base of 
the present western flank of the Mid-Atlantic Ridge. 
'The latter is most significant, for it seems that Cretaceous 
turbidites were carried seaward across the Basin as far 
as modern deposits of similar origin. This situation, and 
the negligible distortion or deformation of this layer, 
suggests that there must have been a period of relative 
quiescence in seafloor spreading from the Upper Cretaceous 
to some fairly recent date. Previously cited magnetic and 
sedimentological data indicate that the onset of renewed 
activity could well be at 10 million years. Together, these 
data indieate that in the period from 70 to 10 million 
years (Upper Cretaceous to Upper Miocene) there was 
little or no seafloor spreading originating from the Mid- 
Atlantie Ridge. 

Two deeper horizons identified in the North American 
Basin are tentatively identified as Cenomanian, or lower- 
most Upper Cretaceous (horizon B) and Upper Jurassic 
(horizon B). More recently, a core raised from the 
north-western Pacific Shatsky Rise contains Lower 
Cretaceous (Albian) fauna at a depth equivalent to 
horizon B (ref. 15). The oldest estimate for the age of 
the North American Basin was provided by Heirtzler and 
Hayes*, who suggested that the regions bordering both 
the North American and European continents which 
display negligible magnetie anomalies represent seafloor 
materials emplaced during the lengthy period of Late 
Palaeozoie-Early Mesozoie reversed magnetic field (the 
Kiaman interval). 

These magnetic and stratigraphic data provide a ten- 
tative chronology of continental dispersion away from 
the Mid-Atlantic Ridge. This scheme of drift, based on 
an average spreading rate of 1-2 em/yr, and incorporating 
the proposed cessation of drift between 70 and 10 million 
years, is presented in Fig. 1. Absolute closure of the 
basin rejoins North America and Europe at about 250 
million years, in the Early Permian. If, however, an event 
representing the end of the Kiaman interval, here assumed 
to be about 215 million years ago!*, is contained within 
basin sediments near the continent®, then either the 
initial break-up of Laurasia must have occurred earlier, 
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or initial spreading rates may have been more rapid than 
at present. 

The occurrence of a 60 million year pause in seafloor 
spreading receives added support from the palaeomagnetic 
polar-wander curves presented by Cox and Doel”, The 
two curves for North America and Europe begin to 
converge at points dated as Permian and intersect at a 
Cretaceous date. The most recent period of activity has 
resulted in a westward drift of less than 2° and it is 
doubtful that such a small increment of motion could 
have been detected with certainty by the techniques used 
by Cox and Doell. The coincidence of the Cretaceous and 
later points on polar-wander curves for Europe and North 
America indicates that the present separation of the two 
continents had essentially been achieved by Late Creta- 
ceous time. 








CREST 
*— WEST EAST > 
a 
b 
+ 2160 km 
c 
hme 2280 km 

d 
Fig. 1. Proposed chronology of the westward drift of the North 


American continent. a, Onset of drift in Early Permian time, about 

250 million years, b, Early Jurassic time, 190 million years, c, Position 

of continent during cessation of drift, Late Cretaceous (70 million years) 
to Upper Miocene (10 million years), d, Current position. 


The only method of confirming the presence of a mag- 
netic hiatus is radiometric dating of crustal material 
beyond the 10 million year isochron (a site more than 
100 km east or west of the crest). In the absence of drilled 
cores, dated samples from islands or sediment cores may 
be used. Vogt and Ostenso!'* have presented such a com- 
parison based on displacements along Carey's? flow lines. 
Although this paper rejected Carey’s method of closure, 
the data points!* are still relevant to this discussion. If 
the magnetic hiatus is real, dated materials beyond about 
100 km should appear “too old" if steady state seafloor 
spreading at about 1 em/yr is assumed. Although the 
scatter of points in Vogt and Ostenso’s Fig. 3 is pro- 
nounced, several old dates (about 90, 135 and 150 million 
years) appear to be too close to the crest. Younger dates 
at extreme distances from the erest may reflect in- 
sufficient sampling which did not or could not include 
the oldest rocks present. A recent report!? citing Late 
Tertiary or Quaternary K : Ar dates for three seamounts 
east of the East Pacific Rise suggests that these young 
features have originated at or near their present locations 
and, thus, their ages are probably not relevant to estimates 
of spreading rates from the crest of the Rise. 


The East Pacific Rise 


An examination of various projections of the crest of 
the East Pacific Rise by Menard”, Cook?! and Thompson?? 
suggests that it was probably overriden by the advancing 
continent and that it now lies beneath the western portion 
of North America.  Bostrom?? has concluded that its 
northern portion, the Franklin Rise, continues northward 
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under the Yukon and Northwestern Territories Provinces 
and the Arctic Archipelago. Evidence for its presence 
consists of geophysical, tectonic and structural data. 
which mutually support the proposal that the major trend 
of the East Pacific Rise extends under the western edge 
of the continent. The crucial question is: did the East 
Pacifie Rise exist during the Mesozoic period of westward 
drift of the North American continent, and if it did, is 
there evidence of the passage of the continental plate 
over this feature ? 

The East Pacific Rise and the Mid-Atlantic Ridge 
demonstrate a pronounced thickening of sediments at 
the 10 million year isochron. This concordance suggests 
that the cessation of seafloor spreading was universal. Tf 
convection takes place intermittently, as proposed by 
Vening Meinesz?*, and if periods of its activity are global, 
as suggested by Girdler®*, then the period of Mesozoic 
activity which opened most of the present Atlantic Basin 
should also have occurred in the Pacific. Recent reportst® 2t 
suggest that episodie and irregular spreading has occurred 
in both ocean basins. 

Vine* has presented a composite, long, magnetic profile 
from the North Pacific which extends to the edge of the 
East Pacifie Rise at 168? W. At this point, the profile 
becomes quite smooth, a situation similar to that in the 
Atlantic where such an undisturbed profile is related to 
the Kiaman interval. The time scale applied to the 
Pacific profile, however, indicates an age of only 80 million 
years at this point. If this smooth portion represents the 
Kiaman interval, this date should be 215 million years. 
Subtracting the 60 million year period of quiescence 
leaves 155 million years of spreading. At latitude 40° N, 
where Vine’s profile is constructed, the distance from the 
crest of the Gorda Rise to the edge of the flank at 168° W 
long is about 3,400 km. The rate of spreading derived 
for this relationship is only 2-2 em/yr, half the present 
value. It may be, however, that the crest of the ancestral 
East Pacific Rise now covered by the continent was the 
point of origin for Mesozoie spreading. Using this location, 
the distance now becomes about 4,850 km, and for the 
155 million years spreading period, the average rate 
increases to about 3-1 em/yr, a more reasonable figure in 
the light of current rates. Quite recently, Pitman and 
others** have presented long profiles which show pro- 
nounced irregularities within the span of records proposed 
here as representing the terminal phase of the Kiaman 
interval. Perhaps additional profiles will resolve these 
differences, for it is clear from their data that spreading 
rates differ from north to south along the Rise. 

Vine* has suggested that convection in that segment of 
the East Pacifie Rise now beneath the continent has been 
stifled or extinguished by the continental mass capping 
it. In addition, dislocated portions of the Rise now 
exposed in the north-eastern Pacifie show reorientation in 
the direction of convection overturn??:**, Together, these 
data indicate that the presence of the continent on top 
of the projected erest of the Rise has drastically altered 
the convective processes within the northern portion of 
the East Pacifie Rise. 

Several reports have suggested that an Upper Creta- 
ceous-Eogene quiescence in seafloor spreading did not 
occur in the East Pacific Rise. Mierofaunal assemblages 
described by Burekle ef al.?* and Riedel** provide evidence 
for Tertiary spreading on the Rise. Heirtzler and others?® 
have cited recent evidence provided by Ewing et aL?! for 
an eastern terminus of horizon A (Upper Cretaceous) just 
west of Heirtzler's anomaly 32 which is dated at about 78 
million years. This location coincides with a position 
consistent with steady state seafloor spreading since Late 
Cretaceous time. Tn combination these date zest that 
either the widespread abrupt thickening of sediment cover 
has no chronological significance, or that episodes of sea- 
floor spreading are not coeval. These differences cannot 
be reconciled on the basis of available evidence and the 
presence or absence ofa Mesozoic East Pacific Rise will not be 
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Fig. 2. 


broad black line is the projected northern extension of the East Pacific Rise crest. 
a, Position at onset of drift in Early 
c, Posi 


Baja to the Mexican mainland. 
the East Pacific Rise in Mid-Jurassic time (150 million years). 


resolved until more data, including those from deep 
drilling, are available from the exposed flanks of the Rise. 


Rates and Magnitude of North American Drift 


The chronology of drift proposed here is summarized 
in Fig. 2. The first and most significant period of drift 
occurred during the interval between Mid-Permian 
(approximately 250 million years ago) and Upper Creta- 
ceous (70 million years’ time). The initial spatial relation- 
ships at the onset of drift are shown in Fig. 2a. If a 
drift rate of L2 em/yr for the westward migration of 
North America is reasonable, then its leading edge would 
reach the projected crest of the East Pacific Rise approx- 
imately 150 million years ago, or near the middle of the 
Jurassic period (Fig. 2b). By the end of the initial 
spreading cycle (70 million years ago, Late Cretaceous), 
the continent had nearly reaehed its present position 
(Fig. 2c). By this time, much of the western portion of 
North America had traversed the projected crest of the 
Rise. A later period of drift, from 10 million years ago 
to the present, completes the drift so far. 


Tectonic Implications and Geological Relationships 


1f the North American continent did advance over the 
East Pacific Rise, its passage should be marked by geo- 
tectonic effects on a grand scale. If rates of continental 
drift and the interval of quiescence in seafloor spreading 
proposed here are correct, the intense Nevadian Orogeny 
and Laramide Revolution then coincide with points in 
time in which the continent approached and erossed the 
location of the present East Pacific Rise. The timing of 
events and the progressive eastward migration of orogenie 
activity in the western portion of the continental plate, 
as summarized by Gilluly??, suggest that something other 
than a featureless basin lay in the path of the advaneing 
continent. Both the tremendous quantities of volcanic 
products and the vast extent of plutonism at this time 
imply a ready supply of enormous quantities of heat. 
Bateman and Eaton?! have proposed that during Mesozoic 
orogeny, the Sierra Nevada root evolved from the high 
radiogenic heat developed in the thickened prism of 
coastal rocks and sediment compressed against the eon- 
tinental margin. This source of heat may have been 
augmented appreciably by conduction of mantle heat 
through the erestal portion of the East Pacitie Rise. 


Progressive displacement of North America (heavy line, stippled margin) with rotation centred in the New Siberian Islands. 
No attempt is made to restore the splinter of peninsular 
Permian. b, Initial contact of the drifting continent with the crest of 
tion of the continent during the proposed pause in drift between Late 
Cretaceous (70 million years) and Late Miocene (Sarmatian time, 10 million years ago). 
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The 


Current studies in the far west of the United States 
continue to resolve a zone of thrust sheets and overturned 
folds directed toward the west. Davis** has suggested that 
imbrication of crustal blocks has resulted from under- 
thrusting of a passive continental margin by an active 
oceanic crust. It seems plausible, however, that similar 
relationships could be developed if both oceanic and 
continental erust were active in opposite directions. The 
age of these thrusts is compatible with the proposed Late 
Mesozoic encroachment of the continent on an ancestral 
East Pacific Rise, and this disruption of the leading edge 
of the advancing plate may represent the terminal throes 
of convection before motion from the overridden crest 
was stifled. 

Renewed drift in the past 10 million years seems now 
to be moving the continent even farther west. The lack 
of significant deformation of the continental rise prism 
and sediments in portions of the Atlantic Basin”? seems to 
support the contention of continued coupling between the 
Atlantic Ocean erust and the continent. Renewal of 
convection seems to have occurred along a number of 
segments of the north-east Pacific seafloor separated by 
transform faults. Deformation of continental rise sedi- 
ments off California’? is observed, but such disturbance is 
attributed to slumping from the upper reaches of the 
slope. 

It is apparent that there is some basis for argument 
favouring an ancestral East Pacific Rise which was over- 
ridden by North America in Mesozoic time. Further studies 
of the seafloor in the north-eastern Pacific Basin may 
substantiate the existence of a Rise as early as the Permian. 

I thank Professor Lawrence A. Frakes, Department of 
Geology, University of California, Los Angeles, and Dr 
James C. Ingle, jun., Department of Geology, Stanford 
University, for helpful comments and criticism. 
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Bacteriophage f2 RNA: Control of Translation 


and Gene Order 


by The use of a novel protein fingerprinting technique has shown that, 


HARVEY F. LODISH* 


MRC Laboratory of Molecular Biology, 
Cambridge 


ONE way in which an organism can regulate the synthesis 
of specific proteins is by translation of the different genes 
on a polygenie messenger RNA at different rates and at 
different times. An ideal system for studying this type 
of regulation in vitro is the single stranded RNA from 
small bacteriophages such as f2, for it is the only purified 
polycistronic messenger that makes defined proteins in a 
cell-free system. With f2 RNA the predominant reaction 
product is the phage coat proteint. f2 RNA (molecular 
weight 1-1x 10%) also codes for two other proteins*': 
maturation or “A” protein (a minor component of the 
phage particle’) and an RNA polymerase. Two limita- 
tions, however, have hampered interpretations of experi- 
ments on in vitro synthesis of these proteins. First, there 
is the inability to identify all of the six to nine poly- 
peptides detected when the reaction product is fraction- 
ated on acrylamide gels?*-*. It is, moreover, usually not 
possible to detect synthesis of maturation protein. Second, 
in the absence of recombination between RNA phage 
mutants we do not know the relative positions of the genes 
on the RNA chromosome. 

Here I report a new fingerprinting technique which 
detects the amino terminal sequences of proteins synthe- 
sized in the cell-free system. f2 RNA initiates the synthe- 
sis of only three proteins, which can be tentatively 
assigned to the three known phage genes. This system 
allows investigation of the factors which regulate initiation 
of translation of the different genes. The chief conclusions 
are first that, in certain conditions, synthesis of all of the 
f2 proteins can be initiated independently of each other. 
This result suggests that the secondary structure of f2 
RNA usually regulates initiation of protein synthesis. 

Second, a fragment of f2 RNA derived predominantly 
from the normal 3' end directs the synthesis of only the 
two non-coat proteins. This result suggests that the 
coat protein gene is closest to the 5’ end of normal f2 
RNA. Spahr and Gesteland? reached a similar conclusion 
using fragments of R17 RNA obtained in a different 
manner. 


* Present address: Department of Biology, Massachusetts Institute of 
Technology, Cambridge, Massachusetts. 


in a cell-free system, the three genes of bacteriophage f2 can be 
translated independently. 
constructed by using specific fragments of f2 RNA as messenger. 


A crude genetic map of f2 RNA was 


Amino-terminal Peptides of f2 Specific Proteins 

All phage specific proteins synthesized in vitro are 
believed to begin with the amino-acid N-formyl methion- 
ine (FMet) 9-2, I have therefore used N-formy]-“8- 
methionyl-H£RNA *-15 to label the amino termini of f2 
proteins produced in a standard E. coli cell-free system. 
That this technique will label all phage proteins depends 
on the assumptions (1) that indeed all proteins begin 
with FMet and (2) that at least the amino-terminal 
558-methionine is not removed by enzymes in the cell 
extract. 

The proteins were digested with a mixture of trypsin 
and chymotrypsin and the radioactive peptides separated 
by a two-dimensional fingerprinting technique. Figs. le 
and 6 show an autoradiogram of product synthesized by 
wild type f2 RNA. The evidence discussed below and m 
Table 1 indicates that more than 99 per cent of the radio- 
activity in peptides is derived from the amino-terminal 
peptides of three phage proteins: I, IT and TT. 

The six major peptides, A-F. in Fig. 14 accounted for 
96-5 per cent of the radioactivity (Table 1). Because there 
is an enzyme in extracts of E. coli which removes the 
amino-terminal formyl residue from nascent proteins’, 
it is reasonable to expect that from each protein two 998. 
methionine peptides can be isolated, one having lost the 
formyl group. Indeed, digestion with 0-25 N HCl : dioxana 
(1:1) at 37° C for 24 h", conditions which remove only 
an N-formyl residue from peptides, established that 
peptides B, D and F are derivatives, respectively, of 
peptides A, C and E which have lost the formyl group, 
and are thus derived from the same protein (À and B 
from T; C and D, II; E and F, ITI: Table 1, fourth 
column). 

The formylated peptides A, C and E were digested with 
pronase, and the identity of the N-formyl-**S-methionine 
peptides formed was used to establish the amino-acid 
sequence at the beginning of the three phage proteins 
(Table 1, fifth column). Protein I (peptide A) begins with 
N-formyl methionylalanyl serine (PMet Ala Serjand protein 
II (peptide C) with N-formyl methionyl serine (FMet Ser). 
Pronase digestion of peptide E (protein III) yielded only 
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Fig. 1. Antoradiogram of digest of protein formed 


c.p.m./mg). The latter material 


in vitro and labelled with N-formyl-5S-methionyl-CRNA. 
of (A); (0) 278£2 RNA plusf2coat protein; (D) 27.5 3u3 3 RNA; G2 148 RNA. Reaction mixtures (300 ul.) were the 
except that they contained all twenty non-radioactive amino-acids (100 mumoles/ml.) and 350 pg/ml. N-formy : 
was prepared (personal communication from M. Bretscher) by charging unfractionated E. coli tRNA with *'5- 


E 





A) 278 f2 RNA; (B) diagram 
ame as described previously?^*, 
58-methionyl (RNA (5 x 105 








.( 
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methionine (specific activity about 6,000 mCi/mmole*) using 8100 as source of activating enzyme and formy! tetrahydrofolic acid as formyldonor'*, 
The isolated tRNA was subjected to enzyme pyrophosphorolysis using $100, a procedure which removes from {RNA methionine but not N-formyl 
methionine", Digestion with pancreatic and T1 ribonucleases followed by paper electrophoresis!*-!* showed that over 98 per cent of the radio- 
activity was in N-formyl-*S-methionyl tRNA. Phage RNAs were used at a concentration of 145 ng/ml; all "275" RNA used was prefraction- 


ated on a sucrose gradient, and more than 95 per cent of the material sedimented as a single 


peak at 275. (C) Contained also 48 ug/ml, f2 coat 


protein, equivalent to 20 molecules per molecule of f2 RNA. Incubation was at 35° C for 11 min, and the reaction was terminated by addition of 
ribonuclease and EDTA as described previously, An aliquot of the reaction mixtare was precipitated with 5 per cent trichloroacetic acid and 


filtered through a ‘Millipore’ filter, and was used to caleuiate the 


total incorporation into protein (measured in a scintillation counter at 62 per 


cent efficiency): (4) 72,000 c.p.m.; (C) 49,500 c.p.m.; (D) 5,600 c.p.m.; (F) 30,200 c. p.m. ; without added phage RNA, 900. The reaction mixture 


was precipitated with trichloroacetic acid and the protein precipitate isolated as described earlier?*. 


per cent of the radioactive protein was lost. 
was added and incubated at 37° C for 20 min. 


During this step between 10 per cent and 30 


The precipitate was suspended in 0-6 ml. of 1 per cent ammonium bicarbonate and 50 ug of trypsin 
Chymotrypsin (50 ug) was added and incubation was continued for 3 h. 


The digest was lyophilized 


and washed twice with water. The entire digest was subjected to descending chromatography on WhatmanNo. 3M M paper for 14 h. The strip was 
sewn to a new sheet of 3M4.M paper and subjected to electrophoresis at pH 3-5, using pyridine acetic acid buffer, for 1 hat 50 Viem. The paper was 


exposed to Kodak autoprocess X-ray film for 16 days. 


‘All spots were cut out and counted in a scintillation counter, 
caleulate the amounts of the three phage proteins made (compare text and Table 1). 


and the results used to 
From a reaction mixture without added phage RNA there 


was only one Very faint spot near the position of peptide e'. 


N-formy! methionine, even when the digestion was 
performed in the presence of a large excess of N-formyl 
met hionyl alanine (FMet Ala), FMet Ser and FMet Ala Ser. 
The ionophoretie mobility of F, the deformylated deriva- 
tive of E, indicated that peptide E is probably the dipep- 
tide N-formyl methionyl lysiae (FMet Lys) or N-formyl 
methionyl arginine (FMet Arg). 


Of the minor peptides in Fig. LA, four (a’, b', e' and d’) 
are derivatives of major peptides in which the methionine 
residue is oxidized, probably to the sulphoxide (Table 1). 
Peptide g’ is FMet Ala Ser and was produced from peptide 
A by impurities, presumably carboxypeptidase A, in the 
chymotrypsin. The only unidentified peptide is h' 
(Table 1). 
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Table 1. QUANTITATION AND CHARACTERIZATION OF *§-FMET PEPTIDES 








Fraction of total 
Protein Peptide radioactivity HCI : dioxane 
I (Coat) A 0-444 B 
B 0-263 unch 
a’ 0-013 b’ 
b 0-006 unch 
gg 0-004 Met Ala Ser 
SUM i 0-730 
TE (Poly merase} € 0-151 D 
D 0-063 unch 
[d 0-005 d 
g’ 0-002 unch 
SUM 0:221 
III (Maturation) E 0-026 EF 
F 0-015 unch 
SUM 0-041 
? hh’ 0-008 Gains + charge 


FMet(SO), N-formy] methionine sulphoxide. 


Pronase Air oxidation Sequence 
60 FMet Ala è a’ FMet Ala Ser... 
35 FMet Ala Ser 
5 FMet 


Met h Met Ala Ser... 
60 FMet(SO) Ala unch FMet(SO) Ala Ser... 


40 FMet(SQ) Ala Ser 





Met(SO unch Met(80) Ala Ser... 
unch (FMet Ala Ser) ND FMet Ala Ser 
90 FMet Ser es EMet Ser... 
10 FMet 
Met d' 
ND unch 
ND uneh 
FMet ND FMet Lys or FMet Arg 
Met ND Met Lys or Met Arg 
Unidentified ND ? 


| ND, not done; unch, electrophoretic and chromatographic mobility unchanged. 


Peptides from the fingerprint of Fig. 14 were cut out and counted in a scintillation counter. A total of 53,000 c.p.m. was recovered from the paper, 
equivalent to 97 per cent of the radioactivity spotted on the chromatogram, and to 74 per cent of the acid-precipitable radioactivity in the original reaction 
mixture, For characterization of the peptides a fingerprint from a 4-0 ml. of reaction mixture was used; the peptides were eluted from paper with 0-02 M aqueous 


triethylamine, lyophilized twice, and resuspended in water. 
left for 2 h at 87° C. 
Other reaction conditions are deseribed in the text. 


purchased from Mann and then chemically formylated. 


Pronase digestion required 6 ugofenzyme in 25 pi. 0-5 per cent ammonium bicarbonate solution. 
Peptides were oxidized by drying them on filter paper and treating them with a gentle stream of air at room temperature for 24 h, 
Radioactive peptides in the digest were compared with standard peptides by paper ionophoresis at pH 
&-5 and 6-5 and by paper chromatography in the system deseribed in the legend to Fig, 1. 
in Fig. 14 and also all forty-eight formyl methionine and amino-terminal methionine dipeptides and tripeptides available. 
8-5 for 2 h at 50 V/em is sufficient to separate completely FMet, FMet Ser, FMet Ala Ser, FMet Ala and peptides A-F. 
Oxidized derivatives of FMet Ala, FMet Ser and FMet Ala Ser were prepared by drying the peptides 


These conditions were sufficient, to differentiate all the peptides 
In particular, lonophoresis at pH 
Most of these marker peptides were 


on filter paper and treated with a gentle stream of air. Standard peptides were detec ted by the platinic iodide stain or, when oxidized, by a chlorine starch stain, 


Correlation with Known Phage Genes 

Protein I (peptide A) is the coat protein. Its amino- 
terminal sequence, FMet Ala Ser . . ., is the same as that 
of the phage coat protein synthesized in vitro!*! (in the 
phage particle the coat begins Ala Ser . . ., having lost the 
amino-terminal methionine,7). As expected, protein I 
is the predominant product of the cell-free system. 

Protein IIL (peptide E) is probably the maturation 
protein. Digestion with trypsin of purified maturation 
protein (obtained from phage particles?) labelled with 
95S-methionine yielded five radioactive peptides. One 
of these was inseparable from peptide F (the deformylated 
derivative of E) by paper chromatography and ionophore- 
sis and is believed to be the amino-terminal peptide of the 
maturation protein (my unpublished work). 

An indirect experiment suggests that protein II (peptide 
C) is the RNA polymerase. Several groups have shown 
that when f2 RNA accompanied by 6-20 molar equivalents 
of coat protein is used as messenger in vitro a normal 
amount of coat protein is produced, but only a very small 
amount of most of the non-coat polypeptides, including the 
one believed to be completed RNA polymerase**. This 
inhibition of polymerase synthesis is considered impor- 
tant in regulation of polymerase production during 
phage infection'?, Fig. 1C is a fingerprint of N-formyl- 
538-methionine protein produced by a complex of twenty 
coat protein molecules per f2 RNA. Inhibition by coat 
protein was extremely specific; there was no effect on 
synthesis of coat protein (peptides A, B, a’, b’, g^) or of 
maturation protein (peptides E, F), but production of 
protein IT (peptides C, D, ec’, d’) was completely prevented. 
This suggests that II is the RNA polymerase. 


Polarity and the Control of RNA Translation 


With wild type f2 RNA the three proteins were syn- 
thesized in the ratio 100 coat protein (I): 30 polymerase 
(II) : 5-5 maturation protein (III) (Table 1). 

Because our fingerprinting system measures only the 
amino-terminal peptides of f2 proteins, it can be used to 
study the factors which regulate initiation of translation 
of the three phage genes. Some insights into this problem 
come from using sus 3 RNA as messenger, which contains 
an amber mutation at the site corresponding to the sixth 
amino-acid of the coat protein cistron. Fig. 1D shows 
that sus 3 RNA directs the synthesis of only 25 per cent 
as much polymerase as does wild type f2 RNA (peptides 


C and D; compare Fig. L4). By contrast. sus 3 RNA 
directs the synthesis of 20 per cent more maturation 
protein than does f2 RNA (peptides E and F; compare 
Fig. 1D and A). (The major product of sus 3 RNA is a 
hexa-peptide containing **S-FMet and the next five amino- 
acids of the coat protein which is soluble in trichloroacetic 
acid and is not seen in Fig. 14. Thus all of the coat 
peptides, A, B, a’, b' and g', are missing.) These results 
confirm the polar effect of the sus 3 mutation on poly- 
merase synthesis'^?? and mean that translation beyond 
the sixth amino-acid of the coat protein cistron is neces- 
sary for efficient initiation of polymerase synthesis. By 
contrast, coat translation is not needed for normal initia- 
tion of translation of maturation protein, a result suggest- 
ing that initiation of maturation protein synthesis is 
independent of that of the coat protein. 


Kinetics of Protein Synthesis 


These conclusions on control of initiation are supported 
by experiments on the kinetics of protein synthesis 
directed by wild type f2 RNA (Fig. 2a). The time course 
of synthesis of the amino-terminal peptides of the three 
phage proteins was caleulated from a series of fingerprints 
similar to those of Fig. 14 prepared from protein made 
after different times of incubation. The initiation of 
translation of RNA polymerase (protein IT) lags 1 to 
2 min after that of the coat protein (I) (see legend to Fig. 2). 
This extends previous observations that synthesis of 
polymerase follows that of coat protein!'-*, and is consistent 
with the above conclusions that initiation of polymerase 
translation requires translation of part of the coat gene. 
In sharp contrast, the kineties of synthesis of coat and 
maturation protein are the same, both being made after 
a L5 min lag, except that much more coat protein is 
made. This also suggests that translation of maturation 
protein is independent of that of the coat protein. 





A Fragment of f2 RNA 

Because initiation of polymerase translation is normally 
dependent on synthesis of at least part of the coat protein, 
one might predict that a fragment of f2 RNA which con- 
tains the gene for RNA polymerase but not that for coat 
protein should be inactive in directing synthesis of RNA 
polymerase. In fact, such a fragment is extremely 
efficient in directing synthesis of RNA polymerase, a 
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result which demonstrates that initiation of RNA poly- 
merase, as well as of maturation protein, can be inde- 
pendent of that of the coat protein. 

148 RNA, a fragment of f2 RNA that has lost the coat 
gene, has been obtained?! from the defective phage 
particles produced by infection of Su- hosts by sus 4, an 
f2 amber mutant in the maturation protein®™-27, RNA 
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Fig. 2. Kinetics of synthesis of phage proteins (a) 275 f2 RNA; (6) 14S 
RNA, Two 6-0 ml. reaction mixtures of identical composition to that of 
Fig. 14 and E were used; the temperature was 25? C, Samples of differ- 
ent sizes were taken so that at each time about 30,000 ¢.p.m. of acid-pre- 
cipitable radioactivity were used for fingerprinting. The amount of radio- 
activity in the peptides from each protein was normalized to 1-0 ml. of 
reaction mixture. Note that the scales for coat protein and for matura- 
tion and polymerase protein are different. In all fingerprints only the 
peptides found in Fig. 14 were observed, The difference in temperature 
between this experiment and those of Fig. 1 and Table 1 may explain the 
different relative amounts of the proteins produced. The lag in synthesis 
of polymerase relative to coat and maturation protein (part a) is signifi- 
cant, for the results for all three proteins were derived from the same 
fingerprints. For example, in the fingerprint from the 2-5 min reaction 
the ratio of counts in peptides from coat : polymerase : maturation 
proteins was 100 : 58 : 12, while from the 8:0 min reaction the ratio 
was 100:20:9-6, Furthermore, the lag cannot be caused by the necessity 
to synthesize a longer part of protein H before it becomes precipitable in 
acid, for the lag is abolished when 143 RNA is used (part 5). 
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from the particles with lightest density in CsCl (5: 1-42 
g/cm” compared with 1-45 g/em® for f2) was fractionated by 
sedimentation through a sucrose gradient (Fig. 3a), and 
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Fig. 3. (a) Sucrose gradient of RNA from defective phage. RNA labelled 
with “C, taken from sus 4 defective phage, was mixed with a small 
amount of tritiated f2 275 RNA and layered on a 5-20 per cent linear 
sucrose gradient (28 cm*, 0-10 M NaCl, 0-05 M tris, pH 7:5). Centrifuga- 
tion was for 20 h at 25,000 r.p.m. at 4? C in the SW 25 rotor of the Spinco 
L4 ultracentrifuge. Samples from each fraction were precipitated with 
trichloroacetic acid and counted in a scintillation counter; fractions 
pooled as 148 RNA are indicated. Centrifugation is from right to left. 
(b) Formaldehyde sedimentation** of 145 RNA, A small amount of tritia- 
ted f2 278 RNA "C-14S RNA, and 4 Ages units of E, coli RNA in 100 ul. 
of solution containing 0-09 M Na,HPO,, 0-01 M NaH,PO,, and 1 M 
formaldehyde was heated in a closed tube at 03^ C for 10 min, After cool- 
ing rapidly in ice the solution was layered on a 4:7 em? linear 5-20 per cent 
sucrose gradient containing the same concentration of phosphate buffer 
and formaldehyde and also 0-1 per cent sodium dodecyl sulphate. Centri- 
fugation was at 18° € for 3 h at 65,000 r.p.m. Optical density (26 
and acid-precipitable radioactivity were determined on each fraction, 
The arrows represent, from left to right, the peaks of E. coli "235" and 
“16S” ribosomal RNA and “tS” soluble RNA as determined from the 
optical density profile, Note that "Z7S" f2 RNA and "235" ribosomal 
RNA, which have the same molecular weight, have the same sedimenta- 
tion velocity in these eonditions**, Some of the slower sedimenting *H 
and C radioactivity may be produced by bond seission and also 
exposure of pre-existing bond cleavages during heating. 
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a fraction with a mean sedimentation coefficient of 148 
(compared with 278 for f2-RNA) was isolated. 

A. fingerprint of the protein products directed by 148 
RNA is shown in Fig. 1E. The important result is that 
per microgram 145 RNA directs the synthesis of the same 
amount of both polymerase (peptides C, D, ¢’ and d") and 
of maturation protein (E, F) as does 278 RNA, but less 
than 3 per cent of the amount of coat protein (peptides 
A and B; compare with Fig. L4). This agrees with 
previous work on 145 RNA"!, and suggests that this RNA 
has in fact lost the gene for coat protein. 

With 14S RNA initiation of translation of the poly- 
merase gene oceurs in the complete absence of synthesis 
of the coat protein. This is supported by the kinetics of 
protein synthesis (Fig. 2b). Initiation of polymerase 
translation directed by 14S RNA proceeds immediately 
and without an additional lag period, in contrast to the 
result obtained with 278 f2 RNA(Fig. 2a). 


Gene Order 

A further understanding of the factors which regulate 
f2 RNA translation requires knowledge of the order of 
the genes on the RNA chromosome, and some information 
on this point can be obtained from the results with 
145 RNA. 

14S RNA consists predominantly of material derived 
from the 3’ end of f2 RNA. Alkaline digests of 275 and 
14S RNAs labelled with ™“C-adenine and “C-guanine 
were fractionated by paper ionophoresis at pH 3:5. From 
278 RNA I obtained, in addition to the 3’ monophosphates 
of adenosine and guanosine, between 0-95 and 1:07 moles 
of *C-guanosine tetraphosphate and of “C-adenosine per 
mole (1-1 x 10* molecular weight units (MWU)) of RNA. 
These are derived, respectively, from the 5’ and 3' ends?*-?!. 
From 14S RNA only one mole of “C-guanosine tetra- 
phosphate was obtained per 6,000—9,000 moles of guanosine 
3' monophosphate, equivalent to 0-10-0-15 moles of 
guanosine tetraphosphate per 1-1 x 10° MWU of RNA. 
However, one mole of radioactive adenosine per 490 of 
adenosine monophosphate was recovered, while from f2 
RNA, as expected, the recovery was one per 780 residues. 
Because no radioactive guanosine was ever detected, it 
seems very likely that all of the adenosine from 148 RNA 
was derived from the 3’ end of normal f2 RNA. 

An estimate of the molecular weight of 14$ RNA comes 
from the sedimentation velocity of the RNA after reaction 
with formaldehyde at 63° C for 15 min*. Fig. 3b shows 
that after such treatment the major component of 14S 
RNA sediments 78-82 per cent as rapidly as does f2 
RNA, indicating?? that it has a moleeular weight between 
55 and 70 per cent that of f2 RNA. But 14S RNA is 
very heterogeneous, containing a significant fraction of 
material of smaller molecular weight. 

149 RNA thus consists predominantly of single poly- 
nucleotide strands containing the 3' end and 55-70 per 
cent of normal f2 278 RNA. Because 145 RNA directs 
synthesis of only the two non-coat proteins (Fig. 1E) we 
ean conclude that with normal f2 278 RNA the coat gene 
is located closest to the 5' end. This conclusion must be 
eonsidered tentative until & well defined fragment from 
the 5’ end of f2 RNA has been examined. Furthermore, 
because the maturation protein is made in very small 
amounts it is extremely difficult to establish the location 
of its gene with certainty; 14S RNA is heterogeneous and 
contains some material derived from the 5' end of f2 
RNA. 


Regulation of RNA Translation 
The results obtained with 145 RNA demonstrate that 


at least the guanosine triphosphate residue at the 5' 
end of £2 RNA% is unnecessary for efficient initiation of 
protein synthesis, as Spahr and Gesteland® showed. They 
also show that the dependence of polymerase initiation on 
synthesis of the coat protein observed with 275 RNA 
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(Fig. 2a) cannot be due to some intrinsic property of the 
nucleotide sequence at the beginning of the polymerase 
gene. 

One plausible interpretation of my results is that changes 
in secondary structure of messenger RNA regulate initia- 
tion of translation. Such models predict that ribosomes 
can attach independently at several sites on a polycis- 
tronic messenger. On intact (279) f2 RNA ribosomes 
would be able to attach at the sites for initiation of trans- 
lation of both coat and maturation proteins. Possibly 
because of differences in local secondary structure the 
attachment to the site at the beginning of the coat would 
be more efficient. But the site for initiation of polymerase 
synthesis would usually not be exposed. During poly- 
merization of the amino-acids of the coat protein the 
secondary structure of the RNA would change in such a 
manner as to expose the polymerase initiation signal to 
ribosome attachment. Alternatively, physical removal 
of the 5’ end and the coat gene (145 RNA) would also 
expose this initiation signal. A second model postulates 
that initiation of RNA translation requires a free 5° end, 
and that the messenger is translated sequentially begin- 
ning with the gene (in f2 RNA, the coat) elosest to the 
5' end. According to such a model, in 145 RNA the 
initiation signal for polymerase translation would be near 
the new 5' end and would be translated immediately. 
It is, however, diffieult to explain why an amber mutation 
near the middle of the coat gene (sus 11), which results in 
complete inhibition of synthesis of the C-terminal region 
of the coat protein’, does not affect the initiation of 
polymerase synthesis?!, Furthermore, this model does 
not explain how translation of the maturation protein 
proceeds independently of that of the coat and polymerase 
proteins with both 275 and 14S RNA, nor does it explain 
how addition of coat protein to f2 RNA blocks completely 
initiation of polymerase translation but does not affect 
synthesis of maturation protein. This model would 
explain the results on synthesis of maturation protein if 
some specific fragmentation product of f2 RNA formed in 
the cell-free system directed translation of this protein. 
This, however, appears unlikely, because the kinetics of 
synthesis of maturation protein are linear (Fig. 2a), 


Effects of Coat Protein on RNA Translation 


14S RNA retains some control over the initiation of 
polymerase synthesis. Addition of 20 molar equivalents 
of coat protein to 14S RNA results in the complete loss 
of synthesis of RNA polymerase, but does not affect 
the normal synthesis of maturation protein. Taken 
together with the results of Fig. 1C, this means that coat 
protein binds to f2 RNA in such a mannerastoinhibitinitin- 
tion of polymerase translation. The site of f2 RNA which 
binds coat protein is located on the two thirds nearest 
the 3’ end, perhaps at the site of initiation of polymerase 
synthesis. It is of considerable interest that polymerase 
initiation is specifically blocked whether (149 RNA) or 
not (278 RNA) the initiation signal for polymerase synthe- 
sis is directly available for ribosome attachment. 
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Two-component Flow Model for Convection in the 


Earth’s Upper Mantle 


A model for convection in the upper mantle of the Earth comprising 
b two flows, one of percolating melt fluid (which need be no more 
y than a small volume fraction in the intergranular channels of coherent 
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drift. 


Present thinking regarding the mechanism of continental 
drift contains a paradoxical element. Thermal convection 
is the only plausible cause. Radioactive decay seems to 
be the most important source of heat in the Earth today. 
Radioactive matter is concentrated in the crust of the 
Earth, and especially in the continental crust. Subject 
to the uncertainties of all such estimates, the radio- 
activity of the continents suffices to account for the heat 
flow from the whole Earth: it is therefore at least an 
important part of the total heat source. Yet the 
"observed" motions of the crust imply an upwelling at 
mid-ocean ridges, as far as possible from continents, at 
migration of the oceanic crust away from the ridges 
towards the continents, and so, by continuity, a down- 
welling beneath continents. Various particular hypo- 
thetical convection patterns which have been proposed 
all share this characteristic. The conception that the 
continents have been formed in this way, swept together as 
a scum of light matter concentrated over the down- 
welling regions of a convecting mantle, as on a boiling 
jampot, is attractive, but it is hard to reconcile this with 
the idea that the continents themselves contain a major 
component of the driving heat source. 

The purpose of this article is to suggest. that a possible 
error in the argument is the supposition that convective 
motions In the Earth can be described by a single-valued 
velocity field. As a simple illustrative example, consider a 
slab of a polygranular solid at its melting point, heated 
from below and cooled above. Let it be fractionally 
molten, the liquid residing in channels between the grains, 
three at a time, making a connected fluid network 
penetrating the coherent solid. Let intergranular melting 
and freezing, or grain-boundary diffusion, occur at a 
sufficient rate that pressure in the liquid tends to equate 
itself to that in the solid, and let melting be accompanied, 
as usual, by a small expansion. Then the pressure 
gradient gp (where g is the gravitational acceleration and 
p the mean density) exceeds the value goi (pı being the 
liquid density) under which it would be in equilibrium; 








solid matter), the other a solid plastic flow, avoids some paradoxical 
features of other models for mantle convection. This model leads 
to a reasonably consistent account of the processes of continental 


liquid therefore seeps up through the channels to solidify 
at the top, while replenished by further melting at the 
bottom. A simple calculation (see appendix) shows that 
this mechanism of percolative melt conveetion is eapable 
of carrying a flow of heat many orders of magnitude larger 
than that due to ordinary heat conduction in this system 
(or than the geothermal heat flow) even with a melt 
fraction less than 10-. The significant point in this case 
is that, averaged on any scale larger than the grain size, we 
have two different convection currents at the same place, 
an upward current carried by liquid j; and a downward 
solid current js, equal in magnitude. These two currents 
together form a closed ^eireuit", as is necessary for a 
steady flow system, but it is not generally representable 
(as this example shows) by a pattern of looped flow lines. 
The general equation of continuity for these two material 
currents involves both together 


V ie (0/00) Git 9050 


where gi—fgpi and ps = (1—/) ps f being the volume 
fraction of liquid. The enthalpy current ja = (i fi ths j: 
where hi, hs are the enthalpies per unit mass of liquid and 
solid respectively, is l; jı in the special ease considered, in 
which jı and js are equal and opposite, ly = h — hs being the 
latent heat of fusion. 

As a further point regarding this simple example, a nail 
driven into the slab would be drawn down with the velocity 
(js/s) of the solid current. Thus by observing the heat 
flow we perceive an upward current, by observing the 
drag on an adjoining solid we perceive a downward 
current, where both are present together. 

The essential point has now been made. To go further 
risks the introduction of more specific detail than firm 
evidence warrants. Let us nevertheless accept this rigk 
and propose a crude model of conveetion in the upper 
mantle in the light of these considerations. It is assumed 
that. apart from the effects of inhomogeneous heating 
resulting from the continental concentration of radio- 
activity, the temperature distribution in the Earth, held 
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at about 300° K at the surface, and having a relatively 
steep negative radial gradient, diminishing with depth, 
comes close to the local melting point under local pressure 
at some depth D' of several hundred kilometres. With 
the added local heating from the continental matter, 
partial melting can be assumed to occur below the con- 
tinents at some lesser depth D, still of the order of hundreds 
of kilometres, lying in subeontinental matter—because 
the permeability is a rapidly increasing function of fluid 
fraction (proportional to f?) such a layer would allow easy 
horizontal transport of matter, by fluid percolation, but in 
attempting upward escape, driven by the effective pressure 
gradient g (p— p1) the fluid rising to colder levels would 
be very liable to seal its eseape route by solidification. 
though it might make substantial basaltie injections and 
outpourings from particular vents before doing so. Only 
a vent assuming the form of a long rift, widening by the 
separation of crustal rafts either side of it, can permit a 
continuing escape of fluid. The escaping fluid makes new 
(oceanic) crust on either side of the rift, cooling by 
conduction. The line of last escape remains the thinnest 
place in the new solid crust, the natural next vent, so that 
the rift continues to lie centrally in the widening belt of 
new crust. This describes the Atlantic ocean. An order- 
of-magnitude calculation can now be performed to verify 
the reasonableness of this model. 

If the raft of continent with cireumjacent and subjacent 
erust and upper mantle down to the depth D at which 
partial melting occurs is to grow at l em/yr, and if the 
percolation layer has a thickness d~ D/10. the required 
outflowing volumetric liquid current density in this 
channel, ji/e1, is 10 em/yre 3x 10-7 cm/s. This requires 
an effective pressure gradient (see appendix) 

p'2ynhlpf a. 
where a is the grain size, 7 the fluid viscosity and y 
a numerical faetor dependent on grain geometry, taken 
to be 105. With D~500 km, (e—91)~ 01 g/em?, the 
effective pressure drop from source to vent, g(e— 9) D, is 
5 kbar. With a distance of say 5,000 km from source to 
vent, p' is 1 bar/km, and we therefore need 


fant+=5x 10> c.g.s. units 


satisfied, for example, by a — 1 cm, y= 1 poise, f —5 x 10-4, 
or a variety of other suppositions all within the bounds 
of reason. There is no need for the fluid fraction to reach 
such a magnitude as would deprive the material of the 
short term elastie properties of a solid, or make much 
change at all in the elastic constants. 

'The total heat supply required, supposing a latent heat 
of fusion of 500 J/g and a length L= 10* km of rift to be 
supplied, from both sides, at this rate, is 

4x2 Ldlypji=2-5x 108 W 
the factor 4 deriving from the supposition that each 
growing raft is a shallow inverted pyramid rather than a 
slab of uniform thickness. This is in satisfactory order- 
of-magnitude agreement with the total geothermal heat 
flow, 5x 10% em? x 5 uW/em?- 2-5 x 108 W. 

This crude agreement implies that, according to this 
model, melt-fluid percolation is responsible for much of 
the distribution of the geothermal heat from an inhomo- 
geneous source distribution to a more uniform distribution 
over the globe, and thus implies a continuous deposition 
of solid along the flow path: which in turn requires, for 
maintenance of a quasi-steady state, that the flow path 
rises fairly uniformly from source to vent. 

The creation of new crust from ocean rifts can only 
occur if there is a corresponding contraction or consump- 
tion of crust elsewhere (excluding the alternative of an 
improbably large swelling of the Earth). The model 
provides the mechanism for this too, By expulsion of 
fluid from under the continent, which must, as already 
shown, necessarily occur oncé the fluid is present and finds 
a vent, the continent sinks. The melt fluid would not be 
in static equilibrium until raised to a height D(¢— o)/c 
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(say, about 15 km) above the surface—or could continue 
to exude at the surface until the continent had melted 
itself a depression of this magnitude, relative to the 
isostatic balance level of the solids. It must be assumed 
that compensatory motions by solid plastie flow would set 
in well before the disturbance from isostatic balance 
became anything like as large as this. This plastic flow 
may conceivably be shallow or deep: as far as its horizontal 
component of velocity is concerned, it is in any case 
inwards towards the continent, and exerts an inward 
compressive force on the continental and adjoining 
oceanic crust. This provides the inward compressing force 
demanded by the principle of isostasy to hold a continent 
together. This principle is often expounded solely in 
terms of vertical force, but the idea implicit in it, that in 
the long term on a large scale rock strength is negligible, 
equally requires inward horizontal forces to prevent 
continents from spreading out as a layer of uniform 
thickness over the Earth. 

Unless a sufficiency of places of crustal shortening are 
already present to allow sufficient crustal spreading from 
the mid ocean rifts, they will pile up into higher ridges and 
the inward horizontal pressure in each crustal raft will 
increase: at some stage, thrust faulting in the raft is to be 
expected. Such faults, as long as they dip away from 
mid-ocean rifts, with a clear oceanic path between them, 
can then continue active for a very long time, returning 
oceanic crust to the depths as it is made at the rift and 
slides back downhill towards the continent: they are 
of sufficient magnitude and importance to deserve a 
special name, for which “geo-faults” is proposed. If 
the upper mantle and oceanic crust could be thought of 
as a single chemically uniform material, the under- 
thrusting layer could founder and so replace lost matter 
under the continent through a deep-ranging plastic flow. 
Because there is at least some compositional layering, 
the situation is not quite so simple: the submerged material 
must suffer some partitioning, losing lighter and more 
fusible components to leave a bulk residue which can pass 
to greater depth. Some of the accumulated lighter (and 
hydrous) extract is expelled in local vulcanism: some more 
may be added to the chief melt-percolation current 
(frictional heating at a geo-fault will provide for a signifi- 
cant amount of melting): it is possible that shallow layer 
currents of plastic flow reaching under the continents must 
also be contemplated. 

'The strike of a geo-fault is, of course, an ocean trench, 
paralleled on its dip-side by a line of volcanoes, occurring 
either as a continental border or as an island arc. If they 
occurred only as continental borders, we could suppose 
that the plastic flows by which underthrust material was 
disposed of could be entirely confined to a relatively 
shallow horizontal zone: the existence of island ares with 
no continental backing, such as the South Sandwich 
islands, rather supports the idea of deep removal paths. 

No more geo-faults need be formed than give sufficient 
erustal shortening to equal the total rate of spreading 
from rifts. A continent with a geo-fault on one side only 
drifts in that direction, relative to its average crustal 
surroundings. It does not necessarily follow that this is 
the direction of motion relative to the underlying mantle 
of the Earth, a question here left open. 








Appendiz.— Permeability of a polygranular material, 
Let grains be idealized as semi-regular truncated 
octahedra, of diameter (between square faces) a. The 
volume of a grain is 3a? and it has thirty-six edges each of 
length (1/4)4/2a, each shared with two other grains. The 
edge length per unit volume in the polygranular material 
is 6 4/2a-?, so that if along each edge there is a circular 
channel of radius w (<a) the total fractional volume of 
channels is 

[56 [2 (wíay. 


Considering Poiseuille flow in these channels, of which 
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four pierce an area a?, each at 45° 


,; the volume flow per 
unit area is ] 


(Jal pr)  (4/a*) (14/2) (rw*/81)p 
where 7; is the viscosity and 
p’=Tp— pvo 
(p being the pressure, ® being the gravitational potential) 
is the effective pressure gradient (averaging out the 
irregular skewness of the path). Thus the permeability is 


pip! Mryn 

In view of the geometric idealization this is best expressed 
as f ayn, noting that the factor 4-640 would be 
somewhat different for other geometries. 

Vertical percolative melt convection in a slab. 
effective pressure gradient is g(p— c1). 

The percolation current density is therefore 

h= pi gle pf? ayn 

and the heat flux jz is equal to this multiplied by the latent 
heat of fusion. Taking the latter to be 500 J/g, putting 
pi=3 g/em? and (g— 91) - 0-1 g/em?, and putting a = 1 mm, 
y= ] ep, we have 


The 
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4 230 f? W em? 

The temperature gradient is 
ge aT {dp = ge VS; go ViTi 

where Tp is the melting point and V;, S; the inereases of 
volume and entropy on melting. Using the values 
assumed above, with T;—10? K, gives a gradient of 
7x10- K/em, which with a fairly high non-metallic 
thermal conductivity. say 0-07 W/emK, makes à con- 
ductive heat flux of 0-5 aW em. A comparable figure is 
the radial heat flow from the Earth, about 5 uW em- 
Percolative melt convection gives a heat flow large 
compared with either for a melt fraction f as small as 10-7, 
or even less if the grain size is correspondingly lar ger. 
It is to be noted that f will automatically adjust its 
magnitude to carry the heat supplied. 
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In 1899 'Tsiklinsky! isolated from decaying straw and 
manure a thermophilic actinomycete which she named 
Thermoactinomyces vulgaris. Her culture produced a 
white aerial mycelium on which were abundant spores 
able to survive heating at 100? C for 20 min. Erikson? 
isolated this organism frequently from grass composts, 
naming it Micromonospora vulgaris in accordance with the 
views of Waksman, Umbreit and Cordon?*. She demon- 
strated that when suspended in dilute broth or sucrose 
the spores withstood water bath temperatures of 100? C 
for up to 45 min. As a result of these observations she 
remarked that “such powers of heat resistance bring 
the non-acid fast Micromonospora spores in line with 
certain eubacterial endospores". Later! she noticed that 
the spores were highly refractile and that only the im- 
mature spores stained readily with the usual stains; 
specific spore stains were required for demonstrating 
the older spores. Some years later, Kosmachev?, working 
with the thermophilic Micromonospora strain T12/3, 
closely related to T. thalpophilus?, remarked that the 
spores were very resistant to heat and easily tolerated 
boiling. 

Taxonomic studies on the genus Thermoactinomyces? 
have suggested that the specific names Micromonospora 
vulgaris and T. thalpophilus are synonyms of T. vulgaris. 
The organism has been isolated from soil in many coun- 


Two thermophilic actinomycetes species produce resistant endo- 
spores very similar to those found in Bacillus and Clostridium. 


triesë-11, Tt is very common in mouldy hay?-!5, overheated 
grain?’ and composts?:?:15, and has also been isolated from 
peat", dung*!* and air, The large numbers of T. 
vulgaris spores in certain batehes of overheated baled 
hay are responsible, in part, for the respiratory complaint 
in farm workers known as farmers lung?^?!, This relation- 
ship between large numbers of actinomycete spores and 
hypersensitivity symptoms in agricultural workers stimul- 
ated further work on the ecology of this organism and the 
properties of the spores. 


Isolation, Distribution and Spore Properties 

During an investigation into the physiological proper- 
ties of T. vulgaris strains isolated from hay it was found 
that they showed a high degree of resistance to the anti- 
biotie novobioein. All strains tested tolerated 200 ug/ml. 
of the antibiotic. It was therefore possible to devise a 
simple seleetive isolation medium containing novobi 
and cycloheximide’. This medium, ineubated at 55? C, 
gave excellent growth of T'. vulgaris in 24 h and completely 
suppressed the growth of other thermophilic bacteria 
and fungi in most samples tested. T. vulgaris was found 
to be common. in a wide range of soils and natural sub- 
strates. The only other actinomycete isolated on this 
medium during these early surveys was a single vellow 
colony of a species identified as Actinobifida dichotomica 
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(strain CUB 339). A comparison with the type culture 
A. dichotomica strain 114 Krassilnikov and Agre” con- 
firmed this identification and a detailed morphological 
examination demonstrated the presence of spores on the 
substrate (primary) mycelium?'?5, This species also 
shows a high degree of resistance to the antibiotie novo- 
biocin. 

Sneath?* investigated the longevity of bacterial spores 
by examining stored soils and soil taken from plant speci- 
mens in herbaria. This novel approach was used for the 
thermophilic actinomycetes using the selective novo- 
bioein isolation medium. Significant and in some cases 
very large numbers of T. vulgaris and A. dichotomica 
colonies were recovered from soils stored dry for periods 
ranging from 11-98 yr, suggesting that the spores are 
extremely resistant to desiccation. 

Slide cultures of both 7. vulgaris and A. dichotomica 
strains show the presence of single highly refractile spores 
on the aerial hyphae. Immature spores of A. dichotomica, 
still attached to hyphae, appear round and stain a deep 
purple with Hucker’s modified Gram stain?. Mature 
spores detached from the mycelium are smaller, appear 
pentagonal in shape and take up very little stain. They 
show similar staining properties to the spores of T. vulgaris 
examined by Erikson! and to typical bacterial endospores. 

Heat resistance is probably the most sensitive indicator 
of the resistant state of bacterial spores. Preliminary 
experiments on spore suspensions of the two thermo- 
philic actinomycetes showed that they survived exposure 
to 100° C for periods of 30-45 min, confirming the earlier 
observations of Tsiklinsky and Erikson. For detailed heat 
resistance determinations, spore suspensions were collected 
from agar slope cultures. The sporulation medium for 
T. vulgaris was half strength nutrient agar (Oxoid CM3) 
supplemented with 1-0 per cent (w/v) soluble starch and 
0-1 per cent (w/v) calcium carbonate. The medium used for 
A, dichotomica was half strength nutrient agar (Oxoid CM3) 
supplemented with 1 per cent (w/v) soluble starch, 0:5 
per cent (v/v) corn steep liquor and 0-1 per cent (w/v) 
ealeium earbonate. 'The spores were shaken with glass 
beads, filtered through glass wool and Whatman No. 1 
filter paper, and resuspended in M/1,000 phosphate buffer 
pH 7-0. Aliquots (1 ml.) were pipetted into sterile glass 
ampoules (diameter 7 mm) which were sealed and stored 
temporarily in an ice bath. The tubes were heated totally 
immersed in à mineral oil bath thermostatically controlled 
at 100° C. Five replicate tubes were withdrawn at inter- 
vals, the contents were diluted in phosphate buffer and 
dilutions spread on the surface of agar plates for incuba- 
tion. From the survival curves (Fig. 1) D 100? C values 
were calculated (T. vulgaris=11 min, A. dichotomica= 
77 min) showing that the spores exhibit a degree of heat 
resistance comparable with the published values for the 
endospores of Bacillus species". The survivor curves 
suggest that heat activation also occurs with these particu- 
lar spore suspensions. 


Dipicolinic Acid 

Heat resistance in bacterial endospores has been associ- 
ated with the presence of relatively high concentrations of 
dipicolinic aeid?*?*, but this compound has not been 
reported to be present in actinomyeete spores. Qualita- 
tive spectrophotometrie studies for the presence of dipico- 
linie acid (DPA) using hot ethanolie extracts of spores*® 
gave the characteristic peaks of this compound at 263, 
270 and 278 mp. Heavy spore suspensions collected from 
the aerial mycelium of cultures grown in 10x 10 inch 
assay plates were filtered, washed and freeze dried before 
extraction and analysis using the spectrometric method 
of Lewis?'. The spores of T. vulgaris were shown to 
contain 6-5 per cent DPA and A. dichotomica 3-6 per cent 
DPA calculated as percentage dry weight. These values 
are probably an underestimate, for many difficulties were 
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encountered when obtaining sufficient aerial mycelium 
spores free from hyphae and sporophores. 

Spores of the various actinomycete genera, produced 
singly or in chains on the mycelium, have usually been 
termed conidia??35 or arthrospores*. The presence of an 
outer sheath surrounding the vegetative hyphae and 
forming a continuous sheath around the catenulate spores 
of certain Streptomyces species**** has raised the sugges- 
tions that such spores could be considered as sporangio- 
spores or endospores?. In other Streptomyces species, 
however, this outer sheath was shown to break up at the 
junction between spores. It did not remain continuous 
around the mature spore chain and formed the spore 
processes which appear as spines or hairs when the spores 
are viewed in silhouette under the electron microscope”, 
Limited studies on the spores of monosporie strains of 
Mácromonospora?* and Thermomonospora curvata showed 
a fine structure similar to streptomycete spores. T. 
vulgaris and A. dichotomica spores show many of the 
features exhibited by typical bacterial endospores such as 
those produced by the genera Bacillus and Clostridium. 
Their fine structure was therefore investigated by examin- 
ation of thin sections under the electron microscope. 


Fine Structure 


Colonies of T. vulgaris CUB 76 and A. dichotomica 
CUB 339, growing in optimal conditions on the surface 
of agar, were fixed using osmium tetroxide*' or potassium 
permanganate!?. The organisms were dehydrated in 
aleohol and embedded in epoxy resin. Sections were cut 
using glass knives and examined using the eleetron 
microscope. 

The spores of A. dichotomica were shown to be endo- 
spores formed within a sporangium supported on a sporan- 
giophore (Fig. 2). The endospores have a ridged outer 
coat and a multilayered inner coat partieularly evident 
when using potassium permanganate fixation. There 
is a distinct cortex and a cytoplasmic membrane surround. 
ing the protoplast or core, again more evident using 
potassium permanganate. A membrane resembling an 
exosporium surrounds the endospore. A further mem- 
brane encloses the sporangium and may be analogous to 
the sheath layer surrounding the vegetative hyphae and 
spores in mesophilic streptomycetes. : 

The detail revealed by the electron microscope explains 
the staining reactions observed in slide culture prepara- 
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Fig.2. A. dichotomica CUB 339, osmium tetroxide fixation ( x 200,000). 

tions?*, The immature spores staining strongly with the 
Gram stain are the sporangial initials (or "forespores") 
representing early stages in endospore formation. The 
detached mature spores appear pentagonal in outline 
because of the ridged outer coat and are relatively imperm- 





T. vulyaris CUB 76, potassium permanganate fixation ( x 200,000), 


Fig.3. 
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eable to the stain. 'The sections also account for the 
“slimy capsule as thick as the length of the spines or teeth” 
observed under the electron microscope in whole spore 
preparations by earlier investigators??, 

We have not yet been able to obtain sections of the 
stages leading to the formation of T. vulgaris spores. 
Seetions of mature spores, however, have a structure 
almost indistinguishable from that of typical bacterial 
endospores, with well defined outer coat, laminated inner 
coat, cortex, protoplasmic membrane and protoplast 
(Fig. 3). The ridges are not as pronounced in this species 
but give the spores a hexagonal appearance in silhouette. 

This demonstration of resistant endospores in two 
thermophilie actinomyeete species, very similar in both 
structure and properties to those formed by the bacterial 
genera Bacillus and Clostridium, further emphasizes the 
close relationships between the actinomycetes and other 
bacteria. Heat resistance properties have recently 
been described for the spores of other thermophilic 
actinomycete species! and the formation of resistant 
endospores in this group of organisms may prove to be 
more widespread than has been realized so far. "They 
should provide an interesting alternative system for 
investigating the development of endospores in bacteria. 

This investigation was supported by a grant from the 
Medical Research Council. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Magnetic Models of Pulsars 


SEVERAL months have passed since the publication of the 
discovery of pulsars! and some tens of papers on this 
subject have appeared?. So far, however, not enough 
attention has been paid to the mechanism of radiation. 
The radio emission from pulsars must come from a low- 
density plasma atmosphere around the object —a medium 
which has well known physical properties. This means 
that the requirements following from an analysis of 
the radiation mechanism are important in choosing 
models of pulsars. From this point of view, we have 
always believed that the most probable pulsar model is a 
pulsating white dwarf. There is far more radiating plasma 
in such a model than in a neutron star, and a mechanism 
for the radiation is clearly seen—shock waves propagating 
through the atmosphere are responsible for the short 
pulses of radio emission. It is also evident that in the 
absence of a stellar magnetic field, radial pulsations of the 
star lead to non-polarized radiation. The observations 
of strong polarization? therefore impelled us to consider 
models of pulsating magnetic white dwarfs. The assump- 
tion that some white dwarfs have a rather strong magnetic 
field is natural enough and, as far as we know, meets no 
difficulties. On the other hand, even comparatively small 
fields (H 10-100 oersted) have radical effects on the 
movements of particles and the propagation of waves in 
a stellar atmosphere. In particular, the "stellar wind" 
from a magnetie star can come from the polar regions. 
What is more, in the atmosphere of pulsating magnetic 
stars acceleration of particles must occur. When the 
field is regular, some acceleration will certainly take place 
as a result of magnetic pumping‘. If there are also irregu- 
lar fields—rather probable in this case—cumulative 
acceleration mechanism may also be effective’. The 
accelerated particles will fill the radiation belts of the 
star and come directly outwards from the polar regions to 
form two streams (for a dipole field). The particles will 
also be “poured” out of the radiation belts in subpolar 
regions. 

A number of features of magnetic models of pulsars will 
be treated in more detail in a paper we are preparing for 
publication. Here we present only the basic considera- 
tions and the results (which were presented in a report at 
the panel on pulsars at the Trieste Symposium on Con- 
temporary Physics, June 24, 1968). Here we discuss 
three models, without consideration of the intermediate 
cases. 

Model 1: Streams of rapid particles—with power 
Ps ngtstgS where ns, vs and e; are respectively the density. 
velocity and kinetic energy of particles in a stream and S 
is the cross-section of the stream-—eome from the polar 
regions. At each pulse a shock wave ejects from the 
atmosphere of the star into the stream a "cold" plasma 
having density n and a total volume V ~ Nín where N is 
the number of particles in the cold plasma. In such a 
"stream-plasma" system, plasma waves are generated, 
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producing radio waves which are emitted by pulsars from 
the polar regions. The radiation power of the pulsar 
pulse is <P,~ 109" ergs st. We have shown in some 
unpublished work that when the induced scattering is 
taken into account, the coefficient of transformation of 
longitudinal waves into transverse waves in pues may 
be of the order of unity. The stream can generate plasma 
waves the energy density of which is equal to the energy 
density of the stream nsss. Thus it follows that Pow Ps. 
If we assume that Fs ~O, ss~ Me? ~ 107? ergs for the proton 
stream, ¢;~mc?~10-* ergs for the electron stream and 


47 
Sw s ~ 10%? em? (the radius of the star r~ 5x 10° em), 


then the necessary number of particles per unit volume 
will amount to ns~ 3x 105 em-? for the proton stream 
and n;—3x10* cm for the electron stream. In the 
ejected plasma n mo/Aze*— 108 cm? for a radiating 
frequency o 6x10* s, The thickness of the cold 
plasma layer L must be not less than 5 x 10* em—this is 
necessary for excitation of plasma waves and their com- 
plete conversion into electromagnetie radiation. Hence 
we find the volume occupied by the plasma Vz5xi0 
em? and the total number of particles in it N-nVz 
5x10? electrons. It is worth considering here the rele- 
vance of pulsars to the problem of the origin of cosmic 
rays. The density of pulsars, assuming quasi- isotropic 
radio emission, is of the order of 10-5 pe-? (ref. 6), so it 
is unlikely that the galaxy contains more than 10° pulsars. 
If each of them generates cosmic rays with a power 1099 
ergs $^ the total contribution from all pulsars will be 
107 ergs s-*. At the same time, the cosmic rays in the 
galaxy must be produced with a power not less than 
10% ergs s- (ref. 7). Besides, there is no mechanism in 
pulsars for accelerating particles with sz» AMe*- 10° eV. 
At present there are therefore no good grounds for con- 
sidering pulsars to be an effective source of galactic 
cosmic rays. 

Model 2 : Under the action of shock waves, particles 
from the radiation belt are poured out in subpolar regions 
which resemble auroral zones. There occurs in these 
regions a sharp non-equilibrium velocity distribution of 
high energy electrons with the resulting generation in 
the atmosphere of the star of plasma waves (because of 
instability in the stream-plasma system and loss-cone 
instability*) and radio waves (for example, at the expense 
of synchronous instability*). In the case of stream im- 
stability, model 2 is, in à way, close to model 1. For the 
coherent synchrotron mechanism, optimal estimations 
of conditions in the region of generation of radio emission 
with frequency o= 2ry~ 6x 108 s- are as follows. The 
number of poured out particles per unit volume na~ 5 x 105 
electrons em-?, and their energy es is~ 10 me’; the cold 
plasma density n ~ 3 x 10? electrons cm, its temperature 
Tz22x10* °K and the field strength H~ 10 oersteds. 
The pulse shape of waves radiated from the auroral zones 
may be close to what is observed, according to F. G. 
Smith at the Trieste Symposium on Contemporary Physics, 
1968. 

Model 3 : The radio emission is generated at the front 
of the shock wave as a result of the excitation of plasma 
waves and their further transformation into radio waves. 
In the presence of the magnetic field, collisionless shock 
waves (even though they are formed by pulsations*) 
will excite intensive plasma waves only for quasi-trans- 
verse propagation across the magnetic field, that is, only 
in the equatorial region. Because of this it is possible to 
explain, in principle. the polarization of the radiation. 
The radio emission of model 3 is similar to type 1I radio 
bursts from the Sun. The essential difference, however, 
is that for pulsars the transformation coefficient of the 
plasma waves into radio waves is several orders of magni- 


* Excitation of shock waves depends on their velocity’® and therefore, for 
a magnetic star, will be different in equatorial and auroral regions, The fact 
that this circumstance is taken into account may be useful in estimating the 
degree of reality in different models of the radio emission from pulsars. 
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tude greater than that for the Sun. This is because of 
the high energy density of the radio emission leading to 
the induced scattering effect. The energy density of radio 
emission in model 3 is comparable with that of the field 
H*|8x (see ref. 6). Hence, in the emitting region H ~ 10 
oersteds and «cg 2x 10° s~, 

The separation of pulses into two subpulses? is accounted 
for by the presence of two emitting regions (the two 
poles). With an asymmetrical orientation of the dipole, 
the intensity of the subpulse will be different from the 
main pulse. Another feature is pulse splitting, produced 
by the structure of a collisionless shock wave. In models 
2 and 3 there may be breaks in the radio emission of 
pulsars because after the ejection by the shock wave of 
cold plasma responsible for radio emission, some time is 
needed for its restoration. In model 2 we deal with the 
"exhaustion" of the radiation belts and the time to fill 
them again with particles. 

Analysis of the polarization of radiation allows us to 
find some criteria which characterize the magnetic field 
and the plasma density in the region of pulsations and 
in the vicinity of the star. So, in order to explain the 
linear polarization, it is necessary that the generation 
take place in the condition of quasi-transverse propa- 
gation of radio waves and transition to quasi-longitudinal 
propagation is realized in the region with n X10? cm-?. 
(We have prepared for publication a detailed considera- 
tion of the problem of polarization.) The absence of 
correlation of radio emission at close frequencies (dis- 
eussed by J. G. Bolton at the Trieste Symposium on 
Contemporary Physies, June 1968) may be explained, in 
principle, by radio wave scattering in the interstellar 
medium". 

We have assumed that the dimension of the emitting 
region is less than or of the order of white dwarf dimen- 
sions, r~5x108 cm. We must take into account, 
however, that for coherent mechanisms of radio emission, 
when we are dealing with the negative reabsorption, the 
estimation of the emitting region dimensions Lzc- 
(vis the pulse duration) may appear groundless. In fact, 
et is only the upper limit for the dimension of the region 
of which the optical depth (for wave amplification) is 
of the order of unity. Hence the dimensions of the emit- 
ting region of pulsars may be much greater than 5 x 105 em. 
'The grounds for identifying pulsars with objeets of small 
sizes therefore arise only from consideration connected 
with estimations of the pulsation period (^1 s). At the 
same time the analysis of radiation mechanisms testifies 
that the magnetic models of white dwarf seem more 
reasonable than a number of the other models discussed 
in the literature. 
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Proper Motion of the Blue Star in the 
Field of Pulsar CP 1919 


AFTER the discovery of the first pulsating radio source 
CP 1919 (ref. 1), Liller? obtained a preliminary proper 
motion based on two Harvard patrol plates, epoch 1938 
and 1940. Six more pulsars were later discovered, but 
two of them could not be optically identified, at least not 
to a plate limit of twenty-third magnitude?. 

Determination of the precise position and proper motion 
was based on four plates with an epoch difference of about 
30 yr. Two of these plates were borrowed from Harvard 
College Observatory, from which Liller has measured 
& relative proper motion. Two recent plates were 
taken by the Yale 40 inch reflector at Bethany, Connec- 
ticut. The procedure of reduction resembles the tech- 
niques used for determining the absolute proper motion 
of X-Ray Sco X-1 (ref. 4). 

The principal results, referred to as the FK4 system, 
are listed in Table 1 together with the (R.w.s.) errors. 





Table 1. 


d,s55: 19 h 10 m 37-027 s 05 «025 Simsa -- 21? 40' 50:144". + 0-355" 
Ba — 00076” + 0-0080" yr? fidc ~0-0012" + 0-0034* yr 


POSITION AND PROPER MOTION 


Twenty-two faint field stars were also selected and 
measured. The proper motion of the blue star is very 
close to the average proper motion of these field stars. 
The estimated distance of 126 pe for CP 1919 yields a 
proper motion of 0:3” per year. This estimated value and 
the results found in this investigation indicate that the 
blue star is probably an ordinary star** and may not be 
associated with the pulsating radio source. The relative 
proper motion of the blue star was also calculated 
according to the two Harvard plates, and in Table 2 the 
results of this ealeulation are eompared with those of 
Liller?. 


Table 2. COMPARISON OF PROPER MOTIONS OBTAINED FROM TWO HARVARD 
PLATES 
a HS K B.M.S. GIror 
Lu + 0-078" ~ 0-039” 0-088" * 0-067" 
Liller 0-22 +014 
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Distances to Pulsars 


Habing and Pottasch? have argued that pulsars are 
likely to be at distances considerably greater than the 
commonly assumed values of ~100 pe, and we have 
recently obtained observational evidence regarding the 
neutral hydrogen content in the directions of the first 
five known pulsars which supports this view. 

On July 26 we obtained 21cm line profiles in the 
directions of the five pulsars known at the time, using the 
25-6 m antenna of the Dominion Radio Astrophysical 
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Observatory at Penticton, together with a new spectral 

line receiver which we have developed. The neutral 
L 

hydrogen content f Ny di was determined from these 
0 


profiles assuming in the case of CP 1919, where the 
optical depth is fairly large, an excitation temperature of 
120? K. 


L i 
The values for f Nu di, where L refers to the total line 
o 
of sight in the galaxy, are compared in Table 1 with values 
of the electron content f Ne dl, where | refers to the 


o . 
distance to the pulsars, as determined by other investiga- 
tors*-* from studies of the dispersion of pulsar radio 
frequency radiation. 


Table 1. NEUTRAL HYDROGEN IN THE DIRECTION OF PULSARS 
L l L i 
[Ny ai [v.a  fNaauf Neal 
Galactic 0 o o 9 
latitude b (cm? pe) (cm-? pe) 
CP 0834 + 20^ 80 12-80 6.9 
CP 0950 444? 155 2:04 52.6 
CP 1133 + 70° 99 4-87 20-3 
HP 1506 + 53° 106 18 5-8 
CP 1919 + 4° 3,770 12-55 300 


L i 
The tabulated ratio f Na di / f N, dl gives the ratio 
0 0 


of neutral hydrogen density to electron density for the 
ease where pulsars are situated at the edge of the galactic 
disk which is ~ 100 pe from the Sun at b= + 90°. 

If the pulsars are closer than this the ratios would be 
smaller, implying an extremely high electron concentration 
relative to hydrogen. 

On the basis of thermal ionization only, it is suggested 
that the ratio Nu/N, is ~2,000. If ionization by low 
energy cosmic rays dominates* the expected ratio for 
hydrogen at 120° K is ~60. Unless a more effective 
ionization mechanism is in operation it is necessary to 
conclude that most pulsars lie beyond the galactic disk. 

If Nu/Ne in the vicinity of the Sun is assumed to be 
uniformly ~ 60 as suggested by Pikelner?, we are in a 
position to evaluate the distances of pulsars. Because 
most of the pulsars lie beyond the disk, however, it is 
necessary to assume a value for the electron density in 
the galactic halo. 

In this calculation we assume (1) that the neutral 
hydrogen in the vicinity of the Sun is contained in a disk 
extending vertically 100 pe from the Sun; (2) the electron 
density in the halo is constant and equal to the average 
value in the disk. The second assumption and our data 
lead to a value Ne (halo) = 0-02 em which is compatible 
with current estimates. 

On this basis the distances of the pulsars are given as 


L [ix ai Nea 
N, (halo) L «95 ~ gg f Na di j pe 
where L= 100 cosee b pe. Again an exception had to be 


made for CP 1919 which seems to lie within the disk, and 
the distance in this case was calculated from 


l=L + 


l L 
l=60L[ f Ne dl / f Nu dl] pe 
0 a 


These distances are listed in Table 2 together with 
distances based on the assumption of a uniform electron 
density of 0-1 em? in the vieinity of the Sun. 


Table 2, ESTIMATED DISTANCES OF PULSARS 
Case 1: Ng/ Ne= 60 Case 2: N,—0-1 cm 
CP 0834 795 pc 130 pe 
CP 0950 160 pe 30 pc 
CP 1133 270 pc 50 pc 
HP 1506 935 pe 180 pe 
CP 1919 285 pe 125 pe 


The distances obtained by us (Case 1) are 2-6 times greater than the 
estimates (Case 2) based on a uniform electron density of 0-1 em-*. 
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Origin of Pulsar Radiation 


THERE have recently been some very interesting develop- 
ments in the theory of the propagation of electromagnetic 
waves through resonant media, which may have a bear- 
ing on the origin of pulsars!ic. Theories of anomalous 
dispersion usually assume that the resonant systems can 
be regarded as harmonie oscillators. This is already an 
approximation, for most transitions in atomie systems 
involve precisely two energy levels— upper and lower-— 
rather than a ladder of equally spaced energy levels which 
characterizes a harmonic oscillator. The difference is of 
little consequence when the exciting radiation is weak, but 
when it is intense theory suggests that there will be 
striking differences. For example, an incident continuous 
wave of uniform amplitude may emerge as a succession of 
equally spaced pulses of radiation. In broad terms, what 
happens is that an intense wave, on resonance, will take 
an atom initially in its ground state to its excited state 
and back down again coherently. In the first part of the 
cycle, energy is taken from the wave, to be returned to it 
in the latter part of the cycle. So if the incident wave ia of 
uniform intensity the intensity does not stay uniform as 
the wave progresses into the resonant medium. The 
detailed theory, which is as yet incomplete, suggests that 
the distortion of the wave can be so great that it will 
emerge as a suecession of pulses. 

Suppose that in space there is a cloud of gas which is so 
far disturbed from thermal equilibrium that conditions are 
right for laser action to occur. Then it is to be expected 
that coherent radiation will be emitted with a variety of 
frequencies, determined by the excitation of the gas. 
Suppose also that as this radiation travels away it passes 
through regions containing the same gas, but which is less 
excited, possibly in thermal equilibrium. Then the atoms 
of this gas will have resonances (ignoring possible slight 
shifts) at frequencies present in the laser output. 
Conditions may then be right for the radiation to break 
up into pulses. The radiation needs to be sufficiently 
intense, and coherent for a long enough time, for a given 
atom to be taken round its cycle in a time short compared 
with its lifetime in the excited state. For microwave 
radiation the lifetime can be very long compared with the 
millisecond pulses observed from pulsars. On the other 
hand, for optical frequencies the lifetimes will usually be 
much less than 1 ms and the conditions for the formation 
of pulses of the order of 1 ms in duration will probably 
never be met. 

The theory on which these comments are based demands 
solutions of non-linear partial! differential equations, and 
only certain solutions are yet available. Nevertheless, 
the physical arguments seem soundly based, and the 
techniques of taking atoms round cycles of the type 
described are well known in nuclear magnetie resonance. 
It has therefore seemed of interest to draw attention to 
these phenomena, which if applicable to pulsars would 
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result in the pulses being attributed to the properties of 


the intervening space rather than to the sources. 
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Spectral Fine Structure in 
Pulsar Radiation 


OBSERVATIONS with the Parkes 210 foot telescope during 
May and June 1968 have shown spectral features in the 
150 MHz emission from pulsars with bandwidths as narrow 
as 0-5 MHz. The sources observed were CP 1919, CP 0950 
and CP 1133 

'The receiver had a front-end bandwidth of 4 MHz, and 
the i.f. output was divided filters 
each 100 kHz wide, separated by some hundreds of kHz. 
After detection, the filter outputs were displayed on chart 


between a number of 


recorders, on à m iltichannel fast ultrav iolet recorde r, and 
also recorded photographically. The fe ed was linearly 
polarized. 


, | | m 
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Fig. 1 is a section of ultraviolet record for CP 0950. 
Marked changes in the amplitudes of individual pulses can 
be seen within frequency ranges of a few hundred kHz. 
Fig. 2 shows a chart record for CP 1919. The time struc 
ture for this source is now well known from observations 
with wider bandwidths. ‘‘Bursts” of pulses, each lasting 
about 1 min, recur at intervals of 2 or 3 min. 
see that at any time the pulse amplitude may vary 
markedly within Indeed on 
some occasions pulses occurred on one channel but not on 
the adjacent channels 0*5 MHz away. On other 
the spectrum observed to extend over at 
2-5 MHz. 


et al., who showed that there is a partial decorrelation of 


Again we 
a narrow frequency range. 


ICCASLONS, 
least 


was 


This agrees with the observations of Robinson 


the pulse amplitudes recorded by two receivers with 
passbands separated by only 0-9 MHz. 
An even more significant feature shown by Fig. 2 is 


between 
burst, the 


that whereas the 


adjacent channels remains high during any one 


pulse to pulse correlation 
ratio of the mean amplitudes on adjacent channels can 
change radically 
Rickett* have reported that for 


between successive bursts. Lyne and 
CP 0950 the relative 
amplitudes of pulses at different frequencies may remain 
constant for a few minutes, even when the frequencies are 
separated by hundreds of MHz. 

The correlation which we note between fading and 
spectral change suggests that the fading may result from 
an interference phenomenon, for example, scintillation 


produced by an irregular refracting sereen 


935 MHz 


149.735 


(o ean ge md 





H10 sec———1 


of 150 MHz pulses from CP 0950 on an ultraviolet recorder 


149.535 


149,335 


The spacing between “spikes” appearing above the background 


indicates that they are genuine pulses 
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Fig. 2. 





Composite record of 150 MHz pulses from CP 1919 from two pen recorders operating simultaneously, Because of the different recorder 


characteristics, the gains and effective signal-to-noise ratios were unequal. 


Scheuer? has adduced arguments to show that scintilla- 
tions with periods as short as 2 min cannot be produced by 
the general interstellar medium between the source and 
the Sun, unless the source velocity is exceedingly high, 
and Slee et al.* have provided experimental support for 
this conclusion. For moderate source velocities (30 kms-!), 
fast scintillations, if they occur at all, must be caused by 
refraetive irregularities near the source (and possibly 
associated with it). Scheuer has suggested a model based 
on this idea, which leads him to predict fine spectral 
structure in the low frequency fluctuations. This is 
precisely what we find. There is, however, an apparent 
difficulty in interpreting the present results in terms of 
scintillations. One might expect that with a random 
diffracting screen the onset of the fluetuations would be 
quite variable within the frequeney band in which large 
amplitude variations are observed. In fact the onset 
times of the fluctuations seem to agree well over our whole 
observed frequency range. 

The present results also shed further light on the 
observations of Scott and Collins*, who used a correlation 
technique to measure the bandwidths of pulses at 80 MHz. 
In comparing the two sets of data, however, it is important 
to distinguish between the “active bandwidth", Afa, of the 
emission, which is the subject. of the present communica- 
tion, and the instantaneous bandwidth of the individual 
pulses, which was the quantity measured by Scott and 
Collins. The instantaneous bandwidth Af; is given by 


Afi= | df/dt | At (1) 
where df/dt is the time rate of frequency drift due to 


dispersion and At is the pulse duration at any one fre- 
quency. The distinction between these two quantities is 
illustrated in Fig. 3 (not drawn to scale). Clearly, two 
cases can be distinguished. The first occurs when the 
inequality Af, > Af; is satisfied. This is the case illustrated 
in Fig. 3a. In these circumstances, the instantaneous 
centre frequency of the burst decreases smoothly with 
time, and the technique of Scott and Collins yields a sinus- 
oidally modulated pulse shape (with perhaps additional 
amplitude modulation). This is what they observe for 





CP 0834. When the reverse strong inequality is satisfied (as 
illustrated in Fig. 35), the "instantaneous bandwidth" is 
split into a number of narrower components, the effective 
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Fig. 3. Representation of pulsar activity in the time-frequency plane. 

Individual pulses are shown as parallel soping strips, Shaded areas 

represent times and frequencies at which pulses are observed. a, Afa 
fi; b, Afa « fi and burst duration short 
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centre frequency of the burst erratically with 
time, and the sinusoid suffers both amplitude and phase 
distortion, as observed in the case of CP 0950. This can 
probably be attributed to the large value of | df/dt |, 
leading to a value for Af; greater than 1-0 MHz. 
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Investigation of Quasi-periodic 
VLF Emissions and their relation to 
Geomagnetic Micropulsations 


VLF emissions the signal strength of which changes with 
time with a period longer than the two hop whistler group 
delay are called long period VLF emission pulsations! or 
quasi-periodic (QP) VLF emissions". About 400 QP 
events were observed in the VLF 
emission data recorded on chart at 
Byrd Station in Antarctica during 6 
months (February-April, Septem- 
ber-November 1964). VLF emis- 
sions were recorded in the frequency 
range 1-2-4 kHz and in a narrow 
band centred on 8 kHz. Additional 
observations were occasionally 
made at 400 Hz. QPs have been 9 
observed on the two lower frequency 
channels, though not necessarily 
simultaneously. "They have never mo 
appeared on the 8 kHz channel. 094 RC dd 
QPs were observed mostly when i 1 
Byrd Station was on the daylight 
side of the Earth. Periods of QPs 
range from 10 s (the lowest limit 
resolvable) to about 2 min and occa- 
sionally up to 10 min. A QP event 
usually lasts for several tens of 
minutes, Sometimes it lasts for only 
a few minutes and sometimes for a 
few hours. 

A QP event is often found to be 
associated with geomagnetie micro- 
pulsation (GP) activity in the sense 
that the GP period is comparable 
with the QP period. Such QPs will 
here be called GP-associated QPs. 
Not all QPs are associated with GP 
activity, however. Some QPs take 
place with no simultaneous GP acti- 
vity. Even when there is simul- 
taneous GP activity, the period of a 
QP can be very different from that 
of the GP. When a GP-associated 
QP appears, VLF emission activity 
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Fig. 1. 


B eee 
LI Li . 


A GP-associated QP event observed at Byrd Station, Antarctica, 
eurve represents the strength of VLF emission observed at 400 Hz, the width of the 
frequency window being about 40 Hz. The lower curve shows the esi i activity 
in the horizontal component of the Earth's magnetic field (taken positive y 
magnetic north). Note that the quasi-period of the VLF emission is comparable with the 
period of the micropulsation activity. 
emission starts at almost the same time as the micropulsation activity is enhanced. Tape 
recording of VLF emissions, which made spectral analysis feasible, was made once every 
hour, starting at the fiftieth minute in universal time and lasting 2 min. The VLF emission 
is of the type of “low frequency hiss” overlapped by “chorus”. In the spectrogram starting 
at 1450 UT (upper left hand curve), there is no indication of quasi-periodicity, whereas it is 
clearly seen in the spectrogram beginning at 1550 UT (upper right hand curve). 


NATURE. VOL. 220, OCTOBER 26. 1968 


is usually already at a certain level before the breakoff of a 
QP event. In such a case, no VLF curve on the chart 
approaches zero. "These observations are clearly seen in 
Fig. 1, which shows a typical example of a GP-associated 
QP. In a GP-associated QP, the VLF signal appears 
not to be generated by, but only to be modulated by, 
the GP activity. 

Spectral structures of QPs have been examined for 
twenty-two events which were observed at either of the 
following three Antarctic stations during 1964-1966; 
Kights, Byrd and Polar Plateau. Seven cases were found 
to be GP-associated QP events, and ten cases were non- 
associated. For the remaining five cases, it is difficult 
to determine whether there is any association with GP 
aetivity or not. Amonz the speetra of the twenty-two 
events, two extreme types have been separated. One 
type, which is typical of non GP-associated QPs, is 
characterized by a peculiar time variation of the emission 
frequency—the frequency continues to increase during 
one quasi-period. The spectrum is of either the diffuse 
or discrete type, or even a combination of both. Eight 
out of the ten non GP-associated events belong to this 
type. Some examples of this type are shown in Figs. 
7-42 and 7-44 in the text by Helliwell?, There is a strong 
indication that for this type of QP the QP period is 
dependent on the VLF signal strength, being shorter 
(longer) for stronger (weaker) emissions. The other 
extreme spectral type. which is typical of GP-associated 
QPs, is a diffuse emission which is here called “lower 
frequency hiss”. The emission frequency of this type lies 
approximately between 0:3 and 1-5 kHz, whereas the 
emission frequency of non GP-associated QPs lies 
between about 1:5-6 kHz. In GP-associated QPs, chorus 
or periodie emissions often overlap emissions of low 
frequency hiss. The upper frequency limit of the emission 
band of low frequeney hiss (and of overlapping chorus 
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and/or periodic emissions if they exist) often changes 
with time during one quasi-period, inereasing and de- 
ereasing in synchronism with the change in signal strength 
(Fig. 1). This is not always the case, however. In some 
GP-associated QPs, only the VLF signal strength changes 
with time. For one GP-associated QP event observed 
at Polar Plateau, the chart speed was high enough to 
allow a phase comparison between the QP and GP activity. 
It was found that a peak in the QP curve often corre- 
sponds to either a peak or a trough in the GP curve. 
The peak to peak or peak to trough correspondence does 
not last long but only for a few oscillations. An interval 
of peak to peak correspondence tends to alternate with 
that of peak to trough correspondence and vice versa. 
The spectra of the five events for which it is difficult to 
determine whether there is any GP-association or not 
are. much more complicated compared with the cases 
mentioned here. The spectrum of every one of these 
five cases is different. Despite the variety in their spectral 
types, however, it seems that everyone of them could fit 
in somewhere between the two extreme types already 
described. 

GPs can affect VLF emissions not only as in the case 
of GP-associated QPs. GP activity occasionally lowers 
the general level of VLF emission activity, as seen in 
Fig. l. Such suppression ean occur in every spectral 
type of VLF emission whether GP-associated or not. 
Suppression begins at the higher frequency end of the 
emission band and extends towards lower frequencies. 
As the GP activity decays, VLF emission activity begins 
to recover. The recovery proceeds in the opposite 
direction, beginning first at the lowest emission frequency. 

The magneto-conjugacy of GP-associated QPs has been 
examined using data from the Great Whale River (Quebec) 
and Byrd (Antarctiea) pair of stations. Nine events have 
been investigated—more than half lack conjugacy in 
QP activity. Of four QP events which were observed to 
be GP-associated at Byrd Station, only one event was 
magneto-conjugate. With regard to the other three 
events, GP activity was found at Great Whale River 
but lower frequency hiss was inactive and not quasi- 
periodic, The investigation of quasi-periodic emissions is 
continuing and results will be published in detail later. 
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Height of the Twilight Sodium Layer: 
Evening-Morning Effect observed at 
Victoria, British Columbia, from 
February 1967 to February 1968 


AN interesting variation in the height of maximum density 
of the twilight sodium layer was observed at Victoria, 
British Columbia, during a year loag series of observations, 
between February 4, 1967, and February 29, 1968, using a 
birefringent photometer directed towards the zenith sky. 
It has been found that, in general, the height of the sodium 
layer during the morning twilight-period is lower than the 
evening twilight layer by an amount which varies through- 
out the year. The difference in height appears to be 
greatest around the times of the squinoxes amounting to 
approximately 5 km, and least near the solstices, when the 
difference diminishes to zero. 

The seasonal variation of this observed evening- 
morning height effect is illustrated in Fig. 1, in which the 
mean monthly height differences have been plotted 
throughout the year. The error bars represent the magni- 
tude of twice the average mean deviation for each month, 
and the arrows indieate the times of the vernal and 
autumnal equinoxes which, for a 90 km sodium layer, 
oceur on February 22 and October 21 respectively, due 
account being taken of the effect of atmospherie screening. 
Tt is clear from Fig. 1 that, within the limit of experimental 
error, the maximum height differences occur at the times 
of the equinoxes while the minimum differences occur at 
the solstices. 

Although measurements of evening and morning 
heights have been recorded by Blamont and Donahue!, 
no systematic seasonal variation in their mean monthly 
height differences could be reported, because the effect 
seemed to reverse several times throughout the year. 

The observations made at Victoria have been very 
carefully corrected for the contaminating effects resulting 
from Rayleigh scattering so that the resulting intensity 
curves represent a very pure signal. Only observations 
made under clear or slightly hazy skies, and adequately 
corrected for the effects of white light, have been included 
in the analysis; furthermore, only pairs of observations, in 
which a morning run was imunediately preceded or 
followed by an evening run, were considered. Where three 
or more consecutive observations were possible they were 
considered in triplets, the heights of the first and third 
members having been interpolated linearly fo the time of 
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Fig. 1. Seasonal variation of the evenins-morning difference in the 
heights of the twilight sodium layer at Vietoria, from February 1967 to 
February 1968. The error bars represent twice the magnitude of the 
average mean deviation of the differences for each month, and the 
arrows indicate the times of the vernal anc autumnal equinoxes at the 
90 km level. No error bar has been assigned to the January value 
because very few observations were de for this month. , 1987; 
x,1 E 
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Fig. 2. Seasonal variation of the evening/morning plateau intensity 


ratio for twilight emission at Victoria, from February 1967 to February 
1968, The error bars represent twice the magnitude of the average mean 
deviation of the ratios for each month. No error bar has been assigned to 
the January value because very few observations were available for this 


month, ©, 1967; x,1908. 


observation of the second member in order to eliminate as 
much as possible any day to day height variation. 

Although  Hunten? predicted an  evening/morning 
intensity effect on the basis of photoionization of sodium 
and neutralization of sodium ions, and Blamont and 
Donahue: have actually reported such an effect, no such 
effect has been observed at Victoria. The same observa- 
tions as those which were used for a study of the height 
variations were used to determine whether an evening/ 

“morning intensity effect could be observed. In Fig. 2 is 
plotted the average of the evening to morning ratios of 
the plateau intensities for each month. The error bars 
again represent twice the average mean deviation. It is 
clear from this figure that the p.m./a.m. plateau intensity 
ratios do not differ from unity by more than + 20 per cent 
throughout the year. Because the average ratio for the 
entire year was 1:02 and this value is contained by all the 
error bars, no attempt was made to draw a smooth curve 
through the plotted points. 

It is remarkable that no discernible evening/morning 
intensity effect could be observed in view of the corre- 
sponding apparent variation in the height of maximum 
density. If the evening-morning height effect is a con- 
sequenee of a subsidence of the atmosphere as a whole 
during the night, free sodium atoms might be expected to 
disappear because atomic oxygen would move down into 
a region more favourable for recombination. This, 
however, does not seem to happen between evening and 
morning. On the other hand, for longer periods there does 
seem to be a direet correlation between height and 
intensity, as a study of the seasonal height variation at 
Victoria carried out during the same period has revealed. 
Results of this study will be summarized later. 

Although in general the morning heights have been 
found to be lower than the evening heights, this need not 
imply that every morning height should necessarily be 
lower than the immediately preceding or following 
evening height, for it is conceivable that some atmospheric 
prooess raises or lowers the height of the layer iu either the 
morning or the evening. Several cascs have been found 
in which the morning height was greater than that for the 
previous evening or the following evening, even at about 
the times of the equinoxes when the differences are great; 
however, near these times the cases are rare, as can be seen 
by examination of Table 1 which indicates the total 
number of evening-morning comparisons for each month 
as well as the number of cases in which the p.m./a.m. 
height difference was negative. 
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Table 1. SUMMARY OF THE TOTAL NUMBER OF EVENING-MORNING COM- 
PARISONS FOR EACH MONTH AND THE NUMBER OF INSTANCES IN WHICH THE 
P.M./A.M, HEIGHT DIFFERENCE WAS NEGATIVE 


No. of p.m./a.m. 1967 1868 
comparisons F M A M J J A 8 O N D IF 
Total 7 8 8 4 9 31 38 16 4 21 7 1 1d 


o 
Negative height 


differences 1* 0 2 2 5 10 0 00 2 2 0 0 


* In this case the difference was only (^8 km. 


In November, for example, of eleven triplets only two 
showed negative p.m./a.m. differences. 

If a suitable explanation can be found for the usual 
evening-morning height effect, then those cases which 
exhibit an abnormal effect might be related to meteoro- 
logical phenomena. In any event, twilight sodium 
observations seem to be able to provide some information 
about atmospherie dynamies in the 90 km region, in- 
formation which might be of considerable interest to 
meteorologists. 

This work was supported by the National Research 
Council of Canada, and by funds made available by the 
University of Victoria through a faeulty research grant. 
'The observations were made by Mr J. Sommers. 
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Epicentre Determination by 
Seismic Arrays 


We wish to describe methods of locating seismic events 
by combining data from several arrays. Several workers 
have determined epicentres using one array. A very 
rapid, automated location is possible, but epicentral 
errors were large, typically 300 to 400 km (ref. 1). By 
using more than one array an increase in accuracy is 
obtained without excluding the possibility of automation. 

From relative arrival times at the seismometers of an 
array, the phase velocity and azimuth of seismic signals 
from an event can be determined directly. Thus, if tables 
of phase velocity versus epicentral distance are available, 
it is possible to locate an event using one array. When two 
or more arrays are used an improvement in aecuraey is to 
be expeeted. Furthermore, by using the azimuth deter- 
mining properties alone, it is possible to locate an event 
without the use of tables. Direct computation of an 
epicentre using several arrays is not possible; an iterative 
method, starting from an approximate epicentre, has to be 
adopted. 

If à phase velocity table is used, it can be shown that 
corrections to an approximate epicentre are given by the 
equation of condition 


i aA 
8t = 8C; + Ryl AA; sin (O; — a3) cos By + 35. cos 
Aj 
(91; — o) sin By) 8v 
: . aA; 
+ Rij(— MA; sin (05 — xj) sin By + z— cos 
aA; 
(0:5 — a) cos Bj) By 
where 


8t tg — Su — Cy + Ap Rij eos (05 — 8) 
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tg is the measured arrival time of the ith seismometer in 
the jth array relative to an arbitrary baseline, Sy is a 
correction to the arrival time at the seismometer caused 
by local geology, C; is an arbitrary constant, (4,0) are 
polar coordinates of the seismometer relative to the array 
centre, A; is the epicentral distance to the approximate 
epicentre, A; is the reciprocal of the phase velocity 
calculated for the epicentral distance Aj;,%; is the azimuth 
of the approximate epicentre, 8; the azimuth of the array 
from the epicentre. All these quantities, except Si; can be 
ealeulated from the array, approximate epicentre and 
measured arrival times. Sy has to be estimated independ- 
ently using methods similar to that of Douglas and 
Corbishley?. 8C;, æ and 3y, the corrections to C;, 
latitude and longitude of the epicentre, have to be cal- 
culated. Ifa phase velocity curve is not used, the equation 
of condition is 


Sti = 8C; (Ay tA; Ry sin (015 — a) cos Bj) ba — 
(Ay AyRy sin (045 — aj) sin £j) by — Ri cos (843 — ay) 84A; 


where 34; is the correction to A; which is considered as 
another unknown. Thus this method depends purely 
on the azimuth determining properties of the arrays. 
Using either equation of condition, corrections in both 
cases can be estimated by least squares then applied to 
the approximate epicentre, and the process repeated until 
the corrections become small. 

To test both methods, events from Kazakh (central 
Russia) recorded by the four arrays, GBA (India), WRA 
(Australia), YKA (Canada) and EKA (Scotland) were 
considered. Epicentres computed using travel times 
indicate that these events all occurred in an area about 
0-25 degree square’. Relative arrival times were measured 
as described by Douglas and Corbishley?: the trace of 
one seismometer is used as master to fit the other traces 
on the same array. 

Convergence to the best (least squares) estimate of the 
epicentres was rapid when the phase velocity curve was 
used, but for the “azimuth only" method the estimates 
tend to oscillate initially before converging. The mean 
position of the relocated epicentres is about 400 km north 
of the “true” positions using both methods. Average 
deviations from this mean position were 150 km and 
200 km respectively, results in agreement with the 
confidence limits being given by the least squares analysis. 
Inappropriate corrections Siz are the cause of the mean 
error of 400 km; a trend in Si; across an array would cause 
an error in location but would not be manifest in the 
confidence limits. These corrections (Si;) are known to 
vary with azimuth to the event but have not yet been 
completely evaluated for the Kazakh events. 

Relocation of the nuclear explosion Longshot in the 
Aleutians, which is at azimuths appropriate to corrections 
available, was in error by 60 km and 150 km respectively 
for the two methods. 

Clearly these results are less accurate than epicentres 
determined by conventional means, but several points 
should be considered. Only four arrays were available, a 
situation which will improve in the future. Arrays are 
being used to improve phase velocity curves? ; the results 
given here were obtained using differentiated Jeffreys— 
Bullen travel times. The method using azimuths alone 
has interesting possibilities. Location of near events is 
free from troubles associated with errors in the travel time 
curve, and at the same time the reduced distances in- 
volved will give a proportional increase in accuracy’. 
Also, because azimuths alone are used, the method can be 
applied in fields outside seismology, such as the acoustic 
arrays described by Grover’. More than one array is 
essential in this case because the velocity of acoustic waves 
is not à known function of distance. 

As mentioned at the beginning of this communication, 
the location process can be automated. Weichert et al.' 





363 


described how this can be done for one array by combining 
the seismometer outputs electronically and making an 
automatic search for events. This is possible because only 
relative and not absolute arrival times are required, 
Extension to several arrays, on a world wide or local basis, 
would lead to the possibility of continuous monitoring 
of epicentres. 
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Curvature of Island Arcs 


A FLEXIBLE but inextensible thin spherical shell may be 
bent inwards through an angle 0 on and only on a cirele 
whose radius of curvature (expressed in angular measure 
on the sphere) is 36. This is easily proved with a geo- 
metrical construction involving two equal intersecting 
spheres, and can be demonstrated on a punctured ping- 
pong ball. This affords a simple explanation of the shape 
of island ares and related arcuate geographical structures. 
The interpretation’ of island arcs, or rather the ocean 
trenches which lie outside them, as the places where 
oceanic crust, spreading from mid-oceanic ridges, bends 
downwards to return into the mantle is now widely 
accepted (compare various contributions to ref. 2). The 
dip of this return path is revealed by the location of 
earthquake foci on à surface which slopes downwards to 
a depth of 700 km at 45° (ref. 3) (if one discards an analysis 
in terms of two successive slopes, one shallower and the 
other steeper, which the uncertainty of focal depth 
determination does not justify). The Kamchatka-Kurile 
arc, the Alaska Peninsula-Aleutian are and the Sumatra- 
Java are all have radii of about 20^, or about 22^ measured 
out to their associated trenches, in consonance with dips 
of 45°. The areuate curvatures of the Himalaya and the 
Andes, though rather more diffieult to specify precisely, 
are of about the same magnitude. 

The dip presumably takes the value 45° because of 
maximum shear stress. Customary doctrine indicates 
that the preferred plane for compressive faulting should 
be one of shallower dip, with smaller normal stress and 
therefore smaller friction. The argument will not apply 
if movement only occurs as a result of fluid aceumulation?. 
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Zinc-65 in Ground-level Air after 
the 1967 Chinese Nuclear Tests 


SINCE the end of 1963, the concentration of various radio- 
nuclides in ground-level air has been measured here 
(52° 18' N, 10° 28' E) (ref. 1). Routinely, "Be, “Mn, 
USRu/Rh, 158b, Cs and !*Ce are analysed and the 
results are published quarterly?. The sampling device is 
fixed 1-5 m above the ground. At present a continuous 
duty turboblower is used operating with flow rates of 100 to 
200 m‘/h in connexion with a calibrated rotary gasmeter. 
The filters consist of 'Mierosorban' (Delbag, Berlin) and 
are nearly 100 per cent efficient. Those which contain 
the dust are ashed at 450° C and then radiochemically 
analysed. 

After the ashed sample is dissolved and Zr. Nb, Sb, 
Ru, Ce, Ca, Y, Be, Sr, Mn, Co, Zn, Ba aud C's ai» added 
as carriers, these elements are precipitated as follows: 
zirconium and niobium with (NH,),HPO, from hydro- 
chlorie acid solution as phosphate, antimony after dilution 
as oxichloride, ruthenium with H,S as sulphide, cerium, 
lanthanum and yttrium with (COOH), as oxalate from 
1 N-HOl solution, beryllium with NH,OH as hydroxide 
after adding NH,Cl, manganese and cobalt with (NH,),S as 
sulphide, strontium and barium with (NH,),CO, as ear- 
bonate and finally caesium with H,PO, and (NH seMo,0 T 
(refs. 3 and 4). Each fraction is measured in a well- -type 
Nal(T1) scintillation counter with a multichannel analyser 
(Nuclear Data 130A) by spectrum stripping using cali- 
brated standard sources. 

Since the beginning of this year an additional peak at 
1:312 MeV has been observed in the spectrum of the 
manganese fraetion which seemed to belong to zine-65. 
This was confirmed after resolving the ammonium sulphide 
precipitate by the separation of zinc from manganese with 
8-hydroxyquinoline from 3 per cent acetic acid solution‘. 
20 mg of zine had previously been added as a carrier. 

Zinc-65 is produced by neutron reaction in nuclear 
bomb tests, the possible reactions being 9'Zn (n,y) “Zn 
and “Zn (n,2n) Zn. As far as we know, however, it has 
not until now been detected in ground-level air; at least 
not after the large scale test series in 1961-62. It is difficult 
to decide whether it now originates from the sixth or 
seventh Chinese nuclear bomb test. 

Fission products from the sixth Chinese test (the first 
Chinese thermonuclear test) on June 17, 1967, did not 
arrive at Brunswick until September 1967, and the 
maximum concentration of most nuclides was observed 
in October (Table 1). Moreover, because the concentration 
of beryllium-7 increased to a maximum in October, the 
fallout was probably stratospheric. During that time 
zine-65 was below the detection limit. 


Table 1. CONCENTRATION OF RADIONUCLIDES (fCi/m?) 





Sampling 

Month period "Be “Mn “Zn Ru Sb WCs MCE 
July 1967 3. 7-1. 8 79 0-11 * 08 0604 3-0 1-2 
August 1967 1. 8-31, 8 76 0-04 $ 0-0 O44 83 06 
September 1967 1, 9-30, 9 58 — 0-04 i 0-3 O19 11 1-6 
October 1907 — 2.10-31 70 0-07 * 0-2 008 1-6 45 
November 1967 611-24. 35 «0-02 * — «O1 «(004 0-5 1-9 
December 1967 24.11-20.12. 38 0-03 * 0-51 0-026 054 2-9 
January 1908 29.12-31. 1. 38 0-07 0-04 L1 022 0-83 3:7 
February 1968 31, 1-29. 2 51 012 008 24 024 1-1 11 
March 1968 29. 2-1. 4 73 033 025 65 O71 25 13 
April 1968 1. 4-30. 4 95 058 037 13 T1 42 26 
May 1968 930. 4-31. 5 95 O49 0-19 14 1:3 42 42 
June 1968 31. 5-1. 7 80 047 036 15 22 33 43 


* Not detectable. 


Fresh debris from the seventh Chinese test on De- 
cember 24, 1967, arrived at Brunswick during the first 
days of January 1968, the month when zinc-65 was first 
observed. At first sight these results seem to imply that 
the zinc-65 originated from the December test, but the 
similar behaviour of zine-65 and manganese-54 during 
the following months now indicates the thermonuclear test 
in June 1967 as its probable origin. This test is generally 
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believed to have been carried out at a very high altitude*-5, 
so zinc must have been used as a component of the con- 
struction material. 
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Science s 


Particle Size of the Saharan Dust 
which fell in Britain in July 1968 


Rat falling in Britain on July 1, 1968, brought down 
large quantities of dust whieh, aecording to Meteoro- 
logical Office reports, had travelled northward from 
Morocco where unusually strong thermal eurrents had 
carried the dust to heights of up to 35,000 feet. Such 
occurrences are unusual in Britain, and the dustfall 
aroused considerable popular interest. It also provided 
a rare opportunity for studying the particle size and 
degree of sorting in a natural dust, known to be trans- 
ported by wind, unaltered by post-depositional modifica- 
tions, and unlikely to be the product of reworking of an 
existing loess deposit. 

A sample of the red dust was collected in the University 
of Hull ear park from the bonnets and roofs of vehicles 
that were clean before the dustfall. The sample was 
dispersed in an ultrasonie bath and the partiele size 
distribution (Fig. 1) was obtained using a Coulter counter!, 
giving a median grain size of 9u and a quartile deviation 
sorting index of 0-62 phi units?. Although loess, or 
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| and Arthur C. Neish, Professor of Biology, Dalhousie University, Director, Atlantic Regional Laboratory, i 
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This book deals with the constitution of 
lignin and with the mechanism of its 
formation in plants. A long process of 


tracer studies have shown that lignin and 
related substances, which are unique 
to plants, are formed from a phenylpro- 





; (Molecular Biology, 
| Biochemistry and Biophysics, 
; Volume z) 


| M Prospectus on request! 


analytical study led to an understanding 
of lignin formation. 

Starting with coniferyl alcohol and rela- 
ted substances, a “Dehydrogenation 
Polymer", which resembles lignin in all 
details, was obtained by phenolic dehy- 
drogenation. This experimental proof 
justifies the classification of lignin as a 
member of the phenylpropane group. 
Intermediate compounds isolated during 
dehydrogenation shed light on lignin for- 
mation and the role quinone methides 
play in this process. Finally a scheme 
could be developed for the constitution of 
à fragment of the macromolecule. Radio- 


panoid substance which is found in all 
organisms, i.c. the essential amino acid, 
phenylalanine. There is stron i 
mental support for the hypothes 
phenylalanine gives rise to cinnam 
and certain of its phenolic de 
which after reduction to the correspone | 
ding alcohols form lignin by an oxidative | 
polymerization involving free radicals. lt | 
may be inferred that developing the | 
ability to form lignin was essential for | 
the evolution of higher plants, and that | 
the ability to deaminate cinnamic acid to | 
phenylalanine was a critical step in this | 
evolution. } 
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in the world with enormous 
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will continue for many years 
to be a land of growth. Now 


ranking fifth in world 
trade, Canada is a leading 
manufacturing country 
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economy and high standard 
of living. 

And, of course, Canada is 
only six hours away by air, 
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NOW WITHIN THE 

REACH OF EVERYONE 
CONCERNED WITH 
AMINO ACID 
ANALYSES !! 


A low cost Analyzer that does 
everything the larger units do. 


THE PHOENIX 
MICRO-ANALYZER 
‘MODEL M-7800 


Featuring: 

High Speed analyses of Amino 

Compounds 

Fully Automatic System 

Compact Lab Bench Size 

Moore-Stein or Piez-Morris Operation 

Same .time-proven components as 

used in instrumentation costing twice 

as much 

Designed. primarily for the small lab 

Can make separate routine analyses 
if you are concerned with the analyses 
of amino or imino acids, peptides, am- 
monia; urea, creatinine, or other com- 
pounds, you will find the Phoenix Micro- 
Analyzer, Model M-7800, the lowest cost 
instrument available that is capable of 
providing fully automatic high-speed 
chromatography. 
lf you are concerned about the high 
price of amino acid analyses instru 
mentation, why not show your concern 
by sending for instrumentation Data 
Sheet MA-566. 
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3803-05 N. 5th Street, Phila., Penna. 19140, U.S.A. 
U.K. representative: Techmation Ltd. 
58 Edgware Way, Edgware, Middx., England 


NATURE. OCTOBER 26, 1968 XXX! 


LABELLED 
AMINO-ACIDS 


WIDE RANGE 


Over 130 amino-acids labelled with 
carbon-14 and other radioisotopes 
are available. 


HIGH SPECIFIC ACTIVITY 


Many are supplied at extremely high 
specific activity. Some carbon-14 
compounds have an isotopic abundance 
of almost 90% of the theoretical maximum. 


HIGH PURITY 


Carefully controlled preparation and 
packaging, combined with frequent batch 
analysis, ensure purity above 97% for 
carbon-14 labelled amino-acids and 
above 95% for amino-acids labelled with 
other radioisotopes. 


Some important 
compounds now available 


CARBON-14 
L-Glutamic acid-C14(U) at 276 mc/mM. 
L-Leucine-C14(U) at 305 mc/mM. 
L-Lysine-C14(U) monohydrochloride 

at 324 mc/mM. 
L-3-Phenylalanine-C14(U) at 504 mc/mM. 
L-Valine-C14(U) at 270 mc/mM 


TRITIUM 

L-Leucine-4,5-T at 29 c/mM 
L-3-Phenyl(alanine-2,3-T) at 10 c/mM 
L-Tyrosine (side chain-2,3-T) at 3.9 c/mM 


Ask for free batch analysis 

sheets providing details of purity, notes 
on preparation and recommendations 
for storage. 
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well sorted silt, is perhaps the most widespread of super- 
ficial deposits in the northern hemisphere, and there is a 
vast literature on the subject‘, both indices merit some 
bref comparison with existing studies because they 
deseribe the produet of a contemporary geological process 
which is not often observed in operation. 

The median grain is just below the lower limit of the 
range of partiele sizes commonly quoted for loess deposits 
(Table 1) and well below the median values of typical 
individual samples (Table 2). In Britain, however, loess 


Table 1. RANGES OF GRAIN SIZE FOR LOESS 


Range (4) Reference 
10-50 Russell* 
21-51 Swineford and Frye* 
30-40 Perrin? 
10-50 Charlesworth* 
29-63 Teruggi* 
20-50 Smalley? 


Table 2. MEDIAN DIAMETERS AND SORTING INDICES FOR TYPICAL LOESS 


SAMPLES 
Median Interquartile 
Locality grain sorting, index Reference 
size (4) (phi units) 
Meade, Kansas 33 0-79 Swineford and Frye'* 
Budapest, Hungary 34 0-80 Zeuner!! 
Gnadenfeld, U. Silesia 26 0-58 Zeuner™ 
Amiens, France 40 0:53 Zeuneri* 
reslau 36 0-71 Zenner” 
Baroda, India 26 0-52 Zeuner!* 
Belgium 22* 0-52 Swineford and Frye? 
Germany 23 0-89* Swineford and Frye? 
Alaska 23 0-58 Péwé!* 
Argentine 47+ 1:119 Teruggi* 
Argentine 47 1:03} ‘Teruggi® 
Kansas 341 0.52 Swineford and Frye* 
Kansas 40 0-601 Swineford and Frye* 


* Indicates median values for twenty-one samples. 

t Indicates median of twelve values taken as representative of fifty 
samples, 

t Indicates median values of forty-seven samples. 


deposits appear to have fallen only a few kilometres from 
probable source areas!!, and in Kansas distances of travel 
are usually less than 400 km*. The small size of the 
particles of the dustfall of July 1968 in Britain is clearly 
a result of the greater distance travelled (approximately 
3,000 km), but because particles as small as 9u could 
conceivably remain suspended in the air almost indefin- 
itely, the particular size observed is unlikely to be an exact 
function of distanee in the manner predieted by Krum- 
bein’, The median size observed may also be in part 
related to the origin of the dust as a hot desert loess, as 
opposed to loess of glacial origin which is produced in 
large quantities by the pulverizing action of glaciers and 
by the frost-shattering of particles on periglacial outwash 
plains. O. E. Radezewski has observed that dusts carried 
over ships west of the African coast have particles which 
in general are smaller than 15g, and the modal class of 
dust particles collected aboard the SS Dunstan in February 
1962 was in the range 10-154. The Dunstan dust was 
observed to be somewhat coarser than dust which fell 
in the Madeiras in 1949, and slightly coarser than dust 
falling in Switzerland between 1936 and 1944 (ref. 16). 
The median diameter of fine red dust deposited on a vessel 
sailing between the Suez Canal and the Strait of Bab el 
Mandeb was 9u (ref. 17). Although the mode of formation 
of such fine partieles remains obseure, this suggestion of 
consistency in grain size may indicate the work of a specific 
process. Because the limit of grain size below which little 
or no frost splitting occurs lies near 10u (ref. 11), fine silt 
produced in the hot desert environment might represent 
instead the detritus formed during the progressive 
rounding of sub-angular sand grains during long periods 
of saltation. 

There are close parallels with the sorting index of 0-62 phi 
units in existing studies. This value compares with a 
median value for forty-seven samples of Kansas loess of 
0-60 (ref. 6) and a value of 0-58 for the combined analyses 
of seventeen samples of Alaskan silt!?. It is possibly 
signifieant that the higher values in Table 2 are often 
related to factors additional to the lifting, transport and 
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deposition of particles by air currents. The poorer sorting 
(higher coefficients) of the samples of contemporary forma- 
tion is due, at least in the case of the Meade sample, 
to the addition of organie material. The Argentinian 
loess is chiefly of volcanic origin, and the poorer sorting 
may be due to the fact that these silts travelled directly 
from an erupting volcano. In this case the initial lifting 
into the air would be independent of wind velocity". 
Finally, ever since thiek deposits of loess accumulated, 
they have been subjeet to erosion and redeposition by 
water and wind, tending to obscure any distinctive degr 
of sorting attributable to unaltered wind-trans 
deposits. Because some European samples of s are 
at least in part colluvial?, this reworking would lead to 
poorer sorting which might explain why the median value 
of twenty-one sorting coefficients of European loess is as 
high as 0-89 phi units. In studies of silt deposits where 
there has been a lack of general agreement concerning the 
origin of the deposits, a close similarity in degree of 
sorting between the deposits under investigation and 
deposits of known eolian origin has been used asa strong 
argument for the eolian hypothesis!" 9. The degree of 
sorting observed in the present case may therefore be a 
useful addition to the very small number of existing 
records of sorting in materials known to have been lifted 
and transported by wind, and to have undergone neg ligible 
alteration since deposition. 
I thank Mr D. Lindsay and Mr W. B. Cork of Reckitt's 

(Colours) Ltd, Hull, for advice on methods of electronic 
particle sizing. 
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Double Electron-Electron Resonance 
of Triplet Excitons in lon-radical Salts 


THE method of double electron-electron resonance (HDR) 
involves measurement of changes in the intensities of 
ESR lines, when one of them is saturated with miero- 
wave power. Similar phenomena (cross saturation) were 
observed previously (see refs. 1-3 and an unpublished paper 
by J. Hyde given at the Eighth International Symposium 
on Free Radicals, 1967). Bloembergen et al* explamed 
this effect as a result of double transitions between dif- 
ferent Zeeman levels in the absence of spin-lattice inter- 
actions. EDR is therefore a direct method for measure- 
ment of paramagnetic centre interactions. The simplest 
system in which EDR ean be observed is that. with 
three non-equidistant levels, for example, triplet centres 
with zero-field splitting. 
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Fig. 1. Experimental measurements of EDR spectra in a three level 
system. 


In order to study the effect of paramagnetic centre 
interactions on EDR spectra in a three level system, we 
have chosen the crystals of ion-radical salts'-*. The con- 
centration of triplet excitons in these crystals, and con- 
sequently the efficiency of their interaction, increases 
exponentially with temperature and can easily be changed. 
The complex salt of tetracyanquinodimethane (TCNQ) 
with a benzthiocarbocyanine dye was investigated in 
detail. The activation energy of the triplet concentration 
is 0-10 eV, and below 250° K two lines (transitions — 1—>0 
and 0->+1) are observed. This splitting (A) varies from 
0 to 140 oersted for different crystal orientations in a 
constant magnetic field. As usual for similar species’, 
there is a signal from local paramagnetic centres with a 
temperature-independent concentration (~107 cm), 

In our EDR spectrometer we have used a helical cavity, 
the width of its transmission band being greater than 
400 Hz. The frequency difference between the signal and 
pumping klystrons was established as equal to the line 
splitting, and the EDR signal of the 0—1 transition was 
recorded during simultaneous pumping of the —1->0 
transition (Fig. 1). As a measure of the relative change 
of the 0->1 line intensity due to pumping we have chosen 
the quantity b=1—I/I,. Its dependence on 4,9 (satura- 
tion factor of — 1—0 transition) was deseribed by the 
relation. 

b=bm (1— Zio) (1) 


The aceuraey of the bm measurements was about 3 per 
cent. The temperature dependence of Z,, and bm for two 
different splittings (75 and 140 oersteds) is shown in Fig. 2. 
Below 160° K, bm is negative (— 0-10-0-20), but for higher 
temperatures bm becomes positive and passes through a 
maximum (0-50-0-65). This behaviour is in good agree- 
ment with a relation derived from an analysis of cross- 





relaxation in the three level system 
R-r 
ba = =p (2) 
14+R+r 


where r= TT, R= 3weT Tn 18 the spin-lattice relaxa- 
tion times between n and I levels in the absence of cross- 
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relaxation, w, is the frequeney of triplet exciton inter- 
action, leading to cross-relaxation 

Ta + To 2> °T ROT. (3) 
For low temperatures H«r, 54«0. saturation increases 
the population of level 0 and, hence, the difference in 
populations between levels 0 and 1 is also increased. The 
triplet exciton concentration and we build up with 
increase in temperature, so at higher T Rr, bm>0. 
Thus the variations in the triplet exciton interaction lead 
to a change of sign of the EDR effect. The bm decrease 
at higher temperatures corresponds to the decrease in 
spin-lattice relaxation time. The temperature dependence 
of the exchange frequency of process (3) (we = 2:5 x 10% s-! 
at 200° K and A=75 oersteds) derived from the EDR 
spectra corresponds to an activation energy of 0-17 eV 
throughout the full temperature range investigated, and 
it diminishes five times when the splitting value increases 
from 30 to 140 oersteds. The activation energy derived 
from the temperature broadening of lines** coincides 
with that from the EDR data. The exchange frequencies 
obtained from ESR measurements corresponding to the 
total number of triplet—triplet collisions are isotropic and 
approximately ten times greater than the highest value 
for process 3 from EDR (Fig. 3). The shape of the satura- 
tion curves shows that the triplet exciton lines are homo- 
geneously broadened, but 7', determined from these curves 
varies by a factor of 2-2-5 for different splittings. A 


0-8 

06 

04 

N 

O2 
9 —— OOOO ANS, —————————————— 

-02 

150 200 250 
T° K 
a 
0-6 
O-+ 
L3 
N 02 
o pe 
-02 
150 200 250 
PE 
b 

Fig. 2. The temperature dependence of saturation factor Z (O— CO) 
and EDR effect bm (II-I) for two different values of splitting. a, 750 


oersteds; b, 140 oersteds, 
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10/7" K 
Fig. 3. The temperature dependence of exchange frequency, derived 


from line broadening (curve 1) and EDR data for different values of 
splittings (2, 30 oersteds; 3, 75 oersteds; 4, 140 oersteds). 


probable explanation of this fact is the occurrence of 
cross-relaxation processes between triplet excitons and 
local paramagnetic centres 


Tp + Tg, Tay + May n OL (4) 


At low temperatures the rate of this process is higher 
than that of direct spin-lattice relaxation. and T, is 
anisotropic. This conclusion is supported by the EDR 
effect observed between triplet excitons and local centres 
(0.15—0-35 at 180° K, where their concentrations are 
approximately equal). It will be noted that the slight 
dependence of the EDR effect on the splitting value does 
not agree with the usual theory of cross-relaxation, which 
implies that the difference in Zeeman energies is turned 
into an energy of spin-spin interactions, and there should 
be a marked dependence on A. The cross-relaxation of 
triplet excitons is possibly connected with the transfer of 
the Zeeman energy difference into the energy of exciton 
motion. 

These data show that the processes of triplet exciton 
interactions between each other and with local centres 
have a remarkable effect on the relaxation processes in 
ion-radical salts. The EDR method makes it possible to 
investigate much weaker interactions between para- 
magnetic centres than with the ESR technique, because 
for EDR the exchange frequency must be compared 
with 7, and not with T'7. as for ESR. The EDR method 
ean therefore be helpful for the observation of very weak, 
but chemically important, interactions as well as for 
recording oscillations in quantum chemistry?. 

We thank Professor A. A. Berlin for the synthesis and 
growing of the TCNQ crystals. 
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BIOLOGICAL SCIENCES 


Role of Different RNA Fractions 
from the Brain in Transfer Effect 


Iw an earlier report! we demonstrated an optimal transfer 
effect of learning in rats when donors were trained for 
10 days (twelve experimental sessions) and when adult 
recipients were not habituated to the conditional stimulus. 
The transfer problem seems to be very important as far as 
an understanding of the mechanisms of memory storage 
is concerned; we thus continued our investigations with 
rats to determine whether the successful transfer pheno- 
menon is reproducible after destruction of brain RNA 
and, if not, which fraction of the brain RNA is responsible 
for the successful effect. 

The conditioning procedure was the same as that used 
before’. A defensive motor response— jumping up on & 
shelf—was conditioned by pairing an acoustic stimulus 
(bell) with an eleetrie shock applied through the floor 
grid of the training box, 12 em below the shelf. 'The 
experimental session consisted of five consecutive trials 
with 1 min intervals between trials. The unconditioning 
stimulus consisting of an electric shock was delivered 
with a delay of 5 s after the conditioning stimulus (a. bell) 
unless the rat jumped up to the shelf. The experiments 
were performed on 4-5 months old male ‘Wistar’ rats 
weighing 250-300 g. 

Four hundred and twenty rats served as donors, In 
addition to the untrained control groups (140 rats) the 
animals were eonditioned for 10 days over a total of 
twelve experimental sessions. Groups of rats which per- 
formed the conditioned avoidance response completely 
(100 per cent) served as trained donors (280 rats). Three 
different brain RNA fractions have been isolated according 
to Kimberlin?: (a) ribosomal RNA, from the aqueous 
layer by cold phenol extraction; (b) interphase RNA, 
close to messenger RNA, with a rapid turnover; and 
(c) soluble RNA, from the supernatant solution of the 
homogenate in saline precipitated with LiCl. The ribo- 
somal RNA has been treated in some experiments with 
RNase; in other series it was decomposed with NaOH. 
According to Kimberlin?, the aqueous layer of the cold 
phenol extract contains chiefly ribosomal RNA. The 
guanine-cytosine content of this RNA fraction was about 
59-60 per cent, which is characteristic of ribosomal RNA. 
The digestive effect of RNase was controlled spectro- 
photometrically by estimating the increase of ultraviolet 
absorption. It was maximal after incubation for about 
30 min. The effect of proteases has not been investigated. 
in this series. Each recipient was given intraperitoneally 
1 ml. of a solution containing total brain RNA extract 
from one donor. 

Before receiving the intraperitoneal injection? 420 rats 
used as recipients were trained to perform the uncon- 
ditioned avoidance response, but were not habituated to 
the conditioning stimulus. After the intraperitoneal 
injection recipient groups were tested in the same way as 
the trained donors, that is, for five successive trials in 
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Fig. 1. Conditioned avoidance response of the groups of recipient rats 


injected intraperitoneally with different brain extracts. Heavy lines: 
conditional performance of injectees treated with ribosomal RNA from 
trained donors. Broken lines: conditioned response of recipients 
injected with ribosomal RNA from untrained donors. Thin lines: per- 
formance of recipient rats treated with (I) ribosomal RNA digested 
by RNase, (II) ribosomal RNA decomposed by NaOH, (111) soluble 
ENA, (IV) interphase RNA, Abscissa: serial number of conditioned 
stimulus, Ordinate: percentage of the recipient animals performing the 
conditioned avoidance response (jumping on to the shelf). 


each session, 4, 8, 12, 52, 76, and so on, several hours after 
the injection of the brain extract. The experimental and 
the eontrol groups were tested completely "blind"; that 
is, the experimenter did not know what previous treatment 
the animals had received. The level of significance of the 
conditioned performance of the different recipient groups 
was caleulated by means of the Wilcoxon test*, on the 
basis of the results of the first three sessions after injection. 

The recipients were divided into four series. In each 
series (1) the behaviour of a group of recipient rats 
treated with a ribosomal RNA fraction from the trained 
donor was compared with (2) the performance of animals 
treated with ribosomal RNA from an untrained donor. 
In addition to these two groups, in each of the four series 
the conditioned performance of (3) a third group was 
investigated. In the first series, a group of recipients was 
treated with ribosomal RNA digested by RNase: in the 
second series, a group of rats was treated with ribosomal 
RNA decomposed by NaOH; in the third series, a group 
of recipient animals was injected with soluble RNA; and 
finally, in the fourth series, recipients were subjected to 
an injection of interphase RNA. 


Table 1. PROGRAMME AND RESULTS OF THE FOUR EXPERIMENTS CONCERNING 
TRANSFER EFFECT OF LEARNING 
Donors l i 
No. of Trained No. Significance level | 
experi- Group (--) 0r Brain-RNA of (Wilcoxon test) 
mental naives fraction No. reeip- 
series (~) ients 
I 1 + Ribosomal 40 40 . 
2 — Ribosomal 40 40 1-2 P « 0-005 
3 + Ribosomal 1-31P < 0-005 
T RNase 40 40 
Il 1 Ribosomal 20 20 
2 — Ribosomal 20 20 1-2 P < 0-05 
3 Ribosomal hydro- 1-3 P < 0-025 
lysed NaOH 20 20 
ii i + Ribosomal 40 40 = , 
2 — Ribosomal 40 — 40 mS s Mec 
3 + Soluble 40 40 
IV i + Ribosomal 40 40 p Y 
2 — Ribosomal 40 — 40 X is j^ yk 
3 + Interphase 40 40 


Total 420 420 
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Fig. 1 shows a general trend in the four series, namely, 
that the recipients treated with ribosomal RNA from 
trained donors performed better than the injectees which 
received extracts digested with RNase (I); hydrolysed 
with NaOH (II); soluble RNA (III); or interphase 
RNA (IV). Furthermore, in each of the four series the 
recipients treated with ribosomal RNA from trained donors 
learned faster than the injectees which received ribosomal 
RNA from untrained donors. Table ! summarizes these 
results, which are expressed in terms of the significance 
level. 

Thus it seems that in our experimental conditions the 
substance responsible for the successful facilitation of 
learning must come from the ribosomal RNA fraction 
from the rat brain. Our results do not indicate whether 
they involve the specifie transfer of a memory trace or the 
non-specific facilitation of eonditioning. 
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Ribosome Formation from Subunits: 
Dependence on Formylmethionyl- 
transfer RNA in Extracts from E. coli 


RinBosoMES from bacterial, plant and animal cells consist. 
of two subunits: a larger one (in E. coli the 508 subunit) 
and a smaller one (in Æ. coli the 30S subunit). Apparently 
a 30S and a 505 subunit associate to form a 70,5 ribo- 
some in E. coli when the synthesis of a protem molecule 
is initiated; the ribosome persists during the synthesis 
and dissociates into subunits when the synthesis is com- 
pleted?-. There is suggestive evidence for the occurrence 
of the following events during the process of peptide 
chain initiation. First, a 308 subunit forms a complex 
with messenger RNA and formylmethionyl-t+RNA (F-Met- 
tRNA) in the presence of GTP and initiation. factors; 
subsequently, a 505 subunit is attached to this complex?*-!*. 

In this communication we present data indicating that 
the coupling of 308 and 50S subunits to 70S ribosomes 
in the presence of bacteriophage f2 RNA (a natural 
messenger) GTP and initiation factors strictly depends 
on F-Met-tRNAp. Met-tRNAp (unformylated), (RNAg, 
unfractionated tRNA, or phe-t¢RNA cannot replace 
F-Met-£RNA in 705 ribosome formation. 

E. coli K 12 tRNA (unfractionated) and Æ. col; K 12 
tRNA, ten-fold enriched in /RNAgMet (a gift from Dr D. 
Soll) was charged with *H-methionine (specific activity 3-1 
Ci/mmole) and formylated, according to Adams and Capec- 
chi!*, except that the Ca salt of N*-formyltetrahydrofolate 
was used as the source of formyl residues. E. coli K 12 
tRNA, sixteen-fold enriched in /«RNAPhe (from Dr, D. Soll), 
was charged with *H-phenylalanine (specific activity 
2-74 Ci/mmole) using conditions similar to those of ref. 1. 

Bacteriophage f2 was obtained by the procedure of 
Watanabe et al. for bacteriophage R 23 (ref. 16). Bacterio- 
phage f2 was labelled with “P by the method of Engel- 
hardt et al.", except that the culture medium was that 
of Takanami and Yan!'5, but with 0-003 mM KH,PO,. 
53?P.Orthophosphate (1 mCi) was added to 100 ml. of 
culture medium. 

The f2 RNA (labelled and unlabelled) was extracted 
according to the method of Webster e? al. and was 
stored at —20? C in a solution containing 1-5 x 10-3 M 
NaCl and L:5x 10-* M Na citrate, pH 7-0. 
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Ribosomes from Æ. coli Q 13 were isolated according to 
Iwasaki et al) except that the cells were broken in a 
French press (at 12,000 pounds/inch?). Ribosomes 
labelled with “C were obtained in the same way from 
E. coli K 12 AB 1861 (a uracil requiring strain from the 
colleetion of Dr E. Adelberg) grown on medium M 63 
(ref. 20) supplemented with 0:3 per cent casamino-acids, 
0-5 ug/ml. of vitamin B,, 5 ug/ml. of unlabelled uracil and 
60 uCi/ml. of 4C-uracil (final specific activity 1-3 uCi/ 
umole). The labelled ribosome preparation contained 


1-07 x 104 c.p.m./OD,,, unit. After chromatography of 


the ribosome preparation on DEAE-cellulose, the 30S and 
508 subunits were separated from 70S ribosomes by 
centrifugation in a linear gradient of sucrose (between 
5 and 20 per cent w/v) in buffer 1 (50 mM tris-HCl, 
pH 7-8, 50 mM NH,CI, 5 mM magnesium acetate) in the 
SB 283 rotor of the IEC centrifuge (at 41,000 r.p.m. for 
210 min). After centrifugation the 70S ribosomes were 
discarded and the 308 and 505 subunits were collected 
(either separately or together). The subunits were sedi- 
mented by centrifugation in the A 321 rotor of the TEC 
at 50,000 r.p.m. for 180 min. The pellet was resuspended 
in buffer 1, supplemented with 0-006 M. mercaptoethanol 
and further purified by repeated sucrose gradient centri- 
fugations (one centrifugation for obtaining mixed sub- 
units, three for separated 30S and 50S subunits). The 
subunits were resuspended in 0-01 M ¢tris-HCl, pH 8-1, 
0-125 M NH,Cl, 0-005 M magnesium acetate, 0-006 M 
mercaptoethanol, and stored between 0°—4° C. 

The crude initiation factor preparation (containing 
7-5 mg/ml. of protein) was obtained from the NH,CI 
solution used to wash the ribosomes by precipitation with 
(NH,),80, aecording to the procedure of Parenti-Rosina 
et al, 

The amount of aminoacyl-tRNA and f2 RNA bound to 
ribosomes was determined by centrifugation through a 
suerose gradient. The reaction mixture for initiation 
complex formation contained the following common com- 
ponents in a final volume of 0-125 ml. (unless otherwise 
indicated): 50 mM tris-HCl, pH 7-8, 50 mM NH,CI, 
16 mM 2-mercaptoethanol, 5 mM magnesium acetate, and 
0-3 mM GTP. Additional components are indicated in 
the legends to the figures. The reaction mixtures were 
incubated at 37° C for 15 min. Subsequently, they were 
immediately layered on top of a 5 ml. linear sucrose 
gradient (5-20 per cent w/v) in buffer 1 at 4° C. The 
tubes containing the gradient and sample were centrifuged 
in the SW 50L rotor of the Spinco ultracentrifuge, at 
39,000 r.p.m. for 110 min. The gradient was collected in 
twenty-six to twenty-eight fractions of about 0-18 ml. 
volume. To each fraction 0-4 ml. of water was added, 
and the absorbancy measured at 260 my (OD, if so 
indicated. Then 0-5 ml. of 10 per cent trichloroacetic acid 
was added and the resulting suspensions filtered through 
a Sehleicher-Schuell B 6 membrane filter. The filter was 
dried and counted in a scintillation counter in a toluene- 
based scintillator. 

We had established earlier that, at 5 mM Mg*^, amino- 
acid incorporation directed by f2 RNA in a cell free 
system from E. coli strictly depends on F-Met-tRNA. 
When the concentration of Mg** is 10 mM (or more) this 
dependence is not observed*?. All the experiments in this 
study were performed at 5 mM Mg:** unless otherwise 
specified. This low concentration of Mg** was selected 
on the assumption that the results obtained in such 
conditions would reflect more closely the processes 
occurring in initiation in vivo®. 

The label and optieal density distribution patterns 
obtained by centrifuging reaction mixtures through 
sucrose gradients indicate that: (a) 305 and 50S subunits 
associate to 70S ribosomes in the presence of F-Met- 
tRNA in a system that contains bacteriophage f2 RNA, 
initiation factors and GTP. The 70S ribosomes appear 
as a shoulder in the curves of the OD, and 'C in Fig. 14, 
and as a peak in the MC eurve in Fig. 24. In these con- 
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Fig. 1. Requirement for F-Met-iRNAr in the formation of the 708 
ribosome from 305 and 5035 subunits: effect of FRNA and of RNAF. 
In addition to the common components (see the text), reaction mixture 
A also contained 0-65 OD, units of **P. RNA (075 x IP eam), 
11 OD:s units of C-abelled 3805 and 508 subunits, 240 apropies of 
F-H-Met-tRNA and 90 ug of crude initiation factors, Reaction mixture 
B was the same as A but without F-Met-iRNA. Reaction mixture C was 






the same as B, but also contained discharged (RNA (an amount which 
could be charged with 240 pymoles of F-Met-residues) Reaction 
mixtures D and E contained 0-65 OD, units of **P-£2 RNA (8x 10% 
c.p.m.), 5-5 ODs units of “C-labelled 205 and 505 subunits, Reaetion 
mixture D also contained discharged purified IRN Av (an amount which 
could be charged with 260 moles of F-Met-residues) and 80 ug of erade 
initiation factors. Reaction mixture E also contained 240 uumoles of 
FAH-Met-iRNA. (e eT of be Us c.p.m. of tH; (A) e.p.m, of 
pipes zae 
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Fig. 2. Requirement Ee ¥F-Met-tRNAv in the formation of the 70S 
ribosome from 305 and 50S subunits: effect of Met-tRNAr and of 
Phe-tRNA. In addition to the common components, each reaction 
mixture contained 0:55 OD, units of “C-labelled 305 and 505 sub- 
units, 1:5 OD units of f2 RNA (unlabelled), and 60 ug of crude initiation 
factors. Reaction mixture A also contained 60 ujmoles of F-*H-Met- 
tRNA. Reaction mixture B also contained 54-5 pumoles of *H-Met- 
tRNAr. Reaction mixture C also contained 42-3 uumoles of *H-Phe- 
tRNA. For symbols, see the legend to Fig. 1 


ditions a large portion of the f2 RNA is bound in the 70S 
region (Fig. LA). 

The 308 and 50S subunits do not associate to form 
70S ribosomes if F-Met-tRNA is omitted from the system 
(Fig. 1B) or is replaced by one of the following com- 
pounds: unfractionated tRNA (Fig. 1C), (RNA x ( (Fig. LD), 
Met-tRNAy (Fig. 2C), Phe-tRNA (Fig. 2D); or if no initia- 
tion factors are added (Fig. 1E). In these conditions no 
appreciable amounts of f2 RNA can be detected in the 
70S region of the gradient. In experiments reported by 
Iwasaki et al.5, tRNA (unfractionated or enriched in 
IRNAyg) could substitute for F-Met-FRNAÀ im making 
possible the binding of bacteriophage (Q8) RNA in the 
70S region. One possible cause of this apparent dis- 
crepancy is that the system of Iwasaki et al.* contained 
708 ribosomes even before incubation whereas ours did 
not. 

Peptidyl-tRNA or aminoacyl-tRNA dependent coupling 
of 308 and 50S subunits at higher concentrations of Mg** 
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in the presence of synthetic messengers with no initiator 
triplets was reported recently** (see also ref. 4). 

GTP is required for binding F-Met-(RNA to ribo- 
Somes,?12.35*, Tt can therefore be expected that in the 
absence of GTP the association of subunits to ribosomes 
is abolished. Actually, when no GTP was added the 
amount of 70S ribosomes formed decreased to less than a 
quarter of that in the complete system. It is possible 
that the minor association occurring in these conditions 
was caused because GTP was contaminating other com- 
ponents of the system. 

GMPPCP (which is an analogue of GTP that cannot 
undergo enzymatic reactions involving cleavage between 
the 8 and y phosphorus atoms because of a methylene 
bridge between these atoms in place of oxygen) was 
reported to substitute for GTP in promoting the binding 
of F-Met-fRNA to 30S subunits". F.Met-tRNA bound 
to 30S ribosomes in the presence of GTP can undergo a 
reaction with puromycin (in which F-Met-puromycin is 
formed) if the system is supplemented with 505 sub- 
units?*:?*, whereas F-Met-tRNA bound in the presence of 
GMPPCP ceannot!??» Because the reaction of F-Met- 
tRNA with puromycin involves the 50S subunit? we 
wondered whether GMPPCP can substitute for GTP in 
the binding of the 505 subunit to the (F-Met-/RNA- 
30S subunit-f2 RNA) complex. 

First, we have confirmed that GMPPCP does promote 
the binding of F-Met-tRNA to the (308 subunit-f2 RNA) 
complex in the presence of initiaticn factors in experiments 
in which the ‘Millipore’ filtration technique was applied’. 
Subsequently, using the same technique, we established 
that when 505 subunits were also added, the amount of 
F-Met-tRNA bound was approximately doubled. These 
results suggest that GMPPCP makes an interaction 
between 50S and 30S subunits possible. We attempted 
thereafter by centrifugation through sucrose gradients to 
locate a (70S ribosome-f2 RNA-F-Met-tRNA) complex 
formed in a reaction mixture in which GMPPCP was 
substituted for GTP. The amount of F-Met-cRNA bound 
in the 70S region as well as the amount of 70S ribosomes 
was less than a third of that detectable in reaction mix- 
tures containing GTP. It is possible that the complex 
formed in the presence of GMPPCP is unstable and thus 
dissociates during centrifugation. 

Guthrie and Nomura?! have proved that in a cell free 
system from E. coli binding of F-Met-tRNA to ribosomes 
is preceded by dissociation of the ribosomes from sub- 
units. Our data indicate that the association of the 
subunits to form ribosomes requires F-Met-tRNA; the 
F-Met-£RNAÀ can be found associated with the (708 ribo- 
some-messenger RNA) initiation complex. 

This work was supported by grants from the National 
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national Agency for Research on Cancer. 


MasaATosui Konpo 
GUDMUNDUR EGGERSTON 
JEROME EISENSTADT 
PETER LENGYEL 


Departments of Molecular Biophysics and 
Microbiology, 
Yale University. 


Received September 3, 1968. 


! Attardi, G., Ann. Rev. Mierobiol., 21, 383 (1907). 

* Mangiarotti, G., and Schlessinger, D., J. Mol, Biol., 20, 123 (1966), 

ia rd R. D., Meselson, M., and Raskas, H. J., J. Mol. Biol., 31, 277 
(1968). 

* Sehlessinger, D., Mangiarotti, G., 
Sei., 58, 1782 (1967). 

ê Nomura, M., and Lowry, C. V., 

t Nomura, M., Lowry, €. V., and Guthrie, C., 
1487 (1967). 

? Ghosh, H. P., 
(1967). 

š Iwasaki, K., Sabol, 8, Wahba, A. J.. 
Biophys.,125, 542 (1968). 


and Apirion, D., Proc. US Nat, Acad. 


Proc. US Nat. Acad. Sei., 58, 946 (1967). 
Proc, US Nat. Acad. Sei., B8, 
US Nat. Acad, Sei., 88, 2455 


and Khorana, H. G., Pree. 


and Ochoa, &,, Arch, Biochem. 


NATURE. VOL. 220, OCTOBER 26, 1968 


* Anderson, J. S., Bretscher, M. S., Clark, B. F. C., and Marcker, K. A., 
Nature, 215, 490 (1967). 

1? Eisenstadt, J. M., and Brawerman, G., Proc. US Nat. Acad 
(1967). 

™ Revel, M., Herzberg, M., Becarevic, A 
(1968). 

1! Mukundan, M. A., Hershey, J. W. B., Dewey, K. F., and Thach, R. E. 
Nature, 217, 1013 (1968) 

? Guthrie, C., and Nomura, M., Nature, 219, 232 (1968) 

u Adams, J. M., and Capecchi, M. R., Proc. US Nat. Acad. Sei., 55, 147 
(1966). 

1 Nakamoto, T., and Kolakofski, D., Proc. US Nat. Acad, Sei., 85, 606 (1966) 

1* Watanabe, M., Watanabe, H., and August, J. T., J. Mol, Biol., 33, 1 (1068) 

1! Engelhardt, D. L., Webster, R. E., and Zinder, N. D., J. Mol. Biol., 29, 45 
(1967). 

* Takanami, M., Yan, Y., and Jukes, T. H., J. Mol. Bíol., 12, 761 (1965). 

? Webster, R, E., Engelhardt, D. L., and Zinder, N. D., J. Mol. Biol., 29, 27 
(1967). 

*» Pardee, A. B., Jacoh 

* Parenti-Rosina, R., 
press). 

*? Eisenstadt, J., and Lengyel, P., Science, 154, 524 (1966), 

? Lengyel, P., in Molecular Genetics, Part Il (edit. by Taylor, J, H.), 194 
(Academic Press, 1967) 

* Jost, M., Shoemaker, N., and Noll, H., Nature, 218, 1217 (19€8) 

? Allende, J. E., and Weissbach, H., Biochem. Biophys. Res, Commun., 28: 
82 (1967). 

** Leder, P., and Nau, M. M., Proc. US Nat. Acad, Sci., 58, 774 (1967). 

* Bretscher, M. S., and Marcker, K. A., Nature, 211, 380 (1966) 

** Leder, P., and Bursztyn, H., Biochem. Biophys. Res. Commun., 25, 233 


Sei., 58, 1500 


,and Gros, F., J. Mol. Biol., 38, 231 






. and Monod, J., J. Mol. Biol., 1, 165 (1059). 
rstadt, A., and Eisenstadt, J. M., Nature (in the 








(1966). 
1" Anderson, J. 8., Dahlberg, J. E., Bretscher, M. S., Reed, M., and Clark. 
B. F. €., Nature, 216, 1072 (1967). 


» Monro, R. E., J. Mol. Biol., 26, 147 (1967). 


Crystalline Phospholipase A associated 
with a Cobra Venom Toxin 


ConRA venom has been used as a source of phospholipase 
A activity’, and Braganca and Sambray showed that 
there are multiple forms of phospholipase A in cobra 
venom‘. In the course of a study of the toxic components 
of the venom of the Indian cobra, Naja naja, we discovered 
that a very potent central nervous system toxin (corti- 
cotoxin I) is associated with a high phospholipase A 
activity. This component was isolated by ammonium 
sulphate fractionation and chromatography on carboxy- 
methyl ‘Sephadex G-25' and finally crystallized. <A 
photograph of the crystalline product is shown in Fig. 1. 
The specific phospholipase activity of the crystals, 
assayed in ether suspension by a modification of the 
technique described by Long and Penny’, was 150 v/mg. 
(A phospholipase unit is the amount of activity which 
results in the liberation of 1 umole of fatty acid per min 
at 20° C.) There was no detectable myoneural toxic 
activity, as determined by the procedure described by 
Vick et al.*, using anaesthetized dogs. The crystals can 
Table 1, AMINO-ACID COMPOSITION OF THE TWO PHOSPHOLIPASE COMPONENTS 
Amino-acid Peak 1 Peak 2 


Aspartic acid 
Glutamic acid 
Threonine 
Serine 

Proline 
Glycine 
Alanine 
Valine 
Half-cystine 
Methionine 
Isoleucine 77 
Leucine 
Tyrosine 13-9 
Phenylalanine 8:0 
Ammonia 33 
Lysine 
Histidine 2-3 
Arginine 10-0 
Tryptophan 7-2 








Determination by amino-acid analysis of acid hydrolysates. The values 
are averages of 5 runs, calculated with leucine set arbitrarily at 10 so as to 
adjust the molecular weight to approximately 24,000 to conform with 
preliminary estimates based on sedimentation rate and the calculated molar 
extinction coefficient. Tryptophan was estimated spectrophotometrically 
by the method of Edelhoch'. Variations in cystine and ammonia were 
great, 80 the values cannot be used as a basis for proving a difference between 
the two peaks, 
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Fig.1. Crystals of phospholipase A from Indian cobra venom ( » e. 100). 
Crystallization was accomplished by preparing & salt-f solution of a 
chromatographically purified fraction at a concentration of about 


60 mg/ml. The pH was adjusted to 5:2 at 2° € and the crystals formed 
overnight 
be separated into two major either by 
electrophoresis on cellulose acetate strips or by chroma- 
tography on DEAE cellulose. The specific phospholipase 
activity of both components was similar in the con 
ditions of our assay. The amino-acid composition of the 
acid hydrolysates of the two components was nearly 
identical, as shown in Table 1. Amide content has not 
been determined so far, and there may be a difference 
in the number of free carboxyl groups. Work is now in 
progress to compare the substrate specificities, kinetic 
parameters and physicochemical properties of the two 


compt ments 


components. 
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Evidence for Order in the Structure 
of «-Elastin 


THE structure of elastin, the insoluble constituent protein 
of elastic fibres occurring in the intercellular spaces of 
connective has investigated different 
models have been proposed. While a fibril strueture is 
supported by electron microscope results! the rubber- 
like properties of the water swollen elastin have been 
interpreted as evidence for a cross-linked network of 
randomly coiled chains**. According to Partridge’, 
elastin should be composed of globular protein molecules 
arranged in a tetrahedral packing, but Ramachandran*:? 


been and 


tissues, 
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Table 1. AMINO-ACID COMPOSITION OF a-ELASTIN AND OF THE PARENT 
PROTEIN! 
Gty 34-8 (30-6) Phe 3-0 (3-3) 
Ala 20.3 (23-0) Tyr 0-6 (0-9) 
Val 128 (14-8) Glu r2 (1-6) 
Pro 10-1 (25) Asp 0-3 (0-5) 
4-Hypro 0-5 (11) Ser 0-5 (0-8) 
Leu 6-4 ( 65) Thr 0-4 (08) 
Heu 2-2 ( 2-6) Lys 0-4 (0-4) 
Arg 0-4 (0-5) 


Values are number of residues per 100 residues of the protein not including 
desmosine and isodesmosine still present in the soluble protein?!. Values for 
parent proteins are in parentheses, 


has suggested a collagen-like triple helical structure on 
the basis of X-ray analysis and of amino-acid composition. 

We have shown? that none of the models fits all the data 
on the submieroscopie features, mechanical properties and 
X-ray diffraction of elastin. 

Insoluble elastin ean be transformed into a soluble 
protein" by repeated extraction with 0-25 M oxalic acid 
at 100° C. Investigation of the physico-chemical properties 
of this material may throw some light on the structure of 
the parent protein. 

We prepared soluble elastin from ox ligamentum nuchae 
and isolated by dialysis with Visking tubes the high mole- 
cular weight fraction, called «-elastm'!, which accounted 
for about 75 per cent of the total. The molecular weight, 
estimated by dise electrophoresis, ranged between about 
60,000 and 100,000. The amino-acid composition shown 
in Table 1 does not differ much from that of the parent 
protein. The X-ray diffraction patterns are also similar 
to those of the insoluble protein’. 

The infrared spectrum of «-elastin in KBr pellets, 
shown in Fig. 1, exhibits the amide I and II bands at 
about 1,655 and 1,537 em-!, respectively. They are typical 
of solid polypeptides in the unordered form??, but d» not 
exclude contribution from the «-helical conformation the 
bands of which have very close frequencies!*, nor from the 
collagen-like triple helix!*. The extended §-structure, 
which is characterized by strong amide I and II bands at 
about 1,630 and 1,530 cm-t, should be ruled out because 
of the absence of any band in the 1,685 to 1,700 em“ 
region!?:M, 

Further details cannot be obtained from the amide A 
and B bands (at 3,320 and 3,060 cm~, respectively) 
which are not too sensitive to the chain conformation, 
nor by inspection of the region below 800 em-!, where a 
broad absorption is observed, instead of peaks (amide V 
bands) which should occur respectively at about 700, 650 
and 600 cm~ for the extended, the unordered and the 
a-helical conformation™. The observation of a band at 
410 em-' is too uncertain for definite evidence of the 
presence of some x-helieal structure’, 

The far-ultraviolet optical properties cf a-elastin have 
been measured in various solvents with a Roussel-Jouan 
185 model II diehrograph (Fig. 2). The CD spectrum of 
the water solution (curve a) shows a negative band at 
202 mp, with a molecular ellipticity [0] - — 7,200 deg em*/ 
decimole, and a smaller band at 222 my, [0]— — 2,000, 
which is attributed to the n—* transition of the peptide 
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Fig.1, Infrared absorption spectra of a-elastin in K Pr pellets, obtained with a Beckman 


TR 9 prism/grating spectrometer in the 400-4,000 em region. 
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Fig. 2. Far-ultraviolet €D curves of a-clastin in aqueous solution (a), 

in water-ethanol mixtures 40 per cent (b) and 97 per cent (e) alcohol 

by volume, and in 96 per cent sulphuric acid (d). The mean residue 

molecular ellipticity, [0], was obtained using the mean residue molecular 
weight of 80-7 calculated from values of Table 1. 


chromophore in the right-hand a-helix!*. The presence of 
such conformation, which is rather unexpected for this 
protein on the basis of its amino-aeid composition, is 
confirmed by behaviour in other solvents. CD spectra of 
solutions in water-ethanol mixtures show a continuous 
increase of the a-helix content with increasing alcohol 
concentration, paralleled by a decrease of the unordered 
form indicated by the increase in ellipticity of the dichroic 
band at 222 my and by the red-shift and the decrease in 
absolute value of the negative band at 202 rnu (curves 
b and c). 

At 97 per cent by volume of ethanol, -elastin exhibits 
a characteristic right-hand «-helix spectrum (curve c), 
with two negative bands at 222 and 208 my and a positive 
band at about 190 my, approximately in the expected 
ellipticity ratio!. Higher percentages of alcohol cause 
precipitation of the protein. 

Solutions of -elastin in sulphuric acid behave dif- 
ferently (for the use of sulphurie acid as a solvent in 
conformational studies of polypeptides, see ref. 18 and 
unpublished work of J. Steigman, E. Peggion and A. 
Cosani). The x-helix band at 222 mu disappears and the 
negative dichroic band at 202 mu blue-shifts to 196 my, 
with a larger ellipticity value. The spectrum is charac- 
teristic of the so-called unordered conforma- 
tion!^" even if the expected weak positive 
band at 217 my is not observed. None of 
the CD spectra of the several proteins 
examined in different denaturation states is 
like that of a typical random coil as found, 
for example, in poly-r-lysine, and the 
absence of this band is more likely because of 
the difficulty of attaining a random state in 
the protein". 

The unordered form and the collagen triple 
helix exhibit strikingly similar CD spectra, 
but again the presence of the latter conforma- 
tion in 96 per cent sulphuric acid is rather 
unlikely. 

Amino-acid composition and the shape of 
the CD curves suggest no significant inter- 


500 


NATURE. VOL. 220. OCTOBER 26. 1968 


action of side chain chromophores. All the curves in 
Fig. 2, particularly c and d, have ellipticity values well 
below those expected'*7, This fact, and the general 
caution necessary in calculations of this type, make the 
estimated value (of the order of 10 per cent) for the «-helix 
content of «-elastin in water extremely uncertain. 
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Miraculin, the Sweetness-inducing 
Protein from Miracle Fruit 


THE berries of Richardella dulcifica (Schum. and Thonn.) 
Baehni, formerly designated as Synsepalum dulcificum', 
a shrub indigenous to tropical West Africa, have long been 
known for their taste-changing properties*. These berries, 
called miraculous berries or miracle fruit, have the 
property of modifying the taste of sour foods and dilute 
mineral and organie acids into a sweet taste after the 
fruit pulp has been chewed. This modifying effect lasts 
for some time, usually for 1-2 h. 

The first trials to isolate the active principle from the 
berries were made by Inglett et al.*, who found it virtually 
impossible to extract the active material from the berries 
with aqueous or organic solvents. By removal of inactive 
matter they achieved a five-fold concentration of the 
active material. 

Our efforts to extract the sweetness-inducing principle 
(SIP) from the fruit pulp with aqueous buffer solutions of 
varying pH and ionic strength confirmed the insolubility 
of the SIP in these media. Autolysis of cell material or 
treatment with hydrolytie enzymes to improve the 
extractability caused complete loss of the physiological 
activity. But by extraction with saliva at pH —7 or by 
the incorporation of small amounts of various extraction 
aids into the aqueous extraction medium at pH —7, such 
as neuraminie acid derivatives or tanning-binding agents 
like polyethylene glycols*, "Tween 80' (ref. 5), gelatine* and 
caffeine*, solutions with a good sweetness-inducing 
activity were obtained. The SIP in these solutions re- 
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Fig. 1, a, Gel filtration of a partly purified preparation of miraculin on a 

2x42 cm column of ‘Sephadex G-25' with water as eluant; fractions 

were pooled as indicated. b, Polyacrylamide gel electrophoresis of the 

pooled fractions on a 15 per at ae WEN 4-3, in the buffer system of 
elc we 


mained in the supernatant on centrifugation at 30,000g. 
Gel-filtration indicated in most cases a high molecular 
weight (up to 10*), whereas starch-gel and paper electro- 
phoresis suggested a neutral or weakly acidic entity. The 
loss of physiological activity on treatment with proteo- 
lytic enzymes, as well as the ultraviolet absorption spec- 
trum, pointed at the SIP being a protein. We think these 
solutions contain a bound form of the active principle. 

Solutions of what we presume to be the free form of 
the SIP were obtained by extracting the berries with 
solutions of the highly basic compounds salmine (a prot- 
amine) or spermine (N,N'-bis-[3'-aminopropyl]-1,4-di- 
aminobutane). Apart from having a lower molecular 
weight, as judged from gel-filtration experiments, the 
SIP thus obtained differed in another important aspect 
from the aforementioned products in that it was distinetly 
more basic as shown by electrophoresis. 

For further purification we chose a spermine solution 
of the SIP which was subjected to ammonium sulphate 
fractionation. The fraction precipitating between 40 and 
60 per cent saturation contained the bulk of the physio- 
logical activity. Repeated gel-filtration of this fraction 
on ‘Sephadex G-50' and ‘Sephadex G-25' yielded a nearly 
pure SIP (Fig. 1)—as judged from electrophoresis on 
polyacrylamide gel—which we called miraculin. Ton- 
exchange chromatography of this material either resulted 
in loss of activity or gave no further purification. 
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Miraeulin gives a positive test for sugars before and 
after electrophoresis on polyacrylamide gel, indicating it 
to be a glycoprotein, as suggested by Inglett ef aL?. It 
has an isoeleetrie point of about 9 (starch.gel eleetro- 
phoresis). Ultracentrifugal data show its molecular weight 
to be 42,000 + 3,000. Gel.filtration on ‘Sephadex G-100' 
with 0-2 M ammonium acetate, pH 5, as eluant sug- 
gests a molecular weight of 48,000. The sugar content 
relative to glucose as a standard is determined at 7-5 per 
cent (anthrone method’) or 21 per cent (carbazole 
method?) After hydrolysis with 6 N hydrochlorie acid 
(140° C for 18 h) most of the common amino-acids were 
found, with glycine, arginine, lysine and an unidentified 
basic amino-acid being relatively abundant. Evidence 
for the presence of glucose, ribose, arabinose, galactose 
and rhamnose was obtained after hydrolysis for 3 h with 
2 N hydrochlorie acid at 105? C, 

Miraculin is soluble in dilute buffers. It is thermolabile, 
rather stable in solutions of pH 3 up to pH 12, and 
rapidly inactivated at pH <2. It has no taste of its own, 
but 100 ug is sufficient to change the sensation of sour- 
ness into sweetness for 1-2 h. About 50 mg of the pure 
material is obtained from 1 kg berries. 

So far the mechanism of action of this sweetness- 
inducing protein is unknown, although some suggestions 
have been made!*. Future studies of the interaction 
between miraculin and the taste cells are likely to con- 
tribute to our understanding of the mechanism of taste 
perception. The link that miraculin provides between the 
sour taste response with its ionie character, and the 
sweet taste response, which is mostly considered as a 
non-ionic interaction, seems particularly interesting. 

We thank Dr J. G. Collingwood, Professor J. Boldingh, 
Mr A. N. R, Grant and Dr J. H. van Roon for their help. 
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Vitamins, Sugars and Ethanol 
Metabolism in Man 


Ir is generally accepted that the rate-limiting step in the 
metabolism of aleohol (ethanol) in man is the conversion 
of alcohol into acetaldehyde!-. This reaction is believed 
to occur chiefly in the soluble cytoplasm of liver cells*'5, 
and is catalysed by alcohol dehydrogenase (ADH)*, NAD 
acting as hydrogen aeceptor^?. The part played by the 
interesting ethanol-oxidizing system recently discovered? 
in the mierosomes of liver cells may be signifieant, but 
requires further evaluation. The availability of unreduced 
NAD in the cell sap seems to be important'*'!!, because 
NADH competes with NAD for binding sites on the 
enzyme ADH and, in sufficient concentration, may inhibit 
the rate of ethanol dehydrogenation?. The NADH pro- 
duced in the initial oxidative step in ethanol metabolism 
must therefore be continually reoxidized by various 
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oxidation-reduction systems for the reaction to proceed’. 
In the cell sap of liver cells the reoxidation of NADH may 
be coupled to the reduction of pyruvate to lactate®*, and 
to the reductive synthesis‘, elongation and saturation of 
fatty acids; but perhaps the most important route for 
reoxidation of the NADH involves the mitochondrial 
flavoprotein-cytochrome electron transfer system coupled 
with phosphorylating oxidation!*-", The "earrier" of the 
hydrogen equivalents from NADH across the relatively 
impermeable mitochondrial membranes may be sub- 
stances like alpha-glyeero-phosphate", beta-hydroxy- 
butyrate!*?, malate and glutamate**, which serve to 
"shuttle" hydrogen from the extramitochondrial NADH, 
across the mitochondrial membranes, for oxidation in the 
intra-mitochondrial compartment. 

In theory, the B vitamins nieotinamide and riboflavin 
participate in the metabolism of aleohol, for they are 
implieated in the formation of NAD and flavin-adenine- 
dinucleotide (FAD), respectively. It is also possible that 
ascorbic acid and the tocopherols, which can be involved 
in oxidation-reduction reactions, affect alcohol oxidation. 
There has been a report that pyridoxine increases the rate 
of aleohol metabolism in man?', Sugars, which yield 
pyruvate and participate in fatty acid synthesis, may 
also facilitate ethanol oxidation by means of NADH 
reoxidation pathways. Some workers have, in fact, 
claimed that the administration of vitamins and sugars 
can increase the rate of alcohol metabolism and of 
"sobering up" in man and laboratory animals, but the 
published results to date are equivocal??. 
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Fig. 1, Control experiments (G— 6). Plasma alcohol concentrations 


(mean t S.E.M.) of fifteen men given 0-5 g ethanol/kg body weight on 
three occasions. The effect of vitamin supplements for 10 days on this 
dose of alcohol in the same subjects is shown (x --- x). 
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Fig. 2. Control experiments (@—@). Plasma alcohol concentrations 


(mean X S.E.M.) of four men given (-5 g of ethanol/kg body weight on 

three occasions, The effect of a large dose of ascorbic acid (700 mg) 

nicotinamide (150 mg) and pyridoxine (20 mg), taken with this quantity 
of alcohol in the same subjects is shown ( x --- x). 
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I have therefore studied the effects of vitamin and sugar 
supplements on the rate of metabolism of standard doses 
of alcohol in normal healthy male volunteers. After an 
overnight fast of 10—14 h, eighteen normal well nourished 
men, aged 19-52 years (mean age 30 years), who were all 
oceasional moderate drinkers, were given 0:5 g ethanol/kg 
body weight, administered orally in pure lemon juice as 
described earlier’, at intervals of 3-5 days. Venous blood 
and urine samples were obtained at half-hourly intervals 
for triplieate analyses of ethanol and water. Ethanol was 
determined in Cavett flasks by a modification of the 
method of Williams, Linn and Zak™, and water content 
of the specimens by a gravimetric method using samples 
dried at 105? C. The concentrations of aleohol, expressed 
in terms of the amounts in plasma water and urine water, 
were plotted against time, and the slopes of the rectilinear 
eurves after equilibration throughout the total body 
water (after 1-1:5 h) were taken as indices of the rate of 
ethanol metabolism. These were found to be relatively 
constant on each of three occasions in fifteen subjects. 
"These fifteen men were each given vitamin supplements 
at the following concentrations daily for 10 days: vitamin 
Bl (thiamine hydrochloride, 10 mg); vitamin B2 (ribo- 
flavine, 4 mg); vitamin PP (nicotinamide, 40 mg); 
vitamin B6 (pyridoxine hydrochloride, 4 mg); vitamin C 
(ascorbic acid, 200 mg); vitamin A (retinol, 5,000 rv); 
vitamin D (ealeiferol, 2 mg); vitamin E (tocopherols, 
20 mg). On the fifth and tenth day of vitamin supple- 
mentation, the ethanol experiments were repeated, the 
daily dose of the vitamins being taken together with the 
alcohol. Fig. 1 shows the results obtained. No significant 
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Fig. 3. Control experiments (@—@). Plasma alcohol concentrations 

(mean + S.E.M.) of twelve men given 0-5 g ethanol/kg body weight on 

three occasions. The effect of 30 g glucose (— - —) and of 30 g fructose 

(OQ--- ON (£z S.E.M.) taken wa ut dose of alcohol in the same 
subjects. 
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Fig. 4. Control experiments (@—@). Plasma alcohol concentrations 
(mean + S.E.M.) of twelve men given 0-5 g of ethanol/kg body weight on 
three occasions. The effect of 30 g galactose (x — — x), and of 80 g 
sucrose (O - - - ©), taken with this dose of alcohol in the same subjects, 
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Fig. 5. Control experiments (@--@). Plasma aleohol concentrations 
(mean + S.E.M.) of eight men given 0-5 g ethanol/kg body 
three occasions. The effect of 30 g glucose ( x — x ), and of 80 g fruct 
(@--- @), taken 30 min after this dose of aleohol in the same subjects. 






a 
e 


»- 
© 


thanol mg/100 ml. blood-water 


2 


F 





0 


Ethanol 
(0-5 g/kg) 


Fig. 6. Control experiments (@—@). Plasma alcohol concentrations 

(mean + S.E.M.) of six men given 0^5 g ethanol/kg body weight on three 

occasions. The effect of 60 g sucrose (O - - - O) taken with this dose of 
alcohol in the same subjects. 
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effects on the slopes of the alcohol eurves were produced 
in any of the subjects by the vitamin supplements. In 
four men the ethanol experiments were repeated 5 days 
later, but the subjects received much larger doses of the 
vitamins together with the alcohol (ascorbic acid, 600 mg; 
nicotinamide, 150 mg; pyridoxine, 20 mg). These larger 
doses of vitamins had no effect on the slopes of the aleohol 
lines (Fig. 2). It was concluded from these experiments 
that the vitamin supplements were without significant 
effect on the rate of metabolism of alcohol in the subjects 
tested. 

The alcohol experiments were repeated in twelve men, 
but 30 g doses of sugars (glucose, fructose, galactose and 
sucrose, each sugar given on different days) were taken 
with the alcohol at intervals of 3-5 days. The results are 
shown in Figs. 3 and 4. Glucose and galactose wero 
without effect, fruetose produced a significant inerease of 
18—40 per cent, and sucrose caused a very slight increase 
in the rate of alcohol metabolism. These doses were used 
because earlier experiments showed that some individuals 
experience abdominal discomfort with larger doses of 
fructose. In eight subjects the alcohol experiments were 
again repeated, but the sugars (glucose and fructose, 
administered on different days) were received 30 min 
after the aleohol was taken. Glucose was again ineffective 
(Fig. 5), but fruetose inereased the rate of metabolism of 
the alcohol by 15-30 per cent. 

Because the slight effect on the alcohol curve induced 
by sucrose was probably caused by its fruetose moiety, 
the effect of a 60 g dose of sucrose was similarly studied 
in six subjects (Fig. 6). This dose of sucrose produced a 
greater increase on the rate of alcohol metabolism than 
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that of the 30 g dose, but the effect was still less than 
that induced by an equivalent quantity of fructose. The 
explanation of this difference is obscure, but may be 
related to rate of gut digestion of sucrose and substrate 
effects in the liver. 

I conclude that of the sugars tested, fructose produced 
a significant increase in the rate of metabolism of this 
dose of alcohol in normal men. It is not understood how 
fructose exerts its effect on ethanol metabolism. Lund- 
quist et al.?® have proposed that glyceraldehyde, a 
metabolite of fructose”, is reduced to glycerol by alcohol 
dehydrogenase, thereby converting the ADH.NADH 
binary complex to ADH.NAD quicker than would be 
possible by the unmediated dissociation of ADH.NADH 
followed by reassociation of the enzyme with NAD. 
Another possibility is that fructose is reduced to sorbitol, 
thereby increasing the supply of NAD. 

I thank Drs M. Brook and L. F. Green, of Beecham 
Products (UK), for supplying the pure lemon juice (PLJ), 
and Mr G Bryan and the volunteers for their cooperation. 


G. L. S. Pawan 


Middlesex Hospital Medical School, 
London. 
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Structure of the Haemoglobin of the 
Marine Annelid Worm, 
Glycera dibranchiata, at 5-5 A Resolution 


Tue wide, albeit sporadic, occurrence of haemoglobin 
among the phyla presents the opportunity to compare the 
structures of proteins with like functions but from dis- 
similar biological sources. Among the mammals myoglobin 
from the sperm whale! and the seal?, and the subunits of 
horse? and human* haemoglobin, all have essentially the 
same tertiary structure. It has also been reported* that 
haemoglobin from the flv, Chironomus thummi, has a 
similar structure. 
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The annelid worm, Glycera dibranchiata, has erythro- 


- eyte-like cells in its coelom which contain a single-haem 


haemoglobin of molecular weight 18,200. The prosthetie 
group is iron protoporphyrin IX, and the protein is homo- 
geneous when prepared as described here*. We have 
determined the erystal structure of Glycera haemoglobin 
at low resolution by the method of isomorphous replace- 
ment and find that the tertiary structure greatly resembles 
that of mammalian myoglobin and the subunits of mam- 
malian haemoglobin. Thus members of three remotely 
related phyla seem to carry the genetie information 
necessary to synthesize this structure. Does a sample of 
three prove ubiquity ? At present the “myoglobin fold” 
is the only known naturally occurring means by which 
insoluble autoxidizable haem is solubilized in water and 
sequestered from protons to render it capable of reversible 
oxygenation’. 

Glycera dibranchiata is the common blood worm used 
for bait by salt water sport fishermen in the eastern 
United States. The animals were obtained from the 
Maine Bait Co., Newcastle, Maine. They were washed, 
minced and extracted with artificial seawater. The red 
cells were separated and washed by centrifugation and 
then haemolysed by freezing and thawing. The cellular 
debris was removed by centrifugation and the haemoglobin 
was purified by salt fractionation. The protein is homo- 
geneous in the ultracentrifuge and the Tiselius eleetro- 
phoresis apparatus. 

Crystals of eyanidemet, carbonmonoxy, deoxy, met 
and azidemet-haemoglobin were grown from 70 to 80 
per cent saturated solutions of ammonium sulphate 
buffered to pH 6-8. All these crystals yield similar, but 
measurably different, diffraction patterns. For ease of 
handling the cyanmet derivative was chosen for structural 
work. The crystals are monoclinic: a=61-4 A, b= 32-8 A, 
c= 40-9 A, 6 = 109-2°, space group P2, with two molecules 
per unit cell. They yield excellent diffraction patterns 
extending at least to 1-5 A spacings. The diffracted CuKa 
X-ray intensities were measured with a Buerger-Supper- 
Pace automated two-circle diffractometer. The centric 
h0l data were collected to spacings of 3 A from crystals 
of all the above ligand states and from five heavy atom 
derivatives of the cyanidemet-haemoglobin crystals. 
Three-dimensional data to 5-5 A spacings were collected 
from the cyanmet crystals and from the heavy atom 
derivatives. 

Five isomorphous heavy atom derivatives were pre- 
pared by soaking crystals in 80 per cent saturated am- 
monium sulphate to which the following compounds had 
been added: Hg (Ac), (mercuric acetate), HAuCl, 
K,Hgl, K,Hg(CNS), and HgX (an unidentified addition 
product of mercuric acetate and allyl alcohol) Heavy 
atom parameters were obtained in projection from (AF)? 
Patterson and difference Fourier syntheses calculated 
from the 3 Å h0l data and were refined by least squares 
with the “X-ray 63" programme system?*. Initial relative 
y parameters for major sites were deduced by means of 
Rossmann's correlation function’. Minor sites were located 
in three-dimensional 5-5 A resolution difference Fourier 
syntheses for which phases were calculated from refined 
values of the initial heavy atom parameters. All para- 
meters were subjected to further refinement and protein 
phases were calculated using Muirhead's programmet? 
(obtained from Dr Roberto Poljak). The derivatives have 
a major heavy atom site in common to within about 1 
Final R-values for the heavy atom derivatives are 0-36, 
0-27, 0-28, 0-28 and 0-33 listed in the same order as above. 
The mean figure of merit for the phase determinations is 
0-90. 

A centroid Fourier synthesis! with Fos omitted was 
computed? on sections perpendicular to b. The electron 
density function was sampled at intervals of a/44, b/22 
and e/26, corresponding to intervals of about 1-6 A. The 
sections were contoured at convenient intervals and traced 
on ‘Plexiglas’ sheets which were then stacked appro- 
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priately. The outline of a single molecule was immediately 
obvious, and it was apparent that the strueture is very 
similar to that of myoglobin and the subunits of haemo- 
globin. We infer from this similarity that the correct hand 
had been fortuitously chosen. Fig. 1 is a stereoscopic 
pair of photographs showing the isolated molecule viewed 
as in Muirhead, Cox, Mazzarella and Perutz'?, plate IV. 
A balsa wood model of Glycera haemoglobin is shown in 
Fig. 2 along with models of sperm whale myoglobin and 
the x and f$ chains of horse haemoglobin™. The ‘Plexiglas’ 
stack shows rods of density running in various directions, 
presumably «-helices, for which the myoglobin nomencla- 
ture is adopted. The rods enclose the haem, an ellipsoid 
of density containing the highest peak in the map, 125 arbi- 
trary units. A pocket containing the deepest negativity 
in the map immediately surrounds the haem. The dense 
rods are more or less straight and cylindrical. They come 
up to 80 and their ends are connected by weaker regions 
of 20 and above. An isolated small spherical blob, rising 
to 45, is enclosed by the A, B, E, G and H helices and there 
are some small blobs of density as high as 35 weakly 
appended to the exterior sides of the rods. Many of these 
are spheroids positioned such that they might be sulphate 











Fig. 1. 
greater than the average are drawn, 


Stereophotographs of the electron density of Glycera haemoglobin. 
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Table 1, INTERHELIX ANGLES 
Helix Myo- Glycera 
segments Horse met-Hb Human deoxy-Hl globin Hb 
a B8 ay 1 A 
A-B 94 o0 92 93 88 RR 102 98 
3- E 117 117 124 116 182 103 122 
E-F 151 155 156 138 
F-G 113 108 108 114 
G-H j 158 158 151 159 159 162 150 
G-E 91 87 83 RA R5 92 83 
G-B 125 28 
H-B 68 07 
Haem-B 
normal 88 78 68 35 


Horse met-Hb from Cullis, Muirhead, Perutz and Rossmann" 
Human deoxy-Hb from Muirhead and Perutz* 
Data in the last row were read from stereograms' 





ions. The Fourier is relatively flat between molecules 
and close to zero (because the electron density of the salt 
medium is near the mean electron density), with nothing 
above 23. 

The inter-helix angles were estimated from the 
wood model with the aid of à two-circle machinist's vice 
and plumb line. The angles are given in Table | along 
with the corresponding angles from myoglobin and haemo- 
globin'?, The lengths of the straight high-densitv rods 
were measured with a ruler. A repeat of 1-5 À per residue 


balsa 





The contour intervalis 10 arbitrary units and only those for density 


The cuts which isolate the molecule are shown jagged. The molecule is oriented, as are the a and 2 


chains of haemoglobin in plate IV of ref. 12. 





Fig. 2. 


permission, from ref. 13) and Glycera haemoglobin. The volume enc 











Photographs, from left to right, of models of sperm whale myoglobin, horse met-Hb a chain, horse met-Hb 5 chain (reproduced, by 
sed by the "15 contour”, that is, half-way between the lowest pair, on 


the ‘Plexiglas’ sections, is shown. 
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was assumed. The estimated number of residues in each 
segment is presented in Table 2 along with residue counts 
from sperm whale myoglobin and horse haemoglobin'*, 
The agreement in Tables 1 and 2 is good and demonstrates 
that the tertiary structure of Glycera haemoglobin is very 
like that of myoglobin and the subunits of mammalian 
haemoglobin. Sufficient information about the structure 
of Chironomus haemoglobin to permit comparison has not 
been reported. The most diserepant features in the Tables 
are the slight extra length of the F helix in Glycera haemo- 
globin and the somewhat decreased Glycera E-F angle. 


Table 2, NUMBER OF RESIDUES PER HELIX SEGMENT 
Helix Glycera 
segment Hb Myoglobin Horse met-Hb 
a and 8 

A 16 16 16 

B 16 16 16 

E 19 20 20 

E 12 9 9 

i 18 19 19 

H 22 26 21 


Myoglobin and haemoglobin data from Perutz, Muirhead, Cox and 
Goaman'. 


The electron density at the N terminal end of the A 
helix is trifurcated and the branch which is the true end 
is not discernible. The H helix ends rather more cleanly, 
Rods B, F, G and H are all straight, while A and E are 
kinked a little, "There seem to be short C and D helices 
of 3-5 residues. The C helix is seen about end-on at the 
top of the stereoview on Fig. 1. The orientation of the 
chain in the C and D region appears to differ slightly 
from that in the analogous proteins. Most of the inter- 
helix eonnexions are clearly shown as weakened turns in 
the electron density. There are three joins which are 
thought not to represent the course of the polypeptide 
chain: a projection from the N terminus of A to the EF 
corner, an abutment of the CD corner with the FG 
corner, and a weak connexion between the C helix and the 
beginning of G. In the absence of other information, it 
would have been difficult to follow the course of the chain 
only from B to E and from F to G. 

By means of the polarizing mieroscope, Dr Wayne A. 
Hendriekson determined the haem normal to be parallel 
to c* within 10°. In the ‘Plexiglas’ sections the haem 
appears as an oblate ellipsoid. The normal to its equatorial 
plane lies in the a—c plane at about 12° from c*, in agree- 
ment with the optical experiment. The haem is sand- 
wiched between the E and F helices with the haem plane 
virtually parallel to the B helix, much as in the mam- 
malian case (see’Table 2). The haem ellipsoid is somewhat 
dished convex towards helix F. 

As soon as the signs of the 3 A h0l reflexions had been 
found, the projection down b was caleulated*. The highest 
peak on the map and its elongated surround was identified 
as the edge-on projection of the haem with orientation in 
aecord with the optical determination. Because the haem 
was seen on edge, meaningful interpretation could be given 
to pair;wise difference projections among a number of 
ligand states And in this way the active side of the haem was 
found. In the thrée-dimensional 5-5 A Fourier the binding 
site proved to be the side of the haem facing towards the 
B helix, as in the mammalian cases. 

In the absence of both the amino-acid composition and 
sequence of Glgcera haemoglobin, further chemical com- 
parisons are not possible. A more complete description of 
this work will be published elsewhere. It is intended to 
continue with this structure to better resolution, not only 
in the hope of gaining insight into the process of evolution 
but also to add to our understanding of the correlation 
between protein structure and function. 

We thank Dr Wayne A. Hendrickson for criticism and 
suggestions and Mr A. Fraser and Mr A. Siger who built 
models. We also thank our colleagues in the laboratory, 
Dr J. R. Herriott and Mr E. E. Lattman. 
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Induction of a Unique Fluorescence 
in the Photoreceptor of the Retina 


ALTHOUGH the details of the biochemistry of the outer 
part of the photoreceptor cells of the retina have been 
studied exhaustively'?, relatively little attention has been 
paid to the inner cell body itself which is essentially 
nuclear. The present observations suggest that this 
nuclear portion of the photoreceptor cell plays an unsus- 
pected part in the biology of vision. In essence, we have 
found that, when retinas treated with o-phthalaldehyde 
(OPT) are exposed to ultraviolet light, the nuclear part 
of the rods and cones show a specific fluorescence. 

The retinas of rabbits, rats, hamsters, mice, guinea- 
pigs, cats, dogs and chiekens were dissected free in saline 
solution, dry mounted on glass slides, stained with 1 per 
cent OPT in ethyl benzene?, remounted in tetrahydro- 
furfuryl aleohol and viewed with a fluorescent microscope 
(HBO-200 W mercury lamp, primary filter, UG 1; 
secondary eyepiece filter—Leitz, ultraviolet absorbing). 
Numerous orange fluorescent cell bodies could be seen, 
whereas unstained slides showed no fluorescence. Isolated 
rods from the rat retina presented as an orange fluorescent 
bulb on top of a pale white spindle. 

Retinas were also subjected to freeze drying and stained 
with OPT (ref. 3). Retinal eytological differentiation could 
be seen. In all animals studied the striking feature was 
a single bright orange fluorescent band (Fig. 1), identifiable 
as the outer nuclear layer. But in the retina of the 
chicken, which is rich in cones, the orange fluorescence 
not only appeared in the outer nuclear cell layer, but 
extended into the cone beyond the external limiting 
membrane. In contrast, the bacillary layer of the rod 
segments, as well as the ganglion cell layer, was devoid of 
fluorescence. The inner nuclear (bipolar cell) layer, how- 
ever, usually showed a bluish white pale fluorescence. In the 
mouse this was a pale green. Cold ethanol fixed retinas 
gave a comparable picture when stained with OPT. 
Unstained slides did not show autofluorescence. Tissue 
fixed with formaldehyde also failed to stain, presumably 
because of the competitive effect of the formaldehyde on 
binding sites of OPT. Control studies of freeze-dried OPT 
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Fig. 1. 


Orange fluorescence of outer nuclear layer of freeze-dried retina 
of rabbit stained with o-phthalaldehyde and viewed under ultraviolet 


light. This layer is essentially rod cell bodies, The faint light band 

beneath is the inner nuclear cell layer consisting of bipolar cells, Neither 

the outer photesensitive segments of the rods nor the ganglion cell 
layer fluoresces, (x 250.) 





stained skin, tongue, stomach, kidney, lung, heart, skeletal 
muscle, brain and nerve failed to reveal any orange 
fluorescence. 

The fluorescence of the rod and cone nuclei was not 
altered by exposure of the retina to intense light. After 
standing at room temperature for several hours, the dis- 
sected retinas could still be stained. Similarly, heating 
the retinal mounts to 60° C did not destroy the capacity 
of the nuclei to stain. Rats given daily injections of the 
histamine liberator 48/80 for a week continued to have 
normal retinal OPT fluorescence. Freeze-thawed retinas 
showed a slowly migrating electropositive material in gel 
electrophoresis, Staining this material with OPT gave an 
orange fluorescence at pH 7-4 and a red fluorescence at 
pH. 4-6 (ref. 4). 

We presume that the nuclei of the rods and cones 
contain a compound which unites with OPT to produce 
the retinal fluorophor we have observed. 
possible suspects is large^, but we consider an amine to 
be the most likely compound in view of the chemical 
nature of OPT and the fact that the photoreceptors are 
neurones. Nonetheless, it does not appear to be one of 
the neural amines (dopamine, epinephrine, norepi- 
nephrine, or serotonin) visualized by formaldehyde for 
the outer nuclear layer does not stain with this method’. 
We have ruled out free histamine and histidine because, 
in the conditions we used, these compounds produce a 
yellow fluorescence. Staining of the choroid mast cells 
revealed such yellow depots of histamine. In only one 
case does histamine stain with an orange fluorescence, 
that is, after cold ethanol fixation’. With such a tech- 
nique the retinal band of orange fluorescence remains 
identical with that seen in freeze-dried sections. More 
significantly, extracts of the retina show no histamine on 
gel electrophoretic analysis‘. 

Until now the only portion of the rods and cones 
known to be photosensitive was the outer segment con- 
taining rhodopsin and iodopsin. Our experiments 
demonstrate that it is possible to induce photosensitivity 
in the rod and cone cell body by the application of a 
simple chemical. It is interesting that this aldehyde- 
induced fluorescence of the nuclei may have special 
relevance to further understanding of the photochemistry 
of vision. This stems from the fact that the same photo- 
receptor contains an analogous aromatic aldehyde, retinal 
(vitamin A aldehyde). It is this compound which is 
released from its opsin binding site under the influence of 
light. Further study is necessary to determine whether or 
not retinal can attach to the nuclear binding site revealed 
by OPT. 


The range of 
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Changes in the Visual Cortex of 
Rats after Unilateral Deprivation 


THE visual system is especially suitable for showing the 
effects of sensory deprivation on the morphology of the 
corresponding brain centres. In this system, different 
types of deprivation or excessive stimulation induce 
changes in cell density'*, dendritic branching? and 
formation of dendritic spines‘ We have been able to 
show quantitative morphological changes in cortical as 
well as subcortical visual centres after unilateral visual 
deprivation in rats*. As a result of this treatment, the 
volume of the visual cortex diminished in the 
deprived hemisphere, layers II-IV being most affected. 
A significantly higher cell density was, however, found in 
layer IV on the deprived side. This relative increase in 
the density of neurones was thought to be the result of 
diminished dendritie branching of receptive neurones in 
this layer. The field of contact could result in a reduced 
number of receptive spines on the apical dendrites of the 
pyramids in layer V, passing through layer IV. 

The eyelids of 14 or 15 day old albino rats (Lewis strain) 
were sutured on the right side. The animals were kept 
for 8-9 weeks in large cages where they were supplied 
with different kinds of visual stimuli and could move 
freely. They were then anaesthetized and killed; their 
brains were quickly removed, and the occipital half of the 
hemispheres was in each case put in the impregnating 
solution described by Ramón-Moliner*. After impregna- 
tion, the isolated brains were embedded in celloidin, and 
60u. sections were cut perpendicular to the cortical surface. 





was 


Approximately equally impregnated pyramids of layer V 
within the boundaries of the visual cortex were chosen 
for dendritic spine counts. 

Sections were cut 604 thick so that they were as clear 
as possible. At such a thickness the whole course of the 
apical dendrite is rarely found, but for our purpose it 
was sufficient to have the apical dendrite shaft within the 
limits of layer IV. Because it is difficult to determine 
precisely the boundaries of different layers in the Golgi 
impregnated cerebral cortex, and the large pyramids are 
not always located at the same depth, a correction had 
to be made according to the Nissl stained sections. The 
material used for volumetrie estimation showed that 
approximately 54 per cent of the whole thickness of the 
cortex is occupied by the complex of layers V-VI, and 20 
per cent by layer IV. For each pyramidal cell (corre- 
sponding to class I'?) which was found suitable for spine 
counts, the position in the cortex was determined by 
measuring the distance from the cortical surface as well as 
from the white matter to the upper part of the cell body, 
at a magnification of x 200, This measurement made it 
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Table 1. DIFFÉRENCES IN SPINE NUMBER BETWEEN THE DEPRIVED AND UNDEPRIVED VISUAL CORTEX 
(A) ; ; JEN Percentage difference between the 
No. of segments Mean No, of spines/segment right and left sides 
Right Left Right Left 
Visual cortex Layer 1V 411 384 37-72 + 0-47 27.38 + 0-49 
t2153 27-8 
Layer V 298 317 25-26 + 0:26 23:15 + 0-36 
t=65 184 
tB) Layer IV 50g 100x 150, 2004 300 
Percentage difference between m j PV 
the right and left sides 32.70 = 3-03 26:88 + 3-60 24-23 + 5-73 26-16 + 7:44 23:40 + 10-00 
t=B32 = TAT t= 4-25 b= 3-52 02235 
possible to decide which parts of the apieal dendrite Table 2. COMPARISON OF DIFFERENT DATA 
belong to layers V and IV, respectively. Author Valverde Globus and Scheibel (1967) Ours 
7 


The shaft of the apical dendrite was divided into seg- 
ments, 50 long, in which the number of spines was 
estimated for layers IV and V. All counts were carried 
out using the immersion Zeiss objective and 12-5 ocular 
with a graticule. The spine-free segment in the part of 
the dendrite close to the cell body was 50u long and 3-6p. 
thick. A total of 1,410 segments (50g long from 293 
neurones) was evaluated: 709 on the control side (corre- 
sponding to the normal eye), and 701 on the deprived 
side. The mean numbers of spines in each segment are 
given in Table LA. The difference between the number 
of spines in the control and deprived sides is highly sig- 
nificant (P « 0-001). The differences between the control 
and the deprived side of the visual cortex for each seg- 
ment in layer are expressed as the number of spines in 
each segment, the right side being taken as 100 per cent 
(Table LB). 

Since their discovery by Cajal'' the dendritic spines 
have often been shown to be structural units. Electron 
microscopy has shown that the spines are sites of synaptic 
contacts essentially similar to other dendritic synapses!'. 
By light microscopy spines can be shown on the dendrites 
of some types of cells by Golgi, Cox and methylene blue 
methods of staining. In spite of well known difficulties 
in preparing sections stained with Golgi, and evaluating 
them quantitatively, valuable data might be obtained 
with large enough samples. Changes in the number of 
dendritic spines could serve as a sensitive index of the 
funetional state of the given neural structure. 

The decrease in the number of dendritic spines as a 
result of suturing the eyelid is very pronounced, and 
seems to point to decreased afferentation. This is in 
agreement with our data showing a decreased number of 
cells in the lateral geniculate nucleus, pars dorsalis’. The 
question of the site of termination has to be mentioned 
in this context. It is obvious from our results that at 
least some afferent fibres terminate directly on the apical 
dendrites of large pyramids of layer V, as has been shown 
already*?, Our data (decreased volume and increased 
density of cells in layer IV) could be considered as indirect 
evidence for decreased dendritic arborization. This may 
indicate that some afferent fibres terminate on granular 
neurones too. If there is any justification for comparing 
our experimental treatment with that of Holloway’s, his 
results should be mentioned. He found convincing 
evidence in rats raised in an impoverished environment 
for diminished branching of stellate neurones in layer IT. 
Although some granular elements of layer IV were well 
impregnated, in our sections we did not count their den- 
dritic branching, for we were unable to find an objective 
criterion for choosing homologous elements; this diffi- 
culty does not arise with large pyramids. 

Table 2 compares our data with those of Valverde and of 
Globus and Scheibel, The table is based on the simple 
assumption that the relative density of spines on the 
apical dendrite of different representatives of rodent 
species is the same, Absolute numbers of spines depend, 
of course, on the magnification used. The larger percentage 
difference between the deprived and control group of 
Valverde's experiments may show that rearing in the 


Experimental treat- 


ment Reared in Enucleation*, dark rearing? Lid-suturing 


the dark 
Animal .. Mouse Rabbit Rat 
Magnification Oi-immersion x400 Oil immersion Oil immersion 
x 1,455 x 1,250 

Results E spine/z 0-50 0-36 0-54 0:50 

C spine/z 0-82 0-53 0:53 0:67 

Percentage 

difference 39-0 320 0 25:4 


Numbers in line E (experiment) and C (control) indicate number ofapines/1 g. 
The percentage difference is between the experiment and control, the 
control being 100 per cent. 


dark affects the cortex in a more complex way than does 
suturing of the eyelid. 'This, however, does not seem to 
be the case in Globus and Scheibel's experiments. With 
lesions of the lateral geniculate nucleus, pars dorsalis, the 
number of spines was decreased about twice as much as 
by enucleation®, whereas no quantitative changes were 
observed in animals reared in the dark'?*. Spine counts 
were made in a different way from that used in our 
experiments and those of Valverde; only a segment 50g. 
long located in the lower part of layer LIT was chosen for 
comparison, layer IV being completely omitted. 

Znueleation and suturing of the eyelid which are so 
different in intensity result in changes of the same severity 
in the cortex. The same ean be stated when Tsang’s 
results! using enucleated rats are compared with ours* 
using rats with sutured eyelids; no essential difference 
could be found in results obtained from these two types of 
intervention. Thus the great difference between enuclea- 
tion and lid-suturing found in the primary visual centres 
becomes negligible in the secondary ones. 

'The main advantage of suturing the eyelids is that this 
procedure leaves the brain intact and makes possible 
paired eomparisons of data because of more or less com- 
plete crossing of optic fibres in rats. Such comparisons 
could not be used in animals reared in the dark. Our 
results indicate that the density of dendritic spines in the 
visual cortex depends on normal afferentation. The 
changed quality of afferent signals causes a considerable 
loss of dendritic spines. The nature of these changes, 
however, remains unclear, but the apparent loss could be 
eaused by a chemical change resulting in a failure of 
Golgi impregnation of certain spines. 
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Myofilaments in Frozen-etched Muscle 


THE myosin molecule is a slender rod about 1550 A long 
and 20 Å in diameter with a globular thickening at one 
end!'-^. Huxley has shown? that these molecules can 
combine in vitro to form rod-shaped aggregates with a 
smooth central section and regions at each end which 
bear numerous lateral projections, and has pointed out 
the similarity of this structure to that of the thick fila- 
ments of striated muscle. He has suggested that thick 
filaments are formed by interaction between the longi- 
tudinally oriented tails of the component molecules, 
while the globular heads project to form cross bridges 
to the thin filaments. The head ends are all directed 
away from the centres which lie in the M bands so that 
the two halves of the filament have opposite structural 
polarity. This communication reports a new demonstra- 
tion of this dipolar structure of the thick filament which 
is fundamental to the sliding filament theory of muscular 
contraetion?, 

During studies of mammalian cardiac and skeletal 
muscle cell membranes*-* by means of the freeze etching 
technique*, we have observed that obliquely fractured 
cells of frozen muscles often have a banded appearance 
caused by an alternation of regions in which the ends of 
thick filaments are, or are not, prominent. Further 
investigations, particularly of fish skeletal muscle, have 
revealed that in each obliquely fractured sarcomere 
the filaments are prominent on one side of the M line and 
much less so on the other. 

This phenomenon is illustrated in Fig. 1, which shows an 
obliquely fractured muscle cell from a black mollie 
(Mollienesia sp.). The sarcomere length in longitudinal 
fractures of the muscle varies from 1-5u to 2-10; in other 
words, it tends to be rather longer than in sections of the 
fixed tissue’. The distance from one Z band to the next 
in Fig. 1 is about 3u so it may be inferred that the angle 
between the plane of fracture and the fibril axis is in the 
range 45° to 60°. The appearance of the thick filaments 
is determined by the level within a sarcomere at which 





Fig.1. Frozen etched preparation of myotoma 1 muscle of black mollie 


showing obliquely fractured myofibrils. The longitudinal axis of the 
muscle cell rises through the fracture plane towards the right hand side. 
Two complete, adjacent sarcomeres are shown, bounded by Z bands at 
eachend. The two halves of the A band are clearly distinguishable, due 
to the prominent projection of nearly all thick filaments in one half and 
very few in the other. 4, A band; /, I band; z, Z band; m, M band; 
t, transverse tubules; sr, sarcoplasmic reticulum elements. Circled 
arrow indicates direction of platinum-carbon shadow, | ( x 20,000.) 
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Fig. 2a. Diagram illustrating the relationship between the neues of 
the fracture plane in the sarcomere and the appearance of the thick 
filaments in the replica, F, Broken line representing fracture plane. 
E, Solid line representing final etched surface, Cross v RE he icates 
material removed by etching. b, Detail of circled area in a illustrating 
the suggested interpretation of observed fracturing of thick filaments. 
The molecules bridging the fracture plane are all anchored by their 
protruding “heads” into the frozen matrix of the lower part and they 
therefore tend to pull out of the upper part as the crack opens. 


they are broken by the fracture plane (Fig. 2a). An 
oblique fraeture plane will tend to intersect half of 
them above the M band and half below, leaving respec- 
tively longer and shorter segments of the thick filaments 
with their broken-off ends in the specimen surface which 
is to be replicated. By reference to the slope of the T 
tubules and sarcotubular cisternae through the plane of 
fraeture in Fig. l, it can be determined that it is the 
shorter segments which project from the specimen surface 
and give rise to the bands of prominent relief in the 
replica. This conclusion, which has proved consistently 
true in all cases for which the relationship of the fracture 
plane to the direction of the myofibril axis could be determ- 
ined, provides further evidence of the reversal of structural 
polarity of the myosin filament on either side of the 
central M band. 

The result can be explained in terms of the arrangement 
proposed by Huxley’, for according to this all the myosin 
molecules forming the shaft of a thick filament where it 
crosses the fracture plane would have their heads firmly 
anchored in the frozen matrix of the shorter segment 
(Fig. 2b). The cohesion within each myosin molecule is 
presumably stronger than the bonding between the tails 
of molecules, and so there will be a tendency for the tails 
to follow the heads. Thus, when the thick filaments are 
loaded in tension as a result of propagation of a crack 
across the myofibril, they might be expected to pull 
slightly out of the longer segment and finish up protruding 
from the fracture surface as illustrated in the left-hand 
side of Fig. 1. 

The height to which the thick filament ends project 
above the fracture plane cannot, as a rule, be determined 
in any one mierograph because the local shadow angle is 
not known. By averaging measurements of shadow 
length from a number of micrographs, however, an 
estimate of 270 A-500 A is obtained for the height to 
which the broken ends of thick filaments project. Because 
the sublimation of matricial ice which constitutes the 
“etching” part of the preparation process tends to increase 
the relief of non-aqueous components, it. follows that the 
thick filament projections initially formed by fracturing 
were shorter than this. They are thus considerably 
shorter than the tails of the myosin molecules and also 
somewhat shorter than the 430 A period of the helix in 
which the heads of the myosin molecules are arranged 
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around the thick filaments!-?, It therefore seems that a 
tail cannot be pulled out in toto frorn its position in the 
thick filament, that is, there is a limit to the tendency 
for the tail to follow the head when the two lie on opposite 
sides of the fracture plane. This limit presumably repre- 
sents the balance between intra-molecular cohesion and 
inter-moleeular adhesion. 

According to Huxley?, at the ends of the thick filaments 
there should be fewer myosin molecule tails present. The 
filaments should therefore appear thinner in this region 
than elsewhere. A zone of thinner projections is in fact 
seen where the fracture plane passes from an A band into 
an I band at the left of Fig. 1 and again at the extreme 
right of the figure. 

Oceasional projections of much smaller dimensions are 
to be seen distributed between the thick filaments. "These 
are interpreted as the fractured ends of thin filaments. 

The surface appearance of the longer segment of the 
sarcomere (right-hand side, Fig. 1) is less readily inter- 
preted than that of its counterpart. In partieular, there 
is little or no evidence of holes which might be expected 
to be left by the withdrawal of thick filaments. There are 
various possible explanations for this, for example, the 
"etehing" process we have mentioned will tend to make 
holes in the hydrated matrix less evident by rounding 
off their edges, or may completely eliminate shallower 
ones. Moreover, the interpretation takes no account of 
the possibility that some degree of plastic extension of 
the thick filaments may accompany the fracturing. 
Apart from this question the surface of the longer segment 
presents a rather less orderly appearance with a relatively 
small-scale structure which is presumably partly due to 
protruding broken ends of thin filaments and possibly also 
to globular heads of myosin molecules which were immedi- 
ately adjacent to the fracture plane and have been 
exposed by etching to appear as raised particles. 

There are also a few long projections present even on 
this side, apparently identical with the more regular long 
projections on the other side of the M band. It must be 
admitted that no obvious explanation has been found 
for them. There is no doubt, however, that there is a 
clear difference between the frozen etched appearances 
of the two halves of the A band lying on either side of 
the M band, the principal features of which may logically 
be interpreted on the basis of Huxley's model. 
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Mechanisms of Sustained Increases of 
Firing Rate of Neurones in the Rat 
Cerebral Cortex after Polarization: 
Reverberating Circuits or Modification 
of Synaptic Conductance ? 


Ir a rat is anaesthetized with urethane (1-8 g/kg given 
intraperitoneally) and prepared for microelectrode record- 
ing from the cerebral cortex!, cells discharge in bursts. The 
mean frequency, that is, total number of spikes/s, of these 
bursts of firing will stay constant for many hours pro- 
vided the animal is not stimulated in any way and kept 
at a steady temperature. The passage of a polarizing 
current between a wick on the cortical surface and an 
indifferent electrode in the orbit, so that the cortical 
surface is positive with respect to the indifferent, will 
cause the rate of discharge of the cells to be increased. 
Furthermore, if the current maintains the increased rate 
of discharge for more than 5 min then, on turning the 
current off, the discharge rate does not return to the pre- 
existing value but remains at an increased level!. I shall 
refer to this prolonged increase in activity as an "after- 
effect" for convenience. Bindman? and Į and Lippold? 
have shown that the after-effect is a result of the increase 
in neuronal discharge rate during stimulation and not of 
the specific nature of the stimulus itself. 

There are two principal possible explanations for the 
after-effects. One is the existence of "reverberating 
circuits" in the cortex. In this case when the rate of 
discharge of cells in the eortex was increased by stimula- 
tion the number of impulses circulating in any loop would 
be increased and when stimulation eeased the impulses 
would earry on cireulating, but with more in the loop so 
that there would be an increased frequency of discharge 
at any point. If this explanation is correct then temporary 
abolition of activity in the loop should erase the increased 
number of impulses stored in the loop and the rate of 
cortical neuronal firing should return to its pre-stimulation 
value. If the inerease is not stored electrically then the 
activity should return to its post-stimulation level. 

In these experiments the spreading cortical depression 
of Leào*, and whole body cooling, were used to abolish 
cortical activity. Rats were anaesthetized and prepared 
for microelectrode recording as described previously’. 
The rate of discharge of groups of three to five units was 
recorded for about 1 h to obtain a steady base line of 
activity. Then a polarizing current was applied to the 
cortex near the recording electrode by a cotton wick 
soaked in saline (0-1-0-5 mA surface positive for 10 min). 
Fig. 1 shows that this increased the rate of firing, and in 
six out of seven of the experiments this increase persisted 
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Fig.1. Plot of rate of discharge against time. At P+ surface positive 


polarization was applied; the first attempt did not produce a sustained 
after-effect, while the second was successful. 2 per cent KCl was applied 
at A and B and, after B, spreading depression was produced. (The 
apparent failure of the count rate to reach zero is due to the points being 
5 min means of the rate of firing, and because the silence only lasted for 
a few minutes the zero count was obscured by counts before and after 
the silence.) After the spreading depression was removed, the rate of 
discharge rose above the control level to the after-effect Jevel. 
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Fig. 2. Plot of neuronal discharge rate (©) and temperature (——) 
against time, At A, surface positive polarization was followed by a 
slight after-effect. At B, polarization was followed by clear after-effect. 
At ©, whole body cooling was initiated. After cooling the rate of 
discharge returned to the level of the previous after-effect and not to 
the control level. The counts seen at the time of cooling are spurious 
background counts; no actual spikes were present. This background 
count is constant throughout the experiments. 


when the current was turned off. When this effect had 
persisted for at least 30 min spreading depression of both 
cerebral cortices was produced by topical application of 
a few drops of 2 per cent KCI to each cortex. This pro- 
cedure gave rise to a large outburst of firing lasting for 
about 10 s, followed by complete silence. After 2 to 3 
min the KCl was washed off with saline. The cortical 
activity returned over a period of 15-30 min. The rate 
of firing stabilized, not at the pre-stimulation level, but 
at the post-stimulation level. All seven experiments 
showed the same result. In control experiments with no 
previous polarization the rate of firing returned to the 
control level. Thus the after-effeet cannot be maintained 
by reverberating circuits unless the effect is stored in 
extra-cortical circuits. 

As a check of the reliability of this result and in order 
to investigate whether the storage might be extra-cortical, 
a further experiment was performed (Fig. 2). Cooling the 
body below 18° C abolishes all cerebral activity’ and this 
fact has been used in these experiments. Cooling was 
achieved by placing the animal in a copper coil through 
which ethanol, cooled by a mixture of solid carbon dioxide 

and ethanol, was circulated. When the rectal temperature 
fell below 20° C respiration often ceased and artificial 
respiration had to be used. Rewarming was effected by 
replacing the cooling mixture by hot water (60° C). On 
rewarming to the control temperature (36? C), the cortical 
neuronal aetivity returned with a 15-20 min time lag, 
and stabilized again not at the control level but at the 
post-stimulation level. This happened in all four experi- 
ments. In eontrol experiments with no previous polariza- 
tion the discharge rate returned to the control level. 

The underlying mechanism must involve some type of 
synaptic modification, the precise nature of which is 
unknown, but possibilities such as “shutting off" of 
synapses of an inhibitory nature, recruitment of pre- 
viously unused synapses, or membrane or enzyme changes 
exist. The mechanism responsible for this effeet may have 
some relevance to memory storage, but the evidence is as 
yet very weak. 
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Mechanisms of Sustained Increases of 
Firing Rate of Neurones in the Rat 
Cerebral Cortex after Polarization: 
Role of Protein Synthesis 


THERE is increasing evidence that some long-term changes 
in the functioning of the central nervous system, for 
example, learning and memory, are dependent on protein 
synthesis!" The functioning of individual elements, 
however, is unaffected for long periods of time (24 hi 
using actinomycin D (ref. 3), which prevents RNA synthesis 
and for 7-12 h after puromycin has been give oni, which 
blocks protein synthesis. It has been shown that sus- 
tained elevations of neuronal firing rate in the cortex 
following a 10 min period of polarization are not dependent 
on the activity of reverberating circuits, but more probably 
on changes in synaptic conduction (see preceding com- 
munication), and so it was decided to investigate the 
effects of inhibitors of protein synthesis on the establish- 
ment of these sustained changes. 

Rats (weighing 250-350 g) were anaesthetized with 
1-8 g/kg of urethane and prepared for recording cortical 
unit activity as described previously’. The discharge 
rate of a group of 3-5 units was recorded. 

A control record of neuronal firing rate was made for 
at least 30 min before the drug was given. Drugs (see 
Table 1 for types and concentrations) were dissolved in 
saline and 0-1 ml. was applied topically to the cortex. 
None of the drugs used had any effect on the spontaneous 
firing rate within 2 h after application. For example, 
with 10 mM chloramphenicol, at least 30 min after applica- 
tion of the drug, surface positive polarization of the 
cortex was effected and produced an increase in the rate 
of firing, but when the polarizing current was terminated 
10 min later, rate of discharge decreased to the pre- 
stimulation level, whereas with 5 mM chloramphenicol a 
normal after-effect was observed. In experiments where 
no drug was applied the rate of discharge remained at an 
elevated level. 

Table 1 shows that all the drugs which inhibit protein 
synthesis directly, that is, the first four drugs in the 
table*, with the exception of tetracycline which gave an 
unclear result, prevented the establishment of sustained 
after-effects of polarization. 8-Aza-guanine, which blocks 
RNA synthesis, had a definite inhibitory effect, while p- 
fluoro phenylalanine (on RNA polymerase inhibitor) was 
only partly effective at the dose used. With 20 mM 
puromycin (applied 30 min before polarization) a short 
after-effect was seen which decayed completely in 30 min. 

These experiments suggest that the establishment of 
the after-effects of cortical polarization are dependent on 
continuing protein synthesis at the time of stimulation. 
Inhibition of protein synthesis, some time after production 
of a prolonged increase, has no effect on this change in 
rate of discharge, and applying the drugs 5 min before 
polarization did not prevent the establishment of an after- 









Table 1. EFFECTS OF VARIOUS INHIBITORS OF PROTEIN AND RN 
ON THE ESTABLISHMENT OF SUSTAINED AFTER-EFFECTS OF CORT 


YNTHESIS 
L POLAR- 






IZATION 
No. of 
animals Total Percentage 
Drug and dose showing No. of 
8 ied animals 










elevation 
No drug ü T 
Cycloheximide 1 gil. ü 2 
Cycloheximide — 0-1 g/L i T 
Cycloheximide 0:01 gil. 0 9 
Cycloheximide — 0:001 g/l. 3 ü 
Cycloheximide 0-0001 gä. 8 7 
Chloramphenicol 10 mM ü 6 
Chloramphenicol 4 mM 2 e 
Neomycin 10 mM ü 2 
Neomycin i mM 0 2 
Tetracycline 10 mM 4 7 
8-Aza-guanine 133 gil. ü 10 
8-Aza-guanine 1:33 gil. 6 5 
p-Fluoro phenyl- 
alanine 1 mM 2 4 50 


Polarization was applied 30 min after application of drug. 
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Fig. 1. 

a 4 ult of cycloheximide was applied topically to the cortex after polariza- 
tion (P+), the count rate stayed at an elevated level. At B, 0-001 g/l. 
of eycloheximide was applied and, after the same amount of polarization, 
the rate of discharge returned to the pre-polarization level. B, Effect 
of 50 mM tetracycline is shown by the arrow. The drug had no effect 
on the establishment of the after-effect, and two after-effects are super- 
imposed in this experiment. Thus the results shown in A did not result 
because the rate of firing became saturated after the production of the 

first after-effect, 


effect. Thus in order for a drug which blocks protein 
synthesis to be able to prevent the establishment of an 
after-effect, protein synthesis must have been reduced at 
the time of stimulation and not after. This implies 
that the changes in the cortex necessary to fix an after- 
effect must take place in a short time during the period 
of increased firing while the polarizing current is being 
applied. These experiments suggest that establishment 
of the after-effect is dependent on a change in the trans- 
mission characteristics of the synapses, but whether this 
is dependent on structural (size or shape) changes in the 
synapse, or production of new enzymes or larger quantities 
of existing ones is not clear at the moment. 

This work was supported by a grant from Action for 
the Crippled Child. I thank Professors A. F. Huxley, 
P. D. Wall and Drs D. A. Booth and O. C. J. Lippold for 
advice. 
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De novo Formation of Neuro-muscular 
Junctions in Tissue Culture 


Iv the course of studies of the relationships which develop 
between explants of chick embryo spinal cord and muscle 
in vitro, we have found eleetron microscopic appearances 
strongly suggestive of the de noro formation of neuro- 
museular junctions. 

A small fragment of 11-day chick embryo gluteal musele 
was cultured on a plastic (‘Melinex’, Imperial Chemical 
Industries) substrate at 37° C. The nutrient medium con- 
sisted of 20 per cent cockerel serum, 35 per cent Hanks 
balanced salt solution, 10 per cent chick embryo extract 
and 35 per cent Medium 199 (Glaxo Laboratories, Ltd). 
Three days later the muscle was presented with an explant 
of 7-day chick embryo spinal cord, separated from it by 
a distance of about 1 mm. 

After 4 more days in vitro, by which time an axon 
bundle from the cord had reached and penetrated the 
muscle, the preparation was fixed in glutaraldehyde and 
stained with osmium tetroxide. It was embedded in a 
thin layer of ‘Araldite’ in such a manner that appropriate 
regions could be chosen for ultra-thin sectioning. Sections, 
grid stained with uranyl acetate and lead, were taken, 
cutting the muscle fragment at a number of points passing 
distally from that at which the nerve bundle reached it. 

Axons were first superficial to the muscle explant, but 
later they penetrated it. The innermost part of the 
explant contained a mature muscle fibre to which axons 
could be traced. Here they formed terminals resembling 
neuro-muscular junctions. 

Fig. 1 shows a terminal of this kind. Its continuity 
with its parent axon is apparent. It invaginates the 
muscle cell, but remains separated from it by a distance 
varying from 17:5 to 70 nm. In places within the gap, 
electron-dense material is present. The terminal contains 
mitochondria, dense cored vesicles and clear vesicles of 
a size (30-50 nm) similar to those found in synaptic pro- 
files. Within the musele, thick and thin myofilaments 
are seen. 

Fig. 2 shows a more proximal section of the same region. 
A number of terminals—or perhaps sub-divisions of a 
single terminal—are present. At one point the muscle 
membrane appears thickened, and the gap separating it 
from the adjacent terminal contains radially arranged 
electron-dense material. 

All these appearances are consistent with the view that 
the terminals we deseribe are in fact neuro-museular june- 





x rminals (A1, A2 and A3) in relation with muscle, B 
pode A ond, DV, dense vesicle; CV, clear vesicle; 
Mft, myofilaments. 


Fig. 1. 
indicates the parent axon of A2. 
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Fig. 2. 


tions as seen, for example, in developing chiek somatic 
musclet, with the exception that basement membranes 
were not apparent. 

The morphology and state of preservation of the 
terminal regions shown in Figs. 1 and 2 are inconsistent 
with the view that they represent surviving remnants, 
after 7 days in culture, of neuro-muscular junctions present 
in the muscle before explantation. Furthermore, axons 
can be traced towards them from the bundle growing out 
from the confronting explant of spinal cord. We therefore 
suggest that neuro-muscular junctions may form de novo 
in appropriate in vitro conditions, and that they may do 
so within a brief period of culture. Appearances of this 
kind have so far been observed in six preparations. 

It is known that after weeks or months in vitro explants 
of already connected spinal cord and muscle may establish 
eleetrophysiological communication indicative of synaptic 
relationship?. We cannot at present conclude that the 
junctions we describe are in this sense functional, although 
their morphology suggests that this may well be the case. 
If they prove to be so, their identification may be of value 
for future studies of the development of relationships 
between nerve and muscle, with particular reference to 
any specificities that may exist. 


D. W. JAMES 
R. L. TRESMAN 


Department of Anatomy, 
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Premature Birth induced in Mice 
by Salicylate 


ANIMAL experiments have provided a great deal of 
information about the interaction of drugs early in 
pregnancy. Little, however, is known of drug action in 
the late stages of pregnancy'*. In our previous studies 
on the damaging effect of sodium salicylate on the foetus, 
a tendency to premature birth was observed in the 
mouse when this substance was given on the seventeenth 
gestation day*. We have therefore investigated the effect 
of some other anti-inflammatory drugs on the gestation 
time. 

Sixty-one pregnant primiparous A/Jax mice were used. 
They were mated overnight and the day when a vaginal 


The same region sectioned at à more proximal level, A, Nerve terminals; Ax, 
axons; T, thickened muscle membrane; G, Golgi apparatus; Nft, neurofilaments; 
Mft, myofilaments, 
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plug was observed was denoted as the zero 
day of pregnancy. On the seventeenth day 
of gestation, at 1000 h, the mothers were 
given a single intramuscular injection of 0-1 
ml. per 20 g body-weight of the appropriate 
solutions (Table 1), while the controls were 
left uninjected. Chloroquinine-phosphate 
and sodium salicylate were dissolved in dis- 
tilled water. Immediately after injection 
the mice were placed on wire nettings in 
separate cages. Daily inspections, at 1000 
h, revealed the day of birth. Newborns 
were not examined or counted, 

After injection of sodium salicylate half 
of the animals delivered on the seventeenth 
day (Table 1). No other female, injected or 
uninjected, gave birth before the eighteenth 
day. The most frequent days of delivery, 
except in the salicylate group, were the 
nineteenth or twentieth day. 

Pharmacological induction of premature 
birth in the human, for therapeutic reasons, is mostly 
performed by administration of oxytocin’. Formerly 
quinine was used to induce labour’, but in this 
experiment chloroquinine did not affect the duration 
of pregnancy. Salicylate has been suspected to cause 
abortions although this has not been proved satis- 
factorily*. It is interesting to note that of the substances 
tested only the teratogen sodium salicylate induced 
premature birth. Neither cortisone, a potent teratogen 
in the A/Jax strain of mice, nor p-hydroxybenzoic 
acid, a  non-teratogen,. induced premature birth’. 
The mechanism behind the foetal damage induced 
by sodium salicylate is not known. There have been 
very few reports of experimentally induced prema- 
ture birth, but our findings support the view that the 
teratogenie tests of different substances should be extended 
to include tests for foetal damage induced late in preg- 
nancy, for example, premature birth. 


^ 
Table 1. EFFECT OF ANTI-INFLAMMATORY DRUGS ON THE LENGTH OF GESTA- 
TION TIME 
No. of females giving birth on gestation 
Treatment day 
17 18 19 20 21 
Uninjected 0 3 6 1 n 
Saline 0 3 3 4 0 
Sodium salt of salicylic acid 100 
mg/ml. 5 3 0 0 
Sodium salt of p-hydroxybenzoic 
acid 100 mg/ml. 0 3 6 1 0 
Chloroquinine phosphate 10 mg/ml 0 1 4 5 1 
Cortisone acetate* 25 mg/ml. 0 1 4 à 1 


* *Cortodrine* ®, Astra, Sweden. 
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Electrographic Correlates of 
Behaviour in Tree Frogs ` 


Previous "work. has shown that the bullfrog, Rana 
catesbiana, fulfils neither the electrographic nor the 
threshold criteria for sleep in the laboratory and that the 
animal is also vigilant when at diurnal rest in the field’. 
We describe here the field behaviour of tree frogs (genus 
Hyla) observed in Florida during March and contrast 
it with that seen in the laboratory where its electrographic 
correlates were studied. The findings are compared with 
previous observations of ranid frogs. 

Hyla squirella and Hyla cinerea, both nocturnally active 
species, were invariably found to be resting by day. Ina 
mesic hammock area, we observed at least twenty speci- 
mens of each kind of frog, all immobile, with eyes closed, 
and with head pointing toward the tips of the palmetto 
leaves on which they rested at a level of about 2 feet 
above the ground. Only after moderately intense and 
direct stimulation did the animals assume a crouching 
posture, open the eyes, and sometimes flee by leaping to 
a neighbouring plant. In every case this sort of crude 
clinical testing indicated that the resting tree frogs 
possessed clearly elevated thresholds to sensory stimulation 
and could, by behavioural definition, be said to be asleep. 

Six specimens of Hyla septentrionalis, a relatively large 
tree frog which has been introduced into Florida. where its 
behaviour is similar to that described here, were observed 
in the laboratory in Boston. The laboratory behaviour 
of these animals was markedly different from that seen in 
the field: at temperatures of 20°-24° C and with normal 
seasonal variations in light, they were inert and non- 
reactive unless heavily stimulated. That is, they were 
constantly asleep or torpid, depending on how important 
one considers ease of reversibility to be in the definition 
of sleep. Within minutes of persistent stimulation, 
however, they evinced a full repertoire of motor behaviour, 
including highly coordinated feeding and climbing 
activity. The differences between the field and the labora- 

“tory observations depend on the relative preponderance of 
behavioural states and these are presumably related to 
change. of habitat. 

Specimens of all three species of tree frog have been 
implanted with electrodes for electroencephalogram 
(EEG) recording, as reported before for the bullfrog. 
The recordings were made in a sound attenuated cage, 
24 h a day for up to three successive days. 

The states of activity, alertness and inactivity (or 
torpor) were accompanied by the same electrographic 
patterns that characterize homologous states in Rana. 
In particular, activity and alertness are associated with 
EEG synchronization while torpor produces a relatively 
low voltage, fast electroencephalogram; as in Rana, the 
degree to which the EEG is synchronized is a function of 
respiratory rate. Within the state of torpor there are no 
periodie changes in muscle tone and there is no ocular 
motility. 

It can be seen from EEG records of the states of rest 
and arousal that the EEG of arousal, in this case accom- 
panied by postural change and a marked 
inerease in muscle tone, was characterized 
by an increased preponderance of irregular 
fusiform waves at a frequency of 5-8 Hz 
and an amplitude of 50-100 uV (Fig. 1). 
These arose from the more anterior deriva- 
tions, but were also visible in the tectal 
leads where the increase in voltage was 
inore prominent. 

In records of quiet rest the frontal EEG 
was characterized by continuous activity 
at a frequency of 8-30 Hz and at an 
amplitude of less than 50 pV. This was 
interrupted by fusiform bursts of waves, 
following each breath. As in Rana, the 
EEG activity, which is linked with respira- 








Fig. 2. 


bulb; (3) EEG-bulb tectum (left); (4) bulb tectum (right); (5) respiration. 
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Fig. 1. EEG records in rest and arousal. For each record: (1) EMG; 

(2) olfactory bulb; (3) optie tectum: (4) bulb tectum (left); (5) bulb 

tectum (right), Note the increase in muscle tone and high-voltage slow 
wave activity in arousal. Calibration 1 s, 50 aV. 
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tion and which becomes more prominent in arousal, can be 
shown to consist of olfactory-induced waves produced by 
stimulation of the olfactory mucosa by transpired or 
injected air?. It is eliminated by bilateral olfactory nerve 
section. 

Continuous 24 h recordings were made at slow paper 
speeds (Fig. 2). As in Rana, respiratory movements 
became rare (between one and twenty per min) and tended 
to occur in groups of between four and ten with intergroup 
intervals as long as 1 min. Most of the EEG variability 
could be observed to be a funetion of respiratory rate. 
EEG synchrony peaks depicting respiratory rate occurred 
at a mean interval of 57 min with a wide range of period 
lengths (15-90 min). 

The threshold to arousal from rest was not systematic- 
ally measured, but it seemed to be several orders of magni- 
tude greater in tree frogs than in bullfrogs. where it did 
not change with the state of behaviour. As in the field, 
it was possible to observe tree frogs elosely without 
provoking behavioural arousal or the respiratory- EEG 
response; hand-claps and light changes were sometimes 
without effect. This was never true of bullfrogs. 

Behavioural differences between ranid and hylid frogs 
are therefore not in parallel with physiological differences 
which can be measured by EEG technology. Tree frogs 
are arboreal, though they return to water to breed, while 
bullfrogs are largely aquatic throughout life. This suggests 
that the former should show more complex behavioural 
patterns, in keeping with their more complex and varied 








Low-speed EEG records in rest. For each record: (1) EMG; (2) VE sed 
Note the 


tendency for respiration and EEG synchrony to occur in bursts, Calibration 108, 50 aV, 
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environment. Our observations tend to confirm that tree 
frogs show more complex waking behaviour than do bull- 
frogs; they also show more marked differentiation of 
waking from resting states. Rest in the tree frogs more 
closely resembles mammalian sleep than does rest in the 
bullfrog. These differences suggest that neurologically 
the hylids are more advanced than the ranids. Yet the 
. sleep-like torpor of tree frogs and the alert rest of 
bullfrogs show the same EEG activity. It seems there- 
fore that the presumably neural basis of the differences in 
behaviour between these two genera eannot be detected 
by our methods. This conclusion serves also to emphasize 
that EEG criteria of sleep are not absolute and certainly 
must not be mistaken for states of which they are some- 
times manifestations. 

Comparing the results with other data, it is interesting 
that, as Kleitman’s evolutionary theory predicts*, the 
differences within classes parallel those observed across 
classes. That is, the more complex the active behaviour 
of an animal, the more likely is it that its rest will resemble 
sleep (as defined in mammals) and the more complex will 
be that sleep. Sleep is a functional state which depends 
on the development of the central nervous system and 
which parallels in phylogeny those increasingly complex 
positive integrative functions that characterize the waking 
life of vertebrates. 

We thank Dr E. Henneman in whose laboratory the 
work was begun and James Spelios and Lynn Cozza for 
technical assistance. The work was supported by a grant 
from the US Public Health Service. 
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Effect of Poly-L-arginine on Rate of 
Bovine IgG Transport by Newborn 
Pig Intestine 


Movement of protein molecules within and across the 
plasma membranes of mammalian cells probably occurs 
more widely than is generally realized. Examples of pro- 
tein transport that are not normally considered in the 
same light include the supposed movement of "carrier" 
proteins within the plasma membrane!, the penetration 
of albumin into isolated tumour cells? and the endocytosis 
of proteins by the epithelium of the small intestine?. Yet 
the protein-membrane interactions which probably aecom- 
pany the movement of protein molecules in each case are 
likely to have certain features in common. For example, 
transported protein must show some temporary affinity 
for constituents of the membrane, and the aetual move- 
ment of protein aeross the membrane will cause some 
distortion of otherwise stable structures. The experiments 
described here were designed to test whether the transport 
of protein by the pig intestinal mucosa was in any way 
similar to the transport of protein into tumour cells, a 
system which has been used extensively to study some of 
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the macromolecular interactions associated with protein 
transport?. * 7 ; : Pg 

Piglets collected at birth before they could suck the 
sow were stunned by a blow on the head and killed by 
decapitation. The small intestine was dissected out into 
ice-cold bicarbonate saline‘ containing glucose, 1 mg/ml., 
and gassed with 95 per cent oxygen plus 5 per cent carbon 
dioxide. A 50 cm length of intestine measured distal to the 
mid-point was then everted and formed into six separate 
sacs. This part of the intestine was chosen beeause it has 
been shown te transport protein more readily than any 
other region®:*. Each sac, left open at one end and filled 
initially with 0-5-0-6 ml. of glucose-containing bicarbonate 
saline, was placed in 8 ml. of the same medium containing, 
in addition, 5 per cent w/v bovine IgG (Cohn fraction II, 
Armour Pharmaceutical Co., Ltd, Eastbourne, England). 
Where specified, this solution also contained either poly- 
L-arginine sulphate (MW —21,900), Miles-Yeda, Ltd, 
Kiryat Weizmann, Rehovoth, Israel, or poly-r-glutamie 
acid sodium salt monohydrate (MW = 40,000-100,006), 
Koch-Light Laboratories, Ltd, Colnbrook, England, or a 
mixture of both. After incubation for 2 h at 37° C, sacs 
were removed and their contents were transferred to tared 
containers. Each sae was blotted lightly and weighed on 
a sensitive torsion balance. Samples of serosal fluids were 
analysed for sodium using an Evans Electro Selenium 
flame photometer; for glucose using the method of 
Hansen’; and for bovine IgG using the quantitative 
immunodiffusion assay of Gell. Experiments were 
arranged so that a direct comparison could be made 
between alternate sacs, one incubated in medium con- 
taining bovine IgG and the other incubated in the same 
medium plus polyamino-acid. The significance of any 
difference was assessed using the Wilcoxon test?. 

The mean control serosal transfer + one standard error, 
determined from experiments with forty-four sacs, was, 
for fluid, 1:05+0-05 ml./g/h; for glucose, 20:4+1-7 
umole/g/h; for sodium, 137+5-7 umole/g/h, and for 
bovine IgG, 97 + 11 pg/g/h. The presence of poly-r- 
glutamic acid in the incubation medium (1 mg/mly 
did not significantly change the rate of transport of bovine 
IgG (Fig. 1). Neither did it affect the transport of fluid, 
glucose or sodium which remained 89-48; 934228 
and 84+9-6 per cent of their respective control values 
(means of eight determinations + S.E.). 

In contrast, poly-L-arginine (1 mg/ml.) caused a three to 
four-fold increase in the rate of bovine IgG transport 
(P=0-01, Fig. 1). The serosal transfer of fluid was at the 
same time inhibited (1948-5 per cent, P=0-04) and so 
was the transfer of glucose and sodium (56-74+8:5 and 
37-5 € 1L:5 per cent respectively, P — 0-01 and 0-02). Tt is 
possible that the high concentration of poly-r-arginine 
damaged the intestine and that this allowed globulin to 
leak from mucosa to serosa. Poly-L-arginine was therefore 
used in lower concentrations ranging from 0-1 to 1-0 mg/ml. 
There was a sharp threshold below which it had no effect 
on protein transport (Fig. 1). When poly-r-arginine was 
used in a concentration of 200 ug/ml. there was some 
stimulation of protein transport, but this became much 
more apparent at a concentration of 300 ug/ml. (P = 0:01). 
More important, these concentrations of polyelectrolyte 
caused no inhibition of fluid, glucose or sodium transfer 
(112+6-6, 113-209 and 114-49 per cent of the 
respective control values, means of eight determinations 
XS.E.. The stimulant action of poly-r-arginine on 
protein transport was therefore a direct one and was not 
connected with its potential inhibitory effects on other 
transport processes. : ee 

The transport of bovine IgG measured in the presence 
of poly-L-arginine (300 ug/ml.) plus poly-r-glütamie acid 
(300 ug/ml.) was then compared with that measured in 
control conditions or when poly-r-arginine alone was 
present. In this experiment, poly-r-arginine caused a 
four-fold increase in globulin transport, and poly-r- 
glutamic acid inhibited this effect (Fig. 1). Globulin 
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transport measured in the presence of poly- 
L-arginine plus poly-L-glutamic acid was the 
same as that measured in control con- 
ditions (P> 0-28). In neither ease did the 
serosal transfer of fluid, glucose or sodium 
differ significantly from values found in the 
absence of polyelectrolyte. 

Basic polyelectrolytes are known to react 
with bovine plasma albumin forming both 
water-soluble and water-insoluble com- 
plexes’. A similar interaction with globulin 
might explain the increased rate of globulin 


A 
Globulin 
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transport already seen. The appearance of 


bovine IgG during  ultracentrifugation Globulin 
(‘Spinco’ model E), in the presence and * P-Arg 


absence of polyeleetrolytes, is shown in Fig. 
2. Material which sedimented faster than 
the 78 immune globulin is thought to con- 
sist of globulin aggregate. This is com- 
monly seen in preparations of pure 7S 
globulin. Both the 7S globulin and the 
globulin aggregate peak were reduced in the 
presence of poly-L-arginine, the total con- 
centration of protein which was determined 
by interferometry being reduced from 1-11 
per cent w/v to 0-85 per cent w/v. The 
proportion of aggregate to 7S globulin also 
changed from 13 per cent of the total 
protein present to 19 per cent in the 
presence of poly-r-arginine. These effects 
were seen with a high concentration of poly- 
L-arginine (1 mg/ml.) and a low concentra- 
tion of protein (1 per cent w/v), compared with the actual 
conditions used for experiments on the pig intestine; a high 
proportion of protein to polyelectrolyte favours the forma- 
tion of soluble complexes. It is conceivable then that the 
presence of such complexes could influence the rate of pro- 
tein transport in the present experiments. Poly-r-glutamie 
acid changed neither the total protein concentration 
(1-08 per cent w/v in both cases) nor the distribution of 
globulin between its 7S and aggregated form (Fig. 2). 

Recent experiments with bimolecular lipid membranes 
show that lipids, extracted from pig intestinal mucosa 
and used at a physiological pH, also bind both poly-r- 
arginine and poly-r.glutamie acid, and that in certain 
conditions this causes the membranes to become highly 
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Fig. 1. Comparison of the control intestinal transfer of bovine IgG 
with transfers measured in the presence of different polyamino-acids. 
Bverted sacs from the middle of the small intestine of newborn pigs 
were incubated for 2 h at 37° C in bicarbonate saline containing 5 per 
cent wiv bovine IgG. Poly-L-arginine (P-Arg) or roly-z-glutamic acid 
(P-Gin), or a mixture cf both, was present in the mucosal fluid in a 
concentration of 1 mg/ml. (left two histograms) or 0-3 mg/ral. (right two 
histograms), Each histogram or point gives the mean change obtained 
from seven to eight comparisons + S. E. 
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Ultracentrifugal patterns for bovine IgG recorded in the presence and absence 
of different. polyamino-acids. 
phosphate buffer 1— 0-1, pH 7-5, was 1 per cent w/v. 
determined, before and after the addition of polyamino-acid, by interferometry. Numbers 
denote merely the percentage of total soluble protein accounted for in each peak. Ultra- 
centrifugal patterns obtained using bovine IgG with poly-L-arginine (P-Arg, 1 mg/ml., 
side A) or poly-L-glutamic acid (P-Glu, 1 mg. ml, side B) were compared with patterns 
obtained using bovine IgG ín two twin-cell runs. Centrifugation was at room temperature 


The nominal concentration of bovine IgG, dissolved in 
The actual concentration. was 


for 58 min at 59,780 r.p.m. 


unstable (unpublished results of Moore and Smith). This 
is another way in which the polyeleetrolyte eould produce 
its effect. The possibility that polyamino-acids might act 
by binding to membrane proteins or membrane-bound 
RNA has already been suggested by Ryser. Further 
work is needed to decide which, if any, of these possi- 
bilities is correct. 

The fact that polv-r-arginine increases the rate of 
globulin transport in the newborn pig might have some 
praetical use. At birth pigs obtain passive immunity to 
disease by the intestinal absorption of ingested globulins 
present in the sow's colostrum. Any inefficiency in the 
process of globulin absorption would be critical for the 
pig's survival. The use of poly-r-arginine or other basic 
polypeptides in such cases might save the life of the pig. 

We thank Mr N. Buttress for his ultracentrifuge analysis 
of protein-polyeleetrolyte mixtures, and Mr K. A. Burton 
and Mr T. Archer for their technical assistance in this 
work. R. W. was supported by a post-industrial experience 
research fellowship and P. B. was supported by a grant 
from Unilever Research Laboratories. 
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Pollen Exine Formation 


Tue chief purpose of Mepham and Lane in their recent 
article! seems to be to establish that the exine of the 
pollen grain is formed by secretion from within the 
microspore and owes little or nothing to the activity 
of the disorganizing tapetum. Their interesting new 
observations and their substantial claims to reinterpreta- 
tion of the ontogeny of the pollen grain suffer from over- 
condensation, and it is a pity that they had no space to 
consider other recent electron mieroscope studies. at 
elose time intervals, of pollen grain development from 
the pollen-mother cell stage to pollen maturity*-*. They 
claim that in Tradescantia bracteata *'the bulk of the exine 
is produced at an early stage". Heslop-Harrison’s pioneer 
study of Silene pendula?*, however, made it clear that, 
although the pattern of the exine is clearly determined 
while the microspores are within their own callose 
envelopes and the common callose envelopes of the pollen 
mother cell, the most important part of exine development 
occurs after dissolution of the eallose walls and exposure 
of the exine to the fluid of the anther loeulus. A similar 
conelusion has emerged from studies of Helleborus foetidus 
and Endymion non-scriptus made in the Botany School, 
Cambridge?-5. 

There have been claims that the sporopollenin of the 
developing exine is pre-synthesized in the tapetum and 
transferred in particulate form to the exine, but I, like 
Mepham and Lane, have found no evidence for this. 
On the other hand, this in no way precludes the possibility 
that exine precursors in solution move from the disorgan- 
izing tapetum to the mierospores; they may then con- 
dense directly on the growing exine surfaces or it may be 
necessary for them first to enter the microspore protoplast 
for subsequent secretion through the cell membrane. 
Although Ubisch bodies are apparently not formed in 
Tradescantia bracteata, in other species which do have them 
the deposition of sporopollenin takes place on the surfaces 
of spherical, probably lipid, bodies that are formed in the 
tapetal cells and have emerged through the tapetal cell 
membranes. Not until they are thus brought into contact 
with the anther loculus is sporopollenin deposited on 
them, possibly under the control of à surface membrane 
that originates from the endoplasmie reticulum from which 
the pro-Ubisch bodies seem to originate. Here at least 
the formation of sporopollenin is independent of secretion 
from the mierospore protoplast. This phenomenon, 
together with many reports of membrane structures in 
both early and late stages of exine development, leads one 
to conjecture that such membranes may well be the seat 
of sporopollenin condensation, whether in Ubisch bodies 
or in primary or secondary pollen grain exine, in both of 
which the process proceeds at the same time. 

Mepham and Lane seem to associate exine thickening 
with processes involving the intine which, in our experi- 
ence, forms only when exine development is almost 
complete. 

The electron micrographs which they now publish. 
although highly interesting, require much support and 
explanation. The exine elements in them are unlabelled 
so that one can only infer the authors’ interpretation. 
This is made harder by the fact that the dark-stained 
laminate material in Fig. 1 is regarded as endexine (that is, 
sporopollenin), whereas similarly stained laminate material 
in Fig. 2 is regarded as “lipid exudate” with the ektexine 
(sporopollenin) now scarcely. stained at all. It seems 
possible that Fig. 2 simply shows a tangential (not radial) 
section through the exine at a higher or lower level than 
in Fig. 1, but with similar staining of the wall elements. 
If this is so we are concerned with a lamellate structure 
of the exine such as seems to be characteristic of secondary 
exine in many species of plants, notably Ipomoea coerulea’; 
in this case, it may be important that the electron lucent 
bands shown here in Tradescantia are of similar width 
(40 A) to the "white lines" often seen in sections of 
secondary exine!?. 
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If, alternatively, Mepham and Lane's own interpreta- 
tion of Fig. 2 is followed, it would seem that the dark 
reticular pattern seen in section tangential to the surface 
of the grain is that of the interbaeular cavities of the 
exine, now filled with a lipid deposit. possibly derived 
from the periplasmodium filling the anther sac. This is a 
situation like that deseribed by Chambers and myself for 
Tilia platyphyllos", and one that is undoubtedly very 
widespread. The pattern of parallel electron lucent 
bands traversing the lipid filling of the exine cavities 
recalls that. described by Dunbar in the exine of Phanbago 
capensis®, What is altogether new is the interpretation 
of Mepham and Lane that this filling is derived not from 
the periplasmodium, but by direct secretion of lipids by 
the mierospore protoplast, through the cell membrane, 
intine and endexine. It seems perfectly possible that 
this may operate, but there is a great deal of evidence, old 
and new, that the pigmented contents of the anther 
loculus eome to be very closely associated with the 
pollen-exine, where indeed they have been given numerous 
conjectural functions. It would be worth looking for 
evidence as to whether the pattern of parallel electron 
lucent bands in the exine cavity might not be a derivative 
of the early lamellar structure of the primexine, for a 
fibrillar texture of similar orientation persists in several 
species through the middle stages of exine development. 
There is seareely enough evidence in their highly con- 
densed account to allow that Mepham and Lane's results 
“conflict with the widely held idea that tapetal breakdown 
is purely & degenerative process". Likewise the notion 
that the periplasmodium within the anther sac is not 
merely a substrate reserve for the developing pollen 
grains, but has inherent organizing potentialities of its 
own, seems to call for more substantial evidence than 
they have presented so far. 
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Relative Mobility of some Organic 
Nitrogenous Compounds in the Xylem 
of Apple Shoots 


Iw the apple, as in many other perennial plants, all the 
absorbed nitrogen is usually reduced and combined into 
amino-acids in the youngest roots and is subsequently 
translocated in the form of such compounds. Xylem sap. 
which has been extracted from the terminal shoots of 
mature trees by a vacuum technique, contains nitrogen, 
largely as aspartic acid and asparagine, but also as 
arginine, glutamie acid and glutamine. There may be 
traces of a number of other amino-acids, depending on 
season and on added fertilizer! *. 

To investigate the relative mobilities of these com- 
pounds a technique has been developed for perfusing 
standard lengths of 1 yr old apple shoots, approximately 
12 em long and 0:5 em in diameter. A ring of bark was 
eut away from each end of the shoot and short lengths of 
rubber tubing were attached directly to the exposed wood. 
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A reservoir consisting of a length of glass tubing was con- 
neeted to the lower (proximal) end of the shoot; the whole 
assembly was then inverted and a solution from the 
reservoir was allowed to flow through the wood under 
gravity, the effluent being eolleeted from the tubing 
attached to the distal end. The rate of effluent flow was 
kept at approximately 2 ml./h by adjusting the height of 
liquid in the reservoir. 

A solution containing a mixture of four L amino-acids, 
each of 0-5 mM, was perfused through an apple shoot in 
this way. Subsequent analysis showed that the concen- 
tration of glutamie acid, alanine, leucine and arginine in 
the first 4 ml. of effluent was 66 per cent, 29 per cent, 
25 per cent and 2 per cent, respectively, of that in the 
original solution. Further experiments have shown that, 
at least initially, both D and L forms were adsorbed to 
the same extent and that some non-protein amino-aeids, 
for example, y amino-butyrie acid and nor-leucine, were 
also held in the stems and indeed the degree of adsorption 
was always in the order basic > neutral > acidie amino- 
acids. 

Solutions of arginine (2-5 mM), which were labelled 
with “C and contained different concentrations of K,SO, 
or CaSO,, were perfused through lengths of apple stem. 
Assay of the effluent (Table 1) showed that the arginine 
and the inorganic cations were in direct competition for the 
cation exchange sites in the stem. It was therefore con- 
eluded that the amino-acids are held within the xylem by 
negatively charged sites in the same manner as are 
inorganic cations’. 

The controlling influence of the charge in determining 
the extent of translocation of a substance has already been 
noted for dyes and antibiotics! 5, but our results seem to 
be the first to direct attention to the possible significance 
of this effect of charge in the translocation of amino-acids. 

We have also found that only about 40 per cent of the 
labelled arginine adsorbed in a length of stem was dis- 
placed even by subsequent perfusion of a solution of 
K,8O, or CaSO, (5 mM). This suggested that the re- 
mainder had become irreversibly bound and that there is 
a second phase of adsorption. This second phase appears 
to be under metabolic control, because in the presence of 
known inhibitors, notably sodium azide, the adsorption 
of labelled arginine was decreased (Table 2). Biddulph 
et al? have suggested that calcium ions are taken up by 
bean stems in two distinct phases, the first a reversible 
exchange phase, and the second an irreversible accumu- 
lation phase. 

This investigation has been extended to include other 
nitrogenous compounds the charge of which might affect 








Table 1. THE EFFECT OF INORGANIC CATIONS ON THE ADSORPTION OF 'C- 


LABELLED ARGININE (2-5 mM) IN APPLE STEMS 

Activity of first 10 ml. of 

effluent as pereentage of 
original solution 


Added cations 


None 3 
Kt (25 mM) 17 
K+ (10-0 mM) 36 
Ca** (1-25 mM) 16 
Ca** (5-0. mM) 7 


Table 2. THE EFFECT OF THE ADDITION OF METABOLIC INHIBITORS ON THE 
ADSORPTION OF "C-LABELLED ARGININE (2-5 mM) IN APPLE STEMS. K,80, 
ADDED WHERE NECESSARY TO MAKE ALL SOLUTIONS mM WITH RESPECT TO 
MONOVALENT CATIONS 
Activity of first 10 ml. 


Inhibitor of effluent as percentage 
of original solution 
None 10 
Potassium cyanide, mM 12 
2,4-Dinitrophenol, 0-01 mM 19 
Sodium diethyldithiocarbamate, mM 21 
Sodium azide, mM 48 


Table 3. THE MOBILITY OF "C-LABELLED GROWTH RETARDANTS THROUGH 
APPLE STEMS IN THE PRESENCE AND ABSENCE OF EXCESS POTASSIUM IONS 


Activity of first 10 ml. 
of effluent as percentage 
of original solution 


B9, 0-1 mM + K30,, 1 mM TÈ 
B9, 0-1 mM + ,2:5 mM 74 
CCC, 01 mM + ,0:1 mM 17 
COC, 0-1 mM + K,80,, 2-5 mM 48 


Composition of solution 
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their mobility, 
regulators. 

One of the cytokinins, kinetin, has been reported to be 
immobile in cotton plants and freely transloeated in 
tobacco seedlings*, but no consideration has been given 
to the basic nature of cytokinins, all known examples of 
which are adenine derivatives. A comparison was made 
of the mobility of 0-1 mM solutions of three cytokinins 
through apple shoots. The concentrations in the effluents 
were determined directly by their optical densities at 
265 mu, after subtracting a “ "blank" obtained by perfusing 
water through equivalent shoots. Neither kinetin nor 
6-benzyl aminopurine was detectable during the first 
6-8 h of the experiment, but there was a steady increase 
in the concentration of kinetin-riboside in the effluent, and 
levels of up to 40 per cent of that in the original solution 
were reached. The improved mobility of the kinetin- 
riboside is of particular interest, for it has been shown 
that zeatin, the only naturally occurring cytokinin so far 
identified, is present in maize also as the riboside and the 
riboside phosphate?’ 

N-Dimethylaminosueceinamie acid, or B9, and (2-chloro- 
ethyl) trimethylammonium chloride. or CCC, two com- 
pounds widely used as growth retardants, were obtained 
labelled with “C and their mobilities were compared in 
lengths of apple stem. The results (Table 3) show that, 
whereas B9 is freely mobile, CCC Dohnvos as a typical 
cation, being strongly adsorbed by the stem but displaced 
by other cations. This confirms the observation that 
following foliar sprays the translocation of CCC is limited 
(unpublished result of C. P. L.-J.). 

Using original solutions of a wide range of pH. values 
it has been found that the pH of all the effluents was 
approximately 6-8, from which we conclude that in the 
apple the internal environment of the xylem is buffered 
at this value. It is thus imperative, in predicting the 
behaviour of compounds in plant stems, to consider the 
charge on the molecule at the relevant pH. 


espeeially some known plant growth 
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Selection of Vegetation Components 
by Grazing Ungulates in the Serengeti 
National Park 


EcoroaicAL separation of the African grazing ungulates 
has been found to be difficult, although some authors 
have observed that these ungulates often take part in 
grazing successions in which species follow each other in 
characteristie sequences during their seasonal movements?. 
The migratory populations of the Serengeti take part in 
such a succession; first zebra (Equus burchelli), second 
wildebeest (Connochaetes taurinus albojubatus) and lastly 
Thomson’s gazelle (Gazella thomsoni). The semi-migratory 
topi (Damaliscus korrigum) tends to associate with zebra. 
The work described here was designed to test the hypo- 
thesis that the species in such a grazing succession make 
use of different levels of the herb layer and might there- 
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Table 1. ANALYSIS OF PLANT PARTS IN HERBAGE INTAKE GIVING MEAN FIGURES FOR PART INTAKE PER ANIMAL SPECIES 







Dry season (September 1967) 
Total Total Percentage Percentage Percentage Percentage Percentage Percentage Percentage Percentage 
Animal species percentage percentage grass grass grass grass dicot, dicot. dicot, dieot, 
grass dicot. leaf sheath stem seed leaf fruit stem seed 
Wildebeest 100 — 17.2 52.7 30-1 — — — — d 
‘opi 100 ae 94 53-4 37-2 — = IC am 
Zebra 99-9 Q1 0:2 487 5r0 — OL = uns 
Thomson’s gazelle 61-25 38-75 2-88 75 20:88 == T75 30-0 0:13 O83 
Wet season (May 1967) 
Wildebeest 98-67 1-33 61-33 28-92 8-0 — — — — — 
Zebra 100 — 38-83 43-92 15-0 B75 = —— o can 
fore be expected to take different proportions of the plant 
parts available. O A lOO 
Sample animals were collected in the western eorridor 
of the Serengeti National Park (Tanzania). They were e WILDEBEEST 
shot during the morning or evening feeding period, and " 
freshly ingested food material, distinguishable by its OZEBRA N 
colour, was collected and stored in 10 per cent phenol. MEANS RINGED 


A preliminary sample of three wildebeest and three zebra 
was taken in May 1967, and a subsequent sample of five 
each of wildebeest, zebra, topi and four of Thomson's 
gazelle taken in September 1967. The former sample was 
taken at the end of the wet season, the latter at the end 
of the dry season. The animals were shot within a few 
hundred yards of each other, so that the food supply 
available to each individual was similar. 

Ingested matter was analysed botanically according to 
the plant parts present, using a point count method 
developed originally for use with material from oeso- 
phageal fistulated domestic livestock. ^ Washed sub- 
samples (40 g fresh weight) were examined under a 
binocular microscope; sub-samples were covered with 
‘Perspex’ overlays inscribed with fine intersecting lines 
giving an 11 x 11 em grid of 1 em? blocks with a total of 
100 line intersections. The plant part immediately below 
each intersection was determined and the results were 
read as a direct percentage. Tests revealed no significant 
differenee between analyses of different sub-samples of 
the same sample using this method. A close relationship 
was established between percentage frequency on a point 
count basis and percentage dry weight if all large di- 
cotyledon seeds (for example, Acacia sp.) were removed 
before the dry weight was determined. This will be 
discussed in detail elsewhere. 

Dicotyledon material was differentiated into leaf, 
stem, bark, seed and fruit. Grass material was classified 
inte leaf (from the leaf tip to the ligule), sheath (from the 
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Fig. 1. Frequeney of the three principal grass components in the 
diet of three grass eating animal species during the dry season. 
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Fig. 2. Frequency of the three principal grass components in the 
diet of two grass eating animal species during the wet season, 
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ligule to the node below), stern (chiefly culm but including 
some rhizome) and seed (all inflorescence components). 
Grass was classified as leaf sheath only if it had been 
stripped free from the stem. To eliminate the effects of 
errors of observation all identifications were carried out 
by one person (M. D. G.). Tests on synthetic mixtures of 
known plant parts showed that the known percentage 
composition and the determined composition agree with 
a probability of less than 0-001. The success of the 
method, however, depends on the observer's good know- 
ledge of plant morphology and anatomy. 

The mean percentages of each component taken by 
each species are shown in Table 1. "These show that 
wildebeest, zebra and topi use no more than 1-3 per cent 
dicotyledon material, and are thus virtually pure grass 
eaters. Thomson's gazelle, in contrast, uses 39 per cent 
dicotyledon material, most of which is fruit. 

Figs. 1 and 2 and Table 2 show the frequencies of the 
three principal grass components in the diets of the three 
grass eating species. In these diagrams each axis refers 
to the percentage of one diet component. Table 3 shows 





Table 2. MEAN FREQUENCIES OF THE THREE PRINCIPAL GRASS COMPONENTE 
IN THE DIETS OF WILDEBEEST (w), TOPI (t), ZEBRA (2) AND THOMSON'S 
GAZELLE (Th) 





Grass Dry season Wel season 
part w t z Th w x 
Leaf 17-2 9-4 0-2 4-60 6133 36-83 
Sheath 52-7 53:4 48-7 61:19 2E 4i 
Stem 30-1 37.2 57-0 34-07 8-00 1 


Figures for Thomson's gazelle are expressed as a percentage of the total 
grass intake for that species. 


Table 3. PROBABILITY OF DIFFERENCES IN THE PROPORTIONS OF THE THREE 
PRINCIPAL GRASS COMPONENTS EATEN BY WILDEBEEST (w), TOPI (i) AND 
ZEBRA (2) IN THE DRY AND WET SEASONS 
Dry season 
13 


Grass part Wet season 


Comparison wit tz ziw ziw 
Leaf + + + + 
Sheath 0 0 0 + 
Stem < 0-05 «01 + + 


+=P<06-001; 0— P 6-05, 
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Fig. 3. Comparison of seasonal grass leaf and sheath intake by wilde- 
beest (w) and zebra (2). @, Wet season; O, dry season. 


the results of analysis of variance carried out on these 
figures, comparing the proportions of each component 
eaten by different species at the same season, and by 
the same species at different seasons. This shows that in 
the dry season all three species differ significantly from 
each other in the proportion of leaf taken. In the case 
of stem, the differences in the intake between zebra and 
topi, and zebra and wildebeest are considered significant, 
and a larger sample would be likely to reveal similar con- 
fidence between wildebeest and topi. The proportions of 
sheath taken by different species are not demonstrably 
different. 

Table 4 shows a similar comparison of the grass com- 
ponents taken by Thomson’s gazelle (as a percentage of 
the total grass eaten) with those of the three other species. 
The chief difference is the larger contribution of sheath, 
which is significantly greater in comparison with zebra, 
and seems to be greater in comparison with wildebeest 
and topi. 


Table 4. PROBABILITY DIFFERENCES BETWEEN GRASS COMPONENT INTAKE 
OF THOMSON’S GAZELLE (Th) EXPRESSED AS A PERCENTAGE OF THE TOTAL 
GRASS INTAKE FOR THAT SPECIES, AND WILDEBEEST (w), TOPI (t) AND ZEBRA (2) 


Dry season 
Grass part Th/w Th/t Th/z 
Leaf * < 0-02 + 
Sheath < 0-05 < 0-05 «0:01 
Stem 0 0 * 


Table 3 also shows that in the wet season, when only 
wildebeest and zebra were collected, the proportions of 
all components taken differed with a probability of less 
than 0-001. 

Comparison of wet and dry seasons shows first a large 
decrease in the intake of leaf. This decrease, as a per- 
centage of the wet season intake, was greater in zebra 
(99-5 per cent) than in wildebeest (72 per cent). The 
difference was compensated by increases in both stem 
and sheath, the relative contribution of sheath being 
greater in wildebeest than in zebra (Fig. 3). 

The significance of these results becomes apparent when 
the mechanical and chemical properties of the components 
of diet are considered. Five components of the herb layer 
make a significant contribution to the intake of those 
ungulates; these are the leaves and fruits of dicotyledons 
and the leaves, sheaths and stems of grasses. Of the grass 
parts, the leaves have the highest ratio of protein and 
soluble carbohydrates to cellulose (fibre) and are the most 
delicate mechanically; the ratio of protein to fibre is 
lowest in the stem, which is also the toughest component, 
while the sheath is intermediate; this is the fibrous leaf 
base that is wrapped around the stem and therefore not 
easily separated from it*4. Dicotyledon leaves contain 
more protein and soluble carbohydrate than grass leaves*;? 
and they are correspondingly delicate, while their fruits 
are the component which is richest in carbohydrates, 
although probably low in protein and minerals. 
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No figures are available for the relative abundance of 
those components in the herb layer. All that can be said 
is that when the collection was made in the wet season 
(May 25-31, 1967) the standing grass crop was maximal, 
with abundant leaf and dense fruiting culms. By the 
dry season (September 6-10, 1967) the area had been 
subjected to 2-5 months without rain, to fire and to 
heavy use by migratory animal populations, with the 
result that the more delicate plant elements had been 
removed, leaving a great preponderance of stem and 
sheath. . 

The first implication of these findings is that in this 
partieular habitat in the dry season Thomson's gazelle 
relies for energy, and probably also for protein, on the 
leaves and fruits of dicotyledons, a source that is not 
shared by the three grass eating species. "The question 
arises, however, as to how the diet of this gazelle com- 
pares with that of other low level browsers, such as 
Grant's gazelle (Gazella granti), oland (Taurotragus oryx) 
and impala (Aepyceros melampus). 

Considering the three principally grass eating species, 
it is clear that the selectivity of wildebeest leads them to 
have a diet containing more protein and soluble carbo- 
hydrate than zebra, first, by preference for leaf, and 
second by preference for sheath rather than stem when 
the availability of leaf is reduced in the dry season. The 
composition of the diet of topi is intermediate. 

In view of general agreement that the particular func- 
tion of the rumen is to break down cellulose. it is sur- 
prising that the animal the diet of which consistently 
contains the most cellulose is not a ruminant. This 
emphasizes the difference between horses and ruminants, 
notably in their feeding mechanisms and digestive systems. 

First, horses differ from ruminants in possessing power- 
ful opposed incisors that can easily cut fibrous stems; the 
upper incisors of ruminants are absent and the lower 
incisors close obliquely against the hard palate. This is 
not a cutting mechanism, but acts as a trap with which 
to pull material off the plant and, it seems likely, makes 
possible most rapid intake from material of low fibre 
content, such as leaf. It therefore seems probable that 
this difference in the feeding mechanism contributes to the 
differences in the compositions of diet which we have 
described. 

This conclusion affirms the suggestion that the horse is 
specialized to have a diet with a high cellulose content. 
There is some evidence that the cellulose is broken down 
more rapidly in the caecum of the horse than in the 
stomach of the ruminant and that the horse habitually 
relies more on cellulose than on soluble carbohydrates as 
an energy source than do ruminants*. In contrast it is 
generally agreed^? that the assimilation of protein and 
energy from the rumen is more efficient from diets of low 
fibre content and that their diet selectivity is related to 
this situation. This invites comparison of the rumen with 
analogous adaptations of the gut of non-ruminants, which 
suggests that the features that distinguish it are those that 
ensure the maximum breakdown of plant cell walls 
to make available the easily digestible cytoplasmic con- 
tents. These features are those that contribute to its 
function as a filter that separates particles according to 
their specific gravity, so that no particle that has not 
been minutely macerated escapes from the regurgitation- 
mastication cycle. 

The intermediate position of the topi requires some 
explanation in relation to these conclusions about denti- 
tion and digestion. There seem to be two possibilities. First, 
the topi could be a ruminant that can assimilate energy 
from cellulose more effectively than other ruminants, so 
that its requirements and selectivity are intermediate. 
Second, it is possible that the behaviour and dentition of 
the topi is most successful in selecting leaf from a herb 
layer which has a different botanical structure from the 
area sampled. Thus the low proportion of leaf selected 
would suggest that in this area the topi was less successful 
than the wildebeest. There is some evidence (unpublished 
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results of R. H. V. B.) that these two species predominate 
in areas of slightly different grass types, and that in the 
area sampled topi were rare in comparison with the three 
other species, and in comparison with topi elsewhere. 
This second explanation, postulating simple ecological 
separation by differential efficiency in different grass 
types, seems the most likely to be correct. 

Finally, eonsideration of the differences in selectivity 
makes possible a functional interpretation of the grazing 
succession. The rate of intake by a sheep? selecting for 
à partieular component of the herb layer (in this case, 
green leaf) is reduced by the presence of other com- 
ponents. It can be supposed that the interference is least 
when the selected component is abundant and near the 
surface of the herb layer (that is, stems), and greatest 
when it is sparse and low down (that is, dicotyledon 
material) Thus zebras, with their high tolerance of stem, 
lead the succession; in so doing they open up the herb 
layer by trampling and increase the relative frequency of 
leaf by selection of stem, thereby increasing the suit- 
ability of the vegetation structure for the wildebeest 
that follow them. These in turn affect the vegetation in 
such a way as to facilitate the use of dicotyledon material 
by gazelles. The relationships between species in such a 
grazing succession can thus be seen to be facilitative rather 
than competitive, with the result that, within limits, 
their numbers are positively rather than negatively 
interdependent, 

We thank Mr J. S. Owen, director of the Tanzania 
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the Serengeti National Park during a three year ecological 
survey sponsored by the Nuffield Foundation. We also 
thank the director of the Serengeti Research Institute for 
valuable help, and the director of the EAAFRO for 
analytical facilities. 
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Drosophila: Lethal Derangements of 
Metamorphosis and Modifications of 
Gene Expression caused by Juvenile 
Hormone Mimics 


A JUVENILE hormone of insects has now been extracted 
from Lepidoptera and identified as methyl-10-epoxy-7- 
ethyl-3,11-dimethyl-2,0-tridecadienoate!, Previous to this 
identification, many synthetic or: naturally occurring 
chemicals were shown to have juvenile hormone activity, 
in some cases for a variety of insects, and in other cases 
for particular species?-*. It has proved, however, ex- 
tremely difficult to demonstrate juvenilizing effects on 
any of the Diptera with these materials*^. This was 
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unfortunate, of course, because our knowledge of the 
geneties of Drosophila, and of the giant chromosomes of 
the Diptera in general, could not be used for the analysis 
of the mechanism of action of juvenile hormone. Recently, 
however, à material of extremely high juvenile hormone 
activity was obtained" after treatment of farnesoie acid 
with ethanolie HCl. This material is à mixture of at least 
six compounds?, none of which has been identified, and 
its juvenile hormone activity may be due to one, or 
several, of its components. Tt has recently been shown? to 
have a juvenilizing effect on the pupa of Sarcophaga 
bullata; we wish to report some effects of this farnesoate 
derivative on the development of Drosophila melanogaster. 
We shall also show that another juvenile hormone mirnic 
(farnesyl methyl ether) can affect the expression of some 
mutant genes in this organism. 

Larvae were reared aseptically on a defined medium 
by a procedure described earlier!?, Eggs were collected, 
dechorionated, and sterilized by washing in detergent, 
and the larvae which had hatched 24 h later were trans- 
ferred in sterile conditions to tubes containing the 
medium. The farnesoate derivative (supplied by Dr 
Forbes W. Robertson) was administered by incorporating 
it into the food; that is, it was applied both by feeding 
and by topical application throughout the larval period. 
The farnesyl methyl ether was provided in the same way. 





Table 1. STAGE AT DEATH OF FLIES GROWN ON CONTROL MEDIUM AND OX 
MEDIUM CONTAINING PARNESOATE DERIVATIVE 
No. in Stage at death 

Treatment sample L P, Ti P. 4 A 
Control 160 29-4 0 0-6 25 ü 67:5 
Farnesoate 0-079; 120 37:5 0 108 83 a8 T5 
Farnesoate 0-149; 80 37-5 2-5 142 32:5 12:5 0 
Farnesoate 0-35% 80 42:5 0 26-2 25-0 3 0 


The strain used was tu bw; +s. Figures are percentage of original 
population of larvae. Stage L, larva: P,, puparium formation to prepupa; 
P4, prepupa to eye pigment deposition; Pa, various degrees of incomplete eye 
pigmentation ; P,, complete eye pigmentation: A, emerged as adults, 


The farnesoate was tested initially at three levels: 
0-07 per cent, 0-14 per cent and 0-35 per cent w/v. In 
these conditions, larvae (strain tw bw; + s-*") under- 
went apparently normal pupation, but development was 
arrested during the pupal stage in all cases, except for 
nine adults (from originally 120 larvae) which emerged 
in the 0-07 per cent series. The stages at which death 
occurred in these animals are shown in Table 1. At the 
lowest concentration, development was arrested in many 
cases in the late pupa; most of these animals were fully 
formed adults, often with darkened abdominal selerites, 
which were evidently unable to emerge from the puparium. 
At higher concentrations, development was arrested at 
progressively earlier times during pupation, so that at à 
concentration of 0-35 per cent w/v only 6-3 per cent of 
the animals reached the stage of complete eye pigmenta- 
tion. These arrested pupae were morphologically normal, 
that is, they did not show retention of larval characters, 
as might be expected on the basis of the effects of juvenile 
hormone on other insects. There was also a slight increase 
of larval mortality at these high concentrations. At a 
lower range of concentrations the farnesoate derivative 
permitted normal eclosion, but it caused abnormalities of 
the genitalia of the males. The external genitalia of the 
male Drosophila undergo a 360° rotation with respect to 
the rest of the body during the late stages of metamor- 
phosis". The farnesoate derivative caused various degrees 
of inhibition of this process, and the proportion of males 
showing incompletely rotated genitalia depended on the 
dose of the material. as shown in Fig. 1. The minimum 
effective dose was 0-002 per cent, and at 0-032 per cent 
almost all the males were affected. Exactly similar effects, 
that is, inhibition of metamorphosis and of rotation of 
the male genitalia, have been reported for mosquitoes 
(Aedes aegypti) by Spielman and Skaff. These authors 
also found retention of larval characters in pupae after 
treatment with farnesoate derivative, but we have not 
yet observed this effect in Drosophila. Blockage of meta- 
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Fig.l. Relationship between the percentage of males which fail to com- 
plete rotation of the external genitalia, and the concentration of farne- 
goate derivative in the medium, for the fu bw; + sum strain. 


morphosis was also obtained in the mosquito Culiseta 
inornata’ after treatment with the juvenile hormone 
mimic, farnesyl diethylamine. 

In the case of Drosophila, we have been able to study 
the effects of the farnesoate derivative on the action of a 
specific mutant gene. The strain of flies used carried a 
tu gene, at locus 83-9 on the second chromosome, which 
causes the production of benign melanotie tumours in 
about 60 per cent of the animals. The farnesoate deriva- 
tive produced a tremendous increase in the severity of 
this defect, as Table 2 shows. When the material was 
supplied at 0-35 per cent w/v, tumour expression was 
raised from the control level of 2-0 to 7-7 tumours per 
fly; this latter figure is the highest we have recorded for 
the strain, which has been studied in a variety of environ- 
mental conditions leading to increased tumour in- 
cidence!4-7. Another effect of the farnesoate derivative 
is to cause precocious tumour development; when tumour 
expression was increased by the use of this material, 
tumours began to form in the second larval instar, instead 
of in the third instar as is usually the case. 


Table 2. RELATION BETWEEN THE AMOUNT OF FARNESOATE DERIVATIVE 
IN THE DIET AND TUMOUR EXPRESSION IN THE lu bw; + awie STRAIN 


Farnesoate % w/v Tumour expression SE N 
Nil 2-00 £013 113 
0-07 4:67 +037 74 
0:14 6:38 X047 50 
0-85 7:73 i060 46 


Tumour expression is the average number of tumours per fly in the scored 
population (N). 


Other juvenile hormone mimics also raise tumour 
frequeney, but they are less effective than the farnesoate 
derivative (our unpublished results), and none of them 
arrests pupal development or upsets the proper organ- 
ization of the male genitalia. But none of the juvenile 
hormone mimies yet tested causes tumours to appear in 
wild type strains. This suggested that their influence on 
tumour expression depends on the mutant gene and, 
thus, that ehanges of gene expression might be sensitive 
indicators of the effect of these "substances" during 
development. Several Drosophila mutants, the expression 
of which was known to be readily affected by environment, 
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were therefore examined by feeding farnesyl methyl ether 
(FME) in the larval diet. The penetrance of only two 
other genes, eyeless and tetraltera, was significantly modi- 
fied (Table 3), although feeding double the tabulated 
amount of FME lowered the proportion of antennaless 
flies with missing antennae. The normalizing effects of 
farnesol on Bar eye size, reported by Dearden", have not 
been confirmed, either with farnesol or with FME fed 
germ-free in the synthetie diet (Table 2) or provided in 
the usual, live-yeast, culture medium. The expression of 
only some genes is affected by feeding FME, and so it 
seems likely that this juvenile hormone mimie acts 
specifically on the abnormal mutant developmental pro- 
cess and not just by altering general development rate. 
Melanotie tumours are the system most sensitive to this 
treatment, and it is particularly interesting that three 
non-allelie tu genes (Table 3) are similarly responsive to 
FEME. Furthermore, in all three cases the increased 
tumour expression caused by feeding FME is associated 
with tumour formation in the second instar, as with the 
farnesoate derivative. 


Table 3. EFFECTS OF FME ON THE EXPRESSION OF SOME MUTANT GENES 
Mutant Control 4mM FME 
antennaless (per cent missing antennae) 10-2 10:2 
eyeless (per cent with reduced eye size) 12-9 23:B** 
Bar (d anterior-posterior eye length, in mm) 0:117 03117 
tetraltera (per cent with transformed wing or wings) — 63-0 39.2** 
tumour (average number of tumours, tu re strain) 1:04 2.95** 
tumour (average number of tumours, £u bw strain) 116 9:41** 
tumour (average number of tumours, fu* strain) 0-20 2-90** 


_ No effects were found by feeding 4 mM FME, or more, to vestigial, radius 
incompletus or giant. 


These results show that material with juvenile hormone 
activity can, indeed, have profound effects on the 
developmental processes of Diptera, although they may 
be somewhat different from those obtained with other 
insects. It is especially encouraging that they can be 
shown to alter the expression of particular mutant genes, 
because study of these may provide useful clues for elucida- 
tion of the mechanisms of action of juvenile hormone. 

The farnesyl methyl ether used in these experiments 
was kindly provided by Roche Products, Limited, and the 
work was supported by a grant from the ARC, which is 
gratefully acknowledged. P. J. B. was in receipt of an 
SRC further training grant. 
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Unstable Germicidal Pollutant 
in Rural Air 


Iw the microthread technique! the viability of "airborne" 
microorganisms is studied by assaying their survival when 
held on ultrafine spider threads freely exposed to the air. 
The use of this technique as a sensitive detector of air 
pollution has been described before*. 

In experiments on pollution in the local atmosphere 
deseribed here, the standard procedure for handling the 
microthreads was followed exactly!. Like other vegetative 
bacteria, E. colt (MRE 162) is rapidly killed by sunlight, 
and so our tests were limited to the hours of darkness. 
To make a valid comparison of survival of E. coli in free 
air and enclosed conditions it is essential that temperature 
and humidity are the same in each case, so in each experi- 
ment the temperature of the room housing the reference 
equipment was brought to the ambient value predicted 
by a local meteorological forecast and the equipment was 
flushed with air of the appropriate humidity. 

As reference apparatus, we used both a small rotating 
drum? containing freely floating test organisms and the 
"sow" tube! which had been sealed off after depositing 
microorganisms on the microthreads held inside it. 

The test aerosol used for passage through the drum and 
the sows was a mixture of single E. coli cells and spores 
of B. subtilis var. Niger (BG). It was generated by a 
modified Henderson apparatus* in an airstream of the 
same temperature and humidity as outside. A sample of 
this aerosol (20 1.) was usually passed through a sow in 
l min to give a suitable level of deposition on the 
mierothreads. After this the sows were sealed off at each 
end and disconnected. Some of them were taken to the 
flat roof of the building, the massive sow body forming a 
thermally stable container in transit. On the roof the 
mierothreads were removed and exposed to the free air. 
Meanwhile in the temperature controlled laboratory other 
microthreads were left sealed in the reference sow and the 
rotating drum was filled with aerosol and sealed off. 
Samples from all three situations were taken at intervals. 
After assay the results were expressed as 


C, ,B 
Pi = 100f=) (= 
: (8), (5), 


Where P, is the percentage survival of E. coli at time 1, 
C and B are the counts of coli and BG obtained, the 
suffixes ¢ and R referring to the sample at time ¢ and the 
value from counts of the sprayed suspension. The func- 
tion of the BG spores was to act as a tracer; subsidiary 
experiments had shown that these were not killed by 
exposure to the atmosphere. 

Fig. 1 is typieal of many experiments conducted during 
18 months. There was close agreement between the 
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Fig. 1. Survival of E. coli in (O) drum; (@) sow; (+) open air. 
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Hours 
Fig.2. Disappearance of open air factor (OAF) when air passed down 
a tube. (@) At open mouth of tube; (A) 12 feet (0-8 s) downstream; 


(V) 42 feet (2-75 8) downstream. Conditions were 68° F and 50 per vent 
relative humidity. Further explanation in text. 


survival of E. coli contained in a drum and that when 
held on mierothreads in a closed sow, but in the open air 
E. colt usually died rapidly and its behaviour rarely 
approached that in enclosed conditions. We found that 
the bactericidal factor in the open air varied considerably 
from night to night, and also that larger cell clusters were 
less sensitive as detectors of pollution than the single cell 
aerosols that we used. 

The nature of the germicidal constituent of the atmo- 
spheric air, which we termed the open air factor (OAF), 
proved difficult to identify. Measurements of atmospheric 
ozone, using an 'Ozomat' (Hampden Test Equipment, 
Ltd), showed no correlation with the amount of OAF 
present as measured by the coli decay rate. Laboratory 
experiments in which ozone was generated in oxygen 
using Philips OZ4W lamps confirmed that OAF could 
not be due to the concentration of ozone normally present 
(range 0-8 p.p.h.m., usually 0-4 p.p.h.m.). Similarly, the 
amounts of sulphur dioxide, oxides of nitrogen, formalde- 
hyde, or air ions present in our rural atmosphere were 
shown by laboratory experiments to be without effect on 
E. coli. 

An interesting property of OAF is its rapid disappear- 
ance when passed down a tube (Fig. 2). Groups of miero- 
threads holding E. coli were placed 42 feet and 12 feet 
downstream from the mouth of a brass tube, diameter 
4-5 inch, while another group was placed at the entrance. 
The corresponding time taken for incoming air to reach 
these various positions from the tube mouth was 2-75 &, 
0-8 8 and 0 s respectively for a flow rate of 10 miles per 
hour. The removal of OAF in this short period is clearly 
demonstrated by the deereasing slopes of the survival 
curves. The curve obtained after 2-75 s shows a slope 
comparable with that expected in enclosed conditions at 
68° F and 50 per cent relative humidity for this strain of E. 
coli and indicates that OAF effects have been virtually 
eliminated. We have carried out this type of experiment 
many times in various conditions. These experiments 
demonstrate that OAF is not particulate in origin, for 
the filtration effect of this length of tubing on micron 
and submicron particles weuld be negligible. They also 
demonstrate the care which is needed when studying 
OAF to ensure that the microthreads are placed in 
immediate contact with the open air (and not at the end 
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Fig. 3. The effect of enclosure. 4, Holding period in aluminium can; 


B, exposed to atmosphere. 


of a length of ducting for the convenience of the experi- 
menter) We found that for simulating results obtained 
from the free air the optimum air velocity over micro- 
threads held at the mouth of a tube is about 4 miles per 
hour. At slower air speeds the germicidal action is 
reduced. The disappearance of OAF on enclosure makes 
the design of light traps for studies in the hours of day- 
light very difficult. 

'The enclosure effect is further demonstrated in Fig. 3. 
Two sets of microthreads with E. coli attached were pre- 
pared in sows. One set was transferred in open air from 
the sow to an aluminium can 6 inches long and 4-5 inches 
diameter which had been thoroughly flushed with “open 
air" at 40° F and 95 per cent relative humidity. The can 
was then closed. After 1 h the can was opened and the 
micro-threads exposed to the open air in the usual way. 
The second set of microthreads were exposed to the atmo- 
sphere immediately after removal from the sow. The 
timing of the spraying of the batches of microthreads was 
so arranged that their exposure to the atmosphere took 
place at the same time. During the hour in whieh E. cols 
was exposed to the “canned” air little viable decay took 
place, whereas on removal from the can the viable decay 
of the E. colt at once commenced at the same high rate 
as on freshly exposed microthreads. 

'The removal of OAF by enclosure suggests that the 
very rapid fluctuations of temperature and humidity 
eommonly found in the open air might be responsible. 
We have made many laboratory experiments but have 
failed to produce any comparable effect by exposing E. 
colt to this form of stress, even when much greater ampli- 
tudes were used than those present in the open air. 

The properties of OAF do not conform to any of the 
commonly reported pollutant gases or to ozone. Its 
ephemeral nature in tubes and containers suggests a 
metastable compound, which is stable in free air but 
which decomposes on contaet with a surface, and we have 
found that the chemieal nature of the surface influences 
the rate of decomposition. The behaviour of OAF in 
tubes is similar to that observed by Arnold* in his study 
of the “Longevity of the Phytotoxicant produced from 
Gaseous Ozone-Olefin Reactions", in which he found a 
half-life time of 6 min for the 2-pentene-ozone addition 
product and 16 min for 3-heptene-ozone in his apparatus. 
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With eertain lower olefins the disappearance of the com- 
plex is so rapid in apparatus that earlier workers failed 
to detect the phytotoxicant product. The nature and 
properties of these olefin addition compounds are dis- 
cussed by Leighton‘, and it has been shown that some at 
least of these compounds are powerfully germicidal at 
low concentration?, and they have been described in the 
Los Angeles atmosphere? as a constituent of smog. As 
the reaction proceeds in darkness it would not be sur- 
prising if the origin of OAF lies in the admixture of 
unburned fuel from internal combustion engines with the 
ozone of the general atmosphere. This unburned fuel is 
estimated to be released at a rate of 28 tons per hour in 
the United Kingdom and because of the cracking action 
in the L.C. engine the olefin content is appreciable. 

The extremely low concentration of OAF usually present 
in the air, and its ephemeral nature in apparatus, has so 
far prevented its chemical identification. The presence in 
the open air of a germieidal substance which is active on 
vegetative mieroorganisms in the range of particle sizes 
to which the lung is most vulnerable is relevant to air 
hygiene. If, as seems probable, OAF is identical with or 
closely related to the ozone-olefin complex which is a 
constituent of the phytotoxicant smogs which cause 
severe crop damage in parts of the USA, its presence in 
the air of the United Kingdom is of both economic and 
ecologieal importance. 
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Structure of Rauscher Mouse 
Leukaemia Virus RNA 


RNA tumour viruses are divided on the basis of their 
biologieal and serologieal properties into three major 
groups: avian leukosis sarcoma, mouse leukaemia sarcoma 
and mouse mammary tumour!. Common features in elec- 
tron microscopie appearance**, chemical composition? and 
the presence of a group-specific antigen common to all 
members of the respective groups’, suggest that all the 
viruses may have similar structure. Addition of inhibitors 
of DNA-dependent RNA synthesis to infected cultures 
blocks virus production for members of all three groups 
(refs. 8-10 and unpublished results of R. C. Cardiff and 
P. B. Blair), so it is also probable that they have some 
characteristics of replication in common. Single-stranded 
RNA has been isolated from several of these viruses by 
the SDS-phenol method?'-!5, In each case density gradient 
sedimentation of the RNA yielded a fast-sedimenting com- 
ponent with sedimentation coefficient (sw) of 605-755 
which was identified as the intact viral RNA, plus a 4S 
component which was thought to be degraded viral or 
cellular RNA. 

It has been shown recently in our laboratory that the 
sy of 628 RNA from Rous sarcoma virus (RSV) is reduced 
to 36S after melting of the RNA by heat or 95 per cent 
dimethylsulphoxide (DMSO). This suggests that the 
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RNA is a specific aggregate of smaller molecules rather 
than a single large polynucleotide!*, In the work reported 
here the effects of heat and DMSO on Rauseher mouse 
leukaemia virus (MLV) RNA were studied by comparing 
the sw and eleetrophoretie mobility of the RNA after 
melting with RSV RNA and other viral and cellular RNAs. 

Standard buffer contained 0-1 M NaCl, 0-01 M tris-HCl 
(pH 7-4) and 0-001 M EDTA. Electrophoresis buffer con- 
tained 4 mM tris Ac (pH 7-2), 2 mM NaAc, 1 mM EDTA, 
0-2 per cent SDS, and 5 per cent glycerol. 

Rauscher MLV was obtained from the growth medium 
of infected cultures of the cell line JLSV5, which was a 
gift of Dr F. J. Rauseher, US National Institutes of 
Health. Cells were grown and labelled with *H-uridine as 
previously described'®, ^ Purification of MLV without 
detectable disruption of virus was as described for RSV 
(ref. 17) after the addition of tryptose phosphate broth 
(Difco) to 0-3 per cent (w/v) to the medium. Growth and 
purification of RSV (refs. 11 and 17) and Newcastle 
disease virus?! (NDV) have also been described. Viral 
RNAs were isolated by the phenol-SDS method previously 
described'*. The fast sedimenting MLV RNA, RSV RNA 
and NDV RNA were prepared by sedimentation in 
glycerol density gradients (as in Fig. 1). Appropriate 
fractions were pooled and precipitated with tobaeco 
mosaic virus (TMV) RNA as carrier. Melting of RNAs 
was as previously described}. 

To determine whether the fast sedimenting MLV RNA 
was a single polynucleotide or an aggregate, like RSV 
RNA, a melting experiment was carried out. Melting of 
the secondary structure of a single RNA molecule is 
almost instantly and completely reversible?, while 
melting of an RNA aggregate results in disaggregation. 

Disaggregation was tested for by measuring the s, of 
MLV RNA before and after melting as follows. A mixture 
of *H-MLV RNA, *?*P-NDV RNA and TMV RNA was 
divided into three equal samples. The first was sedimented 
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without further treatment. The second was incubated a£ 
80? C for 2-5 min, then chilled in melting ice, and the third 
was incubated in 95 per cent DMSO at room temperature 
for 30 min. The results of a sedimentation analysis of all 
three samples (Fig. 1) indicate that the s, of MLV RNA 
was reduced significantly by heat and treatment with 
DMSO while the s» of NDV RNA and TMV RNA remained 
unchanged. The sẹ of NDV RNA and MLV RNA were 
calculated by the method of Martin and Ámes?!', using 
TMV RNA as a 31$ sedimentation marker*.. Unmelted 
MLV RNA sedimented at 638. After melting, MLV RNA 
sedimented as a rather broad peak in comparison with 
NDV or TMV RNA and it had a distinct shoulder on the 
leading edge of the peak with an s, of 378. The remainder 
and most of the melted MLV RNA was heterogeneous 
and more slowly sedimenting. After melting, the sedi- 
mentation pattern of MLV RNA appeared very similar 
to that of RSV RNA, where the major component sedi- 
mented at 365 (ref. 16). In some RSV RNA preparations, 
the amount of the more slowly sedimenting heterogeneous 
RNA species was also greater than the amount of the 368 
component (unpublished results of P. H. D.), as seen here 
for MLV RNA. 

The disaggregation temperature of MLV RNA was 
determined by measuring its s, after heating at various 
temperatures in the presence of NDV and TMV RNA. 
After heating at 40? C for 3 min, the RNAs sedimented 
in the same positions as shown in Fig. L4. Fig. 2 gives 
the results of sedimentation after heating at 46° © (A) 
and 52° C (B). After 3 min at 46? C, partial disaggregation 
of MLV RNA was indicated by its shift to a position 
intermediate between 635 and 375, while NDV and TMV 
RNAs were not changed. Three minutes at 52? C resulted 
in complete conversion of MLV RNA to the 375 form. 
Exposure at higher temperatures up to 80? C did not 
further reduce the sedimentation rate of MLV RNA. 
Thus thermal disaggregation of MLV RNA occurred 
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Fig. 1. (A-C) Sedimentation of *H-MLV RNA (@), *P-NDV RNA (^) and TMV RNA (©) before (A) and after (B, C) melting, 


A mixture 


of *H-MLV RNA, #P-NDV RNA and 100 ug TMV RNA in 450 gl. electrophoresis buffer was divided into three equal parts, 4, B and C. 
4 waa sedimented directly after the addition of NaCl to 0-1M. B was incubated at 80° C for 2-5 min, chilled, then NaCl was added to 0-1 M 


before sedimentation. 


C was incubated for 30 min at room temperature with 20 volumes of DMSO and then chilled in ice; the RNAs were 


precipitated by addition of 15 ul. 2 M NaAc, pH 5-5, and 4 volumes of ethanol and redissolved in 150 ul. standard buffer for sedimentation. 
Centrifugation was in a 15-30 per cent glycerol gradient in standard buffer for 60 min at 65,000 rpm, in a Spinco SW65 rotor at 8^C. 
Fractions were collected dropwise and absorbance at 260 my was determined after addition of 200 x]. H,O to each fraction. After addition 


of 200 ug yeast RNA, acid-precipitable radioactivity was collected and washed with 5 per cent TCA on ‘Millipore’ filters. 


Dried filters were 


counted in toluene scintillation fluid in a "Tricarb' scintillation counter. 
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Fig. 2. Sedimentation of *H-MLV RNA (@), "P-NDV RNA (^) and 


TMV RNA (©) after incubation for 3 min at 46° C (A) and 52°C (B) in 

0-01 M. NaCl, 1 mM tris HCI (pH 7-4), 1 mM EDTA and 6-1 per cent 

SDS. NaCl wasadded to a final concentration of 0-1 M before sedimenta- 
tion. Glycerol gradient sedimentation was as described for Fig. 1. 


in the same conditions (407-52? C. 0-01 M NaCl) as 
those that caused disaggregation of RSV RNA. 
Electrophoresis in polyacrylamide gels was used as an 
independent means to decide whether the observed 
reduction of the sw of MLV RNA after melting represents 
a disaggregation which results in an increased electro- 
phoretie mobility or an extreme conformational change 
(unfolding), which results in a decreased electrophoretic 
mobility. The electropherograms shown in Fig. 3 suggest 
that MLV RNA and RSV RNA (ref. 16) disaggregated 
after melting. Fig. 34 shows that after electrophoresis of 
unmelted *H-MLV RNA and *P-NDV RNA, the two 
RNAs were only slightly separated, with the NDV RNA 
having greater mobility. Heating a mixture of the same 
two RNAs plus *?P-chick cell RNA at 80° C for 2-5 min 
before electrophoresis resulted in the pattern shown in 
Fig. 3B. The mobility of the #P-NDV RNA remained 
unchanged, while the *H-MLV RNA migrated farther 
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acrylamide gels. 


Procedure for electrophoresis was as described previously’. 
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into the gel, with a major component of lower mobility 
than 28S cell RNA. The remaining MLV RNA had a 
heterogeneous distribution with mobilities in the range of 
288 and 18S cell RNAs. The amount and distribution 
of the heterogeneous smaller RNA species were comparable 
with that in glycerol gradients (Fig. 1). Fig. 3C gives a 
direct comparison of the electrophoretic mobilities of 
32P-RSV RNA and *H-MLV RNA after melting at 80^ C. 
While the major component of MLV RNA had a slightly 
lower mobility than that of RSV RNA, the patterns of 
both RNAs showed great similarity. The amount of 
fast-migrating, heterogeneous RNA was greater in the case 
of MLV, as was seen in sedimentation gradients. Melted 
MLV RNA appears more heterogeneous in the gel electro- 
pherogram than in the glycerol gradient because gel 
electrophoresis resolves smaller RNAs much more com- 
pletely because of their higher mobility, whereas sedimen- 
tation resolves large RNAs better because of their high sus. 

The experiments described here offer evidence that 
MLV RNA and RSV RNA have similar physical properties 
which are quite different from those of NDV and TMV 
and cellular RNAs. These suggest that 628 MLV RNA 
is an aggregate of smaller molecules held together by 
weak physical bonds and not a single polynucleotide as 
believed earlier’. On the basis of calculations performed 
for RSV RNA (ref. 16), it can be estimated that the 
largest subunit of MLV RNA has a molecular weight of 
about 3x10*. The amount of heterogeneous RNA of 
lower molecular weight in the fast sedimenting component 
of MLV RNA as revealed by melting varies with different 
preparations, and it cannot be determined from our 
experiments whether the smaller species are essential or 
represent degraded 37S RNA. Neither can we state 
whether the RNA of infectious virus particles is that 
which we have disaggregated, because infectivity of MLV 
RNA has not been demonstrated. 

The finding that the RNAs of two tumour viruses from 
two different groups can be disaggregated by treatments 
which do not affect other viral or cellular RNAs, however, 
suggests that an aggregate may be common structure for 
tumour virus RNAs of the avian leukosis sarcoma and 
the murine leukosis sarcoma group. Similar experiments 
suggest that the fast sedimenting RNA of mammary 
tumour virus also has an aggregate structure’, 
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Electrophorograms of unmelted (4) ard melted (B, C) *H-MLV RNA with marker RNAs after electrophoresis in 2:2 per cent poly- 


(The gel slicers useé consisted of 1 mm spaced razor blades 


obtained from Diversified Scientific Instruments, Inc., California.) Samples were applied in electrophoresis buffer. (A) Electrophoresis of 


unmelted *H-MLV RNA ( 


)and #P-NDV RNA (A) for 4 h at 8 Viem. ;) : 1 
3:p.N DV. RNA and 52P-chick cell RNA (A) which had been heated at 80° C for 2-5 min in 60 ul, electrophoresis buffer. 


(B) Electrophoresis of a mixture of *H-MLV RNA (4 and 
Electrophoresis as for 


A, (C) Electrophoresis of a mixture of TH-MLV RNA and 3?P-RSV RNA after incubation at 80° C for 2-5 min in 50 al. electrophoresis buffer.. 
i Electrophoresis was as for A. 
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Potentiation of Experimental Arbovirus 
Encephalitis by Immunosuppressive 
Doses of Cyclophosphamide 


Tue role of the immune response in recovery from primary 
viral infection has been debated for many years, in part 
because of the inconclusive nature of the relevant evi- 
dence'?, The ability of children with defective immuno- 
globulin synthesis to recover uneventfully from certain 
viral infections?, and the recognition of non-immune host 
defences such as interferon*, have suggested that the 
immune response plays a small part. The recent develop- 
ment of an inereasing variety of techniques for the produc- 
tion of immunosuppression permits a re-examination of 
the question, Using the potent alkylating agent, cyclo- 
phosphamide??, we have found that administration of 
immunosuppressive doses of the drug converts a silent 
abortive arbovirus infection of the rodent central nervous 
system (CNS) into a lethal encephalitis. 

Methods have been described in detail elsewhere?* and 
are summarized briefly here. The JCR (Institute for 
Cancer Research) strain of mice and Wistar strain of 
rats, obtained from commercial breeders, were used 
throughout. Dengue virus, type 1, Hawaiian strain, 
and West Nile virus. strain E101, were prepared as har- 
vests of brains of moribund suckling mice. For immuno- 
fluorescent studies the direct method was used. Serum 
antibody was determined by haemagglutination-inhibition 
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Fig. 1. Effect of cyclophosphamide (CY) on dengue (D) virus infection 

in adult mice after intracerebral inoculation of 1,000 suckling mouse 

LD;, of line MP-3, Cyclophosphamide intraperitoneal dosage schedule: 

150 mg/kg on days 1, 7 and 14 after infection. B, HI antibody: positive 

(titre 10 or greater) sera divided by number tested, C and D, Points 
represent determinations on pools of three brains. 


(HI) tests of sera extracted with acetone, or by neutral- 
ization tests in suckling mice®. Interferon was titred 
by reduction of plaques of vesicular stomatitis virus in 
primary mouse embryo tissue cultures’. 

We have studied in detail the pathogenesis of infection of 
the central nervous system (CNS) of rodents after intra- 
cerebral inoculation of two group B arboviruses---dengue 
and West Nile viruses??. In both cases, the outcome of 
infection depends on the species and age of the host, and 
on the strain and dose of the virus. By selecti 
proper combination of host and virus it is possible regu- 
larly to produce subclinical CNS infections in which the 
virus infects a limited number of neurones and produces 
a definite but mild histological encephalitis. 

Two strains of dengue 1 virus were studied which had 
been passaged 3 and 125 times in brains of suckling or 
weanling mice. Line M P-125 had an intracerebral titre 
in suckling mice of 10** LD,.g of brain and 10*' LD;, 
in adult mice. Line MP-3 had an intracerebral titre of 
10*5 LD,, in suckling mice, and killed no adult mice at 
any dilution. 

Fig. 1 shows the course of abortive CNS infection 
after intracerebral inoculation of 10° suckling mouse 
LD, of MP-3 virus into adult mice 20 weeks of age. 
Although no animals died (Fig. LA), the virus underwent 
a minimal degree of replication in the brain. By day 15, 
virus had disappeared from the brain and HI antibody 
had appeared (Fig. 1B and C). When mice were given 
cyclophosphamide, 150 mg/kg on days 1, 7 and 14 after 
inoculation of virus, all animals developed signs of ence- 
phalitis and died 19 to 25 days after infection (Fig. 14}. 
No serum HI antibody was found in animals which were 
treated with cyclophosphamide, indicating that the drug 
had probably suppressed the immune response (Fig. 18). 
The course of virus replication in the brains of mice 
treated with cyclophosphamide was similar to that in 
controls until about 7 days after infection when virus 
titres rose gradually to reach a level which, at the time 
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Fig. 2. Effect of cyclophosphamide (CY) on West Nile (WN) virus 
infection in adult rats, following intracerebral inoculation of 10°? 
suckling mouse LD,, of strain E101. Cyclophosphamide intraperitoneal 
dose schedule/kg: 100 mg on day 1, and 50 mg on days 8 and 14, 
A, *, remaining animals killed, C, Virus titres are means of two or 
three brains tested separately. D, Range of variation in frequency of 
immunofluorescent neurones in diaerent CNS areas indicated by vertical 
nes, 


of death, was about 1,000-fold above the maximum titre 
in the brains of control animals. 

It may be questioned whether the suppression of the 
immune response found in mice treated with cyclophos- 
phamide was the cause of the enhanced virus levels in 
the CNS. Thus cyclophosphamide has been reported to 
inhibit the production of interferon™. Fig. 1D shows that 
concentrations of interferon were actually higher in the 
brains of drug-treated miee. This is consistent with 
earlier observations"? that concentrations of interferon 
were regularly higher in virus-host combinations which 
were eharaeterized by lethal encephalitis and high virus 
levels in the CNS. 


BFFEOT OF CYCLOPHOSPHAMIDE ON DENGUE IMMUNIZATION OF 
ADULT MICE 


Table 1, 


Survival ratio after intracerebral 
Immunization procedure 


Virus Drug M P-12 MP-3 
Dengue Saline 10/13 10/10 
Dengue CY 0/11 4/9 
NMB Saline 0/8 8/8 
NMB cy 0/8 78 


Immunization procedure: intraperitoneal inoculation of 10*5 suckling 


mouse LD,, of dengue virus, line M P-125, on days 0, 6, and 13, followed by 


intraperitoneal cyclophosphamide, 150 mg/kg, on days 1, 7, and 14. NMB: 
normal mouse brain. Challenge; 10°* suckling mouse LD;, of dengue virus, 
M P-125, or 10* * LD& of M P-3 22 days after beginning immunization. 


Table 1 presents additional evidence that enhancement 
of infection by eyelophosphamide is associated with its 
immunosuppressive action, Adult mice were immunized 
by intraperitoneal inoculation of dengue virus, with and 
without simultaneous treatment with cyclophosphamide. 
One week after the last inoculation of antigen and drug, 
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animals were challenged by an intracerebral inoculation 
of either MP-125 or MP-3 lines. About 75 per cent of 
immunized mice survived challenge with M P-125, but no 
mice which were given cyclophosphamide during immu- 
nization survived challenge.. The results with Af P-3 were 
more remarkable: this virus is relatively innocuous, so 
that almost all normal as well as immunized mice survived 
challenge. Only about 50 per cent of mice given cyclo- 
phosphamide during immunization survived challenge, 
however, an effect not seen with cyclophosphamide 
alone. Several investigators? have shown that an immu- 
nization-cyclophosphamide schedule, similar to that which 
we have used, can preferentially destroy immunoglobulin- 
producing cells which respond to the immunizing antigen, 
producing a transient state of reduced immunocompetence 
specific for that antigen. This observation suggests that 
immunized animals which were treated with cyclophos- 
phamide showed enhanced viral susceptibility as a result 
of residual immunosuppression lasting beyond the imme- 
diate action of cyclophosphamide. 

The salient observations on dengue virus were repeated 
for West Nile virus, strain E101, which has an intra- 
cerebral titre of 10° LD,, in suckling mice and rats, and 
a titre of 10° LD;, in adult mice. Weanling and adult 
rats survive any dose of virus, however. After intra- 
cerebral inoculation of adult rats the virus multiplies 
to low levels in the brain, producing a mild encephalitis 
which is clinically inapparent. This abortive CNS infec- 
tion is not associated with increased interferon production 
or with reduced receptor site activity in the resistant 
animal brain (unpublished observations of A. H. ElDadah). 

Treatment with cyclophosphamide markedly changed 
the course of West Nile virus infection in adult rats (Fig. 
2A). No more than 25 per cent survived infection, 
compared with 80 per cent survival of cyclophosphamide- 
treated controls (20 per cent died of drug toxicity) and 
100 per cent survival of virus controls. There was com- 
plete suppression of serum neutralizing antibody in the 
treated rats (Fig. 2B), and virus reached a level in the 
brain which was about 100-fold greater than in control 
animals (Fig. 2C), and persisted at this level for about 
2 weeks after it had disappeared from the brains of 
control animals. 

A comparison was made of the number of neurones 
infected with West Nile virus in the brains of rats treated 
with cyclophosphamide and control animals using 
immunofluorescent staining. The results were parallel to 
virus titrations. In control animals immunofluorescence 
was only seen 7 days after infection (Fig. 2D) at a level esti- 
mated between 0-01 and 0-1 per cent of the total popu- 
lation*. Rats treated with cyclophosphamide showed the 
same frequency of immunofluoreseent cells on day 7, 
but immunofluorescence was much more frequent 14, 21, 
and 28 days after infection. 

A histological comparison was made of the cumulative 
effect of West Nile virus infection in the brains of con- 
trols and animals treated with cyclophosphamide, killed 
28 days after infection. Rats inoculated with virus alone 
showed a few small perivascular cuffs and focal infiltrates, 
with little or no evidence of loss of neurones*. In dramatic 
contrast, brains of rats which were inoculated with virus 
and then given cyclophosphamide showed very severe 
destructive lesions of the cerebral cortex and hippocampus, 
with almost total loss of neurones in some animais. Brains 
of rats which were inoculated with cyclophosphamide 
alone showed no apparent abnormality. 

Our results indicate that treatment with cyclophos- 
phamide can markedly enhance the replication of two 
group B arboviruses in the brains of rodents. Although 
the drug was given in doses sufficient to suppress the 
serum antibody response, it must be recognized that the 
data do not provide definitive proof that the effect was 
mediated solely by immunosuppression. Several observa- 
tions, however, suggest that immunosuppression was the 
primary factor: (1) Growth of both viruses in the CNS 


NATURE, VOL. 220, OCTOBER 26, 1968 


of animals treated with cyclophosphamide was similar 
to that in control animals for about 1 week after infection, 
indieating that the drug had not directly affected the 
susceptibility of host neurones*. (2) There was no evidence 
that enhancement of virus replication could be attributed 
to reduced interferon production in animals receiving 
eyclophosphamide. (3) The apparent enhanced suscepti- 
bility to dengue virus 1 week after combined immunization 
with dengue and treatment with cyclophosphamide was 
not seen in animals given cyclophosphamide alone. If 
cyclophosphamide potentiation of infection is mediated by 
immunosuppression, the relative importance of cellular 
and humoral components of the immune response remains 
to be determined, as both are suppressed by the drug**. 
Hirsch and Murphy (ref. 13 and personal communication) 
have reported that doses of anti-lymphoid sera, sufficient 
to depress the cellular component of the immune response, 
have little or no effect on yellow fever or Sindbis virus 
infections, suggesting that the humoral component may be 
of greater importance. 

Our findings may provide some insight into age-depen- 
dent resistance of rodents which undergo silent abortive 
CNS infections following intracerebral inoculation of 
arbovirus. It seems that limitation of the infectious 
process to a small number of neurones is not a result of 
any absolute resistance of the uninfected majority of the 
cell population. Rather, these data favour the view that 
there is an alteration of one or more of the steps involved 
in virus replication, resulting in a quantitative decrease 
in the efficiency of infection in individual cells of resistant 
rodents. This leads to an indolent spread of virus through 

the population of host cells, and in these circumstances 
' the immune response can out-race the virus! and abort the 
infectious process. 
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and H. Rivet, F. West and J. Hodous for technical 
assistance. This work was supported in part by the 
US Army Medical Research and Development Command, 
and by a grant and research career development award 
from the National Institute of Neurological Diseases and 
Blindness, US Public Health Service. 
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The H-Y Transplantation Antigen: 
A Y-linked or Sex-influenced 


Factor? 


IN mice and rats there is one exception to the rule that 
grafts are always accepted between members of an isogenic 
population. This applies when females are challenged 
with skin and other tissues from male donors'-*. The 
ability of females to reject these grafts varies from strain 
to strain. For example, while virtually 100 per cent of 
C57BL/6 (hereafter C57) females and about 75 per cent of 
A strain females reject male skin isografts, CBA and AU 
strain females usually accept such grafts. This inter- 
strain diversity oecurs despite the fact that the specificity 
of the Y antigen or “Y factor" is apparently the same in 
male mice of all stocks’. The basis for this variability 
stems from two factors: the first is the genotype of the 
female which determines her capacity to react against 
male skin and the second is the genetic background of the 
male which influences the expression of the Y antigen*. 
Thus the complete penetrance of the Y factor in C57 
mice is due to the females of this strain being relatively 
strong reactors against male skin isografts, and is not 
because the antigen is strongest in this strain. Indeed, 
that the antigen is weaker in C57 males than in CBA 
males follows from the fact that (CBA x C57)F, hybrid 
females reject grafts from CBA males more frequently 
than from C57 males*. 

Because the rejection of a graft depends on it possessing 
at least one antigen not present in the host, and because 
the only genetic difference between male and female 
members of an isogenic strain is that males have a 
chromosome, the Y chromosome, which has no homologue 
in females, there are two possible explanations for the 
rejection of male skin isografts by females: the first, 
which is the simplest and most widely accepted, is that a 
histocompatibility antigen(s) is determined by a locus on 
the Y chromosome; and the second explanation is that 
the Y factor is autosomally determined but is only 
expressed in the presence of the Y chromosome or, more 
specifically, a male hormonal environment. Evidence for 
the second explanation was produced by the findings 
that the antigenicity of the skin as demonstrated by its 
extended survival on adult females can be significantly 
reduced by castrating males at or shortly after birth or 
by raising neonatal male skin on adult females*, Tt 
might also be argued that a female endocrinological 
environment could be involved in repressing the develop- 
ment of the Y antigen. 

It follows that, if the genetic information for synthesis 
of the male antigen is autosomally determined but is 
expressed only in the presence of male hormone (or, 
possibly, in the absence of female hormones), grafts of 
skin from neonatal female donors transplanted to iso- 
logous adult male hosts might be induced to produce the 
Y antigen. If this is the case such grafts could not be 
expected to survive their retransplantation to adult 
females, particularly if the latter have previously been 
sensitized against the Y antigen. The work reported here 
was undertaken to determine the validity of this explana- 
tion. We have also investigated whether skin grafts 
derived from males castrated as adults resemble those 
from males castrated at birth in being less antigenic 
than those from normal adult males. 

The mice used were derived from domestically main- 
tained sublines of C57BL/6 and A strains, the former 
derived from a breeding nucleus obtained from the Jackson 
Laboratory in 1957. The median survival time of first-set 
male skin isografts on C57 females was about 27 days, 
and second-set male grafts were usually rejected within 
14 days. 

To determine the consequence of raising female skin in 
a male environment, full-thickness grafts from C57 
females, less than 24 h old, were transplanted to adult 
males of the same strain!*. Each host received a graft 
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comprised of about half of the donor’s integument. As 
expected, these neonatal grafts healed rapidly and 
acquired a dense population of hairs, many of which were 
unpigmented, presumably because of the heightened 
susceptibility of follicular melanocytes to trauma or 
ischaemia during hair growth. These grafts were left 
on their male hosts for at least 100 days, a period which 
afforded ample opportunity for them to display the Y 
antigen if it was to be expressed as a consequence of their 
altered surroundings. These female grafts were then 
excised and transferred to either normal C57 females or 
to specifically sensitized females—-that is, animals which 
had previously rejected two successive male skin isografts, 
transplanted to beds prepared on the right and left side 
of their lateral thoracic wall, respectively. 

Because both types of secondary hosts were capable of 
reacting immunologically against the Y antigen, their 
acceptance of male-reared female grafts would be indica- 
tive of an absence of the Y antigen. On the other hand, 
rejection of these grafts would be open to two possible 
explanations: either it could imply that & histocom- 
patibility gene responsible for the Y factor had been 
“switched on" or it might suggest that, during their long 
sojourn on adult males, the vascular endothelial and 
fibroblast cells of the graft had been replaced by host 
cells, the total demise of the graft being a result of the 
secondary female host’s reactivity against these adven- 
titious male cella, 

Twelve normal and sixteen specifically sensitized females 
received grafts of male-reared neonatal female skin. The 
fates of the grafts were similar in both groups of hosts 
(Table 1). Although some of the grafts were well healed 
when the dressings were removed on the ninth day after 
the operation and remained in impeccable condition for 
more than 100 days, most displayed areas of necrosis of 
variable extent at the primary inspection which led to a 
certain degree of contracture and transient cosmetic 
imperfection. In no case, however, did these initial lesions 
progress: affected grafts, though of diminished size, made 
a full recovery, regenerating hair crops of normal density. 
There was no subsequent indication that they were being 
subjected to an immunological attack. Although it is 
conceivable that the initial crises experienced by some of 
these grafts were a result of their expression of the Y 
antigen, it seems much more likely that they were a 
result of non-specific ischaemic necrosis caused by their 
excessive thickness. Unlike grafts of normal adult skin, 
these “passaged” grafts of neonatal skin remained very 
thick and fibrotic. Consequently when they were removed 
from their primary hosts it was impossible to reduce their 
thickness sufficiently to facilitate prompt healing and 
revascularization. 

To evaluate more critically the extent to which ‘‘con- 
tamination” by immigrant male cells was responsible for 
the shortcomings observed during the healing-in phase of 
grafts transferred to adult isologous female hosts the 
following experiment was performed. Skin grafts from 
newborn C57 female donors were transplanted to adult 
(C57 x A)F, hybrid females. When the grafts had been 
in residence for 100 days, they were carefully excised, and 
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their dermal surfaces were trimmed. They were trans- 
ferred to adult C57 females which had previously been 
sensitized against tissue from A strain donors. Because 
the original cell population of these grafta was genetically 
compatible with both their primary and secondary hosts 
any demonstrable incompatibility with the secondary 
host would be an indireet consequence of the presence of 
a specific attack against contaminating highly immuno- 
genic hybrid cells. Acceptance of these grafts would 
indicate the absence of significant cellular contamination, 
which is unlikely, or would suggest that the host attack 
on the incompatible cell population did not affect the 
genetically compatible cells. 

Of the grafts transplanted to twelve C57 female hosts 
presensitized against A strain tissue three failed to become 
established on their hosts and the rest underwent transient 
initial “‘healing-in”’ crises of the type already described 
(Table 1). The total destruction of the three grafts may 
well have been due to a combination of non-specific 
ischaemic necrosis in conjunction with the host’s attack 
on the minority of highly incompatible contaminating 
hybrid cells. 

Substantiating evidence that neonatal female grafts 
raised on males do not develop the male antigen was 
afforded by the continued persistence of these grafts in 
excellent condition on secondary, originally normal C57 
females, which, after they had accepted these transferred 
grafts for 100 days, were challenged with isografts of 
adult male skin. The cbservation that survival of these 
male grafts was significantly curtailed—almost all were 
rejected within 15 days—indicated that the passaged 
female grafts must have carried over a sufficient number of 
primary (male) host cells to sensitize them against the Y - 
antigen. Finally, female grafts which had been raised on 
males and were regrafted 100 days later to sensitized 
females were completely unaffected when the sensitivity 
of their hosts was further “boosted” with an intraperi- 
toneal inoculation of 20x 10* isologous male lymphoid 
cells (Table 1). 

To determine whether eastration of adult male mice 
affects the expression of the Y antigen in their skin, C57 
males were castrated when 60 days old. After 200 days, 
skin removed from these animals was transplanted to 
normal adult females and the survival of these grafts 
was compared with that of grafts derived from uncastrated 
male littermates. The results show that castration in 
adult life does not affect the antigenicity of male skin 
(Table 2). 

Because skin isografts from adult males are almost 
invariably rejected by adult females, even after prolonged 
periods of residence, it seemed unlikely that residence of 
adult male skin in an environment of female hormones 
would affect its antigenicity. To obtain more critical 
evidence on this point, skin grafts from normal adult 
C57 males were grafted to isologous adult females which 
were tolerant of the Y antigen as a result of neonatal 
injection of 5x 10* spleen cells from adult C57 males. 
After these grafts had been in place for 122-200 days 
they were carefully excised, trimmed and transplanted 
to normal isologous females. Of the twenty-five grafts 


Table 1. FATE OF NEONATAL C57 FEMALE GRAFTS TRANSFERRED TG NORMAL OR SENSITIZED (57 FEMALES AFTER SUSTENANCE BY C57 MALE OR C57/A 
FEMALE HOSTS 


No, of grafts Survival times of grafts of 


Host in which Survival times adult C57 male skin trans- 
Type of test graft Immunologic status No. ihere were of grafts planted to hosts after 
healing-in (days) initial grafts had been in 
crises residence for 100 days 
Neonatal C57 female skin which has Normal adult C57 female 12 7 12x >100 _, 9-18 days 
been in residence on adult C57 (MST 132-7 £ 1-27 days) 
male for at least 100 days 
Neonatal C57 female skin whieh has C57 females presensitized against Y 16 10 16x 2100 
been in residence on adult C57 antigen and given an i.p. injection 
male hosts for at least 100 days of 20x10* C57 male lymphoid 
cells 50 days after receiving their 
test grafts 
Neonatal C57 female skin which has C57 females presensitized against A 12 11 ax P160 
been in residence on adult (C57 x ADF, strain tissues 3x «11 


females for 100 days 


Nature. October 26. P968, p. xx 


Only Perkin-Elmer'$ Model R12 NMR Spectrometer 
gives you a 21" spectrum every 5 minutés 
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* Perkin-Elmer NMR means permanent- XckX* Every five minutes the R12 gives 
magnet NMR, with its unparalleled stability you a high resolution spectrum on a large 
and operating simplicity. Only Perkin-Elmer chart. Large enough to make accurate 
have experience—ten years experience— measurements, see all the detail recorded. 
with permanent-magnet NMR. The Model And only Perkin-Elmer use the Flowchart 
R12 uses all of this experience. system—60 calibrated self-aligning 
KX charts per roll. 
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resolution stability, measurement accuracy, 
flexibility, simplicity of operation, 

Compare it with any other instrument. 
Compare the price, too. 

Find out more about Perkin-Elmer NMR. 
Perkin-Elmer Ltd., Beaconsfield, Bucks. 
Telephone: Beaconsfield 2571, Telex: 83257. 








N-METHYL-N'-NITRO-N-NITROSOGUANIDINE (MNNG) 
Cancer Research Tool and Mutagen 





Higher Diazoalkanes 





Many of our more than 16,000 compounds (over 8,000 in our Catalog 
No. 14 and 8,000 in our Library of Rare Chemicals) have excited our 
imagination—o,p'-DDD and "Alpurine" and 6-azauridine in cancer- 
chemotherapy; DCC and the Woodward's Reagents in the building of 
peptides; adamantane as a many-faceted medicinal building block— 
but none more than N-methyl-N-nitro-N'-nitrosoguanidine (MNNG). 


It was the first compound we ever sold, seventeen hundred dollars’ 
worth in our first year, exclusively as a convenient precursor for 





Gross mouse leukemia virus . i 
particles in a megacaryocyte of diazomethane.! Our Diazald costs much less and is not a skin irritant, 


the spleen of a leukemic rat. and so we no longer recommend MNNG for the preparation of CH,N,. 


The higher alkyl derivatives of N'-nitro-N-nitrosoguanidine are, we believe, the most convenient precursors? 
for diazoalkanes and the ethyl-, propyl-, butyl-, isobutyl-, amyl-, isoamyl-, hexyl- and octyl-derivatives are 
available from stock. Data sheets on MNNG and on the preparation of diazoalkanes are available on request. 


Around 1955 the Cancer Chemotherapy National Service Center (CCNSC) routinely screened MNNG and 
found? it active against leukemia L1210 in mice; of 53 related compounds studied, MNNG and the 8-halo- 
ethylnitronitrosoguanidines were found the most active. Why is it, we wonder, that so often the first active 
compound discovered in a series is also the most active? 


Since then, thousands of Aldrich compounds have been screened by the CCNSC, and of the hundreds of 
companies submitting compounds, only two have submitted more than Aldrich. We are in excellent company— 
and we feel like Gulliver in Brobdingnag. 


Now MNNG has been found to be one of the most potent mutagens known, and in bacteria MNNG rather 
than its break-down products is the active agent.* The inhibition of E. coli by MNNG can be reversed non- 
specifically by various amino acids and sulfhydryl groups’; and the optimal conditions for the mutagenesis in 
E. coli KI2 by MNNG have been determined.? Under conditions permitting over 50% survival it induces at 
least one mutation per treated cell. If only we could write like Jules Verne or Isaac Asimov—what a yarn we 
would weave! 

MNNG (our No. 12994-1) is available from stock at $10.00 for 10 grams and $22.00 for 25 grams 
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Table 2, SURVIVAL TIMES OF SKIN ISOGRAFTS FROM NORMAL MALES AND 
FROM MALES CASTRATED 200 DAYS PREVIOUSLY ON NORMAL FEMALE 
RECIPIENTS 

Distribution of graft survival 
Donor No.of times (days) MST 
recipients 14 15-24 25-50 51-75 76-100 (days) 
Normal 23 0 $-8; S.D. 1-4 


9 n 2 0 27.61 
Castrated 21 9 3 18 0 0 31-0426; S.D. 1-22 


Table 3. SURVIVAL TIMES OF ADULT MALE SKIN ISOGRAFTS BORNE BY 
TOLERANT FEMALES WHEN REMOVED AND TRANSPLANTED TO NORMAL FEMALE 
RECIPIENTS 


Days on No. of Subsequent survival on secondary 
tolerant female grafts normal female hosts (days) 
122 3 24, 84, 44 
130 7 19, 19, 22, 26, 26, 28, 51 
200 15 16, 16, 17, 17, 20, 26, 26, 26, 27, 


33, 35, 39, 40, 40, 41 
MST (days) = 27:8 € 3-8 days; S.D,=1-37 days. 


tested all were rejected within 51 days, and the median 
survival time of the group was 27-8+3-3 days (Table 3). 
This is very similar to that of control male isografts on 
adult C57 females, and affords additional evidence there- 
fore that the antigenicity of adult male skin is unaffected 
by long term deprival of the influence of the male 
hormonal environment. 

The results of this investigation, which cast serious 
doubts on an autosomal mode of inheritance for the Y 
antigen, are at variance with those recently reported by 
Engelstein“, While the present study was in progress, 
this investigator, utilizing an essentially similar experi- 
mental design, reported that female grafts sustained from 
birth in a male environment were induced to express the 
Y antigen. Engelstein found that eight out of ten neo- 
natal female donor skin grafts that had been in residence 
on adult males for 40—43 days were rejected when returned 
to immunized females. It is very difficult to reconcile 
these observations with ours, especially because the same 
strains were used. There are only two significant differences 
between the two studies. First, our neonatal female 
grafts were maintained in a male environment for more 
than twice as long as Engelstein's—a factor which, if 
anything, would have been expected to inerease the 
rejeetion rate of these grafts by secondary female re- 
cipients. Second, in this work, control grafts which were 
raised on C57/A hybrids were returned to sensitized C57 
females instead of to normal animals. It is surprising that 
Engelstein makes no mention of having observed the 
transient healing-in difficulties noted here when originally 
neonatal grafts were returned to compatible recipients. 

While our observations are consistent with the fact 
that the male antigen is determined by a histocom- 
patibility locus associated with the Y chromosome, they 
certainly do not prove that this is the case. If the locus, 
however, is Y-linked, it might help to explain why no 
alleles have been detected. A histocompatibility locus 
the primary effect of which was involved with some aspect 
of sex determination would be expected to be stable. On 
the other hand, if the locus was present in males and 
females, that is, was autosomal, its great stability would 
contrast with the multiple series of alleles known to occur 
at other H loci!5. 

Regardless of the mode of inheritance of the Y antigen, 
its expression in males can be influenced by neonatal 
castration. Thus Poláčková and Vojti8kova®?® found that 
50 per cent of skin grafts derived from 65-80 day old 
C57 male animals castrated within 12 h of birth were 
permanently accepted by normal adult females. In this 
work, castration of C57 males in adult life did not result 
in any perceptible weakening of the antigenicity of their 
skin. 

Furthermore, it has been shown that long term main- 
tenance of adult C57 male skin in a female endocrinological 
environment afforded by immunologically tolerant females 
does not weaken their antigenicity. This finding is not 
surprising because orchidectomy carried out 12-24 h after 
birth is significantly less effective in reducing the anti- 
genicity of male skin than when it is performed sooner 
after birth!*. 
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Density Gradient Centrifugation of 

Red Blood cells carrying the 

Mammary Tumour Virus 

SINCE the demonstration! of mammary tumour virus 
(MTV) activity in the blood of mice of a high mammary 
cancer strain (C3H/Jax), blood-borne M'TV activity has 
been described in other strains of mice carrying M'TV?-5, 
It has been established that the MTV activity in blood is 
limited primarily to the red blood cell (RBC) fraction, 
Thus we thought it interesting to determine whether all 
cells of the circulating RBC population carry RBC-borne 
MTV (R-MTV). It is not possible to determine the 
activity associated with the individual RBC because a 
large number of RBC are required for biological detection 
of R-MTV (our unpublished results), Some insight into 
this question could be gained, however, from the use of 
different populations of RBC. 

Buoyant density centrifugation of red blood cells in 
linear gradients of bovine serum albumin (BSA) makes 
possible the separation of these cells according to age". 
Young cells have a relatively low specific gravity and 
equilibrate near the top of a gradient, whereas older cella 
have a higher specifie gravity and reach equilibrium nearer 
the bottom. 

We report here the results of MTV assays of RBC (from 
mice carrying MTV) of different specific gravities after 
separation in BSA gradients. The experiments were 
designed to determine whether all or some particular type 
of red blood cells are responsible for MTY activity in 
naturally MTV-carrying BALB/efC3H mice of various 
ages and in BALB/e mice at various times after inocula- 
tion of R-MTV. 

In the first experiment, 2, 4 and 11 week old females of 
the naturally MTV infected BALB/cfC3H/Crgl strain 
were used as blood donors. In the second experiment, 
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Table 1l, NODULE INCIDENCES IN BALB/c HOSTS INOCULATED WITH RBC SEPARATED IN BSA GRADIENTS 


Gradient fractions 
Age of No. RBC Top Mi 


Bottom 
donors injected /host No. of Percentage Total No, of Percentage Total No. of Percentage Total 
(weeks) hosts with nodules nodules hosts with nodules nodules hosts with nodules nodules 
2 5x10 10 70 118 10 0 0 9 ü 0 
4 5x 10° 10 90 298 9 0 0 10 0 0 
Top Second Third Bottom 
Percentage Percentage Percentage Percentage 
No. of with Total No. of with Total No.of with Total No. of with Total 
hosts nodules — nodules hosts nodules nodules hosts nodules nodules hosts nodules nodules 
1 1x10* T 100 289 12 17 68 12 17 62 7 29 103 
RBC donors were BALB/cfC3H mice of various ages. 


Table 2, NODULE INCIDENCES IN BALB/c HOSTS INOCULATED WITH REC SEPARATED IN BSA GRADIENTS 
Gradient. fractions 


. Top Second Third Bottom 
Time* No. RBC Percentage Percentage Percentage Percentage 
(days) injected/host No. of with Total No. of with Total No, of with Total No. of with Total 
hosts nodules nodules hosts nodules nodules hosts nodules nodules hosts nodules nodules 
3 1-9 x 108 4 0 0 4 0 0 4 0 0 4 0 0 
5 12x 10% 5 20 46 6 0 0 6 0 0 6 Ü 0 
8 13x 10° 6 $3 114 6 0 0 6 0 0 6 0 ü 
21 52x10 4 100 112 5 20 5 5 60 48 5 60 42 
40 5-7 x107 7 100 263 6 100 290 6 16 13 8 16 9 


RBC donors were BALB/c mice inoculated with haemolysed RBC from BALB/cfC3H mice. 

* Time interval between injection of R-MTV and bleeding of donors, 
9-10 week old MTV-free BALB/cCrgl female mice were With RBC from the 21 and 40 day groups, R-MTV 
injected with haemolysed RBC (R-MTV) from BALB/ activity was associated with all fractions of RBC, although 
efC3H mice prepared by a method described previously*. the activity was always highest in the top fraction. 


Groups of these injected mice served as blood donors at These results indicate that after inoculation of MTV, 
various times (ranging from 3 to 40 days) after the inocula- it is several days before substantial R-MTV appears in 
tion of R-MTV. the blood. Furthermore, after the introduction of MTV 


In each experiment, red blood cells, separated from either by the natural route or by inoculation, R-MTV 
heparinized blood collected from four or more donors, activity is first associated with the RBC of lowest specific 
were washed twice by centrifugation at a low speed inan gravity. These are presumed to be the youngest of the 
isotonic salt solution, NKMC 153 mM NaCl, 5 mM KCl, circulating red cells. These findings suggest (1) that the 
5-2 mM MgCl). 0:3 ml. of washed RBC, diluted with an administered MTV is not adsorbed onto the circulating 
equal volume of NKM was layered on top of a 30 ml. RBC and (2) that the lag period between the entry of MTV 
BSA gradient prepared according to the procedure out- and its appearance in RBC might be a result of the fact 
lined by Bishop and Prentice®. A 24-32 per cent (w/w) that the virus has to first infect a population of erythro- 
BSA gradient was found to be satisfactory for the separa- poietic cells and appears in the blood only as these infected 
tion of mouse RBC. The cells were centrifuged in a 25-1. cells mature and are subsequently released into the 
swinging bucket rotor in a Spinco model L ultracentrifuge ^ peripheral circulation. These suggestions are consistent 
at 4° C for 90 min at 20,000 r.p.m. That equilibrium was with our hypothesis that the site of R-MTV production is 
reached during the centrifugation was determined by the — erythropoietic tissue’, 


fact that RBC from various regions of a centrifuged gradi- A decreased amount of MTV activity in RBC of higher 
ent were again found in those regions when recentrifuged specifie gravities from adult BALB/cfC3H mice (Table 1) 
on new gradients. and from BALB/e mice which received virus 40 days 


After centrifugation, the contents of the centrifuge tube previously (Table 2) was surprising. If infected cells age 
were divided into three or four fractions by side puncture. normally (with increasing specific gravity), one would 
Cells of each fraction were washed twice in NKM, and expect them to become equally distributed throughout 
known numbers of RBC, sufficient for the biological detec- the gradient with time. Possibly RBC which carry 
tion of MTV (our unpublished work), were injected intra- R-MT'V lose viral nucleic acid as they age, in à manner 
peritoneally into MTV -free assay mice (3 week old BALB/ analogous to the loss of RNA in maturing RBC. Alterna- 
eCrgl females) A small pellet containing some red blood tively, R-MTV-carrying RBC of all ages may have a lower 
cells at the bottom of the centrifuge tube was suspended specific gravity than uninfected RBC, or the life span of 
in 1 ml. of NKM and also inoculated (0-25 ml./host) into infected RBC may be shorter than that of normal red cells. 


assay mice. Attempts are now being made to distinguish between these 
The presence or absence of an infective dose of MTV various possibilities. 
in the inoculum was determined by the nodule assay?, We thank Mrs Judith Frye for technical assistance. 
utilizing pituitary isografts to stimulate the necessary This work was supported by grants from the US Public 
mammary lobule-alveolar development. Health Service. 
The results of the two experiments are summarized in Ross I. Rirrer 
Tables 1 and 2. No MTV activity was detected from S. NANDI 
pellet administration, and these data are not recorded Department of Zoology and its Cancer Research, 
in the tables. Geneties Laboratory, 


Table 1 shows that when RBC from immature (2 and University of California, 
4 week old) BALB/cfC3H females were assayed, nodules Berkeley. 
occurred only in hosts receiving cells from the top of the 
gradient, that is, R-MTV was associated with the cells of HEAD OE pA ` us 
low specific gravity. With RBC from mature 11 week old oo G. We Law, L. W., and Little, c. C., Cancer Res., 1, 055 (1941). 
: PN x k PCT ia B ittner, J. J., Proc. Soc. Exp. Biol. and Med., 59, 43 (19045). 
BALB/efC3H donors, R-MTV activity was observed in s Mühibock, O., Acta Physiol. Pharmacol. Neerl., 1, 645 (1950). 
all fractions of RBC, although the activity was signifi- «Hummel, K. P., and Little, C. ©., J. Nat, Cancer Inst., 80, 593 (1968). 
cantly higher in the top fraction. * Nandi, S., Proc. US Nat. Acad, Sei, 88, 485 (1967). n 

In the BALB/c donors injected with R-MTV (Table 2), ‘Naga. A FORO coat le Né ac ero dO aud 
no R-MTV activity was detectable at the third day after + pice, R. C., and Vinograd, J., Proc. US Nat. Acad. Sci., 51, 520 (1964). 
inoculation of the virus. A low R-MTV activity was s Bishop, C., and Prentice, T. C., J. Cell. Physiol., 67, 197 (1960). 
detected on the fifth day, and the activity was associated ° Nandi, S., J. Nat. Cancer Inst., 81, 75 (1963). 


1 a i ' ? Nandi, S., in Carcinogenesis: A Broad Critique, Proc. of the Twentieth 
with only the cells of the top fraction. , After 8 day s more Annual Symp. on Fundamental Cancer Res., M. D. Anderson Hospital 
activity was present, but again only in the top fraction. and Tumor Inst., Houston, 295 (The Williams and Wilkins Press, 1967), 


Received May 29; revised August 9, 1968. 


NATURE, VOL. 220. OCTOBER 26. 1968 


BOOK REVIEWS 


FAUNAL ELEMENTS 


Grundriss der Zoogeographie 
By Gustaf de Lattin. (Hochschullerbucher für Biologie, 
Band 12.) Pp. 602. (Fischer Verlag: Jena, 1967.) 136s. 10d. 


Tue realization that animals and plants are not spread 
uniformly round the world has a long history. Aristotle 
observed local differences in the animals in neighbouring 
countries and considered that variations in elimate would 
account for many such peculiarities but realized that 
elimate was unlikely to account for the presence of 
elephants in India and Africa. He speculated on whether 
this was indicative of former land connexions between the 
two continents. 

Study of local differences in fauna and flora has led, 
broadly speaking, to ecology; and study of world com- 
plexities of fauna has led to zoogeography. But the line 
between the two is more difficult to draw than many of 
the lines between zoogeographical regions. In the nine- 
teenth century interest centred on the world problem, 
culminating in the broad generalizations in The Geo- 
graphical Distribution of Animals by A. R. Wallace, 
published in 1876. He found a unifying principle in the 
theory of evolution by natural seleetion to explain the 
continental faunal elements, to elucidate discontinuities 
in distribution, and to include the distribution of fossils, 
From this he deduced the state of the world in the past. 
He gave comparatively little attention to the study of 
local differences within the great continental regions of 
the world, although he divided the regions into sub- 
regions and figured the fauna of mountains, forest and 
open steppe, 

In 1924, the Tiergeographie auf Oekologischer Grundlage 
by Hesse, translated into English in 1937 by Allee and 
Schmidt, approached the subjeet primarily from the 
ecological point of view and included a consideration of 
the inhabitants of the fresh and salt waters of the world. 

More recent books on zoogeography have mainly 
emphasized one or other of these lines. 

Grundriss der Zoogeographie attempts to cover both 
aspects of the subject but with a bias towards the 
ecological. The author describes the fauna of the seas, 
the shores, the freshwater and the three main ecological 
land types: arboreal, desert-steppe and mountain-tundra 
and the special case of cave-dwellers. He diseusses Wallace's 
zoogeographieal regions and considers the classification of 
the world into faunistie realms and regions to be reason- 
ably satisfactory because each has at some time formed 
a land mass and each at some time has been surrounded 
by sea or other serious barrier to land animals. Isolation 
has clearly been the important factor in the development 
of their characteristics. Curiously, the author gives only 
cursory attention to the most interesting developments 
in this field in recent years. He mentions the theory of 
continental drift and some of its implications, but opts 
for the permanence theory of the continents on the basis 
of the zoogeography of vertebrates like Wallace nearly a 
hundred years ago. But clearly his interests are in present 
day faunas and in local differences. 

One of the most interesting sections of the book is 
devoted to the effects of Pleistocene glaciations on certain 
aspects of the faunas of the world. The author stresses 
the extensive influence of polar glaciation. It not only 
lowered the temperature of the world generally and pro- 
duced tundra conditions analogous to mountain environ- 
ments but it also lowered the sea level to connect up 
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many of the continental islands of the world with their 
parent continents and increased world humidity, thereby 
reducing the areas of desert and steppe. The author dis- 
cusses the faunistie consequences of this and the more 
direct effect of the ice in breaking up populations in the 
north temperate land masses. Consequently, relict 
populations, such as Siberian forest elements in the 
Massif Central of France, can be detected in the modern 
holaretie fauna. Further, refuges from the ice provided 
dispersion centres from which the modern fauna could 
spread. The author discusses these in some detail and is 
able to identify sub-regions by the traditional historical 
approach. 

But, finally, he points out that this type of classification 
is based on incomplete data. As in all zoogeographical 
studies, the distribution of only some animals is known 
in enough detail or à particular author is inte 
in the vagaries of one particular group of anima 
to resolve these basic criticisms of the science of zoo- 
geography has been exercising students of the subject 
during the past few years, and de Lattin agrees with those 
who think that the new zoogeography should lose its 
obsession with boundary lines and should, instead, record 
the distribution of species and subspecies on the map in 
such a way as to give peaks of species density and density 
gradients. Only some members of the holarctie fauna are 
well known enough to be treated in this way, but he gives 
examples from many types of animals, both invertebrate 
and vertebrate. Studies in the distribution of palearctic 
butterflies which are his own contribution to the subject 
are particularly interesting. He concludes that, on present 
findings, there are peaks of species density that indicate 
in the holaretie region five high density areas or faunal 
elements. These faunal elements are identified as western 
palearetie arboreal, eastern palearctic arboreal, nearetic 
arboreal, holarctic desert and holaretie mountain-tundra. 
This he maintains is a more plastic classification, more 
suitable to organisms that are notoriously dynamic and 
one that combines the ecological with the strictly zoo- 
geographical approach. The graphical method, the 
density gradient approach, seems to offer some solution 
to the difficulty encountered in any numerical zoogeo- 
graphy: that some groups of animals dominate the picture 
because they are represented by an overwhelmingly large 
number of species. 

Grundriss der Zoogeographie justifies its title. It surveys 
the whole subject. It is well produced and has an excellent 
bibliography. WILMA GEORGE 










ANGOLAN FISHES 


Contribution à la Faune Ichthyologique de l'Angola 

By Max Poll. (Museu Do Dundo: Subsídios Para O 
Estudo Da Biologia na Lunda. Publicações Culturais 
No. 75.) Pp. vili+ 381. (Companhia de Diamantes de 
Angola: Lisbon, 1967.) n.p. 

STUDENTS of African freshwater fishes have long felt the 
need for a detailed study of Angolan fishes. Dr Max Poll's 
Contribution à la Faune Ichthyologique de l'Angola goes a 
long way towards filling that need. At the same time it 
highlights those areas, both geographical and ichthyo- 
logical, still requiring study. 

As a result of Poll’s researches based on both a new 
collection from the region (totalling some 10,000 speci 
mens) and a critical survey of the pertinent literature, 
the number of species recorded from Angola has been 
increased by well over a hundred to a total of 268, A 
relatively small proportion (less than 12 per cent) of this 
total is derived from new taxa. 

Zoogeographically, five major elements ean be recog- 
nized in the iehthvofauna of Angola. It is with collections 
from the Congo and upper Zambesi drainage systems of 
Angola that Polls paper is mainly concerned. Most 
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of the species in these rivers have a wide distribution 
outside Angola, but some may be restricted to regions 
within the political boundaries of Angola. Twenty-seven 
new species and one new genus are described from Angolan 
rivers directly associated with the Congo and Zambesi 
drainage systems. 

Unfortunately, Polls material contained very few 
specimens of the truly Angolan iehthyofauna; that is, 
fishes from the rivers draining westwards into the Atlantic. 
These rivers are without present-day (or obvious past) 
contact with the Congo and Zambesi drainages; the 
Cunene river, too, is excluded beeause of past connexions 
with the Ngami-Okovango drainage. It is clear from what 
is known of the fishes inhabiting the truly Angolan rivers 
that their ichthyofaunas are most likely to contain the 
highest percentage of endemic species, and to pose some 
of the more intriguing questions of phyletic affinities and 
past water connexions. The little new material available 
from this region would seem to reinforce these impressions. 
Four of the twelve species represented are new, with 
three being endemic (the fourth also occurs in the Cassai 
drainage system). 

Most of this paper is devoted to synoptie descriptions 
based on the new Angolan material; each species described 
is illustrated. As one has come to expect of the iehthyo- 
logical papers stemming from the Musée Royal de 
l'Afrique Centrale, the figures (prepared by Mme P. 
Mertens) are of a very high standard. 

The main systematic and zoogeographical features of 
the study are summarized in an extensive table and two 
short essays, and there is an index to local names for the 
fishes. The history of ichthyological research on Angolan 
fishes up to 1964 is briefly but thoroughly covered in a 
short review. Regrettably, almost no information is 
provided on the biology of the species in their Angolan. 
habitats, an omission which should be corrected by local 
biologists now that much of the more tedious groundwork 
has been done for them. 

In essence, Poll’s paper is a work for the practising 
systematist or the zoogeographer. The absence of keys, 
which Poll defends on the grounds of still imperfect 
knowledge of the Angolan fishes, could hamper the non- 
specialist, although the excellent figures certainly help to 
offset this drawback. It is a most useful contribution to 
African systematic ichthyology, not only for the gaps it 
fills but also for the way in which it can guide the course 
of future research. As its author remarks. “L’Angola est 
un plateau d'oüdescendent de nombreux fleuves et 
riviéres qui cachent eneore bien des secrets". 

P. H. GREENWOOD 


GENETICS OF COAT COLOUR 


Comparative Genetics of Coat Colour in Mammals 

By A. G. Searle. Pp. xii-- 308. (Logos Press in association 
with Elek Books: London, March 1968. Distributed by 
Academie Press, New York and London.) 95s. 

Tae colour of the hair and skin of almost all mammals 
is produced by the pigment melanin. How then does the 
diversity of colour among different species arise ? This 
book lays the foundation of the comparative genetics from 
which the question may eventually be answered. Pre- 
sumably the synthesis of melanin follows the same path- 
way in all mammals and the structural genes coding for 
the necessary enzymes are common to all. There are in 
addition genes necessary for organizing the melanin into 
granules and getting these properly deposited in the hair 
and skin, and these must presumably also be common to 
mammals. The mouse is the best known mammal for the 
geneties of colour and there are in mice about fifty genes 
known which have mutant alleles that affect the colour. 
This gives some idea of the number of genes the mutations 
of which are available for the evolution of diverse colours. 
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A mouse geneticist could readily breed mice of almost 
any colour found in mammals, barring only patterning 
which is conspicuously lacking from the genetic repertoire 
of mice. 

The first aim of comparative genetics is to homologize 
genes in different species. Dr Searle is well aware of the 
difficulties and dangers of ascribing homology to genes, 
and he sets up eight eriteria for the establishment of 
homology, some of which, however, require biochemical 
knowledge of the genes far beyond what we have at 
present, and the first two might be better regarded as 
definitions of homology, namely, similarity of the base 
sequences and similarity of the proteins coded for. There 
are three rather different questions which the book 
attempts to answer by the study of gene homology. 
First, are similar mutants of different species mutations 
of homologous genes? The most useful criterion here, in 
the absence of biochemieal knowledge of the genes' func- 
tions, is the existence of multiple alleles. On this eriterion 
the homologies of five loci (agouti, brown, albino, dilute 
and pink-eye) in a variety of species are established. 
Second, can the wild-type colour of one species be homo- 
logized with a mutant of another and. if so, at which 
locus? For example, can the black colour of the black 
rat be ascribed to a non-agouti allele at the A-locus, or 
to an extension allele at the E-locus ? Good evidence for 
the latter is given, based again on multiple alleles in both 
species. There are other places. however, where a tentative 
answer to this type of question is given with no more 
secure evidence than phenotypic resemblance. The third 
question concerns the acquisition of new genes in evolü- 
tion, and is much more difficult to answer. Can a gene 
that is known to exist in some species be proved to be 
altogether lacking in others ? For example, the patterning 
familiar in the tabby coloration of cats is widespread 
among the Felidae in some form or other, but is absent 
from many other groups, including rodents. A gene is 
known to be concerned with the production of the tabby 
pattern because a mutant in eats produces a uniform, 
unpatterned coloration. Is this gene totally absent 
from, for example, mice in which no mutant so far has 
produced a tabby pattern? (The gene called “tabby” 
is probably not homologous and is an unfortunate mis- 
nomer.) It is a truism to say that we cannot know of the 
existence of a gene until we have a mutant; but if we 
have no mutant we cannot logically infer its non-existence. 
This type of question may therefore be in principle 
unanswerable from genetic data. 

The book leads the reader into its main subject almost 
from the beginning, with chapters on elernentary genetics, 
on the structure and function of the coat and of coloration, 
and on the causes of colour and the development and 
biological aspects of its production. Then follows a 
survey of the genes affecting colour, which provides a 
useful classification of the development stage at which 
they act and the process in colour protection that they 
effect. This general account of the subject is followed by 
a systematic survey, occupying about half the book, of 
the mammalian orders, including such unpromising 
groups as bats and whales. For many of the groups there 
is nothing that can be said except that certain colour 
variants have been reported which seem to resemble 
mutants of the genetically well known specie It is 
questionable whether the inclusion of so many species 
that are totally unknown genetically is justified. Never- 
theless, the assessment of the possible genetic basis of the 
variants by a practised and critical eye is of real value. 
After the survey there is a chapter devoted to variegation 
in which the Lyon hypothesis is described, and a new 
hypothesis to account for vanegation produced by auto- 
somal genes is proposed. Autosomal variegation i& 
regarded as a phenomenon of dosage compensation 
associated with a duplication of the gene, the dosage 
compensation being brought about by random inactivation 
of one of the adjacent duplicated genes in the same manner 
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as the inactivation of the X-chromosome. The evidence 
for the hypothesis comes mainly from the variegated 
allele at the E-locus of guinea-pigs and rabbits. It neatly 
explains the heterozygous expression, or dominance 
relations, of this allele when in combination with other 
alleles at the locus. It is an attractive hypothesis that 
may, if further substantiated, dispel the doubt cast on 
the Lyon hypothesis by the existence of autosomal 
variegation. 

The book is generously illustrated, with two plates in 
colour, and is excellently produced. It will be widely 
welcomed not only for the interest of the subject matter, 
but also for the wealth of hitherto scattered information 
(there is a bibliography of nearly 800 references) collected 
together and critically evaluated. D. S. FALCONER 


VERTEBRATE TEETH 


Comparative Odontology 

By Bernhard Peyer. Translated and edited by Rainer 
Zangerl. Pp. xiv + 347 4- 96 plates. (University of Chicago 
Press: Chicago and London, 1968.) $12.50. 


PROFESSOR PEvER's publications on dental histology and 
anatomy extend over a range of 44 years. This book, 
translated from a manuscript on which he was still work- 
ing when he died in 1963, is the product of a lifetime's 
thought and investigation. Dr Zangerl has rightly aimed 
at keeping as elosely as possible to the original text, though 
he has added some material published since 1963 where this 
is relevant. As a synoptic treatment of the subject the 
book invites comparison with Owen's Odontography and 
Tomes’ Dental Anatomy. It surveys the vertebrates as a 
whole, placing duc emphasis on the fish, where the author's 
interest primarily lay. The approach is essentially palae- 
ontological: a broad picture of vertebrate evolution is 
built up, in which the mammals are seen in proper per- 
speetive. When so much dental research is based on man 
and a few experimental mammalian species, this book may 
stimulate new thinking on broader lines about some of the 
current problems. 

Tbe treatment of the elasmobranchs is particularly in- 
teresting, being based very largely on original observations 
and including hitherto unpublished material and inform- 
ation not available in textbooks. In addition to the defin- 
itive teeth, an account is given of the numerous small den- 
ticles in the mouth lining, which resemble the placoid 
seales of the skin. There is a full discussion of the nature 
of fish "enamel", which is interpreted as a modified den- 
tine, formed internally to the basement membrane of the 
ectoderm under the influence of ameloblasts. In actin- 
opterygians, modified dentine forms the tip of the tooth, 
but true enamel is present in some groups (including the 
more primitive) as a collar round the circumference of the 
crown. True enamel, and not modified dentine, covers the 
crown in Choanichthyes as in tetrapods (the presence of 
fish-like enameloid in urodele larvae is not mentioned). The 
author's original observations on the histology and deve- 
lopment of the teeth of a great variety of vertebrates con- 
stitute one of the most valuable features of the book, 
and they are profusely illustrated by photomicro- 
graphs which make up the greater part of the 96 pages of 
plates. 

The range of dental morphology, living and fossil, within 
each class of vertebrates is presented against an evolution- 
ary background and very well illustrated with over 200 fig- 
ures in the text. For the illustrations alone the book will 
long retain its usefulness to students of vertebrate evo- 
lution. Except in the Dipnoi, the author does not believe 
that complex teeth have been derived by the conerescence 
of simple teeth. 

There are a few errors; for instance, on page 219 where 
Amphitherium is stated to be the only known genus of the 
Pantotheria. German usage sometimes slips through the 
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translation, as the use of “yoke” (Joch) for "loph", and the 
stains referred to as Tuchechtgelb and Goldnerstain would 
be more recognizable to English-speaking readers as Fast 
Yellow and Goldner's modification of Masson's trichrome 
stain. These minor faults, however, do not significantly 
detract from the value of the book. P. M. BUTLER 


FIBRINOGEN AND FIBRIN 


Fibrinogen 

Edited by Koloman Laki. Pp. xiii+ 398. 
London; Dekker: New York, 1968.) 175s. 
Tnuis book gives, in sixteen chapters by fifteen contri- 
butors, a series of reviews of the biochemistry and 
physiology of fibrinogen and fibrin. Some clinical uses 
of fibrin are also described and almost 1,000 references 
are cited. 

In recent years, stimulated in part by increasing 
recognition of the importance of thrombotic disease, 
there has been an explosive increase of interest in the 
mechanism of blood coagulation and much detailed 
knowledge has accumulated of the various activities and 
components of the blood plasma which result in the 
formation of fibrin. Blood clotting is a vital defence 
mechanism whieh functions to preserve the integrity of 
the vascular compartment; clotting takes place when 
fibrin molecules join each other to form a network struc- 
ture which plugs the wound and prevents blood loss, 
Fibrin molecules are sparingly soluble, and to preserve 
the fluidity of the plasma, fibrin molecules normally 
cireulate as fibrinogen coupled to negatively charged 
peptides whieh prevent their aggregation. When fibrin 
is needed for haemostasis, the peptides are split off by the 
proteolytie enzyme thrombin, thus permitting units of 
fibrin monomer to aggregate in a very precise and specific 
way to form fibrin polymer. Fibrinogen, unlike other 
coagulation factors which are unstable, or present in 
trace quantities only, or both, is stable and present in 
high concentration in the plasma; it has been the subject 
of detailed investigation, much of which is presented in 
this book. 

The opening chapter, written by Laki the editor, is an 
admirable introduction and summary, and it gives a 
lucid and authoritative overall picture of the structure 
of fibrinogen, the peptides whieh are split off during 
clotting, and the role of carbohydrate in the fibrinogen 
molecule. Mester deals in more detail with the carbo- 
hydrate component of fibrinogen, which is necessary to 
make fibrinogen a substrate for thrombin: carbohydrate 
is also necessary for the action of fibrin stabilizing factor 
and it has an important role in conferring immunological 
specificity on fibrinogen. 

The description by Loewy of the evolution of knowledge 
of the steps involved in insoluble fibrin formation is 
outstanding. It has been shown that a plasma enzyme, 
plasma transglutaminase, is necessary to confer atability 
on fibrin polymer, which in its absence is soluble in 5 M 
urea and other solvents. Plasma transglutaminase, 
highly unstable in its active form, is present in normal 
plasma in a stable inactive form (factor XIII) and is 
converted to the active form by thrombin; it can convert 
11,000 tiraes its own weight of fibrin to a stable form by 
the formation of C-N bonds. The importance of this 
enzyme system is reflected in the clinical syndrome 
found in its absence, when there is defective haemostaais 
and abnormal wound healing. 

Other chapters cover the morphology of fibrinogen and 
fibrin; immunological properties of fibrinogen and fibrin 
and their digestion products; fibrinogen metabolism, 
including consideration of the large extravascular pool; 
evolution and the fibrinogen molecule; the purification 
of fibrinogen; the action of thrombin on the fibrinogen 
molecule; nucleic acids in the biosynthesis of protem; 
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congenital variance of human fibrinogen; and the use of 
fibrin foam and powder in clinical medicine. 

In a provocative final chapter Laki discusses the role 
of fibrinogen in tumour growth and the possibility of 
controlling indirectly the growth of tumours by denying 
them the fibrin network necessary asa matrix for vascu- 
larization. 

While there is some patchiness in presentation (for 
example, some chapters have a useful summary, others 
do not) the book as a whole has much to offer those 
interested in fibrinogen and fibrin: the haematologist, 
the biochemist, the immunologist and the electron 
mieroscopist. Despite its high cost, it merits a place on 
the bookshelves of every coagulation laboratory. 

G. P. McNicoL 


PHOTOSYNTHESIS 


Comparative Biochemistry and Biophysics of Photosyn- 
thesis 

By K. Shibata, A. Takamiya, A. T. Jagendorf and 
R. C. Fuller. (Papers presented at the Conference held 
on August 12 to 15, 1967, at Hakone, Japan.) Pp. viii 
+443. (University of Tokyo Press, Tokyo; University 
Park Press: State College, Pennsylvania, 1968.) $19.50. 
(Tur volume contains the contributions presented to a 
joint American-Japanese symposium held in Japan in 
1967. Many of the contributions are concerned with a 
detailed consideration of the hypothesis that two photo- 
chemical reactions oceur sequentially in photosynthesis. 
It still remains unclear how far the postulated reaction 
systems are to be identified with distinet physical enti- 
ties. 

Evidenee from electron microscopy is presented in 
papers by Park and Shumway, by Moudrianakis, Howell 
and Karu, and by Murakami, all of whom have sought 
to identify the location and to characterize the various 
particles and subunits which can be observed in the 
thylakoid structure of the chloroplast. Homann, Schmid 
and Gaffron report a comparative study of the structure 
of the plastids of a yellow mutant with those from 
the yellow parts of variegated plants and from normal 
tobacco plants; they suggest that for complete photo- 
synthetic activity at least two lamellae must touch one 
another within the plastid. 

A second approach has been to attempt to fractionate 
from the chloroplast particulate preparations differing in 
size and biochemical activity. Separation of two types of 
particle was first achieved in 1964 using detergents, and 
many papers report further progress. Ogawa, Kanai and 
Shibata have shown that the difference in chlorophyll a/ 
chlorophyll b ratio and in photochemical activity is also 
related to a difference in distribution of carotenoids. The 
xanthophylls are associated with the particle capable of 
photocatalysing oxygen evolution (System 2) whereas the 
carotenes are largely associated with particles catalysing 
System 1 implying a possible participation of xanthophylls 
in oxygen evolution in photosynthesis. In agreement with 
the view presented in several papers that photosynthetic 
bacteria have more than one photochemical system, 
Vernon, Garcia, Mollenhauer and Ke report the prepar- 
ation of two different types of particle from certain photo- 
synthetie bacteria. 

Tzawa and also Katoh and San Pietro report recent work 
on the effect of inhibitors on the photochemical reactions 
of plastids. Other papers (Boardman and also Nishimura) 
discuss the presence and role of cytochromes in the 
plastid. Arnon, Tsujimoto, McSwain and Chain report 
on the ability of chloroplasts treated with digitonin to 
catalyse cyclic or non-eyelie photophosphorylation. They 
propose that the two photochemical steps catalysed by 
plastids should be considered to operate in parallel rather 
than in series. Papers by Shavit, Dilley and San Pietro, 
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Karlish and Avron and Cost and Frenkel report observa- 
tions on the relationship between movement of protons 
and other ions in relation to photochemical activity of 
plastids and chromatophores. 

The last two sections relate to the development and 
regulatory control of chloroplast metabolism. Papers are 
concerned with pigment changes during development and 
the role of the chloroplast ribosomes and nucleic acid in 
biogenesis. The final section has several important papers 
on the dynamic regulation of the carbon metabolism of 
photosynthesis in algal cells (Bassham and Kirk) in 
isolated chloroplasts (Gibbs, Ellyard and Latzko) and 
in the photosynthetic bacteria (Anderson, Worthen and. 
Fuller). 

Space permits mention by name of only relatively few 
of the thirty-nine original contributions. As a whole the 
volume provides a valuable guide to present research 
activity in photosynthesis in Japan and shows the influ- 
ence of the training which many of the workers have 
received during study in America. 

C. P. WHITTINGHAM 






BIOLOGICAL ULTRASTRUCTURE 


An Atlas of Biological Ultrastructure 
By John D. Dodge. Pp. 80. (Arnold: London, 1968.) 
60s. boards; 30s. paper. 


THE atlas is designed for biology students and, although 
similar to some atlases already published, has some 
unique qualities. Much of it is devoted to invertebrates 
and plants, which are seldom treated in other texts, 
and most techniques employed in the study of biological 
ultrastructure are covered. The balance of the book is 
therefore excellent. The appendix on electronmicroscopy 
is concise, well written and informative, and the references 
are a valuable feature from which students could derive 
considerable benefit. The electronmicrographs are 
generally of good quality, although some show unaccept- 
able stain contamination, beam damage, and other 
faults. 

Despite many good qualities, however, the atlas is 
open to criticism mainly because of insufficient dis- 
crimination in compiling the contents and in selecting 
the illustrations. One eleetronmicrograph appears 
three times, once reversed, and a full page on trichocysts 
and three on skin seem unjustified. Other photographs 
could have replaced these, with advantageous broadening 
of the text. Micrographs of mitochondrial membranes 
and myelin are poor choices for illustrating unit membrane 
strueture; this is more clearly shown and easily under- 
stood by study of the RBC plasma membrane, or even 
the cross-sections of intestinal microvilli in the atlas 
itself. The illustration of mitosis by reference to amoeba 
is misleading, because in these forms centrioles are 
absent and the nuclear membrane does not disintegrate, 
unlike the cells of higher animals. Finally, because of 
the intended readership, the labelling of micrographs 
seems insufficient, the captions too brief, and the 
informational content of some illustrations not fully 
utilized. 

In addition to the above, some factual errors must be 
mentioned. Golgi appears consistently as "golgi" which, 
if intentional, is a serious mistake, because the organelle 
is named after the Italian histologist Camillo Golgi. 
The phrase “double nuclear envelope" would connotate 
four unit membranes, rather than two, to most electron- 
mieroseopists; either “double membrane" or "nuclear 
envelope" is sufficient. "Double" is also applied to the 
plasma membrane surrounding intestinal microvilli, 
which, in fact, is a tripartite unit membrane. Finally. 
I suspect that the structure labelled smooth endoplasmic 
reticulum on an oxyntic cell is interdigitating plasma 
membranes.  - ^ 
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Despite criticisms, however, the paperback edition at 
its price should be very useful to biology students. 
L. T. TugEADGOLD 


TROPICAL ENCYCLOPAEDIA 


Tropical Crops 

Dieotyledons. By J. W. Purseglove. Vol. 1: Pp. xiv+ 
1-332. Vol. 2: Pp. viii4 333-719. (Longmans: London, 
1968.) 50s. each volume. 


THE appearance of the first two volumes of Professor 
Purseglove's T'ropical Crops is an important event for all 
concerned with tropical agriculture or with the utilization 
of its products. In the preface, the author recalls his 
predicament, as a newly appointed agricultural officer in 
Uganda some thirty years ago, having to deal with erops 
which were in many cases totally unfamiliar to him, 
without any general textbook to whieh to refer for 
advice. Most of us in the former colonial agricultural 
services were at some time or other in similar situations, 
and, although the past thirty years have seen great 
developments in tropieal agrieulture, the situation today 
is still in many ways difficult. We, and our professional 
heirs in the developing world, owe Purseglove a great 
debt for producing a book such as this; he was sin- 
gularly well fitted for the task by the breadth of his 
experience, which covered East Africa, South-East Asia 
and the West Indies, and which enabled him to encounter 
almost every tropical crop plant in life. Of this book 
it can be said, in all truth, that it "satisfies a long-felt 
want". 

The two volumes of this work available at present cover 
the dicotyledonous crops. Of these, all those which are 
of any appreciable significance in the tropical regions of 
the world are discussed. They are arranged in their 
natural botanical families, which, with their genera and 
species, are given in alphabetical order. Under each crop, 
the essential information available is summarized under 
logically arranged headings: common names, chromo- 
some numbers, uses, systematics, origin and distribution, 
cultivars, ecology, structure, pollination, germination, 
chemical composition, propagation, husbandry, major 
diseases and pests, improvement and breeding and pro- 
duction and trade. The more important crops (102 in 
all) are also illustrated with line drawings. 

There are those among agriculturalists who appear to 
care not whence a crop was brought, nor whither its 
useful products are destined; and their books leave the 
reader in ignorance on these subjects. Tropical Crops is 
not such a book. In all the more important cases the 
origins of the crop, its introduction into cultivation, and 
its movements about the world are discussed in some 
detail. It is a pleasant change to see such issues as the 
ante-European presence of Ipomoea in the Pacific or the 
global distribution of Gossypium spp. analysed without 
recourse to the intervention of the mythieal beings and 
improbable voyages invoked by some ethnobotanists. 
Similarly, the chemical composition data quoted for the 
crop products, and the discussions of methods of pro- 
cessing and utilization, greatly enhance the value of the 
book, as do the indieations of the magnitude and direc- 
tions of world trade given. 

To condense such an amount of information on such a 
wide range of erops into some seven hundred pages, even 
with the extensive use of abbreviations in the text, is a 
feat in itself: at the same time to present it in a readable 
form is perhaps an even greater achievement. This book 
ean, indeed, be read with pleasure, and, although its 
greatest value will probably be as a work of reference, 
it should also serve well as a source of material for lec- 
turing and for private study. 

In preparing an encyclopaedic study such as this, there 
must be a confliet between the need for treatments 


409 


sufficiently full to be useful, and the total length (and 
therefore price) of the book. A happy compromise seems 
to have been reached here, although some users might 
willingly pay more for a fuller work, while others might 
have preferred a smaller, cheaper book, even if some of 
the material had to be omitted. I would have liked to see 
more references included. It is a pity, also, that there 
are no plates, but the line drawings provide most of the 
information needed more economically. As it is, the price 
of five pounds for the two volumes is very reasonable for 
a work of this scope. 

It is hoped that the appearance of the third volume, 
dealing with monocotyledonous tropical crops, will not 
be long delayed. D. G. Coursey 


CHURCH STRETTON GEOLOGY 


Geology of the Country around Church Stretton, 
Craven Arms, Wenlock Edge and Brown Clee 

By D. C. Greig, J. E. Wright, B. A. Hains and G. H. 
Mitchell. (Explanation of One-inch Geological Sheet 166, 
New Series.) (Natural Environment Research Couneil, 
Institute of Geological Sciences. Memoirs of the Geologi- 
cal Survey of Great Britain, England and Wales.) Pp. 
xii4-3794-13 plates. (HMSO: London, 1968.) 30s. 


Tue Church Stretton one-inch geological map (No. 166, 
published 1967) shows, among much else of interest, the 
fullest Pre-Cambrian succession in England. The memoir 
will prove equally valuable to geologists visiting the area 
for the first time, to university teachers leading vacation 
excursions, and to research workers. 

Church Stretton lies close to the south-eastern "front" 
of the Caledonian Chain and marks a boundary between 
very contrasting structural regimes and, arising from this, 
zones of contrasting sedimentation. There is only passing 
reference to this in the memoir. Even though speeu- 
lative views are involved, it would have been an advan- 
tage if the introduction to this, and to other memoirs, 
had included a sketch map placing the district in the 
British structural framework. 

Most of the chapters deal with successive stratigraphical 
units; references are given after each chapter, an advan- 
tage in a work of this kind. An excellent account is 
provided of the three divisions of the Pre-Cambrian in the 
area, the Uriconian, the Stretton Series and the Wentnor 
Series, and it is clear that full use has been made of modern 
techniques. Whittard’s and James’ conclusion that the 
Longmynd structurally forms a great syncline is on the 
whole accepted, although it is pointed out that the right- 
way-up criteria show some anomalies which can perhaps 
be explained on structural grounds. Sedimentary 
structures are described, and there are a number of 
analyses. 

Succeeding chapters provide a great deal of information 
on the stratigraphy, petrography and palaeontology of the 
Cambrian, Ordovieian, Silurian, Old Red Sandstone and 
Carboniferous; the Silurian ineludes the famous coral- 
bearing Reef Facies of Wenlock Edge. The analysis of 
earth movements in the chapter on structure is stimu- 
lating; this section contains some references to areas 
outside the Church Stretton sheet, but might have been 
even more valuable if such comparisons had been expanded 
and extended. The Institute of Geological Sciences is now 
able to check stratigraphical and structural conclusions by 
boring, and five holes have provided useful information: 
in the Church Stretton area. 

The attractions of the Pre-Cambrian and Palaeozoic 
strata have perhaps prevented some visitors from appre- 
ciating the significant glacial geology; this should ‘be 
rectified by the chapter on the glacial history. A farther 
chapter deals with regional geophysical surveys, and 
appendices provide lists of fossils. 

There is a good selection of ordinary and aerial photo- 
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graphs, and a valuable feature is the inclusion of some 
coloured geological maps. This memoir (published at very 
reasonable cost) should be in the hands of all geological 
visitors to this classic district. J. G. C. ANDERSON 


ORGANIC SYNTHESIS 


Principles of Organic Synthesis 
By R. O. C. Norman. Pp. xiii-- 722. (Methuen: London, 
19608.) 105s. 


THERE are probably more known "facets" in organic 
chemistry than in any other single branch of science. The 
teaching of the subject depends on presenting a pattern 
or scheme into which these faets can be fitted. Until fairly 
recently organie chemistry was taught on a systematic 
approach of preparation and properties, in which the 
pattern was provided by structure. In the past seven 
years or so there has been an almost universal swing away 
from the systematic approach to a mechanistic approach, 
in which chemical reactions provide the pattern in place 
of compound structure. The traditionalists have fought a 
rearguard action, maintaining that students taught a 
mechanistic approach fail to appreciate the synthetic 
value of the reactions they learn about. 

Professor Norman’s book refutes this argument once 
and for all. After the first 200 pages the book is devoted 
to a treatment of all the principal synthetic reactions of 
organic chemistry developed from a mechanistic point of 
view, Reaction mechanism and synthetic utility are dealt 
with simultaneously in a very lucid style. The treatment 
both from a synthetic and from a mechanistic point of 
view is very up to date and the vast majority of recent 
synthetic methods are described alongside the traditional 
processes. The book ends with brief accounts of the 
syntheses of a few complex natural products, giving the 
reader an opportunity to see the unit processes he has 
read about applied in a major project. The first 200 pages 
of the book deal briefly with elementary thermodynamics, 
structural theory and kinetics. This physical chemistry 
is not dealt with in a way that would be adequate by 
itself, but this is not the intention. The important point 
is that the student must realize that in order to under- 
stand organic chemistry, he must first understand the 
basic principles of physical chemistry. 

In my view this is a wholly admirable text which should 
be compulsory reading for all university students studying 
chemistry. The book is expensive, but is well produced 
with excellent type and diagrams. The modern student 
must have access to more than a single text in organic 
chemistry. The traditional textbook with the facts listed 
in a systematic way is still necessary as a reference book, 
just as a geography student requires an atlas. To a 
student of organic chemistry, Norman’s book is likely 
to be far more useful both for learning and for under- 
standing than the traditional text. 

It is the custom for reviewers to list errors both factual 
and typographical. There are a few of both in this book, 
but in a volume of more than 700 pages they are very 
few and do not detract from the text. My only serious 
criticism is that mechanisms are presented a little too 
dogmatically. I would prefer to see the phrase “the 
observed reaction can be rationalized by the following 
mechanism", rather than Norman’s terse “the mech- 
anism is as follows". The majority of organic reaction 
mechanisms are still only rationalizations and the 
drawing of curly arrows can do no more than suggest 
possible reaction paths (see page 381, where curly arrows 
could account for the formation of 3-nitropyrrole but 
unfortunately 2-nitropyrrole is the product; cf. Morgan 
and Morrey, Tetrahedron, 22, 57; 1966). 

This is a great book which will, I am sure, be regarded 
as an important milestone in the teaching of organic 
chemistry. It is an absolute “must” for the reading list 
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of all teachers of organic chemistry and I am sure it will 
become included in the reading list of their students. 
J. M. TEDDER 


II-VI COMPOUNDS 


Semiconducting Compounds 
Edited by D. G. Thomas. Pp. xiv +1489. 
New York and Amsterdam, 1967.) $19.75. 


IwrEREST in the II-VI semiconducting compounds has 
been considerable in recent years, principally because of 
the need for electro-optical transducers of all kinds. 

The present book contains the papers presented at an 
International Conference on II-VI compounds held in 
September 1967 at Brown University, Rhode Island, 
United States. Also included are 84 pages giving an 
edited version of the discussions at the conference; this 
enhances the value of the book considerably. 

The papers are presented in sections. In the first section 
(A) the state of knowledge of the optical and luminescent 
properties and of defects and impurities is reviewed. 
There are individual papers on measurements—-thermo- 
luminescent, photoluminescent and absorption spectra, 
together with some coverage of the relevant theory; and 
on crystal imperfections in II- VI compounds. 

The second section (B) begins with a review of crystal 
growth methods and also deals with characterization of 
the crystals by electrical and optical measurements. 

Section C is principally about theoretical models and 
calculations of band structures, optical properties and so 
on. This is followed by individual papers in section D 
describing experimental measurements relating to the 
theory covered in the previous section. This includes such 
techniques as electron spin resonance, de Haas-von 
Alphen effect and the use of acousto-electrical effects. 
Section E is broadly about the transport properties of 
various compounds, and finally Section F covers such 
things as electroluminescence, Gunn effect and para- 
magnetie resonance studies. 

This is a most valuable book for anyone engaged in 
research in II-VI compounds and is of use to solid-state 
physieists generally. J. C. ANDERSON 


(Benjamin : 


MAGNETIC MATERIALS 


The Magnetic Properties of Materials 

By John E. Thompson. (Newnes International Mono- 
graphs on Materials Science and Technology.) Pp. vii+ 
173. (Hamlyn: Feltham, Middlesex, 1968. Published for 
Newnes Books.) 63s. 


As stated in the preface, this book is directed towards 
“scientists who are entering the field of magnetic materials 
and wish to read a broad, yet reasonably detailed, account. 
of the subject”. 

In recent years, the subject of magnetism has received 
a great deal of attention, not only in studies of the more 
fundamental aspects of the solid state but also in its ap- 
plications to the production of and improvements in com- 
mercially interesting materials. This activity has created 
a need for books on magnetism and, accordingly, several 
excellent textbooks have appeared. Any book written to 
cover all aspects of the subject, however, would necessarily 
be of enormous proportions and so details of materials and 
their applications are often omitted. J. E. Thompson’s 
book, specifically devoted to materials, is therefore to be 
welcomed. 

It is written in six chapters intended to be self-contained 
so that any one may be read without reference to the re- 
mainder. The necessary background and theory of mag- 
netism are presented in the first chapter. Chapter 2 de- 
scribes the production and properties of silicon-iron sheet 
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for use in power transformers, with an interesting account 
of the origins of power losses and transformer noise; also 
included is a short section on future possible improvements 
in transformer steel. The third chapter, on the properties 
of ferrites, contains a useful section on various applications 
of these materials. The remaining chapters are econ- 
cerned respectively with high-permeability materials. 
thin films for computer storage elements, and permanent 
magnets. 

'The general style of the book is one of brevity. As far 
as chapters 2 to 6 are concerned this approach is reasonably 
successful and these chapters constitute a useful, not too 
detailed, review for new workers in the field. 'Phe first 
chapter is not so successful, however; it is difficult to com- 
press such a large amount of background information with- 
out sometimes losing clarity and appearing superficial. In 
a book intended as an introduction it is perhaps over opti- 
mistie to guide the reader all the way from iron filings and 
unit poles on page 2 to a concept such as interfacial ex- 
change anisotropy on page 31. 

Only a very few errors, and these of a minor nature, 
were noticed. Some ambiguity in the discussion of demag- 
netizing faetors has led to incorrect expressions for the 
eoercivities of single domain particles (pages 28 and 29), 
the Langevin function is misquoted (page 17) and the units 
of ua the permeability of free space, are omitted (page 7). 

E. D. Isaac 


OBITUARIES 


Professor F. P. Bowden 


Pme Bowden, who died in Cambridge on September 3 
after a long illness, was a man of great originality who 
created his own branch of science. His research started 
in the Department of Colloid Science at Cambridge when he 
came from Tasmania in 1927 asan 1851 Exhibition scholar. 
There he worked on the surface of catalytic metals and 
his experience of surface science, together, as he used to 
say, with his enjoyment of skiing, led to his interest in 
frietion as a subject for research. It was Bowden, together 
with David Tabor, who first established that the sliding 
of one clean surface over another involves the seizing 
together and plastic deformation of asperities on the 
surface. His achievements in this field are set out in the 
series of books by Bowden and Tabor on “The Friction 
and Lubrieation of Solids". 

His work on friction, too, and the local heating that 
can occur between sliding surfaces, was one factor leading 
Bowden to his investigations of the initiation of explosions, 
which are described in his books with A. D. Yoffe, Initia- 
tion and Growth of Explosion in Liquids and Solids and 
Fast Reactions in Solids. Yoffe and Bowden first met 
during an investigation of a nitro-glycerine explosion in 
Australia during the war, which Bowden thought might 
be due to this cause. It was during a visit to his family 
and friends in Tasmania in 1939 that, when war broke 
out, he was invited to set up a laboratory in Australia 
to deal with wartime problems connected with friction 
and lubrication. Soon after he left for England the 
laboratory became the Division of Tribophysics of the 
Australian Council of Scientific and Industrial Research, 
and this laboratory continues in many respects the 
traditions which he established. 

On his return to Cambridge after the war, Bowden 
started to build up his research group in the Department 
of Physical Chemistry, refusing to be daunted by the 
lack of space on the New Museums Site and installing 
some of his equipment in a caravan parked in a corner. 
When the Department of Physical Chemistry moved to 
its new buildings at Lensfield Road, Bowden remained 
on the old site and his group became a sub-department 


411 
of the Cavendish Laboratory, named “Physics and 
Chemistry of Solids" and later “Surface Physics". Its 


interests widened to include fracture, oxidation, radiation 
damage, dielectric breakdown of mica and optical prop- 
erties of transition metal compounds. Over all this 
Bowden presided and it was his group in a very real sense 
to the end of his life. He was single minded in the pursuit 
of its interests and its creation, financial support and 
scientific leadership were his personal achievement and 
pride— "The lab. . . ." he used to say when speaking of it. 

Working on subjects so close to the interests of industry 
and government service, he did not lack offers of positions 
of high responsibility in the world of technology. But 
Bowden knew what he wanted; "Not my kind of thing 

" was his reaction, and he stayed in Cambridge. But 
the visitors from industry who flocked to his laboratory 
were always welcome and he became a director of the 
English Electric Company and was instrumental in setting 
up the Tube Investments Research Laboratory at Hinxton 
Hall, near Cambridge. He gave his time to a great many 
government and industrial committees. 

Bowden was elected a Fellow of the Royal Society in 
1948 and was awarded the Rutherford Medal by the 
Society in 1956; he received the Redwood Medal of the 
Institute of Petroleum in 1953, the Elliott Cresson Medal 
of the Franklin Institute in 1955, the Glazebrooke Medal 
and Prize of the Physical Society in 1968, and the Barnard 
Lewis Gold Medal of the Combustion Institute in 1908. 
He was a fellow of Gonville and Caius College and for 
many years director of studies in natural science. He was 
elected to an ad hominem professorship in the Cavendish 
Laboratory in 1966, taking the title of professor of surface 
physies. 

Bowden had a wide interest in all aspects of life and 
at the Bowdens' beautiful house, Finella West, you never 
knew whether you were in for a discussion on science or 
on painting or on literature. Those who worked with him 
felt the influence of this aspect of his character in the 
elegance and simplicity of his experimental work. He 
commanded great loyalty from his co-workers and created 
a tradition of research in Cambridge which is likely to 
last. He will be very greatly missed. 





Correspondence 


Chemistry of the Brain 


Sig,—Your most informative and concise review on 
schizophrenia, a section in "The Chemistry of the Brain" 
(British Association—Dundee, as reported by Nature, 219, 
838; 1968), contains a minor error: bufotenin is referred 
to as a well known hallucinogen. 

It appears, however, that it is extremely difficult to 
differentiate the alleged psychotic reactions (Sci. Monthly, 
83, 232; 1956) from the cardiovascular effects of the drug. 
“The latter include sudden hypertension and development 
of an arrhythmia which actually amounts to a ventricular 
standstill. The auricle does not beat, the beat drops out, 
and the ventricle takes over, and it is very frightening, 
Simultaneously with the hypertension and ventrieulg 
escapes, one sees spectacular cyanosis in the upper pr 
the body, similar to that which has been deserib 
earcinoid flush, which is presumably due to serotonin" 
(Ethnopharmacologic Search for Psychoactive Drugs, USPHS 
Publ. No. 1645, edit. by D H. Efron, 376, US Govt. 
Print. Office, 1967). 

A careful analysis of the paper which first claimed that 
bufotenin is a hallucinogen (Science, 123, 886; 1956) makes 
me believe that the short-lived entoptie phenomena called 
“colour hallucinations’? must have been due to a sudden 
increase in intraocular pressure and that bufotenin is not 
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a true psychotomimetic compound in the sense that LSD, 
mescaline and psilocybin are. In spite of this, constant 
reference has been made to “psychotic episodes" produced 
by and the "psychotomimetie properties" of bufotenin 
(Nature, 216, 538; 1967). Then, by innuendo, the presence 
of bufotenin is reported in the urine of chronie schizo- 
phrenies (Inter. J. Neuropasychiat., 3, 226; 1967) and of 
mentally defective patients as well (J. Neuropsychiat., 
5, 14; 1963; and Nature, 216, 490; 1967). It is well to 
remember, however, that bufotenin is a normal constituent 
of urine since Gross and Franzen (Biochem. Zschr., 340, 403; 
1964) found it in amounts of 62-75 + 7-21 ugj24 h in fifty 
healthy individuals based on a selective fluorimetric 
procedure for the detection of the compound in blood and 
urine. In chronic schizophrenies, however, the amount of 
daily bufotenin and N-methyltryptamine excreted "should 
be less than 10 ug, if they occurred" (Nature, 216, 1110; 
1967). 

Yours sincerely, 

ROLAND FISCHER 

Department of Psychiatry, 
College of Medicine, 
The Ohio State University, 
Columbus, Ohio 43210. 


New Materials Make Their Mark 


Sig,—The author of "New Materials Make Their Mark" 
(Nature, 219, 818; 1968) is, Lam sure quite unintentionally, 
a little misleading. 

The process for producing carbon fibre from polyacrylo- 
nitrile cannot be a commercial secret since your author 
provides an accurate set of process conditions. 

The technology is not an original discovery by three 
scientists at the Royal Aircraft establishment, as I am 
sure Watt et al. will have informed you by now. The tech- 
nique was first published by Shindo! in 1961. Patent 
priority is held by the Tokai Denkyoku Seizo Kabushiki 
Kaisha Corporation? of Japan, who filed in 1960. Rolls- 
Royce have filed several patent applications for their 
original research in the fundamentals of carbon fibre 
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production based on work reported in outline in Nature’. 
Yours faithfully, 
A. E. STANDAGE 


University of Dayton, 
Dayton, Ohio 45409. 


1 Shindo, A., Rep. Gov. Ind. Res, Inst., Ooka, Japan, No. 317, December 1961. 


* Application No. 36145 (Japan), August 25, 1960. Complete Specification No. 
20270/61 published (United Kingdom) November 28, 1962, 


à Nature, 911, 169 (1966), 


Parapsychology 


Sig,—May I raise a few points concerning the article 
‘Identification of Concealed Randomized Objects through 
Acquired Response Habits of Stimulus and Word Asso- 
ciation” (Nature, 220, 89; 1968)? 

The covers are described as "opaque". No mention 
is made of other eharacteristies or of the material. It is 
not clear how the experimenters identified the covers 
(were the numbers marked on them ?), but obviously 
they did; therefore there is nothing very unusual in the 
subject’s being able to do so in series 1, 2 and 3. 

The subjeet might have relied on touch in the other 
series, including perhaps series 11-18. From series 4 
onwards, at least one experimenter knew which cover 
was contained in any particular jacket. Thus a clue might 
have been left, unwittingly, when the cover was placed in 
the jacket (for example, the cover might have been inserted 
alightly to one side). Or, again, a clue might have been 
given by an experimenter while the subject was guessing 
(for example, by minute facial or eye movement). Was 
it always the same experimenter who placed the covers 
in the jackets? It might also be worth examining the 
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results in more detail to see if the association took a 
number of initial trials to be established. 

Since at least one experimenter knew the location of 
the covers, the possibility of telepathy exists. A series 
should have been conducted with the covers and jackets 
concealed from the subject (for example, behind a screen 
or in another room) and another with the knowing 
experimenter also out of sight. 

Finally, as a control, some trials with no cards and/or 
plain “dummy” cards inside the covers and some trials 
with no covers and/or "dummy" covers inside the jackets 
should have been performed. (The subject might have 
shown a preference for certain jackets.) 

Yours faithfully, 
E. J. Farce 
69 South Hill Park, 
London NW3. 


Ethics and Abortion 


Sig,—Your report on the Institute of Biology Sym- 
posium on “Biology and Ethics” (Nature, 220, 11; 1968) 
is not quite correct in saying that "No member of the 
symposium chose to reply to a speaker who held that 
the right and responsibility for deciding on an abortion 
rested solely with the pregnant woman herself”. 

In fact, I attempted to answer this myself from the 
floor, by pointing out that it begged the whole question 
of whether the child does have any rights of its own at 
any stage before it is born. If it does not, then, of course, 
the decision can be left to the mother: it raises no more 
of an ethical problem than killing off an unwanted puppy. 

But if the child is to be allowed any rights to its life 
at all, which the meeting appeared ready to concede at 
any rate towards the end of pregnaney (the increasing 
reluctance to abort after the third month, mentioned by 
Dr Potts, does not depend solely on the risk to the 
mother) then unless we are prepared to ignore these 
rights altogether, it cannot be left to the mother alone to 
act as judge in her own cause, between her interests and 
those of the child. 

It was also argued at this meeting that a woman must 
be allowed the right to do anything she pleases with her 
own body. That is true enough, but unfortunately more 
than the mother's own body is involved in terminating 
a pregnancy. Whatever one may feel to the contrary, it 
is an indisputable biological fact that the embryo is a 
separate living organism right from the start, wholly 
dependent and in a sense even parasitic on its mother, 
but no more a part of her own body than a tapeworm 
would be. But it is a separate living human individual, 
and is going to grow into a man if it is not to be killed. 

Yours sincerely, 
C. B. GooDHART 
Gonville and Caius College, 
Cambridge. 


Announcements 


Dr J. W. Cornforth, co-director of Shell Oil Company's 
Milstead Laboratory in Kent, has been awarded the 
$2.000 Ernest Guenther Award by the American 
Chemical Society. The award was given in recognition of 
his work on terpenoids. 

Mr P. W. Mummery, at present deputy director, 
Technical Operations, Reactor Group, has been appointed 
direetor of the Dounreay Experimental Reactor 
Establishment, Reactor Group, in succession to Mr R. W. 
Matthews. 


Professor W. G. Wellington, professor of ecology in the 
University of Toronto, has been awarded the gold medal 
of the Entomological Society of Canada in recognition of 
his contribution to entomology in Canada. 
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International Meetings 


January 7, Plant Products of Therapeutic Interest, 
London (Dr J. B. Harborne, Department of Botany, The 
University, London Road, Reading, Berks, UK). 


January 7-9, Heat Transfer in Glass Manufacture, 
Ormskirk, Lancashire (H. Rawson, Department of Glass 
"Technology, Elmfield, Northumberland Road, Sheffield 10, 
UK). 

January 8, Stability of Vehicles under Emergency 
Conditions, University of Technology, Loughborough 
(Automobile Division, Institution of Mechanical Engineers, 
1 Birdcage Walk, London SW1, UK). 


January 9, Structural Applications of Fluorescence 
Techniques, Birmingham (Dr F. W. J. Teale, University 
of Birmingham, Birmingham). 

January 10-12, Deccan Traps and other Flood Erup- 
tions, Sagar (Professor U. Aswathanarayana, Organizing 
Committee, International Symposium on Deccan Traps 
and other Flood Eruptions, Centre of Advanced Study in 
Geology, University of Sagar, Sagar MP, India). 


January 12-16, Corals and Coral Reefs, Mandapam 
Camp (The Convener, Symposium on Corals and Coral 
Reefs, Marine Biological Association of India, Marine 
Fisheries PO, Mandapam Camp, Ramanathapuram Dis- 
trict, Madras State, India). 


January 13-17, Automotive Engineering Congress, 
Detroit (Secretary, Society of Automotive Engineers, 
485 Lexington Avenue, New York, NY 10017, USA). 


January 13-17, Effects of Behaviour of Soils, Washing- 
ton DC (J. W. Guinnee, Engineer of Soils, Geology and 
Foundations, Highway Research Board, US National 
Research Council, 2101 Constitution Avenue, NW, Wash- 
ington DC 20418, USA). 


January 13-18, Atomic Molecular and Solid-State 
Physics and Quantum Biology symposium, Sanibel 
Island, Florida (Winter Institute, Quantum Theory Pro- 
ject, Nuclear Sciences Building, University of Florida, 
Gainesville, Florida 32601, USA). 

January 13-18, Earthquake Engineering, Santiago 
(Enrique Gajardo, c/o Achisina, Casilla 2777, Santiago, 
Chile). 

January 15-16, Lubrication in Hostile Environments, 
Risley (Institute of Mechanical Engineers, 1 Birdcage Walk, 
London SW1, UK). 


February 1-9, Building Congress, Essen (Gemeinnutzige 
Ausstellungsgesellschaft M.B.H., Norberstr. 2, 43 Essen, 
Germany). 


February 3-7, Fundamental Aspects of Radiation 
Sensitivity, Bombay (Dr A. F. Gopal-Ayengar, Biology 
Group, Bhabha Atomic Research Centre, Modular Labs., 
Trombay, Bombay 74, India). 


Sabbatical Itinerants 


In the hope of providing some practical assistance in the 
good cause of mobility between laboratories Nature is 
proposing to advertise the needs for housing of families 
about to take up periods of sabbatical leave. To begin 


with, no charge will be made for advertisements like this. 

It is hoped that a period of experiment will show what 

form these advertisements could most usefully take and 
whether they are effective. 





AMERICAN physics professor and family on sabbatical 
leave from Stanford University requires four or five bed- 
room furnished house in SW London for either nine or 
twelve months starting September 1969. Dr D. M. 
Ritson, 756 Santa Ynez, Stanford, California, USA. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the publie) 


From December 7, 1968, meetings and ather events in this cogunn wil 
restricted to meetings at which attendance is not confined to members. of 
particular societies. 





Monday, October 28 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 2.30 p.m.—Colloquium on "Solid State Displays”. 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westminster, 
London, SW1), at 5.30 p.m.— Informa! Discussion on "Current Developments 
and Use of Piling Plant and Equipment” introduced by Mr G. M. Cornfield 
and Mr D. D. Land. 


INSTITUTION OF MECHANICAL ENGINEERS, RAILWAY ENGINEERING GROUP 
(at 1 Birdcage Walk, Westminster, London, SW1), at 6 p.mw.—Discussion 
meeting on “Commissioning New Equipment”. 


PLASTICS INSTITUTE (at the ‘‘Coachmakers Arms", 88 Marylebone Lane, 
London, W1), at 7.30 p.m.—“Which Resin Should You UÜse--and Why?" 
(brains trust). 








Tuesday, October 29 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westminster, 
London, SW1), at 5.30 p.m.— Informal Discussion on ''S fety Precautions 
in Civil ‘Engineering with particular reference to Responsibility" Introd 
by Mr W. D. Short. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 5.30 p.m.— 
Sir Lawrence Bragg, CB, FRS: "Electrical Charges and Eleetri al Currents” 
(Lecture for Sixth Form Boys and Girls from Schools in London and the 
Home Counties. To be repeated on October 30, November 5 and 6.) 


ROYAL INSTITUTION, LIBRARY CIRCLE (at 21 Albemarle Street, London, 
Wi), at 5,30 p.m.—Mr K. W. E. Gravett: "Smaller Houses Under the 
Tudors—a Period of Transition". 


UNIVERSITY OF LONDON (in the Main Physics Lecture Theatre, Imperial 
College of Science and Technology, Prince Consort Road, London, 8W7), at 
5.80 p.m.— Professor Ernst Mayr (Harvard University): “The Biological 
Meaning of Species and the Problem of Species Diversity", * 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2) 
at 6 p.m.— Discussion meeting on “Increasing the Reliability of Electrical 
and Electronie Equipment under High Ambient Temperature Conditions" 
opened by Mr A. Thomas. 


Socrery or CHEMICAL INDUSTRY, LONDON SECTION (at 14 Belgrave Square, 
London, SW1), at 6 p.m.— Dr A. Caress: "Polymers, Past and Present’* 
(Whinfield Memorial Lecture). 


UNIVERSITY OF LONDON, DEPARTMENT OF EXTRA MURAL STUDIES; and 
the LINNEAN SOCIETY OF LONDON (at the Linnean Society, Burlington 
House, Piccadilly, London, W1), at 6.30 p.m.—Mr R. B. Freeman, MBE: 
“Early Studies of Insects". (Fifth of twelve lectures on '"The Historical 
Background to Modern Zoology"'.) 


Wednesday, October 30 


ROYAL INSTITUTION, History OF SCIENCE Discussion Group (at 21 
Albemarle Street, London, W1), at 1 p.m.—-Professor Lynne Reid: Measure- 
ment and the Lung".* 


INSTITUTION OF CHEMICAL ENGINEERS (at the Royal Aeronautical So 
Hamilton Place, London, W1), at 2.30 p.m.—Mr Freeman: "Innovat 
and Chemical Plant Sales", 


INSTITUTION OF MECHANICAL ENGINEERS, EDUCATION AND 
GROUP (at 1 Birdcage Walk, Westminster, London, SW1) at $ guit- 
Discussion meeting on “The E TTB Proposals for Training of Technologists”. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, 
at 5.30 p.m.—Mr R. J. Clayton, OBE: “Science and Profit in the Electronics 
Industry”. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WCZ), 
at 5.30 p.m.—Dr U. G. Knight: “A Study of Fault Levels on Supply Net- 
works". 

PLASTICS INSTITUTE, ENGINEERING SUBGROUP (at the “Coachmakera 
Arms", 88 Marylebone Lane, London, W1), at 6.30 p,m.—Mr R. D. Stafford 
and Mr A. A. Craggs: “Fastening, Welding and Jointing”. 


Wednesday, October 30— Thursday, October 31 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, INSTRUMENTATION 
AND CONTROL GROUP (at the Middlesex Hospital Medical Sehool, Cleveland 
Street, London, W1)—Conference on “Electronic Weighing”. 


Thursday, October 3l 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), a C 
Professor G. Porter, FRS: “Matter and Motion" (Civil $ € Lecture). 


. UNIVERSITY OF LONDON (at the Royal Society of Medicine, 1 Wimpole 
Street, London, W1), at 5 p.m.—Dr M. Lederman: “Carcinoma of the 
Larynx, Its Natural History and Treatment'.* 


INSTITUTE OF PHYSICS AND THE PHYSICAL SOCIETY (in the Department of 
Physies, Imperial College, London, SW7), at 5.30 p.m. —Mr B. W. Sharpe: 
“International Atomic Energy Agency Safeguards’. 


INSTITUTION OF CIVIL ENGINEERS, EDUCATION AND TRAINING GROUP. (at 
Great George Street, Westminster, London, SW1), at 6.80 pim, informat 
Discussion on “The Teaching and Training of Civil Engineering Design™ 
introduced by Mr E. Matchett and Mr E. Happold. 


INSTITUTION OF ELECTRICAL ENGINEERS (joint meeting with the Automatic 
Control Group of the Institution of Mechanical Engineers, at Savoy Place, 
London, WC2), at 5.30 p.m.— Discussion meeting on “Displays as a Factor 
in the Man-Machine Link” opened by Mr K. G. G. Corkindale and Mr R. H. 

Orley, 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, Weat- 
minster, London, SWi), at 6 p.m.—Diseussion meeting on "Creativity in 
the Mechanical Engineer”. 




















tu 
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Thursday, October 31-—Friday, November 1 


INSTITUTE OF PHYSICS AND THE PHYSICAL SOOIETY, X-RAY ANALYSIS 
GROUP fat the Institution of Electrical Engineers, Savoy Place, London, 
WC2)—Conference on “Accuracy and Automation in X-ray Analysis". 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, West- 
minster, London, 8W1)—Symposium on “The Basic Problems of Prehension, 
Movement and Control of Artificial Limbs”. 


" LINNEAN SOCIETY OF LONDON, and the BRITISH ECOLOGICAL SOCIETY, 
T ROPICAL GROUP (at the British Museum (Natural History), Cromwell Road, 
Lendon, 8W7)—8ymposium on “Speciation in the Tropical Environment”. 


Friday, November | 


ROYAL INSTITUTION, PHOTOCHEMISTRY DISCUSSION GROUP (at 21 Albe- 
marle Street, London, W1), at 1 p.m.—Dr J. A. Barltrop: ‘‘Photochemical 
Diene Additions".* 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 9 p.m.— 
Mr Huw Wheldon: “Television and the Arts”. 





Saturday, November 2 


_ASSOCIATION OF BRITISH ZooLocists (at the Department of Zoology, 
University of Bristol), at 10.30 a.m.-—Discussions and Demonstrations on 
“Research and Teaching in a Zoology Department".* 


Monday, November 4 


_ INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2)— 
Colloquium on “Direct Broadcasting from Satellites”. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 2.30 p.m.— 
Professor R. King: “Electricity and Magnetism’ (Civil Service Lecture). 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.—Mr J. T. Hayden: ‘Possible Applications of Superconductivity 
in Land, Sea and Air Transportation". 


INSTITUTION OF MECHANICAL ENGINEERS, TRIBOLOGY GROUP (at 1 Bird- 
cage Walk, Westminster, London, SW1), at 6 p.mn.— Discussion meeting on 
"Fretting in Machinery". 


SOCIETY OF ENGINEERS (at the Geological Society, Burlington House, 
Piccadilly, London, W1), at 6 p.m.— Professor A. Rupert Hall: “The Genesis 
of Engineering—Theory and Practice”, 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (at Shell Centre 
Theatre, Shell Centre, London, SE1), at 6.30 p.m.—Scientific Film Evening. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 
Great Britain and Ireland 


Ministry of Technology. Water Pollution Research 1967: The Report 
of the Water Pollution Research Laboratory Steering Committee with the 
PU of the Director of Water Pollution Research. Pp. viii-- 213. (London: 
H.M. Stationery Office, 1968.) 20s. net. [269 

Nickel Low-Alloy Steels—Case Hardening. Pp. 20. (London: Inter- 
national Nickel, 1968.) [269 

Royal Observatory Bulletins, No. 138: Time and Latitude Service 1906, 
April-June. Pp. B119-B132. 2s. 6d. net, No. 140: Time and Latitude 
Service 1966, July-September. Pp. B133-B144. 2s. 6d, No. 143: Time 
and Latitude Service 1966, October-December. Pp. B145-B162. 3s. 
(London: H.M. Stationery Office, 1968.) [269 

Committee on Manpower Resources for Science and Technology. The 
Flow into Employment of Scientists, Engineers and 'Technologists—Report 
of the Working Group on Manpower for Scientific Growth. (Cmnd. 3760.) 
Pp. viii-- 186. (London: H.M, Stationery Office, 1968.) 17s. 6d. net. [279 

Philosophical Transactions of the Royal Society of London. Series B: 
Biological Sciences. No. 793, Vol. 254 (26 September 1968): Coral Reef and 
Associated Invertebrate Communities (Mainly Molluscan) Around Mahé, 
Seychelles. By J. D. Taylor. Pp. 129-206 + plates 13-17, (London: The 
Royal Society, 1068.) 505.; $06.50. J z [279 

Department of Education and Science. Science Policy Studies, No. 3: 
The Employment of Highly Specialized Graduates—a Comparative Study 
in the United Kingdom and the United States of America, By M. C. 
MoCarthy, Pp. vili--36. (London: H.M. Stationery Office, nd 
4s. 6d. 27€ 

Natural Environment Research Council. National Institute of Oceano- 
graphy—Collected Reprints, Vol. 15. Reprints 596-637. (Wormley, Godal- 
ming: National Institute of Oceanography, 1968.) [1510 
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Other Countries 


Fiskeriundersegelser i 1967 ved Danmark, Faeroerne og Grenland. Ved 
E. Bertelsen og Paul M. Hansen. (Skrifter fra Danmarks Fiskeriog Hav- 
undersøgelser, Nr. 28.) Pp. 94. (København: I Kommission Hos Andr. 
Fr. Hest and Son, 1968.) 10.00 kr. [1510 

World Health Organization. Public Health Papers No. 35; Prevention 
of Suicide. Pp. 84. (Geneva: World Health Organization; London: H.M. 
Stationery Office, 1968.) 4 Sw. francs; 8s. [1510 

National Museum of Canada. Natural History Papers, No. 41 (June 20, 
1968): Crayfish in the Vicinity of London, Ontario. By W. W. Judd. 
Pp. 9. No. 42 (July 31, 1968): Poisonous and Venomous Fishes of Canada. 
By D. E. McAllister. Pp. 11. No. 44 (September §, 1968): Notes on Birds 
ofthe Amos Region, Quebec. By W. Earl Godfrey. Pp. 5. (Ottawa: Queen's 
Printer, 1968.) [1510 

New Zeaiand. Report of the Department of Scientific and Industria! 
Research for the year ended 31 March 1968. Pp. 56. (Wellington: Govern- 
ment Printer, 1968.) 20c. [1510 

Czechoslovak Academy of Sciences, Institute of Microbiology. Annual 
Report of the Laboratory of Experimental Algology and Department of 
Applied Algology for the year 1966. Pp. 138. (Trebon: Czechoslovak 
Academy of Sciences, Institute of Microbiology, 1967.) [1510 

Canada: Department of Mines and Technical Surveys. Geological Survey 
of Canada. Bulletin 141: Geology and Structure of the Yellowknife Green- 
stone Belt, District of Mackenzie. By J. F. Henderson and I. C. Brown. 
Pp. 87 (17 plates). $2.50. Bulletin 152: Lower Cretaceous Bullhead and 
Fort St John Groups, between Smoky and Peace Rivers, Rocky Mountain 
Foothills, Alberta and British Columbia. By D. F. Stott. Pp. 279 (27 plates). 
$7. Bulletin 159: Study of Pegmatite Bodies and Enclosing Rocka, Yeilow- 
knife-Beaulieu Region, District of Mackenzie. By R. Kretz. Pp. 109 (27 
plates). $3. Memoir 350: Geology of the Southeastern Barren Grounds, 
Parts of the Districts of Maekenzie and Keewatin (Operations Keewatin, 
Baker, Theion) By G. M. Wright. Pp. 91 (9 plates), $3. Memoir 353: 
Woodstock, Millville, and Coldstream Map-Areas, Carleton and York 
Counties, New Brunswick. By F. D. Anderson. Pp. 69 (11 plates). $4.50. 
Paper 67-48: A Catalogue of Selected Airphotographs. By H. S. Bostock. 
Pp. iii--163. $2. Paper 67-70: Geology of the Hudson Bay Lowlands 
(Operation Winisk). By B. V. Sanford, A. W. Norris and H, H. Bostock. 
Bibliography on Hudson Bay Lowlands. By A. W. Norris, B. V. Sanford 
and R. T. Bell. Pp. vi+118 (23 plates). $2. Paper 68-4: Abstracts of 
Publications in Scientific Journals by Officers of the Geological Survey of 
Canada, April 1967 to March 1968. Compiled by D. Snowden. Pp. 67. 
$1.50. Paper 68-30: Preliminary Notes on the Proterozoie Hurwitz Group. 
Tavani (55K) and Laminak Lake (55L) Areas, District of Keewatin. By 
R. T. Bell. Pp. v+16. $1.50. Paper 68-47: Sekwi Formation, a New Lower 
Cambrian Formation in the Southern Mackenzie Mountains, Distriet of 
Mackenzie. By R. C. Handfleld. Pp. v+23. $1.50. (Ottawa: Queen's 
Printer, 1966, 1967 and 1968.) [1510 

Australian Academy of Science, Year Book, June 1068. Pp. 111. (Can- 
berra City, ACT: Australian Academy of Science, 1968.) [1516 

Food and Agriculture Organization of the United Nations. The State of 
Food and Agriculture 1968 (World Review and Outlook; Raising Agri- 
cultural Productivity in Developing Countries through Technological Im- 
provement; Improved Storage and Its Contribution to World Food Supplies). 
Pp. viii-- 205. (Rome: Food and Agriculture Organization of the United 
Nations; London: H.M. Stationery Office, 19608.) 46s.; $5.75. 11516 

Institut Royal Météorologique de Belgique. Bulletin Mensuel. Observa- 
tions Ionosphériques, Aoüt 1968, Pp. 26, (Uccle-Bruxelles: Institut Royal 
Météorologique de Belgique, 1968.) [1510 

Towards the Coherent Study of Science in Human Affairs—First Report 
of the Director on the activities of the Institute for the Study of Science in 
Human Affairs, April 1966-March 1968. Pp. 40. (New York: Columbia 
University in the City of New York, 1968.) [1616 

Current Papers in Physics User Study—Coverage, Arrangement and 
Format. By Margaret Slater, Stella Keenan; and The Institution of Elec- 
trical Engineers, London; and the American Institute of Physics, New York. 
(Report No. INSPEC/2; No. AIP/CPP2.) Pp. 61. Use Made of “Current 
Papers in Physics". By Margaret Slater, Stella Keenan; and the Institution 
of Electrical Engineers, London; and the Ameriean Institute of Physics, 
New York. (Report No. INSPEC/3; No, AIP/CPP3.) Pp. 67. (New York: 
American Institute of Physics, 1968.) : . [1616 

Berichte des Deutschen Wetterdienstes. Nr. 106 (Band 15): Uber die 
Normsicht bei Quickborn/Holstein und den Austausch von Trübendem 
Aerosol. Von Ernst Frankenberger. Pp. 22. Nr. 107 (Band 15); Häufig- 
keitsverteilungen Klimatologischer Gróssen (Temperatur, Wind, Niederschalg 
und Zirkumglobalstrahlung) am Biespiel von Frankfurt a.M. und dessen 
Náherer und Weiterer Umgebung. Von Heinz Wachter. Pp. 35. Nr, 108 
(Band 15): Phanologische Gebietsmittel für die Bundesrepublik Deutsch- 
land. Von Erika Freitag. Pp. 68. (Offenbach a.M.: Selbstverlag des 
Deutschen Wetterdienstes, 1967 und 1968.) 1710 

Food and Agriculture Organization of the United Nations—United 
National Development Program. Desert Locust Project—Final Report. 
Pp. xii-- 142. (Rome: Food and Agriculture Organization of the United 
Nations; London: H.M. Stationery Office, 1968.)  405,; $5. (1718 
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Introduction to 
the Chemistry of Carbohydrates 


R. D. Guthrie and John Honeyman 


This well-known textbook provides an introduction to the chemistry of 
carbohydrates for students of chemistry and of biochemistry. It emphasizes 
modern aspects of the chemistry of carbohydrates, including 
conformational analysis, and the chapter on physical methods has been 
completely rewritten and considerably enlarged. In this new edition the 
authors have given more attention to sugar derivatives such as those 
containing carbonyl groups or carbon-carbon double bonds. 

Though primarily a student text, the book will be helpful to industrial 
chemists and others who wish to bring their knowledge of the chemistry of 
carbohydrates up to date. Thirdedition 140 text-figures 45/- net 
paper covers 21/-net Just published 


Oxford University Press 


DYES FOR USE IN ALL INDUSTRIES 


RESEARCH & PRODUCTION CHEMISTS: if you 
are looking for dyes with specific chemical and physical 
properties suitable for particular manufacturing and/or 


s 
testing processes you are invited to contact fine lenses 
| EDWARD GURR LIMITED 
for supplies. need 


We hold stocks of an enormous variety of dyes, ready for immediate 


despatch, including: = = 
Cyanine, Dicyanine, Fast Bordeaux O, Aurantia, Crystal violet, BPC, 1 
Scarlet R, BPC, Diazonium salts, Neutral violet, Lacmoid, Nile blue, " 
Janus green, Brilliant green BPC, Rosolic acid, Methyl green, p- Ethoxy- 
chrvsoidin, Methyl red, Nitrazine yellow, Pinacryptol green, etc. 
Industrial Research Establishments Superior quality and competitive price 


are invited to make use of our professional services as make Green’s tissues the finest available. 
censultants on the selection and use of dyes as research 


MERE Write for free Sample Booklet No. N.105. 
BIOLOGISTS are invited to send for our catalogue of: 
GREEN—makers of the finest papers 


‘MCHIRO TIE? since 1810. 


STAINS & REAGENTS FOR EIOLOGY ; 


Acridine orange, Aquamount, Fluormount, Lipid crimson, Matamount, 


May-Grünwald, Leishman, Giemsa, Toluidine blue, Cresyl fast violet, A AS ` 2 
Papanicolaou stains, Thioflavine S, Brilliant cresy! blue, Nile blue, HAYLE MILL : MAIDSTONE - KENT 
Pyronin Y, Trifalgic acid, Rhodanile blue, Haplo, etc. 


EDWARD GURR LTD 


42 Upper Richmond Road West, London, S.W.14 
Cables: Micromiabs London SW14, Telephone: 01-876 8228/9 
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Classified Advertisements 


All copy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion. 
The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers' errors. 
although every care is taken to avoid mistakes. 
Semi-displayed £6 per single column inch, 
Minimum £3, each additional 1/I2th of an inch 
lOs. Full page £158, Half page across £80. 
Colour (orange) £20 extra. 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number. 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement's 
inn, Strand, London, W.C.2. Telephone: 
012405 4743. Telegrams: Textualist, London, 





APPOINTMENTS VACANT 


NATURAL ENVIRONMENT 
RESEARCH COUNCIL 


INSTITUTE OF GEOLOGICAL 
SCIENCES 


STATION SUPERINTENDENT 
AT ESKDALEMUIR 
GEOPHYSICAL 
OBSERVATORY 


Applications are invited for the post of 
Station Superintendent, at the level of 
Senior Experimental Officer, for Eskdale- 
muir Geophysical Observatory in Dumfries- 
shire, 

The Observatory lies in open moorland 
about 17 miles from the towns Langholm 
and Lockerbie, Residential accommodation 
is provided for the Superintendent and 
about 15 supporting staff, The Observa- 
tory maintains continuous recording of 
seismic and geomagnetic phenomena and, 
by arrangement with the Meteorological 
Office, carries out synoptic weather observa- 
tions. Geophysical staff also take part in 
the development of new geophysical instru- 
ments, 

Personal qualities are important in a 
post of this type, and the successful appli- 
cant must have considerable administrative 
ability as well as the scientific knowledge 
to ensure maintenance of the highest stan- 
dards in the continuous observations from 
this remote station. 

Applicants should normally have a Uni- 
versity Degree, H.N.C. or equivalent in 
appropriate subjects; those without such 
qualifications may be admitted if they have 
considerable experience in maintenance and 
development of geophysical observatory 
instruments. 

Salary from January 1, 1969, £2,220 to 
£2,720, starting salary may be above the 
minimum. 

Non-contributory pension. 

Staff of the Council are not Civil Ser- 
vants but their pay and conditions are simi- 
Jat to those of the Scientific Civil Service. 

Application forms and further particulars 
from CIVIL SERVICE COMMISSION, 23 
Savile Row, London, WIX *2AA, quoting 
$/7014/68, 

Closing date November 7, 1968. (1226) 





UNIVERSITY OF 


MANCHESTER 
MANCHESTER, 13 


RESEARCH ASSOCIATE 
(BIOCHEMIST) 


Applications invited from BIOCHEM- 
ISTS with postgraduate research experience 
for this post in the Department of Child 
Health with new research team investigating 
brain growth and development. Salary by 
arrangement, up to £1,470 per annum. 

Further details and application forms 
(returnable by November 4) from the 
Registrar. Quote Ref. 181/68/Na. 

(1230) 





RESEARCH CHEMIST 


A Graduate Chemist is required to join a research team 
working in the area of tobacco smoke aerosol. 

The ideal candidate, aged about 25, will possess a good 
honours degree and have an interest in physical-organic 


chemistry. Since this particular project covers a number of 
disciplines, & background in natural products, or a bias 
towards biological chemistry will be of more assistance 
than an interest in synthetic organic chemistry. 

The Company offers attractive conditions of employment. 
Please apply in writing, giving brief details of age, qualifi- 


cations and experience to: 


The Manager, 
Research & Development Establishment, 
BRITISH-AMERICAN TOBACCO CO. LTD. 
Regent's Park Road, Southampton, S09 1PE 





(1300) 


HUMAN BIOCHEMICAL GENETICS 


RESEARCH UNIT 


Medical Research Council 


Applications are invited for a Blood Group Sero'ogist to work in the 
Regional Transfusion Centre at Edgware. Ample opportunities for train- 
ing and advanced study. Grading and salary according to qualifications 
and experience. Applications to: The Director, North London Blood 
Transfusion Centre, Deansbrook Road, Edgware. 





UNIVERSITY OF CALGARY 
CALGARY, ALBERTA, CANADA 


FACULTY OF ARTS AND 
SCIENCE 


DEPARTMENT OF 
MATHEMATICS 


Applications are invited for the position 
of HEAD OF THE DEPARTMENT OF 
MATHEMATICS effective July 1, 1969. 
This appointment will be at the full pro- 
fessor level, salary open to negotiation, but 
not less than $17,500. The Department has 
approximately 40 appointments in the pro- 
fessorial ranks and is involved in teaching 
and research in areas of pure and applied 
mathematics, statistics and computing 
science. The Department has full authority 
to offer the M.Sc. and Ph.D. degrees. 
More than 40 students are presently regis- 
tered in these graduate programmes. The 
University of Calgary has 6,000 full-time 
students with projected increases of 20 to 
25 per cent per year for the next ten years. 
The usual fringe benefits, removal allow- 
ances etc. apply. 

Inquiries should be addressed to the 
Dean of the Faculty of Arts and Science, 
University of Calgary, Calgary 44, Alberta, 
Canada. (1338) 





(1447) 


MONASH UNIVERSITY 
CLAYTON, VICTORIA, AUSTRALIA 
RESEARCH FELLOWSHIPS AND SENIOR 
RESEARCH FELLOWSHIPS 


Applications are invited for a Research or 
Senior Research Fellowship tenable in any aca- 
demic Department in the University where the 
person appointed will be expected to carry out 
unsupervised research. 

Salary for Research Fellows will be in the 
range $A4,690 to $A7,300. Salary for Senior 
Research Fellows will fall within the range 
$A7,500 to $A8,750 or the range $A9,200 to 
$A9,900 depending on qualifications. In some 
circumstances, loadings are paid for Fellowships 
beld in medical or clinical departments. Certain 
allowances will be available to cover travel and 
removal expenses, to provide temporary accom- 
modation and, in some circumstances, Fellows 
may be eligible for repatriation after the com- 
pletion of the tenure of their Fellowship. The 
University will make a contribution towards the 
superannuation of Fellows who are members of 
a superannuation scheme. 

Applications containing full details of the ap- 
plicant’s previous training and experience, to- 
gether with full details of the work which he 
would hope to carry out if appointed and the 
names of three referees, should reach the Aca- 
demic Registrar, not later than December 31, 
1968. Full particulars are available from either 
the Secretary-General, Association of Common- 
wealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, S.W.1, or from the 
Academic Registrar. 32D 
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MINISTRY OF 
OVERSEAS 
DEVELOPMENT 





Foresters are frequently required to work for the 
governments of the developing countries and vacancies 
arise continuously. 

Starting salaries within the ranges quoted are assessed on 
qualifications and length of relevant experience ; and the 
terms of most appointments include free or subsidised 
accommodation, education grants, family passages, good 
leave on full pay, ete. A contributory pension scheme 

is available in certain circumstances. 

Most appointments are limited to nationals of the 
United Kingdom or the Irish Republic who are normally 
resident in those countries. 


BRITISH SOLOMON ISLANDS 
PROTECTORATE 


Forestry Officer RC 324/27/01 


DuriEs: District forestry duties. 

QUALIFICATIONS & Terms: A degree in Forestry. Basic 
salary $A2,232-4,272 (£ Sterling 1,042-1,994} p.a. plus 

an inducement allowance in the range £ Stg. 716-1,160 

p.a. normally tax free which is payable by the British 
Government direct to the officer's home bank account. 
Terminal gratuity 25% of basic salary plus inducement 
allowance or a terminal payment of 5 or 6 days gross 

salary for each month of resident service. Contract 2 years. 


DOMINICA 
Forestry Adviser 


Duties: To advise the Government on the necessary 
control of harvesting operations and the regeneration of 
areas exploited by a Timber Company. 

QuaLIFICATIONS & TERMS: Degree in Forestry essential. 
Experience of tropical moist mountainous forestry desirable. 
Salary £2,500 p.a. subject to British income tax plus a 
variable non-taxable overseas allowance of £460-£1,085 p.a. 
according to marital status. Contract 2 years. 


RC 324/52/01 





HONG KONG 
Forestry Officer (Research) 


Durrs: To take charge of a small team investigating soil 
conservation problems and particularly the rehabilitation 
of badly degraded hills and unstable slopes principally 
within reservoir catchment areas. 

QUALIFICATIONS & TERMS: Honours degree in Forestry or 
Ecological Science and minimum 2 years experience in 
research and soil conservation. 


RC 324/81 /02 


Salary including 
expatriation pay Hong Kong $2,641-4,783 per month 
(£ Sterling 2,179-3,946 p.a). Gratuity 17% of salary. 
Contract 3 years. 


NEW HEBRIDES CONDOMINIUM 
Forestry Officer RC 324/124/01 


Duties: To supervise the exploitation of forests and re- 
afforestation within the New Hebrides group and to 

carry out research in silviculture. 

QUALIFICATIONS & TERMS: Degree in forestry essential ; 
good knowledge of French desirable. Salary scale 

free of local tax $A3,900-5,550 (£ Sterling 1,820-2,590} p.a. 
(currently under review). Gratuity £ Stg. 37.10.0 for each 
completed 3 months of service. Contract 3 years. 


SABAH 


Assistant Conservator of Forests 


Duties: Forest administration and management including 
silviculture forest inventory work and protection of 
natural resources. 

QUALIFICATIONS & TERMS: Candidates should not be under 
25 years of age and must have (a) an honours degree in 
forestry, or (b) a pass degree in forestry or natural science 
with one or two years post-graduate forestry study 
respectively. Basic salary $ Malaysia 750~1,420 per month 
(£ Sterling 1,226-2,321 p.a.) plus an inducement allowance 
of £ Stg. 804-1,303 p.a, Terminal gratuity approximately 
2095 of basic salary and inducement allowance. 

Contract 2 years, 


RC 324/150/01 


ST. LUCIA 


Forester RC 324/153/61 


Duties: To carry out an enumeration survey of the 

St. Lucia forests and prepare a management plan. 
QUALIFICATIONS & TERMS: Degree in Forestry with 
considerable experience of tropical forestry, Basic salary 
£2,750 p.a. subject to British income tax plus a variable 
non-taxable overseas allowance of £470-£885 p.a. 
according to marital status. Contract 9 months. 


If you wish to apply for any of these appointments, or 
you are interested generally in a forestry appointment 
overseas, please write giving vour full name, age and 
brief particulars of your professional qualifications 
and experience to the 


Appointments Officer, Room 348 N, Ministry of Overseas 


Development, Eland House, Stag Place, London, SWL 
320 
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techniques, 


Telfer, External Recruitment, 


reference R.10221/8N, 


UNIVERSITY OF WINDSOR 
Windsor, Ontario, Canada 
DEPARTMENT OF CHEMISTRY 


Applications are invited from graduates hold- 
ing first and second-class honours degrees or 
equivalent for a number of Teaching Fellow- 
ships. Teaching Fellows are expected to study 
for a higher degree in addition to their labora- 
tory teaching duties (maximum six hours per 
week), M.Sc. and Ph.D. programmes are offered 
in the areas of Analytical, Theoretical, Inorganic, 
Organic, Physical, Radiation Chemistry and 
Biochemistry. Stipends: $3,300 for first year, 
and up to $4,600 per annum for subsequent 
years, Advance of salary towards travel to 
Canada can be arranged, 

For further information, write to the Gradu- 
ate Admissions Officer, Department of Chemistry, 
University of Windsor, Windsor, Ontario, 
Canada. (1068) 





COMMONWEALTH 
AGRICULTURAL BUREAUX 


VACANCY FOR ASSISTANT DIRECTOR 
COMMONWEALTH BUREAU OF 
HORTICULTURE AND PLANTATION 
CROPS 


Location. The Bureau is at Bradbourne House 
in the extensive grounds of the East Malling 
Research Station. There is a joint Research 
Station/ Bureau Library which contains one of 
the most comprehensive collections of scientific 
horticultural literature in the world. 


Duties, To assist the director with the general 
administration. of the Bureau and its work of 
providing an information service to  horticul- 
turists. 

Qualifications. A degree in horticulture or 
botany and postgraduate experience. Ability to 
write good concise English essential. Reading 
knowledge of foreign languages and editorial 
experience desirable. 

Salary, In the scale £2,250 to £3,107 (under 
revision) ; entry point according to age, quali- 
fications and experience. Provision for super- 
annuation. 

Anyone interested should write informally in 
the first instance to the Director (Mr. G. E. 
Tidbury, B.Sc., A.R.C.S., A.LC.T.AJ, Common- 
wealh Bureau of Horticulture and Plantation 
Crops, East Malling Research Station, near 
Maidstone, Kent, and in suitable cases prelimin- 
ary interviews will be arranged at the Bureau 


before formal applications are considered. Clos- 
ing date for formal applications, January 15, 
1969. 0330 





UNIVERSITY COLLEGE, CARDIFF 


Applications are invited for the post of RE- 
SEARCH TECHNICIAN in the Department of 
Biochemistry to commence as soon as possible. 
Applicants should hold at least an O.N.C. in 
chemistry or equivalent qualifications. The ap- 
pointment, initially for a period of three years 
is to work on the structure of proteins. Salary 
within the scale £722 to £1,007 per annum, with 
supplementary allowances for approved higher 
qualifications plus staff pension scheme. Op- 
portunities will be given for further education 
and training. 

Written applications with the names and ad- 
dresses of two referees should be sent to the 
Registrar, University College, Cathays Park, 
Cardif. (1281) 


[33 | ORGANIC 
GEOCHEMIST 


A vacancy exists in Exploration and Production Research Division, 
BP Research Centre, Sunbury-on-Thames, Middlesex, for an Organic 
Geochemist to work on problems connected with the Origin of 
Petroleum. Candidates, preferably aged not over 30, should possess 
a good honours degree in chemistry or equivalent qualification. Post- 
graduate research experience, either academic or industrial would be 
an advantage. The position is suitable for an organic chemist with 
experience of natural product chemistry and/or physical analytical 


Write, giving brief details of qualifications and experience to M. J. 
elfe The British Petroleum Company 
Limited, Britannic House, Moor Lane, London, E.C.2., quoting 













(1301) 


BEECHAM RESEARCH 
LABORATORIES 
BROCKHAM PARK, 

BETCHWORTH, SURREY 


require a 


TECHNICIAN 


for the 


Bacteriology Unit 


of the DEPARTMENT OF 
CHEMOTHERAPEUTIC RESEARCH 


A young woman, aged 16-22, is required 
to assist in work concerned with the 
evaluation of the antibacterial activity of 
new antibiotics, The work involved is 
mainly of a biological nature and will 
entail working as a member of a team of 
scientists and technicians, 


Applicants should be of '*O"/"A*" 
level G.C.E. standard in scientific subjects 
or hold an O.N.C, Previous experience is 
not essentia! but would be an advantage. 


Applications, stating briefly age, qualifica- 
tions and experience, should be sent to: 


The Personnel Officer, Beecham Research 
Laboratories, Brockham Park, Betchworth, 
Surrey. (1463) 





QUEEN ELIZABETH COLLEGE 
(UNIVERSITY OF LONDON) 
CAMPDEN HILL ROAD, W.8 

DEPARTMENT OF CHEMISTRY 
Applications are invited from good honours 
graduates in chemistry or biochemistry for a Re- 
search Assistantship to work on the determina- 
tion of the flavour compounds of certain natural 
foodstuffs. The successful applicant could be a 
candidate for the degree of Ph.D. 
Applications giving curriculum vitae and the 
names of two referees, should be sent to Dr. 
A. J, MacLeod. (1293) 





LECTURESHIP IN THERAPEUTICS 


Applications are invited for post of LEC- 
TURER within the Department of Therapeutics 
and Pharmacology. Possession of a higher 
qualification in medicine is essential, and the 
Lecturer will have clinical responsibility. Salary 
on scale: £1,470 to £2,995 with initial placing 
according to qualifications and experience. 
Superannuation (F.S.S.U) and removal alow- 
ance. 

Further particulars from the Secretary, The 
University. Aberdeen, with whom applications 
(10 copies), should be lodged by November 23, 
1968. (1328) 
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SUNDERLAND EDUCATION 
AUTHORITY 


SUNDERLAND TECHNICAL 
COLLEGE 


(Polytechnic Designate) 






















Applications are invited for the posts of : 


SENIOR LECTURER OR 
LECTURER (GRADE I!) IN 
BIOCHEMISTRY 


SENIOR LECTURER OR 
LECTURER (GRADE II) IN 
MICROBIOCHEMISTRY 


to participate in the development of B.Sc. 
degree courses in Biological subjects, 
H.N.C. and H.N.D, Applied Biology 
courses, and short advanced courses. 


Research and Consultancy are encour- 
aged. 


Salary for these posts will be in accord- 
ance with the Burnham Technical Scale: 


Senior Lecturer: £2,280 to £2,595. 
Lecturer Grade EE: £1,725 to £2,286, 


The Education Authority is prepared to 
help the successful candidates with removal 
expenses, house purchase and temporary 
lodging allowance. 


Further particulars and forms of applica- 
tion may be obtained from the Registrar, 
Technical College, Chester Road, Sunder- 
land. Completed forms should be returned 
to the Director of Education, 15 John 
Street Sunderland, Co. Durham, not later 
than November 2, 1968 (1292) 





























































TOBACCO RESEARCH 
COUNCIL LABORATORIES 


require 


SENIOR TECHNICIAN 


with experience in radiochemical 
techniques and also, preferably, in 
preparative organic chemistry. 


Candidates should have H.N.C. 
pass degree of equivalent qualifica- 
tions and should not be less than 21 
years old. Write, giving brief details 
of qualification, experience and age 
to: 









Personnel Officer, 


Tobacco Research Council! 
Laboratories, 


Hariow Hill, 
Harrogate. 









UNIVERSITY OF SASKATCHEWAN 
SASKATOON 


POPULATION GENETICIST 
BIOMETRICIAN 


Applications are invited for the position 
of Assistant Professor at the current salary 
of $9,200 to $12,200. Applicants should 
have a thorough knowledge of statistical 
desígn and be familiar with using a com- 
puter. The successful applicant would be 
expected to concentrate research work in 
the general field of plant genetics and teach 
a light load at both undergraduate and 
graduate levels. 

Further inquiries should be addressed to: 


G. M. Simpson, Acting Head, 
Department of Crop Science, 
University of Saskatchewan, 
Saskatoon, Saskatchewan, Canada. 
(1457) 





UNIVERSITY OF OXFORD. SENIOR 
Technician required to assist establishment of 
Radio-immuno-assay for polypeptide hormones. 
Knowledge of chemistry needed, basics of assay 
will be taught. Salary range £915 to £1,230.— 
Apply in writing to Administrator, Department 
of Human Anatomy. South Parks Road, Ostend: 

(1313) 
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UNIVERSITY OF OTAGO 
DUNEDIN, NEW ZEALAND 


LECTURER OR SENIOR LECTURER IN 
PSYCHOLOGY 


Applications are invited for the above- 
mentioned position in the Department of Psycho- 
logy. Applicants with qualifications in any field 
of Psychology would be considered. 

Salary range: $NZ3,000 by $§NZ200 to 
$NZ4.400/$N24,400 by $NZ200 to $25,400 per 
annum. The status of Senior Lecturer may be 
awarded as a mark of personal distinction either 
on initial appointment or by subsequent promo- 
tion. The salary of Senior Lecturers will be not 
less than $NZ4,600 per annum. A particularly 
well qualified applicant could be appointed at the 
grade of Associate Professor at a salary within 
the range of $NZ5,600 to $NZ6,600 per annum. 
Note:  $NZIOO equals £46 13s. 4d. sterling, 
SUS112, $A100) Note: New scales just released 
for next year make provision for the following 
salary rates—Lecturers, $NZ3,100 to SNZ4,800 ; 
Senior Lecturers, $NZ4,700 to $NZ6,600; Asso- 
ciate Professors, $NZS,800 to $NZ7,300 per 
annum.) 

Further particulars are available from the Sec- 
retary-General, Association of Commonwealth 
Universities (Branch Office), Marlborough House, 
Pall Mall, London, S.W.1, or from the Registrar 
of the University. Applications close in New 
Zealand and London on November 30, m 

(1333 


INITIATIVE AND A SENSE OF 
RESPONSIBILITY .. . 


If you have them, and are ambitious, apply 
for the existing vacancy, at present Chief Techni- 
cian I or Senior Technician II grade with pros- 
pects of promotion to Chief Technician II, in 
the Department of Medical Microbiology at St. 
George's Hospital Medical School, Hyde Park 
Corner, S.W.1. You would be responsible for 
the technical organisation of research, teaching 
and routine hospital bacteriology. Candidates 
should be Fellows of the 1.M.L.T. with consider- 
able experience in medical bacteriology or possess 
equivalent qualifications and experience. 

Apply to Professor S. D. Elek at the above 
address. (1445) 


UNIVERSITY DEPARTMENT OF 
PHARMACOLOGY 
ELECTRONICS DESIGN ENGINEER 


Department of Pharmacology, University of 
Oxford. ELECTRONICS DESIGN ENGINEER 
to design and maintain apparatus for medical re- 
search and teaching, in position of Departmental 
Research Assistant. Salary up to £2,425 accord- 
ing to qualifications and experience. 

Applications in writing to Professor W. D. M. 
Paton, F.R.S. (1440) 


' METAL ABSTRACTS” THE NEW IN- 
iernationat abstracting service for metallurgy is 
still expanding and offers permanent positions as 
SENIOR EDITORIAL ASSISTANTS. The work 
consists of editing and checking abstracts for pub- 
lication. A science degree, preferably in metal- 
lurgy or physics, is necessary and a working 
knowledge of a foreign language would be an 
advantage.——Applications, stating age, education, 
qualifications and experience to The Editor, 
* Metals Abstracts," The Institute of Metals, 17 
Belgrave Square, London, S.W.1. (1315) 


EAST 








RESEARCH STATION. 
Botanist with good Honours degree and post- 
graduate research achievement, to apply a variety 
of approaches, including studies in development 
anatomy, electron/microscopy, and the assay of 


MALLING 


growth regulatory substances, towards better 
understanding of the relationships between grow- 
ing conditions and the storage behaviour of 
apples. Appointment in S.O. or S.S.O. grade.— 
Details and application. forms from Secretary, 
East Malling Research Station, Maidstone, Kent. 
(0337) 


UNIVERSITY OF CAMBRIDGE—SCHOOL 
OF AGRICULTURE. Applications invited for 
RESEARCH ASSISTANTSHIP financed by the 
Great Ouse River Authority and the Water Re- 
sources Board to study ecological effects of water 
flow regulation in a small river system.  Qualifi- 
cations: Honours degree in biological subject and 
interest in fresh water ecology. Three year ap- 
pointment with salary in scale £1,050 to £1,420. 
—Further particulars from and application in 
writing with names of two referees, to reach the 


Secretary, School of Agriculture, Downing 
Street, Cambridge, not later than November 15, 
1968. €1443) 


ASSISTANT 
DIRECTOR 


The 
Mines 


Atlantic Oceanographic Laboratory of 
Marine Sciences Branch, Department of Energy, 
and Resources, is engaged in an extensive 
interdisciplinary programme of research and sur- 


$15,999-$20,900 


the 


veys on the Eastern Continental Shelves of Canada, 


Atlantic Oceanographic 
Laboratory 

Bedford Institute 
Dartmouth, Nova Scotia 


the Canadian Arctic and in the deep ocean. 
Assistant Director is to be appointed whose main 
responsibility will be the direction, co-ordination 
and assessment of the basic and applied research 
aspects of the Laboratory programme. 


An 


The Assis- 


tant Director will be in charge of about 63 profes- 


sionals in the disciplines of physics, chemistry, 


geology, geophysics and engincering. 
Qualifications include university graduation, prefer- 


ably at 


the. Doctorate. level, 


and an established 


scientific reputation together with extensive experi- 


ence in 

» SCIENCES. 
Public 
Service 
of 


Canada 





TRENT UNIVERSITY 


PETERBOROUGH, ONTARIO, 
CANADA 


Department of Chemistry 


invites applications tor a senior appoint- 
ment in Physical Chemistry to commence 
July 1, 1969, Preference will be given to 
candidates with interest in the physica! 
chemistry of biologically important macro- 
molecules, 
1968/69 minima : 
Associate Professor, $12,600 ; 
Professor, $16,000. 


Apply: Professor G. Aspinall, 


Chairman, Chemistry Department. 
(1456) 





SCOTTISH HORTICULTURAL 
RESEARCH INSTITUTE 


INVERGOWRIE, DUNDEE DD2 5DA 
CROPS RESEARCH 


Applications are invited for the post of 
ASSISTANT | EXPERIMENTAL OFFICER} 
EXPERIMENTAL OFFICER in the Crops Re- 
search Section to assist with investigations of 
the effects of climatic conditions on horticultural 
crop production in Scotland. Candidates should 
have a degree or qualification in a biological 
science. Training in physics or mathematics, or 
experience of instrumentation for micro- 
meteorology would be an advantage. Salaries: 
A.E.O.—£895 at age 22, rising to £1.150 at 26 
(maximum entry salary) and thereafter to £1,385. 
E.O. (minimum age 26)—£1,514 to £1,910. The 
post is superannuable. 

Further particulars may be had from the Sec- 
retary with whom applications, giving full details 
of age, education and experience, together with 
the names of two referees, should be lodged 
by November 9. (1529) 


UNIVERSITY | OF READING 


DEPARTMENT OF PHYSIOLOGY AND 
BIOCHEMISTRY 


Applications are invited for a post of Assist- 
ant Lecturer or Lecturer in the Department of 
Physiology and Biochemistry. The post is con- 
cerned chiefly with physiological aspects of the 
work of the Department. The person appointed 
should take up his duties as soon as possible. 

Further information may be obtained from 
the Registrar (Room 217, Whiteknights House), 
The University, Whiteknights, Reading, by whom 
applícations should be received not later than 
November 16, 1968. (1462) 


BIOCHEMIST- REQUIRED FOR RESEARCH 
in Biochemical Pharmacology. Applicants should 
be Post-Doctoral Fellows. The research will in- 
clude aspects of Drug Metabolism, Clinica! Chem- 
istry, Toxicology and Enzymology. Publications 
of Scientific Papers encouraged.— Write with full 
details to Director of Research, Biorex Labora- 
tories Limited, 198 City Road, London, E.C.1. 

(1452) 








research 
It is very desirable that experience be 
related to marine research. 

For further details write to the 

BIO-PHYSICAL SCIENCES PROGRAM, 
PUBLIC SERVICE COMMISSION OF 
CANADA, OTTAWA 4, ONTARIO. 

Please quote Circular Number 68-1102. 


management in the physical 
















HEBREW UNIVERSITY OF 
JERUSALEM 
FACULTY OF SCIENCE 
POST DOCTORAL FELLOWSHIPS 


invited for Post Doc- 
tenable in one of the 

the Faculty of 
Physics, Chemistry, 


Applications are 
toral Fellowships. 
following institutes of 
Science: Mathematics, 
Biology. Earth Sciences. 

Preliminary inquiries for the academic 
year 1969/70 should reach us by December 
1, 1968, addressed to Mrs. N. Lifshitz at 
the Faculty of Science giving details of the 
specialized field of interest. Further in- 
formation wil then be supplied. (1458) 






UNIVERSITY OF SYDNEY 


LECTURESHIP/SENIOR LECTURESHIP IN 
GEOLOGY 


Applications are invited for the above- 
mentioned post. Candidates should be especi- 
ally well qualified in the fields of petrology and 
mineralogy. Salary: Lecturer, $A5,400 by $4270 
to $A7,300 per annum ; Senior Lecturer, $47,600 
by $A230 to $48,750 per annum. 

Information about superannuation, housing 
scheme, sabbatical leave, etc, and method of 
application should be obtained from the Associa- 
tion of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, 
S.W.l. Applications close on November 14, 
1968, 0326) 


UNIVERSITY OF ST. ANDREWS 
DEPARTMENT OF GEOLOGY 

Applications are invited for the post of RE- 
SEARCH ASSISTANT to assist De. L B. 
Dawson in mineralogical and chemical studies on 
carbonatites and  kimberlites from East and 
South Africa. The work entails the routine 
analysis of silicate rocks and minerals, The ap- 
pointment is for two years. Salary: £1,000 rising 
to £1,050. 

Applications, with the names of two referees, 
should be submitted to the Deputy Secretary of 
the University, College Gate, St. Andrews, by 
November 9, 1968. (1339) 


UNIVERSITY OF CAMBRIDGE 


DEPARTMENT OF PURE MATHEMATICS 
AND MATHEMATICAL STATISTICS 


Applications are invited for a University Leg. 
tureship or Assistant Lectureship in any branch 
of Pure Mathematics. Salary range for Univer- 
sity Lectureship. £1,830 to £2,900; Univershy 
Assistant Lectureship, £1,260 to £1,650, Cur 
riculum vitae, a list of publications, and names 
of referees, should reach the Secretary of the 
Appointments Committee, Faculty of Mathe- 
matics, Silver Street, Cambridge, by November 
16, 1968. 

The Secretary will also be pleased to answer 
any inquiries. (i280) 
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SECTION 
HEAD 


(ANIMAL SCIENCE) 


$11,000—$17,000 


To conduct a comprehensive program in breeding 
and physiology of dairy cattle, sheep and swine and 
to provide scientific leadership to a developing 


animal research unit involving specialists in several 


disciplines. 


Research Station 
Canada Department 
of Agriculture 


Lennoxville, Quebec essential 


position, 


Public 
Service 


Graduation at the Doctorate level with research 
experience in animal breeding or physiology and 
demonstrated 
both official languages (English, French) while not 
is a desirable 


leadership ability. Proficiency in 


qualification for this 


Résumés or requests for additional information 
should be submitted 
BIOPHYSICAL SCIENCES PROGRAM, PUB- 


to Dr. H. F. JEFFERS, 


LIC SERVICE COMMISSION, OTTAWA 4, 


CANADA. 


68-100-05. 


UNIVERSITY OF QUEENSLAND 
BRISBANE, AUSTRALIA 
LECTURER IN ANATOMY 


Applications are invited for the above- 
mentioned post. Candidates should preferably 
be graduates in medicine, with a good academic 
record and preferably with some experience in 
teaching at University level. Applications from 
well qualified graduates in related disciplines will 
be considered. Duties will include a share in 
the teaching, examining and research work of 
the department and in certain minor administra- 
tive functions. The salary will be within the 
range $45,400 to $47,300 per annum. The Uni- 
versity provides, for Lecturers, superannuation 
similar to F.S.S.U.. Housing Assistance, Study 
Leave and travel allowances. 

Additional information and application forms 
will be supplied upon request to the Association 
of Commonwealth Universities (Branch Office), 
Marlborough House. Pall Mall, London, S.W.1. 
Applications close in Brisbane and London on 
November 22, 1968. (1258) 





AGRICULTURAL RESEARCH 
FOOD RESEARCH INSTITUTE, NORWICH 


(D ASSISTANT EXPERIMENTAL OFFICER / 
EXPERIMENTAL OFFICER required to take 
part in a programme of physiological and bio- 
chemical investigations of plant respiration. 
Qualifications: Pass degree or H.N.C. in Chem- 
istry essentíal with some knowledge of Botany. 


(ii) EXPERIMENTAL | OFFICER/ASSIST- 
ANT EXPERIMENTAL OFFICER required to 
work on the structure of mucopolysaccharides. 
Candidates should be chemists or biochemists 
with recent experience in protein or carbohydrate 
^"hemistry.  , Qualifications: Pass degree or 
H.N.C. in chemistry or biochemistry. 

Salary: A,E.O. according to age: £859 at age 
22; £1,088 at age 26 or over; maximum £1,385. 
E.O., £1,461 to £1,910. Superannuation— 
Optional contributory scheme. 

Application forms and further particulars from 
Secretary, Food Research Institute, Colney Lane, 
Norwich, NOR 70 F, quoting reference (D 67/28 
or (D 68/5. (1316) 


UNIVERSITY OF CAMBRIDGE 


Applications are invited for the office of 
UNIVERSITY DEMONSTRATOR IN THE 
DEPARTMENT OF ANIMAL PATHOLOGY 


The initial appointment will be for three years 
from January 1, 1969 or as soon as possible 
thereafter. The person appointed will be ex- 
pected to work in the field of Morbid Anatomy. 
The pensionable stipend is on a scale £1.260 to 
£1,650 a year with initial placing above the 
minimum where appropriate. There is a grant 
towards removal expenses. 

Ten copies of applications, together with the 
names of not more than three referees, should 
be sent to G. R. Anderson, The Old Schools, 
Cambridge, to arrive not later than November 
23, 1968. (0442 





Please 


quote reference number 


(454A) 





INSTITUTE OF 
ORTHOPAEDICS 


ROYAL NATIONAL ORTHOPAEDIC 
HOSPITAL 
234 GREAT PORTLAND STREET, W.! 


Applications are invited for the super- 
annuable post of SENIOR LECTURER in 
the Professorial Unit at the Institute of 
Orthopaedics (Stanmore), where the cl'ni- 
cal research wing laboratories are being 
extensively re-equipped for studies includ- 
ing growth, repair, tissue transplantation 
and the causation of disease. This is a 
new post intended for a medical or sc'ence 
graduate with previous experience of celu- 
lar biology who wishes to undertake ie- 
search. The successful applicant will also 
be expected to participate in the basic 
scientific educational programme of the 
Institute. 


Salary within range: Medical (pre-clini- 
eal) or Scientific qualifications £2,520 to 
£2,940, then subject to review, then to 
£3,255 plus £80 London Allowance. 


Further information obtainable f om the 
Dean at the above address, to whom appli- 
cations should be sent, naming two referees, 
by December 31, 1968. (1453) 


UNIVERSITY OF BELFAST 
LECTURESHIP IN PHYSIOLOGY 


The Senate of The Queen's University of Bel- 
fast invites applications for a Lectureship in 
Physiology (joint appointment with the Northern 
Ireland Hospitals Authority) from January 1, 
1969, or such other date as may be arranged. 
The salary range is £1,575 to £2,730 plus provi- 
sions for superannuation. If graded as consult- 
ant the salary will rise to a maximum of £3.415. 
An appointment may be made at any point on 
the scale depending on qualifications and experi- 
ence. Applications should be received by Novem- 
ber 20, 1968. 

Further particulars may be obtained from the 
Secretary, The Queen's University of Belfast, 5 
(1448 





DEPARTMENT OF CHEMICAL 
ENGINEERING 


RESEARCH FELLOWSHIP IN TRIBOLOGY 


Applications are invited from candidates in- 
terested in the basic aspects and applications of 
friction, wear, and lubrication. Applicants 
should have initial training in either physics. or 
electronic engineering, or chemistry, and have 
some research experience. Salary scale: £1,470 
to £2,010 plus F.S.S.U. 

Applications, naming three referees, should be 
sent as soon as possible to the Assistant Regis- 
trar (S) P.O. Box 363, Birmingham 15, from 
whom further particulars can be sacar 

H 


NEW ZEALAND 


DEPARTMENT OF SCIENTIFIC AND 
INDUSTRIAL RESEARCH 


Applications are invited for the under- 
mentioned vacancy : 


Vacancy B 13/18/80/3091 


SCIENTIST (PEDOLOGIST) 
SOIL BUREAU, TAITA 


For soil surveys in New Zealand, and 
possibly for short-term secondment to 
Pacific Islands. Applicants should have a 
good degree in science or agriculture with 
ability to express their ideas clearly in 
writing. 

Salary : According to qualifications and 
Subsequent 
promotion will be on scientific merit and 
an outstanding officer may advance to 
NZS7,300. 


Qualifications desired : Honours degree in 
science or agriculture with postgraduate 
experience an advantage, 


Passages: Fares for appointee and his 
wife and family, if married, will be paid. 

Incidental expenses: Up to £35 for a 
single man and £100 for a married man 
can be claimed to cover the cost of taking 
personal effects to New Zealand. 


Application forms and general informa- 
tion are available from the High Commis- 
sioner for New Zealand, New Zealand 
House, Haymarket, London, 3.W.1, with 
whom applications will close on November 
29, 1968. 


Please quote Reference B 15/18/80/3091 
when inquiring. (1460) 


experience up to NZ$5,990, 





LOUGHBOROUGH 
UNIVERSITY OF 
TECHNOLOGY 


LECTURERS IN PHYSICS 


Applications are invited for posts as 
Assistant Lecturer and Lecturer in the De- 
partment of Physics for general lecturing 
to the honours physics course and also to 
some of the engineering courses in the 
university. 


An interest in hydrodynamics and wave 
propagation in plasmas or composite 
materials would be an advamage for re- 
search work in the department. 


Salary scales : 
Assistant Lecturer, £1,105 to £1,340. 
Lecturer, £1,470 to £2,630. 


Forms and particulars from the Academic 
Registrar. 


LOUGHBOROUGH LEICESTERSHIRE 


(1450) 


UNIVERSITY OF DURHAM 
LIBRARY 
SCIENCE SECTION 
ASSISTANT LIBRARIAN or SENIOR 
LIBRARY ASSISTANT 


This is the second senior post in the section 
and a degree in Science will be a considerable ad- 
vantage. Applicants should have professional 
qualifications in an academic or technical library. 
Salary according to experience and qualifications, 
within the scales £1,105 to £2,180 or £850 to 
£1,400. 

Further particulars from The Librarian, Uni- 
versity Library, Palace Green, Durham, to whom 
applications. including the names of three 
referees. should be sent to arrive by November 
1441) 


CH INSTITUTE, 








ANIMAL VIRUS RESEA 
Pirbright, Woking, Surrey, invites applications 
from science graduates interested in joining a 
group working on the structure and biochemistry 
of viruses. Facilities are available for the suc- 
cessful applicant to work for a higher degree. 
Appointment in S.O. or S.S.O. grade. S.O. (at 
January 1, 1969) £1,020 to £1,740; SS.O. (at 
January 1, 1969) £1,925 to £2,372, Superannua- 
tion under F.S.S.U. House available for married 
man.—Application forms and further particulars 
from Secretary. 157) 








UNIVERSITY OF MANCHESTER 
MANCHESTER, 13 


EXPERIMENTAL OFFICER IN THE 
RADIOLOGICAL PROTECTION 
SERVICE 


Applications invited for this post from candi- 
dates experienced in use of instrumentation used 
in medical or health physics, and qualified to 
H.N.C. standard in physics or electrical engin- 
eering. Duties include assistance in Isotope Unit 
with preparation of doses for patients and cali- 
bration and use of instruments, and in Radio- 
logical Protection Laboratories with radiometric 
service. Salary range per annum £920 to £1,525. 
F.S.S.U. 

Particulars and application forms (returnable 





by November 9) from the Registrar. Quote ref. 
185/68/Na. (1285) 
UNIVERSITY OF MANCHESTER 


MANCHESTER, M13 9PL 
EXPERIMENTAL OFFICER IN PHYSICS 


Applications invited for this post in the 
Nuclear Physics Group in the Department of 
Physics from electronics engineers with B.Sc. or 
H.N.C. with some design experience. Further 
experience provided in one or more of the 
following fields: digital systems, digitally con- 
trolled servo systems and fast electronics. Two 
16 K on-line computers and excellent laboratory 
facilities available, Salary range per annum: 
£920 to £1,525. F.S.S.U. 

Application forms and particulars (returnable 
by November 8) from the Registrar. Quote 
Ref.: 188/68/Na. (1286) 


UNIVERSITY OF READING 


Applications are invited for an ASSISTANT 
LECTURESHIP and a LECTURESHIP IN AP- 
PLIED MATHEMATICS. Applicants for one 
post should possess research interests in Geo- 
physical Fluid Dynamics, preferably — hydro- 
dynamics, and for the second post, qualifications 
in numerical analysis relating to differential equa- 
tions. The persons appointed should take up 
their duties on January 1, 1969. 

Further information may be obtained from the 
Registrar (Room 217, Whiteknights House), The 
University, Whiteknights, Reading, by whom ap- 
plications should be received not later than 
November 15, 1968. (1288) 








(UNIVERSITY OF LONDON) 
CAMPDEN HILL ROAD, W.8. 


Applications are invited for the post of 
ASSISTANT LECTURER in Inorganic Chem- 
istry, which will be vacant on January 1, 1969. 
Salary scale £1,105 to £1,320 plus £60 London 
allowance. 

Further particulars may be obtained from the 
College Secretary to whom four copies of appli- 
catíons should be sent by November 8. (1294) 





NEWCASTLE UPON TYNE 
COMPUTING LABORATORY 


Applications are invited for the post of 
DEMONSTRATOR which would normally be 
held for at most three years. The holder is 
expected to have research experience leading to 
à higher degree and be eager to pursue further 
research and to teach computer scíence at an 
advanced level, Salary will be in the range: 
£1,105 by £75 to £1,180 by £80 to £1,340 (extead- 
able to £1.650 per annum). 

Applications, with full details of education and 
experience, together with names of three referees, 
should be sent as soon as possible to The Direc- 
tor, Computing Laboratory, University of New- 
castle upon Tyne, Claremont Towers, Claremont 
Road, Newcastle upon Tyne NEIL 7RU. 

(1302) 


UNIVERSITY OF OTAGO 
DUNEDIN, NEW ZEALAND 
CHAIR OF ANATOMY 


The University of Otago proposes to appoint 
a Professor of Anatomy to succeed Professor 
W. E. Adams who has accepted the appointment 
of Dean of the Medical Faculty. Professorial 
salaries for medically qualified staff are fixed at 
various points within the range of $N29,400 per 
annum to $NZi0,800 per annum. (Note: 
$NZ100 equals £46 13s. 4d. Sterling; $US112; 
$A100.) 

Further particulars are available from the Sec- 
retary-General, Association of Commonwealth 
Universities (Branch Office), Marlborough House, 
Pall Mall, London, S.W.1, or from the Registrar 
of the University. Applications close in New 
Zealand and London on November 20, 1968. 

(1320) 





PORTSMOUTH COLLEGE OF 
TECHNOLOGY 
SCHOOL OF PHARMACY 


LECTURER GRADE II OR SENIOR 
LECTURER IN MEDICAL LABORATORY 
SCIENCE 


Applications are invited from suitably qualified 
candidates for the above post, duties to com- 
mence as soon as possible. Candidates should 
have practical experience of modern techniques 
of haematology and clinical biochemistry. The 
successful candidate would be expected to teach 
in. and to play a major part in the development 
and organisation of, courses in medical labora- 
tory science. Salary scales: Lecturer Grade H, 
£1,725 to £2,280 per annum; Senior Lecturer, 
£2,280 to £2,595 per annum. 

Further details and application forms may be 
obtained from the Staff Officer, Portsmouth Col- 
lege of Technology, Hampshire Terrace, Ports- 
mouth, to whom completed applications should 
be returned by November 15, 1968. (1298) 





MEDICAL RESEARCH 
COUNCIL 


Applications are invited for an appoint- 
ment to the scientific staff of the Council's 
Laboratory Animals Centre. The success- 
ful applicant would be responsible for 
initiating research into the environmental 
requirements of laboratory animals. Duties 
will also include the giving of advice on 
animal housing and cage design.  Appli- 
cants should be interested in laboratory 
animal science and preferably have experi- 
ence either in animal husbandry or a rele- 
vant science. 


Excellent conditions of service, F.S.S.U.. 
London allowance, six weeks annual leave. 
Salary, according to qualifications, experi- 
ence and age. will be within one of the 
following salary bands: £1,905 to £2,345; 
£2,450 to £2,630. 


Applications and requests for further de- 
tails of the post should be addressed to the 
Director, Laboratory Animals Centre, 
Medical Research Council Laboratories, 
Woodmansterne Road, Carshalton, Surrey. 
Telephone: 01-643-4461. 0234) 





UNIVERSITY OF GLASGOW 


LECTURESHIP IN EXPERIMENTAL 
PHYSICS 


Applications are invited for a Lectureship in 
Experimental Physics. Salary scale: £1,470 to 
£2,630 per annum. Initial salary according to 
experience and qualifications. F.S.§.U. The 
successful applicant will be expected to prosecute 
experimental research work in Nuclear or Ele- 
mentary Particle Physics in addition to teaching 
duties. 

Applications (eight copies), should be lodged, 
not later than November 30, 1968, with the 
undersigned, from whom further particulars may 





be obtained. 
ROBT. T. HUTCHESON, 
Secretary of the University Court. 
(1282) 
EWELL COUNTY TECHNICAL 


COLLEGE 
REIGATE ROAD, EWELL, SURREY 
CHIEF TECHNICIAN £1,145 TO £1,355 


To take charge of technical services for the 
Department of Biological Sciences. The post is 
largely administrative, but requires extensive 
technical experience, to direct the work of 17 
technicians in 14 laboratories and 16 ancillary 
rooms. The work of the Department includes 
Biochemistry, Biophysics, Plant Pathology, 
Physiology, Microbiology, Pharmacology, Histo- 
logy, Haematology and Radiobiology. Applicants 
should hold H.N.C. or equivalent. 

Further details and application form from 
Registrar (quoting ref. N). (1260) 


XLI 


UNIVERSITY OF WARWICK 
SENIOR TECHNICIAN 


The School of Molecular Sciences has a 
vacancy in its Laboratories for a Senior Techni- 
cian possessing appropriate qualifications and ex» 
perience in biochemistry. Suitable candidates 
will have the ability to organise several well 
equipped laboratories and be able to supervise 
and train junior staff. Assistance with research 
programmes will also be required. Salary de- 
pending on age, experience and qualifications is 
on an incremental scale of £987 to £1,225 per 
annum. 

Applications to the Registrar, the University 
of Warwick, Coventry CV4 7AL, as soon as pos- 
sible, quoting Ref. No. 127/68. (0266) 








UNIVERSITY OF WARWICK 
TECHNICIAN 


The School of Molecular Sciences has à vacancy 
in its laboratories for a Technician with expeti- 
ence or interest in biochemistry. Suitable candi- 
dates will have an Intermediate C. and G, certifi- 
cate or O.N.C. Salary, depending on age, ex- 
perience and qualifications, is on an incremental 
scale of £722 to £1,007 per annum. 

Applications should be sent to the Registrar, 
The University of Warwick, Coventry CV4 7AL, 
as soon as possible. Please quote Ref. Mo. 129/ 








68. (1303) 
INSTITUTE OF 
ORTHOPAEDICS 
ROYAL NATIONAL ORTHOPAEDIC 
HOSPITAL 


CLINICAL RESEARCH WING 
BROCKLEY HILL, STANMORE, 
MIDDLESEX 


Applications are invited for the super- 
annuable post of STUDENT TECHNI- 
CIAN for work on problems of tissue 
transplantation, growth and repair in the 
Professorial Unit at Stanmore. Salary 
within the range £430 rising to £800 at the 
age of 25 plus London Weighting based 
on Whitley conditions. 

Further information from Professor 
R. G. Burwell at the above address to 
whom applications should be sent naming 
two referees. (i270) 





SENIOR LECTURER AND LECTURER 
IN STATISTICS 


Applications are invited for these posts in any 
branch of statistics. Staff appointed may start 
as soon as possible, but applications for next 
October will also be considered. Salary on scale: 
Senior Lecturer, £2,740 to £3,415; Lecturer, 
£1,470 to £2,630, with initial placing according to 
qualifications and experience. Superannuation 
(F.S.S.U.) and removal allowance. 

Further particulars should be obtained from 
The Secretary, The University, Aberdeen, with 
whom applications (8 copies) should be lodged by 
November 16, 1968. (1308) 


COLLEGE 
DEPARTMENT OF PHYSIOLOGY 


The Department wil require on January |. 
1969, or as soon thereafter as possible, a 
JUNIOR LECTURER IN PHYSIOLOGY. 
Applicants should have an Honours Degree or a 
medical qualification. Salary scale: £1,415 to 
£1,775. A London Allowance of £60 phe 
F.S.S.U. benefits will also be payable. 

Conditions of appointment and application 
forms may be obtained from the Registrar, 
King's College London, Strand, London, W.C.2, 
completed forms must reach him by November 
(1284 





NON-MEDICAL SCIENTIFIC OFFICER 
(BASIC GRADE) 


required for Department of Haematology, mainly 
for work in the hospitals’ blood transfusion 
laboratories. Applicants should possess an 
appropriate science degree. Whitley Couch 
Terms and Conditions of Service. Salary scale 
£915 to £1,295 per annum; Ist or 2nd class 
honours £1,030 to £1,295 per annum. 
Applications, giving details of age, qualifica- 
tions, any previous experience, and naming two 
referees, to Chief Administrative. Officer, United 
Sheffield Hospitals 10 Beech Hil Road, Shef- 
field, S10 2RZ. by November 8, 1968, (1299) 


NATURE, OCTOBER 26. 1968 





COMMONWEALTH OF AUSTRALIA 


Kerrann 





DEPARTMENT OF SUPPLY 


Fuel Cell Technologist 


Fuel cells have already proved of practical value by their success as sources of electric power for manned space missions. 
The wider application of fuel cells, however, will depend upon their ability to utilise cheaper and more convenient fuels — 
the current "logistic" fuels for military applications and the more common hydrocarbons kerosene, propane or natural gas 
for industrial uses, In view of the potential benefits such cells could bring to both the Defence Forces and industry of Aus- 
tralia, the Department of Supply has initiated a research programme into ful cells utilising conventional hydrocarbon fuels. 
A Senior Research Scientist is sought to investigate basic electro-chemical problems involved in the developmant of high 
temperature fuel cells using molten salt electrolytes. 


Qualifications: Ph.D. in an appropriate discipline 
in electro-chemistry. 
Experience with molten salts or high temperature 
studies would be an advantage. Alternatively, other 
graduate 
equivalent standard. Research ability of a high order 


with proven research ability 


qualifications and post 


essential. 


Salary and Conditions: $46,892 — $A7,974 (f1= 
Three weeks’ annual leave plus generous 
Liberal superannuation benefits 


$A2.14). 
sick leave allowance. 
and long service leave. 





INTERNATIONAL BIOLOGICAL 
PROGRAMME 


Malayan Tropical Rain Forest Productivity 
Studies 


Applications are invited for the post of 
SENIOR RESEARCH OFFICER to take charge 
of a project within the Internationa! Biological 
Programme on the productivity of rain forest. 
The project is being organized jointly by the 
British and Malaysian National Committees for 
the International Biologícal Programme in asso- 
elation with the Universities of Aberdeen and 
Malaya. 

The main aims of the project are to study the 
level of productivity and the biological turnover 
of an area of forest in Malaysia as near to 
primary as possible. A detailed scientific pro- 
gramme will be worked out jointly by the sesior 
research officer with consultants in the United 
Kingdom and the Malaysian National Committee, 

Applicants should have a Ph.D degree, or 
have had postgraduate research experience of 
equivalent standard. in appropriate fields, and 
should preferably be at tbe university lecturer or 
senior lecturer level, ‘The appointment would be 
for four years up to the end of the International 
Biological Programme in 1972, including three 
years in the field in Malaya and a period for 
writing up in the United Kingdom. Arrangements 
have been made for the successful applicant to 
be attached to the University of Aberdeen, which 
maintains formal links with the University of 
Malaya, in association with the Department of 
Botany, during periods in the United Kingdom, 
and it is expected that he will be closely asso- 
ciated with the University of Malaya during 
operations in Malaysia. The salary would be 
appropriate to previous experience within the 
range £2,275 to £2,675 a year, with an overseas 
allowance of £1,000 a vear where applicable, and 
F,S,S.U. benefits. Accommodation for the suc- 
cessful applicant ani his family will be provided 
in Malaysia, together with fares between the 
United Kingdom and Malaysia and local trans- 
port facilities. The senior research officer is 
expected to have two research assístants on the 
botanical side and two on the zoological side, 
together with technical staff and labour. 

Detailed applications, with names and ad- 
dresses of two referees, should be sent before 
November 30, 1968, to the Executive Secretary, 
The Royal Society, 6 Carlton House Terrace, 
London S.W.1. (1207) 





LANCE TRANSLATORS 
Geologists, Geochemisis, Geophysicists, Hydro- 
logists, Oceanographers, Marine Biologists with 
an excellent knowledge of Russian and ability to 
write sound English are invited to participate ia 
an expanding Russian-to-English translation pro- 
gramme,—Reply to Nature, Box No. 959, T. G. 
Scott and Son, Lid., 1 Clement's Inn. London, 
wE (1309) 





experience of 


Location: Aeronautical Research Laboratories at Fishermen's 
Bend, Melbourne, where modern and high class research 
equipment and computers are available. 

Applications and further details can be obtained from: 

Senior Representative, Department of Supply, Australia 


House, Strand, London, W.C.2. Closing date of applications, 


16th November, 1968. 








HOUGHTON POULTRY 
RESEARCH STATION 


(Financed jointly by the Agricultural 
Research Council and The Animal Health 
Trust) 


LEUKOSIS 
EXPERIMENTAL UNIT 


EXPERIMENTAL 
OFFICER 


required to assist in work on avian tumour 
viruses. The work will be particularly 
concerned with the viruses in cell culture, 
and therefore experience in cell culture 
techniques is desirable. 


Appointment in the A.E.O. or E.O. 
grade according to age, qualifications and 
experience. Salary range £1,088 per annum 
(at age 26 or over) to £1,385 per annum 
for A.E.O. and £1,461 per annum to 
£1,910 per annum for E.O. Superannuable 
post. 

Further particulars and application forms 
from the Secretary, Houghton Poultry. Re- 
search Station, Houghton, Huntingdon, to 
whom completed application forms should 
be returned. by November 25, 1968. 

(13103 





KING'S COLLEGE HOSPITAL AND 
MEDICAL SCHOOL 
DEPARTMENT OF MEDICAL PHYSICS 


PHYSICIST required for this department 
which has wide responsibilities and interests in 
both Hospital and Medical School including 
radioisotopes in treatment, diagnosis and re- 
search, radiotherapy physics, radiation protec- 
tion, medical electronics, neutron activation, 
teaching, ete. The successful applicant will hav^ 
responsibility for radiation safety in Hospital and 
Medical School and also in other hospitals in 
the South-east Metropolitan Regional Hospital 
Board area, but should have some time for 
other werk in the Department. An appoint- 
ment is to be made in the Basic Grade (salary on 
scale between £930 to £1,733 according to age. 
qualifications and experience) and the successful 
candidate may be able to work for a higher 
degree. 

Further details may be obtained from the 
Directer of the Department. Applications, in- 
eluding names and addresses of two referees, 
must be sent to the Hospital Secretary, King's 
Colege Hospital, Denmark Hill, London, S.E.5, 
by November 9, 1968. (1283) 


MEDICAL SCHOOL 
DEPARTMENT OF BIOCHEMISTRY 
Applications are invited for the posts of 
SENIOR LECTURER and LECTURER in the 
Department of Biochemistry which is being 
established in the Medical School under the 
direction of Professor G. H. A. Hübscher. The 
first intake of medical students will be in Octo- 
ber 1970. t is intended that, in addition to 
the teaching of medical students, the department 
will also engage in the instruction of science 
students. — Facilities for research will be good, 
and lively research interests in any field of bio- 
chemistry are welcome. The successful candid- 
ates are expected to take up their duties at a 
mutually convenient time but this should be as 
near as possible to October 1, 1969. Salary 
wil be within the scale for pre-clinical staff 
(medically qualified) ranging from £2,575 to 
£3,310 (Senior Lecturer) and £1,900 to £2,750 
(Lecturer) respectively, Non-medically qualified 
scales are as follows: Senior Lecturer £2,575 to 

£3,310, and Lecturer £1,470 to £2,630. 
Further particulars and form af application 
may be obtained from the Registrar, to whom 
completed application forms should be returned 
by December 31, 1968. (1238) 


COMMONWEALTH 
AGRICULTURAL BUREAUX 
COMMONWEALTH INSTITUTE OF 
ENTOMOLOGY 

LONDON, S.W.7 

FOR ASSISTANT EDITOR 








VACANCY 


Duties: Include producing and editing the 
Institute’s publications, 
Qualifications: Experience of research and 


publication in medical or veterinary entomology ; 
good critical faculty and ability to write lucid 
and concise English essential; reading knowledge 
of other European languages and experience in 
field experimentation desirable. 

Salary: In the Je £1,051 to £3,232 gross per 
annum (under revision). Starting salary accord- 
ing to age, qualifications and experience. Two 
extra increments after two years’ satisfactory 
service for applicants aged 32 or under on ap- 
pointment. Provision for superannuation. 

Application forms and full particulars from 
Secretary, Commonwealth Agricultural Bureaux, 
Farnham House, Farnham Royal near Slough, 
Bucks. 

Closing date for completed 
duplicate, November 30, 1968 





applications in 








PHOTOGRAPHER WITH RESPONSIBILITY 
for Medical Photomicrography required within 
Department of Medical Hlustration. Work also 
includes specimen photography. Salary according 
te qualifications and experience within range 
£1,130 to £1,475.—Applications in writing to the 
Secretary, Royal Postgraduate Medical School, 
Hammersmith Hospital. Ducane Road, London, 
W.12, quoting ref. 15/104. (1291) 





UNIVERSITY OF EDINBURGH 


DEPARTMENT OF CLINICAL 
CHEMISTRY 


Applications are invited for the post of 
LECTURER IN THE DEPARTMENT OF 
CLINICAL CHEMISTRY. Candidates 


may hold either science or medical qualifi- 


cations, and previous experience of hospi- 
tal laboratory work is not essential. Salary 
range £1,470 to £2,995, with placement 
according to qualifications and experience 
and with F.S.S.U. provision, The South- 
eastern Regional Hospital Board (Scotland) 
wil be prepared to grant the appropriate 
honorary status to the successful canaidate. 
Further particulars from the Secretary to 
the University, Old College, South Bridge, 
Edinburgh | 8. Applications close on 
November 20, 1968. (1446) 


LOUGHBOROUGH 
UNIVERSITY OF 
TECHNOLOGY 


MATHEMATICS LECTURERS 


Following expansion within the Depart- 
ment of Mathematics and the development 
of the University's Centre for the Advance- 
ment of Mathematical Education in Tech- 
nology, vacancies now exist for Lecturers 
or Assistant Lecturers with interests ín the 
fields of statistics, functional analysis, 
stability, optimization techniques, and the 
development of mathematical teaching 
methods, 

Salary scales : 

Lecturers ia the range £1,470 to £2,630, 
Assistant Lecturers in the range £1,165 
to £1,340, 


Applications are also invited for 


RESEARCH FELLOWSHIPS 


{stipend in range £1,470 to £1,740) one on 
related topics to those above, the other for 
research in mathematics teaching, Bath 
are for two-year periods; the work may 
qualify for a higher degree. 


Further particulars may be obtained from 
ihe Academic Registrar, 


LOUGHBOROUGH LEICESTERSHIRE 


(1449) 


INSTITUTE OF 
ORTHOPAEDICS 


ROYAL NATIONAL ORTHOPAEDIC 
HOSPITAL 
234 GREAT PORTLAND STREET, W.! 


RESEARCH FELLOW required for 
work on tissue transplantation in associa- 
tion with Professor R. G. Burwell at Stan- 
more, This is a new superannuable post 
designed for surgical trainees wishing to 
undertake a period ef research before 
establishing their careers in orthopaedic 
Surgery but suitable science graduates will 
also be considered. The post is normally 
tenable for 12 months, but it may be 


extended under special circumstances for a 


period of up to three years. It is desir- 
able, but not essential, that applicants have 
previous experience of research and hoki a 
Fellowship of one of the Royal Colleges of 
Surgeons. 
Salary within range 
(a) Medical qualifications, 
£2,525% 
(b) Scientific qualifications, £1,470 to 
£2,270 (plus £60 London Weight- 
ing). 


Further information obtainable from the 
Dean at the above address, to whom appii- 
cations should be sent naming two referees 
by November 30, 1968. (1454) 


£1.745 to 





SENIOR TECHNICIAN REQUIRED FOR 
busy diagnostic laboratory connected with veterin- 
ary practice. A knowledge of bacteriology and 
haematology necessary.—Apply, Wickham Labor- 
atories Ltd., Winchester Road, Wickham, 
Hants. 0210 





FOOD INFESTATION CONTROL UNIT 


Department of Agriculture and Fisheries for Scotland 
Glasgow 


BIOLOGISTS/ENTOMOLOGISTS (graded E.O./A.E.O.) for the inspection of food- 
stuffs for insect pests in ships, warehouses, farms, mills and manufacturing premis 
advising on and recommending control measures and field investigations of infestatio 
problems and control measures. A period of training is given but some basic know- 
ledge of entomology and an interest ín insects is essential. 


QUALIFICATIONS : Degree, H.N.C. or equivalent in appropriate subject. 


SALARY : E.O. (minimum age 26) £1,461 to £1,855 (£1,514 to £1,910 from January 1, 
1969); A.E.O. £744 (at 20) to £859 (at 22) to £1,088 (at 26 or over) to £1,330 (£770 
to £895 to £1,150 to £1.385 from January 1, 1969). 


Prospects of permanent pensionable appointments. 


APPLICATION FORMS from the Establishment Officer, Department of Agriculture 
and Fisheries for Scotland, Room 172, St. Andrew's House, Edinburgh, 1, 


date November 11, 1968. 





UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF BOTANY 


LECTURER/ASSISTANT LECTURER IN 
PLANT TAXONOMY 


Preference will be given to candidates with 
qualifications and experience in chemotaxonomy 
and/or serotaxonomy. Salary scale: Assistant 
Lecturer, £1,105 to £1,340. Lecturer, £1,470 to 
£2,630 (both with F.S.S.U. . 

Applications (three copies), naming two 
referees, should be sent by November 15, 1968, 
to the Assistant Registrar (S), P.O. Box 363, 
Birmingham 15, from whom further particulars 
may be obtained. (1327 





INSTITUTE OF 
ORTHOPAEDICS 


ROYAL NATIONAL ORTHOPAEDIC 
HOSPITAL 
CLINICAL RESEARCH WING 
BROCKLEY HILL, STANMORE, 
MIDDLESEX 


Applications are invited for the super- 
annuable post of SENIOR TECHNICIAN 
JI with experience in Histology in the Pro- 
fessorial Unit, Stanmore. Salary accord- 
ing to age and experience on a progressive 
scale rising to £1,620 plus £90 London 
Weighting based on Whitley conditions. 

Further information from Professor 
R. G. Burwell at the above address to 
whom applications should be sent naming 
two referees. (1269) 





"UNIVERSITY OF NEW ENGLAND. 
ARMIDALE, NEW SOUTH WALES 
LECTURER IN NUTRITION 


Applications are invited for the above- 
mentioned position in the Department of Bio- 
chemistry and Nutrition. Nutrition is a maior 
subject in the degree of Bachelor of Rural 
Science and is also offered for the degree of 
Bachelor of Science. There is a strong nutrition 
research and postgraduate training programme 
in the Department. The research interests of the 
appointee could range from ruminant or non- 
ruminant nutritional biochemistry to nutritional 
behaviour. The successful applicant wil be ex- 
pected to participate in both undergraduate and 
postgraduate tuition and supervision, Salary : 
$A5.400 by $SA270 to $A7,020 by $A280 to 
$47,300 per annum. Other conditions include 
provision for travel and removal expenses, super- 
annuation, assistance in buying or building a 
home, and study leave. Study leave travel grants 
are available and credit may be granted for ex- 
isting study leave entitlement. 

Further particulars and information may be ob- 
tained from the Association of Commonwealth 
Universities (Branch Office, Marlborough House. 
Pail Mall, London, S.W.1. Applications close 
on November 15, 1968. (1325) 












Closing 
27) 


UNIVERSITY OF SHEFFIELD 


DEPARTMENT OF HUMAN 
BIOLOGY AND ANATOMY 


Research Assistant. Young graduate in science 
or medicine required. An interest in or know- 
ledge of tissue culture methods desirable but not 
essential. Salary scale in range £800 to £1,000 
p-a., depending on age and experience. 

Write in the first instance to Professor R, 
Barer, Department of Human Biology and 
Anatomy, The University, Sheffield S10. TTN, 
Quote reference R.3/G. (33D 








TECHNOLOGY 
HERTFORDSHIRE 
PRINCIPAL LECTURER 
and 
SENIOR LECTURERS 
in 
PHYSIOLOGY /PHARMACOLOGY 


The Principal Lecturer to be responsible for 


leading a team and teaching physiology and 
pharmacology to honours degree level 
(C.N.A.A ). 
LECTURER GRADES I OR II 
in 
BIOCHEMISTRY 


Lectureships (Grade I or ID available for a 


biochemist, to teach to degree level. Research 
encouraged. 
Salary Scales: Principal Lecturer, £2,530 to 


£2.850; Senior Lecturer, £2,280 to £2,595 ; Lec- 
turers Grade II, £1,725 to £2,280; Lecturers 
Grade I, £1,225 to £1,745. 

Application Instructions from Academic Regis- 
trar. {1314} 





LONDON BOROUGH OF ENFIELD: 
EDUCATION COMMITTEE 
ENFIELD COLLEGE OF 
TECHNOLOGY 
QUEENSWAY, ENFIELD, MIDDLESEX 
Principal: G. S. Brosan, T.D., Ph.D. 
FACULTY OF TECHNOLOGY 
Applications are invited for the following addi- 
tional post of Research Assistant: 
RESEARCH ASSISTANT IN STRESS 
ANALYSIS 
This post. which is financed by a Science Re- 
search Council grant, is for a period of two 
years commencing as soon as possible, and is 
concerned with a three-dimensional photoclastic 
investigation. Applicants will be expected to 
have had some experience of this technique. 
Commencing salary will be within the range of 
£850 to £900 per annum. 


Application forms obtainable from and return- 
able to the Academic Registrar within fourteen 


days. 
D. B. DENNY, M.A. 
Chief Education Officer. 
(1323) 


NATURE, OCTOBER 26, 1968 





ULSTER: 
THE NEW UNIVERSITY 


School of Biological and 
Environmental Studies 


RESEARCH 
ASSISTANT 


The New University of Ulster invites ap- 
plications for a Research Assistantship for 
the study of the circulation of algal nutri- 
ents in Lough Neagh, Northern Ireland. 
The work will be particularly concerned 
with the uptake and release of nutrients by 
the lake sedíments. 


Applicants should have a good honours 
degree and appropriate postgraduate ex- 
perience, preferably in chemistry or in a 
biological subject. 


The appointment will be from January 
1, 1969, for two years at a salary between 
£1,250 and £1,500 per annum with F.S.S.U. 
benefits. 


Further details may be obtained from the 
Registrar, The New University of Ulster, 
Coleraine, Northern Ireland, wbo will re- 
ceive applications up to Monday, Novem- 
ber 18, 1968. (1334) 





UNIVERSITY OF LIVERPOOL 
IMMUNOLOGY CANCER RESEARCH 
UNIT 


Intelligent young man or woman re- 
quired as an Animal TECHNICIAN to 
take charge of inbreeding of small labora- 
tory animals, including record keeping. 
Applicants should preferably have passed 
the Intermediate examination of the Insti- 
tute of Animal Technicians or an equivalent 
qualification and have had appropriate ex- 
perience. Initial salary on the scale £722 
to £1,007 per annum, according to age, 
qualifications and experience. 


Application forms may be obtained from 
the Registrar, the University, P.O, Box 
147, Liverpool, L69 3BX. Please quote 
Ref.: RV/712/N. (1336) 


UNIVERSITY OF LEICESTER 
CHAIR OF PHYSICS 


The University invites applications for 
the Chair of Physics and Headship of the 
Department, which will become vacant on 
September 30, 1969 on the retirement of 
Professor E. A. Stewardson. 

Further particulars from the Registrar, 
to whom applications should be sent by 
November 23. 312 


UNIVERSITY OF DURHAM 
DEPARTMENT OF BOTANY 


GRADUATE RESEARCH ASSISTANT 
required to work with Dr. M. E. Bradshaw 
on the population dynamics of selected 
species in Upper Teesdale. Salary wil be 
on the scale £850 by £50 to £1,000 per 
annum with F.S.S.U., commencing Janu- 
ary 1, 1969. 

Applications (three copies), naming two 
referees, should be sent by Friday, Novem- 
ber 8, 1968, to the Registrar and Secretary, 
Old Shire Hall, Durham, from whom 
further particulars may be sua. 





UNIVERSITY OF LEICESTER 
CHAIR OF ZOOLOGY 


The University invites applications for 


the Chair of Zoology and Headship of the 


Department of Zoology in the School of 
Biology, which will become vacant on 
September 30, 1969, on the retirement of 
Professor H. P. Moon. 


Further particulars from the Registrar, 


ta whom applications should be sent by 
November 23. (0318) 





LOUGHBOROUGH UNIVERSITY 
OF TECHNOLOGY 


MICROBIOLOGY 


Applications are invited for the post of 


ASSISTANT LECTURER/ 
LECTURE IN MICROBIOLOGY 


in the Department of Chemistry from 
appropriately qualified graduates in Micro- 
biology or Microbial Biochemistry. 

The appointment wil be made in the 
Grade of Lecturer or Assistant Lecturer. 
Related Industrial experience would be an 
additional recommendation. 

Salary scales: Assistant Lecturer, £1,105 
to £1,340 per annum ; Lecturer, £1,470 to 
£2,270 (bar) to £2,630 per annum. 

Application forms and further particu- 
lars may be obtained from the Academic 
Registrar, quoting ref. 68/41. 


LOUGHBOROUGH 
LEICESTERSHIRE 
(1322) 


UNIVERSITY OF 
SOUTHAMPTON 
DEPARTMENT OF CHEMISTRY 


OPTICAL PHYSICIST 


Physicist with an interest in optics and 
instrumentation required for a project in 
laser Raman spectroscopy. The first year 
of the investigation will be spent at South- 
ampton University. This is a position with 
considerable potential and it is possible 
that it may lead to a permanent position 
in industry. Ph.D. or equivalent qualifica- 
tion desirable, Initial salary up to £1,500 
plus F.S.S.U. 

Applications, including the names of two 
referees, to the Deputy Secretary, The 
University, Southampton, SO9 5NH, quot- 
ing reference NA. (1265) 





SENIOR PHARMACOLOGY TECHNI- 
cian required. Applicant must have a wide 
experience in Pharmacological Techniques, 
some Histology experience an advantage. 
Position offers good opportunities with 
excellent conditions.—Apply in writing to 
Research Director, Biorex House, Canon- 
bury Villas, London, N.1. (1272) 





WYE COLLEGE 
(UNIVERSITY OF LONDON) 


LECTURER IN SOIL SCIENCE 


Applications are invited for the post of 
Lecturer in Soil Science with effect from 
1969. Applicants should 


January l, 
possess an honours degree in Chemistry or 
Agricultural Chemistry. Salary scale £1,470 
to £2,270 (bar) to £2,630 with superannua- 
tion under F.S.S.U. 


Further particulars may be obtained from 
the Secretary, Wye College, Ashford, Kent. 
Closing date, November 16, 1968. 


(1192) 








G. K. BUREAU 
SCIENTIFIC APPOINTMENTS 


require the following: 

Veterinary surgeons for research or prac- 
tice (permanent or locum). 

Chemists, physicists, applied biologists for 
industrial or academic research. 

Technical editors or information scientists. 

Honours degree biochemists, immunolo- 
gists and microbiologists wishing to register 
for a higher degree. 

Geologists, geophysicists and geochemists. 


TECHNICIANS 


For animal houses, colleges, hospitals, re- 
search centres or industry. 
Those with U.K. qualifications are invited 
to apply to: 
Miss J. R. Hortin, 


196 Oxford Street, W.1. (984) 





SURREY EDUCATION 
COMMITTEE 
EWELL COUNTY TECHNICAL COLLEGE 
REIGATE ROAD, EWELL 
DEPARTMENT OF BIOLOGICAL SCIENCES 
Required January 1, 1969: 


HEAD OF DEPARTMENT—GRADE IV. To 
be responsible for this department of about 100 
full-time and 700 part-time students ; should have 
good degrees and considerable experience of 
teaching and research in applied biology. 

RESEARCH DIRECTOR in Microbial Bio- 
chemistry or Biochemical Pharmacology. To ad- 
minister research throughout the department and 
direct staff and student research in his own 
field ; must have a Ph.D. and solid record of 
published work. Salary: Principal Lecturer 
Scale. 

SENIOR LECTURER in Biochemical Pharma- 
cology or Immunology. To teach M.I.Biol. 
students and assist in development of C.N.A.A. 
courses ; must hold Ph.D. 


LECTURER IN PHYSIOLOGICAL BIO- 
PHYSICS. To be responsible for the physio- 
logical aspects of biophysics teaching to H.N.C. 
and H.N.D. students ; should have qualifications 
and/or experience including both physiology and 
physics. 

RESEARCH ASSISTANT (Readvertisement— 
previous applications will also be considered), 
To work in microbial biochemistry or tlochemi- 
cal pharmacology. Candidates may work for a 


higher degree of C.N.A.A., London or Surrey 
University if they have suitable first degrees. 
Salary: Assistant Lecturer Scale. 


Salary: Head of Department (TV), £2,850 by 
4 increments to £3,170 per annum; Principal 
Lecturer, £2,530 by 4 increments to £2,850 per 
annum ; Senior Lecturer, £2,280 by 5 increments 
to £2,595 per annum; Lecturer Grade IT, £1,725 
by 10 increments to £2,280 per annum ; Lecturer 
Grade I, £1,035 by 14 increments to £1,835 per 
annum, with additions for appropriate experience 
and qualifications to a maximum of £1,955 per 
annum for good Honours Graduate: Assistant 
Lecturer, £900 by 14 increments to £1,720 per 
annum, with a starting point dependent on quali- 
fications. London Allowance £70 per annum 
payable. Generous removal and disturbance 
allowance available in approved cases. 

S.A.E. for further particulars and application 
forms from the Vice-Principal. Applications to 
be returned as soon as possible. 





RESEARCH STATION 
WELLESBOURNE, WARWICK 


ASSISTANT EXPERIMENTAL OFFICER re- 
quired for the Irrigation Section, to take part in 
field and glasshouse experiments on crop water 
consumption, using specialised equipment for 
water application and soil moisture determina- 
tion, lysimeters, evaporimeters and meteorolog- 
cal instruments. Degree or equivalent in Natural 
or Biological Sciences. Salary (from January !, 
1969) £895 at age 22, rising to £1,385 per annum. 
Contributory superannuation scheme. 

Applications, naming two referees to Secretary, 
National Vegetable Research Station, Weles- 
bourne, Warwick, by November 15, a 

€ 


EXECUTIVE SECRETARY REQUIRED BY 
Society for General Microbiology. Fulltime (pos- 
sibly part-time) post.— Write for details a) 7 

(1307 


RESEARCH ASSISTANT, SCIENCE GRAD- 
uate, for biochemical research work relating to 
coronary thrombosis.—Applications and inquiries 
to the House Governor, The London Hospital, 
Ei. (1227) 
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LECTURES AND COURSES 


UNIVERSITY OF LONDON: A LECTURE 
entitled “ The Biological Meaning of Species and 
the Problem of Species Diversity " will be de- 
livered by Professor Ernst Mayer (Harvard) at 
5.30 p.m. on October 29 at Imperial College of 
Science and Technology (Main Physics Lecture 
Theatre, Prince Consort Road, South Kensing- 
ton, S.W.7. Admission free, without ticket.— 
M. A. Baatz, Academic Registrar. (228) 








entitled * Natural and Induced Resistance of 
Plants to Pathogens " will be delivered by Pro- 
fessor A. J. P. Oort (Wageningen) at 5.30 p.m. 
on November 6 at University of London, Senate 
House, W.C.l. Admission free, without ticket. 
—M. A. Baatz, Academic Registrar. (1295) 


FELLOWSHIPS AND 
STUDENTSHIPS 








UNIVERSITY OF 
STRATHCLYDE 


DEPARTMENT OF FIBRE SCIENCE 


Applications are invited from graduates 
in physics, chemistry and related fields for 
the following Fellowship and Scholarship. 


1. Fellowship for research on structure/ 
property relations in elastomeric fibres, 
sponsored by the Drapers' Company Ltd. 


2. Scholarship for research on rheological 
behaviour of fibres sponsored by Courtaulds 
Educational Trust. 


Further information from, and applica- 
tions giving details of qualifications and 
experience to, Professor R. Meredith, Uni- 
versity of Strathclyde, George Street, 
Glasgow, C.i. (4273) 


UNIVERSITY OF LEEDS 
DEPARTMENT OF GENETICS 


Applications are invited for a Research 
Studentship to start on or after January 1, 1969. 
The proposed project of research is the isolation 
and characterisation of a factor found in the 
serum of patients with cystic fibrosis of the 
pancreas and their relatives. Candidates should 
have a good honours degree in a biological 
science. The successful candidate may be able 
to register for a higher degree. 

Applications (two copies), naming two referees, 
to Dr. M. d'A. Crawfurd, Department of 
Genetics, The University, Leeds, 2 (from whom 
further details may be obtained). (1279) 





UNIVERSITY OF BRISTOL 


DEPARTMENT OF PHYSICAL CHEMISTRY 

Applications are invited from graduates (B.Sc., 
Grad.R.LC., or equivalent qualification) in 
chemistry or physics for a RESEARCH 
STUDENTSHIP to carry out fundamental re- 
search on the preparation, structure and proper- 
ties of carbon fibres. The successful applicant 
wili be expected to register for a higher degree. 
The salary will be equivalent to S.R.C. Student- 
ship rates and will make allowances for experi- 
ence and dependents. 

Applications, naming two referees, should be 


sent to Professor D. H. Everett, School of 
Chemistry, University of Bristol, Cantock’s 
Clase, Bristol. BS8 1TS. (1274) 


UNIVERSITY OF LONDON 
KING'S COLLEGE 


DEPARTMENT OF ZOOLOGY 


Applications are invited from graduates 
with a good degree in Zoology, for a 
STUDENTSHIP to work on pollution in 
the Thames, sponsored by the Greater Loa- 
The applicant should have 
specia! interests in marine ecology or 
physiology and will work for a higher 
degree. The grant is £500 per annum plus 
fees, for three years. 


Applications as soon as possible. not 
iater than November 7, to Professor D. R. 
Arthur. Department of Zoology, King's 
College London, Strand, London W.C.2. 


(1218) 


don Council, 








UNIVERSITY OF BRADFORD 


RESEARCH STUDENTSHIP 
IN PHYSICAL CHEMISTRY 


A postgraduate RESEARCH 


STUDENTSHIP (ref. PC/RS/1/X.) 


is available to investigate the mechanism of 
heterogeneous reactions occurring during polymer 
formation. The value of the award is similar 
to a Science Research Council Studentship and 
the work will be suitable for submission for a 
higher degree. 

Applications, (please quote ref.) together with 
the names of two referees, should be sent as 
soon as possible to the Registrar, University of 
Bradford, Bradford 7. 31D 





THE ROYAL SOCIETY 


JOHN MURRAY TRAVELLING 
STUDENTSHIP IN OCEANOGRAPHY AND 
LIMNOLOGY 
1969 


The Council of the Royal Society is prepared 
to receive applications for the above research 
appointment, which is open to male British 
graduates under the age of 35 and is to be 
used for the encouragement of travel and work 
in oceanography or limnology. This award, 
which is to be taken up during 1969 and may be 
held for periods from three months to one year, 
will this year have the maximum value of £1,000 
and will be adjusted according to the qualifica- 
tions of the successful candidate and the place 
and length of time of the research proposed. 
Applications are especially invited from workers 
in the fields of oceanography and limnology, as 
well as from those in the fields of zoology, 
botany, geology, applied mathematics and 
physics, and it wil} be permitted to hold the 
award while receiving a salary from a regular 
appointment. 

It is hoped that the John Murray Travelling 
Student will try to gain practical experience of 
deep-sea oceanography, as initiated by the 
Challenger Expedition, though this is not a con- 
dition of the award which is available also for 
limnology. Assistance can be given when op- 
portunities arise to holders of studentships to 
sail in oceanographic research ships, and help 
can be given in arrangements for visits and work 
at suitable institutions and research stations 
abroad. 

Applications, which should be received not 
later than. December 15, 1968, should be made 
on forms to be obtained from the Executive 
Secretary, Tbe Roval Society, 6 Carlton. House 
Terrace, London, S.W.t. (1276) 





RAMSAY MEMORIAL 
FELLOWSHIPS FOR 
CHEMICAL RESEARCH 


The Trustees will consider in March, 1969, 
applications for two Fellowships, normally ten- 
able for two years, for candidates with experience 
of post-doctoral research: (1) British (General 
Fellowship; (2) Fellowship limited to candidates 
educated at Glasgow or Strathclyde University, 
or to suitable candidates from elsewhere who 
propose to come to Glasgow for their post- 
doctora! work. Value of each Fellowship in 
range £1,500-£2,000 per annum, plus expenses 
grant of up to £100 per annum. May be super- 
annuable. Persons elected will normally be re- 
quired to take up Fellowships on or about Octo- 
ber 1, 1969. 

Full particulars from Joint Honorary Secre- 
taries, Ramsay Memorial Fellowships Trust, 
University College, London. Gower Street, 
W.C.1. Completed application forms must be 
received by January 10, 1969, (1212) 





THE MIDDLESEX HOSPITAL MEDICAL 
SCHOOL 


DEPARTMENT OF PHYSICS AS APPLIED 
TO MEDICINE 


RESEARCH STUDENTSHIP 


Applications are invited for a RESEARCH 
STUDENTSHIP supported by Scientifica and 
Cook Electronics Ltd.. in the Department of 
Physics as applied to Medicine. Candidates 
should have a good honours degree in physics or 
electronic engineering. Proposed general field of 
study is the medical applications of lasers, and 
the work should lead to a Ph.D. degree. Salary 
£530 per annum plus fees. 

Applications to include full curriculum vitae 


to: The Secretary, Department of Physics, the 
Middlesex Hospital Medical School, London, 
W.1, WIP 6DB. (1335) 


NATIONAL RESEARCH 
COUNCIL OF CANADA 


POSTDOCTORATE 


FELLOWSHIPS 
1969-70 


Approximately 120 Fellowships will be 
awarded for 1969-70 by the National Re- 
search Council. They will be tenable in 
the laboratories of the National Research 
Council, Department of Agriculture, De- 
partment of Fisheries and Forestry, Depart- 
ment of Energy, Mines and Resources, De- 
partment of National Health and Welfare, 
Fisheries Research Board of Canada, 
Meteorological Service of the Department 
of Transport, National Museums of 
Canada, and Atomic Energy of Canada 
Limited. 


An applicant should not have reached 
his 36th birthday by March 31 of the year 
in which the fellowship is to be taken up 
and should possess a Ph.D. degree from 
a recognized university or expect to obtain 
such a degree before taking up an award. 
(Candidates having equivalent research ex- 
perience may be considered.) There are no 
restrictions regarding nationality of appli- 
cants, but successful applicants must mect 
all Canadian immigration requirements, 
D competition closes on January 15, 
1969. 


The annual stipend, which is free of 
Canadian income tax, is $6,000 for both 
single and married Fellows and $7,200 for 
a married Fellow (male) with a child or 
children. A grant is provided towards the 
cost of travel. 


Inquiries should be addressed to: 


Postdoctorate Fellowships Office, 
National Research Council of Canada, 
Ottawa 7, Canada. (1194) 





THE CITY UNIVERSITY 
DEPARTMENT OF CHEMISTRY 


RESEARCH 
STUDENTSHIP 


Applications are invited from 
graduates with a good degree in 
Chemisiry or Physics to carry out 
research on adsorption and re- 
actions on single crystal surfaces 
using Leed mass spectrometry, etc. 

The research is supported jointly 
by the Science Research Council 
and by industry A Studeniship 
(£600 plus certain allowances) is 
available from January 1969. 

The successful candidate will be 
expected to register for the Ph.D. 
degree. 


Applications, containing curricu- 


lum vitae should be sent ro Pro- 
fessor R. C. Pitkethly, The City 
University, St. John Street, Lon- 
don. E.C.I. (1444) 





AUSTRALIAN NATIONAL 
UNIVERSITY 


INSTITUTE OF ADVANCED STUDIES 
RESEARCH SCHOOL OF PHYSICAL 
SCIENCES 


RESEARCH FELLOWSHIP IN THEORETICAL 
PHYSICS 

Applications are invited 
RESEARCH FELLOW in 
Theoretical Physics. (Head of the Department, 
Professor K. J. LeCouteur. The salary of a 
Research Fellow is determined in the range 
$A5,400—7,250 (3 by 370); initial salary depends 
on qualifications and experience. Appointment 
is for three years in the first instance with a 
possible extension to a maximum of five years. 
Superannuation is on the F.S.S.U. pattern with 
supplementary benefits. Reasonable travel ex- 
penses are paid and assistance with heusing is 


for appointment as 
ihe Department of 


provided. 
Further particulars are available from the 
Association of Commonwealth Universities 


(Branch Office), 
London S.W.1. 
ber 30. 


Mariborough House, Pali Mall. 
Applications close on Novem- 
(1213) 


ALY! 


QUEEN ELIZABETH COLLEGE 
CUNIVERSITY OF LONDON} 
CAMPDEN HILL ROAD, W.8 

Student Demonstratorship available in Physio- 

logy Depaftment. Candidates:should have good 
honours degree and preferably an interest in 
gastric physiology. Value of award depends on 
amount of demonstrating but will be approxi- 
mately £630. 

Applications to Professor J. A. C. Knox, 

0332 





GRANTS & SCHOLARSHIPS 


UNIVERSITY OF LEICESTER 
DEPARTMENT OF CHEMISTRY `° 


Post-Doctoral award sponsóred by the Ministry 
of Technology is available in connection with the 
application of electron spin resonance techniques 
to the study of autoxídation mechanism. 

Applications to Professor M. C. R. Symons. 

(1306) 


THE ROYAL SOCIETY 
THE RUTHERFORD SCHOLARSHIP 


Applications are invited from graduates of a 
university within the British Commonwealth who 
ate under 26 years of age, or if holding the de- 
gree of Ph.D, under 28 years of age, on May i, 
1969 for the RUTHERFORD SCHOLARSHIP. 
This will be awarded for experimental research 
in any branch of the natural sciences, but if 
there are candidates of similar merit preference 
will be given to experimental physics. The 
scholarship will be tenable for three years in 
some part of the British Commonwealth other 
than that in which the applicant graduated. Ik 
will not normally be awarded to a graduate who 
has already held a senior research award. 

The value of the scholarship will be adjusted 
to meet the circumstances of the appointment 
but if held in the United Kingdom it will be 
between £950 and £1,100 per annum (or up to 
£1,400 per annum for post-doctoral candidates). 
Additional allowances will be granted for travel, 
university fees, etc. The appointment will date 
from October 1, 1969 or such other date as may 
be arranged. 

The appointment wili be made by the President 
and Council of the Royal Society. Applications 
from university graduates outside the United 
Kingdom should be made through their univer- 
sities to the Royal Commission for the Exhibition 
of 1851 on forms of application for the 1851 
Exhibition Science Research Scholarship. Appli- 
cation from university graduates in the United 
Kingdom should be made before February 15, 
1969, on forms obtainable from the Executive 
Secretary, The Royal Society, 6 Carlton Terrace, 
London, S.W.l. (1287) 

THE ROYAL SOCIETY 
BROWNE RESEARCH FUND 
GRANTS 1969 


The Council of the Royal Society is prepared 
to consider applications for personal grants to 
enable individuals to carry out research in marine 
biology ; this year the total amount available for 
allocation will be of the order of £1,600. Ap- 
plications are receivable from qualified research 
workers to enable them to undertake specific re- 
search at a marine biological laboratory or else- 
where for periods up to twelve months, on the 
understanding that their university or any other 
post they may hold would meanwhile be kept 
open for them. 

In accordance with Mr. Browne's bequest, pre- 
ference will be given to those who propose to 
work on purely scientific problems rather than 
to those whose. work would be primarily directed 
towards an economic end. 

Applications should be made on forms to be 
obtained from the Executive Secretary, The Royal 
Society, 6 Carlton House Terrace, London, 
S.W.i, and should be received as early as pos- 
sible, in any case not later than DECEMBER 15, 
1968. (1275) 











UNIVERSITY OF MANCHESTER 

INSTITUTE OF SCIENCE 

AND ‘TECHNOLOGY 

DEPARTMENT OF CHEMISTRY 
Postdoctoral grants tenable from January 1, 
1969, and ranging in value to £1,500 per annum, 
are available in aliphatic, aromatic or heterocyc- 
lic fluorine chemistry, organosilicon chemistry, 
organic photochemistry, or carbanion chemistry. 
Applications should be made, as soon às pos- 
sible after the appearance of this advertisement 
to Professor R. N. Haszeldine, F.R.S.. The 
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THE AUSTRALIAN NATIONAL UNIVERSITY 
SCHOLARSHIPS FOR PH.D. DEGREE COURSES 


Apptications are invited for research scholarships. Applicants should have capacity for 
research and should hold. or expect to hold, a bachelor’s degree with at least upper second 
class honours or a master's degree, or equivalent, from a recognized University. Successful 
applicants wil] normally be enrolled for the course for the degree of Doctor of Philosophy of 
this. University. i 





A scholarship is awarded inkially for twò years, subject 10 satisfactory progress, but normally 
this will be extended for the whole period of the approved course, usually three years. 
Scholarships may normally be taken up at any time after award subject to the agreement of 
Head of the Department concerned. 





The basic allowance is $42,330 per annum tax free. Additional allowances of $4775 per 
annum for the first child: and $4225 per annum for each other child are paid to a married 
scholar with dependeat children. A married scholar without dependent children whose wife 
is not employed may apply for an additional allowance of $4330 per annum. 


Mars are exempt from fees for admission, tuition and graduation but must pay a general 
5 ices fee of SAIS per annum as a contribution to various University student organizations. 
Retarn fares to Canberra for the scholar, his wife and dependent children and a grant for 
some removal expenses are paid. Assistance with accommodation is provided for most scholars. 


Sch 





The fields of research in which scholarships are offered are: 











Celislar and Developmental Experimental Pathology Geophysics 
Biology Biochemistry Aerophysics " 
Gene and Molecular Physical Biochemistry Electron. and lon Physics 
Biology Medical Chemistry Engineering Physics 
Microbiology Chemistry Nuclear Physics 









istry Solid State Ph; 
Theoretical Physics 
Astronomy 
Mathematics 
Computer Science 
Statistics 


Population and Environ- Inorganic Chem 
mental Biology Organic Chemis 

Botany Physical Chemistry 

Forestry Zoology Theoretical Chemistry 

Physiology Geochemistry 

Clinical Science Gcology 









Appiication forms and further particulars are available from the Academic Registrar, Australian 
National University, or from the Association of Commonwealth Universities, Marlborough 
House Pall Mall, London, S.W.1, England. : 


Completed applications from overseas should be sent direct to the University and not to the 
est Australian Embassy or Consulate. Successful applicants will be notified of any 
uirements which they will have to satisfy for entry into Australia as private students. 
Applications should preferably be made by the end of January, April or September but 
consideration will be given to applications at other times. 








C. G. PLOWMAN, 
Academic Registrar, 


Box 4, PO. 
CANBERRA, ACT. 2600, AUSTRALIA. 


(1296) 





SYMPOSIUM 


The University of Manchester » 
Institute of 
Science and Technology 


Department of Chemistry 


ADVANCES IN CHEMISTRY SERIES 
A two-day Symposium on 


RECENT ADVANCES IN INORGANIC 
REACTION MECHANISMS 


7th and 8th January, 1969. 


Lectures will be given by Dr. M. L. Tobe and Dr. A. G. Davies, of University 
College, London, Dr. L. Cattalini, University of Padova, Italy, Dr. F. Calderazzo, 
Cyanamid European Research Institute, Geneva, Dr. G. C. Bond, Johnson, 
Matthey and Co. Ltd., Dr. J. C. Lockhart, University of Newcastle upon 
Tyne, Professor W. C. E. Higginson, University of Hull and Professor G. J. M. 
van der Kerk, Organisch Chemisch Instituut, TNO, Utrecht. 

The symposium fee is £15 Cs. 0d. Accommodation in a Hall of Residence is 
available for a limited number of participants at a reasonable additional charge. 
Bona fide full time students who apply by 9th December may be allowed to 
attend without payment of the symposium fee of £15 Cs, Cd. provided that 
their student status is confirmed by their Head of Department, but their 
applications may have to be refused if the demand for places on the symposium 
is excessive. 

Further details and forms of application may be obtained from the Registrar, 
The University of Manchester Institute of Science and Technology, P.O. Box 


No. 88, Manchester, M60 I OD. 277 
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Department of Chemistry 


ADVANCES IN CHEMISTRY SERIES 


A two-day Symposium on 


ADSORPTION FROM SOLUTION 


8th and 9th January, 1969. 


Lectures will be given by Professor D. H. Everett and Dr. R. H. Ottewill, 
University of Bristol, Dr. B. A. Pethica and Dr. j. Clifford, Unilever Research 
Laboratory, Dr. J. F. Goodman, Procter and Gamble Ltd., Dr. D. G, Parfitt, 
University of Nottingham, Professor R. H. Peters and Dr. G. J. Howard, 
University of Manchester Institute of Science and Technology. 
The symposium fee is £15 Cs. Od. Accommodation in a Hall of Residence is 
available for a limited number of participants at a reasonable additional 
charge. 
Bona fide full-time students who apply by 6th December may be allowed to 
attend without payment of the symposium fee of £15 Os. Cd. provided that NORTH ATL NTI 
their student status is confirmed by their Head of Department, but their A C 
applications may have to be refusea if the demand for places on the symposium ORGANISATION 
is excessive. "THE CHEMISTRY AND BIOLOGY OF 
Further details and forms of application may be obtained from the Registrar, THE INTERCELLULAR MATI 
The University of Manchester Institute of Science and Technology, P.O. m propose ee as on hexane’ 
Box No. 88, Manchester, M60 1QD. Marikanta, Ligure. Taly o s a 
Details together with an application form may 
be obtained from Professor G no De- 
partment of Biochemistry, University o A 
Andrews, St. Andrews, Fife, Scotland. (1305) 


WANTED: "BLACKWOOD'S ^ 
The Annual Regist 

















AVAILABLE 

FOR D. W. HILL & T. POWELL 
IMMEDIATE 
DELIVERY 


NON-DISPERSIVE INFRA-RED 


GAS ANALYSIS 


IN SCIENCE, MEDICINE & INDUSTRY 


POLY [| + POLY Cc Wherever a suitable gas has to be monitored or 


the interferon inducer measured is a likely place for a non-dispersive 
infra-red gas analyser, an instrument so simple 
The double-stranded synthetic homopolynucleotide complex 
found highly active in microgram amounts in inducing inter- : ! 
feron, production and host resistance in vive and in vitro. photometer that its spreading use is hardly 


surprising. Drs Hilf and P. it ambi: 
Ref: Field, A. K. et al, Proc. Nat. Acad. Sci., USA 58, 1004(1967) TE T S RE. 
POLY I + POLY C (MILES) much from their own experience at the Royal 


11-321 | 5 mg. $ 20 | 25 mg. $ 50 | 100 mg. $150 College of Surgeons of England. SBN 85274 090 5 
October. Price [04s net (£5.20) 


and cheap in comparison with an infra-red spectro- 


a great amount of information and have added 


Further information in new product bulletin. 


/"X 
MILES 
ATID 


ADAM HILGER LTD 
RESEARCH PRODUCTS DIVISION 98 ST PANCRAS WAY, LONDON NWI 


MILES LABORATORIES, INC. 
Elkhart, Indiana 46514 U.S.A. 
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Bendix MA-1 
Fast Scanning 
Mass Spectrometer 









MASS RANGE 


1 to over 500 amu. 


RESOLUTION 


Greater than 150 amu. 
(Less than 1% adjacent peak contribution) 


SENSITIVITY 


10—? Torr for N2 


SCAN RATES 


Variable from 1*5 seconds to 
60 minutes for 2-200 amu. 








APPLICATIONS SPECIAL 
Gas Chromatography Monitoring FEATURES 
3X Simultaneous viewing of 
Fast Reaction Studies COMPLETE spectrum on 
oscilloscope PLUS monitoring of 
two mass peaks or fast scanning 
Routine Organic & Inorganic Analysis of two parts of spectrum 
3K Analyzer bake-out to 300 C. 
ze Ultra-fast scanning without 

loss of resolution 








Residual Gas Analysis (Nude source available) 








ES Plug-in solid-state electronics 
for high reliability and ease 
of service 


For full particulars write to :— 


i H No. 2. Maintenance Area, Heathrow Airport, London, 
— FieldTech Lt Hounslow, Middlesex. Tel: 01-759 2811 





U.K. Distributors, service and installation for Bendix International Operations. 





Si vous désirez obtenir des 
renseignements complé- 
mentaires sur tout article 
figurant dans les pages 
d'annonces, veuillez in- 
scrire les details appropriés 
sur la formule ci-contre, 
la détacher et l'adresser à 
T. G. Scott & Son Ltd. 
Nul, affranchisement n'est 
requis en Grande-Bretagne 
ni Irlande du Nord, mais 
tous nos lecteurs à l'etran- 
ger devront affranchir leur 
carte au tarif habituel. 


Falls Sie an weiteren Einzel- 
heiten eines in den Anzeigen 
angeführten Artikels in- 
teressiert sein sollten, 
tragen Sie bitte das betref- 
fende Bezugszeichen in die 
nebenstehende Karte ein. 
Die Karte ist dann abzutren- 
nen und an T. G. Scott 
& Son Ltd. zu senden. 
Für Grossbritannien und 
Nordirland ist keine Brief- 
marke erforderlich, wohl- 
aber bei Aufgabe im Aus- 
land. 


Se desiderate ricevere ulter- 
iori informazioni riguardanti 
qualsiasi prodotto o articolo 
pubblicato, compilate la 
scheda qui a fianco 
riportata. ^ Distaccatela e 
inviate a: T. G. Scott e Son 
Ltd. — L'affrancatura é a 
carico del destinatario se la 
spedizione viene effettuata 
dalla Gran Bretagna o dall 
Irlanda del Nord, mentre 
tutti i lettori esteri dovranno 
affrancare regolarmente. 
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READER ENQUIRY SERVICE 


IF you would like to receive further information on any product or service 
advertised in this issue, please enter the appropriate details on the form below, 
detach the page and post it to T. G. Scott and Son Ltd. No stamp is required 
if the letter form is posted in Great Britain or Northern Ireland, but all over- 
seas readers must pay the necessary postage. 
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SED HR" E 
Position oec ccc eiu e e Los LEAL 
Organisation: 2.2.3 eee ea tra e e P E dn 
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OF SCIENCE 
READERS OUTSIDE U.K. PLEASE 
AFFIX POSTAGE STAMPS 
This 


ENQUIRY 
SERVICE 


has been instituted 
—M—————— € A — to enable you to 


2nd Fold 





à I obtain information 
^. POSTAGE eee Tee on any product ad- 
PAID BY ME vertised in the pages 
MERNSEE OR NORTHERN of NATURE easily 


IRELAND 


and in the shortest 
possible time. Please 
make use of it. 


BUSINESS REPLY SERVICE 
Licence No. W.C. 2866 


tst Fold 


T. G. SCOTT & SON LTD 


1 Clement's Inn 


Strand ENQUIRIES MADE 
WITHOUT OBLIGATION 

London WC2 

England 





Grd Fold 


HAVE YOU INCLUDED YOUR 
NAME AND ADDRESS? 


Please ensure that 
your full name and 
address are carefully 
indicated on the forr 
overleaf. 
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Type 880 For precise measurement of very large film or plate 
sizes. Can measure the full area of an 18% in. by 18% in. for- 
mat. Unique design—Y motion carries the rotary table, and a 
separate X motion slide in bridge construction carries the 
viewing system. 8X or 15X projection system, but available 
with very high-resolution 20X to 80X binocular microscope. 


Type 829C This versatile comparator is a two-coordinate, 
moderate size instrument measuring over the full area of 
100 mm by 150 mm. Widely applicable due to numerous 
accesscries such as special film stages, various objectives, 
surface illuminator. Projection system is available. 


Don't feel limited — 


INMIMFC, X^tIUUCF oo, (vo, poH 


Wo 


Type 422F An advanced intermediate size comparator widely 
used in photogrammetry, aerial reconnaissance, astrometry. 
Accommodates films or plates up to 10 in. by 10 in. Ilu- 
minated transparent dials for direct reading to one micron. 
Can be adapted for use with Mann Data Logger providing 
precise digital readout. Top stage is rotary table permitting 
settings to 20 sec. Zoom binocular microscope, 10X to 40X. 
X drive is motorized. 


pomenu 


DATA LOGGER Completely solid state unit. Pulse generator 
reading heads are coupled to X and Y lead screw drive shafts. 
Digitized reading is guaranteed to remain within one bit or 
count of comparator dial reading. 





we make the world’s largest-format. comparators, 
measuring with one-micron precision 


We've developed the largest two-coordinate compar- 
ators in the world with a measuring range greater 
than 18 in. by 18 in. 

But not everybody needs a comparator that large. 

Our real achievement is developing a complete va- 
riety of Mann Comparators and accessories, so that 
no matter what your measuring need there is a com- 
parator that will do the job for you with high preci- 
sion, maximum ease and greatest economy. 

We've developed many modifications — special film 
stages, zoom binocular microscope, various objec- 
tives, projection systems, surface illuminators, rotary 
stages, motorized X and Y drives, illuminated reading 
dials, digital readout, and special plate, cut-film and 
roll-film stages. 


DAVID W. MANN COMPANY $4 


183 Middlesex Tpke., Burlington, Mass. 01803. Tel: 617-272-5600 GG 


One-micron precision is characteristic of all Mann 
comparators. 

Just as characteristic is our customers' high esteem 
for the instruments they've purchased. 

Only three of the many types of comparators avail- 
able from Mann are illustrated here. But the one that 
interests you is the one that will solve your measure- 
ment problem most economically. Let us know what 
that problem is. We're sure we can help. m 
WRITE FOR NEW COMPARATOR BROCHURE 

Gives you the details on Mann comparators for high- 
precision measurement and their accessory equip- 
ment. Includes a description of the Mann Data Log. 
ger and Mann Microdensitometric Systems. Send for 
it today. 
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159. For accurate performance 


ir a" » *. = 
1*7 1 1 
a 7507 7$  Adiustable ventilator holds 
"v TM ; oven thermometer 
- + ^ * w^ s 
P "E £ As 
E " 






. € : 
¿ 7" | ? ; 
yes F Accessory basket shelves for 
LE rapid loading 
e tis M 
e i A- Fan driven ducted convection 
P 
5 Capacities up to 7:5 ft? 
* -~ 
Tuc k Extremely efficient thermal 
Is. insulation 
E x 
7 Safety thermostats on all models 
‘> 
a Precise temperature 
i T 8 performance—by Compenstat 
: Ar or solid state controller 
i . 
di K í Unitised control chassis for 
‘ 9 easy servicing—recessed E] 
* ai control panel 
S 
4 Typical performance figures at 100'C 
* FLUCTUATION 05°C e VARIATION 15°C e RECOVERY 7 mins e VENTILATION 2000 I/hr 
' when tested to BS specifications 


— .. HIGH quality does NOT mean HIGH prices 


Pa OVENS & INCUBATORS by Ask for publication 659 

LONDON 

P.O. Box 290 Technico House, Christopher Street, London, E.C.2. 
Tel: 01-247 3211 Telex: 886041 


allenkam WIDNES 
P.O. Box 19 Victoria House, Widnes, Lancs. Tel: 051-424 2040 


STOCKTON-ON-TEES 
A Portrack Lane, Stockton-on-Tees, Teesside. Tel: 0642 63441 
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BIODETERIORATION OF MATERIALS 
MACRO AND MICROSCOPICAL ASPECTS 


Edited by 
A. HARRY WALTERS and JOHN S. ELPHICK 


Fhis volume contains full reports of the 65 papers presented at the 
First International Biodeterioration Symposium, held at South- 
impton in September 1968, and organized in association with the 
Society of Chemical Industry and the Organization for Economic 
Development and Cooperation, to consider all aspects of bio- 


ogical action leading to the deterioration of materials, preduets. 
9415/2 


ər processes of economic importance. P d 
6" <9", over 750 pages, 300 illustrations fw i 


CONTENTS 
art I: Fundamentals of Biodeterioration (4 papers) 
"art I: Mechanisms of Biodeterioration (2 papers) 
"art HI: Ecological Aspects of Biodeterioration (6 papers) 
"art IV: Testing for Biodeterioration Resistance (5 papers) 
"art V: Control of Biodeterioration (4 papers) 
"art VI: Deterioration and Protection of Materials (10 papers) 


"art VII: Hydrocarbon Microbiology and Metallic Corrosion (5 papers) 

"art VIII: Ecological Aspects of Timber Decay (6 papers) 

art IX: Enzymes and Physiology of Wood-Destroying Organisms (7 papers) 
"art X: Marine Fouling (5 papers) 

"art XI: Stored Products Microbiology (5 papers) 

"art XII: — Biocides (6 papers) 
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Berkeley's crisis 


Graphite 
composites 


Gravity, electrons 
and positrons 


Expression of the 


:§ tryptophan operan 


Paralysis by 
antigen 


Rate limits in 
photosynthesis 


Abyssal anti-dunes 
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Remember the good old days when people 
cared and gave you the best service possible? 
Well, some people still care. The people at 
Nutritional Biochemicals. 

Sure, we have the most modern facilities. 
Spacious new buildings. Lightning-fast dis- 
patch and delivery systems. The largest 
supplies of the finest quality biochemicals. 
The newest biochemicals. All of the modern 


old-fashioned 


service and quality 


ey: 
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things that add up to good old-fashioned 
service. 

Every order, large or small, gets the most 
careful attention. It's simply because we 
want our customers all over the world to be 
the most satished customers in the world. 
That's the slant we take when it comes to 
service. Old-fashioned satisfaction. There's 


no other angle. 


| 

| NUTRITIONAL 
| BIOCHEMICALS 
| CORPORATION 
26201 Miles Road 

| 
| 


Cleveland, Ohio 44128 U.S.A. 
Phone 216-662-0212 


g 
| 
Send for our free catalog cont | 
ing more than 3000 items | 
| 
Na | 
Organization | 
| 
Addr | 
City | 
| 
State Zip | 
| 
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We are a clear and 
precise reference for 
all who are interested 
in untraditional 
products 





We do not ignore tne past. If we did, we should be de: 


nying a long experience and neglecting a wealth of 
knowledge and technological skill acquired over eighty 


years of activity. There is ample room in our catalogue for, 
"routine" plastics, but our eyes are turn. 


let's call them, 
ed to the future, since the more advanced converter 
industries need semi-finished products having new and 
futuristic characteristics To get an idea of what we are 
producing with a mind to the future, a glance at the 
following will be sufficient. 





Styrene-acrylonitrile copolymer 

Oriented and unoriented polypropylene film 
Ethylene-propylene rubbers 

Fluorinated rubbers 

Vinyl-based thermoplastic alloy 





Fluorinated oils 





Polytetrafluoroethylene in powder, dispersion and 
paint form 


High-purity silicon for electronics 








Sulphur hexafluoride 





MONTECATINI EDISON S.p.A. 


Divisione Estero — 20121 Milano (Italia) 
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Seravac announce 


ENZITE 


water insoluble 
catalytic reagents 


















(1) Enzite is an enzyme modified by attachment to a 
solid matrix. 


(2) Enzite is water insoluble Semalains the specific 
enzyme catalytic activity: 


(3) Enzite is simply cemoved from the réaction 
mixture by filtration or contrifugation end can be 
re-used. 


(4) Enzite can be. used in the form of e-cglumn. 


(5) Enzite is stable; gasity THanipuletéQoan non-sticky 
a g 
e —Ó GN 
NW s © 





Enzite Availability 


The following enzymes are available at present 


Trypsin Enzite-TRY Code CM-A3/BT 
Chymotrypsin Enzite-CHT Code CM-A3/BC 
Ribonuclease Enzite-RNase Code CM-A4/BR 
Glucose Oxidase Enzite-GO Code CM-AP/AGO 
Ficin Enzite-FIC Code CM-AT/F 
Papain Enzite-PAP Code CM-1/T 






All the facts about ‘Enzite’ are contained in this brochure 
Please write for a complimentary copy to 

Seravac Laboratories (PTY) Limited 

Moneyrow Green, 

Holyport, Maidenhead. 








NAME 









ADDRESS 





Seravac products are available in the U.S.A. from 
Gailard-Schlesinger Chemical Mfg. Corp 
584 Mineola Avenue, Carle Place. L.I. N.Y. 11514 






ew bas Lhromatogrs 
with 3 Split Personality 


mes [mls Te [gie 


Sensitive enough for analysis at picogram levels— yet 
fully capable of preparative separation in large quan- 
tities . . . that's the kind of split personality we've built 
into the new 7300/7400 Series Gas Chromatographs. 
Truly modular construction gives you unequalled versa- 
tility in oven and column styles, detector types (all 
interchangeable), and programmers. Oven door opens 
and closes automatically as part of the automatic heat/ 
cool cycle, and the highly stable power supply can be 
set from 0.5 to 1000 volts. 

There's never been a gas chromatograph with all 
these features. And purchase price includes packed 
columns, an accessory kit and installation by a trained 
technician. Get the full story from your Packard Sales 
Engineer or write for Bulletin 1058Z to Packard Instru- 
ment Company, Inc., 2200 Warrenville Road, Downers 
Grove, Illinois 60515 or Packard Instrument Interna- 
tional S.A., Talstrasse 39, 8001 Zurich, Switzerland. 








Accurate, precise independent temperature 
controls at injection ports, column oven 
and detector...youranalysesare consistent 
and repeatable. 


Two separate "electronic ice baths" provide 
column and detector with absolute temperature 
control reference points, accurate to within 
+0.3°C. Three separate computing temperature 
controllers establish temperature set points—re- 
peatable within =0.5°C over the entire 0-500°C 
range. There's no drifting, no need for periodic 
re-calibration. 

With this kind of dependability in temperature 
control—exclusive with Packard—you're free to 
examine other experiment variables that may be 
masked in other instruments. 
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New Photomicroscope II 


with Photomultiplier providing an 
automatic film exposure range 
from 1/100 second to 2 hours. 


The Photomicroscope II has so exposure from selected areas Full detai!s from Carl Zeiss at 
many new features that it is which constitute only 5% of the Degenhardt & Co. Ltd., Carl Zeiss 
impossible to detail them all here. total field. This is of particular House, 20/22 Mortimer Street, 
Based on the well proven Photo- interest where the exposure London W1N 8AP 
microscope l, the model Il has a determination has to be made on a 01-636 '8050 (15 lines) 
completely new optical system that single cell. E 1 

provides the opportunity to direct Demonstrations are now being 

the light path straight to the film arranged and we should be pleased 

plane. The built-in Photo- to visit you to give you full 

multiplier appreciably widens the technical information concerning 

exposure range and has the this latest unique development 


important facility of measuring the from the Carl Zeiss Foundation. 


ZEISS EA i] Hlegenhardt 











BRAIN 

Publishes learned papers on all aspects of neurology. As 
the leading journal of neurological sciences BRAIN is 
read internationally by specialists in this branch of 
medicine. Published quarterly. 

£4 4s. Od. per annum including postage U.K. and Over- 
seas except U.S.A. $12 and Canada $13. 


PHILOSOPHY 

The journal of the Royal Institute of Philosophy in 
which philosophical problems are discussed and new 
books are reviewed. Published quarterly. 

£2 6s. Od. per annum. Post free U.K. and Overseas 
except U.S.A. $6 and Canada $6.40. 


BRITISH JOURNAL OF 
PHARMACOLOGY & CHEMOTHERAPY 


The chief vehicle for publication in pharmacology in 
Britain, which also includes regular accounts of proceed- 
ings of the British Pharmacological Society. This 


journal also publishes original research in pharmacology 
from countries in the British Commonwealth and else- 
where. 

3 vols. (9 numbers) £15 15s. Od. per annum, £16 10s. Od. 
overseas. £1 18s. Od single numbers. 
$50.60 Canada. 


$46.60 U.S.A. 





University 
Life Assurance Society 


Established 1825 Incorporated by Royal Charter 


The Society invites enquiries for life assurance from 
past and present ‘members of Universities, Public 
Schools, and similar educational institutions within 
the United Kingdom, for whose exclusive benefit the 
Society was established. 


The Society does not pay commission for the intro- 
duction of new business. 


Special plans for Students or Young Graduates 


The “Minimax” Policy Reduced Premium Policy 
Young Graduate's Policy 


Other plans include 
Whole-life and Endowment assurance 
Educational Policies Children's Policies 
Pension Policies Family Protection 
Annuities 


4 Coleman Street, London, E.C.2 
Telephone : 01-606 6225 
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Ilan 


ECONOMIC JOURNAL 


The quarterly journal cf the Royal Economic Society. 
A survey incorporating articles by well-known authorities 
on general economics, economic history, commerical 
agriculture and industry. 

£3 2s. 6d. per annum including postage U.K. and Over- 
seas except U.S.A. $9 and Cznada $9.75. 


RUSSIAN MATHEMATICAL SURVEYS 
A translation of the survey articles and of collected 
biographical articles in Uspekhi Matematicheskikh Nauk: 
Published by the Londen Mathematical Society with the 
support of the Department of Science and Education. 
It appears six times a year. 

£12 per annum including postage U.K. and Eire. Else- 
wee Overseas £15 except U.S.A. $42.50 and Canada 
RUSSIAN MATHEMATICAL SURVEY as from vol. 
23. U.K. and Eire £19. Elsewhere £28 10s, U.S.A. $69 
Canada $74.50. 


Subscription orders and enquiries should be addressed to: 
Macmillan (Journals) Ltd., 

Subscription Dept. (NAT), Brunel Road, 
Basingstoke, Hants, England 


? PREPARING TISSUE SECTIONS? 


If so, certain if not all of the commodities 
listed below will be of interest 


PARAFFIN WAXES (Various m.p's) 
"PARAMAT" IMPROVED WAX 
AQUAX (Water Soluble) 
Water Soluble Waxes 
ESTER WAX 
CELLOIDIN 
BIOLOGICAL STAINS 


PARAFFIN SECTION MOUNTING 
BATHS 


Details of a comprehensive range of products 
and equipment for use in Histology and 
General Microscopy are available on request. 


GEORGE T. GURR LIMITED 


14, Carlisle Road, The Hyde, London, N.W.9 


01-2 05-5432 MICROSTAIN London N.W.9 


Member of the Baird & Tatlock Division of 
The Derbyshire Stone Group 
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Photometry of microscopic objects 


The possibility of photometric determinations of 
microscopic objects represents one of the most out- 
standing advances in modern microscopy. Micro- 
photometric methods have already been applied to 
many important branches of microscopy such as 
histology, cytology, ore microscopy, coal petro- 
graphy, and metallography. They not only permit the 
determination of absorption or extinction, but also the 
measurement of powers of reflection and remission, 
and of the intensity of fluorescence. Microphotometry 
has also become a valuable tool of polarized-light and 
of interference microscopy. 

The new LEITZ MPV microscope photometer can be 
combined with large LEITZ microscopes. Oufits with 


interference filters, or with the LEITZ inline mirror 
monochromator, open up the fields of microspectro- 
photometry. The microscopic object itself remains 
visible inside or outside the variable measuring field 
which offers the special advantage of reliable and 
rapid orientation of the object relative to the 
measuring field. Our List 62 — 18, available on request 
contains detailed information about the LEITZ MPV 
microscope photometer and its uses. 


E. Leitz (Instruments) Ltd 


30 Mortimer Street, London, W.1 MUSeum 3774 


VI 
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In fact it is the spindle bearing of an MSE Super 
Speed Centrifuge. The chances of its having to be 
replaced before its rated "'life" (or even long after- 
wards) are very remote indeed—even though your 
model may have to operate for long periods at 
its full 40,000, 50,000 or 65,000 r.p.m. But if you do 
reach the point where you need a new spindle, be 
glad you have an MSE centrifuge. The dismantling 
and replacement cost of this vital component 
will be a mere fraction of what you could be 
faced with on centrifuges in which the spindle 


This is the 
heart of an 
MSE Super Speed 
Centrifuge 


bearing is integral with the motor and gear box. 


This is an essentially practical matter, well worth 
considering when you choose your next prepara- 
tive ultracentrifuge. 


Other advantages of MSE Super Speed Centri- 
fuges are more immediately obvious :—Fully auto- 
matic operation, accurate control of speed and 
temperature, exceptional rotor stability, automatic 
oil recirculation, wide choice of angle and swing- 
out rotors—plus zonal centrifuging capability. 


MSE SUPER SPEED PREPARATIVE ULTRACENTRIFUGES 


SUPER SPEED 40 (40,000 rpm 176,000 x g) 
SUPER SPEED 50 (50,000 rpm 260,000 x g) 
SUPER SPEED 65 (65,000 rpm 407,000 x g) 


Telephone: 01-834 5426 


MEASURING & SCIENTIFIC EQUIPMENT LTD. 
25-28 BUCKINGHAM GATE, LONDON S.W.1. ENGLAND 
Telex: 22665 


Cables: Emesetool, Sowest, London 











In USA: MSEINCORPORATED, 811 SHARON DRIVE, WESTLAKE, OHIO 44145 ™iomouser S 
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PYE UNICAM 


Precision Instruments 


How low 
can we get? 


Down to pesticides and steroid 
derivatives* which demand 
detection levels of fractions of a 
part per million. With the 
introduction of System 3's 
Electron Capture Detection 
device, Pye Unicam's range of 
Liquid Chromatographs can now 
detect practically every known * 
organic compound. Extras like 
sample-saving glass columns, 
syringes and pulse-free pump 
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make these Liquid Chromat- 
ographs every analyst's dream. 
Write or telephone now 

for a free copy of "Column", our 
own chromatography bulletin for 
a full assessment of System 3. 
Better still, ask fora 
demonstration in your own 

[EJ eTe 16: | (o]4 

* Molecular model (left) of steroid 
derivative Cholesteryl lodide (07772 a P119] 
by Crystal Structures Ltd. 
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STATISTICAL 
COMMUNICATION 
AND DETECTION 


By ENDERS A. ROBINSON, Ph.D. 


Visiting Professor, Seismological Institute, University of 
Uppsala, Sweden. Consultant to National Aeronautics 
and Space Administration, Cambridge, Mass., U.S.A. 


DYES FOR USE IN ALL INDUSTRIES 


RESEARCH & PRODUCTION CHEMISTS: if you 
are looking for dyes with specific chemical and physical 
properties suitable for particular manufacturing and/or 
testing processes you are invited to contact 


EDWARD GURR LIMITED 


for supplies. 


We hold stocks of an enormous variety of dyes, ready for immediate 
despatch, including: 

Cyanine, Dicyanine, Fast Bordeaux O, Aurantia, Crystal violet, BPC, 
Scarlet R, BPC, Diazonium salts, Neutral violet, Lacmoid, Nile blue, 
Janus green, Brilliant green BPC, Rosolic acid, Methyl green, p-Ethoxy- 
chrysoidin, Methyl red, Nitrazine yellow, Pinacryptol green, etc. 


A treatise on the statistical theory underlying the study of 
signals and noise in communication and detection systems. 
The chief departure in treatment is the replacing of the analogue 
by the digital computer in processing signals in noise. Methods 
are presented which enable programs to be constructed. Close 
study is made of digital band-pass filters, digital wave-shaping 
filters, digital deconvolution filters, digital matched filters, digital 
output-energy filters, digital data-smoothing and signal 
enhancement filters, digital prediction filters, digital velocity 
filters, and adaptive array systems. 

A set of problems follows most chapters and an extensive 
bibliography is provided. 


xviii + 362 pages. With 94 illustrations. Price 90s. net. 
Send for descriptive leaflet, also for 24 pp. statistical brochure, 


Industrial Research Establishments 


are invited to make use of our professional services as 
consultants on the selection and use of dyes as research 
and production tools. 


BIOLOGISTS are invited to send for our catalogue of: 


*MIBKCIHIRQOMIIE? 


STAINS & REAGENTS FOR BIOLOGY 


Acridine orange, Aquamount, Fluormount, Lipid crimson, Matamount, 
May-Grünwald, Leishman, Giemsa, Toluidine blue, Cresyl fast violet, 
Papanicolaou stains, Thioflavine S, Brilliant cresyl blue, Nile blue, 
Pyronin Y, Trifalgic acid, Rhodanile blue, Haplo, etc, 


EDWARD GURR LTD 


42 Upper Richmond Road West, London, S.W.14 
Cables: Micromlabs London SW14. Telephone : 01-876 8228/9 


“Provides a most absorbing discussion of . .. processing signals in 
noise, in the fields of both radar and seismology . . . Those speci- 
fically interested in the application of digital data processing to 
signal detection should find it of great value.” 

Electronic Engineering. 


42 DRURY LANE WC2 


LONDON 












Bs Precision Instruments Spectrometer 


No. 2 


Fitted with a variable half 
shadow polariser on the 
collimator, and an analyser with 
detachable quarter wave plate 
on the telescope. 

Rack and pinion focusing. 

Both polarising attachments are 
quickly removable to permit use as a 
conventional spectrometer. 
Micrometer eyepiece to the scale 
reader enables direct measurement of 
angle to 10 secs. 








We now have capacity 
for aluminising certain 
types of mirrors, at short 
notice. 


For further details of this instrument, also of polari- 
meters and refractometers, please write to Dept. N 


BELLINGHAM & STANLEY LIMITED 


61, MARKFIELD RO. LONDON NAS, TEL. 01-808 2675 


SOLE DISTRIBUTORS IN U.K. OF SCHOTT INTERFERENCE FILTERS 





a 


Volume 220 


NATURE 
Mr Mason's House Party 


Iw conditions of secrecy which would do credit to a 
Conclave of Cardinals electing a new Pope, the Minister 
of Power spent last weekend entertaining the leaders 
of the British fuel industries. The purpose of the 
meeting, at the Civil Defence Staff College at Sunning- 
dale, was to discuss the development of British fuel 
poliey since the publication of the White Paper in 
November last year, and to attempt to reach some 
agreement on policies for the future. Frank speaking 
seems to have been the order of the day—for some of 
the sessions, even top advisers were excluded—and 
the Ministry of Power went to great lengths to preserve 
the silence of those present. Even Lord Robens, 
chairman of the Coal Board, and normally as voluble 
outside the conference chamber as he is in it, was 
keeping quiet about what went on. But no white 
puffs of smoke emerged to indicate that a new fuel 
poliey had been discovered, so it is safe to assume that 
the old one still forms the basis for argument. 

Unless the other chairmen were on their toes, there 
is a danger that the problems of coal were allowed to 
dominate the proceedings. It is, for instance, absurd 
that, although the chairmen of the electricity, gas, 
coal and steel industries were at the meeting, nobody 
was there to represent the oil industry. (The nuclear 
power industry was also unrepresented, but this is a 
less serious omission.) In these circumstances, it is 
only too easy to forget that oil has an important part 
to play in the generation of power. Such indications 
as there are tend to suggest that the movement in 
prices may favour oil, even when compared with 
natural gas. The British Steel Corporation has sug- 
gested that for very large contracts, natural gas may 
be unable to compete with oil, the price of which has 
been falling in relative terms for some years. Even 
the Government's own White Paper shows how rapidly 
oil is overtaking coal; within the next few years it 
will become the most important primary fuel. 

In these circumstances, Lord Robens probably did 
well to persuade the ministry to undertake yet another 
review of the place of coal in the total energy policy. 
The ministry has announced its willingness to under- 
take such a study in conjunction with the coal board 
and the electricity generating industry, as part of a 
general review of energy problems. This was the only 
significant announcement to emerge from the ministry 
after the meeting, although it did add that the chair- 
men of the industries “warmly welcomed the ministry's 
intention to arrange for more frequent meetings with 
them collectively". 

On the face of it, it is difficult to see how a new 
review could come to conclusions any different from 
the last one. But there are a few straws of comfort for 
the miners. For one thing, the Ministry of Power has 
been hinting that the production of natural gas may 
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not quite reach the most optimistic targets set for 
1975. Instead of 4,000 m cu ft, the figure now seems 
likely to fall to about 3,000 m cu ft, a cut which 
represents no less than 12-5 million tons of coal, This 
would make a significant difference for the mining 
industry, raising its targets for 1975 from around 
120 million tons to 132-5 million tons. 

But Lord Robens is also likely to argue at a more 
academie level than this. There are economists (sup- 
ported by the report of the Brookings Institute) who 
believe that the present fuel policy exaggerates the 
rate at which coal generation should be supplanted by 
nuclear generation. Although there are now only a 
few who refuse to believe that nuclear stations are 
capable of generating electricity more cheaply, this is 
bought at the cost of very heavy capital expenditure. 
The capital expenditure on coal is now almost a subject 
for historians. Once the most inefficient of the pits are 
closed, the argument goes, the coal industry will be 
able to take advantage of the very real advances in 
productivity to produce low cost energy, and without 
heavy demands on capital. Nuclear energy, on the 
other hand, makes heavy demands on capital ex- 
penditure in order to produce—in the words of the 
Brookings Institute—‘‘only modest gains in fuel 
economy". On this argument, the difference between 
a very rapid rate of shrinkage for the coal industry, 
such as is envisaged by the White Paper, and a more 
modest rate of decline would be small. 

This, of course, is now quite a familiar argument, 
and constant reiteration is unlikely to have convinced 
the doubters. Sir Henry Jones of the Gas Council is 
still optimistic about the supply of natural gas, and is 
unlikely to accept any reductions in his targets unless 
they are forced on him by limitations of supply. Sir 
Stanley Brown of the Central Electricity Generating 
Board argues that the savings from nuclear generation 
really are substantial, despite the heavy capital cost. 
All that has changed is that the man in charge of the 
Ministry of Power is himself a former miner—and so 
far this does not seem to have influenced his decisions 
much. It would involve a radical change of policy for 
the minister now to say that the fuel policy decided 
last year had set targets for the contraction of the coal 
industry which were in error. He is, however, quite 
likely to admit that the targets, though right in 
principle, cannot in fact be achieved in TRE This 
would mean that the Coal Board would be given a 
further breathing space, and allowed to ed the pit 
closures over a longer period. There is no reason why 
this would be a disastrous thing to do, provided that 
in the process the principles of the White Paper were 
not lost sight of. It would perhaps be best for the 
minister simply to declare that, by 1975, primary fuels 
should be expected to compete on cost. 
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Ulster's New University 


Tue official opening last week of the latest university 
in the United Kingdom, the New University of Ulster, 
at Coleraine, County Londonderry, went by virtually 
unnoticed. The press and the British people outside 
Northern Ireland were no doubt more concerned 
with the student occupation of the London School of 
Economies and the weekend demonstration against 
the war in Vietnam. But the establishment of a 
second university in that forgotten corner, Ulster, could 
well turn out in the long run to be a much more signifi- 
cant development than the addition of a new university 
anywhere else in Britain or, for that matter, the recent 
rioting in Londonderry. 

For one thing, there are fewer opportunities for higher 
education in Ulster then in the rest of Britain; there 
are, for example, no colleges of advanced technology 
and only one university—Queen’s University, Belfast— 
for a population of 1-5 million. If everything goes 
according to plan, Queen’s University and the New 
University should provide between 8,000 and 9,000 
places by the mid-seventies for an expected population 
of about 12—13,000 applicants with the required quali- 
fications. The New University, providing locally 
trained manpower, should also act as a focus for attract- 
ing new industries to Northern Ireland, which always 
suffers from levels of unemployment four or five times 
higher than those in the rest of Britain. But it shculd 
do more than provide education and jobs. If the 
recent behaviour of the students at Queen's University 
is anything to go by, the New University should have a 
considerable liberalizing influence, increasing mutual 
religious tolerance and civil rights for Ulstermen, and 
counteracting the militant Protestantism which is never 
far from the surface in Ulster. 

By all accounts, the very fact that the university is in 
Coleraine rather than the county town Londonderry is 
to some people symptomatic of the religious hatreds 
which still prevail in Northern Ireland. Londonderry, the 
scene of recent civil rights rioting, is a predominantly 
Catholic town in a Protestant area, and cynics say that 
no government of Northern Ireland would build a 
university there for that reason alone. But it is imper- 
tinent to suggest that the Lockwood Committee on 
Higher Education in Northern Ireland, which recom- 
mended the Coleraine area in its report in 1965, was in 
any way influenced by such prejudices. The commit- 
tee had its own good reasons for its choice. The 
university had to be built away from Belfast so as not 
to increase further Belfast’s dominant position in the 
economic and cultural life of Ulster. At the same time 
the university had to be accessible, and in terms of 
travelling time Coleraine is convenient both to 
Northern Ireland's largest civil airport and to Belfast. 
Furthermore, Coleraine is close to holiday resorts which 
have plenty of accommodation outside the holiday 
season suitable for students. 

The university does have, however, an outpost in 
Londonderry, MeGee University College. McGee, a 
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sort of liberal arts college, has always been a problem 
because it has no power to award its own degrees. 
Previously, it has provided its students with the first 
two years of their degree courses before sending them 
to Trinity College, Dublin, to complete the last two 
years and get a degree. The intention now is to incor- 
porate McGee into the New University, and a Bill to this 
effect is now before the Northern Ireland Parliament 
(where it has met with opposition). In the meantime 
the New University and MeGee College have made their 
own arrangements and several of the humanities 
faculties of the New University are housed at McGee. 
This, of course, can only be a temporary arrangement, 
but the Northern Ireland Government has made it clear 
that McGee cannot be closed down, which would be the 
sensible thing to do as far as the university is con- 
cerned. If that were to happen, the Government would 
be accused of anti-Catholic feeling and of removing the 
only place of higher education in the town of London- 
derry, one of the places hardest hit by unemployment. 
Although the Ulster Government has been fairly 
successful in attracting industry to most of the province, 
it has conspicuously failed to persuade companies to 
open factories in the town of Londonderry. The most 
likely solution seems to be that McGee will eventually 
become a postgraduate centre of the university, but 
everybody will have to tread very carefully, and the 
university will have to carry with it the support of the 
people of Londonderry when the decision is made. 

Despite its unique problems the New University has 
by any standards been quickly built. Immediately 
after the Lockwood Committee reported in 1965, the 
Northern Ireland Government announced its intention 
of building a university in Coleraine. The site was 
selected in 1965, the Vice-Chancellor, Professor N. A. 
Burges of Liverpool University, appointed at the 
beginning of 1966, and the building begun in the 
summer of 1967. This is the first term for undergrad- 
uates and about 300 are housed at Coleraine and about 
another 50 at MeGee in Londonderry. Sixty-five staff 
members have been appointed. Because of Northern 
Ireland's curious semi-autonomous status, the New 
University, like Queen's University, receives its funds 
from the Northern Ireland Ministry of Education, not 
from the University Grants Committee. This means of 
course that the UGC's letter of August 1, putting a stop 
to new contraets for building. does not apply. On the 
other hand, the Northern lreland Government takes 
advice from the UGC, and the Ulster universities receive 
roughly the same treatment as the rest of Britain's 
universities. As a result the development of the New 
University is likely to be delayed by about à year over 
the next five years, but the university has been given the 
go-ahead for work costing £1-9 million between now and 
1970-71. The economie situation should not be 
allowed to delay more than that the development of à 
university which could help to alleviate so many of 
Ulster's problems. 
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AMERICAN UNIVERSITIES 


Who Next at Caltech? 


from our Special Correspondent 

Pasadena, October 25 

THe search for a new president of the California 
Institute of Technology, occasioned by the impending 
retirement of Dr Lee DuBridge, is also turning out to 
be a search for a new academic policy. It seems now 
to be agreed among the faculty that the institute 
must broaden the base of its operations, and in par- 
ticular must find ways of developing a more balanced. 
programme of instruction in the humanities and the 
social sciences. This, no doubt, is why the institute 
makes no secret of its regret that it has not been 
possible to recruit as president Mr John Gardner, 
who retired from his post as Secretary of the Depart- 
ment of Health, Education and Welfare a year ago, 
and seems to have declined several similar invitations 
from different universities since he first declared his 
intention to devote himself to urban problems. There 
is no doubt that Mr Gardner would have been able 
to foster a rapid yet respectable development of the 
curriculum outside the fields of science and tech- 
nology in which Caltech is now pre-eminent. Tt 
remains to be seen whether fallout from government 
service after the election on November 5 will provide 
the candidate for which the institute is looking. 
Dr Donald Hornig, the President’s Science Adviser, 
will no doubt be on the market in the New Year and 
is an obvious although an improbable candidate. 

The imbalance between the humanities and the 
sciences is not the only way in which the institute is 
distinguished from other universities. Women, for 
example, make up only a tiny proportion of the 200 or 
so undergraduates admitted each year, and although it 
seems to be agreed that something should be done to put 
this right, it is not yet clear whether this will be done 
by denying places to qualified male undergraduates or 
by increasing the size of the intake and thus diluting 
the teaching effort which the institute is proud to 
lavish on its undergraduates. The ratio of staff 
to students is another distinctive—and enviable— 
characteristic of the institute. Roughly 200 of the 
600 members of the faculty are established teachers 
(as distinet from post-doctoral fellows and the like), 
but graduate students barely outnumber under- 
graduates at about 700. The faculty seems united 
in the view that there should be no substantial increase 
of the number of undergraduates in the fields of 
study now being followed on the grounds that any 
substantial inerease would diminish the individual 
attention given to the teaching of undergraduates. 

The cost of the changes which may come with the 
appointment of the new president is unlikely seriously 
to impede his ambitions. Already one of the most 
well-heeled of institutions, the institute has recently 
embarked on a campaign to raise a further $85 million 
which will bring its endowment to rather more than 
$200 million. Even if this appeal does not succeed, 
however, there should be enough slack in the budget 
to support quite considerable innovations. In 1967 
the institute consumed only $3-7 million from the 
total of $7.1 million interest from its investments— 
the rest went to swell the investment portfolio. It is 
true, of course, that federal agencies may contribute 
less towards the eost of research than has been the 
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custom in the past few years—in 1966-67, no less than 
$13 million, or roughly half the operating budget, 
came from this source. (The management fee for 
undertaking responsibility for the Jet Propulsion 
Laboratory, paid by the National Aeronautics and 
Space Administration, accounts merely for about ten 
per cent of federal support for research at the institute.) 
Already there has been some restraint-—some members 
of the faculty, for example, take the line that visiting 
research fellows must bring their own money with them. 
Because of its great prestige, the institute is better 
placed than other institutions to ensure that it comes 
near the front of the queue for federal research money. 
Indeed, Caltech can fairly claim that many of its 
traditional publie services are not properly paid for 
as things are—for example, the work which the 
institute does to keep track of seismic activity in 
California, involving the maintenance of a network 
of seventeen seismie stations and a central laboratory, 
is at present paid for out of the ordinary academie 
budget. In circumstances like these, finding money 
for the plans will be less diffieult than finding people 
to earry them out. 





SOCIOLOGY 


Ways to Prevent Suicide 


Eacu day, on average, about a thousand people in the 
world take their own lives and at least eight times this 
number attempt to do so, according to a report by 
the World Health Organization (Prevention of Suicide, 
WHO, 8s, $125) In most European countries 
and North America, suicide ranks among the first 
five to ten causes of death. 

The burden of the WHO report is that some suicides 
could be prevented, partly because certain classes of 
potential suicides can be identified by their situation or 
profession and partly because many suicides in fact 
give prior warning of their intention. Improved 
collection of statistics and more knowledge about suicide 
among doctors, nurses and the publie at large would 
better the chances of recognizing and helping such 
people. 


Table 1. SUICIDE RATES (YEARLY AVERAGE FOR 1961-63) PER 
100,000 oF POPULATION 
Hungary 33-9 Australia 19-6 
Finland 29-0 USA 15.6 
Austria 28.3 England and Wales 1541 
Czechoslovakia 28-2 New Zealand 13.6 
Japan 24.7 Poland 12-8 
Denmark 24.2 Scotland 1rd 
West Germany 24.1 Canada 117 
Switzerland 23-3 — Israel (Jewish population) 10-4 
Sweden 21-7 Netherlands Hd 
France 20.7 Italy LI 


Many of those who commit suicide give warning, 
either by word or deed, of their intention. Indeed, in 
the opinion of some investigators, warning is almost 
always given. But such danger signs are frequently un- 
noticed or ignored. Kessel, for example, has found that 
34 per cent of 511 cases of self-poisoning had given warn- 
ing of their intention and of these warnings 62 per cent 
had been noted but not acted upon. Some surveys have 
shown that more than half the persons committing 
suicide had seen a doctor within three months of the 
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event and up to a quarter had seen a psychiatrist. The 
WHO report points out that certain groups of people 
are more likely to commit suicide than others. Fore- 
most among them are those who have already made one 
attempt. Follow-up studies show that on average 
some 5 per cent of patients kill themselves within five 
years of their first attempt while up to 10 per cent do 
so over longer periods. 

Other high risk groups are the old, the mentally ill, 
those dependent on alcohol and other drugs. and par- 
ticular occupation groups. Among the elderly, ill 
health, break in routine such as retirement, and the 
death of a loved one are factors which are often associa- 
ted with suicide. Suicide rates are higher among the 
mentally ill than in the normal population; there are 
data to suggest that about 15 per cent of persons 
suffering from depressive illnesses may eventually die 
by suicide. 

Doctors, dentists and lawyers are particularly prone 
to suicide. In England and Wales one doctor in 50 takes 
his own life; over a five year period 6 per cent of all 
deaths among doctors under the age of 65 were from 
suicide. Other occupational groups more prone to 
suicide than the general population are people engaged 
in the liquor trade (England and Wales), agricultural 
labourers (USA) and groups connected with fishing and 
the navy (France). 

There is a comparatively high risk of suicide among 
university students; at Oxford and Cambridge, for 
example, the suicide rate among men students is 3 to 5 
times higher than among their coevals in the normal 
population. One possible explanation is suggested by 
another recent report on suicide compiled by Mr Peter 
Cresswell and a co-author at the University of York 
(Student Suicide, 25, copies obtainable from the author). 
Study of suicides at 13 British universities suggested a 
correlation with the sex ratio, male suicides tending to 
be highest at universities where there are few girl 
students. 

With young people in general many studies reveal a 
high incidence of broken homes in early youth. Personal 
and domestic problems are frequent causes of suicide; 
& Swedish survey of 1,727 cases of attempted suicide by 
people under 21 disclosed that 80 per cent were girls, 
a third of whom had love problems and another third 
home and parental troubles as the probable cause of the 
attempt. 

On the epidemiology of suicide the WHO report 
comments that several factors thought to underly 
suicide rates could profitably be further explored. These 
are urbanization, the declining influence of religious 
institutions and the breakdown of tribal social structure 
in developing countries; the changing social status of 
women in countries undergoing rapid change; social 
mobility and loss of a social role. Economic depres- 
sion, social upheaval and the early months of summer, 
the report notes, are known to be associated with 
increases in suicide rates, whilst war is said to have the 
opposite effect. 

The suggestion in the WHO report that better 
training of doctors could help to prevent certain suicides 
is vividly born out by recent work at the Medical 
Research Council’s Clinical Psychiatry Research Unit. 
Barraclough, Nelson and Sainsbury reported at the 
fourth International Conference for Suicide Prevention 
last year their posthumous survey of 25 suicide cases 
in West Sussex (International Society for Suicide 
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Prevention, 2521 West Pico Boulevard, Los Angeles, 
California 90006; in the press). "Three-quarters of the 
patients had seen a doctor within a month of their 
death and half within a week of it. From discussions 
with friends and relatives, 24 of the suicides were 
diagnosed as mentallv ill and 21 (84 per cent of the 
total) were found to be suffering from depressive 
illness. 

Antidepressant drugs were being prescribed for only 
one of the depressed patients ; the remainder had 
received barbiturates or other hypnoties, tranquillizers 
or no drugs at all. It looks as if the doctors in question 
had failed to recognize the depression for what it was, 
and were treating for insomnia oranxiety. Apparently 
in a few cases—the sample is too small to generalize— 
the drugs prescribed were used by the patient to take 
his own life. 

If the doctors did indeed fail to diagnose depression, 
the explanation, Barraclough and colleagues conclude, 
"is to be found in the lack of teaching about mental 
illness given by medieal schools". In recent years 
several new chairs of psychiatry have been set up 
and more time in the undergraduate medical curriculum 
is devoted to psychiatric teaching. If this development 
results in the better diagnosis of depressive illness—a 
condition that can now be treated effectively by drugs 
or electric convulsive therapy—it may well be that some 
of the many suicidal patients who suffer from depres- 
sion can be prevented from taking their lives. 


COMMUNICATIONS 


Building Intelsats 


AN announcement on October 24 revealed that 11 non- 
American companies are to share substantially in the 
$72 million contract recently won by the Hughes 
Aircraft Co. of California from INTELSAT for the key 
Intelsat-4 series of communications satellites to take 
over the basic global commercial communications net- 
work for the seventies. . Of this sum nearly $7-4 million 
(10 per cent) is coming to Britain. The British Aircraft 
Corporation is the chief beneficiary—to the tune of 
$6-75 million; Ferranti solar cells add $580,000 to the 
value of the British share. Until now Europe has 
contributed 30 per cent to Intelsat capital costs and 
collected only 4 per cent of the contracts. A BAC 
spokesman claimed this week that the British share of 
this contract will recoup the money spent by the Govern- 
ment on participation in the world network. More- 
over, he added, "the deal has been entirely due to 
industrial enterprise and has cost the Government 
nothing". The fact that $19 million worth of the $72 
million contract has been sub-contracted abroad is on 
the face of it surprising. There seems no doubt at all 
that Hughes could have handled the whole package 
without help from abroad. The company has unrivalled 
experience and achievement in the geostationary com- 
munications satellite field, comprising both operational 
commercial satellites and experimental advanced 
systems such as the ATS (Advanced Telecommunica- 
tions Satellites), one of which enabled the Apollo 7 
transmissions to be relayed live to TV audiences in 
Europe and America. Hughes has been responsible 
for the Syncom satellites which first demonstrated the 
feasibility of geostationary satellites and have since 
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been used for communications in the Vietnam war. It 
also built Early Bird, the first commercial satellite, and 
two other satellites for Intelsat which are still operating. 
It is known that European subscribers to Intelsat 
have made strong representations that in the final 
agreement (due next year), Europe's share of contracts 
should be improved and the contract procedure revised. 
It seems that Hughes has seen the writing on the 
State Department wall, and has decided to look ahead. 
The Intelsat-4 series is composed of one prototype 
and four operational satellites, each with some 6,000 
voice-grade channels (which can be split into over 5,000 
2-way phone conversations or 12 colour TV channels) 
and a guaranteed lifetime of 7 years. Since the first 
operational spacecraft is to be delivered by August 
1970 for the Atlantic link and the others at brief 
intervals thereafter, the series is going to provide the 
basie network for most of the seventies. Capacity is 
1.000 times that of Early Bird or 25 times that of all 
Intelsat satellites operating at the moment. "There is 
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The Syncom satellite, the first synchronous communications 
satellite, dwarfed by a mock-up of Intelsat-4. 


an option on two others of the same specification. 
Hughes is immediately setting up a design team, drawn 
from the eleven foreign companies and their own staff, 
which will work for six months in California. Hughes' 
vice-president, Dr Fred P. Adler, said courteously at 
last week's press conference that Hughes expected to 
learn from its associated overseas firms as much as they 
would learn from Hughes. 
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Be that as it may, the companies that have been 
brought in from abroad are certainly the pick of the 
field. BAC, with experience in building the only 
British built Ariel satellite, Ariel 3, and the Black 
Arrow technology satellites, will build two satellites and 
integrate three; Ferranti has the edge on other solar 
cell designers through spin-off from advanced work at 
Farnborough; France's Thomson Houston-Hotchkiss 
Brandt has had a leading part in all French satellite 
work and will handle telemetry command for satellites 
2, 3 and 4; Nippon Electric has been involved with 
all Japanese satellite effort and has built four of the 
world's satellite communications earth terminals, and 
Northern Electric of Canada heads one of the two 
consortia bidding for Canada's ambitious domestie 
satellite system. 

The Intelsat-4 satellites have several novel features 
that will keep sub-contractors on their toes. They 
employ travelling wave tubes to get best results. In 
addition to "horn" antennae to give broadbeam Earth 
coverage, the satellites are to have two steerable 50-inch 
diameter “spot beam" dishes radiating 3 kW over 4-5? 
for handling dense traffic (trunking operations). 

Mr R. G. Jefferson, managing director of BAC's 
guided weapons division, declared at last week's press 
conference that this is a turning point in European 
space technology. It will certainly bring foreign firms 
into the potentially lucrative commercial space appli- 
cations field. But where can they go from there ? The 
situation still seems too dependent on the Government's 
short term policies. 


MEDICINE 


Symptoms of Insecurity 


As a parting shot at the Ministry of Health, which 
ceased to exist as an independent ministry this week, 
and at the minister, Mr Kenneth Robinson, the Asso- 
ciation of General Practitioners decided at its annual 
conclave last weekend to reject the proposals for 
reorganizing the administration of health services, put 
forward by the ministry earlier this year (see Nature, 
219, 432; 1968). The ministry in its Green Paper 
(National Health Service: The Administrative Structure 
of the Medical and Related Services in England and 
Wales) suggested bringing regional health services 
under the control of forty or fifty area health boards, 
each of which would manage its own affairs, with the 
ministry in the background in a guiding role. These 
area boards would replace the present muddled tri- 
partite system under which regional and local health 
services are controlled by executive councils, regional 
hospital boards and boards of governors with the 
hospital management committees, which not surpris- 
ingly often fail to coordinate their activities. 

The Green Paper was meant only as a basis of discus- 
sion, and it is therefore surprising that the association 
chose simply to reject it, especially when the association 
has set up a working party to study the proposals 
further and apparently intends to circulate a report to 
members eventually. The association s chief objection, 
apparently unanimously agreed, is that the proposals 
will lower rather than raise the standard of services 
available to patients. Its spokesman is quoted as 
saying, “What we are afraid of is that under this new 
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administrative structure, the patient is going to lose his 
identity". In fact, however, it might have been more 
appropriate for the association to have said that it fears 
that the general practitioner, rather than the patients, 
might lose his identity. Judging from letters in the 
medical journals, that is the real fear. 

The Association of General Practitioners, which 
with a membership of about 2,000 represents some- 
thing like 10 per cent of all GPs, seems to be particu- 
larly wedded to the myth of professional independence 
and clearly suffers from a sense of insecurity about the 
profession’s future. It apparently fears that the 
proposed area boards will somehow control or scrutinize 
the way a GP organizes his work, the staffing of his 
surgery and so on. Under the existing system the GP 
has a free hand in all this; when a patient comes to 
register, all the GP has to do is notify his executive 
council of the application and it confirms the regis- 
tration. Thereafter the doctor is solely responsible for 
his patient. In fact, the proposals in the Green Paper 
were meant simply as a way of making better use of 
available medical resources and it is difficult to see why 
they need interfere with the relationship between 
doctors and patients. 

Now it is up to the leaders of the profession and the 
Government to do some careful public relations work 
and convince the GPs that the proposals do not 
threaten their way of earning a living, but do offer a 
better service to the public. The medical profession 
has, of course, more than its fair share of reactionaries, 
who will take a lot of convincing, but no doubt they 
will eventually come round to the idea that reform of 
the administrative organization of the health service is 
long overdue and that the ministry’s proposals are not 
really sinister. In 1948, many GPs resisted the idea of 
health centres—now so many are demanding them 
that Sir George Godber in the latest annual report on 
public health (see page 428) talks of the health centre 
explosion. 


PLANETS 


Venus Question Settled 


AFTER almost a year of heart searching by space 
scientists, it now seems that the alarming disagreement. 
between the American Mariner 5 and the Russian 
Venera 4 measurements of the atmosphere of Venus 
has been dispelled. This was the general consensus 
at a recent meeting at Kiev devoted to lunar and 
planetary astronomy, and the outcome can be seen as 
a vindication of earlier ground based observations. 
The discrepancies between the two sets of space probe 
data began to come to light late last year only a few 
weeks after the landing of Venera 4 on Venus on 
October 18 and the close approach to the planet a day 
Jater by Mariner 5, and seemed to have their origin in 
the different ways the two groups of experimenters 
measured height above the planet’s surface. In the 
Russian experiment, the height of the probe as it 
measured atmospheric parameters during its descent 
by parachute was found from a single reading by a 
radioaltimeter, coupled with the aerodynamic proper- 
ties of the parachute system. On the other hand, 
Mariner 5 used a radio method to probe the atmosphere 
as the spacecraft flew by the planet, which at its closest 
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approach was some 4,000 km from the surface, and 
data were obtained as a function of distance to the 
centre of the planet. To convert the American data so 
that the distance scale is relative to the surface of the 
planet, the radius of Venus known from ground based 
radar observations has to be introduced. 

Pressure and temperature measurements by Mariner 
5 seemed to overlap the Russian measurements nicely 
at a height from the surface which according to the 
Russian radioaltimeter was 26 km. But coupled with 
the American estimate of the distance of this reading 
from the centre of Venus, the radius of the planet 
comes out to be 6,085+10 km, significantly different 
from the terrestrial radar value of 6,053+2-2 km. 
Discussion of this discrepancy had occupied planetary 
scientists for much of the previous year, and has cast 
something of a cloud over the success of the two 
probes. At the Kiev meeting, however, suspicions 
that it was the Russian radioaltimeter which was at. 
fault seem to have been given some support. All the 
speakers at the meeting seemed to recognize that the 
correct height scale for the atmospheric parameters 
was one based on the Mariner 5 measurements coupled 
with the radar determinations of the radius. The 
Russians have admitted, it seems, that the design of 
their radioaltimeter was such that it was capable 
of being in error by a factor of two, exactly the 
amount which planetary scientists say would explain 
the disagreement between the two sets of measure- 
ments. 

As well as vindicating the techniques of planetary 
astronomers working with equipment on the ground, 
there was general agreement at Kiev that the average 
surface temperature and pressure of Venus are roughly 
700° K and 100 atmospheres rather than the very much 
lower values which Venera 4 had seemed to indicate. 
Radar astronomers have been particularly conscien- 
tious during the controversy, carrying out a deal of 
reworking of measurements, and clearly ground based 
work still has a part to play in planetary astronomy. 
Tn fact, the lesson to be learnt from the affair is the way 
in which equipment on the ground is a very necessary 
supplement to the work of space probes, and can 
produce more relisble results. Astronomers have been 
pointing out for some time now that for a modest 
outlay on ground based equipment a valuable return 
of information on the planets can be obtained. A 
suitably large infrared telescope on the Earth, for 
example, would be capable of revealing the presence 
of life on the nearby planets through an examination 
of trace constituents of their atmospheres. Strong 
arguments in favour of constructing a 1,000 inch infra- 
red telescope for an expenditure of around £5 million— 
roughly the cost of a Mars probe—have been put for- 
ward by Dr P. Connes, Professor P. Fellgett and 
Professor J. Ring (Science Journal; 1967); clearly 
this is the way for countries less well endowed with 
spare money than the United States and the Soviet 
Union to join in the space race. 


SOCIETIES 


Collections in Danger 


THE money which the Linnean Society of London 
raises in response to the appeal for development 
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launched on Tuesday will go first of all to rehouse the 
valuable collections of plant and animal specimens, 
mede in the eighteenth century by the Swedish 
botanist, Carl Linnaeus. He was the founder of the 
now universally accepted system of binomial nomen- 
clature by whieh living organisms are given two names, 
one denoting the genus to which they belong and the 
other denoting the species. 

Linnaeus named all the living organisms known in 
his day and so the collections he made contain most ly 
type specimens—the actual plants and animals to which 
he originally gave the names, whieh are now the 
absolute source of reference for anyone wishing to 
identify one of these species. The 14,000 plants include 
the type specimens of such familiar plants as the 


Engraving by S. G. and J. G. Facius of the portrait of Linnaeus 
at the age of 64 by Roslin. 


common lawn daisy, Bellis perennis L. (L. for Linnaeus 
who originated the name): barley, Hordeum vulgare 
L.: rye, Secale cereale L.; and Cannabis sativa L., 
otherwise known as hemp. 

The collections are regularly consulted by many 
scientists, not only taxonomists, to whom it is vital to 
identify correctly the material with which they are 
working. Since 1946 the collections have been con- 
sulted about 1,200 times by people from forty-five 
countries. There are also between fifty and ‘sixty 
postal enquiries each year about the specimens which 
are housed in a cupboard in the society's meeting rooms 
in Burlington House. This accommodation is quite 
inadequate for such valuable biological material, and 
plans have been produced for a hermetically sealed 
strongroom in the basement to house the 
tions safe from fire and the ravages of beetles, which 


collec- 





421 


have already irreparably damaged some of the 
specimens. 

The cost of the strongroom will be about £13,500, 
and the rest of the £55,000 being asked for will be used 
for much needed extensions to the library, which 
contains many of Linnaeus’s own books, new council 
rooms, and general redecoration. Use will also be made 
of some new basement space made available since the 
Royal Society moved out of its old rooms in Burlington 
House. 

The collections and books came to England in 1783, 
five years after the death of Linnaeus, when his family 
sold them to Edward Smith, a wealthy amateur 
naturalist and friend of Sir Joseph Banks, botanist 
and then president of the Royal Socisty. Smith paid 
in all £1,088 5s for the collections. In 1788 he founded 
the Linnean Society, which bought the collections 
from Smith's executors when he died in 1828. After 
occupying various homes in London, the society 
devoted to the cultivation of the science of natural 
history—moved into its present rooms in Burlington 
House in 1873. 


MANPOWER 


The Future for Engineers 


Some useful and constructive sparks of disagreement 
improved what might otherwise have been a very 
pedestrian day's meeting at the Inst itute of Mechanical 
Engineers on October 24, on the utilization of profes- 
sional engineering manpower. The role of education, 
training, and other less concise euphemisms for learning 
were central to most of the discussiens, with engineers 
being variously treated as units, brains, potential 
managers and people. The friction generated in having 
to define the subject under diseussion—let alone in 
discussing it—did much to bring the meeting to life 

One of the speakers, Mr H. Gott of Associated 
Nuclear Services, pointed out that certain aspects of 
history are traditionally considered worth knowing 
dates of battles, for example—while others like engin- 
eering achievements are ranked as of poor educational 
value. The appeal of engineering was consequently 
affected, he felt, and although murmurs of approval 
were natural enough from a partisan audience there 
must be a wide sympathy for this view 

Sir Norman Kipping began the meeting w ith a 
speech on “The Challenge of Chang’ that had both the 
merit and fault of being eminently reasonable. Several 
of the later speakers were quick tc emphasize that the 
problems surrounding the use of engineers were not 
susceptible to easy solution, if thes could be solved at 
all, and that the relationship between the engineer and 
the technological manager should be approached at the 
earliest educational levels as well as after several years 
of industrial work. Professor M. Seaman, of Lough- 
borough University, maintained that the era of the 
engineer-manager is already with as, and he outlined a 
course of study that he thought suited to thisend. He 
envisaged a student spending his early twenties in a 
period of study shared between university and industry, 
following this by several years on industrial pro- 
jects and then rounding off with an MSe or PhD; so 
that by thirty the man would be a qualified engineer- 
manager. 
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He surmised that an honours degree in industrial tech- 
nology and management would be the “Greats” course 
of the future. 

Dr C. G. Williams of Ricardo Company outlined the 
assumptions needed to arrive at any sort of manpower 
forecast. He enumerated four main conditions: 
that the talent exists, that the talent can be induced to 
follow a given path, that education can change, and 
finally that predictions are inherently possible. 
Although these questions were not discussed as fully as 
they might have been, it appeared that there was a 
considerable spread of views among the participants 
on all of them. Professor P. J. Garner, of the U niversity 
of Birmingham, pointed out that engineers must see the 
point of what they are doing if they are to be led to a 
satisfactory job, and he referred to the fact that many 
engineers are attracted to American companies because 
they are given specifie projects to do and not offered 
vague training schemes. 


US NATIONAL ACADEMY 


One New President 


Ar its meeting at the California Institute of Tech- 
nology this week, the National Academy of Sciences 
will have been asked to approve the nomination of 
Dr Philip Handler as president in succession to Dr 
Frederick Seitz, now translated to the Rockefeller 
University in New York. There is unlikely to be open 
dissent from the nomination, as on the oecasion in 
1954 when the nomination of Dr E. Conant was over- 
ridden in favour of that of Dr D. Bronk. In the past 
few years, Dr Handler has made friends and has won 
respect in his role as chairman of the National Science 
Board whieh guides the operations of the National 
Science Foundation. It seems to be acknowledged 
that Dr Handler has frequently helped to strengthen 
the NSF's bargaining position with Congress, end it is 
certainly the case that he has frequently appeared 
alongside the director, Dr L. Haworth, in the presenta- 
tion of evidence to congressional committees. His 
biggest disadvantage, in the eyes of many professional 
scientists, is that he is now pre-eminently a committee 
man, not a scientist. People are asking, for example, 
whether he will be able to emphasize the distinction 
between the academy and the administration which 
present circumstances require. The next six years, 
no doubt, will tell. 

Dr Handler began his career as a nutritional bio- 
chemist working for his doctorate at a US Department 
of Agriculture regional soya bean laboratory in Illinois 
from 1937-39. He then moved to the medical school 
of Duke University in 1939 as an instructor in physio- 
logy and nutrition and there rose through the hierarchy 
of professorships to become the professor and chairman 
of the department of biochemistry and nutrition in 
1950. His publie committee work began in the late 
1950s; he was a member of the US Public Health 
Service's National Advisory Health Council from 1958- 
62, chairman of the National Institutes of Health 
biochemical study section from 1955-58, and a member 
of the National Science Foundation's biological and 
medical research panel in 1959. In 1962 he was ap- 
pointed to the National Science Board and became 
vice-chairman in 1064. In the same year he became a 





NATURE, VOL, 220, NOVEMBER 2, 1968 


member of the president’s Scientific Advisory Com- 
mittee and a member of the president’s Commission on 
Heart Disease, Cancer and Strokes. He has also been 
a consultant for the Veterans Administration, the 
Atomic Energy Commission, the National Research 
Council and the National Institutes of Health. This 
is by no means an exhaustive list; in the past fifteen 
years Dr Handler has served on more than a dozen 
advisory committees, panels, boards and sections of 
one sort or another. 


ARCHAEOLOGY 


Neolithic House in Ulster 


from our Archaeology Correspondent 


Tut first neolithic house to be found in Ulster, and one 
of very few in the British Isles as a whole, has been 
uncovered in the past two seasons during rescue 
excavations at Ballynagilly in County Tyrone, directed 
by Mr ApSimon of Southampton Universit y (formerly 
of Queen’s University, Belfast) on behalf of the Ancient. 
Monuments Branch, Ministry of Finance of Northern 
Ireland. This summer's excavation at the site, on a 
hill of glacial gravel and sand rising 50 feet above the 
surrounding bog, revealed that the house, first dis- 
covered last year, had been walled on two sides with 
thin split planks of oak, remains of which have been 
preserved in the wall trenches as sheets of charcoal 
about 1 em thick and about 20 em high, with the grain 
running vertically. 

The house, a rectangular structure 7 by 6 m, had an 
earth floor and its end walls may have been finished 
with wattle and daub. But it is the planking which is 
so significant, for this type of building occurs on central 
European neolithic sites. Thus the discovery at Bally- 
nagilly strongly supports the suggestion, previously 
based chiefly on analysis of pottery styles. that the 
neolithic colonizers of Ulster came ultimately from 
central Europe, by way of northern England, rather 
than from Spain and western France by the Atlantic 
seaways. Apart from the house, the site has yielded 
polished stone axes, leaf-shaped arrowheads and a 
typical flint industry, as well as pottery of what is 
thought to be the earliest neolithic style found in 
Ireland, which suggests that the site was occupied 
around 3000 nc. 

Close to this neolithie site there is an early Bronze 
Age Bell Beaker habitation site overlying traces of 
neolithic occupation, which has yielded much pottery, 
a typical flint industry including barbed-and-tanged 
arrowheads, as well as reworked fragments of neolithic 
axes, but no certain traces of buildings. The absence of 
metal finds is not surprising, because although metal 
axes and knives may have been in general use they were 
too valuable to lose and could be melted down again 
when worn out. This group of settlers had probably 
migrated to Ulster from the Low Countries by way of 
Scotland and Northern England not long after 2000 nc. 
One particularly interesting feature of the Bronze Age 
habitation is the occurrence of a cooking site. An 
intensely burnt hearth surrounded by a dense scatter 
of habitation refuse was found about 3 m from a 
long pit (3 m by 1 m by about 0-8 m deep) filled with 
heat fractured stones, charcoal and ash, which probably 
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served as a food boiler into which heated stones were 
thrown. Similar cooking places are known elsewhere 
in Ireland, but none is thought to be so early. 

Apart from the wealth of archaeological data, the 
Ballynagilly site presents a most important, possibly 
unique, opportunity of tracing the ve 'getational history 
of a site and correlating this with — neolithie 
and Bronze Age settlements. Mr J. R. Pilcher and 
Dr A. G. Smith of the Palaeoecology Laboratory, 
Queen's University, Belfast, have been collaborating 
with Mr : ApSimon throughout the excavation. They 
have taken samples of charcoal from the site for C 
dating at Belfast and samples of peat and soil from 
the site and the nearby bog for pollen analysis. The 
for which a detailed pollen diegram has been 
prepared, contains fine layers of charcoal which coin- 
cide with forest clearance phases distinguished in 
pollen analysis. In the earliest of the clearance phases, 
a marked decline in pine and elm occurs at a level 
where pine charcoal occurs in the Preliminary 
uC dates for this level suggest it is of a similar date 
to the neolithic làndnám phases (land clearances) 
recorded in Irish lowland bogs, but the nature of this 
early clearance and many other aspects of the vegeta- 
tional history of the uplands site at Ballynagilly are 
proving to be quite different from those recorded in the 
lowlands. It is probable that the earliest clearance at 
Ballynagilly is correlated with the neolithic occupation, 
but further dating is needed to confirm this. 

Once all the samples have been analysed there should 
for the first time be a complete picture of the vegeta- 
tional changes wrought by a series of "C dated occupa- 
tions beginning well before 3000 sc. The detailed 
pollen analysis should also provide some clues about 
the agriculture of these occupations. So fer, there is no 
direet evidence such as grain or pottery impressions 
that might indicate what crops, if any. people were 
growing. 


hi yg. 
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UNIVERSITIES 


University of Surrey Moves 


AnovT 1.200 students, three-fifths of the total number 
at the University of Surrey, are now installed in their 
new buildings in Guildford amidst bulldozers, scaffold- 
ing, workmen and mud. The rest of the students, who 
are still at Battersea in the buildings which house the 
former college of technology, are due to make the thirty 
mile move in the autumn of 1969. By then there will 
be about 2.250 students and 300 staff on the new site 
all housed for about £6 million, of which the University 
Grants Committee will have provided about £35 
million. 

The new buildings are far from complete. At present 
there is only 60 per cent of the standard floor area pei 
student; staff rooms are eramped, there is only one 
refectory, and only four of the seven student re sidences 
are ready. It is hoped, however, to have everyone 
reasonably settled, money permitting, with the 
space by the early 1970s. The present Pw ap ien 
are being very cheerfully borne by the staff and 
students who must think it heaven after their accom- 
modation near Battersea Park—a main building and 
four outstations, of which two were former primary 
schools, one a disused swimming pool, and the fourth a 
converted warehouse. Only two of the outstations ari 
nearer than one mile from the main departments. The 
new buildings, in contrast, are extraordinarily compact 
The essential buildings are arranged in three inter- 
locking zones, "work" '. and "living", grouped 
inan eighty-five acre site adjoining Guildford Cathedral 
Most of the academie buildings are planned for the 
work zone; the library, lecture theatres, social centres 
and restaurants are in the core, and the living zone will 
accommodate students and some of the staff. This 
complex, on Stag Hill, is the first stage in the develop- 
ment, and it will eventually allow for a student popu- 


pre » er 
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View of the university site from the north-east, showing Senate House, academic blocks of phase | (on right) and academic blocks 
of phase 2 under construction (on left). 
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lation of up to 5,000. Ancillary buildings, sports fields 
and further expansion are going to be developed on the 
other section of the site— about 284 acres on the other 
side of the Guildford by-pass. The architects for the 
university, Building Design Partnership, have also 
allowed for great flexibility. This must be useful both 
at present, when there is restricted space, and for 
later expansion. 

The whole programme has been based on the need 
to move the entire university from Battersea to Guild- 
ford by the end of next year, the end of phase 2. At a 
press conference last week, Dr D. M. A. Leggett, the 
Vice-Chancellor, described the move “as a calculated 
risk”. From all accounts, it appears to have been a 
risk worth taking. 


Parliament in Britain 


University Building 

Tue University Grants Committee informed the 
Jovernment on September 26 that as a result of its 
letter of August 1 to the vice-chancellors, university 
building programmes had been cut back from £28-7 
million to £18-7 million. Mr Edward Short declared 
that the Government had asked for the reduction in the 
1968-69 building programmes after the normal review 
of public expenditure and not because of changes in the 
economic situation. (Oral answer, October 24.) 


Science Teachers 

Aw advertising campaign aimed specifically at attract- 
ing science and mathematics graduates into school 
teaching will be launched shortly. In addition Miss 
Alice Bacon announced that the Department of Educa- 
tion and Science is collaborating with university 
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appointments boards and faculties of science in arrang- 
ing a series of discussions with students about prospects 
in science and mathematics teaching. (Written 
answer, October 24.) 

Noise Research 

In the past three vears the Government and industry 
have together spent £1-5 million on noise research. 
Mr J. P. W. Mallalieu said the Government's contribu- 
tions had been £283,000 in 1965-66; £395,000 in 1966- 
67; £484,000 in 1967-68. The estimate for this year 
is £600,000, but the rate of expenditure for the next 
two years has not yet been decided. (Written answers, 
October 21 and 25.) 

Public Health 

Ix the nine months to July 1, the number of general 
practitioners in England and Wales rose by 86 to 
19,935. Mr Kenneth Robinson said this could be 
compared with a fall of 505 in the three years to 
October 1, 1966, and a rise of only five in 1967. He 
admitted that although the trend this year is encourag- 
ing, many areas still have too few doctors. (Written 
answer, October 25.) 

Power Subsidies 

PAYMENTS to the Scottish electricity boards, compen- 
sating them for using coal-fired instead of oil-fired 
generators, amounted to £1,031,671 between September 
1967 and July 1968. Dr Dickson Mabon said the pay- 
ments vary from year to year according to electricity 
load factors, fuel priees and so on. The payments will 
continue to be made until April 1, 1971. Replving 
to another question, Dr Mabon revealed that the power 
stations forming the Lanarkshire Hydro Scheme 
generate the cheapest electricity per unit in Scotland 
and the gas turbine station Townhill "B" at Dunferm- 
line, using distillate gas oil, is the most expensive. 
(Oral and written answers, October 23.) 


Who Wants to be a Scientist? 


ACADEMICS, schoolteachers and industrialists, meeting 
at the Royal Society last week, took a close look at that 
extraordinary and disturbing phenomenon, the swing 
away from science in British schools. As Professor 
O. E. Lowenstein said in his introduction to the one 
day symposium, at a time like this, when the success 
of our technological society depends on the efficiency 
of scientific effort, the young might be expected to be 
enthused with the fervour of their social mission. But 
this is not the case; a decline in the general esteem for 
science is demonstrated by the steady decrease in the 
number of applicants and entrants to science and 
technology faculties since 1962. 

Dr F. S. Dainton, chairman of the committee of 
inquiry that reported this trend last January, said 
that at the moment the swing does not represent a 
great loss of scientists and technologists. but it is a 
social phenomenon that should arouse concern. 

The age at which pupils have to choose the subjects 
that will eventuall y lead to A.level and university 
entrance was picked out as an important factor by the 
principals of four schools, who assessed the motivation 


behind a pupil’s choice for or against science. Mr H. F. 
Broad of the Cedars School, Leighton Buzzard, pointed 
out that four-fifths of grammar school pupils have 
often made their choice of subjects by the age of four- 
teen or fifteen, when there is a restriction on the number 
of subjects they can study. 

Mr A. R. D. Wright of Shrewsbury School suggested 
that less restricted. courses and good teaching at all 
levels have contributed to the continuing popularity 
of science in his school, where no swing has been 
experienced. At Shrewsbury all boys take chemistry, 
physics and mathematics at O-level. The School 
Mathematics Project has contributed to the sustained 
popularity of this subject. In answer to a question- 
naire, thirteen and fifteen year old boys chose mathe- 
maties as the subjeet they would most like to study 
throughout the school, with English as the next most 
popular. 

At Shrewsbury the pupils are of a higher than average 
intellectual qualitv; the range of IQs is from 107 to 
140. Often standards required by O-level courses are 
too high to sustain the interest of less able pupils, who 
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lose confidence in their abilities when they find work 
too difficult. As Mr Wright said, school science courses 
are too difficult too early—the universities are asking 
the schools to do their early work for them. 

Shrewsbury has another advantage in being well 
staffed. This is often not the case; it is not uncommon 
for the good teachers in a school to be concentrated 
on the sixth form, so that the thirteen to fifteen year 
olds, at a time when they need every encouragement 
in science, do not receive the high quality teaching 
they should. This is only a symptom of the wide- 
spread shortage of science teachers, for the quality of 
science is not always what might be desired. Mr D. 
Thompson, of The Woodlands School, Coventry, a 
comprehensive school, finds that scientists are not 
always such good communicators as their colleagues 
in the arts. Science is not being taught as well as many 
other subjects. Mr Thompson attributed his success 
in staving off a swing from science in his school partly 
to the fact that he is himself a scientist. A headmaster 
who is a scientist may be more concerned than an arts 
man to look after the interests of science in his school. 

Another of Mr Thompson’s suggestions was that the 
rejection of science by the young might be a further 
symptom of the general rejection of authority that is 
so obvious at the moment in young people. Perhaps 
they see the scientists as the people who have failed to 
solve the problems of today, which are spiritual and 
not material. This idea may not be so extraordinary in 
the light of what Miss B. Williams of the County High 
School for Girls, Reigate, had to say. In conversations 
with her sixth form she has found that social accept- 


ability is a very important influence on the choice of 


subject. Girls feel that science and mathematics are 
boys’ subjects, and find that their boy friends are in- 
credulous when girls elect to study chemistry, physics 
and mathematics instead of English and history. 
Girls studying science are hailed as brilliant by family 
and friends, and as Miss Williams said, it is more 
important to girls to be considered attractive than 
brilliant. 

Girls are also deterred because they feel that science 
and marriage do not mix; once they have spent a few 
years producing a family their knowledge is out of date. 
They also see the discipline of science as unpleasant; 
to them the life of a science student often seems solitary, 
dull, brutish, lonely and long, with insufficient time 
for indulging that favourite schoolgirl pastime, gossip. 
Careers, too, they see as a problem, for women qualified 
in science seem to have to work twice as hard as men 
to make half the progress, 

Clearly one of the reasons for the lack of enthusiasm 
for science is the failure of teachers to make their 
subject interesting. One fault is with the courses which 
are out of touch with all that is exciting in modern 
science; clearly revisions of syllabuses are welcomed 
by the schools. Another great problem is that the 
teachers themselves are out of touch with the latest 
developments and teaching methods. There is a great 
need for refresher courses for science teachers, but 
there are many problems, not the least that it is often 
the best teachers who attend the courses. 

Sir Harold Thompson, discussing in-service training 
for science teachers, said that although conscientious 
teachers realize that they should be aware of changes in 
the curriculum and new ways of teaching, many of 
them have not received refresher training for thirty 
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years. The schemes already in progress, such as those 
run by the Royal Society's joint education committees, 
which have organized courses at regional centres, and 
by various universities and colleges, have run into 
considerable difficulty. Not only is there a lack of 
funds, but also a lack of applicants—many courses 
often have vacancies which many teachers never hear 
about. 

Refresher training is less demanding on the schools 
in the form operated at Nottingham. Dr Dainton said 
that university mathematies staff go out to teachers 
centres and schools to give iefresher classes. This, 
however, is expensive and not all universities can afford 
to do it. Also at Nottingham, research students have 
spent days or parts of days teaching in schools in place 
of teachers. In Dundee, however, a similar scheme fell 
through because of opposition from the authorities 
concerned. 

Another level of training that needs looking into is 
that of primary school teachers. Professor K. W. 
Keohane pointed out that seventy per cent of primary 
school teachers have not passed O-level mathematics, 
and although only one in sixty-four girls take O-level 
physies many of them go on to teach in primary schools. 
Although it is not great knowledge that young children 
require, surely their teachers need a basic grounding 
to help answer questions of their pupils. 

There is undoubtedly room for more of the sort of 
teaching described by Mr E. R. Wastnedge of Her 
Majesty's Inspectorate. He said that the best teaching 
encourages children to find the answers to their own 
questions. He was full of praise for a teacher who, 
when asked whether acorns contain starch, suggested 
that her pupil should try to find out. The result was 
that he went away and ground up some acorns to make 
a paste which he used to starch a handkerchief. 

The shortage of science teachers is clearly reaching 
serious proportions, although Professor M. M. Swann, 
chairman of the Government committee that has just 
reported on the flow of scientists into employment, did 
not think that it is vet a major factor in the swing away 
from science. More serious is the tendency, revealed 
by the Swann committee, for many of the best gradu- 
ates to stay on at the universities to do research. Pro. 
fessor Swann thought the universities could be more 
positive in suggesting to students what they might be 
interested in besides research. Broadening of curricula 
ought to help in this respect, 

The most serious shortage is apparently in teachers 
of mathematics. A working party set up by the Royal 
Society and the Council of E Zngineering Societies 
questionnaires to three hundred headmasters, as 
about their staffing difficulties. Sir Nevill Mott q neta 
some of the replies received so far. One headmaster 
said: "It's almost miraculous to find a good teacher of 
science or maths" ; another said: "It's many years since 
we had a good teacher of physies" Another reply was: 
"Given the funds I could easily staff my school with 
PhDs”. 

Sir Nevill remarked that although small salaries are 
obviously a deterrent, there are other ways in whieh 
teaching could be made more attractive. More money 
is needed for equipment for schools, and a call for more 
technical assistance brought murmurs ofagreement from 
teachers in the audience. Sabbatical terms might also 
be worth considering. With a situation as serious as 
this, anything must be worth considering. 
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Porton Opened to the Public 


Last week the Ministry of Defence held the first ever 
series of open days at the Microbiological Research 
Establishment, Porton, and to judge by the number 
of visitors present it was a popular move. Although 
about 1,000 visitors are admitted to the establishment 
each year, the ministry's decision to stage this par- 
ticular large-scale opening probably reflects, more than 
anything else, the controversy over the MRE’s acti- 
vities which was triggered by the international con- 
ference on biological warfare held in London in 
February (Nature, 217, 799; 1968). Undoubtedly 
much valuable work is undertaken at Porton (Nature, 
218, 1114; 1968) and only about 10 per cent of the work 
remains permanently classified (another 10 per cent, 
it seems, is published eventually after delays). Never- 
theless, critics would like to see all the work unclas- 
sified, and have suggested that the establishment 
should come under the auspices of a civilian authority 
such as the Ministry of Health. How feasible this is, 
and what effect. it would have on the nature of the work, 
is difficult to predict, but it seems highly likely 
that research workers at Porton would be unw illing 
to settle for anything less than the excellent research 
facilities and generous finances which they now enjoy. 

In all, over ‘fifty laboratories were open to the public, 
and the emphasis was on defensive work. One interest- 
ing demonstration showed how carly 
biological attack can be obtained using radar com- 
bined with a device called “lidar”. According to Dr 
E. Powell, the project is a new one (although the 
underlying principle is not), and is still far from 
perfect, but with knowledge of wind direction the 
system could be expected to give up to half an hour's 
warning of attack. The general principle is shown 
in the diagram. An aircraft suspected of carrying 
biological weapons is tracked by radar. and light 
from a pulsed laser is fired some distance— perhaps 
15 to 20 miles—behind the aircraft. If the pulse hits 
a dense patch of particles in the wake of the aircraft, 





Radar 





Early warning system of biological attack. M, Lidar mechanically 
linked to radar; L, ruby laser; IN, Newtonian telescope; 
P, photoelectric cell; S, electric signal to oscillograph. 
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light reflected from the cloud is concentrated by the 
Newtonian telescope and a current proportional to 
the amount of light received is emitted by the photo- 
electric cell; the trace is then seen on an oscillograph 
screen. So far only one aircraft has been used in 
the trials (this is now at MRE's sister Chemical 
Defence Experimental Establishment also at Porton), 
and only innocuous particles have been released 
from the aircraft. 

In other trials, clouds of innocuous fluorescent 
particles have been released from aircraft flying along 
set courses in order to determine the effect of wind 
direction and speed on the dispersal of microbes. 
In this way it has been shown that a cloud of material 
sprayed from a single aircraft can drift over most of 
the country. As an extension of this, work on the 
capacity of microbes to survive in air and their ability 
to infect individuals inhaling them has indicated that 
the dose of viable plus non-viable organisms received 
by a subject becomes constant over a distance of 
100-300 miles down wind from the source, and that 
an infectious dose may be less than the concentration 
required for detection. 

As soon as there is evidence of an imminent attack, 
individuals can be protected in either of two ways—~ 
by protective clothing or by immunization. There 
were two demonstrations of protective clothing at 
the establishment. The CB suit and the S6 respirator 
were both designed and perfected at the Chemical 
Defence E xperimental Establishment. The respi- 
rator is said to be adequate against all bacteria and 
is issued to the army. The suit protects against bio- 
logical and chemical agents and is made of a non- 
woven fabric with high air permeability: hydro- 
carbon impregnation makes the material water repellent: 
and activated charcoal traps partieles in the air. 
What was not clear was whether these devices are 
available for protection of the civilian population. 

The establishment has an excellent record in vaccine 
production, including vaccines for anthrax, brucellosis 
and plague (all diseases which are potential biological 
weapons) and it is now trying to develop a vaccine 
against louping-ill. This is really an arbovirus disease 
of sheep in Seotland, but it has been known to affect 
man and is another potential weapon. The Micro- 
biological Research Establishment is, of course, well 
suited to vaecine production because it has excellent 
facilities for the large-scale production of microbes; 
using multiple rolling bottles in a sealed unit—an 
apparatus only available at Porton—it is possible 
to grow 2-1 x 10" virus particles per batch. 

Contrary to earlier expectations, the influenza virus 
which originated i in Hong Kong and neighbouring areas 
in China earlier this year, and which is now in Britain, 
is not sub-type A2, but is now thought to be a new one, 
A3. Although there are no existing supplies of vaccine 
at Porton for this new virus, according to Mr F. G. 
Belton, who supervised the production of Asian flu 
vaccine in 1957, the staff there could go into production 
in just over a week if an epidemic broke out in Britain. 
Equipment is now available, he says, for the inocula- 
tion, harvesting and processing of 9,000 eggs a week, 
each egg yielding about eight human doses. 
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living With Crisis at Berkeley 


from our Special Correspondent, 


THE new academic year has begun with a sense of tur- 
moil which is not concealed even by the fine autumn 
weather, exceptional even for these sunny parts. 
Under the influence of internal and external pressures, 
the university has become awkwardly fragmented 
into groups of people with disparate interests. Although 
the university will survive, there seems very little 
chance that it will be able to enjoy some kind of respite 
from the troubles which have plagued it recently. 

The plain warning of trouble to come came last Friday 
at à meeting of the university regents at Santa Cruz. 
The governor of California, Mr Ronald Reagan, who is 
ex-officio one of the twenty-four members of the board 
of regents, proposed that the regents should in future 
assume direct responsibility for all kinds of matters at 
present delegated to the faculty of the university. 
Under Mr Reagan's proposal, the faculty as such would 
cease to be responsible for awarding degrees, approving 
new courses and appointing new members to the faculty. 
In the event, the board of regents rejected Mr Reagan's 
proposal by thirteen votes to eight, chiefly on the 
grounds that it was out of order. Mr Reagan seems to 
have made no secret of his wish to bring up again the 
matter of how the university should be run, but the 
fact that the election will have taken place by the next 
meeting of the board of regents may rob the issue of 
some of its undertones—the Republican governor's wish 
toseem to votersto be tough with dissidents, for example. 

The conflict between the university administration 
and the politicians has not, however, drawn the univer- 
sity as a whole together into one large friendly con- 
spiracy. On the contrary, the way in which the admini- 
stration has dealt with the affeir of Mr Eldridge Cleaver 
has also alienated it from the students and from some of 
the faculty. Mr Cleaver is a member of a group known 
as the “Black Panthers” who are chiefly concerned with 
advancing the Negro cause in the United States, not 
always by gentle methods. Partly from a wish to 
provide a curriculum more in keeping with the needs 
of students, the faculty accepted earlier this year a 
proposal of the Board of Educational Development 
at the Berkeley campus that Mr Cleaver should be 
invited to give a sociological course on Negro affairs. 
In retrospect, there is no reason to think that those 
responsible for the decision can have failed to realize 
that this move would inflame those political opinions 
already uneasy about the way in which the Berkeley 
campus has been the scene of troubles since the first 
"free speech" demonstrations in 1964. In the event, 
the university has insisted on the view that the Berkeley 
campus should be allowed to hear Mr Cleaver if it 
wishes, but has compromised with the interests repre- 
sented most vociferously by the governor. in agreeing 
that students attending Mr Cleaver’s course cannot 
count that towards the accumulation of eredit necessary 
for academic progress or even survival. The terms 
of the compromise, put forward by the new president 
of the University of California, Mr Charles Hitch, on 
September 20, are that no outside lecturer shall be 
allowed to give more than one lecture à quarter (or 
term) in any course which can be reckoned for credit. 
This decision seems to have alienated Mr Hitch both 
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from the governor and his allies and from a substantial 
part of the faculty and the student body as well. 

It is proper to acknowledge that much of the faculty 
would support Mr Hitch even if he went much further 
to meet the wishes of the governor that Mr Cleaver 
should not lecture and, in general, that the regents 
should take a firmer grip on the university. Although 
out and out support for Mr Reagan’s attitude is at the 
most muffled and certainly imperceptible, there are 
several members of the faculty who regret the way in 
which the most recent troubles have arisen. Those 
who hold this point of view would be quite happy that 
the board of regents should lay down the law about 
the kinds of courses which should or should not qualify 
for credit. They do, however, resent quite deeply the 
notion that the state legislature should actively inter- 
fere in the way in w hich the university is run. 

The greater part of the faculty, or the most vocal 
part of it, takes a harder line. These are the people 
to whom it seems that Mr Hitch has sold an important 
pass by agreeing that the board of regents should 
ley down when it is permissible for an outside lecturer 
to take part in a course given for credit. For one thing, 
there are practical objections. More serious, how- 
ever, is the principle involved. How can the faculty 
surrender its responsibility for an essential part of the 
function of administering courses without losing an 
essential part of its independence ? After all, even the 
president of a university does not usually consider 
himself to be competent to say what should be ineluded 
in a course or how it should be taught. How then 
can the board of regents qualifv under this head ? And 
if it comes to that, how can the board of regents 
consider itself competent to decide which courses 
should be taught and which should be ignored ? And 
the truth is, of course, that the compromise agreed 
by the regents on September 20 is chiefly a device for 
meeting some of the objections to Mr Cleaver's presence 
on the campus. Even though the regents have now 
agreed to discuss with the faculty ways in which the 
course in question could be allowed to rank for credit, 
Mr Hitch has undoubtedly sacrificed a good deal of his 
reputation, among some of the facultv, by his willing- 
ness to compromise. 

There remain the students. The first thing to 
recognize is that the campus is not nearly as eccentric 
as it is sometimes said to be. Long male hair is no 
more common here than in many British universities. 
Not all protests are contagious. 

To outsiders, perhaps the most surprising feature 
of recent events is that comparatively little seems to 
have been done to take the edge off student protests 
by providing more formal channels for communication 
between the student body and the rest of the university. 
The report of the Student-Faculty Commission which 
appeared earlier this vear (see Nature, 217, 1005; 
1968) is widely held to be a dead letter. Its proposals 
are usually held to be impracticable. Even if the 
university can successfully defend its freedom against 
erosion from outside, the problem will remain of how 
best to create a working relationship between teachers 
and taught. 
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Britain’s Public Health 


t 

On the state of Public Health, the annual report for 
1967 of Sir George Godber, Chief Medical Officer of the 
Ministry of Health, which was published last week 
(HMSO, £1 8s), reports a further increase in deaths from 
lung cancer. In 1967, 28,252 people died of the disease, 
1,227 more than in the previous year, and nearly four 
times the number of deaths from road accidents. 
Almost all of these could be prevented by the abolition 
of cigarette smoking, as Sir George says. "The aboli- 
tion of cigarette smoking could reduce Britain's death 
rate by à tenth and the working time Jost from sickness 
by much more. No other exercise in preventive medi- 
cine could do so much to help individuals and the 
nation.” There is, however, a grain of comfort. By 
1967 there were about a million fewer people smoking 
in Britain than there would have been if the trends of 
1961 had continued. During the past two years the 
proportion of smokers has risen only marginally, so 
anti-smoking campaigns have had some effect. But the 
tobacco industry spent, in 1967, £7-5 million on adver- 
tising, to say nothing of other promotional activities 
such as coupons, and the negotiations between the 
Ministry of Health and the companies on voluntary 
limitations on advertising broke down in October 1967. 
The Government is now going to introduce appropriate 
legislation. 

Deaths from breast cancer have also continued to 
increase, but for no obvious reason, and exposure to 
potentially carcinogenic materials such as asbestos is 
increasing; “More people than ever before will be in 
contact with particles and flakes from wear and tear 
containing asbestos dust and this presents a possible 
environmental risk to health, of which little is yet 
known” 

Of the communicable diseases, gonorrhoea increased 
most sharply, by 11-6 per cent over the 1966 level; 
there were 41,829 recorded cases, which is the largest 
number since the post-war peak in 1946. And without a 
change in publie attitude there is no hope of an early 
decline in the disease despite effective cures. On the 
other hand, the incidence of syphilis, 1,732 cases, 
declined again in 1967 and the spread of the disease is 
being contained. Cases of other communicable diseases, 
for example anthrax, diphtheria and tetanus, which 
could and should have been prevented by vaccination 
were recorded. The report says “it is unfortunate that 
all workers known to be at risk (from anthrax) have not 
even now been fully proteeted by vaccination”. 

Although the diseases of indulgence increased, overall 
Britain's public health in 1967 improved: the crude 
death rate fell to 11-2 per thousand, the lowest since 
1948, and the standard mortality ratio, an age stan- 
dardized index of mortality based on the 1950-52 levels 
as 100, fell to 84 in 1967, The mild winter and the low 
incidence of influenza were no doubt partly responsible 
for this. The standard mortality ratio for motor acci- 
dents also fell, from 153 to 146, probably as a result of 
the mild weather and new legislation, and the lowering of 
the concentration of carbon monoxide in domestic gas 
reduced the ratio for suicides and accidental poisoning. 

Infant and perinatal mortality rates reached new low 
levels in 1967, but they are still above those in Scan- 
dinavia, Holland and Czechoslovakia. The stillbirth, 
neonatal death and infant mortality rates are still 
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considerably higher among illegitimate children than 
among the legitimate, and the number of illegitimate 
babies per 1,000 unmarried women rose again. Morc 
than 8 per cent of all live births are illegitimate. 

Although the levels of infant mortality are higher than 
in some other European countries, the number of 
maternal deaths declined sharply in 1967 to 20 per 
100,000, which is as low a level as anywhere in the 
world; since 1952 maternal deaths have dropped from 
498 to 170 and it seems possible that the level could be 
reduced still further. The effects of the Abortion Act, 
which only came into effect on April 27 this year, have 
yet to be revealed. 

Local authorities which have resisted fluoridation of 
water supplies are roundly condemned. “It is dis- 
heartening to record again the lack of progress in fluori- 
dation of water supplies, so that the forces of unreason 
still condemn the great majority of our children to 
suffer twice the amount of dental decay they need." 
Anglesey, Watford and Birmingham are receiving 
fluoridized water:and there are seven other schemes 
which have been approved, but the number of local 
authorities which have voted for such schemes has 
dropped from 112 to 110. Unfortunately no other 
vehicle for fluoride has been found, and, despite adver- 
tising claims, a three year study at five universities of 
fluoride toothpaste has revealed that this is a much less 
effective way of reducing caries. 

According to the report, the reorganization of general 
practice is progressing rapidly and there is a health 
centre explosion. Fourteen of these were opened in 
1967, bringing the total since 1948 to 64, and another 124 
are at various stages of planning. The trend towards 
group practices is also inereasing with official encourage- 
ment, and the General Practice Finance Corporation, 
set up in May 1967, has been doing brisk business 
offering loans to cover the costs of setting up joint 
practices. Joint practices and health centres may do 
something to alleviate the shortage of general prac- 
titioners, "but the world apparently has an insatiable 
demand for doctors. In Russia, where there is already 
one doctor to 450 people, attempts are being made to 
lower this ratio, and in Britain with one doctor to about 
every 1,000 people there is no chance of supply meeting 
demand for at least the next ten years. In fact in 1967, 
for the first time, the number of doctors in hospitals 
exceeded the number in general practice, and although 
there was a small increase in the number of general 
praetitioners in 1967 the increase was insufficient even 
to keep pace with increases in population. 

The efforts of the profession to improve postgraduate 
medical education have of course now been completely 
overshadowed by the sweeping recommendations of the 
Royal Commission on Medical Education. During 1967 
the number and activity of postgraduate medical 
centres associated with district general hospitals have 
continued to inerease and these offer opportunities for 
general practitioners to meet and to attend short 
courses and lectures as well as providing vocational 
training for junior hospital staff. But it is idle to 
pretend that they can cope with the deficiencies in 
British medical education revealed by the Todd Com- 
mission. A much more radical reorganization is 


needed. 
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PROGRESS IN NUCLEAR ENERGY, SERIES IX—ANALYTICAL CHEMISTRY 
VOLUME 9—A HANDBOOK OF X-RAY AND MICROPROBE DATA 


Edited by H. A. Elion, G. C. A. Corporation, Bedford, Mass., U.S.A. and 
D. C. Stewart, Argonne National Laboratory, U.S.A. 





Continuing the recording of advances in the important field of nuclear energy, this 
further volume, in a series which has received wide acclaim, contains information 
dealing with tables connected with computed X-ray wavelengths ; A practical approach 
to electron probe microanalysis; A study of X-ray fluorescent efficiency; A study of 
X-ray mass absorption coefficients. 


384 pages 140s $18.00 


SPECTRAL PROPERTIES OF DISORDERED CHAINS AND LATTICES 
J. Hori, Professor of Physics, Hokkaido University, Japan 


This is the first book to give a full account of phase theory and its variations. This new 
theory was developed to treat the problems concerning disordered lattices as exactly as 
possible, and the book contains basic equations and models; Numerical methods and 
calculated spectra; Principles of phase theory; Description of impurity modes by the 
phase theory; Spectral properties of disordered one-dimensional systems; Problems on 
higher dimensional disordered lattices; Approximate theories ; Bibliographical notes. 


237 pages 75s $10.00 


ADVANCES IN ENZYME REGULATION, VOLUME 6 
Edited by G. Weber, /ndiana University School of Medicine 


In the latest volume of this series the proceedings of the sixth symposium on Regulation 
of Enzyme Activity and Synthesis in Normal and Neoplastic Tissues are presented. 
Contents : Regulation of carbohydrate and lipid metabolism ; Enzyme regulation in man: 
Steroids : mechanism of action; Isozymes, development; Action of vitamin K. Activation 
and feedback in enzyme regulation ; Regulation of dihydrofolate reductase; Cyclic amp 
and enzyme regulation ; Regulation in cancer; Special symposium lecture on the effects 
of ethanol on the metabolic activities of the liver. 


532 pages 140s $19.00 


TRANSFORMATION OF PETROLEUM IN NATURE 
P. F. Andreev et a/. 


The basic purpose of this book is to show the reasons why petroleum changes in nature. 
The authors, departing from existing concepts of the transformation of petroleum 
based only upon the influence of external factors, develop also the concept of the 
energy properties of molecules inherent in their nature. Broad statistical material is 
presented on the regularities in the composition of petroleum and confirm it with 
experimental data. A valuable work for geochemists and petroleum geologists. 


482 pages 140s $18.00 
Use this advertisement as an Order Form. Tick the publications in which you are 


interested, print your name and address in the margin, indicate payment by account/ 
cash with order, and send the advertisement to the Marketing Manager, 
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Jodrell Bank finds a Pulsar 


Ir must be a joy to all Mancunians that Jodrell Bank 
has now discovered its first pulsar, with a chance of 
more to follow if a new search technique which has 
just been developed proves to be as successful as is 
hoped. This was announced last week in a telegram 
from Professor J. G. Davies to the Smithsonian Astro- 
physical Observatory for an International Astronomi- 
eal Union circular. Following the practice adhered 
to by all but the group in Australia at the Molonglo 
Radio Observatory (who use the prefix PSR before an 
abbreviated form of the position of the pulsars they have 
discovered) the new pulsar from Jodrell Bank is desig- 
nated JP 1933. It was found not long after the start 
of a pulsar search involving the Mark I telescope and 
an on-line computer. Whether it will be identified with 
a visual object among the dense background of Milky 
Way stars against which it is seen must be doubtful. 
Now that the Molonglo group have found a pulsar 
with a period shorter than a tenth of a second (Nature, 
220, 340; 1968), the periodicity of JP 1933 of about a 
third of a second is nothing remarkable. To be precise, 
the interval between pulses as measured on October 19, 
the day J P 1933 was discovered, was given by Professor 
Davies as 0-358764 + 0-000002 s. What is unusual 
about the new pulsar, however, is the remarkable 
extent to which the arrival time of the pulses seems to 
be delayed when measurements are extended to lower 
frequencies. This is an indication of considerable 
numbers of electrons in the line of sight to the pulsar. 
At the observing frequency of 408 MHz, the figure for 
this dispersion of the signal is ( — dv/dt) 257 +5 MHz 
87, leading to the value 143 + 13 pe em for the inte- 
grated electron density. The reason for this high value 
is that the pulsar is being seen along one of the spiral 
arms of the galaxy, where there are large concentra- 
tions of matter. This makes JP 1933 a particularly 
good eandidate for the sort of measurements which 
Jodrell Bank has carried out recently on the absorp- 
tion of pulsar signals by neutral hydrogen in the galaxy, 
which indicate that pulsar C P 0328 is at least 4-2 kpe, 
and possibly more than 6 kpc, away (Nature, 220, 128; 
1968), considerably farther than the 240 pe which was 
at one time suspected. By combining this achievement 
with the dispersion of signals from CP 0328, an upper 
value to the mean electron density in the line of sight. 
to the pulsar can be calculated. The answer comes 
out at 0-006 cm, many times less than the 0-1 em~ 
which has hitherto been the assumed value used in 
the estimation of distance from dispersion alone. Thus 
JP 1933 has a potential application as a probe of the 
electron density along a spiral arm—its position in the 


galaxy also makes it a welcome addition to the growing 
list of pulsars because of the information on magnetic 
fields which Faraday rotation measurements can pro- 
vide. 

Last week’s announcement from Australia of a new 
pulsar with a period of 0-0892 40-0002 s, and which 
seems to be linked with a supernova remnant (Nature, 
220. 340; 1968), also has to be seen in the light of the 
revised distance estimates from Jodrell Bank. In 
essence the discovery is of a pulsar near the centre of 
an extended radio source known as Vela X, which has 
only recently been put forward as a supernova shell 
some 4 or 5 degrees across. Dispersion of the pulsar 
signal coupled with the usual assumption of an inter- 
stellar electron density of 0-1 cem? leads to a distance of 
500 pe. Butifthe short period pulsar and the extended 
radio emission with which it is apparently linked turn 
out to be very much farther away than this, then it 
becomes hard to see how a structure some 4 or 5 degrees 
across can be a supernova as they are at present under- 
stood. What is so attractive about the suspeeted 
association is that supernovae have already been 
suggested as a possible origin of pulsars (Nature, 218, 
123; 1968), but, as the group in Australia recognize, 
the coincidence of the suspected supernova remnant. 
with a pulsar along the same line of sight may be by 
chance. It is ominous that an examination of a further 
fifteen suspected supernova shells has failed to produce 
any more pulsars. 








SOCIOLOGY 


Logic of Biology 


LEGAL birth at two days, legal death at age 85 and 
parents dedication of one twin to genetic research 
were some of the ideas discussed by Dr Francis Crick 
in his Rickman Godlee lecture at University College, 
London, last week. Entitled "The Social lmpact of 
Biology", Dr Crick's lecture was an appraisal of the 
diserepancies that may soon arise between what is 
desirable on biological grounds and on those of tradi- 
tional ethies. Futures have been told from these 
partieular tea leaves before, but Dr Crick stirred the 
pot to brew fresh infusions, such as the impending 
death of literature and the need to abandon the central 
dogma of one man, one soul. 

The doubling time of biological knowledge, Dr Crick 
reckoned, is now about five to ten years, but despite 
this rate of progress the fraction of what is known in 
biology is probably very small. Indeed, it is quite 
spectacular what remains unknown-—how the nervous 
system works, fer instance, and why it is that when 
the eyeballs move, the room around the observer 
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miraculously stays still. This contrasts with certain 
branches of physics which are now fairly completely 
understood. . 

What is the immediate future of biological research ? 
Two important directions are likely to be cell biology 
and study of the nervous system—fields which hold the 
romantic appeal to draw scientists from other discip- 
lines such as molecular biology. A discipline may be 
considered as overcrowded, Dr Crick suggested, by 
the criterion of simultaneous discovery; when five 
different laboratories make the same discovery within 
a short time of one another there is ground for supposing 
that there are too many workers in the field. The 
criterion for an under-populated discipline is when a 
classical experiment has never been adequately re- 
peated. 

As for the likely impact of new knowledge on society, 
Dr Crick chose to consider problems that lie in the 
relatively near future such as the pressure of popula- 
tion, the increasing proportion of old people and the 
possibility of radically new drugs. The time will come 
when every country must decide its optimum permis- 
sible rate of population growth. It seems that people 
cannot be allowed to produce as many children as they 
want, but who shall have the right to decide? The 
question of quality control will be made more acute 
both by population pressure and by medical advances 
which allow more malformed babies to survive and 
more elderly people to continue living. 

Should there be an acceptance test for malformed 
babies ? Doctors already take it into their own hands 
to let hopeless malformities die and they are already 
faced with the problem of deciding who should and 
should not be allowed time on the scarce renal dialysis 
machines. Dr Crick inferred that “we cannot continue 
to regard all human life as sacred”. The idea that every 
person has a soul and that his life must be saved at all 
costs should not be allowed; instead, the status of 
birth and death should be reconsidered. If, for example, 
a child were considered to be legally born when two 
days old, it could be examined to see whether it was 
an "acceptable member of human society". It might 
also be desirable to define a person as legally dead 
when he was past the age of 80 or 85, and then expensive 
medical equipment should be forbidden him; old 
people might also be required to distribute a certain 
proportion of their property. 

Such ideas have an uncomfortable ring: Dr Crick 
made it clear that he was not advocating them as such, 
but was merely concerned to indicate the kind of ways 
in which society may be forced to reconsider conven- 
tional ethics. í 

Drugs to control mood are another development 
which may require difficult social decisions. Conflicting 
attitudes have already arisen over the use of cannabis 
which, as far as Dr Crick could see on the available 
evidence, is largely a tranquillizer that if taken in 
small doses is probably less dangerous than alcohol. 

If new biológical advances demand a continuous 
readjustment of ethical ideas, how are people to be 
persuaded to adapt to the situation? Clearly by 
education, and Dr Crick did not think it right that 
religious instruction should be given to young children. 
Instead they should be taught the modern scientific 
view of man’s place in the universe, in the world and in 
society, and the nature of scientific truth. Not only 
traditional religious views must be re-examined, but 
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also what might be called liberal views about society. 
It is obvious that not all men are born equal and it is 
by no means clear that all races are equally gifted. 
The present fashion is to play down genetics and 
emphasize environmental factors as the principal 
determinants of an individual's development, even 
though this belief has been mildly shaken by the recent 
discovery that possession of an extra male chromosome 
confers a propensity towards crime. So important is 
it to understand the genetics of human endowment 
that parents should perhaps be permitted, Dr Crick 
said, to dedicate one of a pair of identical twins to 
society so that the two twins could be brought up in 
different environments and compared. 

Another point at which biology will have a significant 
impact on ideas about ourselves is in the understanding 
of the nervous system. This event, Dr Crick suggested, 
will make literature as unreadable to future generations 
as alchemical writings are today. 


SATELLITES 


Keeping an Eye on the Satellites 


by a Correspondent 


Tnovsanps of people watched the first satellites 
crossing the night sky in 1957, but few of the watchers 
expected that eleven years later visual observations 
of the satellites would still be playing a valuable part. 
in space research. In fact visual observations, made 
by volunteer observers with stopwatch and binoculars 
or telescope, are regularly used in determining orbits, 
and yield results accurate enough for st«dies of upper- 
atmosphere density and rotational speed. Skilled 
observers can attain a directional accuracy of between 
] and 2 minutes of arc: this accuracy is as good as 
is achieved in many professional methods of tracking, 
but the visual observations are of course much less 
expensive and are therefore greatly in demand. 

In Britain the work of visual observers is encouraged 
and coordinated by the Optical Tracking Subcom- 
mittee of the British National Committee on Space 
Research, with the cooperation of the Satellite Pre- 
diction Service at the Radio and Space Research 
Station, Slough. The Tracking Subcommittee, of 
which Professor C. W. Allen is chairman, recently 
organized a discussion meeting on "The Achievement 
of Accuracy in Visual Observing Techniques", held at 
the Royal Society on October 16. The meeting was 
attended by about forty-five people, including twenty 
leading British visual observers and representativo 
observers from France, Germany and Holland. The 
morning session consisted of a series of experiments, 
devised by G. E. Taylor, in which a star pattern was 
thrown on to a white hardboard sereen by one slide 
projector, while a simulated "satellite" was made 
to cross the star field, using à second projector. The 
pertieipents in the experiments estimated the position 
of the satellite as it crossed the line between a chosen 
pair of stars, and also timed the erossing by stopwatch. 
(The position was marked on the screen and measured.) 
Analysis of the results has shown that most of tho 
audience could usually estimate the position correct 
to 5 per cent or better, and record the time correct 
to 0-1 second. Rather surprisingly, the non-observers 
seem to have been almost as accurate as the observers; 
thus skill in making observations relative to the 
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stars seems to depend more on a good choice and 
correct identification of stars than on extreme ac- 
curacy in estimating fractional distances. In the 
afternoon session, several observers described their own 
methods for improving the aceuracy of observation, 
and gave their listeners many new ideas for proceeding 
along the arduous road “towards one minute of are’ 


NUTRITION 


New Protein Foods 


by a Correspondent 


Tue current problems in protein nutrition were dis- 
cussed at a symposium organized by the Food and 
Nutrition Section of the Royal Society of Health jointly 
with the Institute of Food Science and Technology and 
the Food Group of the Society of Chemical Industry and 
held at the Royal Society on Thursday, October 17. 

Dr A. E. Bender (Queen Elizabeth College) dealt 
with human aspects in four stages; the publie health 
problem (establishing the extent and severity of any 
deficiency), the nutritionist’s problem (providing 
adequate sources of nutrients), the food technologist’s 
problem (converting these into acceptable foods) and 
the marketing problem. He showed that the protein 
shortage applies almost solely to infants and nursing 
mothers, and to a lesser extent to pregnant women and 
children, and that there is no shortage of protein as such 
for the adult population of any of the developing 
countries but rather a general food shortage. 

At least twenty protein-rich mixtures are available 
in various countries, the latest being "Strongarm" bis- 
cuit produced in Great Britain by the United Biscuit 
Jo., but so far the most difficult problem to overcome 
is that of marketing. 

Dr M. Head (University of Surrey) discussed animal 
feeds. "The availability of synthetic amino-acids has 
allowed the use of supplemented feeds of lower protein 
levels, but only 5-10 per cent of the protein can be 
replaced in this way. 

Ruminants deal equally well with proteins of any 
biological value, but the newer methods of intensive 
feeding can result in some protein digestion in the small 
intestine where biological value does become a matter 
of importance even to these animals. The new sources 
of “factory-made proteins" offer the advantage of 
more constant composition. 

Mr C. A. Shacklady (British Petroleum) discussed 
the use of yeast protein grown on hydrocarbons. Puri- 
fied hydrocarbons are a more expensive raw material 
then ges-oil but yeast grown on the latter must be 
extracted to remove unmetabolized products. Yeast 
supplemented with synthetic amino-acids has a bio- 
logical value as high as 90 and has been tested on broiler 
chickens, egg production and pig production over 
prolonged periods. Diets containing 10 per cent yeast 
protein are as good as those containing 10 per cent fish 
meal, but at levels above this the BP protein is slightly 
inferior to fish meal. 

Professor Arnold Spicer (Lord Rank Research 
Centre) discussed the conversion of starch to fungal 
protein and the advantages of this process over 
bacterial protein. Although the latter yields a richer 
protein product and grows faster than fungi, it contains 
13-14 per cent nucleic acids and dries to an amorphous 
powder which is difficult to incorporate into foods. 
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The basic aim is to produce a material with an un- 
supplemented biological value of at least 70, for, apart 
from any differences in metabolism of added amino- 

acids, there is the danger that they may suffer during 
processing. 

The produet has good water absorption, gelatiniza- 
tion properties, fat binding and viscosity properties .80 
that, apart from its use as a foodstuff, it also has tech- 
nological uses. Although there is much work yet to be 
done, it can be incorporated into cereals and has good 
baking properties and can be textured to fakes or 
puffed. 

Professor Spicer, referring to the need for industrial 
cooperation in this field discussed earlier by Dr 
Bender, said that his own company regarded this 
project as one of top priority so far as investment is 
concerned. 


MEDICINE 


Medical Get-together 


CHELTENHAM in autumn was the perfect setting for 
the eleventh Annual Clinical Meeting of the British 
Medical Association, held on October 24-26. Leisurely 
and sedate, it reflected the mood of the meeting which, 
in spite of the full and diverse programme, seemed to 
be as much of a social event as a serious ““work-im™ 

The opening address in the afternoon of October 24 
was given by Lord Todd, who spoke about the role of 
the doctor in a changing world. “Change,” he said, 
"has characterized the whole history of mankind”; 
since the industrial revolution and as a result of tech- 
nical innovations “the rate of change has been con- 
tinually accelerating’. It was during the second half 
of the nineteenth century—a period when scientific 
medicine really began to get under way—that the rise 
in specialties occurred, leading to a widening of the 
gulf between the general practitioner and the hospital 
physician or surgeon. Referring to the Royal Com- 
mission on Medical Education of which he was chair- 
man, Lord Todd said that any reform of medical educa- 
tion should be aimed at preparing the doctor to live 
with change. The gencral practitioner, he added, must 
continue as the “cornerstone” of the medical services, 
for the family doctor is perhaps more necessary now 
than in the past. He nevertheless made it clear that 
the days of a single-handed practitioner working as a 
private entrepreneur are over and that, in future, 
practitioners will have to operate in large groups based 
on fully equipped health centres or clinics with ede 
quate ancillary staff. This in turn would eall for 
complex organization, lack of which would result in 
the system becoming something “bureaucratic ard 
impersonal” 

The first session on Friday was on biological organiza- 
tion. Although this might at first seem a rather unusual 
choice for a medical audience, as Professor D. V. 
Hubble, the chairman, pointed out, doctors should be 
concerned with what is going on in biology. Professor 
J. A. Davis, who organized the sessions, added that in 
addition to healing the sick, doctors should also sim to 
understand the human race, and that a biological 
model would serve to bring about such an understand. 
ing of social organization. Dr W. G. Fry (Anglesey) 
considered individuality and organizetion in multi. 
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cellular organisms, with special emphasis on the 
sponges. Higher up the evolutionary scale, Dr D. I. 
Wallis (Cardiff) dealt with organization in insect 
communities. He said that, although a study of the 
way in which the social life of a relatively simple animal 
is organized ean provide interesting parallels with 
human societies, no analogy of this sort can profitably 
be earried very far because of the vast difference in 
complexity between the nervous system of insects 
and primates. Dr M. R. A. Chance (Birmingham) 
talked about organization of social behaviour in 
sub-human primates. Roughly speaking, these prim- 
ates fall into two main classes : those belonging to 
centripetal societies dominated by a single male, and 
centrifugal societies in which escape is an essential 
feature and in which one female remains associated 
with one male. In these societies, dependency is 
characteristic, just as in the human species there is 
what Dr Chance believes to be the “widespread mis- 
taken belief that dependency is an essential part of 
man’s existence". In the final lecture in this session, Mr 
Anthony Forge (London) discussed the structure of 
small-scale human society. He said thet because of 
man’s inability to cope with more than a certain num- 
ber of social relations, the whole aggregate will always 
consist of small-scale groups no matter how inter- 
national we become. 

After this there was a choice between a symposium 
on aspects of virus disease and original communica- 
tions on paediatrie subjects. Dr R. E. Hope-Simpson 
(Cirencester) talked about the natural history of some 
common viruses, and Professor Paul Beeson (Oxford) 
discussed opportunistic infections; is, virus 





that is, 
infections which occur more frequently in association 
either with other diseases or with therapy. For 
example, in ehildren with leukaemia who are being 
treated with steroids, infection with measles may lead 
to giant cell pneumonia. 

In the afternoon, listeners were again given a choice, 
this time between a number of short illustrated papers, 
two case conferences and a demonstration of ophthalmo- 
logical cases. Mr James Calnan (London) discussed 
the contribution that plastie surgery can make in the 
treatment of some psychiatric diseases. The chief 
difficulty here, he said, lies in the selection of patients 
suitable for surgery. Because the surgeon is unqualified 
to make this judgment alone, he must often rely on 
the opinions of the psychiatrist and general practi- 
tioner. 

Saturday's programme began with a symposium on 
allergy and the respiratory tract, with Dr Peter Heaf in 
the chair. There were three speekers. Dr S. R. Bruce 
Pearson (London) talked about the management of 
asthma. He said that although our knowledge 
of this ailment has greatly increased, there has 
been little change in the management of asthma. A 
number of "powerful symptomatie remedies" are 
available for the prevention of much suffering, but 
patients need to be taught how to use them safely 
and efficiently. Coinciding with the symposium, four 
original communications on paediatric subjects were 
delivered. On deprivation, Dr Dermod MacCarthy 
(Aylesbury) said that deprivation of mother love may 
be very damaging to the developing personality of the 
child and can be diagnosed by such features as dwarfism, 
weight inadequate for height, distended abdomen, 
unclean habits and so on. Deprivation, he said, is à 
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psychological disorder which is probably commoncr 
than is generally realized, and should be recognized 
earlier than it is. 

Coffee wes followed by more original communications 
and a symposium on malabsorption syndromes. Dr 
A. C. Frazer, director-general of the British Nutrition 
Foundation, said that any malabsorption syndrome 
is brought about by some change in the intestinal 
absorption of one or more nutrients. Before treatment 
is possible, it is necessary to differentiate the primary 
effects from those that are secondary changes, and 
this is no easy task. In a later session on paediatric 
subjects, Dr Neil Gordon and Miss M. Dare (Manches- 
ter) discussed the need for so-called clumsy children 
to be recognized at the start of their schooling so that 
they can be given any extra help they may need. 
The speakers added that a screening test that can be 
used in schools as part of the routine medical inspection. 
is therefore required, with more detailed standardized 
tests for children with a recognized disability of this 
type. 
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BOTANY 


Teaching Plant Taxonomy 


from a Correspondent 
A sYMPOSIUM on the teaching of experimental tax- 
onomy of plants in British universities was held in 
King's College, Cambridge, on September 17-19. These 
attending represented the teaching staff of twenty 
universities and technical colleges. 

Dr B. M. G. Jones (Queen Mary College, London), 
introducing a session on the selection of material, urged 
the use of living plants; in his opinion the only value 
of herbarium specimens is as bulk unmounted collec- 
tions (made, for example, to sample the variation of a 
species under eultivation). He discussed the difficulty 
of the timetable of most university courses and 
suggested some plants suitable for classes in autumn and 
early spring. In the discussion, speakers stressed the 
value of herbarium collections for assessing the validity 
of suspected clines or regional differentiation within 
widespread species, and there was a useful exchange of 
views on the problem of supply of live plants and 
seeds from botanic gardens and commercial sources. 
(This important topic was mentioned again in the final 
session and it was agreed that any further meeting of 
the group could usefully explore the practical difficulties 
of the supply of material.) 

In another session Dr W. G. Tucker (Birmingham) 
said that the methods of chemo- and serotaxonomy 
could be used in practical classes (a) in limited demon- 
strations (this would be practicable in most universities), 
(b) in class experiments (chromatography would be 
an obvious choice), or (c) in projects for advanced 
students, Dr Tucker later gave a demonstration of 
such a project on wheat (Triticum). 

Opening the session on cytological techniques, Dr K. 
Jones (Royal Botanic Gardens, Kew) stressed the 
importance of teaching good techniques, which he 
thought easier than some university teachers appa- 
rently believe. He recommended the Commelinaceae 
for class material; they are easy to cultivate and 
demonstrate well most types of cytological situation 
needed in a university course. Other speakers advo- 
cated other genera, including Paeonia and Aloe. 
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In a session on biometrical exercises Dr T. T. Elking- 
ton (Sheffield) said that in his experience most second 
year students had little appreciation of biological 
variation; biometrie methods should be used primarily 
to develop a quantitative approach to this study. He 
discussed and illustrated the various pietorial methods 
(such as scatter diagrams) available, and their relation- 
ship to statistical treatments. In a discussion on the 
best way of teaching statistics for experimental 
taxonomy some thought that a separate course was 
essential, while others took the view that the necessary 
techniques and their application could be taught as 
part of the exercises in variation. 

In the session devoted to the relationship between 
field studies and experimental taxonomy, Dr S. M. 
Walters (Cambridge) expressed the opinion that 
certain topics (notably eeotypie differentiation) are 
too difficult to illustrate beyond the level of demonstra- 
tion. The most fruitful results could arise from a class 
exercise on some field phenomenon of variation which 
has already been partly investigated; he illustrated 
this by an account of class work on Primula hybridiza- 
tion in Cambridgeshire woods. 

The members of the symposium decided to prepare 
specimens for a list of wild British species—hybrids 
and the relevant published references. Dr C. A. Stace 
(Manchester) offered to act as coordinator of this 
project, which, it was decided, should then be referred 
to the Botanical Society of the British Isles with a 
recommendation that such a list might be prepared and 
published by the society. It was also decided that 
copies of duplicated notes, class-sheets and so on, 
some of which had been exhibited during the meeting, 
would be sent to Dr D. Briggs (Glasgow), who would 
prepare a list of titles and origins of such docu- 
ments, which could be made available to university 
teachers. 


ENZYMOLOGY 


Crosslinking the Crystal 


Oxe of the sharper tools of the enzyme chemist’s 
trade is the use of bifunctional reagents to crosslink 
enzyme molecules. The usual reagent is glutaralde- 
hyde, a five carbon chain flanked at each end by an 
aldehyde group: it has been used to convert several 
enzymes into insoluble, stabilized matrices which, ex- 
perimentally, hold many advantages over the native 
material Crosslinked crystals can be exposed to a 
wider range of solvents and pH, the possibility of 
autodigestion is lessened, and the attachment of heavy 
atoms for X.ray analysis is made simpler. 

In the case of carboxypeptidase, lysozyme, and 
ribonuclease, crosslinking apparently causes only neg- 
ligible changes in X-ray diffraction patterns, though 
there may be exceptions to this tendency: Bishop 
and Richards (J. Mol. Biol., 883, 415; 1968) recently 
showed that crosslinking causes some disordering in 
B lactoglobulin crystals. 

Enzyme chemists may rely quite heavily on the 
reaction, yet they are totally ignorant of its chemistry. 
In the latest issue of J. Mol. Biol. (87, 231: 1968) 
Richards and Knowles demolish the usual supposition, 
that glutaraldehyde is forming Schiff bases with 
enzyme lysines, and they suggest an alternative. The 
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glutaraldehyde reaction is rapid and irreversible, facts 
which preclude the formation simply of Schiff bases. 
Yet amino-acid analysis of protein hydrolysates does 
indicate the participation of lysine residues in the 
reaction. 

Richards and Knowles subjected some commercial 
glutaraldehyde solution to NMR spectroscopy, and 
found that glutaraldehyde itself was only a minor 
constituent of the mixture. The material was largely 
present in polymeric form. together with «-8 um 
saturated aldehydes arising by water loss from aldol 
condensation adducts. Unsaturated aldehydes of this 
sort would give stable Michael-type adducts with lysine 
amino groups: such a reaction would account nicely 
for the observed properties of crosslinked protein 
erystals. 

Various oligomers of glutaraldehyde were present 
in the commercial material, so presumably crosslinks 
of various lengths would be available. Further, tem- 
porary links might be formed if an oligomer reacted 
at one end by Michael addition and at the other by 
reversible Schiff base formation. This variety of 
feasible linkages may of course account for the 
remarkable efficiency as a crosslinking agent of the 
solution that comes in the bottle marked "glwtaral. 
dehyde”. 











MUSCLE CHEMISTRY 


New Myochemistry 


from our Molecular Biology Correspondent 

Slayter and Lowey's electron microscopy last year 
resolved the long standing doubt about the number 
of major polypeptide chains in the myosin molecule; it 
has now prompted a thorough quantitative re-evalua- 
tion of the properties of the moleeule. Because the 
myosin molecule has two "heads", each presumed to 
contain one actin-binding site, one might. hope to find 
that there are two corresponding active sites for the 
splitting of ATP. Arguments over the number of such 
sites have in the past been befogged by the controversy 
about the molecular weight. A re-examination has now 
been carried out by Schliselfeld and Bárány (Biochem- 
istry, ?, 3206: 1968), who have studied directly the 
attachment of ??P-labelled ATP to myosin under con- 
ditions (high concentration of sodium chloride) at which 
the rate of turnover is slow. The method selected was 
gel filtration, in which a column is equilibrated with the 
ligand, which distributes itself between the inside 
and outside of the gel beads. When the protein is 
applied to the column it travels as a zone enriched 
in the ligand, and is followed by a zone of depletion. 
The size of this concentration disturbance gives the 
amount of ligand bound and, from values obtained 
by varying the ratio of total ligand to protein, standard 
treatments vield the number of sites per protein 
molecule. 

With tracer experiments, very low protein concen- 
trations can be used. and this and the speed of the 
procedure circumvent any major difficulties arising 
from turnover of substrate. Taking the best available 
values for the molecular weight, it is found that 
1-4-1-8 binding sites are present in each molecule of 
myosin, and 1-4-2-2 in heavy meromyosin (myosin 
which has been separated from most of its long shaft, 
but still retains its two "heads"). It appears therefore 
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that there are indeed two sites. A similar conclusion 
was reported by Luck and Lowey (Fed. Proc., 97, 519; 
1968) on the basis of the binding of the competitive 
inhibitor, ADP, using equilibrium dialysis. 

A different aspect of myosin is its tendency to 
aggregate under defined conditions into long filaments 
which, in the electron microscope, bear a marked 
resemblance to the thick filaments of intact muscle. 
The characteristics of this self-assembly process form 
the subject of an admirable ultracentrifuge study 
by Josephs and Harrington (Biochemistry, 7, 2834; 
1968). 

In this system it is found that the myosin mole- 
cules are in rapid association equilibrium. and two 
boundaries are observed—that of the monomer at 
6-58, and a polymer at 1508. The latter corresponds 
to aggregates of 75-95 monomers, which can be ob- 
served in the electron microscope. From Gilbert's 
theory it is possible in principle to determine the 
equilibrium constant for the association from the 
profile of the boundary in an association system. 
Two groups of workers last year noticed that such a 
treatment will be subject to error at high rotor speeds, 
in consequence of the hydrostatic pressure developed 
in the ultracentrifuge cell, if, as is most commonly 
the case, the equilibrium is accompanied by a volume 
change. Josephs and Harrington have turned this 
factor to good account by showing how the volume 
change may actually be determined from the sedimen- 
tation data. 
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At high rotor speeds, a new concentration gradient 
appears on either side of the polymer boundary. 
This stems from the volume increase on polymeriz- 
ation, for the effect of hydrostatic pressure is then 
to reverse the aggregation, and cause progressive accre- 
tion of the slowly sedimenting monomer towards the 
bottom of the cell, where the pressure is greatest. 
The precise appearance of the distribution is complex, 
but ean be reasonably well predicted. A striking 
illustration of the same effect is contrived by layering 
an oil on the solution, so that pressure ean be gencrated 
even at the top of the column. At low speeds the 
usual pattern is observed, but on increasing the speed, 
the pressure becomes high enough to disaggregate 
the polymer completely, and its boundary therefore 
proceeds to sediment as monomer; it is then caught 
up by the original monomer boundary which, being in 
a region of lower concentration, migrates rather faster. 
In any event, the molar volume change due to poly- 
merization is determined from the pressure dependence 
of the equilibrium constant. From the negligible 
temperature dependence of the association, it is 
surmised that this volume change of 350-400 ml./mole 
of monomer is primarily coulombic (rather than hydro- 
phobie) in origin, and the aggregation process is 
conceived to be driven by the entropy of liberation of 
water from the charged sites when these form cou- 
lombie links. This work breaks new ground in hydro- 
dynamics, and there will surely be applications in 
other spheres. 








Well Oriented Graphite Composites 


by Advances in the preparation of well oriented graphite crystals have 


A. R. UBBELOHDE 


Imperial College, London 


Some degree of anisotropy is to be expected in the proper- 
ties of any erystal of less than cubic symmetry, and for 
some types of crystal, such as layer structures, the aniso- 
tropy ratio of properties in principal erystal directions 
can be many times unity. Its unique bond structure 
confers on graphite uniquely large anisotropy ratios in 
quite a diversity of physical properties. These are of great 
interest for solid state physies. Until quite recently, 
however, many of these anisotropy ratios were unknown, 
because their evaluation demands pieces of well oriented 
graphite of adequate size. Natural single erystals of 
graphite of good quality are probably very much rarer 
than diamonds of corresponding size, but they are of 
no conceivable use for adornment, so this fact was not 
widely realized. (Some years ago I had oecasion to 
search through the British Museum (Natural History) 
and other collections of sizable pieces of natural graphite; 
I found none of the quality required for establishing 
valid anisotropy measurements of many interesting 
properties.) 

Good natural erystals such as are found, for example, 
in a calcite matrix in Ticonderoga, USA, are only just 
sufficiently large for measurements by specialized tech- 
niques. X-ray methods yield the ratio of coefficients of 
thermal expansion. The ratio of electrical resistivities 
gel ga. also measured on such erystals is &bout 200, bat 








made possible the evaluation of the large anisotropy ratios in their 
physical properties. 


many other measurements point to a ratio about 10! 
(ref. 1). 


Well Oriented Fabricated Graphite 

Bars or slabs of polyerystalline graphite if prepared 
by some method of extrusion show only à moderate 
degree of preferred orientation of crystallites. This is 
found by measuring ratios of various properties parallel 
and perpendicular to the direction of extrusion, as well as 
by the quantitative X-ray method of Bacon’. Progress 
towards obtaining well oriented graphite in large pieces 
has been greatly stimulated by some highly promising 
technological applications of this material.  Pyrolytie 
graphites are now usually prepared on the basis of a 
discovery by Pirani and Fehse?. When methane or other 
hydrocarbon vapours are cracked by impinging onto a 
hot surface, in suitable conditions the carbon formed 
nucleates and grows wholly as a compact: deposited layer, 
and not in the gas phase as soot. In the temperature 
range from approximately 1,900? C to 2,300" C (ref. 4) 
the deposits are highly graphitized, with c axes of the 
erystallites oriented roughly normal to the heated sub- 
strate (Fig. 1). Even in the most favourable conditions 
of preparation, a considerable angular spread of these 
axes seems unavoidable, but anisotropy ratios of pyro- 
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Fig.1. Normalized distribution plots for 90 per cent natural graphite, 
10 per cent chlorinated polythene. a, Direct compression without shear; 
b, rogue diffraction due to graphite very badly out of orientation; c, 
pyrolytic graphite deposited from cracking methane; d, same composi- 
tion but with simultaneous pressure and shear (our method). 


Where cost is unimportant, some technological advantages 
such as the unusually high anisotropy of thermal conduc- 
tion are so attractive that large pieces of pyrolytic graphite 
have been fabricated, as in the noses of high altitude 
rockets. Industrial uses of the same property for the walls 
of very high temperature induction furnaces permit 
striking savings of power and likewise look promising’. 


Stress-annealed Pyrographites 

Annealing well above 3,200? C is effective in removing 
many defects from pyrographites. At these temperatures, 
however, the vapour pressure of carbon is so high that 
this annealing must be carried out under pressure to 
avoid forming porous products of low density. Large 
pieces of near-ideal graphite are obtained from pyrolytic 
graphite by annealing under pressure and with a shearing 
stress. This removes "ripple" in pyrographite, breaks up 
soot inclusions and induces flow parallel to the basal 
planes of the crystallites. Though the a axes of the 
erystallites are randomized in the product, spread of 
orientation of their c axes rivals the best natural crystals®. 
Values for anisotropy ratios of physieal properties are 
established for ideal graphite by asymptotic evaluation 
from a range of specimens of which the increasing perfec- 
tion can be calibrated independently. Asymptotic values 
are readily attained for some physical properties, though 
certain electronic characteristics prove to be particularly 
sensitive to various kinds of imperfections’. 

With stress-annealed near-ideal graphites, parallelism 
of erystallite c axes is so good that intercalation compounds 
can be formed without any appreciable break-up. This is 
useful for the study of the eleetron-physies of these solids. 
Many such intercalates are synthetic metals, and rival 
natural metals as conductors of electricity, with the inter- 
esting feature that they can be given controlled n or p 
characteristics according to the intercalate used (for 
example, ref. 8). At present, however, the costly pro- 
cedures for obtaining sizable pieces of near-ideal graphite 
by stress annealing are only justified when it is quite 
essential to achieve the lowest possible defect content— 
for example, in determining electronic properties. To 
take advantage of the unique anisotropy of graphite, for 
many other physical properties, it is sufficient to ensure 
high parallelism of erystal c axes; other defects can be 
much less important. 


Well Oriented Graphite Composites 


One recent direction of advance is to achieve high 
parallelism in graphite composites. In certain natural 
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graphites such as Madagascar flake, the individual crystal- 
lites are fairly free of defects and quite large. Simple 
operations of pressing after removing inorganic impurities 
orient these flakes, and lead to compacts consisting of 
100 per cent graphite in which the axial orientation is 
moderately good, with a density near to that of single 
crystals (for example, ref. 9). Detailed structural examina- 
tion, however, shows that despite their high density such 
compacts contain a proportion of "rogue" packets of 
erystallites with their axes quite out of parallelism (cf. Fig. 
1) These regions cannot be removed by pressure alone 
because at these packing densities there is little freedom 
of movement in the compact. By adding suitable lubri- 
cants, and by subjecting the plastic mass to really severe 
shearing stresses at high pressures, to ensure as much 
as 50 per cent displacement in the direetion of shear, 
however, it has proved feasible to break down any severely 
maloriented regions, so as to achieve a high degree of 
parallelism of all the crystallites. By working somewhat 
above room temperature, various thermoplastie polymers 
can be used as lubricants. Provided stringent shear-cum- 
pressure requirements are met, and that a thermoplastic 
or other suitable lubricant is used which wets the graphite 
flakes, permanent large sheets of highly oriented com- 
posites can be obtained on cooling. These well oriented 
sheets can readily be hot-pressed together, to make 
large slabs or other shapes of well oriented graphite 
composites of any desired thickness and size. With 
suitable precautions, excellent ¢ axis parallelism of the 
crystallites is preserved. In most cases, the volume of 
voids as calculated from density determinations is below 
5 per cent and in favourable cases is well below 1 per cent. 
The maximum amount of graphite which can conveni- 
ently be incorporated depends somewhat on the polymer 
used. Well oriented composites are readily prepared 
with graphite content from 10 to 80 per cent by weight; 
-with some polymers the graphite content has been raised 
up tc 93 per cent. 

The angular parallelism (compare refs. 2 and 10) is 
considerably better than in pyrolytic graphites (Fig. 1) 
and begins to approach that of stress-annealed pyro- 
graphites. Large pieces of these well oriented graphite 
composites are very much easier to prepare than pyro- 
graphites, so their properties and in partieular the aniso- 
tropy ratios are of considerable interest for sohd state 
physies, as well as for certain technological applications, 
not all of which can be detailed here. Experimental 
studies summarized in what follows show that certain 
physical properties are much as might be expected from 
the good parallelism achieved, but that some of the 
eleetronie properties are decidedly unusual. 





Thermal Expansion 


With a slab of well oriented graphite composite made 
up from 80 per cent by weight of graphite, and 20 per cent 
by weight of an acrylonitrile copolymer, the thermal 
expansion coefficient parallel to the basal planes of the 
crystallites was practically zero (11x107) over the 
temperature range 20°--120° C. Perpendicular to the basal 
planes, the mean thermal expansion coefficient was much 
larger (230 x 10-7). The anisotropy ratio is only about 2 
for extruded grade A polycrystalline (perpendicular/ 
parallel to extrusion axis)! . With material containing 
such highly anisotropic crystals, summation rules for 
thermal expansion tend to be untrustworthy, becau 
the presence of voids and the setting up of micros es 
between differently oriented erystallites in a block of solid. 
Even deliberate attempts to increase preferred orientation 
of polycrystalline graphite during extrusion" do not 
achieve anisotropy ratios of thermal expansion greater 
than about 2-6. In our well oriented graphite composites 
the anisotropy ratio is about 21; the high degree of 
parallelism ensures only small mechanical stresses between 
erystallites as the volume of the solid changes with tem- 
perature. More refined tests (unpublished) confirm this. 
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Thermal Conductivity 


Preliminary determinations on matched blocks of well 
oriented graphite composites show that parallel to the 
basal planes of the erystallites the thermal conduc- 
tivity is very high, and at least twenty times greater 
than the value parallel to their e axes. For pure near- 
ideal graphites this anisotropy ratio may reach about 
200, depending on the defect content!?. With regard to 
thermal vibrations in these solids, it is interesting to 
find that thermal conductances rivalling the best natural 
metals are attained even in the well oriented composites, 
despite their conglomerate structure. Heat transport in 
pure graphite and in these composites is almost wholly 
by phonons. As is well known, phonon scattering effects 
lead to striking variations of thermal conductivity with 
temperature, but apparently at ordinary temperatures 
the eonglomerate structure does not produce much more 
marked scattering than in near-ideal graphite itself. 
Presumably the good parallelism of neighbouring graphite 
erystallites permits transmission of phonons aeross any 
intervening polymer molecules without mueh attenua- 
tion. Technological consequences of this finding are 
potentially very important. 


Electrical Conductivity 


Well oriented composites of graphite show unusual 
eleetronie behaviour. In the direction of the composite 
a taxis, resistivity values for a particular material with 
50 per cent of polymer showed a mean value of g¢= 1-72 Q 
em at 295° K, rising to 2-05 Q em at 77° K. In the direc- 
tion of the composite ¢ axis for the same material, corre- 
sponding resistivity values were p,= 264-8 Q em at 295° K 
and 307-8 Q em at 77° K. The large anisotropy ratio of 
about 150 is in the sense to be expected if electrical con- 
duction is controlled by the well oriented crystallites of 
graphite. It may be compared with anisotropy ratios of 
only about 2 found in extruded polycrystalline graphites!!. 
What is surprising is that the temperature coefficient of c 
has about the same small negative value im both direc- 
tions. This suggests that some kind of activation of the 
charge carriers enabling them to cross a small energy gap 
(2-4 x 107? eV) intervenes in electrical conduction. Pos- 
sibly the charge carriers must tunnel through polymer 
macromolecule barriers; if so the magnitude of the barrier 
is surprisingly low. A somewhat similar situation with 
negative temperature coefficient of resistance applies for 
electrical conduction in very thin deposits of gold or 
platinum on insulating substrates of quartz glass or of 
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barium titanate! Electron transfer is thought to take 
place between separated islands of the metallic deposit. 
Well oriented graphite composites with a variety of 
polymers show similar small negative temperature co- 
efficients, and a general conduction phenomenon seems 
to be involved. 


Thermoelectric Power 

In pure near-ideal graphite, the remarkable anisotropy 
of thermoeleetrie power raises problems in solid state 
physies, as well as offering interesting potentialities in 
high temperature teehnology!*. Well oriented graphite 
composites show a eorresponding anisotropy of thermo- 
electric power. As might be expected with this very 
sensitive property, the absolute magnitude of the thermo- 
electrie power is somewhat dependent on the polymer used. 
In a typical instance (20 per cent aerylonitrile copolymer) 
mean values were approximately 3:3 uV/°C in the direc- 
tion of the composite a axis, and approximately 6:2 uV/"C 
in the direction of the composite ¢ axis. Somewhat below 
room temperature the thermoelectric power changes 
sign; the equivalent band structure of these well oriented 
composites is probably modified by charge transfer 
effects to the polymer molecules. As is also the case 
for the electronic properties of carbons with conglomerate 
structure, and for mclten conductors generally, there is a 
real need for new theoretical deseriptions for colleetive 
energy levels in these condensed states of matter. 
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Experiments to determine the Force of Gravity on 
Single Electrons and Positrons 


by 

FRED C. WITTEBORN 
WILLIAM M. FAIRBANK 
Department of Physics, 


Stanford University, 
California 


EXPERIMENTS to determine the gravitational properties 
of electrons and positrons by the time of flight technique 
have been under way at Stanford University for several 


Two experimental methods are described for measuring the gravi- 
tational force on electrons falling through vertical metal tubes. 
A third method is being devised to study the fall of positrons. 


years. In this article we will examine the motivation 
for the experiments, the methods used, the principal 
difficulties involved and the results obtained so far. 
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Gravitational Properties of Elementary Particles 


The obvious laek of symmetry in the abundance of 
matter over antimatter in the solar system, and perhaps 
much more of the visible universe, led Morrison and Gold! ? 
to speculate that a gravitational repulsion exists between 
matter and antimatter. Because both particles and anti- 
particles have positive inertial mass, they would fall in 
opposite directions in a gravitational field if the specula- 
tion is correct. Thus one could distinguish between a 
gravitational field and an accelerating reference frame, in 
violation of the equivalence principle of general relativity. 
'The equivalence principle would hold in systems composed 
predominantly of matter or antimatter but not in a mixed 
system. So far, of course, the effects of general relativity 
have been examined only in systems composed predomin- 
antly of matter. 

Although the gravitational force on stable antiparticles 
has not been directly measured, some indirect evidence 
has been obtained from virtual and short lived antimatter. 
Schiff? showed that the mass of virtual antimatter present 
in nuclei of ordinary matter was sufficient to have been 
detected in the Eötvös experiments*? if virtual anti- 
matter had been repelled by gravity. Good* showed that 
the K, and K, mesons (lifetime < 107 s) must have the 
same gravitational properties. Thus virtual antimatter 
and unstable antimatter have normal gravitational 
properties. The arguments of Morrison and Gold involved 
stable, real antimatter. Indeed, they proposed that 
electromagnetic mass would be attracted by both matter 
and antimatter. In this respect it should be added that 
positrons are not considered ideal test particles for determ- 
ining the sign of the gravitational force because a large 
part of their mass is electromagnetic. It may be shown", 
however, that not all of the electron mass is electromag- 
netic. In the absence of a copious source of low energy 
antinucleons, we felt that the positron was the best test 
antiparticle. 

The necessity of a repulsive force to provide for the 
separation of matter from antimatter has been largely 
removed by Alfvén®!°, who proposed a number of electro- 
magnetic mechanisms for matter-antimatter separation. 
There is no conclusive experimental evidence to show 
whether such mechanisms have in fact led to separation 
in the observable universe. 

It seems that if positrons have the same gravitational 
properties as electrons, there would be very little change 
in physies except that future cosmological arguments will 
be unable to associate antigravity with antimatter. But 
if positrons have even slightly different gravitational 
properties (neglecting radiation reaction effects) very 
serious and far reaching consequences would result. 
First, general relativity would have to be modified. 
Second, we would know that the Milky Way galaxy is 
composed chiefly of matter, for the stars in it appear to 
revolve around its centre. Third, we would have strong 
reason to believe that somewhere outside our galaxy, 
perhaps beyond our limits of observation, there is an 
accumulation of antimatter. 

If positrons or electrons or both were to display unex- 
peeted gravitational properties, some clues about the 
nature of gravity itself might be uncovered. For example, 
Swann speculated’! on a mechanism for gravity which 
would produce an attractive inverse square force 
between two neutral ordinary particles or two neutral 
antiparticles but a repulsive force between a neutral 
particle and a neutral antiparticle. Binding energy 
and electromagnetic energy were implicitly excluded 
from consideration. He used electrons and positrons 
and their antiparticles as his "elementary" particles 
and treated neutrons as gravitationally equivalent 
to hydrogen atoms. The long range force between 
elementary particles of equal inertial mass was assumed 
to have the magnitude of the Coulomb force g?/4re,r? 
(MKS units). The corresponding force between elementary 
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particles of very different mass (that is, between electrons 
and protons or positrons and protons) was assumed to 
have the magnitude g*+ 4/4zeor?. This model leads to a 
net force between two hydrogen atoms of — 28/4xe,r*, 
where the negative sign indicates attraction. Swann 
showed that the net force between a hydrogen atom and 
an antihydrogen atom was +28/4xer*. But with this 
model a neutral mass would attract a proton with exactly 
the same force as it would an electron. Each would be 
attracted with one half the force that a hydrogen atom 
would feel. Because of the difference in inertial masses, 
the electron acceleration would be 1,836 times that of the 
proton. The latter would fall with an acceleration of 
0-5g. Of course, it should be emphasized that Swann’s 
proposal was speculative and largely intended to show 
the importance of measuring the gravitational properties 
of elementary particles. 





Experimental Method 


The gravitational potential gradient for an eleetron at 
the Earth's surface is expected to be mg = 5-6 x 107! eV m, 
All electric and magnetic potential gradients must be 
reduced below about 1071 eV m or measured to this 
accuracy in an experiment intended to detect the gravita- 
tional force. It would not be desirable to attempt the 
experiment inside an insulating box, because a single 
electric charge trapped in the insulator even 5 m distant 
from the test region would exert a force on an eleetron 
greater than mg. To surround the experiment with a 
metal container raises the problem of surface charge 
induced by the freely falling electron. But if the metal 
is a long vertical cylinder, the induced surface charge 
produces only a horizontal force on the electron. 

'The electrons are constrained to move along the axis 
of the cylinder by a coaxial magnetic field. Inhomo- 
geneities in the magnetie field AB will cause spatial 
variations in the magnetie potential 


: ] 8 
AQDmag = Zup AB (n + 5 + 5 ys) 


E p 


where ug — 6 x 10-* eV gauss“? is the Bohr magneton, n is a 
positive integer, s= +4} is the spin, and ys = 20023 is the 
spin gyromagnetie ratio. In a region shielded by conven- 
tional materials, AB can be reduced to about 0-01 gauss. 
This would lead to potential variations of 10-'" eV and 
more for most electrons. Thus the magnetic potential 
variations would be larger than the expected gravitational 
potential change in a 1 m fall except for those electrons 
in the “ground state" -——those, that is, having 7-0 and 
8$- —i. The ground state electrons experience magnetic 
potential variations of only about 10 eV. To ensure 
that all of the “low energy" (E « 10-* eV) electrons are 
in the ground state, the cathode may be placed in a 
region of high magnetie field (3,000 gauss) so that all 
eleetrons not in the ground state are accelerated as they 
leave the cathode region (Fig. 1). As the electrons are 
emitted in pulses, those with low energy become spatially 
separated from the others and reach the detector later. 
Late arrivals consist entirely of ground state electrons 
because all others are accelerated as they leave the 
cathode. 

A variety of techniques had to be used to reduce other 
undesired forces. 5 was 











The cylinder diameter (5 cm) 
accurate to +0-3 x 10-3 em to avoid serious variations in 
electrie image potentials. The cylinder, made of oxygen 
free copper. was thermally isolated from its vaeuum 
conta ner except at the bottom end. This was necessary 
so as to reduce spatial temperature variations to below 
10-5 degrees m-! and sufficiently minimize the "Thompson 
e.m.f. the coefficient of which is of the order 10-* V degree. 
To reduce sufficiently the interaetions with baekground 
gases the pressure in the free fall region bad to be less than 
10-4 torr. This was done with an ion pump by excluding 
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Vig. 1. Schematic diagram of the free fall apparatus: the wires 
labelled “s” are superconducting. The regulated current supply I, 
maintains both drift tubes at a negative (positive in positron experi- 
ments) voltage relative to the vacuum chamber. I, controls the rela- 
tive potential of the two drift tubes, In the first experiment the 
movable drift tube was positively biased so that electrons moved 
siowly only in the stationary tube. The current I, produces a uniform 
electric fleld in the stationary drift tube. 


all organie and volatile materials from the system and 
cooling the entire free fall region to 4:2? K. 

Another source of potential variations in the cylinder 
is the patch effect!*. This arises from the variations in 
werk function along a metal surface as a result of the 
crystalline nature of the surface. Different crystal faces 
have work functions which differ typically by 0-1 V. If 
one assumes that the faces are encountered in a random 
fashion on à metal surfaee, then spatial variations in 
potential A® may be estimated by A9-—0-06 (a/r) eV 
(ref. 13), where a is a characteristic patch dimension and 
r is the distance above the surface. This would lead to 
potential variations of about 10-* eV if a=0-0045 em (a 
typical crystal size for oxygen free copper) and r= 2-5 em. 
Our drift tube was eleetroformed onto a polished alumin- 
ium mandrel which was later dissolved away. This 
process is expected to leave an amorphous surface so that 
the dimension a was much smaller than 0-0045 cm, but 
other surface irregularities of macroscopic size surely 
were present during our experiments. Preliminary 
experiments performed with a pilot model free fall appara- 
tus 2 em in diameter indicated that at 4-2? K the potentials 
along the tube axis were uniform to about 10-* or 10- eV 
(ref. 13). We do not know what causes this apparent 
reduction in potential irregularities. We speculate that 
adsorbed gases may be smoothing out the variations. 

Forces on the electrons are studied by a time of flight 
technique. Initially a burst of about 10° electrons is 
emitted from the cathode. The arrival of each electron at 
the top of the tube causes the electron multiplier to 
produce a pulse which is amplified and carried to a multi- 
channel scaler. The multichannel scaler stores the number 
of pulses arriving in each of 400 successive time intervals 
(typically 2-5 ms intervals) following the initial burst from 
the cathode. Because of the mutual repulsion of electrons 
in the drift tube, no more than one electron with energy 
less than 10-! eV can be expected from the original burst 
of electrons. Thus the experiment must be repeated over 
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and over to produce a statistically reliable distribution 
of electron flight times. 

If the moving electrons encountered only a constant 
force F the distribution of electron flight times would be 
cut off at time tmas = y 2mh/| F]. Thus in the ideal cases 
the force on the electron could be determined directly 
from the time of flight distribution. The gravitational 
force is expected to be —mg. An additional vertical force 
qEw (to be discussed later in this article) is expected from 
the walls of the metal cylinder; g is the charge of the 
free falling particle. An adjustable force qE4 may be 
applied by running a current vertically through the drift 
tube walls. Thus 


Ímax = 4/2mh]! (mg + qe wy -+ q Éa)] 


By finding tmax for several values of Ea one would expect 
to be able to determine (mg +qHy) and m for the electron 
or other particles tested. The actual data reduction is 
complicated by electric fringing fields, delayed detector 
pulses caused by eleetron trapping and background noise 
in the detector. 


Experimental Results 

Data obtained in experiments with different applied 
forces are shown in Fig. 2. By defining the “cut off" 
as the lowest value of t for which dN/dé goes below the 
flat portion of the curve (determined by averaging the 
last 0-5 s), one may get crude values of m and of F = mg + 
q(Ev - Eg) from two distributions. The distributions in 
Fig. 2 give m=1-1Lx 10 kg and mg+qEy=13x 1071 
V m~., The sensitivity of the distributions to small 
changes in E, was sufficient to confirm that the particles 
forming the distributions were electrons. Further 
information was deduced frorn the distributions by making 
least squares fits of a theoretical distribution function in 
which the force was one of several adjustable parameters. 
The other parameters accounted for background noise 
and assumed power law forms for electron energy distribu- 
tion and emission from potential traps. The parameters 
were adjusted by a computer optimization program. 
The results, which were reported elsewhere", are sum- 
marized in Fig. 3 and show that the only vertical force 
present in the free fall region was the applied electrie 
field. Thus the gravitational force appears to be cancelled 
by the electric field produced by the walls of the tube. 

This result is in agreement with a caleuiation by Schiff 
and Barnhill which showed that the electrons in the walls 
of a vertical metal cylinder would adjust their positions 
just enough to produce an electric field mg/e directed so as 
to oppose the gravitational force. The field would also 
be present in the centre of the cylinder. 

The electric field caused by ion displacement induced 
by gravity in the cylinder walis was shown to be negligible 
using the Schiff-Barnhill approach, but other theorists 
disagree. Dessler et al.!* and Herring" claim that a much 
larger potential gradient of the order of 10 eV m- should 
arise as a result of the ion lattice displacement. The over- 
lying weight of the drift tube causes the bottom of the 
tube to be compressed more than the top. This could 
lead to a work function gradient and, according to ref. 16, 
an electric field in the tube. The question is still unre- 
solved in spite of the apparent agreement between 
Schiff and Barnhill's theory and the free fall experiment, 
because the unknown mechanism that shields the patch 
effect may also shield the lattice compression effect. 

Further evidence that the time of flight distribution 
eurves did in faet arise from very low energy eleetrons 
was obtained by Knight!'*. He used a modified version 
of our pilot model electron free fall apparatus to measure 
magnetie forces on the electrons by noting the change in 
their time of flight distribution as the magnetie field 
gradient was varied by about 1,000 gauss/em over a 
distance of a few cm. His ability to measure the anomal- 
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ous magnetic moment of the electron to an accuracy of 
+30 per cent demonstrated that many of the particles in 
his drift: tube were ground state electrons with energies 
less than 10-? eV. 
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Fig. 2. Time of flight distribution curves. The horizontal scale in 
each graph is the time of flight of electrons. On the vertical seale the 
number of electrons the flight of which ended in each 2-5 ms time interval 
ia plotted. In the histogram the values are averages of ten such intervals. 
These numbers represent the accumulated counts from about 30,000 
pulses of electrons, The arrows point to the apparent cut off which is the 
flight time at which the distribution appears to flatten out into the 
baekground noise. The background noise is simply the average of the 
last 0-50 s of data and is indicated by the dashed line. 


Experiment with Movable Drift Tube 
It is important to note that the gravitational potential 
gradients of electrons and positrons could be compared 
> by- a different method even if the patch effect were not 
¿| shielded. This method uses the movable drift tube shown 
‘in Fig. |l. Voltages are applied to the upper drift tube 
and to the chamber wall relative to the lower drift tube 
to achieve the potential profile shown in Fig. 4. The time 


of flight distribution should have the maximum number of 
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Fig. 3. Measured force versus applied force, The vertical value js the 

force determined from analysis of the time of fight distribution curves. 

The horizontal value is the absolute magnitude of the deliberately - 

applied electric field. The solid diagonal line represente. F «2E. fora. 
particle having the electron's inertial mass. 





slow electrons when the total potentials in the two drift co 
tubes are equal. The potential of the upper tube relative | 





to the lower is varied by sending a highly regulated current - uw 


i 


(1 part in 105) through a 10-* Q resistor connecting the. 
two tubes. Connexions to the tubes are made with super- 








conducting wires to minimize Johnson noise. By inereüs- ^ 


ing the distance between the two drift tubes the gravita- 
tional potential is altered. Any such potential change | 
not compensated by the field from the wall (only that part... 
predicted by Schiff and Barnhill in this ease) must be 
compensated by the applied voltage difference between 
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2, VERTICAL DISTANCE FROM CATHODE 


Fig. 4. Potential versus height in movable drift tube apparatus. Tu 
case 1 the total potential dm of the movable drift tube has been made: 
equal to Øs, the total potential of the stationary drift tube, by adjust- 
ment of the applied voltage between the tubes to the value V; nease? 
the movable tube has been moved higher by the amount ZR The 
applied voltage is readjusted to the value V, which again makes 
m= $8. The change in total potential energy for a particle of charge ¢ 
E caused by the change in height 2, — 2, is Just (V ,— Pik ^ 
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Fig. 5. Data from movable drift tube experiments. The horizontal 
axis is the applied potential difference between the movable and 
stationary drift tubes. The vertical axis is the ratio of the number of 
electrons with flight time between 25 and 50 ms to the number with 
flight times between 12:5 and 25 ms. Each ratio requires 10 to 15 h of 
data accumulation. ©, Separation =] em; W, separation —« 31 em. 


the tubes. Thus the gravitational potential change is 
determined from the change in applied voltage required 
to equalize the two total potentials. 

Using this method with electrons afforded data that 
were apparently affected much more than expeeted by 
potential fluctuations of the vacuum chamber relative to 
the drift tubes. This caused a spread in energies of elec- 
trons entering the upper drift tube. As a result it took 
10-15 h to get a usable distribution for a single potential 
setting. Many settings were required to determine the 
intrinsic relative potentials (primarily the contact poten- 
tial difference) of the two tubes. Fig. 5 shows a sum- 
mary of data taken in similar conditions at drift tube 
separations of 0 and 30 cm at several potential settings. 
Each point represents the ratio of "slow" electrons (those 
taking between 25 and 50 ms to traverse the tubes) to 
"fast" electrons (those taking from 12-5 to 25 ms). The 
total potentials of the drift tubes are assumed equal at the 
maxima of these ratios. The maxima are 5x107} V 
apart for 30 em change in separation which indieates that 
the total potential change experienced by electrons falling 
through distance z was a little less than 30 per cent of mgz. 
The accuracy of these data does not seem to be as good 
as that taken in the single drift tube experiment (+9 per 
eent!) but may be improved if the electronic noise can be 
reduced. The total potential change expected is zero for 
eleetrons and 2 mgz for positrons, provided that both have 
gravitational properties consistent with general relativity. 


The Positron Experiment 

At present, Mr John Madey of Stanford University is 
developing a souree of slow positrons with which to per- 
form free fall experiments. The main problem is to 
reduce the energy spread of positrons to the extent 
where there is a reasonable probability of having a 10-1? eV 
positron leave the bottom of the drift tube in a known 
10 ms time interval. 

We plan to use a four stage process to reduce the energy 
spread of positrons emitted from a radioactive source. 
In the first stage the positrons impinge on a thin mica 
slab the opposite face of which has a thin metal coating 
on it. Cherry? has shown that when positrons pass 
through such a slab, a few of them (about 30 per mCi of 
source s^!) emerge in the energy range 0-10 eV. Madey 
has obtained similar results at Stanford (private communi- 
zation from J. M. Madey). ‘The second stage, not yet 
tried, is to trap and store these positrons in a magnetic 
and electrostatic bottle, and then to release them at 
desired intervals into the third stage. The third stage 
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will consist of a small diameter cylinder made of a resistive 
material. It will be coaxial with and placed just below 
the same drift tube that was used in the free fall experi- 
ments. The positrons are expected to lose energy to the 
walls of the resistive medium by eddy currents (private 
communication from J. M. Madey). Thus the positrons 
will lose energy without the danger of annihilation. 
Part of the resistive region will be maintained at 10-* V 
below the drift tube potential, so that after a time estim- 
ated as 10 s all of the positrons originally released from 
the electromagnetie bottle will be in a 10-* V trap. We 
expect from one to ten positrons to be trapped in this 
way. Further reduction of the energy spread by this 
method is limited by the patch effect and by thermal 
noise, so the fourth stage of reduction uses the drift tube 
where these effects are very small. If the drift tube 
potential were lowered instantaneously all the positrons 
would escape from the trap together, with a 10-3? eV 
energy spread. But if the drift tube potential is lowered 
slowly enough, this energy spread can be enormously 
reduced at the cost of some loss of knowledge of the time 
at which the positrons leave the trap. Let (t) be the 
drift tube potential relative to the bottom of the trap. 
and let E be the kinetie energy and v the velocity of a 
trapped positron. When the positron enters the drift 
tube at time fẹ its kinetic energy e becomes fixed at 


E—(t,). The trap has length /-— 1 em. The maximum 
dae 21 d 2L. ; . 
value of g is just £m — — - a2? 8S is the maximum time 
v 


a particle ean stay in the trap when Ew (t). When the 
positron escapes E a (0), so that vw 4/2/m G!'? inside the 


de 


trap. Therefore emdt = — 2l a/m]? PY 


Integration yields 


mb 21 y 2m [1 (0) — 12(0]— 2-5 x 1079 eV s 


If we are willing to let the escape time be uncertain by 
0-01 s then the energy spread is reduced to only 2-5x 
10- eV. Every 2,500 pulses from the source should 
yield at least one 10-! eV positron. The positron time of 
flight distributions would be studied by one of the methods 
already used on electrons. 

In conclusion, we have used two methods to examine 
extremely small forces on electrons falling through 
vertical metal tubes at low temperatures. Both methods 
indicate that the gravitational potential change is can- 
celled by an electrical potential to less than 10-9 eV m-i, 
A method has been devised that is expected to produce 
enough low energy positrons to permit measurement 
of their gravitational properties in free fall experiments. 
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Sequential Derepression and Repression of the Tryptophan 


Operon in E. coli 


by 
JUNETSU ITO 
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An investigation of the kinetics of derepression and repression of 
the tryptophan operon in E. coli points to the possibility that at the 
operator-proximal end of the operon, transcription and translation 


Research Institute of Microbial Diseases, 
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Suita, Osaka, Japan 


GENETICAL and biochemical studies of tryptophan bio- 
synthesis in E. coli have established that the genes 
specifying the five tryptophan biosynthetie enzymes 
constitute an operon (Fig. 1). These findings have shown 
that (a) the structural genes for the tryptophan bio- 
synthetie enzymes are loealized in a cluster in a small 
region of the chromosome!, (b) the operator region is 
located at one end of the E gene*, (c) a single polycistronic 
mRNA corresponding to the trp genes is made?, (d) all 
the enzymes are synthesized in à coordinate way? and 
(e) polarity mutants exist* +5. The regulator gene {trp R) 
for this operon is located outside the tryptophan struc- 
tural gene eluster*. 

Sequential translation has been reported earlier with 
the lactose operon^$ of E. coli, the histidine operon of 
Salmonella typhimurium® and the galactose operon of E. 
coli. This article concerns an investigation of the 
kineties of derepression and repression of the tryptophan 
operon in Æ. coli; we have examined both transcription 
and translation in these studies. 

In the first series of experiments, we measured the time 
taken for the appearance of the tryptophan biosynthetic 
enzymes after the initiation of derepression. Strain W3110, 
wild type K12, was grown in repressed conditions (excess 
tryptophan) at 37^ C with vigorous shaking. The ex- 
ponentially growing culture was cooled rapidly and 
centrifuged in the cold. Cells were washed with cold 
minimal medium and transferred to pre-warmed minimal 
medium containing 1-0 per cent glucose and a mixture of 
nineteen amino-acids at 0-5 mM each, lacking r-trypto- 
phan. Cells were shaken vigorously in a water bath at 
30°C. At various times, cells were collected, treated 
with chloramphenicol (100 ug/ml.) and cooled rapidly in 
ice. Extracts were made from the cells, and the levels of 
enzymes and proteins were measured as described pre- 
viously?*, 

The results for anthranilate synthetase Col (the E 
gene product), the anthranilate synthetase complex 
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are closely linked. 


(produets of the E and D genes), indole-3-glycerol phos- 
phate synthetase (the C gene product), and the « subunit 
of the tryptophan synthetase (the A gene product) in à 
typical experiment are shown in Fig. 2. It is evident 
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Fig. 2. Derepression of enzymes for tryptophan biosynthesis. Strain 
W3110 was grown in L-broth containing 50 ug/ml. of r-tryptophan at 
37°C with shaking. The exponentially growing culture was cooled 
rapidly and centrifuged in the cold. Cells were washed twice with 
minimal medium and then transferred into pre-warmed miir 
medium’? containing 1-0 per cent glucose and nim amino-acids 
at 0-5 mM each, except L-tryptophan. AHquots we drawn from 
the culture at the indicated time. Each sample was ted with 
chloramphenicol (100 ug/ml.) and cooled immediately in ic The ceils 
were collected by centrifugation, washed once and re 
0-1 M tris-chloride buffer at pH 7-8. Extracts were prey 
suspension with Kaijo ultrasonic oscilator Protein and e 
were assayed as described previously*^. A. 4; 4, C; @ BoD; 
















from the figure that the enzymes appear 
sequentially after derepression, in the same 
order as the structural genes of the operon. 
Tt has been shown earlier that this operon 
is transcribed sequentially’. This was 
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Fig. 1. 


The tryptophan operon of Escherichia coli and the enzymes and reaction 
involved in tryptophan biosynthesis. OP, Operator end; ASase, anthranilate synthetase: 
InGPSase, indole glycerol phosphate synthetase; TSase, tryptophan synthetase; 
anthranilie acid; PRA, N-5’-phosphoribosyl anthranilate; CARP, 1-(O-carboxyphenyl 
amino)-1-deoxyribulose-5-phosphate; InGP, indole-3-glvcerol phosphate. 


translation experiments were carried out 
in the same conditions, a comparison 
the data will permit us to estimate the 
rate of translation of the tryptophan: 
operon. Table 1 summarizes. the esti 
mated times of completion of transenption 
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Fig. 3. Sequential transcription of the trp-operon during derepression. 
The procedure used in assaying trp-mRNA was described in detail 
elsewhere’. Pulse-labelling with *H-uridine (15 Ci/mmole) was carried 
out with bacteria (E. coli strain W3110) grown at 30°C in the Vogel- 
Bonner minimal medium supplemented with nineteen amino-acids 
(each 0*5 mM), but no tryptophan. Five ml. of bacterial culture at a 
concentration of 1-5 x 10* cells/ml. was pulse-labelled with 100 4Ciof 
*H-uridine for periods of 1 min after the commencement of derepres- 
sion. The ordinate is the percentage of trp-m RNA relative to the total 
labelled RNA. Hybridizable RNA was assayed in a 0-25 ml. reaction 
mixture with 5 ug of ptE (for trp EmRNA) (O), pt£-D (for trp E and 
trp DmMRNA) (8), ptC-A (for trp C to trp AmRNA) (Q9) and pt4 DNA 
(for irp AmRNA) (©). The trp-operon segments carried by «$80 pts 
were indicated elsewhere", The values are the average of duplicate 
determinations. The radioactivity hybridized to wild type 980 DNA 
(0-02 to 0-03 per cent of the total) and the background values obtained 
from the hybridization values of GH)RNA from repressed cultures of 
strain W3110 with pt#, ptE-D, ptC-4 and pt4 DNA (0-005, 0-011, 
0:033 and 0-028 per cent of the total, respectively) were subtracted 
from each hybrid value. 


and translation at four points along the operon. It is 
clear from Table 1 that the tryptophan enzymes, except 
for InGP synthetase, begin to appear at detectable levels 
about 0-5 min after transcription of their respective genes. 
InGP synthetase appears 1 min after the completion of 
transeription. This difference is probably a result of our 
inability to detect low levels of InGP synthetase activity 
with the assay procedure which we used. These results 
indicate that translation of the tryptophan mRNA is in 
progress before transcription of the operon is complete, 
and in fact suggest that transcription and translation of 
the trp-operon take place virtually simultaneously. 
Morse, Baker and Yanofsky!* have shown that a fixed 
number of ribosomes translate the entire length of each 
irp-mRNA molecule, and the first ribosome is located 
immediately behind the RNA polymerase on the nascent 
messenger chain. Their data also suggest that translation 
of the irp-mRNA is sequential. 


Table 1. COMPLETION OF THE trp-mRNA AND APPEARANCE OF THE trp- 
ENZYMES AFTER DEREPRESSION 
q an) 
Completion Enzyme (1D- (D 
Gene of mRNA appearance Difference 
(min) (min) (min) 
E 2-0 2:5 0-5 
E-D 40 45 0-5 
7 $5 € 5 r0 
A 8-0 8-5 05 


Calculated from the data in Figs. 2 and 3. 


Anthranilate synthetase is a multimeric protein which 
eonsists of two different polypeptides, the E gene product 
and the D gene product (Fig. 1). It is therefore of interest 
to note that the folding or assembling of two polypeptide 
chains into an active complex is accomplished within 
0-5 min. Our present study cannot rule out the possibility 
that some of this assembly proceeds during preparation 
of the extract 
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From the molecular weights of anthranilate synthetase 
Col and Coll, assuming a triplet for each amino-acid, it 
is possible to caleulate the approximate number of 
nucleotides in the trp E and trp D regions. The E-D 
length is equivalent to about 3,500 nucleotides. Our 
data suggest that RNA polymerase transeribes the E-D 
region at a rate of approximately 3,500/4 = 875 nucleotides/ 
min at 30? C in our conditions. If, as suggested here, 
transeription and translation take plaee simultaneously, 
then this value would also represent the rate of translation 
of this region. 

In a second series of experiments, we investigated the 
kineties of repression of the tryptophan operon. Cells 
were first derepressed by starvation for tryptophan as 
described in the legends of Fig. 2, and then repressed by 
the addition of excess L-tryptophan (65 ug/ml). At 
various times after the addition of tryptophan, aliquots 
of the bacterial culture were harvested and extracts were 
made. The results are shown in Fig. 4, 4—D. These results 
indicate that all of the tryptophan biosynthetie enzymes 
assayed are repressed by the addition of r-tryptophan, 
again in the same order as the sequence of corresponding 
struetural genes in the operon. 

A closer examination of the data presented in Fig. 4, 
A-D, shows that the timing of enzyme repression is 
significantly different from that of the appearance of 
enzyme after derepression. Anthranilate synthetase Col, 
the first enzynie of the operon, is no longer synthesized 
after 3 min, while the synthesis of anthranilate synthetase 
CoII and InGP synthetase comes to a halt approximately 
6 and 8 min after the initiation of repression. On the 
other hand, the « subunit of tryptophan synthetase was 
synthesized continuously for approximately 13 min after 
repression. A comparison of the time taken for enzyme 
to appear after derepression, and that of enzyme repression 
after the addition of tryptophan, is shown in Table 2. 

Our finding that the « subunit of tryptophan synthetase 
is synthesized for a long time after the initiation. of 
repression was rather unexpected. If the mRNA molecule 
which dictates the formation of the « subunit of trypto- 
phan synthetase is a portion of the same mRNA molecule 
that codes for the formation of other tryptophan enzymes, 
then the question arises whether this continuous synthesis 
is a reflexion of the rate of ribosome movement, which 
slows down on the operator-distal portions of the mes- 
senger after repression. To answer this question, we have 
compared the amounts of « subunit and of InGP synthet- 
ase synthesized after repression. This estimation was 
based on the specifie activities and molecular weights of 
the purified enzymes, assuming the turnover numbers of 
crude and purified molecules to be equivalent. From the 
data presented in Fig. 4, C-D, we calculated that there 
were 6-4 numoles/mg protein of InGP synthetase and 
13-0 uumoles/mg protein of « subunit. This apparently 
rules out the possibility that translation of the mRNA 
molecule is slowed down in the region corresponding to 
the « subunit, because the amount of x subunit appearing 
after repression exceeds the amount of InGP synthetase 
made. One explanation for this observation is that tho 
AmRNA is stable and ribosomes re-attaeh and translate 
this region. Another possibility is that more AmRNA is 
produced by repeated transcription of the operator-distal 
portion, such transcription being initiated at internal sites 
within the operoa!*. 





Table 2. TIMING OF ENZYME APPEARANCE AFTER DEREPRESSION AND OF 
ENZYME FORMATION CESSATION AFTER REPRESSION 
(D 
Enzyme ao 
appearance Enzyme cessation (1D-(D 
Gene after after repression Difference 
derepression imin) (min) 
(min) 
E 2-5 2010 ~05+10 
E-D 45 6-0410 1-5 + b+) 
c 6-5 8-04 1-0 p5tro 
E! 8&5 1304 10 4:52 1-0 
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Fig. 4, A-D. 


fifteenth minute of derepression. The control culture was not repressed by L-tryptophan. 


synthetase Coll; C, InGP synthetase; 


To-check these possibilities and to gain an insight into 
the events associated with repression, we have carried 
out transcription studies. The results obtained are 
shown in Fig. 5. It is clear from the figure that the syn- 
thesis of the different regions of trp-mRNA is repressed 
sequentially, again in the same order as the structural 
genes. From the data illustrated in Fig. 5, and other 
data", it was coneluded that the synthesis of the 
EmRNA, DmRNA and CmRNA stops 1, 3 and 45 min 
after repression, respectively. The synthesis of the 
AmRNA, however, proceeds at a reduced rate fcr several 
minutes after the 8 min period required for one round of 
transcription". This finding favours the second explana- 
tion for the continuous synthesis of the x subunit of 
tryptophan synthetase after repression. The first pos- 
sibility is also excluded by the recent finding by Baker 
and Yanofsky!! that trp-mRNA is degraded from the 
3'-end (trp A end) of irp-mRNA. 

Tt is of considerable interest that the synthesis of the 
first. enzyme, anthranilate synthetase Col, comes to a 
halt within 3 min after the onset of repression. In view of 
the fact that the synthesis of EmRNA continues for 1 min 
after repression, this is remarkably rapid. Because syn- 





The procedure was identical with that described in Fig. 2, except that excess tryptophan (85 pa/ml.) was added at ihe 
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Fig. 5. Sequential transcription of the trp-operon during repression. 

Conditions were the same as described in Fig. 3, except that pulse- 

labelling with (*H)-uridine was carried out for periods of 1 nin after 

repression which was initiated by the addition of 50 uin. of purvp $ 

phan at the sixteenth minute after derepression, — OE, E-DmdiNA 
€. EnRNA; O, C-AmRNA; @, ion RA. 
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thesis of the second enzyme comes to a halt 6 min after 
repression, in spite of the fact that synthesis of DmRNA 
is repressed at the third minute, it is tempting to suppose 
that at the operator-proximal end of the operon transcrip- 
tion and translation are closely linked. Perhaps repressor 
somehow blocks the translation of the proximal portion 
of the EmRNA without interfering with the translation of 
more operator distal regions. Experiments to examine 
this possibility are in progress. 

We thank Dr Charles Yanofsky for advice and for the 
opportunity of reading his manuscript before publica- 
tion. We also thank Dr Irving P. Crawford for his helpful 
suggestions and Dr Aizo Matsushiro for his continued 
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from the Japanese Ministry of Education. 
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Minimal Model for the Mechanism of Antibody Induction and 


Paralysis by Antigen 


by 
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California 


THe model put forward here is based on the belief that 
animals capable of immunological responsiveness contain 
antigen sensitive cells which possess antibody molecules 
on their surface as antigen receptors. Each cell can 
recognize only one or a few antigenie determinants and 
can receive on interacting with antigen a signal either for 
paralysis or the induction of further antibody formation. 
We wish to develop the hypothesis that the signal for 
paralysis results from a reaction of a polyvalent receptor 
antibody on the antigen sensitive cell with one antigenic 
determinant, and that the signal for further antibody 
formation results from the interaction of a polyvalent 
receptor with at least two identical antigenie determinants 
held rigidly apart. The introduction gives a short 
justification for the beliefs on which the model is based. 

We assume that (1) there is no mechanism by which a 
cell can utilize a stereochemically defined configuration 
to determine the structure of a protein complementary to 
that configuration, and (2) any specific recognition of an 
antigen must occur through an interaction between the 
antigen and antibody. 

Antibody induction and paralysis must involve a 
combination between antigen and the corresponding 
antibody, which is assumed to be on the surface of an 
antigen sensitive cell. Because this interaction per se 
does not lead to paralysis or antibody induction, there 
1nust be a site in the antigen sensitive cell which recognizes 
that antibody and antigen have interacted; we assume 
that this “interaction recognition site" is complementary 
to the receptor antibody. The amino-acid sequences of 
antibody molecules are known to consist of variable and 
invariant regions’. The “interaction recognition site" is 
most likely to be complementary to an invariant part of 
thereceptor. In the context of a somatie variation model! 
for the origin of the antibody genes, the "interaction 
recognition site" cannot be complementary to a variable 
part of the antibody molecule, for this would require the 
“interaction recognition site" to be continually modified 


Immunological paralysis occurs when one antigenic determinant 
binds to one receptor antibody on an antigen sensitive cell, whereas 
induction requires the stretching of that receptor on binding two 
identical determinants held together by carrier antibody. 


as the diversity of autibody genes is generated. In the 
context of a germ line model? for the antibody genes, a 
similar argument can be made at the evolutionary level. 

From these considerations we conclude that the inter- 
action between antibody and antigen must result in 
conformational changes in an invariant part of the 
antibody moleeule. Because the recognition of a given 
receptor antibody-antigen interaction must also be 
specific, the “interaction recognition site" for two antibody 
molecules of different specificity but with identical 
interaction regions must be physically isolated from one 
another. This condition is satisfied if each cell possesses 
no more than one kind of receptor specificity with any 
particular invariant interaction region. Thus the maxi- 
mum number of different specificities to which an antigen 
sensitive cell can be responsive is the number of invariant 
regions used for recognition. 

Gowans has shown that in many types of response the 
thoracic duet small lymphocyte is an “immunologically 
competent cell’, We assume that the “immunologically 
competent cell” is an antigen sensitive cell. 

It is generally accepted that any given antigen sensitive 
cell can be either induced or paralysed as a consequence 
of its interaction with antigen. This is not obvious a 
priori, but will be assumed here and has been discussed 
by Dresser and Mitchison*. This assumption necessitates 
that two distinct signals be provided, one for paralysis 
and one for induction. 

The aim of the model is to provide a minimal description 
of the way in which an interaction between antigen and 
receptor antibody on the antigen sensitive cell provides 
the signals for antibody production and paralysis, Such 
a description must account for the conditions which are 
known to favour paralysis and antibody induction, and 
should lead to a satisfaetory explanation of the stability 
of tolerance to self components. The model is not con- 
cerned with the way in which new antigen sensitive cells 
are generated. 
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The discussion is chiefly concerned with the immuno- 
genic and tolerogenic action of soluble monomeric antigens. 


Experimental Conditions for Antibody Formation and 
Tolerance 


Much experimental evidence has been obtained to define 
the conditions which favour paralysis, or the establish- 
ment of a tolerant state, and those which favour antibody 
induction. Some generalizations have been made*5, the 
most important of which we describe here. (A fuller 
account of the experimental conditions is given in the 
review by Dresser and Mitchison‘.) 

(1) There is competition between low-zone paralysis 
and antibody induction. Injection of low doses of weak 
immunogens (^ 10-* M for bovine serum albumin (BSA) 
in mice)® causes low-zone paralysis. Similar doses of 
strong immunogens, which result in antibody induction in 
normal mature adults, can cause paralysis if injected in 
conditions which are unfavourable to or prevent antibody 
induetion; thus injection of the strong immunogen 
lysozyme into newborn or X.irradiated adult mice can 
result in paralysis‘. 

(2) In the competition between low-zone paralysis 
and antibody induction, aggregation of antigen favours 
induction’. Doses of a weak immunogen larger than those 
which cause low-zone paralysis result in antibody induc- 
tion (^ 10-7 M for BSA in adult mice)*. 

(3) Large doses of antigen cause high-zone paralysis 
(710-5 M for BSA in adult mice)*. 

(4) For an antigen to be immunogenie at least two 
antigenie determinants to which the animal is not tolerant 
must be present on it*?. Evidence for this generalization 
is very strong. A good example comes from experiments 
using hapten poly-L-lysine (PLL) conjugates*. In PLL 
non-responding guinea-pigs, this antigen cannot act as an 
immunogenically effective carrier for a hapten, although 
it can do so in guinea-pigs responsive to PLL alone. 
Furthermore, antibodies are induced to the hapten in 
non-responders if the hapten PLL conjugate is complexed 
with, for example, bovine serum albumin (BSA), but 
antibodies are not induced if the non-responders are made 
tolerant to BSA. The simplest interpretation of these 
observations is that, in order to induce antibody to the 
hapten, the carrier must be recognized by antibody, as 
suggested by Jerne* and Mitchison*; this requirement 
cannot be fulfilled in non-responders, because they possess 
no antibody against PLL, unless the PLL is complexed 
with a foreign molecule. This evidence shows that the 
antibody recognizing the carrier determinant is specific. 
Further observations in favour of this generalization have 
been obtained from other experimental systems!*.!!, 

(5) Persistence of the tolerogen is required to maintain 
the tolerant, or paralysed, state. Paralysis can be broken 
deliberately by the injection of antigens which cross-react 
with the tolerogen!*; the injection of the original tolerogen 
together with the cross-reacting antigen interferes with 
the recovery from paralysis??:!4, 

(6) Paralysis must result in certain antigen sensitive 
cells being inactivated (probably killed). The recovery 
from paralysis can be most simply understood by postu- 
lating that new antigen sensitive cells are continually 
produced. These cells will be called virgin antigen 
sensitive cells. 

(7) An antigen, in order to be immunogenic, must be 
macromolecular. This requirement is not known to be 
necessary for a molecule to cause either low or high-zone 
paralysis; the available evidence, though not decisive, is 
against such a requirement. 


Doses for Low-zone Paralysis and Antibody Induction 
The observation that for weak immunogens low doses 
favour paralysis and higher doses favour antibody induc- 
tion can be explained by the hypothesis that the inter- 
action of a single antigen molecule with one cell receptor 
leads to paralysis whereas an interaction with more than 
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one antigen molecule is required for antibody induction. 
Inereasing the antigen dose would thus increase the rate 
of antibody induction compared with that of paralysis, and 
thus favour induction in the competition between these 
two processes. 


Carrier Effect in Antibody Induction 

The experiments on hapten-earrier conjugates such.as 
the hapten-PLL system show that the carrier effect in 
antibody induction is carrier specific. This implies that, 
while one determinant on an antigen molecule is recog- 
nized by the receptor antibody on the antigen sensitive 
cell, at least one other determinant must also be speci- 
fieally recognized if the antigen is to be immunogenic. 
This determinant is postulated to be recognized by carrier 
antibody. The carrier antibody could be present (a) on 
another cell which can be associated with only one or & 
few specificities (for example, another antigen sensitive 
cell), (b) on a cell which ean adsorb carrier antibody of 
any specificity (for example, a macrophage) or (c) as free 
antibody. We do not consider the first possibility likely 
for several reasons, the most important of which is that 
the induetion of an antigen sensitive cell would then 
require an antigen moleeule to interact simultaneously 
with two cells which are presumably rare; because we are 
dealing with a minimal model, only the latter two cases 
will be considered. But if the first possibility were correct 
the model would not require major changes. 

Thus if the antigenic determinant recognized by the 
antigen sensitive cell is called a, and the carrier deter- 
minant is called c, a minimum requirement for antibody 
induction is the presence of an antigen sensitive cell 
committed to producing anti-a antibody and. the carrier 
antibody of specificity anti-c. In order to interpret the 
evidence on the carrier effect in the hapten-PLL system’, 
it is necessary to postulate that there is not an effective 
level of carrier antibody with specificity for an antigen 
to which an animal is tolerant, but that there is an effective 
level of carrier antibody for a foreign antigen. 


Breaking of Tolerance 


Several authors have suggested"? that a different 
type of carrier effect is operative in the establishment. of 
paralysis. By this is meant that the part of an antigen 
which is recognized by cells in the establishment of 
paralysis, or tolerance, extends over a wider area than that 
recognized by antibody''". We believe that paralysis is 
established through the recognition of an antigenic. . 
determinant by receptor antibody; in other words, there 
is no carrier effect in paralysis. Our hypothesis never- 
theless gives a satisfactory account of the evidence on 
which the supposition of a carrier effect in paralysis was 
based. The argument for a carrier effect in paralysis was 
drawn from the pattern of tolerance breakdown by various 
antigens which cross-react with the tolerogen**, and the 
apparent inability of a non-immunogenic antigen to 
paralyse!*. 

Consider an animal whose tolerance to antigen A, with 
determinants ays, can be broken by administration of 


an antigen B, having determinants a,-a,, which cross- 
react with a;n and with foreign determinants b,-b,,. 


If a virgin antigen sensitive cell with specificity anti-a, 


appears, it may be induced to make anti-a, antibody by 
antigen B, because this antigen has determinants 5,—5,, 
to act as carrier sites; in this way tolerance to A can be 
broken. Moreover, it is observed that if A and B are 
injected simultaneously, the tolerant state of the animal 
towards A is much less easily broken!*/*; this is to be 
expected because A cannot act as an immunogen but can 
aet as a tolerogen and the additional a determinants will 
favour paralysis in the competition between paralysis 
and antibody induction. The view that the specificities 
of those antibodies raised against A by the injection of 
B were not originally paralysed by A on account of the 
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weakness of their interaction with A is untenable. If 
this view were correct, the injection of A together with 
B would be expected to have no effect on the induction 


of antibody to determinants d,-d,,. After the tolerant 
state towards A has been broken, immunization with A 
results, in favourable circumstances, in a response against 
A although the risk of reparalysing the animal is 
considerable. 

With the lactic dehydrogenase (LDH) isozymes!*, it 
appears that the non-immunogenic form, LDH I, is also 
non-tolerogenie. In an animal injected with LDH I no 
paralysis to LDH I could be clearly detected by immuniz- 
ing with LDH III, which is a conjugate of the non- 
immunogenic (LDH 1) and the immunogenic forms 
(LDH V) of LDH. This immunization resulted in a 
normal response of antibodies to LDH I. Our interpreta- 
tion of these results is that LDH I is tolerogenic, but that 
the injection of LDH III results in the tolerance to 
LDH I being broken by the sequence of events described 
here, In other words, the assay used is unable to detect 
the tolerogenic activity of LDH I. 


Stability of Tolerance to Self Components 

The existence of a carrier effect in induction and the 
absence of a carrier effect in paralysis enable us to 
understand the stability of tolerance to self components. 
The argument depends, however, on whether or not a 
virgin antigen sensitive cell, as opposed to a memory 
antigen sensitive cell (which occurs as a consequence of a 
previous encounter between a virgin antigen sensitive 
cell and antigen), seeretes carrier antibody; there is no 
pertinent experimental evidence, and so we develop two 
arguments based on each of these alternatives. 

Consider the case in which virgin antigen sensitive 
colla secrete carrier antibody and in which tolerance to a 
self-component A with determinants a,-a,, has been estab- 
lished. Suppose a new antigen sensitive cell with specifi- 
city anti-a, is produced in the presence of A. The deter- 
minant @, is recognized as "foreign". The self component 
A will be non-immunogenie because it possesses only one 
"foreign" site; but in addition, because there is no carrier 
effect. in the induction of paralysis, A will paral 
anti-a, cell. Even if two antigen sensitive cells of different 
specificity are produced simultaneously, tolerance can 
still be maintained; the stability of tolerance is assured 
if the time taken to paralyse the two antigen sensitive 
cells is considerably shorter than that required by a virgin 
antigen sensitive cell to build up an effective concentration 
of carrier antibody. 

In the case we consider more likely, in which virgin 
antigen sensitive cells do not secrete antibody. the presence 
of antigen sensitive cells specific for the self component A 
will not result in antibody induction unless earrier antibody 
is present. Once a tolerant state has been reached, how- 
ever, earrier antibody is absent and toleranee is stable; 
in the absence of carrier antibody, carrier antibody cannot 
be indueed. "Thus an animal which has never before 
produced antibody against any determinants cannot 
respond inductively to any antigen unless it has been 
provided passively with carrier antibody. Such carrier 
antibody may be aequired early in life from maternal 
sources!*1$, 














Low and High-zone Paralysis 

We have argued that low-zone paralysis is mediated by 
single antigen molecules, and that antibody induction 
involves more than one molecule of antigen interacting 
with the antigen sensitive cell. We have also postulated 
that antibody induction involves carrier antibody. On 
the basis of these considerations, we make the plausible 
hypothesis that antibody induction results from an inter- 
action between an antigen-carrier antibody complex and 
the receptor antibody. Consider the low level of carrier 
antibody which we have reason to believe occurs in a 
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naive animal. Low-zone paralysis involves the receptor 
binding a single antigen molecule, which may or may not 
be complexed with carrier antibody. Medium sized doses 
of antigen will complex with the carrier antibody to yield 
inducing aggregates which contain more than one mole- 
cule of antigen. Large doses will result in excess free 
antigen sufficient to paralyse the antigen sensitive cells 
before they are induced by the low level of complexes 
present. These arguments, based on the phenomena 
associated with low-zone paralysis and antibody induc- 
tion, are thus in accord with the existence of high-zone 
paralysis and show that the mechanisms of low and high- 
zone paralysis are the same at the level of the antigen 
sensitive cell. 


Antigen-Receptor Interactions in Paralysis and Induction 

From these discussions we conclude that receptor 
antibody on an antigen sensitive cell which is com- 
mitted to a specificity anti-a must bind one antigen mole- 
cule in order to generate a specific signal for paralysis. 

To generate the specific signal for antibody induction 
the receptor must: (a) recognize the macromolecular 
aspeet of the antigen, and (b) bind two or more antigen 
molecules which are complexed together by carrier anti- 
body. 

These two types of interaction must lead to specific 
signals, and so each must result in a different conform- 
ational ehange in an invariant part of the polyvalent 
receptor antibody. It is thus appropriate to discuss the 
evidence that conformational changes are induced in 
antibody on interaction with antigen. 

It is known that IgG antibody molecules, on complexing 
with large antigens, show a conformational change in the 
common part (or invariant part referring to primary 
sequence) of the molecule. Evidence from serological?*-** 
and eleetron mieroscopic?! studies shows that the 
conformational change is best described as being caused 
by stretching of the antibody molecule as a result of 
simultaneously binding two identieal determinants which 
are held rigidly apart. In the case of monomeric macro- 
molecular antigens, stretching of the antibody is accom- 
plished by complexing with two antigen molecules. 
Additional evidence for the stretching concept comes 
from the fact that complexed antibody, as opposed to 
hapten-bound or unbound antibody, fixes complement. 
We propose that the signal for antibody induction occurs 
when the receptor antibody is stretched between two or 
more identical determmants, and that the macromolecular 
aspect of the antigen is required to cause such stretching. 
Carrier antibody is needed to ensure that two or more 
antigen molecules bind to the polyvalent receptor simul- 
taneously. The conformational change which results 
from stretching is expected to extend to both the Fab 
and Fe portions of an IgG molecule, whereas the conforma- 
tional ehange resulting from the binding of one antigenic 
determinant may be limited to the Fab portion of an 
IgG molecule. 

The model for paralysis is schematically represented in 
Fig. 1, and for antibody induction in Fig. 2. The model 
predicts that a hapten can be tolerogenie; however. as 
diseussed in the ease of the non-immunogenie form of 
lactic dehydrogenase, it is difficult to assay for the tolero- 
genie activity of a non-immunogenic molecule in a straight- 
forward manner. A further prediction is that binding of 
hapten to antibody results in a conformational change in 
an invariant part of the molecule. "There is little evidence 
that antibody behaves in this way on binding a hapten; 
the occurrence of this conformational change is a strong 
and testable prediction of the model. It ought to be 
stressed that both models are minimal models. 


Induction and Paralysis by Particulate and Polymeric 
Antigens 


According to our model, large polymerie antigens could 
in a single hit and in the absence of carrier antibody stretch 
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Fig. 1. 


the receptor and thereby induce antibody. Such a mechan- 
ism, however, would not allow maintenance of tolerance to 
large polymeric self components. In addition, there is 
evidence for a carrier effect in antibody induction by 
cellular antigens". We therefore conclude that the 
conditions postulated for antibody induction for mono- 
meric antigens will also hold for polymeric antigens, such 
as erythrocytes. We suggest that in vivo such large poly- 

mers do not reach virgin antigen sensitive cells intact, 
but are engulfed by phagocytic cells and broken down into 
small units; these units cannot stretch the receptor unless 
several of them are complexed together by carrier antibody. 


Implications of the Model 


There are several implications and problems arising 
from the model which we would like to discuss briefly. 

(1) Carrier antibody probably belongs to a special class 
of antibody; this would be the case if it is cytophilic, 
which we favour. Passive administration of specific 
antibody is usually found to inhibit the response to the 
corresponding antigen". This result is not inconsistent 
with the carrier antibody concept for several reasons; 
the most important reason is that, even if the adminis- 
tered serum contains a small amount of carrier antibody. 
the non-earrier antibody may provide an overwhelming 
inhibitory effect. 

The problem of whether the carrier antibody belongs 
to a special class is particularly relevant to the detailed 
structural requirements for stretching the receptor. When 
assayed by serological techniques, bovine serum albumin 
does not seem to cause stretching of IgG antibody in 
conditions of large antigen excess, that is, in complexes 
(Ag,Ab), though the larger antigen ferritin does?".?! 
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Fig. 2. Schematic representation of antibody induction in an antigen 
eR cell by antigen. (The broken line represents the cell membrane 
to which carrier antibody may be bound—see text.) 
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Schematic representation of paralysis of an antigen sensitive cell by antigen. 
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We cannot deduce from these observations that two mole- 
cules of BSA are insufficient to cause stretching of the 
receptor because nothing is known about the structure of 
earrier antibody, nor the way in which the requirements 
for stretching might be modified if earrier antibody were 
on a membrane surface. If two molecules were insufficient, 
a complex with more than two moleeules of antigen 
could cause stretching. 

(2) We assumed in the discussion of the relationship 
between low and high-zone paralysis that carrier antibody 
was present in small amounts. To achieve a good second- 
ary response to a hapten, the hapten must be conjugated 
to the protein used in the primary immunization". "These 
observations show that increased antibody production 
in a secondary response is partly a consequence of an 
increase in the amount of carrier antibody produced as 
a result of primary immunization. Thus in the primary 

response carrier antibody is not present in large EXCESS, 

(3) The half life of carrier antibody cannot be long 
compared with the time needed to establish tolerance. 
This suggests that antigen sensitive memory cells, as 
opposed to virgin cells, secrete a significant amount of 
carrier antibody without being stimulated by antigen. 

(4) The explanation for spontaneous recovery from 
paralysis depends on whether or not virgin antigen 
sensitive cells secrete carrier antibody. In the former 
case, spontaneous recovery from paralysis would involve 
a build-up of antigen sensitive cells and carrier antibody: A 
in the latter case there could be no truly spontaneous . 
recovery, and an animal could only recover if it came 
into contact with an antigen which cross-reacted with the 
tolerogen. 

(5) The geometrical re lationship between two deter- 
minants on a molecule, a and ¢, in which e can act as the 
carrier site to induce anti-a antibody, is not known. The 
flexibility of IgG antibody revealed by electron miero- 
scopy” suggests that the relationship may not be stringent. 
Geometrical considerations suggest that for instances in 
which only two molecules of antigen are required to 
stretch the receptor, the two determinants a and c cannot 
be very close together. 

(6) One of the basie but undiscussed assumptions of the 
model is that an antigen sensitive cell is sensitive to 
signals both for paralysis and antibody induction. h- 
out this assumption, we would be unable to explain the 
results showing tolerance abrogation by cross-reacting 
antigens, and the inhibition of this recovery by the simul- 
taneous injection of the cross-reacting antigen and the 
original tolerogen'®-4, 

(7) The conformational changes which are believed to 
constitute the signal for antibody induction include the 
conformational change which is the signal for paralysis 
(that is, stretching involves binding). This may be 
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important in ensuring that any structurally aberrant 
antibody molecules whieh are unable to mediate the 
signal for paralysis are also not inducible. 

(8) We do not believe that the primary and secondary 
response are different as far as the basic mechanism of 
antibody induction is concerned. 

(9) The model requires that receptor antibody, and 
thus all antibodies, ean exist in three states: unbound, 
bound and stretched. The observation that light chains 
from à given immunoglobulin preferentially dimerize 
together rather than with other randomly chosen light 
chains** shows that in one of the selected states of the 
antibody molecule there must be a light chain—light chain 
interaction. It is therefore expected that the two Fab 
portions of an IgG molecule, which are not in contact 
in the stretched state, are in contact in either the bound or 
unbound, or in both, states. The difference in structure 
between the unbound and bound states of an IgG molecule 
may involve an alteration in this interaction. 

(10) The model is consistent with the observation that 
aggregation of antigenic material favours antibody 
induction’. 


Summary of the Distinctive Features of the Model 


(1) All specific signals involve an interaction between 
antibody and antigen which results in a conformational 
change in an invariant part of the antibody molecule. 
Two distinct signals are envisaged, one for paralysis and 
another for induction. 

(2) The signal for paralysis results from the binding of 
a single determinant to the receptor which causes a struc- 
tural change in an invariant part of the receptor, and thus 
all, antibody molecules. 

(3) The inductive signal results from the receptor being 
stretched by binding two or more identical antigenic 
determinants which are held rigidly apart; carrier anti- 
body is needed to ensure that the one receptor will bind 
two or more antigenic determinants simultaneously. 
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(4) The model provides an explanation for the stability 
of tolerance to self components. 
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Morphological Conversion, Hyperconversion and Reversion 
of Mammalian Cells treated in vitro with N-Nitrosomethylurea 


by 


F. KINGSLEY SANDERS * 
BARBARA O. BURFORD 


Virus Research Unit, 
MRC Laboratories, 
Carshalton, Surrey 


We have already described how cells from a selected, 
continuously cultured line of Chinese hamster fibroblasts 
acquired the ability to generate clones of cells with an 
altered pattern of colony growth when treated briefly in 
vitro with N-nitrosomethylurea (NMU)!; the remarkable 
oncogenic power of this, and related substances, in vivo 
has been summarized by Magee and Barnes?*. Instead of 
thin, flat colonies with radially arranged, parallel cells, 
many of the new colonies were many layered, and the 
cells within them grew at random with respect to one 
another. Converted cultures the growth pattern of which 
had changed in this way also contained cells with the 
power to grow into tumours when inoculated into the 
cheek pouches of young, cortisonized, Syrian hamsters. 
We have now also studied the effect of NMU in vitro on 
a number of other cell lines. They came originally from 
various animal species (Chinese hamster, Syrian hamster, 
* Present address: Sloan-Kettering Institute, New York. 


Mammalian cells, spontaneously neoplastic, rendered so by polyoma 
SV40, Rous virus, carcinogenic hydrocarbons, or latently infected by 
an unidentified non-oncogenic agent, were more sensitive to the 
toxic action of N-nitrosomethylurea than cells not so altered. 


rat, mouse, rabbit and man). Some were "normal"— 
though continuously transferable—cell lines*?*. Others 
came originally from tumours*, or had "spontaneously" 
acquired the power to induce tumours while growing in 
eulture?; one was latently infected by an unidentified 
agent (our unpublished results). Yet others had already 
been converted in vitro by SV40 (ref. 6), polyoma’, and 
Rous sarcoma (RSV) viruses*?, or the polycyclic hydro- 
carbons 3-4 benzo (a) pyrene, and 8-methylcholanthrene*. 

With one exception, all cell lines which had previously 
been altered in any way, by virus infection, chemical 
treatment or by the "spontaneous" acquisition of tumour- 
inducing capacity either in vitro or in vivo, were four to 
eight times as sensitive as "normal" cells to poisoning by 
NMU in the conditions used. Furthermore, cells from 
lines previously converted by SV40, polyoma or carcino- 
genie hydrocarbons, which survived treatment with 
NMU, gave rise to new clones the morphology of which 
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was even further altered —a phenomenon we have termed 
"hyperconversion". Two mammalian cell lines already 
converted by non-defective strains of Rous sarcoma virus 
(RSV)*? behaved somewhat differently. One of them, a 
line of Chinese hamster cells*, was very sensitive to the 
toxic action of NMU, but gave a high proportion of 
colonies the morphology of which resembled that of 
clones of normal Chinese hamster fibroblasts—namely. 
the resumption of growth in thin layers with parallel 
orientation; this change we refer to as morphological 
"reversion". The second cell line®, derived from a trans- 
plantable tumour induced by RSV in newborn rats, was 
as resistant to NMU as normal cells, and has not yet shown 
reversion in the conditions selected. 

Before the experiments began, each cell line was eloned 
by two successive single-colony isolations. This was done 
to minimize variation in colonial form when they were 
eventually plated and scored for alterations induced by 
NMU. A working stock was then prepared by growth in 
Roux bottles, and subsequently stored at — 70? C in 
growth medium containing 10 per cent dimethyl sulph- 
oxide. Subcultures from these frozen stocks were used as 
a source of cells for experiments; no cells were so used 
whieh were more than fifty cell generations away from 
the frozen stock. Except where otherwise stated, the 
media, methods of cell cultivation, the mode of treatment 
with, and storage of, NMU were the same as those used 
previously'. The following were the cell lines the response 
of whieh to NMU was investigated. 

Syrian hamster cells. Two clones of cells from the 
BHK21 line? were received from Professor M. Stoker: 
(a) a clone (BHK21/13)' of the original untrans- 
formed cell line, used at an early passage level; (b) 
a polyoma virus-transformed clone (BHK21/13/Py6)!™! 
derived from the first, (a). 

Chinese hamster cells. Seven distinct lines were used: 
(a) a pseudodiploid, male, lung tissue cell line? (CH/L), 
with a history of serial cultivation as monolayers on glass 
or plastic; this was the cell line used in our previous 
experiments with NMU (ref. 1); (b) a derivative of 
these cells (CH/LAg), carried for more than fifty suecessive 
transfers in soft agar, and which had acquired a limited 
capacity to cause tumours in the cheek pouches of Syrian 
hamsters*; (c) a further derivative of this same cell 
line (CH/LSV40), isolated in soft agar following trans- 
formation by SV40 virus*; (d) and (e) two further 
variants (CH/LBP and CH/LMCh) which had both 
aequired the capacity to form tumours after prolonged 
treatment with 3-4 benzo (a) pyrene (BP), and 8-methyl- 
cholanthrene (MCh), in soft agar culture*; the former 
grew well in the presence of 6 ug/ml. of BP in the medium, 
and the latter when MCh was present at a concentration 
of 8 ug/ml.; both are concentrations of hydrocarbons 
which are normally toxic to cells; (f) a continuous line 
of apparently normal Chinese hamster cells (CH/O), with 
a somewhat different morphology from CH/L, ultimately 
derived from ovary, and received from Dr Nias; we 
found it to be latently infected by a so far unidentified 
agent (our unpublished results); (g) the last Chinese 
hamster cell line (RSCH), obtained through the courtesy 
of Dr J. Svoboda, was derived by co-cultivation of Chinese 
hamster embryo fibroblasts with chick embryo cells con- 
verted by the Schmidt-Ruppin strain of Rous sarcoma 
virus*. On subculture a Chinese hamster tumour cell line 
was selected, carrying the RSV viral genome, but normally 
not producing Rous virus’. 

Other cells. Five other sorts of cells were tested: (a) a 
continuous line of rabbit kidney epithelial cells (RK), 
obtained from the Veterinary Laboratories, Weybridge; 
(b) the L-929 strain of C3H mouse fibroblasts, which in 
our hands produced tumours in about 50 per cent of 
C3H mice inoculated; (c) HeLa cells; and (d) and (e) two 
lines of continuously cultivable rat cells. (d) The first 
of these (XC) came from a transplantable tumour induced 
in a newborn rat by inoculation with the Prague strain 
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of RSV (ref. 9), and was subsequently maintamed in 
tissue culture. (e) Was a strain of continuously cultivable 
cells (RNPH) derived from a rat nephroma!*, originally 
obtained from the Sloan-Kettering Institute, New York. 

Trypsinized, washed, suspensions of cells from mop- 
layer cultures were suspended in growth medium at a 
standard concentration of lx 10%/ml. and distributed: in 
l ml. volumes in a number of small silieone-rubber 
stoppered vials. NMU freshly dissolved in phesphate- 
buffered saline (PBS) was added to the vials to be treated 
to give concentrations ranging from 5 ug to 100 ug/ml.; at 
least five different concentrations in this range were used 
in each single experiment. After 2 h the mixtures were 
diluted in growth medium, and a volume estimated to 
eontain 1 to 5x10? cells (depending on the plating 
efficieney of the strain used) plated without a feeder layer 
in 5 ml. of medium. Plates were incubated for 14 days in 
& water-saturated atmosphere containing 5 per cent of 
CO,, and studied after staining with erystal violet. 

The plating efficiency of different cell strains varied 
eonsiderably, and the values for the cells used given in 
Table 1 can be regarded only as approximate. Some of 
them (CH/LAg, XC, L) are almost certainly too low, for 
these cells tend to detach from the upper part of growing 
colonies, settle elsewhere in the dish and grow into satel- 
lites. Small colonies which might have been satellites were 
not counted, and the result is probably an underestimation 
of the plating efficiency of these strains. Different batches 
of the same cell type can also vary; the plating efficieney 
of CH/L, for example, can fluctuate between 10 and 30 
per cent. In the case of each series of concentrations of 
NMU tested with a particular cell type, however, a set 
of plates without drug seeded with the same batches of 
cells and medium has been included; this served to 
minimize possible errors arising from this source. Further- 
more, in every ease sufficient cells were plated te ensure 
that each of the control plates without NMU produced 
at least 100 colonies. 








Table 1. RESPONSE OF VARIOUS MAMMALIAN CELLS TO TREATMENT WITH 


N-NITROSOMETHYLUREA (NMU) 


Plating Morphological response 
Cell type efSciency *I Dyo Con- Hyper- Rever- 
(per cent) (ug/ml) version conversion sion 

Syrian hamster cells: 

(a) BHK21/13 2-6 20:0 + 

(b BHK21/13/Py6 98 45 
Chinese hamster cells 

(a) CHIL 20-0 37-0 + 

(b) CH/LAg >38 85 + 

(c) CH/LSV40 52 6-0 + 

(d) CH/LBP 13-7 Th + 

(e) CH/LMCh 9:0 8-0 + 

(f) CH/O 141 40 + 

(g) RSCH 17-5 A5 * + 
Other cells 

(a) RK (rabbit) 14 32:0 = 

(b) L-929 (mouse) 2 10-0 2640-0 2 

(c) HeLa (man) 34-0 € * 

(d) XC (rat) z16:4 24-0 a 

(e) RNPH (rat) 1ró 50 + 


Source and nature of cells in text. 


*I D: = concentration of NMU required to reduce plating eficieney by 50 
percent. 


The effect of different concentrations of NMU on the 
plating efficiency of the two Syrian hamster cell lines is 
shown in Fig. 1; the effect on Chinese hamster cells in 
Fig. 2; and the effect on other, miscellaneous cell strains 
in Fig. 3. From these figures it is possible to find, by 
interpolation, the concentration of U (ug/ml.) that will 
reduce the plating efficiency of a given cell strain by 
50 per cent in 2 h at 37? C (ID,,). These values, which 
show the relative sensitivity of different cells to NMU, 
are given in the second column of Table 1. The cells 
investigated fall essentially into two groups, one con- 
sisting of cell lines sitive to less than 10 ug/ml. of NMU, 
and the other which requires 24-40 ug/ml. of NMU to 
achieve the same effect. Thus with the Chinese and Syrian 
hamster cells both the untreated cell lines (CH/L: BHK- 
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21/13) require 4-4—8-2 times as mueh NMU to reduce 
their plating efficiency by 50 per cent as do related cells 
the mode of growth of which has been altered, whether by 
selection (CH/LAg), polyoma or SV40 virus transforma- 
tion (BHK21/13/Py6; CH/SV40), or carcinogen treatment 
(CH/BP6, CH/MCh8). Some tumour cells are differ- 
entially sensitive to poisoning by NMU in vivo. Suguira'? 
tested the effect of NMU, as well as the related com- 
pound 1,3-bis (2 chloroethyl)-1-nitrosourea (BCNU) on a 
spectrum of rat and mouse tumours. NMU, although less 
active than BCNU, produced marked to complete in- 
hibition of the growth of nine out of twenty-nine tumours 
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Fig. 1. Toxic effect of nitrosomethylurea (NMU) on the capacity of 


two clones of Syrian hamster cells to form colonies in vitro. (C) Response 
of BHK21/13 cells; (@) response of BHK21/13/Py6, a polyoma-trans- 
formed clone derived from it. 


in a dose of 20 mg/kg a day. In contrast to these findings 
it has previously been reported that cells rendered neo- 
plastic by exposure to viruses or to carcinogenic hydro- 
carbons become able to resist concentrations of these 
compounds which would otherwise be lethal* t415, NMU 
sensitivity, however, is not necessarily correlated with an 
ability to cause tumours as such. This is shown by the 
response of the infected cell line CH/O (Chinese hamster). 
and the RSV-induced rat tumour cells (XC). The former 
does not cause tumours in the cheek pouch of the Syrian 
hamster when 2105 cells are inoculated and belongs to 
the group sensitive to NMU; the latter causes rapidly 
growing tumours in rats and is relatively resistant. 

Mycoplasma were isolated from BHK21/13 cells, and 
contamination was suspected, from a positive thymidine 
cleavage test, in L-929 and XC cells. None could be 
deteeted in any of the other cell lines, using either test. 
Contamination was always at a very low level; it was 
necessary to use 107 cells in each test to achieve a barely 
positive result. Cells were always plated at high dilution. 
and so we do not consider that the presence of myco- 
plasma can have influenced their response to NMU. 
Reduction of mycoplasma below the detectable level in 
BHK21/13 cells by subculture in the presence of "Kana- 
myein’, ‘Novobiocin’ and ‘Chloromyectin’ did not affect 
their response to NMU. 

Cell suspensions from almost all the strains tested, when 
treated with concentrations of NMU greater than IDo 
gave rise to colonies the morphology of which differed 
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seven different lines of Chinese hamster cells to form colonies in vitro, 
Explanation in text, 


from that seen in untreated controls. The morphological 
conversion of CH/L cells by NMU has already been de- 
scribed}. A somewhat similar change took place with 
BHK21/13. Untreated ceils gave rise to colonies growing 
in the manner noted by Stoker and Abel!*—as thin layers 
only a few cells thick, but exhibiting a marked parallel 
orientation, so that individual colonies consisted of whorls 
and bundles of cells resembling miniature sheaves of 
wheat. After treatment these cells gave rise to colonies 
sometimes many cells thick, in which the arrangement of 
the cells was considerably disordered, although they never 
exhibited the extreme diffuseness and disorientation shown 
by single colonies of untreated BHK21/13/Py6 cells 
(Fig. 4a). Untreated RK cells grew as irregularly shaped 
patches of epithelioid cells of uniform size; after treat- 
ment there was some piling up, but the most striking 
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Fig.3. Toxic effect of ritroscmethyhurea (NMU) on the capacity of RK 

(rabbit kidney), L-9829 (mo fibroblasts), HeLa cells, XC (RSV- 

induced rat sarcoma) and RNPH (rat nephroma) cells to form colonies 
in vitro. 
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Fig. 4. Two examples of hyperconversion by NMU, (a) BHK21/13/Py6, untreated; (b) BHK21/13/Py6, treated with 10 ug/ml 
(c) CH/LSV40, untreated; (d) CH/LSV40, treated with 10 ug/ml. of NMU. 


of NMI 
All are photographs of crystal violet-stained colonies, at the same 


magnification (bar = 2004). 


feature was the appearance of giant cells. Our stock of 
HeLa cells also gave colonies with an irregular outline, 
containing giant cells, after NMU treatment. These two 
epithelial cell lines, however, did not show the spectacular 
alterations seen in fibroblastic lines studied at the same 
time. In the case of L cells, it was difficult to be certain 
whether a morphological change had taken place (although 
they did prove resistant to the toxic action of NMU, see 
Table 1). This was because our stock of L-929, despite 
cloning. contained, as well as giant cells, at least two 
distinct types of cell, one of which gave rise to diffuse 
colonies when plated. The stock of CH/O used also con- 
tained two distinct cell types. Its pattern of growth 
differed also from CH/L, perhaps because it originally 
came from another tissue. But although belonging to the 
group of cells sensitive to NMU (Table 1). colonies of 
CH/O were morphologically typical of those given by 
"normal" cells, namely, growth in a thin layer with 
essentially parallel orientation. Both cell types present 
grew in this way, but after treatment with NMU they 
gave rise to colonies with thickened, raised. centres as 


much as twenty cells thick. while at the periphery of 
such colonies cells were randomly oriented with respect 
to one another. 

Hyperconversion. All the other cell types investigated 
grew as “converted” colonies when untreated cells were 
plated. The precise anatomy, in particular the diffuse- 
ness, of the colonies seen of course depended on their cell 
of origin, but they all exhibited disordered growth. After 
treatment with NMU all these different cell types, with 
the exception of RSCH, which will be discussed further 
later, gave a high proportion of colonies the form of which 
was still more anarchaie and the growth of which was some- 
times faster. so that the colonies produced in the treated 
cultures were larger than those in the controls. A typical 
example of this kind of change is shown in Fig. 45, which 
illustrates the effect of NMU on the Syrian hamster cell 
line BHK21/I3/Py6. Cells piled up to an even greater 
extent than in untreated colonies; there was great dis- 
order throughout the colony. as well as numerous giant 
cells scattered within it. The striking response of BHK21 
13/Py6 cells to NMU suggests that this compound may 
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well also affect the competence of BHK21 cells to trans 
form in response to infection with polyoma virus. It is 
well known that even at high multiplicities of virus 
infeetion, the frequency of converted colonies among 
those growing after plating is usually less than 5 per cent!?, 
although many more cells than this become infected. 
Further treatment with NMU, either of the cells or the 
virus, might increase the rate of conversion. The Chinese 
hamster cells, CH/LAg, CH/LSV40 (Figs. 4c and d), 
CH/LBP, CH/LMCh, also showed a change of the same 
sort when treated with NMU, and we have used the term 
“hyperconversion”’ to describe it. It can only be used at 
present with reference to lines where the mode of growth 
is predominantly fibroblastic. Cells which give disorderly 
colonies when plated without being treated with NMU are 
considered to be already converted, and thus show 
hypereonversion when they exhibit still further change. 
Whether the secondary change also alters the tumori- 
genie capacity of hyperconverted cells remains to be 
investigated. 

Reversion. 
RSCH cells in response to treatment with NMU (Fig. 55, c 


and d). As well as the appearance of hyperconversion, 
d LJ 
Fin. 5. Colonies of Chinese hamster RSCH cells stained with crystal violet 


A surprising finding was the behaviour of 
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also shown by the other cell strains, a new type of colony 
appeared in which parallel orientation and growth as thin 
layers were restored. The change induced by NMU re- 
sembled the spontaneous reversion of BHK21/13 cells 
transformed by RSV noted by Maepberson!*, and this term 
has also been used to describe it. The incidence of 
spontaneous reversion among untreated RSCH cells was 
extremely low; more than 2,000 colonies of these cells 
were examined without a single revertant being found. 
RSCH cells typically grew into colonies with a disordered 
morphology, the cells being piled up, with rounded cells 
at the apex of each colony (Fig. 5a). Reversion under 
NMU treatment, however, can occur with a very high 
frequency (up to 50 per cent), and its expression can be 
delayed for a minimum of one division after the com- 
pound has been diluted out. This is saggested by the 
occurrence of sectored colonies (Fig. 5c) and colonies con- 
sisting of a mixture of unchanged and reverted cells 
(Fig. 5d), as well as colonies consisting of reverted cells 
only (Fig. 55). When picked and subcultured the latter 
gave rise to subclones of similar cells still growing as thin 
layers with parallel orientation. RSCH cells are known 
to carry the RSV genome*, which is presumably expressed 





(a) untreated; (b) reverted colony of RSCH cells, after treatment 


with 5 ug/ml, of NMU; (c) RSCH cells (5 ug/ml. of NMU), sectored colony showing partial reversion; (d) RSCH cells (5 ug/ml. of NMU), colony 


of mixed reverted and non-reverted colls. 


See text. 


(For a and d, bar=200yu; for b and e, bar = 100g.) 
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in their mode of growth and ability to cause tumours. 
Treatment with NMU alters their mode of growth to one 
typieal of cells that lack the capacity to induce tumours, 
and this changed morphology is inherited. We have not 
yet determined whether revertants of RSCH cells induced 
by NMU (a) are capable of causing tumours in hamsters 
like the original RSCH cell line; (b) exhibit antigens refer- 
able to the viral genome; or (c) are susceptible to reconver- 
sion by co-cultivation with RSV-converted chicken cells*. 
So we cannot suggest how the relationship between the cell 
and the viral genome it contains is disturbed by NMU. 
We suspect, however, that the state of the RSV genome 
in the Chinese hamster cell may be a special one. Treat- 
ment of another Rous-transformed mammalian cell (XC) 
with NMU did not eause reversion, while as has already 
been stated the two cell-lines transformed by DNA 
viruses (CH/LSV40 and BHK21/13/Py6) underwent 
hypereonversion rather than reversion when treated. 

The existence of a situation in which morphological 
reversion can be induced by chemical treatment, however. 
offers.a unique opportunity to study, at the cellular level. 
what are the morphological features associated with the 
acquisition of a capacity to cause tumours. 


We thank the many colleagues with whom we have dis- 
cussed this work, and also Mr J. Green for techn al 
assistance. 





Received July 23, 1968, 


! Sanders, F, K., and Burford, B. O., Nature,218, 1171(1967). 

2? Magee, P. N., and Barnes, J. M., Ade. Cancer Res. 10, 163 (1 9671. 

? Hsu, T. C., Humphrey, R. M., and Somers, C. E., J. Nat. Cancer Inat., ae, 
839 (1964). 

* Macpherson, I., and Stoker, M., Virology, 16, 147 (1902). 

* Gey, G. O., Coffman, W. D., and Kubicek, M. Y., Cancer Res., 12, 204 
(1952). 

* Borenfreund, E., Krim, M., Sanders, F. Sternberg, 8. R., and Bendieh, 
A., Proc. US Nat. Acad. Sei., 56, 672 (1966), 

7 Stoker, M., Virology, 18, 649 (1962). 

$ Hlozanek, I., Donner, L., and Svoboda, J., J. Cell. Physiol., 68, 221 ( 19680). 

? Svoboda, J., Nat. Cancer Inst. Monog., 17, 277 (1964). 

= Stoker, M., and Macpherson, I., Nature, 208, 1355 (1964). 

11 Macpherson, L, J. Nat. Cancer Inst, 80, 795 £1963}. 

‘2 Babeock, V. I., and Southam, C. M., Cancer Res.,21, 130 (1964). 

13 Suguira, K., Cancer Res.,27, 179 (1907). 

4 Diamond, L., J. Cell Comp. Physiol., 68, 183 (1965). 

15 Berwald, Y.. and Sachs, L., J. Nat. Cancer Inst., 35, 641 11965). 

E iuri AE: and Abel, P., Cold Spring Harbor Symp. Quant. Biol. 27, 375 
(1962). 

u Stoker, M., Nature, 200, 756 (1963), 

‘8 Macpherson, 1., Science, 148, 1731 (1965). 











Rate-limiting Processes in Photosynthesis at 


Saturating Light Intensities 


by 


P. F. WAREING 
M. M. KHALIFA 


Department of Botany, 
University College of Wales, 
Aberystwyth 


K. J. TREHARNE 


Welsh Plant Breeding Station, 
Aberystwyth 


Tue shapes of the curves relating photosynthetic rates 
to light intensity (Fig. 1), which usually show that photo- 
synthetic rate approaches asymptotically a limiting value 
at high light intensities, have long been interpreted to 
indieate that carbon dioxide availability becomes the 
primary rate-limiting factor in these latter conditions, 
whereas at low intensities light is the limiting factor. 
More recently, it has been suggested that at saturating 
light intensities the photosynthetic rate is determined 
primarily by physical resistance to CO, diffusion in the 
mesophyll tissue of the leaf. Our own interest in this 
subject arose from studies on factors determining the 
rates of dry matter production in the whole plant. During 
experiments to determine whether leaves normally operate 
at their maximum potential photosynthetie rate for any 
given set of environmental eonditions, we found? that 
partial defoliation resulted in increased net assimilation 
rates (as measured by gas analysis) in the remaining 
leaves within a few days. These effects were observed 
even at saturating light intensities. It is difficult to 
reconcile these results with the view that the photo- 
synthetic rate is limited by purely physical resistance to 
CO, diffusion because it is not to be expected that the 
physical structure of the leaves could change within a 
few days of defoliation. We have carried out further 
experiments to elucidate the cause of the increased photo- 
synthetic rate following defoliation. 


Partial defoliation leads to increased photosynthetic rates and 
increased levels of carboxylating enzymes, suggesting that in normal 
field conditions photosynthetic rates are limited by the levels of 
carboxylating enzymes and not only by physical resistance to carbon 
dioxide diffusion in the leaf. 


Our previous experiments were carried out with seed. 
lings of pine and birch, but, in the present series, plants 
of dwarf bean (Phaseolus vulgaris cultivar "Canadian 
Wonder, maize (Zea mays, Dwarf, (d,) mutants) and 
willow (Salix viminalis and S. acutifolia) were used. "The 
willow species were chosen as examples of woody plants 
having a relatively high photosynthetic rate. In the 
experiments with dwarf bean the plants were used when 
the first trifoliate leaf had fully expanded; the lateral 
leaflets of this leaf were removed, leaving only the central 
leaflet. The partially expanded second trifoliate leaf 
and one of the primary leaves were also removed. Measure- 
ments of photosynthetic rate were carried out with a 
Hilger infrared gas analyser, using a gas system which has 
been described in detail elsewhere*. A 6 kW xenon are 
lamp was used as light source, and intensities up to 
10,000 foot-candles were obtainable. The concentration 
of CO, was controllable between zero and 1,000 p.p.m. 
The temperature was maintained at 20° C and the relative 
humidity at 85 per cent. 

The photosynthetie rates were measured at 3 days 
after defoliation in the “treated” plants, while the control 
plants were similarly defoliated immediately before 
measurement of photosynthesis. Measurements were 
made at six different light intensities for the remaming 
leaves (single leaflet and one primary leaf) on each plant, 
and two different concentrations of CO, (300 p.p.m. and 
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1,300 p.p.m.) were used, there being two corresponding 
groups of plants in both the defoliated and control series. 

From the results presented in Fig. 1, it is seen that 
partial defoliation 3 days before measurement caused a 
significant increase in the net rates of photosynthesis as 
compared with those of the control plants, at both high 
and low concentrations of CO,. The effect of the treatment 
was greatest at saturating light intensities. Respiration 
rate (as measured in the dark) was also higher in the 
treated plants than in the controls. Thus it is clear that 
partial defoliation will cause an increased photosynthetic 
rate even in leaves which have completed their growth. 
Moreover, this effect is just as marked at high concentra- 
tions of CO, as at low. These findings are difficult to recon- 
cile with the view that photosynthesis is limited primarily 
by the rate of CO, diffusion into or within the leaf. 

Comparable experiments were carried out with maize 
plants, in which it is known that the photosynthetic rate 
reaches saturation at higher intensities than in many 
other species. The plants were used when they were 
25-29 days old and had developed nine leaves. Defoliation 
consisted in either (a) the removal of three of the fully 
expanded leaves, or (b) the removal of the distal half of 
each of the expanded leaves; the control plants were 
similarly treated immediately before the measurement of 
photosynthetic rates. The photosynthetic rate was 
measured for the whole plant. The results were similar to 
those obtained with bean: defoliation by either method 
3 days before measurement resulted in a marked increase 
in photosynthetie rate as compared with that in the 
controls, even at low CO, concentrations and saturating 
light intensities (Fig. 2). Similar results were also obtained 
with both species of willow. 

The foregoing results, which have been repeated on 
many occasions, leave no doubt that partial defoliation 
results in increased photosynthetie rates in the remaining 
leaves. The experiments were specifically designed to 
avoid the possibility that the method of defoliation might 
result in a change in the proportion of younger to older 
leaves and hence to a change in the photosynthetic rate 
for this reason. The experiments with bean gave un- 
equivocal evidence that the photosynthetic rate, within 
an already expanded leaf, inereases following partial 
defoliation. 

The question arises as to how these effects of defoliation 
on photosynthetie rates are to be interpreted. It has been 
suggested that the photosynthetic rate may be affected 
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Fig. 1. Effect of partial defoliation on photosynthetic rate of bean 

(Phaseolus vulgaris). (1) Control, 0-03 per cent CO.; (2) partially 

defoliated, 0-03 per cent CO;; (3) control, 0:13 per cent CO,; (4) partially 
defoliated, 0-13 per cent CO,. 
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Fig. 2. Elfect of partíal defoliation on photosynthetie rate of maize 


(Zea mays). (1) Control, 0-03 per cent CO,; (2) partially defoliated, 
0:03 per cent CO;; (3) control, 0-016 per cent CO,; (4) partially de- 
foliated, 0-016 per cent CO,. 


by the demand made on the leaf for assimilates, and the 
results of the defoliation experiments with pine seedlings 
were similarly interpreted?. In long term experiments with 
bireh seedlings, however, in which leaf number was 
reduced by removing all lateral shoots, it was observed 
that the remaining leaves not only became much larger 
than normal, but they also became dark green in colour, 
suggesting that they contained larger or more numerous 
chloroplasts. It therefore seemed possible that the short 
term effects of defoliation, observed in the experiments 
described, might also be a result of an increase in chloro- 
phyll and possibly also in plastid protein content, includ- 
ing the content of carboxylating enzymes. Determination 
of chlorophyll and protein content of maize and willow 
leaves after partial defoliation showed that there is, 
indeed, a detectable increase in the total protein content 
of the leaves compared with that of control plants within 
3 days, and that the differenee is maintained up to 9 
days after treatment (Table 1). It was therefore decided 
to investigate the effect. of defoliation on the levels of 
carboxylating enzymes in bean and maize. 


Table t. EFFECT OF PARTIAL DEFOLIATION ON LEAF PROTEIN CONTENT 


I. Maize (dwarf maize, d, mutants? 
Days after treatment 


Treatment 0 3 6 9 
1—Control 0-05 1-05 1-16 126 
2— Partial defoliation 0-95 1-18 1-35 1-35 


I. Willow (Salix viminalis) 


Days after treatment 


‘Treatment. 0 Š 10 15 
1 —Control 0-49 : 0:55 9-72 OSR 
2— Partial defoliation 0-49 ; 0-75 0-98 1:15 


Protein content in mg/g fresh weight of leaf. 


Ribulose-1,5-diphosphate (RuDP) carboxylase has been 
shown to be the enzyme responsible for formation of 3- 
phospho-glycerate from ribulose-1,5-diphosphate and CO,, 
and it is a principal component of “Fraction I" protein 
of leaves. Björkman? reported a correlation between 
RuDP carboxylase activity and light-saturated photo- 
synthetie rates of sun and shade plants, and Treharne 
and Eagles* have shown that RuDP carboxylase activity 
signifieantly correlates with photosynthetie rate in the 
leaf of Dactylis glomerata and with net assimilation rates 
of plants grown in different light regimes. Hatch and 
Slack?*? have proposed a new carboxylation reaction and 
pathway of sugar formation in sugar cane leaves and 
panieoid grasses, involving phosphoenolpyruvate as the 
CO, acceptor. 
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In this study the effect of removal of fully expanded 
leaves on the photosynthetie activity of the remaining 
leaves in terms of carboxylation activity of CO, was 
examined with bean plants (‘Canadian Wonder’) and 
with dwarf maize plants (d, mutant) over a 5 day period 
after partial defoliation. 

A predetermined leaf area was cut from the remaining 
leaves of the defoliated plants and from the same leaf 
position of untreated control plants. The leaf pieces were 
chilled for 30 min at 0^-4^ C and then homogenized in 
10 ml. of ice-cold tris (0-04 M), pH 7-8, MgCl, (0-01 M), 
EDTA (0-25 mM), GSH (1-0 mM) for 1 min. The homo- 
genate was filtered through eight layers of cheese cloth 
and then centrifuged at 5,000g for 15 min at 2? C. The 
resulting supernatant was decanted and 0-1 ml. fractions 
were used as crude enzyme to initiate the reaction. The 
reaction tubes for determination of ribulose-1,5-diphos- 
phate activity contained 0-15 ml. of homogenized buffer. 
NaHCO, (0-1 umole, 5 uCi) and RuDP (0-13 umole). 
Controls without added RuDP were run simultaneously 
to allow for possible variation in levels of endogenous 
RuDP. For measurement of phosphoenolpyruvate (PEP) 
carboxylase activity of maize phosphoenolpyruvate (1-0 
umole) was substituted for RuDP in the reaction mixture. 
The tubes were incubated at 25° C for 10 min and then 
0-L ml. of 6 M acetic acid added. Acid stable radioactivity 
was determined by liquid scintillation counting at 80 
per cent efficiency. 


‘fable 2, EFFECT OF DEFOLIATION ON CARBOXYLATION REACTIONS 
L Bibulose-1,5-diphosphate carboxylase activity of bean leaf after defolia- 


tion 
Days Total carbon-14 — Incorporation 
‘Treatment after incorporation per unit leaf area 
defoliation (c.p.m. x 10-)* (c.p.m./em x 107?) 
1— Control 2 7417 14-8 
E 50-58 10:1 
4 79-41 15:9 
5 86-63 17:8 
2— Partial s 7582 15:2 
defoliation 3 59-28 11:9 
4 87-16 17:3 
5 94-41 18:8 
IJ. Phosphoenolpyruvate carboxylase activity of maize leaf after defoliation 
Days Total C Incorporation 
‘Treatment after incorporation per unit leaf area 
defoliation (e.p.m, x 10-9* (c.p.m./em?* 
x 107?) 
1—Control 2 2513 
3 398-0 
1 410-2 
2 592.0 
2-— Partial 2 28b-0 
defoliation 3 466-0 
4 462.7 
5 460-0 





* Figures are mean of three determinations in each case. With both 
RuDP carboxylase and PEP carboxylase analysis of variance shows that the 
effects of defoliation on incorporation of carbon-14 are significant (P = 0-05). 


The results are given in Table 2. It is seen that sig- 
nificantly higher levels of RuDP carboxylase activity per 
unit leaf area were detectable in the leaves of bean 3 days 
after defoliation, and a significant difference was still 
present after a further 2 days. The activity of the enzyme 
continued to rise over the period of the experiment, in 
both defoliated and control plants, presumably because 
the selected leaves were stil young and had not yet 
reached their maximum photosynthetic capacity. On the 
other hand, RuDP carboxylase activity per unit protein 
content did not increase, because of a rise in total protein 
parallel with that in RuDP carboxylase. 

In maize it was similarly found that the PEP carboxyl- 
ase activity was consistently greater in the defoliated 
plants and the difference was maintained throughout the 
period of the experiment, from the second to the fifth day 
after defoliation (Table 2, II). 

From these results it would appear that the increased 
photosynthetie rates observed after defoliation arise froin 
the inereased activity of carboxylating enzymes. The rise 
in leaf protein content after defoliation (Table 2,1) 
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Fig. 3. Effect of partial defoliation and root praning on photosynthetic 
rate in maize. (1) Control (full roots, not defoliated); (2) half roots 
removed; (3) defoliated (full roots); (4) defoliated, half roots removed. 





indicates that the increased carboxylating activity is 
probably a result of increased enzyme synthesis, Ib seems 
possible that this increased enzyme synthesis after partial 
defoliation may be a result of reduced competition between 
leaves for mineral nutrients or metabolites supplied by 
the roots. There is good evidence that roots supply a 
factor necessary for protein synthesis in leaves, and that 
this factor may be cytokinin synthesized in the roots*. 
Thus it is possible that the effect of partial defoliation is 
to reduce the competition between the leaves for eyto- 
kinins from the roots and hence to increase the amount 
available to the remaining leaves. In order to test this 
hypothesis an experiment was carried out with dwarf, 
maize, in which partial defoliation as already deseribed 
was carried out in association with removal of half the 
root system. It is seen (Fig. 3) that the removal of the 
roots prevented the inerease in photosynthetie rate in 
response to defoliation, so that the rates were effectively 
the same in the intact controls and in the defoliated plants 
subjeeted to root pruning. In a further experiment 
kinetin (6 furfuryl-amino purine) at a concentration of 
20 p.p.m. was sprayed on to the leaves of defoliated maize 
scedlings, half of which were also subjected to root pruning. 
The results (Fig. 4) show that kinetin resulted in signi- 
ficantly increased photosynthetic rate in both root 
pruned and control plants and that application of kinetin 
partially compensated for the removal of roots. The 
results of these latter two experiments were thus consistent 
with the hypothesis that partial defoliation leads to in- 
creased photosynthetic rates by increasing the supply of 
endogenous cytokinins to the remaining leaves, whieh in 
turn leads to inereased enzyme synthesis, including 
carboxylating enzymes. 
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Fig. 4. Effect of defoliation, root pruning and kinetin on photo- 


synthetic rate in maize. (1) Control; (2) half roots removed; (3) 
control - 20 p.p.m. kinetin; (4) half roots removed + 20 ppan. kinetin, 
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Other hormones have also been shown to have marked 
effects on the photosynthetic rate. Thus Turner and 
Bidwell? have shown an increase in the photosynthetic 
rate of bean leaves, at saturating light intensities, after 
spraying with indole-3-acetie acid, and Coulombe and 
Paquin" showed a similar effect following the application 
of gibberellie acid to tomato leaves. We have been able 
to demonstrate an immediate inerease in the photosyn- 
thetie rate of d, maize plants after the applieation of 
gibberellic acid. The plants were sprayed with gibberellic 
acid solution at 100 p.p.m. either (a) 3 days or (b) 3 h 
before measuring the photosynthetic rate. A significantly 
higher photosynthetic rate was observed, at high light 
intensities, in both series of plants treated with gib- 
berellic acid than in the untreated control plants (Fig. 5). 
Application of gibberellic acid has also been shown to 
increase the activity of RuDP carboxylase in clover leaves 
(following article). 

The various results reported here are difficult to recon- 
cile with the hypothesis that resistance to carbon dioxide 
diffusion is the only rate-limiting step in photosynthesis 
at saturating light intensities. This hypothesis is based 
primarily on the observations that (i) at saturating light 
intensities the photosynthetic rate is increased by raising 
the carbon dioxide concentration, and (ii) at normal 
atmospherie carbon dioxide concentrations the rate of 
photosynthesis is sometimes found to be relatively inde- 
pendent of temperature, suggesting that the rate-limiting 
process is “physical” rather than "chemical". It has long 
been recognized, however, that the response of the photo- 
synthetic rate to temperature will depend greatly on the 
light intensity and CO, concentration. At normal (that is, 
relatively low) CO, concentrations and low light intensity. 
the photosynthetic rate is largely independent of tempera- 
ture over a wide range, indicating that the photosynthetic 
rate is limited by photochemical steps. In some species, 
such as sugar beet!*, the photosynthesis in temperature 
curve is still relatively flat, even at high light intensities. 
There is good evidence, however, both from the older 
literature!*1? and from more recent publications’, that 
in many species (including Phaseolus vulgaris'® and Zea 
maya) the photosynthetic rate increases markedly up 
to a certain optimum, and that temperature coefficients 
in the region of 2 may sometimes be observed!*7, At 
high CO, concentrations and high light intensity, the 
temperature dependence of photosynthesis is even more 
marked, indicating that in these conditions biochemical 
steps are probably limiting. In many species, therefore, it 
would seem that with normal CO, concentrations and 
high light intensity (that is, in field conditions) the photo- 
synthetic rate is not wholly limited either by diffusion 
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(1) Control; (2) gibberellic acid applied 3 h before measurement of 
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processes or by biochemical processes, but is partly 
limited by both types of process. 

It is frequently assumed that the decline in photosyn- 
thesis at temperatures above the optimum is because at 
high temperatures losses from respiration constitute an 
ever increasing proportion of actual photosynthesis and 
hence the apparent photosynthetic rate declines. Observa- 
tions on maize", however, and other species!??9 do not. 
support this interpretation, because the fall in net photo- 
synthesis at high temperatures is too great to be explained 
by increasing respiration alone. Thus the photosynthetic 
processes seem to be heat inactivated at high tempera- 
tures. It is therefore of interest that the temperature 
optima for photosynthesis are higher in tropical grasses 
(Zea, Cenchrus) than in temperate grasses (Avena, Lolium, 
Dactylis), and that these differences are paralleled by 
differences in the temperature optima for carboxylating 
enzymes (RuDP and PEP carboxylases) in the two groups 
(K. J. Treharne and J. P. Cooper, unpublished work). 
Thus it seems that the temperature response curves for 
the overall photosynthetic process are largely determined 
by those of the carboxylating enzymes, at least in the 
higher part of the temperature range, thus indicating 
that photosynthesis may be partly enzyme-limited in 
field conditions. 

The foregoing conclusions are consistent with the experi- 
mental results reported here. If photosynthesis were 
wholly limited by diffusion resistance, this would imply 
that the CO, concentration in the chloroplast is zero and 
that saturating concentrations of carboxylating enzymes 
are present. The observations, however, that partial 
defoliation leads to increased levels of RuDP carboxylase 
and PEP carboxylase and to parallel increases in the 
photosynthetic rate indicate that there could not have 
been saturating levels of these enzymes present in the 
Jeaves of the control plants. Values for the CO, con- 
centrations in the chloroplast are at present not available, 
but because of the low affinity of RuDP carboxylase for 
CO, (ref. 1) it seems unlikely that they will be zero. It 
would therefore seem that both mesophyll resistance and 
the content of carboxylating enzymes may be important 
factors in determining the rate of photosynthesis. It is 
likely that the relative importance of these and other 
factors, including stomatal resistance, will vary from 
species to species**. 

Hitherto, the increased rate of photosynthesis seen after 
partial defoliation has been interpreted in terms of a 
relation between supply and demand for photosynthates; 
it has been assumed that the increased rate of photo- 
synthesis after defoliation is a response to the increased 
relative demand on the remaining leaves, suggesting 
that in the intact control plants photosynthesis is not 
operating at its maximum potential rate for the given 
conditions. There are, indeed, several known instances 
in which reduction of the demand for photosynthates, 
for example, by removal of fruits?*, tubers?*:?* or develop- 
ing maize ears*^**, has apparently resulted in a reduced 
photosynthetic rate, although this effect has not been 
obtained in all cases?*. It has been suggested that the fall 
in the photosynthetic rate is caused by the accumulation 
of photosynthetic products in the leaves as a result of 
reduced rates of utilization. It should be noted that this 
latter interpretation is not incompatible with the con- 
clusions arrived at in the present work, because a clear 
distinction needs to be made between experiments in 
which (a) the leaf area (“source”) is kept constant and the 
regions of growth ("sink") are removed, and (b) those in 
which the "sinks" are unchanged but the leaf area is 
reduced by defoliation. It has hitherto been assumed that. 
the results of both types of experiment can be interpreted 
in terms of a “feed-back” mechanism in which the demand 
for photosynthates regulates the rate of photosynthesis+ 3°, 
Under reduced utilization of assimilates there is often 
accumulation of sugars in leaves and a corresponding fall 
in photosynthetic rate?*?!, The interpretation put forward 
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for the present defoliation experiments, however, suggests 
that partial defoliation not only increases the relative 
demand for photosynthates on the remaining leaves, but 
it also increases the photosynthetic efficiency of the latter 
by reducing the competition between leaves for mineral 
nutrients and possibly also for specific hormonal factors, 
such as cytokinins, supplied by the roots. The higher rate 
of photosynthesis of rooted detached leaves of bean, as 
compared with that of unrooted leaves**, may be attri- 
buted not only to the demand by the roots for photo- 
synthates, but also to the cytokinins supplied by the 
roots to the leaves. 

The conclusion that, in field conditions, the photo- 
synthetic rate may be partly enzyme-limited in some 
species has important theoretical and practical implica- 
tions. Because protein synthesis in leaves is markedly 
affected by hormones, the possibility arises that hormonal 
factors may play an important part in the regulation of 
photosynthetic rate. Furthermore, because the activity 
of RuDP carboxylase is known to vary in different 
genotypes, the level of this enzyme, and hence of photo- 
synthetic rate, should be susceptible to increase by 
breeding. 

We thank Dr J. W. Bradbeer and Professor F. R. 
Whatley for helpful comments. 

Note added in proof. Since this article was prepared, the 
attention of the authors has been drawn to a paper by 
Dr H: W. Woolhouse?*, in which it was suggested that 
carboxylation constitutes the limiting resistance in photo- 
synthesis in Perilla leaves. This conclusion was based on 
a correlation between the decline in carboxydismutase 
activity and in photosynthetic rate with leaf age. 
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Effects of Gibberellin on Photosynthesis in Red Clover 


(Trifolium pratense L.) 


by 
K. J. TREHARNE 
J. L. STODDART 


Welsh Plant Breeding Station, 
Aberystwyth 


Tue recent demonstration of gibberellin activity in the 
chloroplast fraction of leaf homogenates! has introduced 
the possibility that the funetion of the hormone may 
differ from that shown in the aleurone system of barley?. 
Coulombe and Paquin? have shown that photosynthesis 
of the tomato leaf is enhanced by the application of 
gibberellic acid (GA,). 

The consequences of increased concentrations of endo- 
genous leaf gibberellin were investigated in terms of the 
rate of leaf photosynthesis, as measured by a Warburg 
technique, and by following changes in in vitro activity 
of ribulose-1,5-diphosphate (RuDP) carboxylase (E.C. 
4.1.1.39) (ref. 4). 

Leaf hormone levels were supplemented by spraying 
plants basally with 10 or 100 p.p.m. aqueous GA, and 
the actual contents determined by lettuce hypocotyl 
bioassay’. To obtain maximal effects a non-flowering 
genotype of red clover, known to have a reduced con- 
centration of endogenous gibberellin*, was used. 

Changes in the level of endogenous gibberellin and 
activity of RuDP carboxylase, after treatment with the 
two concentrations of GA,;, are shown over a period of 
7 days in Fig. 1. Values are expressed as percentage 
inereases over the unsprayed controls which showed no 
significant variation 1n either parameter during the 
experimental period. 


Support is given to the argument that photosynthetic activity of 
leaves is related to, and can be limited by, the biochemistry of the 
system, even in conditions of light saturation. 


The data showed a close correlation (overall, rz + 0:82) 
between the level of endogenous gibberellin and the 
activity of RuDP carboxylase. The patterns of enzyme 
activity were similar when expressed on a basis of soluble 
protein. 

Table 1. COMPARATIVE EFFECTS OF GA, ON ACTIVITY OF RIBULOSH-1,5- 


DIPHOSPHATE CARBOXYLASE IN NORMAL AND NON-FLOWERING GENOTYPES 
OF RED CLOVER 


Carbon-14 d.p.m. incorporated/mg protein x 10? 


Treatment Normal genotype Mutant genotype 
GA, p.p.m. 0-5 days 2 z 0.5 days 3 T 
0 (control) 300 204 320 170 219 225 
10 384 285 308 270 325 207 
100 480 306 327 287 479 328 


In the mutant, the effect of the higher hormone level was maintained for 
a considerably longer period and the stimulated activity was similar to that 
found in untreated normal material. 


A comparison was made with normal genotypes of red 
clover (Table 1) to assess the general validity of the 
responses obtained with the mutant. 

The data for leaf photosynthesis (Table 2) indicated 
that the rate of leaf photosynthesis was similarly affected 
by increased levels of leaf gibberellin. 

There is a strong suggestion that the plastid membrane 
may be permeable to gibberellin although a feedback 
effect resulting from increased utilization of photosyn- 
thetic products cannot yet be dismissed. 
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carboxylase after treatment with two concentrations of aqueous gibberellin A, (O, A, 


100 p.p.m. GÀ,; @, A, 10 p.p.m. GA). 


The standard errors are applicable to either 


enzyme curve, 


Table 2. EFFECT OF TREATMENTS OF GA, ON RATE OF LEAF PHOTOSYNTHESIS 


IN NON-FLOWERING RED CLOVER OVER A 6 DAY PERIOD 






‘Treatment i. O, evolved/h/em? leaf area 
GA, p..m. 2 days 3 days 6 days 
ü (control) : 8-56 876 
10 9445 9:51 8-83 
100 10-92* 10-48* 11-60* 


* Significantly higher than control (P= 0-05). 


Treatments with gibberellin were always applied im- 
mediately before a dark period and it is conceivable that 
the effect might differ if the hormone had been applied 
during the light phase. 

The rapidity of the response to GA, in terms of activity 
of RuDP carboxylase points to a direct effect on the en- 
zyme either in an allosteric or inductive fashion. and, to 
test the first alternative, chloroplast fraction homogenates 
were incubated with added GAs. 
RuDP carboxylase over a 40 min period are given in 


Table 3. 


Table 3. ACID STABLE CARBON-14 INCORPORATION BY CHLOROPLAST HOMO- 
GENATES FROM RED CLOVER IN THE PRESENCE OR ABSENCE OF ADDED GA. 
ENZYME ACTIVITY ASSESSED AT 10 MIN INTERVALS AFTER ADDITION OF THE 


HORMONE. (INCUBATED AT 25° C, 5,000 FOOT-CANDLES) 
"Treatment Enzyme activity (d.p.m./mg protein x 10-3) 
(1:9 ml, homogenate) 10 min 20 min 30 min 40 min 
No added GA, 47 1-88 1-88 1-63 
100 4g GA, +17 1-92 1-59 158 


A rapid loss of enzyme activity was evident during the 
initial 20 min of ineubation, but at no point could any 
stimulatory effect of GA, be detected. This argues against 
an allosteric mechanism of enhancement of enzyme 
netivity, but the experiment cannot be regarded as con- 
clusive. It is possible that general enzyme inhibition, 
resulting from the destruction of the structural integrity 
of the plastid, might nullify possible allosteric interactions 
of GA, or that an intact structure is necessary for mani- 
festation of thieeffeet. 

The effect. of increased level of endogenous gibberellin 
on the activity of extraplastidie enzyme was assessed by 
studying acid phosphatase (APase) and glutamate-oxalo- 


Changes in activity of 


acetic transaminase (GOT). Enzyme activities, expressed 
in terms of soluble protein, were 120 per cent higher for 
APase and some 40 per pe higher for GOT when com- 
pared with control plants at 2 days after GA, application. 
‘These data suggest that gibberellin has an overall effect 
i» promoting protein synthesis rather than a specific 
action in inducing RuDP carboxylase. 

The present information supports the contention (pre- 
coding article) that photosynthetic aetivity of leaves is 
related to, and can be limited by. the biochemical charac- 
teristies of the system, even in conditions of light. satura- 
tion. The close correspondence between photosynthetic 
rate. the activity of RuDP carboxylase and endogenous 
gibberellin level in the leaf (Fig. 1) is suggestive of a 
regulatory effeet of the hormone on photosynthetic 
activity. 

Synthesis of gibberellin in etiolated barley leaves has 
been shown to be induced by red light* and there is also 
evidence implicating phytochrome as a primary regulator 
in the synthesis of photosynthetic enzymes. including 
RuDP carboxylase’. Our studies suggest that gibberellin 
may be a part of the system mediating the phytochrome 
response and that photosynthetic activity may be, at 
least partially, controlled by gibberellin synthesis or 
turnover. 

We thank Professor P. 'F 
Professor J. E. Varner e Professor P. 
valuable discussion. 


. Thomas for his interest and 
F. Warceing for 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Onset of Severe Amplitude 
Scintillations of Satellite Radio Signals 
during Sunrise 


WHEN considering ionospheric sunrise effects one must 
remember that the light of sunrise at a specific ionospheric 
height has been filtered through the entire atmosphere 
before reaching a point of ground sunrise; also the light 
has had the filtering action of the air 
between the point of ground sunrise and 
the westward point at that ionospheric 
altitude. Thus the ionization power of 
solar radiation at high altitudes is reduced 
to mere heat effects during the time before 
ground sunrise. In this respect, vibrational 
excitation! may have to be considered, but 
specifically at lower altitudes. Further- 
more, existing drifts in the ionosphere, 
such as winds and waves in the neutral 
gas as well as electron and ion fluxes, have 
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readout sampling time, thus making possible fine strueture 
determinations. 

Figs. la and b show amplitude and polarization analogue 
recordings during the two orbits. Polarization differences 
between the polarization angles of 40 MHz and 41 MHz, 
yielding the solution to the ambiguity of the integral 
number of polarization rotations, are also recorded. Figs. 
la and b show a rather abrupt onset of severe amplitude 
scintillations which all but obliterate the Faraday fadings 
of the amplitude recording, These scintillations are 
preceded by rather smooth polarization variations. The 
onset of scintillations on orbit 9261 started at 04:25: 
15 EST (04:34:15 LT) when the BEC satellite was at 
an altitude of 970 km and continued throughout the 
observable portion of the orbit; whereas the onset on 
orbit 12287 started at 04:48 EST (05:00:29 LT). 
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some influence. A downward electron 





flux is typical for a period after midnight 
or before dawn? During winter. an 
arrival of electrons from the conjugate 
ionosphere (whieh is in summer and has 
an earlier sunrise) may play a part by 
increasing the pre-sunrise ion and electron 
temperatures especially at European mid- 
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latitudes’. Finally, the diurnal cycle of the 
ionospheric motions, that is the downward 
move. of the F-region maximum from an 
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altitude of 400 km before sunrise to an 





altitude of 250 km after sunrise, has to be 
eonsidered (H. F. Bates in a paper 
read to the US URSI spring meeting in 
1968). Together, these effects are likely 
to produce a turbulent motion within the 
ionosphere at a specific point of first 
.. MIumination. 

We. report here an observation made 
at equinox. Amplitude scintillations were 
observed together with changes of the 
eolumnar electron content during iono- 
spheric sunrise, progressing from an 800 km 
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altitude downward to 100 km. Our 





Observations were made with the radio 
beacons of the high inclination S-66 BEB 
satellite and the medium inclination 5-66 
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BEC satellite (Explorers 22 and 27) during 
closely spaced passages. Our recordings 
show the two satellites close to our station 
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Polarization (MHz) Polarization 





at Fort Monmouth, New Jersey (lat. 40-25° 





N, long. 74.025? W), during sunrise on 
March 23, 1967. Because the event was 
observed at equinox, the mentioned conju- 
gate heating can be neglected. Centre 
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time of observation for orbit 9261 was 
04:25 EST: and for orbit 12287, 04 : 48 : 
30 EST. Faraday plane of polarization 
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rotation measurements were made on 





20, 40 and 41 MHz on both orbits using 
two different methods. The first utilizes 
the conventional amplitude fadings method ; 
the second utilizes a polarization-follower 
system* which makes direct measure- 
ments of the polarization. angle on 40 
and 41 MHz every second with 80 us 
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Fig. 2. Integrated electron density variation corresponding to polariza- 
tion variation of (a) Fig. la; (b) Fig. 1b. 


when the BEB satellite was at an altitude of 892 km, 
and continued in the same pattern. 

The numerical readout of the polarization angle on 40 
MHz corresponding to the analogue recording was digitally 
recorded by an automatie system and converted to colum- 
nar electron ecntent. Figs. 2a and b show that the onset 
of amplitude scintillations preceded pronounced variations 
in electron content. This confirms previous observations 
of amplitude seintillations (ref. 5 and our unpublished 
results, read at the URSI spring meeting in Ottawa in 
1967 and at the NATO-AGARD Electromagnetic Propa- 
gation Committee Symposium in Ankara in 1967) which 
indicate that severe amplitude scintillations appear at 
locations where the ionospherie density structure is 
spatially oscillatory in nature. 

The reported observation was made before ground 
sunrise. Illumination was still provided by filtered 
sunlight. Consequently, not much additional ionization 
could be expected. The general trend of the electron 
content was stil decreasing. The red part of the Sun’s 
speetrum, however, must have been active during the 
change from cold night to warm day at the various 
altitudes. The temperature must have risen along the 
broad shadow line. In so far as the changes in the electron 
content below the satellite altitude of 1,000 km cannot be 
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interpreted by electron production, they must be related 
to driftscer motions in the medium, which in turn can 
be related to such effects of temperature. On the other 
hand, motions produced by temperature need some time 
to become noticeable, especially when coupling between 
neutral and charged constituents must be considered. 
This together with the mentioned downward electron 
drifts may explain why the peak of irregularities appears 
at F layer altitudes. A somewhat similar oscillatory 
behaviour of the polarization angle was observed with 
the other satellite (orbit 12287); electron content varia- 
tions followed the onset of scintillations (Figs. 1b and 2b). 

Examination of the sub-satellite track in these two cases 
showed the following. Severe seintillations began when 
the west-east moving satellite (BEC) reached sub-satellite 
point lat. 40-39^ N, long, 72-75? W at 04:34:15 LT; 
while they began when the south-north moving satellite 
(BEB) reached lat. 38:21? N, long. 71:88? W at 05 : 00 : 29 
LT. At these local times the sub-ionospherie points for a 
350 km altitude along the direct signal path were near to 
each other at lat. 40-30? N, long. 73-52? W; and lat. 
39.39" N, long. 73-10? W, respectively. At these local 
times, sunrise occurred at an altitude of 330 km for BEC 
radio signals and at an altitude of 182 km for BEB. 
Assuming that scintillations occurred when the ionospheric 
sunrise altitude reached the F region, which seems reason- 
able with respect to the BEC data, then it is difficult to 
explain why scintillations were not observed throughout 
the earlier portion of the BEB orbit where sunrise was 
at or below F region altitudes. It might be assumed, 
however, that sunlight has lasted long enough there (at 
the lower latitudes) to bring about a certain smoothing 
of the turbulence. Scintillations started on both orbits 
when the satellites were in the position where sub- 
ionospheric points were within lat. 40? 1? N, and long. 
73°+1° W. The satellites, however, did not arrive at 
that position simultaneously; BEC was some 26 min 
earlier in local time than BEB. This fact does not exclude 
the possibility that a larger irregularity-—not related to 
sunrise——was just sitting at that location. But such an 
irregularity would not explain the content variations 
observed with BEC signals during sunrise above 300 km. 

To help to substantiate our idea that illumination of the 
F region and above causes fluctuations in eleetron content, 
we have inspected topside sounder data taken during 
north-south and south-north passages when part of the 
ionosphere below the satellite changed from night to dav. 
A rather typical spreading in the ionograms for many 
passages was found to proceed from high to low altitudes 
when sunrise illumination advanced to lower and lower 
altitudeş (personal communication from J. E. Jackson). 

This topside sounder data combined with the reported 
electron content measurements indicate a mechanism 
which, because of the impact of sunlight at ionospheric 
sunrise, £ duces transient turbulence. Turbulence 
oceurs above the F region where light has been filtered 
to a.gréater degree than that below. Turbulence causes 
variations in electron content, which in turn produce 
amplitude scintillations. The same turbulence is observed 
by the spread in the topside ionograms. "The transient 
turbulence and its side effects disappear when illumination 
and heating have lasted some time. 

Orbital coincidenee at sunrise of medium and high 
inclination beacon satellites is a rare phenomenon. For 
this reason, the observations are presented. Care must 
be taken, however, not to draw any definite conclusions 
on ionospheric sunrise effects without additional data. 

We thank Mr J. E. Jackson for showing us samples of 
topside ionograms taken during ionospheric sunrise. 

P. R. AnESDT 
H. SoicuER 
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Fort Monmouth, New Jersey. 
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Model for Pulsed Radio Sources 


Ix this communication an attempt is made to account for 
the salient features of the pulsed radio sources first dis- 
covered by Hewish et al.!, by means of a model based on 
a pair of neutron stars forming a binary system. Asso- 
ciated with each star of this system is a plasma which is 
a directional source of high frequency radio waves. The 
rotational motion of the stars about their common centre 
of gravity accounts for the observed constancy of the 
pulse repetition frequeney, while the shape and time 
variation of the plasmas account for the shape, power 
speetrum, polarization and variability of the pulses. 

This model operates according to the principles govern- 
ing the action of the charged particle oscillator described 
earlier?. In the latter, charged particles placed in the field 
due to a pair of equally charged poles follow oscillatory 
trajectories which pass between the poles. In this case 
charged and uncharged particles perform similar oscilla- 
tions in the gravitational field due to the pair of neutron 
stars. But, because the orbital speed of the stars 4 and B 
(Fig, la) about their centre of gravity 0 is about one-fifth 
of the average speed of an oscillating particle when it is 
in their vicinity, the trajectory of the particle gets closer 
to the plane of rotation with each cycle of oscillation. Thus 
the angular distribution of particle trajectories is con- 
centrated close to this plane (Fig. 1b). In addition, the 
points where the trajectories cut the line AB are grouped 
close to the stars because the force field due to each star 
is inversely proportional to the square of the distance 
from it. 

All particles positive, negative and neutral starting 
with the same initial velocities from a given point in the 
gravitational field of the stars follow the same trajectory 
at the same speed. Because there are equal numbers of 
positive and negative particles travelling in beth directions 
along each trajectory, a plasma is formed the density of 
which is a maximum in the immediate vicinity of the stars 
"and falls off rapidly with distance from them. The plasma 
“density is much greater near A and B than near 0, 
because of the grouping of trajectories I have noted. 
These features are illustrated in Fig. 1. i 

The first noteworthy consequence of these properties is 
that, because the plasma is formed of counter streaming 
charged particles, two stream instability is bound to 
occur and this should lead to electromagni adiation 
at about the electron plasma frequency. hermore, 
the emission of radiation should be strongest from those 
parts of the plasma where the particle trajectories are 
about parallel to the contours of constant density. As 
the refractive index is everywhere less than one and is 
least where the particle density is greatest, all radiation 
is directed away from the regions of high density. Thus 
radiation produced at P (Fig. Ic) is directed away from A 
while radiation of the same frequency produced at P' 
is directed towards A. It follows from these observations 
that the polar diagram of the radiation generated in the 
vicinity of A consists of two oppositely directed lobes the 
axes of which are nearly parallel to the line AB. A distant 
observer close to the plane of rotation of the pulsar would 
therefore expect to receive two main pulses in each period 
of rotation of the pulsar, each pulse containing two sub- 
pulses the separation in time of which is governed by the 
distance between plasmas A and B and the angle between 
the lobes of their respective polar diagrams. The form of 
subpulse A received by the distant observer depends on 
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Fig. 1. a, Pulsar comprised of binary neutron star and associated 

plasmas. b, View of plasma B from a point on the line AB. C and D 

are paths relative to the pulsar of possible distant observers. e, Detail 

of plasma 4 showing preferred directions of radiation from opposite 
sides of a density contour. 
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his angular displacement from the plane of rotation of. 
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In the ease of CP 1133 the two subpulses have been 


the pulsar. Thus observer C (Fig. 1b) receives a single” observed to be polarized in different planes!*. The presence 


slightly shortened pulse from A, for this signal does not 
encounter the plasma at B. The signal reaching observer 
D from A is more complex for part of it encounters the 
plasma at B and may therefore be refracted or reflected 
through a small angle with respect to its initial path. 
Thus, according to the shape and density of the plasma 
encountered by signal A, the latter may appear with two 
resolved peaks or it may be spread into a band. The 
refractive index of a plasma increases towards unity with 
increasing frequency, and so signal A should be less 
modified by plasma B at high frequencies than at low 
frequencies. This behaviour is exhibited by CP 1919. 
At frequencies greater than 2,000 MHz its signal consists 
of two well resolved pulses?, whereas at frequencies less 
than 1,000 MHz its signal is in the form of a band possess- 
ing one, two or three peaks®. 

The power spectrum expected from this model is similar 
to that observed insofar as a steady decrease in emitted 
power with increasing frequency should occur because of 
the shrinkage of the contours of constant plasma density 
with increasing density. 

It has been deduced that whereas the long period varia- 
tions of pulse amplitude are probably due to scintillations 
arising from a varying distribution of electrons in the 
interstellar medium, the pulse to pulse variations are 
almost certainly intrinsic to the souree*-*. My model is 
in accordance with this. First, the period T of an oscillat- 
ing particle is given approximately by 


T = n(r*I Mg)! 
while the periodic time + of rotation of the pulsar is 
t= 4n(a3/Mg)? 


where r is the distance of the starting position of the 
partiele from 0, M is the mass of the component stars of 
the pulsar, 2a is their separation and G is the gravitational 
constant. 


ap Tir = 1 d 


Thus for r2»a we have TZ» >. Successive pulses are there- 
fore produced by a completely different set of particles. 
'The rate at which particles eross AB is almost certain to 
be non-uniform, because of the disruptive effect of plasma 
instabilities and the non-uniform rate of collection of 
particles from space by the pulsar. In addition the degree 
of overlap of the counterstreaming particles is likely to 
vary with time. It follows that variations of amplitude 
from pulse to pulse are to be expected. 

These causes change not only the scale of the distribu- 
tion of particles in the plasma but also its shape. They 
therefore lead to changes in the shape of the spectrum of 
the emitted radiation, so that there is little correlation 
between changes occurring at different frequencies?.*.*. 

Polarization of the subpulses is expected with this 
model for the particle trajectories are grouped close to the 
plane of rotation of the pulsar. If the spread of the angles 
made by the particle trajectories with the plane of rotation 
is 20, the degree P of polarization is given approximately 
by 


sinĝ — (1 — eos0) _2- 9 








r= ee — 
sinĝ + (1 — eos) 2 +40 
Ip — I 
where P= pay L 


and Jp and Fs are the intensities of the signals polarized 
parallel and perpendicular respectively to the plane of 
rotation. Thus when 20 is as large as 45°, P — 0-67, and 
for 29=15°, P — 6-88. 


of asveak magnetic field could account for this. Signal 4 


passes through a greater thickness of plasma than does 
Signal B.' If the difference between the corresponding 
integrated electron densities is 10!! em-? km, a Faraday 
rotation approaching 90° at 400 MHz is produced by a 
magnetic field of 10-? gauss. 

I take as examples pulsars CP 1919, CP 1133 and 
CP 0834. 

The basic data for CP 1919 are as follows. The pulse 
repetition period is 1:337 s; spectral range is 10° Hz; 
mean pulse energy for this range is 2x 10-?? J m- Hz; 
and the distance from Earth is 126 pe (ref. 6). Let the 
mass M of each star be M =M o =2 x 10%g. Then, because 
the period of rotation is 2-674 s, 4— 1,820 km. Inspection 
of the pulses published by Davies et al.* suggests that the 
half width of the subpulses is about 12 ms. From this 
and the period of rotation we find that the angular half 
width of each lobe of the radiation pattern is 0-028 
radians. There are four such lobes in all (two each at 
A and B), and so the total area covered by them at the 
distance of the Earth is 3:83 x 10%! m?, It follows that 
the total energy radiated per pulse is 7:66 x 10!* J and 
that the rate of radiation is 3-2 x 10'8 W. 

If the oscillating particles are electrons and hydrogen 
ions the energy of the plasma resides almost entirely with 
the latter because of their much greater mass. It has been 
shown? that the particles follow stable trajectories if 
their amplitudes of oscillation exceed certain limits. In 
this case rough calculations suggest that the position 
corresponding to the average energy at which particles go 
into unstable oscillation is distant about 3a and 2a from 
the two poles. The energy lost by a particle of mass m 
before it reaches this state is therefore 


x 1 
m MG ar» 





l 
+ - dU. 
3a j xd l 


For a hydrogen ion this is 10- J. Ft follows that if all 
jons were to lose their energy by radiation only, the rate 
of loss of ions must be 


= 3x 108! s 


Thus the rate of accretion of matter by the pulsar is 
3 x 1031x 1-67 x 10- = 5 x 10 gst 


Other mechanisms also lead to the loss of particles 
from the oscillating system. Probably the most important 
of thesexis seattering as a result of plasma instability. 
This should be at least as effective as loss by radiation. 
The rate of accretion is not therefore likely to be less than 
108 g s-1.. Substitution of this figure inte the following 
expression" allows us to place an upper limit on the 
velocity, v, of the pulsar relative to the surrounding 
interstellar gas. 


aM ———————— 
dt y3 





where « is a constant of the order unity, g is the density of 
the interstellar gas and M is the total mass of the pulsar. 
1t is justifiable to use the tetal density of the interstellar 
gas rather than the density due to charged particles alone. 
for the neutral atoms are ionized in one or two transits of 
the plasma. Let there be one hydrogen atom per cubic 
centimetre. Then v— 195 km s~. 

The average number N ct transits made by each oscil- 
lating particle can be found from the information “given 
here together with a knowledge of the dimensions of 
plasmas A and B. The dimension, /, of each plasma parallel 
to the line AB is small compared with AB. It is sufficiently 
accurate for present purposes to put /=300 km. The 
diameter of lobe A at plasma B is 100 km. Therefore in 
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order to allow for the existence of observers in lasses 
C and D (Fig. 15), let the dimension, ^, perpendieular to 
the plane of rotation be 40 km. The half power frequency. 
is 5x 10* kHz and so the average electron density fe in 
the plasma is about 3 x 10° em-?. The average Speed, v, of 
the partieles passing through the plasma is about 5 x 10* em 
si. N is given by 





.  2hin, m 


dM jdt 





where m is the mass of a hydrogen atom. 
Here N = 60. 


I mentioned earlier that the separation of the subpulses 
is governed by the distance between plasmas A and B 
and by the angle between their respective radiation pat- 
terns. At frequencies above 2,000 MHz the subpulses 
are 20-25 ms apart’. Twelve milliseconds of this time 
interval are accounted for by the distance between the 
plasmas. An angle of only 1-5? between the radiation 
patterns at A and B is sufficient to account for the re- 
mainder. At 408 MHz there are two and sometimes three 
subpulses with the second and third about 11 ms and 
26 ms respectively from the first’. This suggests that 
plasma B occasionally splits signal 4 into two beams 
separated from one another by about 2°. 

‘Similar calculations have been made for CP 1133 and 
CP 0834. This has not been done for CP 0950 because 
there is insuffieient published information about its 
spectrum. The observed, assumed and derived properties 
of these pulsars are listed in Table 1. The plasmas A and 
B are assumed to have the same proportions in all three 
pulsars. As a consequence the quantities most sensitive 
to changes in M are N and v which are proportional to 
M's and M®’ respectively. 


Table 1, PROPERTIES OF PULSARS 
CP 1919 CP 1133 CP 0834 

Pulse repetition period(s) 1:337 13188 1-27 
Star mass (M c} 1 1 15 
Star separation (km) 3,640 3,360 4,040 
Distanee (pe) 126 49 128 
Pulse energy (10 J m^? Hz) 2 2-5 2 
Spectral half width (MHz) 500 250 250 
Subpulse half width (ms) 12 12 12 
Total rate of radiation (10'S W) 3-2 0-11 0:43 
Velocity (km 27!) 195 100 145 
Number of transits/particle 60 120 50 
Angle between radiation patterns A 

and B 15? A ~0-4° 


The values in Table 1 are not unreasonable and lend 
support to the proposed model. The model fails if gravita- 
tional radiation leads to appreciable damping of the 
rotational motion. At present the existence of gravita- 
tional radiation is the subject of debate!'?-?, Apart from 
this, most of the features of pulsars appear to have been 
accounted for in a natural way. 

A. H. McIrnarTH 
National Physical Laboratory, 
Teddington, Middlesex. 
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Localized Interstellar 


* Molecular Hydrogen 


Stecher and Williams! have claimed that the critical 
grain temperature for extensive H, formation and de- 
position of solid hydrogen mantles in dense clouds is 
T 42-3? K—lower than our estimate? of a;3^ K based on 
thermodynamie arguments. We wish to point out that 
their conclusion is far from definitive and depends critically 
on several arbitrary assumptions. First, they presume 
that the surfaces of interstellar grains duplicate closely 
the properties of pure graphite surfaces in regard to 
physical absorption of hydrogen molecules. It is to be 
expected that interstellar graphite surfaces, if they are 
free, are exceptionally rich in dislocations and high energy 
impurity sites which would drastically alter their surface 
chemistry and adsorption properties. Buch imperfections 
would make a surface much more efficient for trapping 
adsorbed atoms and molecules. Indeed, the surface 
chemistry involved in the formation of the first two or 
three monomolecular layers must in reality be expected 
to deviate considerably from the “ideal” situation 
deseribed by Stecher and Williams', Another possibility 
they did not consider is that the surfaces on which the 
hydrogen condenses in dense clouds are of an icy nature, 
appropriate to the composite graphite/iee grains. 

Even if one accepts the ideal physical adsorption model 
of Stecher and Williams, their results are quite sensitive 
to particular values chosen for various unknown para- 
meters. All their temperatures designated T max in Table 
l, in particular Tmax‘. involve the proportionality 
factor 

iln SLA | ‘ 

Loo any Qed 
where vy is the zero point vibrational frequency at right 
angles to the graphite surface, « is a stieking coefficient, 
ng is the ambient H density, Q is the grain'stotal surface 
area and v is the thermal velocity of the ambient gas. 
Stecher and Williams! adopt vawl0" s+, but a value 
vaa 10! s~ would seem just as plausible’, Indeed. the 
binding energy they use is consistent with v= 2 x 10 s-*, not 
with 10!? s-', For Q they adopt 102? em?; but a larger 
grain of radius 3x 10-5 em would have a total surface 
A; 10-9 em?. With these latter values of va and Q the final 
T max 9 for the ease ng 104, e 4 x 10% em/s of Stecher 
and Williams is raised to 2-94? K-—very close to the 
eritical temperature estimated by us. 

It is also worth noting that the lower condensation 
temperature claimed by Stecker and Williams is in part a 
result of the very low value of about 214 calories mole~? 
adopted for the heat of sublimation of solid hydrogen. 
This value seems to be in marked discord with the best 
available published data on liquid and solid hydrogen’. 
The heat of vaporization of liquid hydrogen at its triple 
point is itself 217 calories mole-* and the heat of fusion 
of the solid‘ is 24:28 calories mole-'. Thus a value of less 
than 245 calories mole! seems rather unreasonable. 

It may be noted that, because the number of molecules 
inva monolayer N is proportional to the surface area, and 
so also is the cross-section Q. the second of Stecher and 
Williams's! equations is independent of the grain radius. 
But the supposition implicit in their argumenta that solid 
hydrogen ean grow only by the addition of complete 
monolayers to a grain—presupposes a degree of uniformity 
and cleanliness of the grains which seem to us to be 
unreal. If the erystal structure of solid hydrogen grows 
locally at irregularity and impurity locations, the presence 
of N in the second of the equations is probably not justified. 

We conclude that there are several reasons for believing 
that the grain temperature necessary for the formation of 
solid hydrogen is substantially higher than caleulated by 
Stecher and. Williams. 

The saturation vapour pressure of solid H, depends 
very sensitively on temperature, but the caleulated 
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values covering the range of uncertainties-in the data 
are included within the gas pressures in the denser 
interstellar clouds. It is important therefore.to note that 
what is 1n doubt is not the formation of interstellar grains 
of solid H,, but exactly the interstellar gas densities at 
which the formation takes place. 

Finally, the absence of Ha radiation from the cireum- 
stellar clouds of stars in Cygnus OB2 cannot be accounted 
for by supposing that all the hydrogen is molecular. The 
time for dissociation and ionization by the stellar radiation 
would be too short, ~ 100 yr. Only by coating the hydro- 
gen onto the grains can the total optical cross-section per 
unit volume be reduced sufficiently to lengthen that time 
scale to a value similar to the probable age of the associa- 
tion, as we argued originally?. 





. REDDISH 
Royal Observatory, Edinburgh. 
N. C. WICKRAMASINGHE 
Institute of Theoretical Astronomy, 
University of Cambridge. 
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Radiation Dose and lonization 
from Radioactive Fallout 


THE human environment has been exposed to nuclear 
radiation from natural sources for a very long time. 
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Since 1945, artificial production of radioactivity by the 
testing of nuclear weapons has increased the radiation 
exposure!*, We have compared the radiation dose rate 
and ionization arising from artificial and natural sources 
by using measurements made at a single locality in Berk- 
shire, England. The information is useful for the study of 
biological effects in man and electrical effects (for example, 
potential gradient) in the atmosphere. 

The natural radiation’ armes from three chief sources: 
cosmic radiation, radioactivity in the ground and radio- 
activity in the air. Cosmic radiation near sea level consists 
mainly of u-mesons and a smaller soft component of 
photons and electrons. Natural radioactivity in the 
ground comes from the uranium series, the thorium series 
and potassium-40. Radioactivity in the air arises from the 
radon isotopes that emanate from the ground. These 
produce radioactive daughters that also contribute to the 
radiation and ionization in the air. 

Artificial radioactivity is produced by fission and 
ectivation processes during the explosion of nuclear 
weapons. Because most of this debris has been formed in 
the stratosphere, its dispersal is controlled by meteoro- 
logical mechanisms on a global scale so that its eventual 
deposition on to the Earth's surface is widespread and 
subject to a pattern of seasonal and latitudinal distribu- 
tion that is reasonably well known’. 

In practice it is necessary to make measurements of the 
combined radiation from natural and artificial sources 
and then, by subsidiary measurements and calculation, 
to separate the artificial (fallout) from the components of 
the natural radiation, Continuous measurements have 
been made since 1961 of the gamma and beta radiation 
over open grassland at Grove (61.5? N, 01° W). The 
gamma radiation dose rate is measured by a high pressure 
ionization chamber supported by a Geiger- Müller counting 
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Fig. 1. 


Gamma radiation from deposited fallout from 1951 to 1968, 
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tube having a response uniform with energy. The beta 
radiation dose rate is measured by scintillation counters 
with a thin plastie phosphor. Readings of the chamber 
and eounters are punched automatically on to paper tape 
together with a weekly estimate of the energy of the beta 
radiation by automatic absorption measurements. All 
detectors are calibrated and standardized regularly. 
The cosmic radiation and the internal background rate 
of the deteetor were derived by making measurements 
over water and in a lead shield to remove terrestrial 
radiation. The mean value of the dose rate at 1 m from 
cosmic radiation, excliding neutrons, at Grove is 3:4 
rads- h- (in air) corresponding to an ionization at 50 cm 
of 2-2 ion pairs em s~ (I). This is in good agreement 
with ealeulations based on the data of Rossi® and is 
consistent with the measurements of Lowder and Beck’. 
The. natural radioactivity of samples of dry soil was 
measured by gamma ray spectrometry’. The dose rates 
and ionization above the soil from beta and gamma 
radiation were then calculated using the decay schemes 
published by Lederer et al.?. The presence of water in the 
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soil was accounted for by assuming a simple dilution of 
the soil radioactivity, on average by 20 per cent. In the 
case of the natural radioactivity in the air it can be shown 
that the dose rates and ionization from beta and gamma 
radiation are small compared with those from cosmic 
radiation and soil radioactivity. The ionization attribut- 
able to alpha radiation is more significant. 

Table 1 shows the estimates of the natural levels made 
as a result of this assessment. 






Table 1. ESTIMATE OF NATURAL RADIOACTIVITY 

Tonization 

Dose rate at at 50 em 

Source lm urad h^ ion pairs 

in air er? ect 
Cosmic radiation . $4 $E 
Gamma radiation from ground and air 87 2-4 
Beta radiation from ground and air i4 Le 
is 


Alpha radiation from air — 


By combining these results with the continuous measure- 
ments of the total gamma and beta radiation at the 
Grove site it is possible to obtain the net. radiation dose 
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rates resulting from deposited fallout since 1961 (Figs. 1 
and 2). 

These curves have been extended back to 1951 by using 
the results of the intensive measurements of fallout de- 
position at Chilton and Abingdon, about 8 miles from 
Grove. Thus at various times during the period 1951-61 
the beta and gamma radiation has been computed from 
the total beta activity in rain", from strontium-90 and 
strontium-89 in rain!! and from all isotopes in rain. In 
the last case the experimental results!? were supplemented 
by data from Hardy and Rivera. The methods of con- 
verting from beta and gamma activity on the surface to 

radiation dose at 1 m, and ionization at 50 em, are similar 
to those used for the natural radioactivity, but with a 
proper allowance for weathering. Full details of the 
measurements and calculations are given elsewhere (un- 
published results of J. A. B. Gibson, J. E. Richards and 
J. Docherty). 

Maxima in the radiation from fallout occurred soon 
after the series of nuclear explosions of 1958, 1961 and 
1962. The peak value of 3:6 urad h> (2-7 I) from gamma 
radiation is smaller than the average natural penetrating 
radiation (gamma and cosmic) of 7-1 urad h> (4-6 I). The 
corresponding peak value for beta radiation of n arad 
h- (36 I) compares with the natural background of 1-4 
urad h-* (beta) and 3-0 I (beta and alpha). The estimates 
for the natural and artificial radiations measured or 
derived for the vicinity of Grove may be translated to 
other places by allowing for barometric pressure, rainfall, 
latitude and radioactive content of the ground. 

The effect of the dose rate from fallout on the general 
population is reduced by the attenuation of buildings and, 
particularly in the case of beta radiation, of clothing and 
of overlying tissue. On the other hand, beta radiation 
from fallout has caused a significant increase in the 
ionization in air near to the ground; this should have had 
a considerable influence on the electrical behaviour of the 
lowest atmosphere. In fact, a marked reduction in 
potential gradient (at 1 m) has been observed!* during 
the past 15 years. In a future extension of the work 
presented here, these electrical effects in the atmosphere 
will be related quantitatively to the ionization from 
deposited fallout. 


J. A. B. Gipson 
D. H. Perrson 
Health Physies and Medical Division, 
Atomic Energy Research Establishment, 
Harwell, 
Berkshire. 
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Observation of Electrostatic Resonances 
of the lonospheric Plasma 


Tue theory of electrostatic waves is highly developed! -?. 
The propagation of electrostatic waves has been observ ed 
in laboratory plasmas by measuring the time required 
for a pulse ‘of these waves to travel between antennae 
imbedded in the plasma‘. Resonance phenomena have 
been expected to appear in a plasma irradiated with radio 
waves at frequencies for which the group velocity of the 
electrostatic waves is zero or small. This concept has 
been used* to explain certain previously observed reson- 
ances. Bernstein's theory, however, also predicts zero 
group velocity at frequencies for which resonances have 
not previously been observed. A simplified approximate 
equation has been developed by Stix* and improved by 
Dougherty and Monaghan? to predict the frequencies at 
which these electrostatic resonances should appear. The 
resonances observed by instruments carried on satellites 
may correspond to a finite group velocity that matches 
the velocity of the satellites. 

Fig. 1 shows examples of signals observed by the 
Alouette satellites that are believed to result from electro- 
static resonances. The horizontal axis of the figure is 
the wave frequency of a succession of pulse transmissions, 
and the vertical axis is time, in units of apparent range 
ct/,, where the origin of time is chosen to coincide with 
the transmission of the pulse. The signals of interest 
are labelled fo, and fos It is thought that energy is 
stored in the ionospherie plasma in the form of electro- 
static waves of approximately zero group velocity, pro- 
dueing a relatively long enduring signal in the receiver. 
The plasma frequencies, upper hybrid frequencies and 
cyclotron harmonic frequencies are excluded from the 
set of fo, although the resonances at these fre quencies 
may also be primarily electrostatic in character. 

To confirm the identification of these fo, resonances, 
the dependence of the observed resonance frequencies 
on plasma parameters was compared with the theoretical 
dependence calculated from Bernstein’s theory together 
with the condition of zero or small group velocity. 
Equation (46) of Bernstein’s paper can be written in the 
following form 





À 
aim (1) 

IN 

where 
z= k* o? (for transverse propagation) (2) 
qflfn (3) 
gn — fvlfu (4) 
2. AT , 
Qum (5) 
MOHT 

k= 9n]A (6) 
The J, are Bessel functions of the first kind of imaginary 
argument. Tables of the quantity e4/.(2) are av ailable*. 


The frequencies f, fu and fx are the wave frequency, the 
gyrofrequeney, and the plasma frequency respectively. 
o and oj are the angular frequencies corresponding to 
f and fz, p is the electron gyroradius, A is the wavelength 
of the electrostatic wave, A is Boltzmann's constant 
and T is the absolute temperature. In terms of these 
quantities, the group velocity can be written 





do 2304 dg D 
7L = ge" i“ = pore í 
dk A 





In Fig. 2 are plotted several of the dispersion curves 
defined by equation (1) relating g and qy for specific 
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November 6, 1 


values of ù}. At the envelope of this family of curves 
dq/d* is zero. The magnitude of dg/d* corresponding to 
& group velocity equal to the velocity of the satellite 
can be computed from equation (7). This yields a small 


^0 





Gyia) 


Fig. 2. The relation of the electrostatic resonance frequencies to the 

| frequency, the gyrofrequency, and the upper hybrid frequency. 

dashed line is the theoretical prediction of fq^/f 4 and the points are 

experimental values computed from observed values of fo», f v and fa. 

In addition dispersion eurves for electrostatic waves corresponding to 

selected values of the parameter À are shown as solid lines. The disper- 
sion curve for 4=0 coincides with the curve for f — fr. 


, 1501-26 GMT (30° S, 20° E). 


Satellite height 1,240 km. 


value of dg/d* of the order of 10. The electrostatic 
waves that have satellite velocity or less should appear 
for the conditions near the upper envelope, shown in 
part by the dashed curves. The dispersion curves of 
Fig. 2 are simply related to those of Bernstein's paper; 
rotation of the diagrams by 90° followed by an inversion 
that transforms poles into zeros and vice versa converts 
one set of dispersion curves into the other. 

Experimental data are also shown in Fig. 2. Excluded 
from the set of fg, are the frequencies of the types of 
resonance observed before. Frequencies of resonances 
not completely resolved from other resonances are also 
exeluded. Some of the observed resonances are somewhat. 
diffuse and for these the resonance frequency is not well 
defined. In all such eases the central frequency of the 
resonance was arbitrarily used as the observed resonance 
frequency. The data agree with the theoretical prediction 
to within the experimental error. 

The observed resonances plotted in Fig. 2 are fos fos 
and fe, Resonances observed at the envelope of the 
dispersion curves in the region | « f/fu «2 have not been 
plotted in Fig. 2 for two reasons. (1) They may not be 
of electrostatic type. The envelope in the region 1 « f/fu < 
2 consists of the curve for »—0, at which value of % 
Bernstein’s theory may not be valid. (2) Even if fo, 
electrostatic resonances exist, they would occur at fr, 
the frequency of the well known upper hybrid resonance. 

The derivation of Bernstein's dispersion relation for 
electrostatice waves involves the approximation that 
the speed of light is infinite. The magnetic forces thereby 
neglected are significant in the region of coupling between 
electrostatic and electromagnetic waves. This coupling 
region is characterized by very small values of 2, of the 
order n*v,*/c? where v, is the thermal velocity of the 
eleetrons*. The transition between electrostatic and 
electromagnetic waves should therefore occur at à values 
of the order of 10-*. 

The Dougherty and Monaghan equation for the fre- 
quencies of the fo, resonances can be written in the form 


fan 0-464 
— =n + [ 


fu n? 


A (8) 


where n is an integer. This equation was derived for 
values of fQ,/fj close to integers; it is found to be a useful 
approximation for much of the range n «fos/fu « n 1. 
As they note, these resonances occur only for fos fr. 
We conclude that the resonances reported here are 
produced by the storage of energy near the satellite in the 
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form of electrostatic waves of small (or zero) group 
velocity. 


E. S. WARREN 
E. L. Hace 
Radio Physics Laboratory, 
Defence Research Telecommunications Establishment, 
Shirley Bay, 
Ottawa, Canada. 
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Effect of a Region of Low Viscosity on 
Thermal Convection in the Mantle 


GEOPHYSICAL and geological studies have revealed a 
world-wide pattern of tectonic features and have provided 
inereasing evidence of erustal mobility. "These have re- 
cently been related through the remarkable work of 
Vine and Matthews and others^? on sea floor spreading. 
There is some indication? that the rifts which mark the 
bifurcation line of sea floor spreading are also regions of 
high heat flow. Regions of low heat flow appear to parallel 
the rifts at distances of several thousand kilometres. 

If thermal convection in the mantle is to explain these 
observations, a horizontal scale as large as 10,000 km is 
required by the tectonic features. and as small as 3,000 km 
by the heat flow measurements. In units of the depth of 
the convective motions, mantle-wide circulation would 
require a horizontal wavelength of from 1-0 to 3-3, and 
motion confined to a region 300 km thiek would require 
a horizontal wavelength of from 10 to 33. 

In the analytical model of thermal convection first 
formulated by Lord Rayleigh! and extended by others®-6, 
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fig. 1. The dependence of the horizontal wavelength of convection, 
in units of the layer thickness, on the viscosity contrast. Curves for 
both rigid and free boundaries are shown. 
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Fig. 2. The critical Rayleigh number, calculated using the central 
viscosity, as a function of viscosity contrast for both rigid and free 
boundaries. 


in whieh the fluid is taken to have uniform physical 
properties, the horizontal wavelength is found to be 2-0 
for rigid boundaries and 2-8 for free boundaries. Only 
convection throughout most of the mantle could be 
reconciled with the surface observations according to 
this model. 

Solid state theory’, post-glacial uplift*, seismic waves 
and free oscillations’, and the non-hydrostatic equatorial 
bulge’*, however, all indicate that beyond a region in 
the upper mantle where it is low, viscosity increases with 
depth, probably precluding convection in the lower 
mantle. The lower boundary to convection in the mantle 
is likely in the transition region between 400 and 1,000 km. 

We have modified the Rayleigh theory of thermal 
convection to take account of the very large vertical 
variation of viscosity probably present in the real earth. 
The viscosity v has been taken to depend on the dimen- 
sionless depth z according to 


v = uo (1l — x co? zx) 


where « and 7 are positive constants and where u, is the 
viscosity at the boundaries, located at z= 4 0-5. Thus the 
viscosity contrast between the boundaries and the centre 
of the layer is given by Q — 1/(1 — x), and the sharpness of 
the central minimum is controlled by n. The effect of Q 
on the horizontal wavelength for n-5 is illustrated in 
Fig. 1. The dependence of the critical Rayleigh number 
on Q. ealeulated using the central viseosity, is shown in 
Fig. 2. Again, a value of n — 5 has been used. 

Although numerical difficulties have prevented the 
results from being carried to higher viscosity contrasts, 
if the initial trends are borne out several inferences for 
mantle convection may be drawn. First, because the 
viscosity may vary by three or four orders of magnitude 
from high to low to high in passing through the upper 
1.000 km of the mantle. and because this might imply 
horizontal wavelengths well in excess of 5, it may be 
possible to reconeile convection restricted to this region 
of the mantle with the observed horizontal scale of surface 
features. Second, the critical Rayleigh number for the 
onset of convection is found to be nearly proportional to 
the viseosity contrast. Thus a fluid layer near marginal 
stability with a uniform high viscosity would not be far 
beyond marginal stability with a central minimum several 
orders of magnitude lower. 

The likelihood that convection eonfined to the upper 
mantle is not far beyond marginal stability increases 
confidence in our theory. which is a marginal stability 
analysis. The regularity of the observed surface features 
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lon Exchange 


by T. V. Arden, DSc, PhD, FRIC, CEng, 
MIMM, PAIWE 


A general survey of the principles governing the practical 
uses of ion exchange resins, for the benefit of students 


| encountering the subject for the first time, and for all chemists 


and engineers concerned with water treatment, 


1968 192 pages illus. 55s. 
Soil Mechanics : 

Selected Topics 

Edited by |. K. Lee, BCE, MEngSc, PhD, 
AMIE(Aust) 


Both research workers and practising engineers specializing 
in soil mechanics will find this book stimulating, compre- 
hensive, and a very useful source of reference on the present- 
day state of the subject. lt will also be a valuable text book 
for advanced students of civil engineering. 


1968 640 pages illus. £10 
Chemical Microbiology 
Second Edition 

by A. H. Rose, PhD 

A new edition of a text which provides a concise coverage 
of chemical microbiology. Innovations in this edition 
include an expansion of the sections on biosynthesis. and 


growth, many of the metabolic maps are now given with the 
structural formulae, and the entire work has been updated. 


1968 324 pages illus. 48s. 


Growth and Development 
of Mammals 
Edited by G. A. Lodge and G. E. Lamming 


In view of the great importance of animal tissue as a source 
of human food, it is becoming increasingly vital to improve 
the efficiency of livestock production. This book, representing 
the Proceedings of the 14th Easter School in Agricultural 


Science, University of Nottingham, 1967, does much to 
further this aim. 
1968 538 pages illus. £8 


Key Papers : Cybernetics 


Edited by C. R. Evans, BA, PhD, and 
A. D. J. Robertson, BA 


This second volume in the Key Papers series is aimed at two 
broad classes of readers: the "beginners" and the “experts”. 
It makes easily available to the reader important papers in 
the field, all of which are thoroughly referenced. 

38s. 


1968 298 pages illus. 


88 Kingsway 
London, WC2 
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AN ADVANCED TREATISE 


in seven volumes 


edited by HAROLD LIEBOWITZ 


School of Engineering and Applied Science, The George Washington University, Washington, D.C. 


A comprehensive treatise presenting a detailed interdisciplinary treatment 
of the problems of brittle and other types of fracture from both the 
microscopic and macroscopic viewpoints. 


VOLUME 1 


MICROSCOPIC AND 
MAGROSCOPIC FUNDAMENTALS 


Provides discussions by experts on topics such 
as: those aspects of solid-state physics perti- 
nent to fracture problems; the contribution 
of dislocation theory to the understanding of 
fracture in solids; experimental observations 
of dislocations and the potential usefulness of 
diffraction electron microscopy; microscopic 
mechanisms of fracture as determined from 
electron fractographs; the application of 
continuum mechanics to problems of brittle 
fracture; ways in which stress waves can 
cause or affect the position, geometry, and 
size of fractures. 


1968, 597 pp. 


VOLUME 3 


ENGINEERING FUNDAMENTALS 
AND ENVIRONMENTAL EFFECTS 


in preparation 


VOLUME 6 


FRACTURE OF 
METALS 


in preparation 


VOLUME 4 


ENGINEERING FRACTURE 
DESIGN 


in preparation 


VOLUME 2 


MATHEMATICAL 
FUNDAMENTALS 


Provides discussions on topics such as: a series 
of mathematical models for the "equilibrium 
crack" considered fromananalytical viewpoint; 
the theory of fracture of brittle materials with 
particular attention given to the method of 
calculating the change in strain energy 
resulting from crack propagation; mathe- 
matical methods for certain fracture analysis 
problems in elasticity and plasticity, with 
emphasis on crack extension; and the theory 
of micropolar elasticity, its development from 
the classical elasticity theory and its implica- 
tions for predicting new phenomena. 


1968, about 750 pp. 


VOLUME 8 


FRACTURE DESIGN OF . 
STRUCTURES 


in preparation 


VOLUME 7 


FRACTURE OF NONMETALS 
AND COMPOSITES 


im preparation 
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LECTURES IN THEORETICAL 
HIGH ENERGY PHYSICS 


edited by H. H. Aly, Department of Physics, American 
University of Beirut, Lebanon. 


The book is devoted to the studies of particle physics. 
It covers a wide range of material very useful to 
students of high energy physics. Each chapter covers 
in detail the aspect of particle physics considered. 


Approx. 442 pages Approx. 130s. Due December 1968. 


HALIDES OF THE LANTHANIDES 
AND ACTINIDES 


by D. Brown, Senior Scientific Officer, Chemistry Division, 
Atomic Energy Research Establishment, Harwell, Didcot, 
Berkshire. 


Special emphasis is placed on the more recent studies 
in this field although selected references are provided 
to cover the earlier work and an attempt has been 
made to emphasize gaps in the existing knowledge 
and uncertainties in published information. 


Approx. 266 pages Approx. 84s. Due December 1968. 


A GENERAL THEORY OF 
CATEGORIES AND FUNCTORS 


by lon Bucur, University of Bucharest, and Aristide 
Deleanu, Institute of Mathematics at the Romanian 
Academy, Bucharest, with the assistance of Peter Hilton. 


The book proposes on one hand to introduce the 
reader to the modern theory of categories and 
functors and on the other hand to facilitate the task 
of the research worker who studies various papers 
in traditional fields of mathematics (such as: topology 
algebra, algebraic geometry, analytic spaces, number 
theory, etc.) which use the method and the results 
of the theory of categories. 


Approx. 240 pages Approx. 10Cs. Due November 1968. 


QUANTITATIVE GEOGRAPHY: 
TECHNIQUES AND THEORIES 


IN GEOGRAPHY 


by John P. Cole, Lecturer in Geography, Nottingham 
University, and C. A. M. King, Reader in Geography, 
Nottingham University. 


The purpose of thís textbook is to present in one 
volume the new techniques and theories of modern 
geography. The contents are organized on the basis 
of techniques rather than on the basis of material 
studied or findings. The techniques, ranging from 
very simple ones to relatively complicated ones, 
are presented with the aid of illustrations and num- 
erous worked examples, given step by step. 


Approx. 704 pages Approx. 95s. Cloth. 
Approx. 55s. Paper Due November 1968. 


WILEY 9 


AND WAVES 


by H. J. Pain, Physics Department, imperial College, 
London. 


The transmission of energy by wave propagation is 
fundamental to almost every branch of physics. 
This book has some application to almost every 
undergraduate advanced lecture course. 


Approx. 264 pages Approx. 45s. Due December 1968. 


FOUNDATIONS OF QUANTUM 
CHEMISTRY 


by T. E. Peacock, University of Queensland, Australia. 


This book is an introduction to Quantum Chemistry 
aimed at the Second and Third Year Honours Under- 
graduate in a British University. The book is essen- 
tially a 'written up' account of a lecture course 
given in King's College in the University of London 
between 1960 and 1966. The book assumes an elemen- 
tary knowledge of valence theory and a mathematica! 
background equivalent to that required by Special 
B.Sc., candidates in the University of London. 


Approx. 18! pages Approx. 55s. 
Due December 1968, 


AN INTRODUCTION TO THE 
THERMODYNAMICS OF CHARGED 
AND POLARIZED LAYERS 


by Albert Sanfield, Reader in Physicol Chemistry at the 
Free University of Brussels. 


A pure coherent thermodynamical formulation of 
the distribution of matter and pressures in charged 
and polarized continuous systems based on the 
Prigogine, Mazur and Defay local irreversible thermo- 
dynamics. Applications to electrochemistry and 
colloid science are given. Theoretical and experi- 
mental results are often compared. 


Approx. 254 pages Approx. 65s. Due December 1968. 


SUPERNOVAE 


by 1. S. Shklovskii, Sternberg Astronomical Institute, 
Moscow, U.S.S.R. 


In recent years the outbursts of supernovae have 
attracted the attention of many astronomers. lt is 
now clear that these outbursts play a very important 
part in the general picture of stellar and galactic 
evolution, and in consequence this book will be of 
special value to astrophysicists and physicists interested 
in modern astrophysics. 


Approx. 450 pages Approx. 150s. Due December 1968 


RADIATION CHEMISTRY OF 
AQUEOUS SYSTEMS 


by G. Stein, Hebrew University of Jeruselem. 


This book is the proceedings of the I9th L. Farkas 
Memorial Symposium held between 27th and 29th 
December 1967, at the Department of Physical Chem- 
istry in the Hebrew University, Jerusalem, israel. 


Approx. 300 pages Approx. 100s. 


Due November 1968, 
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certainly argues against a flow which is. far beyond 
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Does Epicentre Source Bias exist ? 


AT 21.00.00.1 GMT on October 29, 1965, a nuclear explo- 
sion. was detonated underground on Amchitka Island 
(Aleutian Islands). Study of the seismic waves generated 
by this explosion—code named Lopgshot—showed that 
the arrival times of P waves at stations on azimuths to 
the north of the Aleutian are are earlier than predicted 
whereas the arrival times to the south of the arc are 
usually later than predicted. Epicentres computed by 
standard methods from the arrival times are consistently 
about 25 km to the north of the true epicentre. This 
phenomenon, now described as travel time bias, was not 
recognized before the firing of Longshot: the predicted P 
travel times of large explosions elsewhere are close to 
those observed and the calculated epicentres are within a 
few kilometres of the known locations. Some workers'? 
have interpreted this travel time bias as originating near 
the source of the explosion (source bias) and Cleary? has 
deduced a possible near source structure to account for it. 

We suggest that so far there is no evidence of source 
bias and that the observations point chiefly to plausible 
differences between recording stations in the underlying 
upper mantle structure. If this is true, then, by applying 
time corrections---station corrections for these differences 
in structure, it should be possible to obtain a good estimate 
of the Longshot epicentre without invoking extreme 
upper mantle structures at the source. 

Herrin and Taggart! have made the most detailed study 
of travel time bias and they seem to have demonstrated it 
at source, both for the Longshot explosion and for a 
Hawaiian earthquake of June 28, 1962. The epicentre of 
the Hawaiian earthquake was computed from arrival 
times at the nearby stations of the Hawaiian network?; 
this epicentre is thought to be not more than 3 km from 
the true epicentre!. Using distant (teleseismic) arrival 
times the computed epicentre is 46 km NNW of the true 
(locally determined) epicentre!. 

Herrin and Taggart! have applied station corrections 
(computed by Herrin et al.4) to the observed arrival time 
data for both Longshot and the Hawaiian earthquake in 
an attempt to improve the epicentral estimates and find 
only marginal improvement, between 2 and 3 km, for 
each event. Herrin and Taggart therefore concluded that 
the remaining bias must be a source effect. An alternative 
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explanation is that the station corrections used (and 
possibly the travel times) are incorrect. Herrin et alt 
estimated the station corrections as follows: earthquakes 
and explosions were located by least squares using the 
standard method and the station corrections computed 
from the time residuals; to a first approximation the 
mean residual at each station is the station correction. 
(Herrin et al.* treated explosions in the same way as 
earthquakes and made no attempt to restrain the explo- 
sions to the known epicentres.) Now the assumption 
made in computing epicentres by the standard method is 
that there is no travel time bias; any bias there may be is 
smoothed out, so that station corrections computed from 
these residuals will also tend to lack any bias. Station 
corrections derived in this manner can do little to improve 
epicentral estimates, except possibly for events recorded 
by a small number of stations, but they will reduce the 
standard deviation of the observations and give apparently 
more accurate epicentres. The only evidence that station 
corrections (and/or travel times) are in error will be mis- 
location of events the true epicentres of which are known. 
Thus for any one event it will usually be impossible to 
determine whether this mislocation is a consequence of 
Source bias or error in station corrections and travel times. 

If, however, several events with known epicentres are 
considered as a group some estimate of source bias ean be 
made. From this group of events the travel times and 
station corrections can be estimated. If using these 
travel times and station corrections the computed epi- 
centres still do not show good agreement with the known 
epicentres this residual bias can most probably be attri- 
buted to effects at the source. The station correction and 
travel times may absorb some of the source bias, but there 
is no way in which this effect can be estimated or avoided, 

This group method of detecting source bias has been 
applied to the data from the Longshot explosion and the 
Hawaiian earthquake. Data for seven explosions from an 
apparently unbiased area*5—the Bikini-Eniwetok Islands 
—have also been included in the analysis. As a first 
approximation travel time errors have been assumed to 
be negligible (the Herrin? travel times were used) and 
station corrections have been estimated in a manner 
similar to that used before* but with the events restrained 
to their true epicentres. These computed corrections 
(Table 1) have been applied to the observational data for 
each event and the epicentre recomputed using the stand- 
ard method. The results (Table 2) show that the re- 
computed epicentres are close to their true epicentres, 
that virtually all the bias cf Longshot and the Hawaiian 
earthquake can be accounted for in the station eorreetions 
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Table 1. CORRECTIONS (IN SECONDS) USED FOR EACH STATION 
ADE -2-0 CPO -9 LAW 
AFI -17 CTA EJ LOR 
ALE —-48 DUG 2-6 LPB 
ALQ -20 EUR -1-8 LUB 
BAG -27 FAY -3-5 MAN 
BEN -23 FGU -37 MAT 
BLO —4&8 FLO -47 MBC 
BMO -2:5 GCA -07 MEL 
BOG -06 GEO -38 MHC 
BOZ -10 GOL -—14 MIN 
BRK - GUA -39 MOX 
BRS - HET +01 MRG 
BUT -27 HHM —2-5 MWC ~2- 
BYR -3-6 HKC NUR 3 
CAN -08 HUA PAL ~ $e] 
CAR -34 HVO PAS -25 ~ 3-4 
CHA -2-4 ISA PLM £4 TRO -13 
CHC -2-6 Iso PMG £9 TIN -17 
CLC —2-4 JEN PNT -30 TRO 9T 
CLE -17 JER POO ~34 TUE -23 
CLL -40 KHC PPT  —067 UBO -—17 
CMC -31 KIP PRU -42 UPP -~til 
COB -07 KIR QUE -37 VIC  —22 
COL -3-7 KRC RAB -28 WEL ~3-6 
COR -1:6 LAR -29 RCD -20 WMO 39 
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and that these corrections are consistent with the 
apparently unbiased data from the Bikini- Eniwetok area. 
Excluding the Eniwetok event (Mike) for whieh the only 
data available are from stations poorly distributed in 
azimuth, the maximum error in lecation is for the 
Hawaiian earthquake—the event whose true epicentre is 
ihe most uncertain. 





Table 2, ERRORS IN EPICENTRE LOCATION WITH AND WITHOUT THE STATION 














CORRECTIONS GIVEN IN TABLE 1 
Standard Standard 
Error without errorof Error with — errorof No. of 
Name and corrections observa- corrections observa- stations 
date of event (km) tion tkm) tion used 
(3) (3) 
Longshot . 
26-0 NNW 1-0 408 0-8 61 
30-0 NNW t7 9-0 WNW 1:2 40 

Eniwetok 

(MIKE) 

31.10.52 20-0 NNW 0-7 16-ONNE 0-3 20 

Zniwetok 

(APACHE) 

08.7.56 $ONW 0-7 30E 07 23 
Eniwetok (OAK) N 

28,0.58 10-0NW 1-0 2-08E 05 21 
Bikini (UNION) 

25.4.54 22.0 NW 0:3 50 ESE 04 24 
Bikini 

(YANKEE) 

04.5.54 15-0 NW 0:8 508E 0:5 28 
Bikini (TEWA) 

20,7.56 BOW 10 TOSE 0-6 28 
Bikini 

(POPLAR) 

12.7.58 LO NNW 1 50N 03 28 


The results presented here do not prove that there is 
no source bias; but they do show that the data for events 
with aecurately known epicentres have no internal incon- 
sisteney that has to be explained by source bias. Had the 
epicentral shift due to bias at the Longshot epicentre 
been in a different direction to that of the Hawaiian 
earthquake, then there would have been some evidence 
for source bias, but because the effect of the bias is to 
shift both epicentres northwards the simplest explanation 
is that the main cause of the bias is at the recording 
station. Until there is independent evidence of source 
bias, this is the simpler as well as the more plausible 
hypothesis. 

This analysis was made assuming the travel time curve 
is essentially correct. The work is now being extended so 
that corrections to travel times can also be obtained using 
data for all events with known epicentres. The results of 
this work should give the best travel times and station 
corrections in the sense that they show the closest agree- 
rent with the observed travel time data for events with 
known epieentres, whieh in the absence of evidence to 
the eontrary would seem to be the main requirement of 
travel times. "The first results of the work to estimate 
this travel time curve show close agreement with the 
results of Cleary and Hales*. 
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Abyssal Anti-dunes 


THE pronounced seaward dip of near bottom isotherms 
which is frequently observed on the continental rise off 
eastern. North America suggested that a deep bottom 
current flows south along the western side of the N 
Atlantie!. Near bottom velocities of 5 to 18 cm/s 
subsequently measured in this southerly flowing Western 
Boundary Undercurrent east and south-east of Cape 
Hatteras, east of Cape Cod, and off Greenland and Labra- 
dor*. These measured velocities are competent to trans- 
port all the sizes of sediment generally found on the 
continental rise?. 

Compass orientated photographs of the ocean bottom 
have recently been used to investigate the nature and 
orientation of the effects of currents whieh follow the 
contours on bottom sediments of the continental rise. 
These photographs have shown that ripples, scour marks 
and sediment lineations are characteristic of the ocean 
bottom beneath the Western Boundary Undercurrent. 
This evidence, coupled with studies of sediment stratifica- 
tion and sediment provenance, indicates that contour 
eurrents exert a very important control on contemporary 
deep-sea sedimentation, and have had a continuing role 
throughout the last geological epochs. On the basis of these 
data, Heezen and his associates contend that the large 
drifts and sedimentary wedges associated with the con- 
tinental margin are built and shaped by contour currents. 

In an effort to gain a better understanding of the part 
that contour currents play in deep-sea sedimentation, 
more than 2,000 miles of seismic reflexion sparker records 
from the Lower Continental Rise Hills have been studied 
(Fig. 1). 

The Lower Continental Rise Hills, the deepest physio- 
graphie province of the continental margin off eastern 
North America, trend north-east-south-west from the 
Hudson Canyon region to south of the Hatteras Canyon. 
The province is approximately 325 miles (520 km) long, 
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Distribution of seismic retlexion sparker data used in this study. 


Fig. 1. 
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a, Line drawing of a seismic reflexion sparker record. b, Line drawing of a 12 kHz sounding record shows 


that the shallow reflectors outcrop on the south side of the Lower Continental Rise Hills. 


410-80 miles (64-128 km) wide and encompasses an area 
of approximately 20,000 square miles (32,000 km?). 
Sounding profiles taken across the Lower Continental 
Rise Hills indicate that the province ranges in depth from 
2,300 fathoms (4,500 m) along the north-western boundary 
to 2,800 fathoms (5,300 m) adjacent to the Hatteras 
Abyssal Plain near the Hatteras Canyon. 
Individual hills are 2-4 miles (4-6 km) wide, 
30-50 fathoms (60-100 m) high and have 
gradients of 1: 120 to 1: 180. 

Ballard* reported results of a sounding 
survey eondueted in the northern portion 
of the Lower Continental Rise Hill pro- 
vince, which showed that the hills are 
elongate and orientated in an east-west 
direction. Analysis of new seismie reflexion 
profiler data  corroborat this general 
orientation, but more specifically it seems 
that the axes of the hills are orientated 
approximately 45° to the regional contours. 
Reflexion: profiles indicate that the hills are 
composed of a thick acoustically transparent 
wedge of sediment that is characteristic of a 
large portion of the continental rise. Át the 
boundary of the Hill Province with the 
Hatteras and Sohm abyssal plains, the deeper R 
hills are buried by highly reflective, well 5 
stratified sediments. Core analysis has °° 
identified these sediments as turbidites. In 
the hill region betweeen the Sohm and 
Hatteras abyssal plains, the acoustically 
transparent layer can be traced across 















Fig. 3. Photograph of a seismic reflexion profiler record reveals that the a 


and on to the Bermuda Rise (Fig. 2a). Underlying this 
transparent sediment mass is an undeformed reverberant 
interface known as Reflector A which has been dated as 
Upper Cretaceous*. 

Sounding records obtained with a 12,000 Hz sounder 
show closely spaced sub-bottom reflectors within the 
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hills. Inspection of these records reveals that the sub- 
bottoms are not conformable to the sediment-water 
interface. Rather, the sub-bottoms along the northern 
flanks of the hills appear to thin towards the crest, with 
the erest of each progressively deeper sub-bottom dis- 
placed slightly more to the south. The sub-bottoms are 
truncated on the southern flanks of the hills (Fig. 2b). 
Seismic reflexion profiles reveal that deep sub-bottom 
reflectors depict a similar configuration, suggesting a 
continuous northerly and upslope migration of the hill 
erests through time (Fig. 3). In some cases, however, 
the uppermost sub-bottom reflectors do not follow the 
same pattern as the deeper layering. Instead, these upper- 
most layers may conform to the sediment—water interface. 

Orientated photographs of the deep-sea bottom in the 
Lower Continental Rise Hills reveal that a strong south- 
westerly current flows obliquely across the axial trend of 
the hills and parallel to the regional contours. Currents 
are weak or absent in the bordering, nearly level. hori- 
zontally stratified portion of the lower continental rise 
and Hatteras Abyssal Plain‘. 

Thus the oblique orientation of the hills to the direction 
of current flow, and the truncation of beds on the down- 
eurrent flank of the individual hills, indicate that the 
hills have migrated up-current and up-slope through time. 
Movement of this type is observed in the beds of high 
velocity streams where anti-dunes, composed of sand- 
sized material migrate upstream. So little is known 
about the behaviour of clay and silt during deposition in 
the deep-sea environment that the hydrodynamic and 
sedimentary regime which could produce up-eurrent 
migration in the abyss is obscure. 

The occurrence of horizontally stratified pockets of 
sediment between the hills, the apparent thin conformable 
sediment blanket over the crests of some hills and the 
buried hills found under the edge of the Sohm and Hatteras 
abyssal plains suggest that. (1) a more uniform deposition 
may be characteristic of the hill province at present, 
(2) migration may have temporarily ceased, and (3) the 
growth of the abyssal plains in the recent past. has exceeded 
rates of hill formation. 

Abyssal mud dunes have been observed in the Mozam- 
bique channel’, on the Blake-Bahama Outer Ridge?, the 
Argentine Basin®, the Bermuda Rise-Sohm Abyssal Plain 
boundary’, the Bermuda Rise-Hatteras Abyssal Plain 
boundary and the South China Sea. (The last two 
locations are referred to in unpublished seismic reflexion 
data obtained by Alpine Geophysical Associates, Ineorpor- 
ated, for the Marine Geophysical Survey Project, US 
Naval Oceanographie Office.) The relatively widespread 
distribution of these features provides a record of the 
direction of the Tertiary bottom current. 

The sparker reflexion profiles covering 2,000 miles 
on which this study is based were obtained by Alpine 
Geophysical Associates, Incorporated, for the Marine 
Geophysical Survey Project of the US Naval Oceano- 
graphic Office. The results presented in this paper were 
discussed with P. Buhl, S. Eittreim, €. D. Hollister, 
W. B. F. Ryan and E. D. Sehneider. We thank Billy 
Glass, who collected sparker reflexion data during a cruise 
of the USNS Silas Bent. This research was supported by 
a grant from the US National Seience Foundation. 
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Linear Electro-optic Effect and 
Centrosymmetric Crystals 


Kurtz and Robinson! have recently proposed a physical 
model of the electro-optie effect. On its basis they have 
derived expressions for the electro-optic coefficients of 
centrosymmetric and non-centrosymmetrie crystals. They 
have also established a relationship between the linear 
and the quadratic electro-optic coefficients in ferroelectric 
materials in terms of spontaneous polarization. According 
to this model the linear electro-optic coefficient vanishes for 
centrosymmetric crystals. This conforms with the general 
concept. The purpose of this communication is to point 
out that a small linear electro-optic effect is also expected 
to occur in centrosymmetrie crystals. Kurtz and Robin- 
son's model! is modified with respect to this point and a 
rough theoretical estimate for linear electro-optic co- 
efficients of such crystals is obtained. 

Adler? has pointed out that the occurrence of second 
harmonie generation in centrosymmetrie crystals (like 
caleite?) in the absence of an external d.c. electric field can 
be explained classically if one takes into account the 
Lorentz force term and the space variation of the incident 
electric field in the equation of motion of the electron. It 
can easily be seen that the Lorentz force term does not 
contribute to the second order polarization relevant to 
the electro-optic effect but the space variation of the 
incident electrie field does, and that this latter term does 
not depend on the nonlinearity of the medium. 

When the model of ref. 1 is extended to include the 
space variation of the electric field it yields the following 
equation of motion for an eleetron (m, mass; e, charge) 


Zit oiZit oim A Zi = 
(e/m){ E(w): exp[i(ot — k . Z)]4+8H(0) + (1) 


Here E(a) is the amplitude of the external electric field of 
frequency o and wave vector k, E(0) is the external electric 
d.e. field, and £ is a local field parameter’. 

The anharmonic term gir; is zero when inversion sym- 
metry is present. Solving equation (1) we get for second 
order polarization, P(o), the expression 


P(o) = iyE(0) E(w) exp(?ot) 





L=- 2 
x mollos o?) (2) 
where N is the effective number of particles per unit 
volume which contribute to the polarization and k(Q) is 
the projection of k in the direction of the external d.c. 
electric field. The imaginary here takes account of the 
fact that the polarization induced by the d.c. electric field 
is 90? out of phase with the incident beam. 

As usual, we deseribe the linear electro-optic coefficient, 
r, by the expression 
— (Axin'1g (3) 


Using equation (2) in 


r= 


where n» is the refractive index. 
equation (3) we get 
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(n* — LjeBk(0) 
n= "m coi 
v 

If we take w= 27 x 10'*/s, k(0) ~ 10* cm~, 80 7, n œ 1-5, we 
get rz2x10-* em/stat V. It is about 100 times smaller 
than that for potassium dihydrogen phosphate and is 
intermediate between the linear and the quadratic 
electro-optic coefficients of a ferroelectric like barium 
titanate reported by Kurtz and Robinson'. The linear 
effect thus obtained would not vanish for centrosym- 
metric crystals or for ferroelectric materials above their 
Curie point when their lowest order anharmonicity 
vanishes. It can further be seen that the change in 
refractive index [given by à» = (r/2)n*E(0)] of centrosym- 
metrie erystals for an optical wavelength and for a d.c. 
electric field of 10 kV/cm using the foregoing given value 
of r comes out to be of the order of 10-7, whereas the 
corresponding value for potassium dihydrogen phosphate 
(r=3-2x 10-7 em/stat V). which is noncentrosymmetric, 
is ~ 10-5, 
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Holographic Phase Recording by 
Interference between Reconstructed 
Wavefronts from Separate 
Holograms 


DISTRIBUTIONS of phase variation in light wavefronts can 
only be made visible by converting them into correspond- 
ing distributions of amplitude. This is achieved directly 
by interference with a "reference" wavefront, which is, 
of course, the basic principle of all two beam interfero- 
meters, and is also the means by which changes in a phase 
distribution recorded holographically may be made 
visible'-?, The papers referred to give 
(a) the “live” interference fringes, which are seen when a 
hologram is replaced exactly in its original position in 
the same apparatus after processing, and changes occur 
in the object which result in phase variation at the holo- 
gram, and (b) the "frozen" fringes, seen when two recon- 
structed wavefronts from a single hologram plate, corre- 
sponding to two successive exposures the plate has 
received, interfere to reveal the change in the phase 
distribution in the object field between the exposures. 

In certain cases, it is possible to employ a third tech- 
nique, which retains as much control of the spacing of the 
bands in the interference pattern as the "live" fringe 
method, but does not necessarily involve the original 
apparatus once the exposures have been made. 

Two separate holograms are made, exposing with 
and without the contribution to the phase distribution 








Fig. 1. 


tion from a second, 
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Optical superposition of the reconstruction from one hologram on the reconstruc- 
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Fig.2. Interference pattern formed between two wavefronts reconstruc- 

ted from separate holograms. The pattern results from path differences 

arising from: (a), an axial movement of one hologram in relation to the 

image of the other hologram, giving rings of equal inclination (“Haidinger 

fringes”), and (b), the presence of a refractive index disturbance In the 

flow of hot gas from two crossed flames in the optical fleld from which 
one of the holograms was made (see ref. 6) 


which is to be recorded. After the same 
reconstructing light beam is direeted in turn through 
each of the holograms, which are set in a suitable optical 
system in such a way that each point of one hologram is 
optically conjugate with the corresponding point of the 
other hologram, and the light beam is similarly oriented 
with respect to each hologram. This may be achieved 
by arranging the two holograms to be in an object-image 
relation in a well corrected optical system of unit magnifi- 
cation, as shown in Fig. 1. When the reconstructed wave 
in each case is of small amplitude compared with the 
incident reconstructing wave, and the two holograms have 
been recorded in similar conditions, the amplitudes of the 
two reconstructions will be equal, giving interference 
bands of adequate visibility, as shown in Fig. 2. The 
spacing and orientation of the bands are adjustable by 
translation of one hologram with respect to the image 
of the other, giving a linear phase difference variation 
across the field, and a quadratic phase difference eontribu- 
tion may be introduced by a relative axial shift. The 
effects of translation are shown in Figs. 3 and 4 

The optical system shown is not the only system which 
could be used, but it is interesting that it 
the scatter plate interferometer introduced by Burch* on 
which we have based some recent work in holography 
with pulsed lasers**. Following up this comparison, 
Burch has pointed out that the effect of aberrations in 
the optical system, which is superimposed on the effect 
of the phase differences between the two reconstructions, 
may be removed if one of the holograms is eopied through 
the optical system. The copy, carrying the effect of the 
aberrations, is replaced in the second ("image") hologram 
position, H,, and the other hologram is placed in the first 
("object") position H,. The aberration contribution 
added to the wave reconstructed from H, will match 
the aberration contribution from the hologram 
H, and so cancel it. 

There are even more possibilities in this 
technique than can be described here, for in 
E? addition to the obvious control of the spac- 
me ing and orientation of the interference 
- 124 bands, and the selection of different por- 
SS tions of the combined holograms to give 
Reconstructed familiar three-dimensional effects such as 
wavefronts ; 

parallax, it is also possible to exercise some 
control on the manner in which the refer- 
ence beam is incident on the two holograms 


processing, 


resembles 








image 
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Fig.3. Interference pattern formed with the same pair of holograms, but 


with a vertical displacement of one of them. 





Fig. 4. The same but with a horizontal displacement of one hologram. 


in turn. If the reference beam arrives at each hologram 
trom slightly different directions, the two reconstructed 


waves carry disturbances which correspond to the effeet of 


displacing one reconstruction transversely with respect to 
the other. When applied to the simplest case, of identical 
holograms in an aberration free system, the effect is analo- 
gous to the operation of a shearing interferometer, but the 
shear may be made to vary with axial distance, and so 
contains some potentiality for the resolution of three- 
dimensional phase distributions. Further work is in pro- 
gress on this aspect and will be reported in more detail. 
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Is Visual Memory Holographic? 


Ciaims by Longuet-Higgins' and Greguss? that memory 
might behave holographically are tested here in a situa- 
tion of prompted visual recall. If a figure, of area f. is 
inspected by a subject (S) and subsequently a part (P) 
of that figure, of area p, is presented to him, the holo- 
graphic theory implies that as the ratio p/f increases, the 
strength of the reconstituted whole figure and thus the 
accuracy of S’s recall of the unshown parts of the figure 
will also increase. This should be true regardless of the 
shape or fragmentariness of P. Such a view, attributing 
equal importance to each point of the figure, is likely to 
be unrealistie because visual perception is characterized 
by organization (into figure and ground and so on) and 
selectivity (of "good" or meaningful figures and so on) 
both of which properties are related to the conceptual 
content of the figure. An alternative to holographie 
theory therefore is that, in remembering a figure, S is 
storing an inventory of the conceptual items which make 
it up, each such item being associated (at the simplest) 
with each other item. 

A test of the relative merits of these views is suggested 
by the following: if a figure previously seen by S is 
partially exposed to him &nd the parts exposed consist. of 
a number of separate fragments, each of which is so small 
that it will not allow an entire conceptual item to show 
through it, then, on the conceptual view, increasing the 
number of such fragments (provided that there are not so 
many of them that they join to form larger ones) should 
not increase their value as a prompt for S’s recall of the 
unshown parts of the figure, whereas on the holographic 
view it should. To implement this test, a compound 
figure (F), 3:5 inches x 5:5 inches in size, was constructed 
consisting of a central irregular quadrilateral, like an arrow- 
head 1:5 inches long, among disks of diameter approxim- 
ntely one-third of an inch of various colours scattered 
thickly over a multicoloured camouflage-like background. 
Ss were familiarized with this figure through its inclusion 
with three other figures similar to it as a stimulus item in 
a paired associates task in which a label (one of the 
numbers 1, 2, 3 or 4) was learned to each figure. All Ss 
had ten trials on each of which each figure was shown for 
10 s. Immediately after this task, / was again shown but 
partially hidden by a black mask. S was required to 
label and reproduce the central figure by being asked to 
draw on a l in. square piece of card attached to the 
mask over the position of the central figure what was 
hidden beneath it. The mask had a number of square 
openings in it. For any particular 5 one of three propor- 
tions, 10/77, 22/77 or 34/77, of the total figure was visible 
through the mask and the openings in it were either 
0:5 inches square and so larger than the conceptual con- 
stituents of F, that is, the coloured disks, or 0-25 in. 
square and so smaller than constituents. The 
distributions of the openings in the masks were chosen 
independently of the arrangement of the disks in #. The 
six combinations of proportion visible and size of opening 
defined the treatments of a 3x 2 completely randomized 
factorial experiment using 24 Ss, four in each treatment 
group. If holographic theory is true, the effect of both size 
of opening and the interaction between size of opening 
and proportion visible should be zero, because on that view 
the only operative factor in recall is the proportion visible. 
If, however, the conceptual view is true the interaction of 
size with proportion should be positive particularly in its 
linear component, because, as I have argued, increasing 
the number of large openings would increase the accuracy 
of recall whereas increasing the number of small openings 
would not. As a further test, half of the Ss in each group 
had their mask in one orientation and the other half the 
same mask rotated through 180° in the frontal plane. 
Holographie theory would imply that the distribution of 
openings should make little difference whereas conceptual 
theory would imply that it might well, if one distribution 
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Fig. 1. Graph showing the effect of size of opening in, and proportion 


of figure visible through, a mask on recall of an unshown part of that 
figure. x, Large openings in mask; ©, small openings in mask. 


made visible a salient or critical item and the other did 
not. 

Three independent judges twice rated the accuracy of 
the Ss’ reproductions blind on a 0-8 continuous scale (0 
denoting “completely inaccurate" and 8 denoting com- 
pletely accurate”). Their agreement was highly significant 
and so the score used for analysis was the sum of the two 
ratings for each of the three judges (x10 to eliminate 
decimals). Scores could therefore range from 0 to 480. 
The mean score for each condition is shown in Table 1. 


Table 1. MEAN ACCURACY SCORE FOR EACH CONDITION 
Size of opening Small Large 
Proportion of F visible 10/77 22/77 84/77 10/77? 22/77 84/77 
Orientation of mask: 
Unrotated (n —-2) 266-5 2745 108-5 178-0 2950 3825 
Rotated (n= 2) 165-0 249-0 168-0 184-5 1825 2476 
Meanofbothorientations 915.8 958-8 137.2 181-2 2398 3150 


QA) 


The results were treated by analysis of variance and the 
only significant effect was the size x proportion interaction 
(Faig= 6-06; 0-025> P>0-01). The linear component 
of this interaction was highly significant (F,,,.=9-71; 
001» P>0-001). This interaction is graphed in Fig. 1. 

A supplementary Jonckheere trend test applied 
separately to the "large" and "small" trends indicated 
a significant upward trend for the former (S=36; 
P= 0-005, one tailed test) and no significant trend for 
the latter (S— —18; P=0-212, two tailed test). Both 
these outcomes are predicted by conceptual theory which 
thereby receives strong confirmation. 

Although, in general, mask orientation had no effect, 
it is interesting that this effect was significant for the 
scores of one of the judges when analysed separately. 

The question arises as to why, if the conceptual view is 
considered true, the "small" groups remembered anything 
at all. A possible answer is that, because all Ss were able to 
label F correctly in the mask (except two who were told 
the correct label), the previous association of the figure 
with the label sufficed to recall the central figure. albeit 
weakly. as would be expected of a response-stimulus 
association. If this is so, it suggests that sub-conceptual 
parts of F can be associated with a response but not with 
each other and this agrees with the well known fact that 
recognition ean be based on low level characteristics of a 
display. 

In conclusion, it seems that visual recall is of a higher 
order than holographic theory would claim. It would not 
be surprising if temporal recall was also. For example, it 
is unlikely that an S prompted with the end of one phrase 
(conceptual unit) and the beginning of the next would be 
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able to recall the sentence (or tune) from which those 
phrases came. 

J. D. VALENTINE 
Bedford College. 
University of London. 
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Calibration of the Radiocarbon 
Time Scale 


SEVERAL articles'- have deseribed efforts to reconcile 
radiocarbon ages with “true ages". The principle behind 
these procedures lies in the determination of a radio- 
carbon age and its comparison with the known age which, 
in the ease of tree rings, is established thrcugh dendro- 
chronological studies. Recently a review article by 
Adams‘ has emphasized the importance of these studies, 
and archaeologists are already applying some of the 
findings to establish the “true age" of specimens dated by 
radiocarbon in the conventional manner. We are con- 
cerned about the hasty application of “correction factors” 
to radiocarbon ages, particularly in view of certain dis- 
crepancies that we have observed in existing data, and we 
wish to point out these uncertainties before applieation 
of the corrections has become too widespread. 

Damon et al.? published a limited number of carbon-14 
data on samples of California sequoia and bristlecone 
pine tree rings which were dendrochronglagically dated 
by the Tree-Ring Research Laboratories of the University 
of Arizona. From a more extensive investigation, Suess" 
has published data on bristlecone pine samples which 
have been studied from the dendrochronologieal point. of 
view by the same Arizona laboratories. Thus it seems that. 
the radiocarbon results of these two investigators should 
be comparable when any overlap of tree ring ages occurs, 
Indeed, overlap does occur and the results are shown in 
Table 1. 

A word about nomenclature and units used by various 
authors is necessary at this stage. With the adoption of 
the National Bureau of Standards oxalic acid carbon-14 


Table 1. COMPARISON OF BRISTLECONE TREE-RING DATA OF DAMON et af. 
AND SUESS* 


Tree ring spread 















Sampie No, (yr BP) AME (ag)* d Cft 

A-7324 3,450-3,500 +32 
LJ-1456* 3,470-3,480 {(+14-6) 

A-738 3,500-3,552 437 
LJ-1258 3,520- +h 

A-656 3,551-3,565 +All 
LJ-1457 3,550-3,580 (+ 18-9) 

ATi 3,7 +37 
LJ-1467 3,730-3, € + 23-0) 
LJ-1473 3,750-3,760 *81 

A-6538 3,758-3,790 +53 
LJ-1472 3,790-3,800 +275 

A-637 3,792-3,805 +t 
LJ-1176 4,068-4,075 

A-586 4,062-4,142 T4 
LJ-1174 4,088-4,095 
LJ-1177 4,108-4,115 
LJ-1180 4,128-4,130 
LJ-1194 4,221-4,243 + 34 

A-528 4,216-4,228 +72 

A-736 4,941~4,959 +64 
LJ-i1268 4,940-4,950 8 

A-719 5,076 90 
LJ-1487 5,065 + 69-8 
LJ-1300 55 +705 

A-605 +148 
LJ-1301 + 72-2 
LJ-1299 5,730-5,750 + 80-0 


* Symbol used by Suess’, 

+ Symbol used by Damon ef ai.*. 

This table contains some unpublished results (supplied by Professor 
Damon) together with the early data? which have been revised slightly by 


the original authors. The reasons for these corrections wil he discussed 
elsewhere. 
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standard, most radiocarbon laboratories refer their 
measured activities of samples to 0-950 x C activity of 
the oxalic acid’. The factor 0-950 (as deduced in 1958) 
reduces the activity of the standard to that which would 
have existed in equivalent wood in 1890 (age-corrected) 
and hence unaffected by the release of industrial carbon 
dioxide (Suess effect). The derivation of A (as used by 
most laboratories) is as follows 





BHC = fae = 0-950 A’ 
\ 095049" 7 





x 1,000 


where A* is the sample specific activity corrected for 
decay due to its age and A? is the specific activity of 
oxalie acid. 
84€ 
A = 84C — (289C + 50)(1 + —— 
( ) x 1,000 


$*?C is the per mille difference between the !*C content 
of the sample and the standard belemnite sample*. 

For Table 1 the A values reported by Damon et ai. were 
calculated according to the equations described using a 
half life for carbon-14 of 5,730 yr. Suess’s measurements, 
however, were made slightly differently. A standard 
bristlecone pine wood, grown between 1875 and 1885, 
seems to have been used, instead of the oxalic acid, as 
standard. If the factor of 0-950, as used in conventional 
calculations, is correct and does, in fact, reduce the oxalic 
acid activity to age-corrected 1890 wood activity, the 
54C results obtained by Damon et al. should be almost 
comparable with activity differences between samples 
and bristlecone pine standard as measured by Suess. 

Further examination of the work of the two investi- 
gators reveals rather striking differences in the reported 
values of $C. In the case of Damon et al. the average 
39€ value is — 22. 7*/,, for bristlecone pine relative to the 
belemnite standard. On the other hand, 8°C values 
reported by Suess tend to group at about 2-5"/4, which 
suggests that the !*C standard used by Suess was probably 
wood. Although the choice of standard is solely at the 
diseretion of an author, we feel that the symbols used 
should be strietly defined in all publications. 

Returning to the discrepancies noted in Table 1— 
which range between 67/4, and 70*/,,—it is significant that 
other laboratories are also not in alignment, as shown in 
Table 2. These results are ~41°/9 9 and 179/, higher 
than comparable data given by Suess for bristlecone pine. 


Table 2, ^C DATA FROM DATED SAMPLES 
“Historic” age ou 
Sample No. HC age* (yr BP) Clu) 
GEE D Eon +150 4,760 +100 103 
UCLA 739 (ref. 2) 4,265 + 80 on ne PEN 
A 569 (ref. 2) 4,180 + 90 4925-4953 15 


* Age caleulated on 5,570 year half life for “C. Sample U4 was also 
measured using tree rings from an elm tree AD 1785-1795 as standard rather 
than the oxalic acid standard. 


The discrepancies can give rise to further age correc- 
tions of 50 to 560 years over and above those already 
presented in the bristlecone pine calibration of Suess. It 
should, perhaps, be pointed out that the discrepancies 
reported here apply only to bristlecone pine data from 
these two laboratories. Results from post-3,000 year BP 
samples are in substantial agreement. Until this problem 
is resolved we reiterate the hazards associated with the 
determination of “true ages" from radiocarbon ages. In 
the meantime, however, we would advocate that all 
standards used in calculations be stated clearly to enable 
comparisons to be made between results from different 
laboratories. It would be extremely useful if “C data 
were also reported. 

A. WALTON 
M.S. BAXTER 
Department of Chemistry, 
University of Glasgow. 
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Effect of Redox Potential on 
Manganese Transformation in 
Waterlogged Soil 


MANGANESE reduction from insoluble oxidized forms to 
slightly soluble reduced forms occurs readily when an 
aerated soil is waterlogged. Together with the dis- 
appearance of oxygen and nitrate, an increase in the 
manganous ion (Mn**) in the soil solution and on the 
cation exchange complex is one of the first measurable 
effects of reducing conditions caused by waterlogging. 
Although reduction and solution of manganese compounds 
in waterlogged soils are well known, little information is 
available about the distribution of various forms of 
manganese in the soil as reduction processes take place. 
Experimental data are especially lacking on the intensity 
of reduetion required for conversion of oxidized mangan- 
ese compounds to reduced forms in waterlogged soils. 
This report deals with the distribution of the various forms 
of manganese in waterlogged soils and the effects of the 
oxidation-reduction or redox potential on these trans- 
formations. 


100 


80 
60 
40 


20 


Percentage activity in each fraction 





Time after waterlogging (days) 


Fig. 1. Activity of *Mn in four fractions of manganese in waterlogged 
soil at different times after waterlogging. (©) Easily reducible; (WD 
exchangeable; (CD residual; (@) water soluble. 


Manganese exists in at least four forms in waterlogged 
soils: (1) water soluble, (2) exchangeable, (3) easily 
reducible and (4) residual manganese or that remaining 
after extraction of the other three forms'. The first two 
forms are largely manganous while the easily reducible 
fraction is composed of higher oxides of manganese. In 
addition to these forms, chelated manganese may also be 
an important form of manganese in some soils. 

Samples (10 g) of Crowley silt loam soil from the rice 
area of Louisiana were incubated in waterlogged condi- 
tions and analysed periodically for various manganese 
fractions. At the beginning of incubation each sample 
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Fig. 2. Distribution of four fractions of total soil manganese at different 
times after waterlogging. Symbols as in Fig. 1. 


received 2:5 uCi of "Mn as MnCl, Fractionation of soil 
manganese was carried out by a modification of the 
procedure outlined by Sherman et al.?. Water-soluble 
manganese was rapidly filtered through a ‘Millipore’ 
filter under argon, exchangeable manganese was then 
extracted with 1 N ammonium acetate under argon, 
easily reducible manganese was next removed by five 
successive extractions with 1 N ammonium acetate con- 
taining 0:2 per cent hydroquinone according to the method 
of Reid and Miller*, and the residual manganese extracted 
by digestion of the residue with a mixture of nitric and 
perchloric acids. Manganese analysis was made with a 
Perkin-Elmer model 303 atomic absorption spectrophoto- 
meter and “Mn activity was measured with a Nuclear 
Chicago automatic gamma well counter. 

The most striking effect of waterlogging on manganese 
transformation was the conversion of easily reducible 
manganie compounds to the exchangeable manganous 
form. Similar patterns were obtained regardless of 
whether total manganese content or Mn activity of the 
various fractions was plotted (Figs. 1 and 2). The 
exchangeable and easily reducible fractions accounted 
for most of the manganese present in the soil. Water- 
soluble manganese did not increase until after several 
weeks of waterlogging in this low organie matter soil and, 
even then, accounted for only a very small fraction of the 
total soil manganese. Residual manganese was little 
affected by waterlogging. The concentration of this 
fraction remained fairly constant at about 160-180 p.p.m. 
throughout the incubation period. Only a small amount of 
radioactive manganese found its way into the residual 
fracticn, as was indicated by the low activity of *!Mn in 
this fraction. Water-soluble, exchangeable and easily 
reducible manganese did not attain a rapid equilibrium 
with residual manganese. Extraction of chelated man- 
ganese with ZnSQ, solution showed that this fraction 
represented less than 5 per cent of the total manganese 
and was little affected by waterlogging. 

The intensity of reduction at which oxidized forms of 
manganese are reduced in waterlogged soils was investi- 
gated using the redox potential as an index of reduction 
intensity. Waterlogged samples of soil were maintained 
at various controlled redox potentials by means of a 
previously described method‘ and the distribution of total 
manganese and *!'Mn among the various fractions meas- 
ured. A 10 g subsample received 2-5 uCi of *{Mn and was 
shaken for 1 h under argon before manganese was fraction- 
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ated by the procedure described. The pH of the water- 
logged soil was also measured and the redox potential 
was corrected to pH 7 by use of the factor — 60 mV per 
pH unit. In Table 1 are shown measured potential, pH, 
and eorrected potential values. 





Table 1. REDOX POTENTIAL AND pH VALUES 


Uncorrected potential Potential corrected 


(mV) pH to pH 7? (mV) 
821 549 
551 479 
501 417 
451 867 
401 853 
351 BL? 
251 251 
131 119 





Abrupt changes occurred in the distribution of man- 
ganese between the easily reducible and the exchangeable 
fractions at a potential of about +400 mV (Figs. 3 and 4). 
Beginning at this potential there was a pronounced 
conversion of easily reducible manganese to the exchange- 
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Activity of **Mn in four fractions of manganese in waterlogged 
soil at controlled redox potentials, Symbols as in Fig, 1. 
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Fig. 4. Distribution of four fractions of total manganese in waterlogged 
soil at controlled redox potentials, Symbols as in Fig. 1. 


478 


able form as the soil became more reduced, as shown by 
analyses of both the isotope and total manganese. The 
transition of manganese from the easily reducible to the 
exchangeable form was greatest over the range +400 to 
+300 mV and was essentially complete at +200 mV. 
Solution manganese also increased in concentration below 
a potential of +400 mV, but not to the extent of the 
exchangeable fraetion. Residual manganese was not 
affected by change in redox potential. 


Wy. H. PATRICK 
F. T. TURNER 
Department of Agronomy, 
Louisiana State University, 
Baton Rouge, Louisiana. 
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BIOLOGICAL SCIENCES 


Resolution of Two Factors required in 
the Q2-RNA Polymerase Reaction 


Tug Escherichia coli bacteriophage Q8 contains RNA as 
its genetic component. Q8-RNA can be synthesized in vitro 
in the reaction catalysed by the Q8-RNA polymerase 
isolated from QB infected Æ. colit. The synthesis of in- 
fectious Q8-RNA requires, in addition to the polymerase, 
the phage RNA to serve as template, ribonucleoside tri- 
phosphate substrates, Mg++, and a factor fraction obtained 
from both infected and uninfected E. coi?. Previous 
studies with the factor have suggested that it acts on 
Q8-RNA at some early step in the reaction®. Although an 
association of the enzyme and Q8-RNA occurs in the 
absence of this factor’, synthesis of the complementary 
minus strand is not detected. The requirement for this 
agent in the reaction seems to bear a quantitative relation- 
ship to QB-RNA but not to enzyme?. The factor fraction, 
furthermore, is not required for enzyme activity when 
synthetic polymers*, minus strands or other RNA mole- 
cules? are used as template. These results suggest that the 
role of factor is to promote a step in the reaction occurring 
after association of the enzyme with QB-RNA, but before 
nucleotide polymerization. 

The factor activity described earlier? was first detected 
during the purification of the QB-RNA polymerase. The 
enzyme purification procedure involved rupture of the 
cells with alumina, hquid polymer phase fractionation, 
precipitation with ammonium sulphate, chromatography 
on DEAE-cellulose, chromatography on hydroxylapatite, 
filtration through ‘Sephadex G-100' and zone sedimenta- 
tion in à glycerol gradient^. RNA synthesis with the puri- 
fied enzyme and Q8-RNA template was completely 
dependent on material separated from the enzyme by the 
DEAE-cellulose and hydroxylapatite procedures. 

We have now resolved the faetor fraetion into two 
components, designated factor I and factor II. 

Factor I. During purification of the polymerase from QB 
infected E. coli, a factor capable of stimulating RNA syn- 
thesis with the purified enzyme was first separated from 
the enzyme by chromatography on DEAE-cellulose (Fig. 
1). Factor activity was eluted with 0-15 M NaCl, whereas 
the QB-RNA polymerase was eluted with 0-2 M NaCl. 

When the factor isolated from the DEAE-cellulose 
column was further characterized by zone sedimen- 
tation in a glycerol gradient, the activity was found 
to sediment diffusely with a peak at S,44-—3. It was 
noted that the maximum stimulation of the polymerase 
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reaction by the factor fraction sedimenting at 3S was 
substantially less than that observed with the original 
DEAE factor fraction. Full activity, however, could be 
restored by the addition of glycerol gradient fractions 
sedimenting at approximately 1-5 S (small component) to 
the 3 S fraction (large component) (Table 1). The smaller 
component had virtually no factor activity when assayed 
alone. 

We have denoted the fraction sedimenting at 3 S as 
factor I. This activity was found in uninfected E. coli 
and has been partially purified from this source. The 
purification procedure is deseribed in the legend to Table 3. 
The DEAE eluate from the last step of the factor I puri- 
fication procedure was completely inactive in the absence 
of the small component (faetor IT). 


Table 1. FACTOR REQUIREMENT OF THE Q8-RNA POLYMERASE 

. GMP incorporation 
Factor additions (mymoles) 

None 0-02 

DEAE eluate ; 0-44 

Large component (Ss, = 3) 0-24 

Small component (S,,,' = 1-5) 0-03 

Large component and small component 0:45 


‘The enzyme assay was as described in the legend to Fig. 1 except that 7-6 pg 
protein of the factor DEAE eluate, 0-92 ug protein of the large factor com- 
ponent and 0-28 ug protein of the small factor component were added as 
indicated and 0:5 U of Q8-RNA polymerase (glycerol gradient fraction) was 
used, 


Factor I was found to be highly resistant to heat; 
incubation of the factor in standard buffer (see legend to 
Table 3) containing 0-15 M NaCl for 30 min at 100° C did 
not affect the activity. Factor I was also resistant to 
trypsin even in the presence of urea (Table 2). Some 
activity was lost during incubation with pronase or 
pepsin, but in spite of the addition of large amounts of 
protease, about 50 per cent of the original factor activity 
remained after prolonged incubation. 

Factor II. Factor ITI could be distinguished by the 
requirement for this fraction for the maximum rate of 
RNA synthesis in the presence of purified factor I. 
Factor Il was separated from the Q8-RNA polymerase 
during the hydroxylapatite ehromatography procedure; 
this factor fraction was eluted with 0-15 M-0-25 M ammon- 
ium sulphate, whereas the polymerase was eluted with 0:5 
M ammonium sulphate (Fig. 2). On zone sedimentation of 
hydroxylapatite factor II in a glyeercl] gradient, the 
active component sedimented less rapidly than did factor 
I and appeared in a homogeneous peak at approximately 
L5 5S. 

The complete factor requirements for the synthesis of 
QB-RNA with purified factor I and the hydroxylapatite 


6-6 [e—0I5M NaCi ——»|e—— 0.2M NaCl ——» 
NN 
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GMP incorporation (myn 
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Fig. 1. Separation of factor activity and the Q@-RNA polymerase by 
chromatography on DEAE-cellulose. The Q8-RNA polymerase activity 
eluted from the column (shaded areas) was assayed as previously des- 
cribed* in the standard reaction mixture (0-25 ml.) containing 100 mM 
tris-HCl buffer, pH 7-5, 10 mM MgCl,, 4 mM 2-mercaptoethanol, 0-8 mM 
each of ATP, UTP, CTP and “C-GTP (105 c.p.m./umole), 0-3 «moles 
Qf-RNA and 6-5 ug protein of the DEAE-hydroxylapatite pool factor 
fraction. Factor activity (clear areas) was assayed in the standard 
Q8-RNA polymerase reaction mixture in the presence of 0-5 U of Qf- 
RNA polymerase (glycerol gradient fraction), A unit (U) of enzyme is 
that amount catalysing the incorporation of 1 mymole GMP in 20 min in 
the standard reaction mixture with an excess of factor. 


600 
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Table 2. EFFECT OF PROTEOLYTIC ENZYMES ON FACTOR I 


Aetivity recovered 


Enzyme Conditions (per cent) 
Pronase* 0-04 mgimL, 1 h 65 
1-0 mg/ml., 3 h 50 
2-0 mg/ml., 30 h 60 
Pepsin t 0-5 mg/ml, 4h 47 
1:0 mz/ml., 3h 40 
Trypsin t LO mg/mL, th 100 


Enzyme incubations were carried out at 37° C with the chloroform: 
methanol fraction (see legend to Table 3). Control reactions carried out with 
heated bovine serum albumin established that the proteolytic enzymes were 
active in the conditions used, The recovery was based on factor activity in 
control tubes treated in the same way and containing previously inactivated 
enzymes, 

*Ineubattons were in 0-1 M tris-HC! buffer, pH 7-4, and the reaction 
stopped by heating at 100? C for 30 min. 

t aes were in 0-06 M HCl and the reaction terminated by adjusting 
to pH 8:0. 

t The chloroform : methanol fraction was first incubated in 8 M urea for 
15 min at 25" C. It was then diluted to 0-5 M urea by the addition of 0:5 M 
tris-HCl buffer, pH 7-5, and incubated with trypsin as indicated. The 
reaction was stopped by heating at 100° C for 20 min. Factor activity was 
assayed im the standard reaction mixture. 


Table 3. REQUIREMENTS FOR THE SYNTHESIS OF QÜ-RNA 
AMP incorporation 


Reaction components im, moles) 
Complet- 0-19 
Minus factor I and factor H « 0-01 
Minus faetor I 0-02 
Minis factor H «001 
Minus Qg-RNA « 0:01 
Minus Q8 polymerase «0:01 


The complete Q8-RNA polymerase reaction mixture was as described in 
Fig. 1 except that C-ATP (2 x 10* e.p.m./imole), 0-2 ug protein of purified 
factor I (see below), L-7 ug protein of the hydroxylapatite factor II, and 
0-25 vof QU-RNAÀ polymerase (glycerol gradient fraction) were used, Factor 
I was purified from E. coli Q13. Frozen cells, 50 g, were ground with 100 g 
alumina and extracted with 200 ml. of a buffer solution containing 50 mM 
tris-HCl, pH 7-5, 5 mM MgCl, 5 mM 2-mercaptoethanol and 1 mM EDTA 
(standard buffer) The suspension was centrifuged at 30,000g for 5 min 
and the supernatant retained (crude extract). To this solution were added (per 
mil.) with mixing, 0-117 ml. 20 per cent (w/w) ‘Dextran 500', 0:310 ml. 20 per 
cent M polyethylene glycol, and 0:33 g NaCl. Mixing was continued for 1 h 
after which the suspension was centrifuged at 15,000g for 5 min. The super- 
natant solution in the polymer phase fractionation was heated at 100° € 
for 10 min, centrifuged to remove the precipitate and dialysed against 4 1. of 
standard buffer for 2 h (phase partition fraction). The factor was concen- 
trated to n. volume of 100 ml. by dialysis against polyethylene glycol. Twenty 
volumes. of chloroform : methanol (2 : 1) were added. The suspension was 
then centrifuged at 10,000g for 5 min. The resulting pellet was extracted 
with H4O (ehloroform : methanol fraction), and dialysed against 2 1. of 
standard buffer and applied to a 3 x 15 cm DEAE-cellulose column previously 
washed with 500 ml, ofstandard buffer. The column was washed successively 
with 250 ml standard buffer, 250 ml. standard buffer containing 0-05 M 
NaCl, and 250 ml. standard buffer containing 0-1 M NaCl. The factor I 
activity was then eluted with standard buffer containing 0-15 M NaCl. 


factor II are shown in Table 3. Omission of any of the 
reaction components resulted in the loss of the ability to 
synthesize QB-RNA. The RNA product of the reaction 
synthesized in the presence of both factors eosedimented 
with natural Q8-RNA and was infectious. 

Factor Il was found in uninfected E. coli, but in 
contrast to factor I. was heat sensitive. At 45° C there 
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Fig. 2. Separation of factor II and Qf-RNA polymerase activity by 


chromatography on hydroxylapatite. The Q8-RNA polymerase activity 

ehited from the column (shaded areas) was assayed as described in the 

legend to Fig. 1. Factor II activity (clear areas) was assayed in the 

standard Q8-RNA polymerase reaction mixture in the presence of 0-2 ug 

protein of purified factor I (legana to Table 3) and 0-50 of Q8-RNÀ 
potymerase, 
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Fig. 3. Heat inactivation of factor IF activity. Samples of faetor 1I in 

standard buffer containing 0-15 M NaCl were kept at different tempera- 

tures for 5 min, chilled in ice, and then added to the QA-RNA polv- 

merase reaction mixture. The assay for factor Il activity was as 

described in Fig. 2 except that -ATP (2 x 10* po mole), PT ug 

protein of hydroxylapatite factor IT, Ang 0-25 v of QARNA polymerase 
were used, 





was a significant loss of factor activity, and at 60° C 
virtually all activity was destroyed (Fig. 3). Factor II 
activity was significantly stabilized by the presence of 
glycerol, the activity being diminished by only 50 per 
cent after heating in standard buffer containing 0-15 M 
NaCl and 20 per cent glycerol at 100° C for 5 min. . In 
further contrast to factor I, factor TI was completely 
inactivated when treated with pepsin. The pepsin 
reaction was carried out at pH 2, as deseribed in. the 
legend to Table 2. Virtually no factor activity was lost 
when factor II was kept at 37^ C and pH 2 for 30 min, 
but on addition of 0-5 mg/ml. of pepsin all factor II 
activity was lost. 

The discovery that at least two macromolecular con 
ponents are necessary for the in vitro synthesis of Q8- 
RNA, in addition to the RNA template and the poly- 
merase, indicates that the replication process involves a 
complex series of reactions. The association of enzyme 
and Q8-RNA, presumably the first step in the reaction, 
is known to oceur in the absence of factors T and I 
(ref. 3). RNA synthesis will not proceed, however, unless 
both are present. Studies of the two reactions related to 
the initiation of synthesis, GTP incorporation and pyro- 
phosphate exchange show that both factors are required 
for this process. Neither factor is required, however, 
when RNA templates other than Q6-RNA are used in the 
reaction? +, It is particularly noteworthy that the factors 
are not required when the reaction is directed by the 
Q8-RNA complementary strand?. It would seem, then, 
that the factors function at some early step in the reaction 
related specifically to the use of QB-RNA as a template. 
One possibility is that the factors are required in some 
reaction involving the 3-OH terminus of Q6-RNA. 

The synthesis of the Q8-RNA complementary strand is 
initiated with GTP and the direction of chain elongation 
is from the 5' to the 3’-terminus*. An apparent paradox 
ies in the fact that Q8-RNA contains adenosine at the 
3-OH end*. Three mechanisms, consistent with these 
facts, can be suggested for the initiation of synthesis of 
the complementary strand: the polymerase might initiate 
synthesis at a location distal to the 3’-OH terminus of 
Q8-RNA; an alteration of the QS-RNA primary structure 
might occur before the polymerase would initiate syn- 
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thesis; or a small oligonucleotide might act as an initiator 
permitting chain elongation to occur. The requirement 
for factors may possibly be related to one of these mech- 
anisms. 
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Identity of Transferrin Dcni from the 
Chinese and from the Finns 


A TRANSFERRIN variant with an electrophoretic mobility 
identical to that of Tf Doni is found among the Finns in 
a frequency of 0-0116 (ref. 1). Because Tf Doni is charac- 
teristic of Mongoloids and is not found among Caucasoid 
populations other than Finns, its presence suggests some 
Mongoloid influence in the genetic make-up of the Finns. 

The division of transferrins into different phenotypes, 
however, is based on their mobilities in starch gel electro- 
phoresis. If two genetic variants of a protein are indis- 
tinguishable by conventional starch gel electrophoresis, 
it does not necessarily mean that their primary struetures 
are identical*:*. The difference between the common Tf C 
and Tf Doni is located in a peptide that has been shown 
to have the sequence Asp-Ser-Ala-His-Gly-Phe-Leu-Lys 
in Tf C. The corresponding peptide from Tf Deni had the 
composition (Gly, Phe, Leu, Lys). Apparently histidine 
of the Tf C peptide has been replaced by lysine or arginine 
in Tf Den (ref. 4). We have shown that the Finnish 
Tf Deni is characterized by the same peptide. 

Transferrm was isolated from two homozygous Tf C 
sera and from a heterozygous Tf CDeoni serum. The Tf 
CDeni serum has been compared with the Dg; inter- 
national standard by starch gel eleetrophoresis!. 

Transferrin was purified by an immunochemical 
method originally developed for the purification of human 
serum group specific component (Gc)**. An anti-trans- 
ferrin serum was prepared in a sheep by immunizing 
with transferrin that had been purified by ion exchange 
chromatography on DEAE cellulose. This antiserum 
could be made specifie for transferrin by absorption with 
a commercial y-globulin solution. 

The absorbed antiserum was used to precipitate trans- 
ferrin from heat inactivated (56° C, 30 min) human serum. 
The precipitate was washed with buffered saline and 
dissolved in a citrate buffer at pH 2-5. The components 
of the precipitate could be separated from each other by 
gel filtration on ‘Sephadex G-200' at the same pH (ref. 5). 
A sheep was immunized with immunochemieally purified 
transferrin. The new antiserum could be used for further 
purification of transferrin without absorption. 


NATURE, VOL. 220. NOVEMBER 2, 1968 


By carrying out immunological tests we assessed the 
purity of the transferrin preparation obtained. With 
immunoelectrophoresis against anti-total human serum 
(Behringwerke AG) only one precipitation are was formed 
between the purified transferrin and the antiserum 
(Fig. 1). With double diffusion in agar gel against anti- 
total human serum and anti-sheep y-globulin serum we 
observed only one precipitin line. Between 2 and 5 mg 
of Tf € or CDon; was denatured by heat (100° C, 35 min) 
and digested by trypsin (Worthington, twice crystallized). 
The tryptic digests were analysed by fingerprinting on 
cellulose thin layers (E. Merck AG)*. A single peptide 
difference similar to that reported for the Chinese Doni 
by Wang et al.* was found between Tf C and Tf CDcn; 
(Fig. 2.  Ninhydrin stained the specifie peptide of Tf 
CDcni yellow, indicating that glycine was the N-terminal 
amino-acid. We purified this peptide by a combination 
of thin-layer electrophoresis and chromatography. Thin 
layers were prepared by coating with cellulose (‘Cellulose- 
MN’ powder 300 G, Macherey, Nagel and Co. AG) that 
had previously been washed with 10 per cent acetie acid. 
Acetic acid (10 per cent) was also used to elute the peptides 
from the cellulose (Ruoslahti, to be published). 

We used the Beckman 120 C amino-acid analyser? to 
investigate the purified Tf Doni peptide. The result is 
shown in Table 1. 'The amino-acid composition of the 
peptide from the Finnish Dcn; was the same as that 
reported for the Dm peptide of the Chinese variant*. 
This shows that the electrophoretic Tf Deni variants are 
identical in the Finnish and Chinese populations. The 
transferrin D, variants of the American Negroes and the 
Australian Aborigines have also been shown to be identical 
at the amino-acid level*. Consequently, it seems that the 
classification of the transferrins according to their electro- 
phoretic mobilities in starch gel is a fairly reliable indicator 
of their identity or non-identity at the molecular level. 


Table 1. AMINO-ACID COMPOSITION OF THE FINNISH TÍ Dog; PEPTIDE 


Amino-acid pmoles No. of residues 
Lysine 0-0060 1 
Glycine 0-0060 1 
Leucine 0-0089 1 
Phenylalanine 0-0054 1 


The Finns have evidently come into contact with 
Mongoloid populations. The assumed habitation of the 
ancient Finns lies in a vast area of the middle and eastern 
parts of European Russia, but the linguistic relationship 
of the Finno-Ugric languages to that of the Samoyeds in 
northern Siberia indicates contact with populations 
farther to the east*. But the small size of the original 
population and genetie drift may have altered the fre- 
quencies of the Mongoloid markers in the Finns after the 
contact was lost. We cannot therefore draw any con- 
clusions about the extent of the Mongoloid contribution 
to the genetie make-up of the Finns on the basis of the 
transferrin frequencies. It would ba easier to estimate 
the influence of these factors on gene frequencies if the 


NHS 





Fig. |. Immunoelectrophoresis in agar gel. Purified transferrin (Tf, 
2 fag/ml.) and normal human serum (NLS) tested against anti-total 
human serum (anti-NHS). 


1968 


NATURE. VOL. 220, NOVEMBER 2. 
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Fig. 2. Fingerprinting on cellulose thin layers. A, Tryptic peptide map 
of Tf C. B, Tryptic peptide map of Tf CDcni. The specific peptide of 
Tf CD.hi is indicated by an arrow. 


distribution. of transferrin variants among the related 
populations such as the Estonians was known. 
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Control of Haemoglobin Synthesis: 
a Difference in the Size of the 
Polysomes making « and 8 Chains 


HAEMOGLOBIN is composed of equimolar amounts of x 
and 8 chains, Although it is not essential to synthesize 
the same number of molecules of each chain, this was 
originally thought to be the case’. The finding of a pool 
of æ chains in rabbit reticulocytes implies that either at 
some stage there has been excess synthesis of « chains, or 
that the « chains are continually produced in excess of 
8 chains?-. An understanding of the mechanisrns which 
control the balance of the synthesis of the two chains 
requires elucidation of the rate limiting steps in the 
assembly of each chain and the factors which affect those 
steps. We have already shown that the ribosomes which 
make each chain are evenly distributed on their respective 
mRNAs, thus demonstrating that there are no single rate 
limiting steps in the translation of the two chains by the 
ribosomes, other than in the process of initiation’, In 
this work we discovered that polysomes containing rela- 
tively few ribosomes carried more nascent « chains than 
nascent 8 chains, and that large polysomes carried more 
8 chains than « chains. Here we report experiments 
which describe this phenomenon. 

The size distribution of the polysomes which form each 
chain can be measured by making use of the difference 
in the amino-acid composition of the two chains*’. 
Using two suitable amino-acids, one labelled with tritium 
and the other with 1C, the contribution of each chain to 
the radioactivity of the polysomes can be caleulated. 
We have used the amino-acids valine (ten residues in the 
æ chain and eighteen residues in the B chain) and isoleucine 
(three residues in the « chain and one half of a residue 
in the 8 ehain)®’, 


Table 1. *H ISOLEUCINE AND HE VALINE IN SEPARATED € AND fj CHAINS 


*H isoleucine MC valine Ratio of isoleucine 
{e.p.m.) (c.p.m.) to valine counta 
a chains 4,175 1,605 2-60 
P chains 850 3,125 2? 


Globin was prepared from the ribosome free cell lysate of the cella used to 
obtain the data in Fig. 1 and the chains were separated using the procedures 
of Dintzis*. The fractions from the CMC column were counted for *H and 
"C, The peak fractions of the separated a and B chains had a constant ratio 
of *H to “C and were pooled, dialysed against water and freeze dried. This 
material was then weighed, dissolved in water and aliquots were removed and 
mixed with ribosomes before precipitation to ensure that the counting con- 
ditions were identical to those described in Fig. 1. 


The sucrose density gradient profile of polysomes 
labelled with *H isoleucine and “C valine is shown (Fig. 1) 
—the optical density profile (Fig. la) and the distribution 
of nascent « and ß chains (Fig. 1b). These profiles were 
derived from the counts in the fractions from the sucrose 
density gradients in the following way. Isoleucine was 
used as a measure of the relative numbers of nascent « 
chains in each fraction, and valine was used for the B 
chains. In each case, there was a contribution to these 
counts from the isoleucine and valine in the other chain. 
This could be resolved by simultaneous equations if the 
ratio of isoleucine counts to valine counts in the separated 
x and B chains were known. This ratio was measured 
after separating the chains by the method of Dintzis* 
(Table 1). It was also necessary to know the position of 
the labelled residues in the complete chains, because in 
the case of an amino-acid which only occurred at the N 
terminus, all nascent chains would be labelled, whereas 
if the amino-acid oceurred only at the C terminus of the 
polypeptide chains, very few of the nascent chains would 
carry label. For this reason, the ratios of isoleucine to valine 
measured in separated whole chains do not apply to the 
nascent chains. The nascent chain counts can, however, 
be converted into the equivalent whole chain counts by 
multiplying by a correction factor, which is 


(N— average position of the labelled residues) 
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Fractions 
Fig. 1. Separation of *H isoleucine and 'C valine labelled ribosomes 
from reticulocytes on sucrose density gradients. Reticulocytes were 
incubated at 37° € in conditions previously described®, with 1 mCi 
?H-pL-isoleucine (Amersham 563 mCi/mmole) and 50 pCi C-L-valine 
(Amersham 5-8 mCi/mmole), After 15 min the cells were rapidly chilled 
and ribosomes were prepared by precipitation at pH 5-1 as previously 
described’, The ribosomes were layered nto 56 ml. gradients of 15 per 
cent-30 per cent sucrose in 30 mM KCI, 2 mM MgCI,, 2 20 mM tris pH 7-6 
and centrifuged on a Spinco SW 25-2 rotor for 4-5 hat 24,000 r.p.m. The 
gradients were fractionated and aliquots containing the same amount of 
260 my absorbing material were removed from each fraction and co- 
precipitated with 100 ug of bovine serum albumin with 10 per cent TCA 
The precipitates were collected on glass fibre filters, washed with 5 5 per 
cent TCA, dried and counted in a Packard scintillation counter. ‘This 
procedure was adopted in order to minimize counting errors due to self- 
absorption. The overlap of "C counts into *H channel was determined 
using ribosomes which were mixed with globin of high specific activity 
and counted under the same conditions. Fig. la shows the optical 
density profile while Fig. 1b shows the distribution of nascent alpha 
(2) and beta (@) chains, calculated from the counts in each fraction as 
described in the text, expressed as a percentage of the total amount of 

each nascent chain recovered. 











It is not possible to compare the absolute values for x 
and $ chains unless the specific activities (that is, isoleucine 
c.p.m. per mole of « chain and valine c.p.m. per mole of 
% chain) of the newly completed chains is known. t 
would seem that these data could be obtained from 
Table 1, but it is impossible to do so because it would be 
necessary to assume that during the period of incorpora- 
tion, equal numbers of labelled x and 8 chains became 
globin. The work of London et al.^* and Colombo and 
Baglioni? shows that this is not the case, because of the 








presence of a pool of free « chains. Fig. 1 shows that 
nascent x chains are made on a wider range of polysomes 


than are 8 chains, which appeared to be formed chiefly on 
polysomes containing four and more ribosomes. In asimilar 
experiment, using reticulocytes from the same rabbit 
but with the labels reversed (“C isoleucine and *H valine), 
the same result was obtained. 

Another approach is to measure direetly the relative 
amount of particular x and B tryptic peptides found 
in the nascent chains from different sizes of polysomes. 
We measured the specifie activity of the globin peptides 
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containing tyrosine from the nascent chains on "small" 
(tetramer and smaller) and “large” (tetramer and 
larger) polysomes, which were separated by sucrose 
density gradient centrifugation. Table 2 summar- 
izes the result of this experiment. The smaller polysomes 
contained relatively more « chains than B chains, and the 
larger polysomes vice versa. This experiment, using fully 
characterized peptides from nascent « and 8 chains. con- 
firmed the conclusions reached from the first set of data 
(Fig. 1). 


Table 2. SPECIFIC ACTIVITY* OF THE GLOBIN PEPTIDES CONTAINING TYROSINE 
FROM THE NASCENT CHAINS ON "SMALL" AND “LARGE” POLYSOMES 


a chain B chain Relative No, of a 
peptides a'T4 peptides nascent chains to 
and aT6 BYA Ë nascent chains 
“Small” polysomes 
"Tetramers and smaller 425 2-98 142 
“Large” polysomes 
Tetramers and larger 2-64 9481 0-00 
Total polysome population a 82 6-83 137 


* Specific activities are expressed as ?*H d.p.m. to ^C d.p.m. 


Cells were ineubated under standard conditions at 20? C for 15 min with 
2 mCi of *H r-tyrosine (1 Ci/mmole) and the ribosomes prepared by precipi- 
tation at pH 5-1. The ribosomes were fractionated on 25 ml, sucrose density 
gradients (see Fig. 1) and were centrifuged for 2-5 h at 25,000 r.p.m. in a 
Spineo 25-1 rotor. The fractions from the gradient corresponding to "small" 
(tetramer and smaller) and "large" (tetramer and larger) polysomes were 
pooled and centrifuged overnight at 40,000 r.p.m. The pelleted ribosomes 
were resuspended, mixed with an appropriate amount of globin uniformly 
labelled with “C-tyrosine’ and the mixture was digested with trypsin. 
Tyrosine occurs at positions 24, 42 and 140 (a'T4, «T6, and aT15) in the « 
eain and 35, 130, 145 in the 8 chain (BT4, 8T 13, and pT: 5)". The tyrosine 
containing peptides were separated by a combination of electrophoresis and 
chromatography (unpublished results), and after staining with ninhydrin. 
the peptides were eluted, counted and their specific activity was measured. 
The specific activities of «T4 and c T6 have been averaged; this value corre- 
sponds to a hypothetical tyrosine in the a chain at position 33 which can he 
Compared directly with the specific activity of the tyrosine in ?T4 at position 
The contribution of a small contamination of completed chains to the 
spec ific activities (less than 5 per cent of the number of nascent chains) has 
been subtracted from the speeifie activities shown in the table. 





















There are three obvious interpretations of these data. 
(1) The patterns observed may be the result of an 
artefact of the preparation of the ribosomes. We 
feel that this explanation can be excluded by the follow- 
ing argument: the difference in the size distribution 
of the polysomes which make « and 8 chains could arise 
from either selective degradation of the polysomes making 
x chains, or aggregation of the polysomes making 6 chains. 
The former possibility seems unlikely, for nuclease 
attack or mechanical shear leads to the production of 
single ribosomes carrying nascent chains®. Fig. 1 shows 
that there are very few single ribosomes which carry 
nascent chains, which therefore rules out the random 
breakdown of polysomes assembling « chains. Specific 
aggregation of the polysomes making p chains also seems 
improbable, for single ribosomes carrying nascent chains 
whieh arise from nuclease action or mechanical shear 
show no tendency to aggregate. We have also found 
that when ribosomes carrying labelled naseent chains are 
added to unlabelled packed cells, and then re-isolated. 
together with the unlabelled ribosomes from these cells. 
there is no change in the distribution of the counts on 
suerose density gradients. This means that our method 
for preparing the ribosomes causes no detectable change 
in their state of aggregation. 

(2) The patterns reflect differences in the size of 
the mRNA for « and 8 chains. Although it has been 
shown that the polypeptide chains of different sizes 
(for example, the light and heavy chains of immuno- 
globulins} are made on different sizes of polysomes!^:!!, 
in the ease of globin. the number of amino-acids in 
each chain is almost identical. and cannot account 
for the difference in the size of the polysomes. if the 
mRNA is monocistronic. It is more difficult to rule out 
the possibility of a polycistronic mRNA which consists 
of more than one copy of the B chain template or which 
consists of a8 chain template and the template for another 
protein. 

(3) The patterns may arise from differences in the 
process of assembly of the two chains. The existence 
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of polysomes implies that the time taken to assemble 
a complete chain is longer than the interval between 
successive initiations of new chains. The average 
number of ribosomes per mRNA molecule (n) is related to 
the time taken to assemble a chain (4) and the average 
time between initiations (i) by the equation, A =ni. The 
fact that the profiles of the polysomes engaged in the syn- 
thesis of x and 6 chains are not identical means that the 
processes of assembly of the two chains differ either in 
their assembly time or in their rate of initiation or that 
they differ in both these quantities. 

The relative amount of mRNA for « and § chains is 
also of interest. If the numbers of ribosomes making x and 
B chains were the same, then because the polysomes mak- 
mg ax chains are smaller than those making B chains, there 
would be more mRNA for « chains being translated at 
any given moment than mRNA for 8 chains. We have 
measured the relative numbers of ribosomes making each 
chain*, and there seems to be a slight excess of ribosomes 
making B chains, but this excess (S/a-— approximately 
1-1) does not balance the difference in the average size of 
the polysomes, and it therefore seems that there is a slight 
excess of viable mRNA for x chains in these cells. 

A consequence of the different polysome profile for z 
and 8 chains is that by suitable sampling of sucrose 
density gradients, it should be possible to prepare mRNA 
enriched at least two-fold for either chain. 
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Enzyme Profiles after 
Heart Transplantation 


THE histological changes due to rejection observed after 
allogenic heart homotransplantation carried out on dogs 
consist essentially of either scattered ischaemic necrotic 
areas. or cytoplasmic degeneration leading eventually to 
massive myocytolysis!+. These changes are usually 
delayed and alleviated by therapy. with slight differences 
according to the treatment used (antilymphocytie serum 
(ALS), antilymphocytie globulins (ALG) or one immuno- 
suppressive drug. ‘Azathioprine’). Microscopy has shown 
that in dogs which died after surviving for a few months 
the necrotic foci were of different ages and had undergone 
a series of changes. There are no clinical signs of these 
successive stages, and so there seems to be justifieation 
in looking for biological changes. We report here the 
results of enzyme determinations made on a series of 
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canine orthotopie transplantations during the course of 
therapy. 

We have studied creatine phosphokinase (CPK), known 
to be the most specific muscular enzymoe*?, glutamic 
oxalo-acetic transaminase (GOT) and lacticodeshydre- 
genase, acting on either pyruvate (LDH) or «-hydroxy- 
butyric acid (HBDH). The two latter enzymes are 
possibly released from all tissues. Nevertheless, the 
increase of serum GOT is less transient after myocardial 
infarction than the increase in CPK, and LDH is in high 
concentrations for a week or more after the onset of 
coronary attack*?, HBDH activity corresponds eleetro- 
phoretieally to the fastest iso-enzymes, chieflv heart 
LDH. According to some authors®, this fact should be 
considered in the diagnosis of myocardial necroses. We 
also determined serum glutamie pyruvate transaminase 
(GPT) in an attempt to account for liver dysfunction. 
whatever its origin, heart failure or drug toxieity 

GOT was assayed by Karmen's method!*, GPT by 
Wroblewski and La Due's method, LDH by the method 
of Henry et al., HBDH by Rosalki and Wilkinson's 
method'?, and CPK by Olivers method with the modi- 
fication suggested by Okinaka et al.!*. 

Dog blood haemolyses during coagulation, immediately 
after withdrawal, and so the samples were centrifuged 
first at 3.500 r.p.m. and then at 15,000 r.p.m. to remove 
platelets and remaining leucocytes. The sera were assayed 
on the same day. Determinations were carried out on 
a Beckman DU spectrophotometer, the temperature of 
which was controlled. Water distilled in a quartz 
apparatus was used for the buffers, which were prewarmed 
at 30° C. No dilutions were made, the volume of the serum 
sample being chosen to give a rate of decrease less than 
0-020 OD unit/min; we used the linear part of the carve 
representing the decrease in optical density with time. 
Optical densities read at temperatures other than 30^ C 
were correeted?*, Reproducibility was checked every day 
on batehes of lyophilized sera with the exception of 
CPK. Results were expressed in international units 
(that is. umoles of substrate transformed at 30^ C 
Successive determinations were usually carried out once 
or twice a week, but this scheme was eventually modified 
according to the animal’s condition. 

Because of the low survival rate after heart trans- 
plantation. this study was performed on only fifteen 
puppies which survived for more than 2 weeks, Shum- 
way's technique of orthotopie transplantation’? has been 
described elsewhere!*. The series included thirteen homo- 
transplants, eleven of which were treated with "Azathio- 
prine’ and ALS or ALG of sheep origin!*, and two auto- 
transplants, one of which was treated with ALG. Donors 
and recipients were crossmatched for erythrocytes. 
Control serum enzyme values were determined on sixteen 
donor and recipient dogs during the pre-operative period ; 
variation intervals were larger than for human beings. 
Physiological levels of CPK appear to be higher in puppies 
(59-32 m iv/ml.) than in men (29+16 m xc/ml.). On 
the other hand. normal values of LDH and HBDH are 
lower in puppies (95+ 63 m 1v/ml. and 58+27 m 1U/ml.. 
respeetivelv) than in men, for whieh the results in the 
same conditions were 1203: 65 m ru/ml. and 150450 m 
IU/ml, respectively. Concentrations of transaminases 
were of the same magnitude in both species: 5m 
1U /iml. for serum GOT and 17+9 m 1v /ml. for serum GPT, 

A control enzyme profile of an autotransplant carried 
out in a puppy is illustrated in Fig. L4. whieh reveals 
relative stability in all serum enzyme values. Fig. 157 
shows a transient increase in LDH and HBDH in par- 
ticular during the third week after the operation on an 
autotransplanted animal given ALG. Electrocardiograms 
showed a concomitant transient and significant lengthen- 
ing of the ventricular depolarization, but the two facts 
may not be related. Furthermore, these eleetroecardic- 
graphic changes persisted until the seventh week. From 
then until the eightieth day, we observed no change in 
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animal; Jj treated with ALG. 
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Fig. 2. Enzyme profile of a homotransplanted puppy showing succes- 


aive rejection crises. 


the enzyme pattern which remained within normal limits. 
The same early transient peak in HBDH and LDH was 
observed on one homotransplanted puppy given ALG. 
This led us to inject ALG into an unoperated puppy; 
LDH. inereased from 95 m U/ml. to 236 m 1U/ml. and 
HBDH from 78 m trv/ml. to 216 m 1v/ml. 

There was a striking contrast between the long term 
steadiness of the serum enzyme activities of autotrans- 
planted animals and the instability of the enzyme pattern 
of homotransplanted animals given ALG and whieh died 
with rejection obviously in progress, as histologically 
demonstrated. 
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The occurrence of preterminal cardiac failure secondary 
to rejection of the graft was accompanied by a more or 
less progressive rise in LDH, HBDH, GOT and GPT. 

A long term follow-up revealed that successive peaks 
on the zymogram could be observed and that their 
intensity and duration were extremely variable; for 
example, serum CPK could be increased to four times the 
normal value. 

Fig. 2 shows the zymogram of a long term survivor 
continuously treated with ALG for 5-5 months. Between 
the thirtieth and the seventieth day successive bursts in 
aetivity in LDH, HBDH and CPK were observed, some- 
times coincident with severe although transient altera- 
tions in intraventrieular conduction. A further increase 
in all enzymes on the eighty-sixth day was followed by 
sudden changes of the ventricular repolarization. ‘Aza- 
thioprine' therapy was started on the ninety-sixth day 
and continued for suecessive periods of 16 days separated 
by 10 day intervals. By that time immunization against 
sheep ALG was assessed serologically. Then the enzymes 
all decreased to very low values. Later, a pattern 
approaching normality for blood enzymes was obtained, 
but transient peaks in GOT and GPT were observed. 
suggesting some damage to the liver, possibly related to 
‘Azathioprine’. In spite of successive changes in the 
electrocardiogram and zymogram there has so far been 
no sign of heart failure. It is noteworthy that the lympho- 
cytic counts of this dog showed extreme daily variations 
during the 5:5 months follow-up. 

The results of a study of LDH isoenzymes have shown 
definitely that the normal canine LDH electropherograms 
were entirely different from those previously described 
for humans?*?!, The principal band is the slowest, repre- 
senting 30 per cent of the total canine LDH, and is found 
in kidney and liver; the remaining 70 per cent include 
four isoenzymes at approximately equal values (LD,, 
24 per cent; LD, 15 per cent; LD;, 20 per cent; LD,, 
20 per cent). In man the repartition is as follows: LD,. 
25-45 per cent; LD, 35-45 per cent; LD, 10-30 per 
cent; LD,, less than 5 per cent. 
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Fig. 3. Enzyme profile of a homotransplanted puppy without evidence 


of rejection. 
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Fig. 4. Enzyme profile of a patient after heart transplant. 


Sustained stability in serum enzyme activities is shown 
in two examples. (a) Fig. 3 shows the enzyme profile of 
a homotransplanted puppy without evidence of rejec- 
tion, and (b) Fig. 4 shows the zymogram of a 59 vr old 
patient treated with equine ALG, ‘Azathioprine’ and 
‘Prednisone’. In both cases, after the postoperative 
period, CPK values were regularly found within a very 
low range and no electrocardiographic change was 
observed. These facts seem to indicate that the grafts 
(taken. from a compatible donor in the human case) had 

80 far. been well tolerated. At the end of the first 2 weeks 
after surgery, generalized enzyme release into the blood 
“from injured tissues had stopped. This early increase was 
commonly observed with dogs, preventing us from study- 
ing à non-drug-delayed rejection process. The cause of 
the increase observed during the third week in LDH, 
GOT and GPT activities of the patient's serum was 
assessed: it was undoubtedly of hepatie origin, for at 
that time the patient had hyperbilirubinaemia and high 
alkaline phosphatase activity. 

There are many difficulties in interpreting findings such 
as these. The following sequence of events can be sug- 
gested. When there is rapid enzyme release and the 
eleetrocardiographie changes are important there could 
be localized myocardial damage. On the other hand, if 
there is a major increase of serum without any concomitant 
electrocardiographic change, the increase might be ex- 
plained by generalized but disseminated minute necrotic 
foci. The rate of myocardial destruction, however, may 
be very slow and then the serum enzyme activities may 
remain within normal limits in spite of an active rejection 
process. 

We thank Dr D. Laurent and Professor B. Halpern for 
their criticism. 
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Structure of the Cubic Phases of 
Lipid—Water Systems 


AMONG the numerous phases reported in lipid-water 
systems a few display a cubic symmetry; the structure... 
of these phases has been the subject of several controver- 
sial reports. We show in this article that all these cubic 
phases are similar: the lattice is body-centred, and the 
structure consists of networks of rods (Fig. 1); in some 
cases the rods are filled by the paraffin chains, in others 
by the polar moieties. 

The first of these cubic phases was observed by Luzzati 
et al.?, This phase was characterized as follows!: (a) it is 
optically isotropic; (b) its X-ray diffraction diagrams 
contain the 4:5 A diffuse band typical of the "liquid" 
paraffins and (c) two sharp and strong small angle 
reflexions, the spacings ratio of which is 4/3: 4/4. Be- 
cause this is the ratio of the first two reflexions of the face- 
centred cubic lattice the choice of this type of lattice 
seemed a matter of course; further, the occasional 
observation! of two weak reflexions at spacings ratios 
4/8 and 4/11 appeared to confirm the choice. The first 
structure proposed consisted of close-packed spheres filled 
by the paraffin chains and embedded in a paraffin matrix! ; 
some cogent criticism raised by Clunie et ai later led 
Luzzati and Reiss-Husson! to revise the model in favour 
of water-filled spheres embedded in a paraffin mairix. 
In the meantime another cubic phase was reported by 
Spegt and Skoulios* in the anhydrous strontium soaps, 
with a body-centred lattice. The structure of this phase 
was solved recently by Luzzati and Spegt*; the polar 
groups are clustered in rod-like elements of finite length, 
linked into three-dimensional networks (Fig. 1) Still 
another cubic phase was later reported in lecithin with 
optical and crystallographic properties identical to those 
of the cubic phase of soap-water systems. The structure 
of this phase was at first considered to consist of spheres, 
close-packed in a face-centred cubic lattice’; a recent 
analysis has shown that the lattice is in fact body-centred, 
and that the structure is most likely similar to that of the 
strontium soaps’. It is clear that these recent results 
cast a doubt on the very existence of a “face-centred”’ 
cubic phase: thus we took the decision to reinvestigate 
the problem. 
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a b 


Fig. 1. Schematic representation of the structure. The lattice is cubic body-centred, space group Ia3d. The structure is formed of rods of finite 

length, all identical and crystallographically equivalent, that join three by three and form two three-dimensional networks, mutually interwoven 

and unconnected. The axes of the rods, that sit on crystallographic two-fold axes, are represented by heavy lines. a, Projection on the plane 

a b with the position of some of the structure elements. ‘The thin lines show the limits of one unit ceil; the fractional figures are the z coordinates 

of the intersections of three rods. b, Perspective view. The dotted lines are the projections of the heavy lines on the plane a b. Note that the 
closest contact occurs along the three-fold axis (1/8, 1/8, 1/8 to 3/8, 3/8, 3/8). 


As it has often been noted, the analysis of the Debye- 
Scherrer diagrams of the cubic phase is generally hindered 
by a heavily spotted appearance, a consequence of tho 
easy growth of fairly large crystals. In the study of the 
cubie phase of lecithin® the crystals were successfully 


broken up by running the samples through a number of 


annealing-quenching cycles. The same procedure gives 
excellent results with the cubic phases of soaps and deter- 
gents: the homogeneity of the X-ray diagrams greatly 
improves and the number of visible reflexions increases. 
The new crystallographic data are shown in Table 1. 
The presence of the reflexions at spacing ratios 4/7 and 
4/10 (indices (321) and (420)) rules out the face-centred 


cubic lattice previously adopted. ‘These reflexions are 
very close to those at spacings ratios 4/8 and 4/11 (indices 
(400) and (332)): it now appears that in our previous 
X-ray diagrams the reflexions (321) and (420) were 
blurred into the spotty streaks of (400) and (332) (the 
streaks are a consequence of the line collimation used in 
our Guinier type cameras). 

The fact that the reflexions of same indices are observed 
with all the lipids (see Table 1) indicates that the space 
group is most likely the same in all the cases. The choice 
of the space group Ia3d is quite unambiguous in this case, 
for the number of systematic absences is quite high ((110), 
(200). (310). and so on) (see discussion in ref. 6). 


Table 1. X-RAY DIFFRACTION DATA 


Sri Lee Gal KU Cie TAB 
hkl Lai obs Ia Fous Leai Lis Lai Las LT los 
2l 10,000 12,350 10,000 12,000 10,000 1,800 10.000 7.820 10,000 6,000 
220 975 1,020 520 2,080 520 520 980 DRO 1,280 1,280 
321 43 48 115 104 21 35 G 12 13 14 
400 333 145 67 52 17 31 7 16 6 10 
420 1,950 794 26 <20 24 40 27 31 31 30 
332 2,040 1,205 3 <20 70 56 17 85 120 59 
422 470 333 2 «30 22 7 70 25 51 1 
431 110 208 3 « 20 9 <7 30 i4 13 «dM 
521 5 <10 3 <20 2 <7 25 <14 1M <15 

440 5 «10 10 «96 9 «10 

6111 376 259 i di us i 

532 f 37 256 143 133 127 24 

620 1 «10 1 «25 0 <12 

541 152 132 38 48 34 20 

631 17: 118 213 78 iB 20 

444 91 60 49 f f 21 30 

543 155 187 42 RI 22 

640 3 «15 1 « 80 I <20 

a (À) 63-0 96-2 110-2 78-6 98-0 
tec) 285 R2 64 RO 60 

e 1 0-07 0-88 064 ORO 
rı (À) 0 124 154 124 171 
r, (A) 0 12-4 154 140 20-4 
K 0 6 0 672 0-93 
e (A) 1-5 0 E 34 4-9 
a (A*) 175 330 460 290 1000 


The chemical netation is given in Tables 2 and 3. 
spacings of all the observed reflexions are in perfect agreement with the reflexions of a cubic lattice wii 


The intansities were measured as discussed in ref. 18. ITem takes the form: Ian =m Famf*(s) exp ( 
factor of the framework with a gap of length e at each ends; 


a: Parameter of the cubic cell; c : weight concentration (lipid/lipid + water). In each system the 


th the indices given in the table: 


Saba = ORE + E? c (yif. 


—as*) mis the multiplicity factor; Faxis the structure 


fz) = J,2a7,9)297,8 — KJ, (2nr,s)|nr,s with E =f, (02—00)/7:* (0501), is the form factor of 


a uniform cireular cylinder of radius r, and density e; surrounded by a cylindrical shell of external radius r, and density o; where o, is the density of water. 
The intensities are further multiplied by a normalizing factor, such that 7,,, = 10-000. 
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The analogy of the intensity distribution (see Table 1) 
further suggests that in all the cases the structure is 
similar. For this class of structure, in which a topological 
distinction can be made between the "inside" and the 
“outside”, it is proper to distinguish two types of distribu- 
tions : type I if the paraffin chains are inside the rods 
and the water outside, type II if the opposite ocecurs?-?. 
The cubic phases of the strontium soaps and of lecithin 
have been shown to belong to type I1; several arguments 
will now be given in favour of a rod-like structure of type 
I for the cubic phase of the soaps and detergents of 
Table 2. 





Table 2. SOME DIMENSIONS OF THE BODY-CENTRED CUBIC STRUCTURE, 
TYPE 1 (PARAPFIN CHAINS INSIDE THE RODS) 

KO, KC, EC, CyTAB  TAC,I 
ref. 15 ref. 15 ref.15 C4 TAB* ref. 15 ref. 3 

a (À) 78-6 90-7 99-5 76-9 98-7 

(C) 100 100 100 70 70 

$ (cmg) 0-99 101 1-03 0-99, 1-02, 

o 0-64 0-62 0-62 0-82 0-80 

LÀ) 27-8 321 35-9 27-2 34-9 

r (A) 14-0 15-9 17-5 15:9 20-2 

S (Å> 46-8 47-5 i88 51-0 49-6 





* Unpublished observations of F, Reiss-Husson. 

KO, : CH,(CH444.C00-K*; C, TAB CH,(CH4), CN (CH. Br; 
TAC, E: CHy.(CH,) 19. CON-.N*(CH,),. a: parameter of the cubic cell; "7: 
specilic volume of the lipid; Ø : volume concentration; r and ! : radius and 
Jength of the rods (1—a/4/8); S: area per polar group on the lipid-water 
interface (the surface of the rods). r and S are determined using the expres- 
sions for the volume v = zr?!(1-0-191 r/l) and for the external surface 
oa? ort (1-0-735 rji) of one rod, doubly bevel-edged at each end to meet 
with two other rods (see Fig. 4 of ref 8) and taking into accountthe relation- 
ships @ = 24 vja? and S=(a/v) (M$/0-602). M is the molecular weight of the 

pid. 


The first argument is provided by the order of succession 
of the phases as a function of increasing water concentra- 
tion, a criterion introduced by Luzzati and Husson?^?. 
In some systems, the hexagonal phase of which is known 
to be of type 1 (refs. 2 and 9), the order is lamellar-cubic- 
hexagonal; the soaps and detergents of Table 2 belong 
to this family. In other systems the order is reversed ; 
in one of these, lecithin-water, both the cubic and the 
hexagonal phases are of type II (ref. 8) (the same is true 
for galaetolipids, see Table 3). As a rule it can thus be 
presumed that the structure of the cubic and hexagonal 
phases is of type I if the order of succession of the phases, 
as a function of increasing water concentration, is lamellar- 
eubie-hexagonal, of type Il if the order is reversed (see 
also ref. 10). 

A second argument, often used in the discussion of 
lipid-water systems??, is based on the proposition that 
the average area per polar group on the paraffin-water 
interface inereases regularly as the water content in- 
creases, even when phase boundaries are crossed. The 
values of S of the cubic phases, for both types of structures, 
are plotted in Fig. 2, and are compared with those of the 
lamellar and hexagonal phases. In two of the cases 
(C,, TAB and TAC,,I) the area-concentration relationship 
is satisfactory only if the cubic structure is of type I; 
in the potassium soaps the relationship is acceptable for 
both types of structure. The result of a similar comparison 





Table 3. SOME DIMENSIONS OF THE CUBIC AND HEXAGONAL PHASES OF TYPE H 
(POLAR GROUPS INSIDE THE RODS) 


SrC,, (ref. 6) Lec (ref. 8) Gal* 

Q H Q Q 
a (À) 62-6 24-9 96-2 41-0 110-2 46-7 
toO) 235 265 82 120 64 64 
$(cm/g — 1165 1-193 1-025 1-052 0-986 0-986 
e 1 1 0-07 0-08 0-88 0-96 
IÀ) 22-2 EA 34-0 oo 39-0 æ 
r(À) 111 1r6 15-6 15-0 
S 67-0 69-6 73:8 69-4 
N 0:51, 0:49, 


* Unpublished observations of E. Rivas. 













SrC,2ÍICH,OCH,s,.000-] Sr'**; Lee; hen egg lecithin; Gal : maize 
chloroplasts galaetolipids. Q : body-centred cubic phase; H : hexagonal 





phase. Notation and calculations as in Table 2; N: number of lipid molecules 
per length of rod. The rods are supposed to contain the po'ar groups of the 
lipid molecules and the small amount of water of the system. Note that N 
(and S) take similar values in the cubic and the hexagonal phases; a more 
systematic comparison of the dimensions of the hexagonal, cubic and lamellar 
phases ie waaay here by the differences of temperature and concentration 
see ref, 9). 
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Fig. 2. Dimensions of the structure elements of the lamellar (D), cubic 


(9) and hexagonal (47) phases of some lipid-water systems. Ø, Volume 
concentration; 7, radius of the rods in the cubie and hexagonal phases, 
half-thickness of the lipid leafletin the lamellar phase. In the cubic phase 
the value of S for the structure of type I (paraffin-filled rods) is shown by 
full dots, for type II by open circles. Note that 5 increases throughout 
the phase diagram, as a function of decreasing #, only if the cubic phase is 
of type I. The notation for the lipids is that of Table 2. a, KC,, (replot- 
ted from ref. 14); very similar results are obtained with the other potas- 
sium soaps. b, Ci TAB (replotted from ref. 15, with čs 1-027); similar 
results for Cj, TAB. c, TAC! (replotted from ref. 2). 





in lecithin and galactolipids is shown and discuss in 
Table 3. 

The last argument is the agreement of the observed and 
caleulated intensities. In the case of the strontium soaps 
the agreement is excellent for a uniform distribution of 
scattering matter along very thin rods with a short 
(1-5 A) empty gap at each end*. In the other cases the 
rods are bulkier and the electron density distribution 
away from the rod axis cannot be neglected. The form 
factor adopted for lecithin is that of an infinite uniform 
cylinder*; for soaps and detergents the experience 
acquired with the micellar!*, hexag mal? and lamellar!* 
phases suggests a model formed of a uniform paraffin 
cylinder, surrounded by a cylindrical shell containing the 
polar groups of the lipid molecules. The radii of the two 
cylinders and the eleetron densitv of the paraffin region 
are easily determined; the electron density of the polar 
region is somewhat arbitrary because the precise space 
distribution of the counterions is not known. Besides, the 
length of the empty gap at each end of the rods is adjusted 
to improve the agreement of the caleulated and obs 
intensities (note in Table 1, that e is smaller than the ra 
of the rod). The final dimensions are given and 
intensities are compared in Table 1. The agreement 
is quite satisfactory; it must be noted, nevertheless 
the crystallographic verifications, quite straightforwa 
in the ease of the strontium soaps*, are less conclusive for 
the other systems, for the model used for caleulation can 
only be taken as a rough approximation. indeed ( 
Fig. 4 of ref. 8), the length of the rods barely exceeds their 
diameter. 

We thus reach the conclusion that the most satisfactory 
structure for all the cubic phases reported so far in lipid 
water systems is formed of rod-like elements, all identical 
and crystallographically equivalent, linked three by three 
into two three-dimensional networks, mutually interwoven 
and unconnected (Fig. 1). In some cases the rods are 
filled by the paraffin chains, in others by the polar moieties. 

This structure is remarkably compact. The maximum 
volume fraction occupied by the rods, corresponding. to 
rods in contact along the three-fold axis (see Fig. 1), 
is 0-874; this figure should be compared with 0-907 for 
close-packed circular rods and with 0-741 for close-packed 
spheres. Another interesting property, unique so far 
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among the lipid-water phases, is the presence of two media, 
one paraffinic and one polar, both continuous throughout 
the three-dimensional structure. The high viscosity and 
the easy growth of large crystals are most likely related 
to this peculiar distribution of the two media. Besides, 
a structure formed of rods and displaying a water con- 
tinuum is consistent with the observation reported by 
Gilchrist et al. that the electrical conductivities of the 
cubic and the hexagonal phases are closely related. 

The regular area-concentration relationship observed 
through phases displaying such a variety of structures 
confirms the outstanding contribution of the interface to 
the stability of the structures (see discussion in ref. 9). 
It also appears that in the cubic phase another important 
factor is compactness. We have elsewhere’: explained 
the fragmentation of the rods into segments of finite 
length in terms of the disordered conformation of the 
paraffin chains and of a somewhat ordered arrangement 
of the polar groups. A similar explanation can be given 
for the cubic phase of type I. Indeed, as the water con- 
centration decreases the area S shrinks' and the paraffin 
chains stiffen. If the rods are indefinitely long (as in the 
hexagonal phase), and if the chains are sufficiently stiff, 
the centre of the rods becomes overcrowded: the result of 
breaking up the rods is to offer additional room for the 
expansion of the chains. 
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Effects of Acridines on Morphogenesis 


EaAnLY studies of the effects of acridines on amphibian egg 
development tended to show that RNA synthesis is 
required for neural induction’. Little could be concluded 
from these experiments, however, because the acridines 
available at that time were a complex mixture of sub- 
stances of unknown mode of action. Acridines have since 
been found to bind to and distort the DNA molecule by 
intercalation of dye molecules between base pairs’. One 
of the acridines, ethidium bromide, is now used to measure 
the number of superhelical turns in cireular mitochondrial 
DNA molecules?-5, 
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Biological experiments have shown that ethidium 
bromide can induce petites mutations in yeasts with almost 
100 per cent efficiency*. In trypanosomes, both acri- 
flavine? and ethidium bromide (personal communication 
from M. Steinert) specifically inhibit the replication of 
kinetoplastie (mitochondrial) DNA. Treatment with 
acridines might therefore eliminate the mitochondrial 
DNA of developing eggs more or less specifically. The 
present communication describes the effeets of two acri- 
dines, acriflavine and ethidium bromide, on the develop- 
ment of amphibian and sea urchin eggs, and the regenera- 
tion of the alga Acetabularia mediterranea, Most experi- 
ments have been performed with ethidium bromide (EB), 
which was more efficient than acriflavine at equal concen- 
tration; the effects of the two acridines were essentially 
the same, so only the results obtained with EB will be 
described here. 

In Acetabularia (three experiments) EB produces, at 
concentrations of 20-25 ug/ml., a complete inhibition 
of regeneration in both nucleate and anucleate fragments: 
no eaps and no sterile whorls are formed in the presence 
of the dye. If, after treatment for 3 or 4 weeks, the algae 
are returned to normal medium, regeneration occurs in 
the nucleate fragments; the inhibition is irreversible in 
the anucleate ones. In a lower concentration (10 ug/ml.). 
the effects of EB are very similar to those of actinomycin®: 
initiation of cap formation is possible in the absence of 
the nucleus; but these caps remain small and abnormal, 
and there is no regeneration of the nucleate fragments. 
At 5 ug/ml., very abnormal caps are often formed by 
both types of fragments. 

Seven experiments were performed. with almost 
identical results, on eggs from three different species 
(Pleurodeles, Xenopus, A. mexicanum) of amphibians. 
Only strong concentrations (200, 100 or 50 ug/ml.) of EB 
produce visible and rather late effects: delay in hatching 
(but not in formation and beating of cilia), in the con- 
tractility of heart and muscles, in the formation of pigment 
and red blood eells. Mierocepbaly is frequent. In three 
experiments, in order to overcome the permeability 
barrier, Pleurodeles eggs were micro-injected at the 4-cell 
stage with 0-05 ul. of 20 ug/ml. EB. No rapid effect was 
observed. Many of the injected embryos later displayed 
the abnormalities (mierocephaly, general retardation of 
development). In this respect, EB differs from actino- 
mycin, which blocks development after micro-injection, 
at the late blastula stage’. 

Besides the abnormalities linked to microcephaly, 
cytological examination of the EB treated embryos 
reveals a general slowing up of yolk platelet utilization 
(especially in the muscles, red blood cells and pronephros). 
This delay, which is also observed in embryos treated 
with formamide®, explains the troubles of locomotion and 
blood incubation. Pyenotic degeneration of mitoses is 
extremely frequent (especially in Xenopus): it seems 
that EB acts more effectively on chromosomes than on 
interphase nuclei. The effects of EB on the size and RNA 
content of the nucleoli are variable. 

Eleven experiments were made on sea urchin eggs, 
identical results being obtained with Paracentrotus and 
Arbacia. With 30-20 ug EB, development stopped during 
early cleavage; the arrested eggs stained pink; the various 
blastomeres were blocked at all stages of mitosis. Inter- 
phase nuclei were swollen, oval in shape and contained 
large "cleavage nucleoli” (as already described in sea 
urchin eggs treated with hydroxyurea’), The chromo- 
somes of the cells which were blocked during mitosis 
degenerated into a single pycnotic mass surrounded by a 
membrane. This chromatin stains abnormally with 
Feulgen (dirty lilac) and methyl green (olive green), 
suggesting that alterations have been induced by EB in 
the DNA molecules of the living eggs. In lower concen- 
trations (15-10 ug) EB, like actinomycin", exerts little 
effect on cleavage. As in amphibian eggs, hatching is 
delayed. probably because the acridines bind to the 
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fertilization membrane; there is no effect on cilia forma- 
tion and motility. Later, spherical or slightly elongated 
swimming larvae are obtained; they possess no spicules 
and never take a prismatic form. The mesenchyme is 
abundant, and made up of spindle shaped cells, which are 
often multinucleate. The gut is present and stains pink. 
If the eggs are treated at later stages of development with 
EB (10 ug/ml.) it is necessary to wait until the early 
gastrula stage before small spicules, forming a disorganized 
skeleton, ean be observed in the treated larvae. 

In conelusion, EB is a useful agent for the analysis of 
morphogenesis: it inhibits, in a reproducible way. cap 
formation in Acetabularia, yolk platelet breakdown in 
amphibian embryos, spicule formation in sea urchin 
larvae. The biochemical basis for these effects is now 
ünder study; preliminary results indicate that, in Aceta- 
bularíia, EB inhibits cytoplasmic DNA synthesis!? and 
induces the disappearance of the DNA peak which has 
been ascribed to mitochondria’. In amphibian oocytes, 
observations with the fluorescent microscope show that 
EB binds to the yolk platelets, presumably to their 
DNA (ref. 14). If the arrest of yolk utilization is a eonse- 
quence of such a combination between EB and yolk 
DNA, it could mean that the latter contains the informa- 
tion needed for the synthesis or activation of the enzymes 
which break down the constituents of the yolk platelets. 

I thank Drs M. Steinert, V. Heilporn, S. Limbosch, N. 
Six and V. Vacquier for the communication of unpublished 
results. 
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Occurrence of Bufotenin in the Urine 
of Schizophrenic Patients and 
Normal Persons 


BEcAUSE of conflicting statements about the occurrence 
of bufotenin in the urine of schizophrenics and normal 
subjects!-!? we have now developed a method which allows 
semi-quantitative estimation of about 0-7 ug total bufo- 
tenin in 24 h urine samples. The method consists of 
purifieation and isolation by successive column chromato- 
graphy, sublimation, paper chromatography and thin- 
layer chromatography. 

24 h urine samples are hydrolysed for 0-5 h at pH 1-6, 
chromatographed through a Dowex column and eluted 
as described by Faurbye and Pind! The eluate is 
evaporated in vacuum to near dryness, the rest extracted 
with chloroform at pH 10. The chloroform extract is 
sublimated at 10-? to 10-4 torr, and one-way paper chroma- 
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tography of the sublimate follows, with (20 per cent) 
potassium chloride solution, The bufotenin zone is 
found by co-chromatography of authentie bufotenin, and 
eluted. The eluate is subjected to thin-layer chromato- 
graphy with ehloroform-methanol-acetie acid-water (65 : 
30:2:3) and stained with p-dimethylaminobenzalde- 
hyde. The amount of bufotenin is determined by com- 
parison with co-chromatographed authentic bufotenin. 

In order to secure identity of positive spots the thin- 
layer chromatography is repeated on two way thin-layer 
chromatography, the first direction as described, and the 
second direction with methylacetate-isopropanol-am- 
monium hydroxide 25 per cent (45 : 35 : 20). 


Table 1. RESULTS OF THE BUFOTENIN ANALYSIS 


Total 


initials Diagnosis Days without bufotenin 


drugs per 24 h (ug) 

R.L. Schizophrenia 5 years TT 
O.D.J. Schizophrenia 89 days Oe 
PA. Schizophrenia 8 days 28 
G.A. Schizophrenia 9 days LT 
G.J. Schizophrenia 13 days 37 
A.F.N. Schizophrenia 19 days 32 
E.H. Schizophrenia 22 days ü 

S.L.L. Control 0 

K.P. Control 0 

AMS, Control TÓ 
A.R. Control T8 
E.M. Control 16 
G.H. Control 18 


All the bufotenin spots were compaet and well isolated 
from other spots. Addition of 0-7 ug authentic bufotenin 
to a bufotenin-free 24 h sample of urine always gave a 
weak but distinct spot. 

Because bufotenin is easily destroyed by oxidation, 
nitrogen was induced where possible, and diphenylamine 
and EDTA were added to the solvents. 

Recovery was determined by addition of 0-7-5 ug of 
bufotenin to bufotenin-free urine samples. Ten determ- 
inations gave a recovery from 32 to 62 per cent, a mean of 
48 per cent. The numbers in Table 1 are corrected accord- 
ing to this. 

The subjects were seven chronic schizophrenic patients 
with active psychotic symptoms. They were treated with 
neuroleptic drugs but were without medicine for at least 
8 days before the investigation. The controls were six 
healthy persons. 

As shown in Table | six of the seven schizophrenics 
excreted 0-7-3-7 ug total bufotenin in 24 h while one did 
not excrete bufotenin (that is, less than 0-7 ug) Four 
control persons excreted 1-6-7.5 ug and two did not 
excrete bufotenin. Bufotenin therefore seems to be a 
normal metabolie product. 


ARILD PAURBYE 
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Schizophrenic Birth Order: 
the Last but One Position 


Resutts of birth order studies on schizophrenies from 
the United States, Canada and Britain suggest an in- 
creased incidence of patients born late in the family!-. 

A recent study, however, concludes that there is “an 
accumulation of evidence that the birth order distribution 
of schizophrenics varies with family size"— schizophrenies 
are born late in large families and early in small families. 
Part of the evidence referred to is the sample of Solomon 
and Nuttall? which included a large number of small 
families of high social elass and which showed an increased 
ineidence of early born patients. This bimodal result was 
explained by separate class-dependent factors operating 
in the different sizes of family. It is the purpose of this 
communieation to test a single-factor explanation. 

lt is possible that the schizophrenie patient tends to 
oceupy a certain position in relation to the end of the 
family rather than in relation to the beginning (a reverse 
ordinal position), so that the penultimate sib, for example. 
is born late in large families, while in two-sib families it 
is the first born. The hypothesis is that there is over- 
representation of the penultimate reverse ordinal position 
in schizophrenie samples. 

By collecting data from the literature, a very large 
sample can be amassed. Five studies in the literature 
report samples of schizophrenics (total N = 3,482) in such 
a way that distribution of the reverse ordinal positions 
can be calculated. The expected distribution is calculated 
by the Greenwood-Yule method!*, Over-representation 
is calculated as the difference between the observed and 
expected distribution as a percentage of the expected 
distribution. Table I shows that there is no continuous 
increase in over-representation towards the end of the 
family. There is a peak of over-representation at the 
last but one position—-this is true consistently for all five 
samples individually. 

There are two samples of non-schizophrenie psychiatrie 
patients reported in the literature which allow a similar 
analysis—498 manic-depressives! and 2,500 neurotics!!. 

In this non-schizophrenic sample there is no over- 
representation of the last but one position. Table 3 shows 
the fit between the schizophrenic sample and the non- 
schizophrenic sample (family size distribution corrected 
to that of the schizophrenic sample). The disparity be- 
tween the samples is clearly greatest at the last but one 
position. 

Table 1, OF REVERSE ORDINAL POSITIONS 


Percentage 
over-representation 
Expected /Observed—Expected 
distribution | —— 


DISTRIBUTION 


Observed 
disteibution 


Reverse ordinal 
position 











Expected J 











Last +LES 
Last but one 497 
Last but two -51 
Last but three +24 
Rest 
N 
Table la. SAMPLES CONTRIBUTING TO TABLE 1 
Study N Country Reterence 
Malzberg, 1940 549 USA 1 
Solomon and Nuttall, 1967 201 USA 9 
Barry and Barry, 1967 1,019 USA R 
Gregory, 19% 431 Canada 6 
Granville-Grossman, 1966 1,192 England T 





Table 2. DISTRIBUTION OF REVERSE ORDINAL POSITIONS OF NON-SCHIZO- 
PHRENIC PATIENTS 
Reverse ordinal Observed Expected Percentage over- 
position distribution distribution representation 
Last 1,004 927 +8-3 
Last but one 463 685 -3-2 
Last but two 480 474 +12 
Last bat three 319 328 ~B7 
Rest 532 584 
N 2,998 
21278 d.f.—4 


P002 


NATURE, VOL. 220, NOVEMBER 2. 1968 


Table 3. FIT BETWEEN THE SCHIZOPHRENIC AND NON-SCHIZOPHRENIC 


SAMPLES 
Percentage 





Non- over-representation 
Reverse ordinal Schizophrenic schizophrenic f Schiz.-Non-schiz. 
position distribution distribution | —————— x 100 ) 
(corrected) ^ Non-sehiz, 
Last 1,162-5 1,229 -54 
Last but one 944 833 +134 
Last but two 534-5 573 -68 
Last but three 347 332 +45 
Rest 494 515 
N 5,482 
Gi =22-9 d.f. 4 
P «0-001 


This new analysis of already published data clearly 
indicates that the presence of one younger sib is associated 
with schizophrenia and can explain the anomalous results 
of Solomon and Nuttall without the introduction of social 
class factors. 

One ordinal position is now identified with schizo- 
phrenia, so selection of these patients for further study 
will allow better understanding of what, if any, is the 
unique psychological position of the schizophrenic in the 
family. 
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Evaluation of Teratogenicity of 
Lysergic Acid Diethylamide 


THE concern about the psychological and physiological 
effects of lysergic acid diethylamide (LSD) has naturally 
led to the desire for experimental models to study the 
spectra of effects suspected to be caused by LSD. Among 
the recent reports of its biological effects when pregnant 
animal models are used, one involving rats is negative}, 
another? is ambiguous beeause although stunted and still- 
births were reported with LSD at 10 days post partum the 
offspring were unusually iarge, w eighing 44-46 g. Results 
with hamsters? are equivoeal beeause of the small i incidence 
of malformations reported, and those for mice are positive'. 

This report describes an attempt to demonstrate a 
teratogenic response to LSD using pregnant mice and 
hamsters. In addition, secondary Syrian hamster cultures 
were examined for growth alteration and for chromosomal 
aberrations in the presence of LSD. ‘Delysid’ (LSD-25) 
was obtained from the US National Institutes of Health 
as a solution containing 0-1 mg/ml. of LSD tartrate 
(Sandoz, lot No. 65002), Immediately before use, further 
dilutions were made with Dulbecco's salt solution which 
was also used for the control groups. 

Syrian hamsters from the NIH breeding facilities, 9—11 
weeks old and weighing appreximately 100 g, were used. 
This species has responded to a wide variety of terato- 
gens*—. They were injected int raperitoneally during the 
time of greatest differentiation with a single dose of 10 ug 
(two animals), 100 ug (four animals), 200 ug (three animals) 
or 300 ug (four animals) on days 6, 7 or 8 ; in one case, 
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Table 1. ABNORMALITIES INDUCED BY LSD-25 INJECTED INTO PREGNANT MICE 
: a - E No. of No. of litters with No. of malformed animals 
Strain LSD dose (ug) No. of females No. of progeny malformations malformations with any malformations; Htt 
G.P. 0 6 58 0 0 
0:5 4 27 0 0 
1-0 2 19 0 0 
20-0 13 96 0 ü 
30-0 3 25 8 ü 
AjCum 0 16 66 2 1 
05 1 T 0 0 
r0 2 13 3 1 
10-0 4 18 3 1 
20.0 2 14 0 Q 
30-0 E 27 9 4 SUG. 17 


repeated doses of 100 ug were given on days 7, 8 and 9. 
All pregnancies were terminated on day 14. 

Within the fourteen treated hamsters, 171 implantation 
sites were noted: 168 were live foetuses of whieh one had 
microphthalmia; three cases of resorptions were found. 
Animals treated with LSD did not vary statistically from 
control animals in weight changes of pregnant mothers, 
or in average litter weight or size; furthermore, no more 
resorbed foetuses occurred in animals which had been 
treated with LSD than in control animals. On rare 
occasions control animals do exhibit spontaneous 
exencephaly. 

Neither 1-0 nor 20 ug of LSD/ml. of Eagle's minimal 
essential medium plus 10 per cent foetal calf serum 
altered the logarithmie growth of secondary Syrian 
hamster embryo cultures originally made from trypsin 
ized minced whole embryos 12-14 days old. After 24 or 
48 h of exposure the cell counts were similar to those 
obtained in control cultures. Nor was any evidence of 
chromosome breaks found in 274 colcemide arrested 
metaphases after 24, 48 or 72 h exposure to 0-9 ug. 18 ug 
or 45 ug of LSD/ml. of eulture medium, r PA 

NIH General Purpose and A/Cum mice (Table 1) weigh- 
ing approximately 31 and 25 g, respectively, were injected 
intraperitoneally according to the schedule of Auerbach 
and Rugowski'. Further animals were given multiple 
injections to ensure that the critical period (day 7) 
referred to by Auerbach had been properly covered. The 
total amount received by each pregnant animal ranged 
from 0-5 ug to 30 ug. Mice were killed on the eleventh 
or fourteenth day. Of 167 General Purpose mouse foetuses 
examined from twenty-two treated mothers, no external 
malformations were found and no statistical differences 
in size or weight were noted between 167 foetuses obtained 
from mothers treated with LSD and fifty-eight foetuses 
obtained from six mothers injected with salt solution. 
From fourteen pregnant A/Cum female mice treated with 
LSD, seventy-nine foetuses were obtained: six litters had 
fifteen foetuses with abnormalities consisting of hare 
lip, cleft palate or mierognathia. Examination of sixty- 
six foetuses from ten females of the control group revealed 
two foetuses (from one litter) with abnormalities similar 
to the mice treated with LSD. No other difference 
between the two groups was observed. 

The present investigation failed to demonstrate that 
LSD is teratogenic for NIH Syrian hamsters and for 
general purpose mice. Although the negative results we 
obtained with the hamsters are statistically different 
from the positive results reported by Geber? we interpret 
them as being not essentially different. In the case of 
positive results one would expect a dose response relation- 
ship and an increase in abnormalities much higher than 
the variation from 5 to 8 per cent? (average of less than 
one in each hitter). It would be expected that with 
controlled conditions including known amounts of chemi- 
cal, a genetically defined animal population, and defined 
periods of maximum organogenesis, a positive terato- 
logical response would be demonstrated by a greater shift. 

The results of Auerbach and Rugow ski? with mice show 
an appreciable incidence of malformations (57 per cent). 
Abnormalities of a similar type normally occur in 10 per 
cent of the same colony. The overall frequeney of 
malformed foetuses in our A/Cum mice was 19 per cent. 











The malformations in A mice were similar to those whieh 
occur spontaneously in this strain. The doses of LSD 
that gave teratogenic effects are of the order of 25-1,000 
times the average single human dose. The relatively low 
number of malformations obtained with large amounts of 
LSD may refleet potentiation of individual thr 
differences for these malformations. Difference 
threshold responses for cleft palate have been reported 
for C57B1/6J micet. There is evidence for strain specificity 
in the incidence of malformations produced by trypan 
blue in rats that varies from strain to strain* and by thalid- 
omide which produces malformations in A strain miee!* 
but not in C57BI/6J mice". Our results suggest no firm 
conclusions concerning the possible teratogenicity of LSD 
in rodents other than the possible potentiation of threshold 
difference in some A mice. 
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Electroencephalographic Alerting 
Sites of d-Amphetamine and 
2,5-Dimethoxy-4-methyl- 
amphetamine 


THE amphetamine derivative, 2,5-dimethoxy-4-methy1- 
amphetamine (STP), is a new psyehotomimetie drug, 
considered to be about one hundred times more powerful 
than mescaline in producing psychedehe symptoms in 
human beings'. We have made an electroencephalograpluc 
(EEG) analysis to determine the sites of aetion in oe 
brain of d- amphetamine and STP. It has been shown tha 
non-psychotomimetie congeners provoke EEG Ree 
from the midbrain level, while their psychotomimetic 
congeners such as LSD, psilocin and mesealine cause 
alerting by their action at a lower level in the brain- 
stem?-*, 

Forty-one albino rabbits ranging from 2.2 to 30 kg 
were tracheotomized under ether and local anaesthesia, 
curarized and artificially respired. To record the electrical 
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Table 1. RESULT OF VARIOUS BRAIN TRANSECTIONS AND EFFECTS OF DEUGS 
No. of Drug Site of Levelfor 
Drug animals administration transections Results of transections EEG alerting 

d-Amphetamine 3 Before transection Pre-Pre (1) Alerting pattern eliminated 

3 After transection Resting pattern continued 

3 Before transection Post-Post (2) Alerting pattern continued Midbrain 

4 After transection Alerting pattern continued 

3 Before transection First (3) Alerting pattern continued 

3 After transection Alerting pattern continued 
2,5-Dimethoxy-4-emethyl-amphetamine (STP) 4 Before transection Pre-Pre Alerting pattern eliminated 

3 After transection Resting pattern continued 

4 Before transection Post-Post Alerting pattern eliminated Medulla 

5 After transection Resting pattern continued 

3 Before transeetion First Alerting pattern continued 

3 After transection Alerting pattern continued 


(1) Pre-collicular, pre-pontine level; 


aetivity of the various brain areas, monopolar coaxial 
eleetrodes were implanted according to the maps of 
Sawyer et al.*. The external electrodes were in contact 
with the surface of the dura at the motor and limbic areas 
of both sides of the cortex, and the internal deep elec- 
trodes were placed in the amygdala, caudate nucleus, 
hippocampus and thalamus. Recordings were made on 
an 8-channel Grass electroencephalograph. model 6, with 
two channels for polygraphie recording of electrocardio- 
gram and arterial blood pressure. Intravenous injections 
of the drugs were made through a femoral vein cannula 
at intervals of 5-10 min repeatedly, until EEG alerting 
either occurred or was seen to be unobtainable. In order 
to find the sites of action for evoking EEG alerting by the 
drugs, four groups of animals were studied: controls with 
intaet brain and three others with transections at three 
different levels; (1) pre-collieular, pre-pontine level, just 


(2) post-collicular, post-pontine level; 


(8) first cervical segment. 


above the midbrain; (2) post-collicular, post-pontine level, 
just below the midbrain; and (3) through the first seg- 
ment of the cervical spinal cord. In control animals EEG 
patterns were composed of the resting patterns of high 
amplitude slow waves with occasional spindle bursts. 

The stimulation of hand-clapping changed the resting 
pattern to an alerting one of low amplitude fast waves in 
the motor and limbic cortices and a regular theta rhythm 
in the hippocampus (Fig. 14, left). These control arousal 
patterns lasted for 10-20 s. 

Intravenous injections of d-amphetamine at the total 
dosage of 3-8 mg/kg induced EEG alerting in nine intact 
animals. These EEG arousal patterns resembled those of 
the control patterns and they appeared 20-40 s after the 
final injection of d-amphetamine and lasted for 30-40 min 
(Fig. 1A, right). EEG alerting produced by d-amphetamine 
was maintained even after post-collicular, post-pontine 
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Fig. 1. 


Typical control pattern as well as arousal pattern following sound stimulation, clapping bands, and EEG 


alerting induced by d-amphetamine (A). d-Amphetamine failed to evoke EEG alerting after transection at the pre- 
collieniar, pre-pontine level (B), but did so after transection at the post-collicular, post-pontine level (C). 
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Control pattern as well as arousal pattern following pain stimulation, pinching the footpad and EEG 
alerting induced by STP (A). STP failed to evoke EEG alerting after transection at the 


st-collicular, post-pontine 


level (B), but did so after transection at the first cervical level (C). 


transectaon or first cervical transection in each of three 
rabbits, but was blocked in three other animals after pre- 
collieular, pre-pontine transection. 

Furthermore, d-amphetamine failed to evoke EEG 
alerting even with larger doses than the control in three 
animals previously transected at the pre-collicular, pre- 
pontine level (Fig. 1B). In four animals previously tran- 
sected at the post-collicular, post-pontine level and in 
three transected. at the first cervical levels, EEG alerting 
was induced by d-amphetamine at the same or slightly 
lower dosage level than the control (Fig. 1C). Thus the 
alerting was blocked by transection just above the mid- 
brain, but was maintained after the transection just 
below the midbrain. 

The pain stimulation by pinching the footpad also 
induced EEG alerting in control animals (Fig. 24, left). 
A total dosage of 0.2-0-8 mg/kg of STP evoked EEG 
alerting similar to that of a control alerting in eleven 
intact animals 2—3 min after the final injection (Fig. 24, 
right). This EEG arousal pattern lasted for 15-20 min. 
In contrast to the results with d-amphetamine, EEG 
alerting induced by STP was abolished in four animals 
after the transection at the post-eollieular, post-pontine 
level and EEG alerting could not be obtained in five 
animals previously transected at the same level even with 
larger doses than the control (Fig. 2B). In three animals 
previously transected at the pre-eollieular, pre-pontine 
level, S'TP did not evoke EEG alerting. But STP did evoke 
EEG alerting in each of three animals transected at the 
first cervical level (Fig. 2C), and EEG alerting previously 


established by STP persisted in three animals after the 
transection at the same level. Thus STP induees EEG 
alerting at a level below the midbrain and above the first 
cervical segment. These results are summarized in Table 1. 

The basis of the EEG reaction may be a feedback 
relation between a midbrain centre for EEG alerting and 
a medullary centre for the resting EEG^. We suggest that 
STP, as an example of a psychedelic drug, acts by in- 
hibiting the medullary mechanism and removing its 
restraints on the midbrain centre. The different mechanism 
of EEG alerting induced by d-amphetamine and STP is 
shown diagrammatically in Fig. 3. 


MECHANISM 4S 


Non-psychomimetic Alerting Midbrain [| Stimulate | Alert 


( d-Amphetamine } 


Psychomimetic Medulls 


(STP) 


Resting 





Fig. 3. Mechanisms of EEG alerting by non-psychotomimetie and 

psychotomimetic agents: feedback relationship between alerting and 

resting centres. Both d-amphetamine and STP provoke BEG alerting 

but in different ways. d-Amphetamine acts by stimulating the mid- 

brain centre for EEG alerting, while STP acts by inhibiting the medullary 

centre for the resting EEG, thus removing its restraints from the mid- 
brain level structure. 
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Bretylium Tosylate for Suppression of 
Ventricular Fibrillation after 
Experimental Myocardial Infarction 


VENTRICULAR fibrillation is à frequent cause of sudden 
death in patients suffering an acute myocardial infaretion. 
Half of the eases of sudden death after acute coronary 
ocelusion have been attributed to ventricular fibrillation!. 
Prevention and treatment of this arrhythmia is one of the 
most urgent unsolved problems in clinical medicine. 

Bretylium tosylate was found to decrease the vulner- 
ability of the heart to undergo and sustain experimental 
ventricular fibrillation induced electrieally?? and by 
hypothermia! and to decrease the spontaneous occurrence 
in humans’. 

By measuring ventricular fibrillation thresholds 
(VET)^*7? it is possible to quantitate and compare the 
effect. of drugs and other experimental interventions on 
the vulnerability of the ventricle to electrically induced 
ventricular fibrillation. 

Myocardial infarction resulting from acute coronary 
ligation sharply lowers ventricular fibrillation threshold®.’. 
Our studies were designed to determine if bretylium, given 
after experimental myocardial infarction induced by 
coronary artery ligation, protects the dog heart from 
ventricular fibrillation. 

Mongrel dogs were anaesthetized with pentobarbital 
sodium (30 mg/kg). After tracheal intubation a Harvard 





‘Table 1. 
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Fig. 1. 


Fibrillation threshold apparatus. 


respirator was used and the heart was exposed by a 
thoracotomy splitting the sternum. A pericardial 
eradle was made to suspend the heart in the chest and a 
pair of hook stimulating electrodes were embedded, 
about 1 em apart, in the left ventricular myocardium 
between two divisions of the left anterior descending 
coronary artery approximately half way between base 
and apex. ‘The femoral artery was cannulated for blood 
pressure measurement with a Statham (P23) pressure 
transducer and a femoral vein for infusion of drugs. 
Needle electrodes were placed in the four limbs for clectro- 
cardiogram (ECG) recording and for triggering the stimu- 
lator. The ECG and the femoral artery pressure were 
recorded from a Sanborn model 296 recorder. The leads 
whieh provided the most prominent QRS complex were 
selected. The output of the recorder passed to a thyratron 
trigger circuit, which provided a single output coincident 
with the first QRS complex it received after being activ- 
ated. This feature was necessary in order to prevent 
multiple stimulation of the heart. "Phe trigger circuit 
had to be reset after each stimulus. The cireuit is shown 
in Fig. 1. A detailed description has been given previ- 
ously?. 

After the stimulating electrodes were embedded in the 
left ventricle, weak sub-threshold shocks were delivered 











CORONARY LIGATION EXPERIMENTS 


Per cent 














Last inerease in Spontaneous 
Average control Threshold after coronary threshold Maximum bretylium defibrillatiun 
Experiment Control thresbold ligation (mA) after threshold after Id over time after 
threshold (mA) (distal site) ligatien bretylium ronary bretylium 
(mA) (mA) ligation (s) 
threshold 
Iv 26 i4 12-13 13 77 <16 
IV 28 20 1, spontaneous, 1 i 900 <15 
iv 30 21 1, 1,1 H 500 11 
IV 31 18 0 (spontaneous fibrillation) 0 Infinite 23 
Iv 33 22 2,2 2 1,300 5 
Iv aT is 10-5 5 340 «15 
IV 39 195 D 12-16-12-10-12 18 50 xi5 
Iv 40 14 7-1 i 8,100 50 
IV 4t 22:5 4-12-14-12-14 14 Wi 6 
iv 42 18-5 2-6-10-10-10 10 i00 3 
(proximal site) 

IV 43 18 12-4-11-12-11 T 200 3 
Iy 44 12 1-2-3 3 167 ceS 
Iv 45 14 ‘ 2 200 <4-5 
iV A6 15-5 5~4-3-4--3 3 100 z 
Iv 48 23-5 12-19-19-19 19 73-5 25 
IV 49 21 8-6-8-8 8 900 29 
iv 50 18 4-3-4 4 350 23 
IV 51 21 4-4-3 3 167 82 
iV 52 15 12-6-12-12 12 730 Lid » 
IV 54 20-20 20 0 (spontaneous fibrillation) [U i Infirite Db 
iV 56 24-25 245 8-8 8 20 150 50 


Average and standard deviation 18:6 30-4 mA 


3554 mA 3L74x27.86 mA 


1. Occlusion site approximately 1-5 cm from origin of anterior descending coronary artery. 
5. Oeclusion site within 2 mm of origin of anterior descending coronary artery. 
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Fig.2. Ventricular fibrillation was induced by a 100 mA shock (up 
of the spontaneous defibrillation phenomenon where sinus rhyt! 


could not be induced. 


at preselected instants of the cardiac cycle by the signal 
chronization circuit triggered by the QRS complex of 
electrocardiogram (Fig. 1). The stimuli, which were 
i shocks of known constant current, 10 ms long, were 
delivered at approximately 10 beat intervals during the 
final 30-90 ms of systole. This interval, which is syn- 
chronous with the reflexion of the T wave, was found 
to be the vulnerable period during which ventricular 
fibrillation is most readily elicited by short, weak electrical 
shocks*. 

The current strength was progressively increased in 
1-2 mA steps and the vulnerable period was investi- 
gated at each increment by changing the trigger delay 
in 5-10 ms steps. The fibrillation threshold was reached 
when a current caused ventricular fibrillation. After 
about 15 s of sustained fibrillation the heart was defibril- 
lated by electrical counter shock with a Birtcher DC 
defibrillator model 225H. This sequence was usually 
repeated two or three times to verify the reproducibility 
of the fibrillation threshold and location of the vulnerable 
period. Repeated fibrillation threshold values in control 
animals were within 4 mA of each other over a 1 h 

iod. After control values for VFT were established, the 
eft anterior descending coronary artery was ligated 
close to its origin with a previously placed umbilical tape. 
VFT determinations were made every 20 min for 1 or 2 h 
until reproducible threshold values were established. 
Then bretylium (10 mg/kg) was injected intravenously 
and threshold determinations were made every 20 min 
for 5h. The results obtained in twenty-one dogs are sum- 
marized in Table 1. Coronary ligation decreased VFT in 
every animal. The average control value of 18-6 + 3:4 mA 
declined to an average of 63+5-4 mA. Three dogs 
showed spontaneous fibrillation. These findings are 
similar to those of Shumway et al.* and Dixon et al.?. 

A single dose of bretylium (10 mg/kg) caused an increase 
of VFT in every ani There was considerable 
variation, but the average increase of VFT to 317+ 
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after 114 s of continuous ventricular fibrillation. Blood pressure increased to 
twice the prefibrillation level. Despite repeated 100 mA shocks, sustained fibrillation 
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27-6 mA represented a five-fold increase 
which was highly significant (?<0-0001 
sign test). In two dogs (IV-52 and 
IV-54), shocks of 100 mA (the generator 
maximum) could not induce ventricular 
fibrillation. 

Bretylium also produced the spon- 
taneous defibrillation phenomenon; fib- 
rillation was induced for periods up to 
114 s which were followed by spontaneous 
reversion to sinus rhythm (Table 1 and 
Fig. 2). Untreated dog hearts (even 
without myocardial infarets) rarely defib- 
rillated spontaneously after fibrillating 
for longer than 0-5 s and never after more 
than 1 s (refs. 2, 3 and 6). This pheno- 
menon was not observed in studies to 
evaluate the effect of other antiarrhythmic 
agents (lidocaine. propranolol, procaine 
amide, diphenylhydantoin, quinidine) on 
VET". 

Fig. 2 shows an example of the spon- 
taneous defibrillation phenomenon in a 
coronary ligated animal (Table 1, experi- 
ment IV-52) where, after fibrillating for 
114 s (with blood pressure at hydrostatic 
level), the animal spontaneously reverted 
to sinus rhythm. After this the blood 
pressure increased to 200 systolic, almost 
twice the prefibrillatory level. Restora- 
tion of sinus rhythm, associated with an 
improvement in myocardial contractility 
rather than the expected postfibrillating 
hypodynamie state of the heart, was 
typical of hearts treated with bretylium. 
In contrast to other commonly used 
antiarrhythmic agents, which depress 
myocardial contractile strength, bretylium is strongly 
positively inotropic?. The appearance of spontaneous 
defibrillation was one of the earliest signs of the onset of 
the antifibrillatory effect of bretylium. 

An increase in VFT usually appeared within 20 min of 
bretylium administration and continued to rise for 2-3 h 
after which a plateau was usually reached. 

Two pairs of dogs were studied for 12 h after coronary 
ligation to investigate bretylium activity on VFT over a 
longer period. Fig. 3 shows the typical decline in VFT 
after coronary ligation and compares the effeet in a dog 
given bretylium with that in an untreated control. 
Fibrillation threshold at the end of 12 h was approxim- 
ately eight times higher in the treated animal. 

From these results it appears that bretylium given after 
the oceurrence of an acute myocardial infarction reduces 
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Fig. 3. Comparison of change in ventricular fibrillation threshold over 
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was given bretylium (arrow). @, Time control. 
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the vulnerability of the ventriele to electrically induced 
fibrillation. Bretylium may be valuable in preventing 
ventrieular fibrillation in patients with acute myocardial 
infarction. Bretylium is positively inotropic as well as 
having an antiarrhythmic effect, so it would not be contra- 
indicated in patients with shock and heart failure where 
there is a hazard of lethal arrhythmias. 
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Assessing Skeletal Maturity: 
Comparison of the Atlas and Individual 
Bone Techniques 


MEASUREMENT of skeletal maturity by means of wrist 
X-rays is quite useful to the physical anthropologist}, 
physieian?, orthodontist? and others! who are concerned 
with studying the growth of children. At present, two 
widely varying systems are used, and here I shall point 
out their similarities and differences for the benefit of 
those seeking to choose between the two. 

Both techniques are based on an analysis of standardized 
X-ray photographs of the left hand and wrist of growing 
children. The appearance, size and shape of the epiphyses 
and round bones of the hand-wrist complex are used to 
determine skeletal age. One, the Greulich-Pyle (GP) 
system, matches the X-ray on an overall basis with one 
of fifty-eight photographs in an atlas. Each photograph 
is the standard for a particular skeletal age with separate 
standards for each sex. The GP standards were selected 
from the median of a hundred X-rays for each chrono- 
logical age group, all of whom were X-rayed within +2 
per cent of their birthday. Most of the standards are a 
year apart, and those using the atlas frequently interpolate 
between standards. The atlas photographs are based on a 
series of 2,500 children observed in Cleveland, Ohio. from 
1931 to 1942. They are ". . . somewhat above average in 
economie and educational status". 

'The second system, devised by Tanner and Whitehouse 
(TW)*^, assigns a numerical seore, ranging from 0 to 100, 
to eight or nine stages of development of each of twenty 
bones in the hand-wrist complex. The procedure calls 
for a close inspeetion of each of the twenty bones in 
order to ensure that they meet the criteria of a given stage. 
'The individual seores are summed and the total score for 
all the bones is read off against a scale; there are separate 
scales for boys and girls. The system does not allow 
interpolation. The numerical scores assigned to each bone 
were standardized from X-rays of 2,564 children who 
were X-rayed between 1945 and 1958, and are “.. . repre- 
sentative of the average socio-economic level in the British 
population”’’. 

In essence, to determine skeletal age, the GP system 
makes an overall assessment and was standardized on 
American children of the 1930s, while the TW system 
makes a bone-by-bone assessment and was standardized 
on British children of the 1950s. 
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I have compared the two techniques by applying the 
TW method to each of the photographs in the GP atlas 
for which validated standards are available. For the boys, 
twenty-five standards in the age range from 1 to 17 years 
were used. For the girls, twenty standards ranging from 
1 to 15 years were used. 

Although the GP standards were drawn from the 
Cleveland population, they were validated on Stuart's 
longitudinal study of 121-134 children from Boston, 
Massachusetts. The means, standard deviations and 
sample sizes referred to here are taken from the Boston 
validation. Because the GP standards do not all fall 
evenly on the chronological year, as do the Stuart valida- 
tions, some interpolation was necessary to match the two. 

Observer reliability was tested by repeating the ratings 
and applying the Tanner formula? to the differences. The 
two attempts differed by less than 2 per cent. The t 
test was used to measure the significance of the differences 
between the GP means and their corresponding TW 
ratings. 

For the boys, there are statistically significant dif- 
ferences between the two systems at all ages. At 12 
months (standard 5) and at 15 months (standard 6), 
however, the GP ratings exceed those of the TW method, 
although the TW ratings are the oldest for all other 
standards (7-29), as seen in Table 1. 


m 
eo 
“1 
me 


Table 1. £ TESTS OF TANNER-WHITEHOUSE (TW) AND GREULICH-PYLE (GP) 
RATINGS OF SKELETAL AGE (SA) IN MONTHS 
‘ Boys Girls 
Stan- SA TW GP A t SA TW GP A t 
dard value rating mean value rating mean 
5 12 10 12-7 —27 10-44 12 15 12:7 283 6-87 
6 15 11 151 -41 1393 15 16 156 04 119* 
7 18 25 1725 75 297 i8 21 184 26 621 
8 24 28 22-0 54 11:05 24 31 9237 73 1483 
9 32 41 301 109 157 30 30 290 10:0 16:80 
10 36 53 33-8. 19:2 26-19 36 48 345 135 19:58 
11 42 10 39°5 305 3782 42 59 406 18-4 23:00 
12 48 74 44:8 29-2 33-63 50 82 47-4 346 3804 
13 54 79 503 287 29-44 60 86 581 279 2056 
14 60 83 56:2 268 25°52 69 90 67-2 22-8 20-85 
15 72 102 68-4 33-6 29:30 82 107 80-1 26-9 26-15 
16 84 121 80-6 40-4 32-50 94 116 20920 240 22.53 
17 96 130 92.5 37.5 27-56 106 122 103:9 181 16-07 
18 108 139 104-9 341 24060 120 129 1190 100 7:52 
19 120 142 1180 240 16°71 132 150 132-9 171 11:29 
20 132 146 1321 139 10:07 144 151 1472 38 2-200 
21 138 155 1383 16:7 12:90 156 161 1603 07 039* 
22 150 160 1504 96 7-20 162 107 1664 06 035* 
23 150 172 156-4 156 11:42 168 182 1724 96 6:05 
24 162 181 162-4 186 1303 180 191 1843 67 4-67 
25 168 187 ] 8-5 12-43 
20 180 198 T3 982 

27 186 198 1868 11:2 616 

28 192 211 1930 180 9-61 

29 204 216 206-0 10-0 603 


All values are significant at the 1 per cent level, except for those marked o 
which are significant at the 5 per cent level, and those marked * which are not 
significant, 


The picture is not quite so clear for the girls, for. 
although the TW ratings exceed the GP ones in all cases, 
three of the twenty differences are not statistically signi- 
fieant. The non-significant differences occur at 15 months 
(standard 6), at 156 months (standard 21) and at 162 
months (standard 22). 

The development of the bones progressed smoothly 
from one stage to the next, although there were some 
examples when the bones grew so rapidly that they passed 
from one stage through the next and into the following one 
without the intervening stage appearing on the analysis. 
Thus, the first metacarpal would jump from stage A on 
standard 7 to stage C on standard 8. These jumps occurred 
with equal frequency in the long bones and the round 
bones, at a rate of 4 per cent for the boys and 5 per cent 
for the girls. In a few examples reversals (1 per cent for 
the boys, 2 per cent for the girls) occurred, so that a 
capitate at stage I on standard 19 went back to stage H 
on standard 20. "These probably occurred because the 
same individual's hand was not used for the two successive 
X-rays. 

The GP means differed little from the standards, with 
an average difference of 2-1 months (range 0-1—3-8 months) 
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for the boys and an average of 1-9 months (range 0-3-4-4 
months) for the girls. In contrast, the TW means differed 
greatly from the standards, with an average for the boys 
of 19-4 months (range 2-7-40-4 months) and an average 
for the girls of 12-9 months (range 0-4-34-6 months). 

'The changes from one standard to another—that is, the 
velocity—varied little for the GP data and a great deal 
for the TW data. The GP velocities were much closer to 
the standards than were the TW velocities. Combined 
GP velocities for boys and girls differed from the standards 
by a total of only 23 months, while the TW velocities 
differed from the standards by a total of 217 months; 
thus there is virtually a ten-fold difference between the 
GP and TW velocities. The GP-TW differences are 
obvious when the extremes are examined. For example, 
for the boys, standards 6 and 7 are 3-0 months apart, and 
the GP velocity between them is 2-4 months, while the TW 
velocity is 14-0 months. At the other end of the scale. 
standards 26 and 27 are 6-0 months apart, and the GP 
table shows a velocity of 6:2 months, while the TW velocity 
is 0-0 months. Similar velocity differences are noted for 
the girls, although they are not so large. Overall, then, 
the GP scores were far more stable than those of the TW 
system. 

'The TW and GP estimates of skeletal maturity do not 
agree. By the GP technique, the boy in standard 15 is 
63 skeletal months, yet the TW technique indicates that 
he is 102 skeletal months, and he is chronologically 72 
months. 'This means that GP rates him as younger than 
he is, while TW rates him as older than he is. The fact 
that the TW ratings are advanced over the GP scores is 
not surprising. for the two standardizing populations are 
at least a generation—and a continent—apart, and 
surely skeletal maturation has shared in the general 
advance seen in the height and weight of post-war ehildren. 
The magnitude of the differences is rather surprising, for it 
exceeds 3 years in one example and averages slightly more 
than 16 months for boys and girls combined. Acheson et al.° 
have reported TW scores which were advanced over GP 
scores by an average of 11 months when six observers rated 
fifty films using both techniques. Although the differences 
found in this study are larger than those reported by 
Acheson, they are in the same direction and suggest that 
the GP-TW differences are best explained by the fact 
that two different standardizing populations were used. 

The advancement of the TW ratings indicates that they 
correspond more closely to the reality of today's vitamin- 
ized world. The fluctuations of the TW system seem to 
be a mark against it, however, because a system which 
shows a gain of 23 skeletal months while chronological 
age is gaining only 6 months, yet shows no gain at all for 
à period of 6 months. seems to be more variable than the 
situation calls for. While ehildren may very well gain in 
skeletal maturity in such a fashion, here the very difficult 
problem of validity would be dealt with, that is, how 
elosely skeletal age reflects skeletal maturation’, and the 
necessary data are not available. 

At present one cannot say if one technique is correct 
or the other incorrect, although in theory the TW tech- 
nique by its painstaking consideration of twenty bones in 
the hand and wrist should offer far greater precision than 
the holistie approach of the GP atlas technique. In 
practice the large scale divergences between the TW 
scores and the GP means as well as the wide fluetuations 
of the TW ratings indicate once again the gap between 
theory and practice. Data are being gathered as part of 
eontinuing investigations to close this gap. 
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Neural Control of Acetylcholine- 
sensitivity in Rat Muscle Fibres 


Ix the rat, the extensor digitorum longus (EDL) is a fast 
contracting muscle, while the soleus is a slow musele', 
but the contraction characteristics, as well as the histo- 
chemical features of the muscles, can be converted to the 
opposite type by eross-innervation?-5. 

The soleus and EDL also differ in their sensitivity to 
acetylcholine (ACh); in the EDL, the sensitivity to 
ACh is restricted to the neuromuscular junction and to 
its immediate surroundings, while the soleus musele 
exhibits a low level, but clearly detectable, sensitivity 
throughout the entire length of the muscle fibres. It has 
been suggested* that the different sensitivities to ACh of 
fast and slow twitch muscles are determined by the nerve 
fibres they receive, and not by a property inherent in the 
muscle fibres themselves. 

To test this idea, we have removed the soleus nerve and 
re-innervated the soleus musele with the nerve to the 
fast extensor muscle. The normally innervated muscles 
in the opposite leg were used as controls, Between 12 
and 17 months after the initial operation, the muscles 
were isolated and their isometric contractions were 
examined. The contraction of the cross-innervated 
soleus muscle had become appreciably faster, as was 
previously observed in the cat? and the rat. The ACh- 
sensitivity of the muscle fibres was examined by applying 
ACh ionophoretically and recording the potentials intra- 
cellularly. The local ACh-sensitivity of a spot on a muscle 
fibre was expressed in arbitrary units*. 

The experiment showed that in the normally innervated 
soleus sensitivity to ACh was detectable throughout the 
entire muscle length (Fig. 1). Furthermore, as has been 
previously shown®, there was a secondary peak of ACh- 
sensitivity at the myotendinous junction. The neuro- 
museular junctions are loeated in the middle of the musele, 
and the primary peak of sensitivity which occurs in this 
region is not shown. 

In the soleus muscle which had been re-innervated by 
the EDL nerve, the ACh-sensitivity was confined to the 
end-plate regions and to their immediate surroundings: 
this is in contrast to the generalized sensitivity of the 
normally innervated soleus. Not even at the musele- 
tendon junctions was there detectable sensitivity, which 
implies that in this case the fast nerve had reduced the 
ACh-sensitivity of the extra-junctional regions to 1 
than one-thousandth. 

When the soleus muscle was rc-innervated by its own 
nerve the ACh-sensitivity of the muscle fibres was similar 
to that of normal muscles. Thus the changes are not 
simply a result of degeneration and subsequent regenera- 
tion of neuromuseular connexions, but must be attributed 
to the presence of the fast nerve. 

A similar neural control is exerted on the amount of 
acetylcholinesterase in muscle-tendon junctions. In 
normally innervated soleus muscles, more than 90 per 
cent of the fibres have acetyleholinesterase activity in 
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Fig. 1. Acetylcholine sensitivity of muscle fibres in the normally inner- 
vated soleus (©) and in the soleus innervated by the nerve to the 
extensor digitorum longus (@). Circles are means + S.H. of ten to 


twenty fibres. The dots and arrows indicate that the sensitivity was 
below the limit of detection. 


them myotendinous junctions’. No activity, however, 
is detectable in most muscle-tendon junctions in EDL 
fibres. After cross-innervating the soleus muscle with the 
EDL nerve there is no detectable activity in the majority 
of the muscle-tendon junctions in the soleus. In this 
respect therefore the muscle fibres again become like 
normal EDL fibres. 

A preliminary attempt was made to see whether the 
low level ACh-sensitivity could be induced in the EDL 
muscle by innervating it with the soleus nerve. Unfor- 
tunately, the muscles were re-innervated by both their 
original nerve and the soleus nerve. Nonetheless, it is 
interesting that in these muscles some fibres had the 
generalized low level sensitivity which is characteristic 
of normal soleus fibres, while others possessed ACh-sensi- 
tivity only at the end-plates, just as in the normally 
innervated EDL. 

We therefore conclude that the ACh-sensitivity of fast 
and slow muscles is determined by the type of innervation 
they receive. Previous work® has shown that there is a 
direct neural influence which inhibits the number and 
the spread of acetylcholine receptors in muscle fibres. 
This neural influence seems to be weaker in the soleus 
nerve than in the fast EDL nerve, and is unable to reduce 
the extra-junctional sensitivity to ACh below a detectable 
level. 
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Effect of Abscisic Acid on Budbreak 
and Transpiration in Woody Species 


WanErNOG et al.'-*5 established that the naturally occurring 
plant growth inhibitor, abscisic acid*, is involved in the 
control of bud dormaney in the diffuse-porous deciduous 
tree species Acer pseudoplatanus L., Betula alba L. and 
Salix viminalis L. Exogenous abseisie acid delays bud- 
break in non-dormant cuttings and causes cessation of 
longitudinal growth and formation of resting buds in 
actively growing seedlings. Our results indicate that 
abscisic acid also delays budbreak in coniferous and ring 
porous deciduous species, and simultaneously inhibits 
transpiration. 

One year old, 20 em cuttings were taken on March 7 
from four species of tree: a diffuse-porous hardwood— 
red maple (Acer rubrum L.), a ring-porous hardwood— 
white ash (Fraxinus americana L.). and two softwoods-— 
balsam fir (Abies balsamea L.) and white spruce (Picea 
glauca (Moench) Voss). The bases of the cuttings were 
immersed in aqueous solutions of abscisic acid in vials, 
which were sealed with ‘Plasticine’ to prevent evaporation. 
The solutions were renewed as required. Abscisic acid 
was also applied to potted 5 year old fir trees, both as à 
soil drench (730 ug in 250 ml. of water) and as a spray 
(0. 50, 250 and 500 p.p.m. in 1-7 ml. of water with 0-2 
per cent 'Invadine JFC’), 

Cuttings and potted trees were kept in a greenhouse with 
temperature extremes of 15? and 30? C. Daylength was 
extended to 16 h with fluorescent and incandescent lamps 
giving about 500 foot-candles at plant height. Experi- 
ments were terminated after 26-28 days. 

Treatment with abscisic acid delayed budbreak in ash 
(Fig. 1) and maple euttings. Budbreak was later in the 
cuttings treated with 10 p.p.m. than in the cuttings which 
received other treatments. This was particularly the case 
with ash where scale separation was 4 days later than in 
the controls, and the first leaves had not appeared 10 days 
after they had done so in the eontrols (Fig. 2). Concentra- 
tions of abscisic acid at 0-4 and 2-0 p.p.m. had no effect 
on the time of budbreak. 

Budbreak in spruce and fir cuttings was erratic. Most 
buds failed to break, but many showed some degree of 
swelling. A few terminal buds on fir produced distinct 
needle-bearing shoots about 1 em long; lateral buds on 
some euttings of both species showed green through the 
scales. At the end of the experiment the eondition of the 
buds was obviously deteriorating, thereby masking any 
effect of abscisic acid on budbreak. Abscisic acid does, 
however, affect softwood species because it consistently 
delayed by 3 days the appearance of first green on buds of 
potted fir trees when applied as a soil drench. As a conse- 
quence, shoot growth, measured in the first whorl of 
branches, was only one-half that of the control trees. 

Cambial activity in the spruce cuttings treated with 
abscisie acid was inhibited (Table 1). Data for fir showed 
the same trend, but most differences were not statistically 
significant. The decrease in the radial width of new xylem 
resulted from a reduction in both the number and the 
average diameter of tracheids. In softwoods, cambial 
activity is a more sensitive indicator of growth initiation 
than is budbreak because several tracheids are formed in 
l year old shoots before budbreak is measurable. The 
inhibitory effect of abscisic acid on cambial activity 
therefore supports the conclusion that it delays budbreak 


Table 1. CAMBIAL ACTIVITY LN WHITE SPRUCE CUTTINGS TREATED WITH 
ABSCISIC ACID 


Abscisic acid cone. Radial width of No. of 
(p.p.m.) currentiy formea xylem tracheids 
p 
0 129a 8:0 
04 1015 6-8b 
2-0 89c 5-6c 
10-0 72d 49e 


Sections were taken 11 em below the apical bud and stained in phloro- 
glucinol-HCl. Column differences significant at the 1 per cent level when 
followed by a different letter. 
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in softwood species. Cambial activity in the hardwoods 
occurred only at the bud bases and could not be assessed. 

Abscisic acid sprayed on potted fir trees did not delay 
budbreak. Similarly, El-Antably et al.* found that an 
abscisic acid spray failed to delay budbreak in several 
deciduous species of trees. The failure of abscisie acid to 
delay budbreak when applied topically is probably a 
result of its failure to penetrate through to bud meristem- 
atic tissue. 

Water absorption by cuttings of all species was inhibited 
by treatment with abscisic acid. The data for ash and 
spruce are represented in Fig. 3; the data for maple and fir 
are similar. The effect did not become apparent in the 
ash and maple cuttings until the leaves appeared. The 
amount of water absorbed increased with the degree of 
leaf development (compare Figs. 1 and 3). It is apparent 
that abscisic acid inhibited water absorption in the hard- 
wood cuttings by delaying budbreak. As a consequence, 
leaf development was delayed, hence leaf area and total 
transpiration were reduced. 

In the softwood cuttings, however, the inhibitory effect 
of abscisic acid on water absorption cannot be explained 
by an induced inhibition of leaf development. At the 
start of the experiment, the spruce and fir cuttings bore 
mature 1 year old needles. There was no difference 
between treatments in either the moisture content or the 


m 





. 1. Abscisic acid delayed budbreak in white ash cuttings after 22 
. Left to right: control, 0-4 p.p.m., 2-0 p.p.m., 10-0 p.p.m. abscisic 
acid. 





c 0-4 20 
Abscisic acid concentration (p.p.m.) 


10-0 


Fig. 2. Average number of days for the most advanced lateral bud of 

white ash cuttings treated with abscisic acid to attain three of 

development: first green (crosshatched), scale separation (hatched) and 
first leaf (white), 
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Fig. 3. Effect of abscisic acid on absorption of solution by cuttings: 
above, white spruce; below, white ash. 


amount of this foliage (oven-dry weight), yet the treat- 
ment with abscisic acid inhibited water absorption from 
the beginning (Fig. 3), 18 days before new foliage appeared. 

That the inhibition of water absorption induced by 
abscisic acid became apparent in the hardwood cuttings 
only after the leaves appeared indicates that it affects 
transpiration rather than absorption or conduction. A 
variety of chemicals have been shown to act as antitrans- 
pirants?'*, 

A relationship undoubtedly exists between the abscisic 
acid induced inhibition of transpiration and the abscisic 
acid induced delay of budbreak in softwoods. The trans- 
piration rate in conifers is significantly slower during the 
winter dormant period than during the growing season*-!*, 
The winter decline in transpiration arises from unfavour- 
able environmental factors!? and stomatal closure?', The 
results of our experiments with abscisic acid suggest 
that the transpiration process in conifers also is controlled 
in an unknown way and to an unknown degree by the 
complex of endogenous chemical factors which regulate 
bud dormancy". 

We thank J. van Overbeek and J. W. Cornforth for 
gifts of abscisic acid. 
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Distribution of Labelled Plant 
Growth Regulators within Cells 


ALTHOUGH plant growth regulators have been studied for 
many years, there is little agreement about their initial 
effects on plant cells. In recent years the biochemical 
funetions of the various plant organelles have become 
more fully understood, and knowledge of the intracellular 
localization of growth substances might point to their 
primary effects. For this reason a microautoradiographic 
study of the intracellular localization of tritiated kinetin 
(HK) and 2,4-dichlorophenoxy (acetic acid-2-C) (2.4. 
D'*C) in tissue excised from artichoke tubers was under- 
taken. For growth and cell proliferation on an artificial 
medium this tissue must be supplied with an auxin. 
Kinetin stunulates cell division in the presenee of an 
auxin, but the requirement for it is not absolute. 

Tritiated kinetin was prepared by the Radiochemical 
Centre, Amersham, from kinetin supplied. The product 
was purified by chromatography on paper in n-butanol, 
acetic acid, water (4:1: l1) and, after elution from the 
chromatogram, by reerystallization from 50 per cent 
ethanol. 'The purified product had a specifie activity of 
about 300 mCi/mmole. The 2,4-D'*C was supplied by the 
Radiochemical Centre and had a specific activity of 22 
mCi/mmole. 

Cylinders of artichoke tissue were aseptically excised 
from tubers (variety Bunyard's Fuseau)!. The cylinders, 
each about 2 mm diameter and 2 mm long, were washed 
in 0-OL M CaCl, solution for 10 h with gentle agitation 
before transfer to the growth medium which was essen- 
tially that of Bonner and Addicott?. This was solidified 
with l per cent agar, and to it was added myoinositol 
and sorbitol each at 100 mg/l.; thiamin and pyridoxin 
each at 0-1 mg/I.; and nicotinamide at 0:5 mg/l. Growth 
substances were added to this medium. Addition of *HK 
gave a final concentration of 5x 10-* M and an activity 
of about 1:5 uCi/ml. of medium; unlabelled 2,4-D was 
included at 5x 10-* M. The 2,4-D'*C medium contained 
the labelled compound at 5x 10-* M (0:1 pCi/ml.) and 
unlabelled kinetin at 5 x 10-* M. In most experiments the 
artichoke explants were grown for 96 h on the surface of 
the agar in sereweap bottles each of whieh contained 
5 ml. of medium and two explants. 

After 96 h when the number of cells had increased 
about six-fold (from 15,000 per explant to 90,000) the 
explants were harvested and immediately transferred to 
one of four chemical fixatives or were frozen before 
dehydration by the freeze substitution method’. The 
chemical fixatives were formalin-acetie-aleohol; acetic 
alcohol; formalin-acetic-aleohol-ehloroform, or neutral 
40 per cent formalin. As the results obtained were 
virtually identical for all the fixation methods which were 
used, only those obtained with formalin-acetie-aleohol 
are reported here. 

The tissues (except those treated by the freeze sub- 
stitution method) were dehydrated by the ¢-butanol 
method, embedded in paraffin and sectioned on a rotary 
microtome at 10 or 15u. The sections were mounted on 
slides; some were stained by the Feulgen technique, others 
remained unstained. Both stained and unstained slides 
were coated with Ilford K2 emulsion by the dipping 
technique and were exposed for 2-4 weeks at 2°C in 
light tight boxes containing a desiccant. At the end of 
the exposure period the slides were developed either with 
ID 19 or Dektol. After fixing, washing and drying, cover- 
slips were mounted over the sections in Euparal. The 
unstained sections were examined by phase contrast 
microscopy and the Feulgen stained sections under bright 
field. 

In tissue grown in *HK (Fig. 1.1) for 4 days there was 
pronounced labelling over both nuclei and cytoplasm. In 
many cells it appeared that the intensity of the labelling 
over nuclei was greater than that over cytoplasm. As 
nuclei are better preserved than cytoplasm in section 
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preparation, however, it is not possible to be sure that this 
represents the state of affairs in intact tissue. Within 
nuclei it was rare to observe grains over nucleoli, which 
characteristically appeared as open areas among the grains. 
Sections stained with Feulgen gave a pattern indistin- 
guishable from unstained sections. Srivastava? has re- 
ported a similar grain pattern in tobacco pith tissue grown 
on a medium containing kinetin-8-"C, 

Autoradiographs of tissue grown in 2,4-D'*C showed a 
quite different distribution of grains (Fig. 1/3. The 
nucleoli were densely labelled and comparatively few 
grains were seen elsewhere. The nuclei of artichoke tuber 
cells eontain up to six nucleoli and it was not uncommon 
to find that all six nucleoli within a nucleus were labelled, 
Some nuclei, however, had no labelled nucleoli. 

In autoradiograms in which heavy labelling is confined 
to a small area, it is not easy to resolve single grains. In 
addition, when observed under phase, the nucleolus 


Autoradiographs of sections prepared from artichoke explants 
A, Four days’ growth on *H 
kinetin; B, four days’ growth on “C 2,4-D; C, dark field photograph 
of nucleus from B. 


Fig. 1. 
grown on labelled growth regulators. 
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normally appears darker than the surrounding tissue. 
That the observed black spots are in fact silver grains is 
shown by the dark field photograph (Fig. 1C), and by 
their absence from nucleoli from tissue grown in un- 
labelled 2,4-D. 

The label was usually absent from nucleoli in nuclei 
which had been stained with Feulgen before being coated 
with emulsion. In the few labelled nucleoli the individual 
grains were easily distinguishable, however. 

When the experiment with 2,4-D'!C was repeated. both 
with the same variety of artichoke and with another, the 
results were less striking and in one case no accumulation 
over nucleoli was observed, and only scattered background 
was seen. In five out of the six experiments, accumulation 
of grains over nucleoli was observed and there were no 
cases of any substantial number of grains over any other 
structure. Thus the nucleolar localization is probably a 
real phenomenon, although it is not clear why there should 
be such variability in the response. 

In some experiments samples were taken after exposure 

for 6h to 2,4-D'*C, In such cases some labelled nucleoli 
were observed but there were fewer than following longer 
exposures. 
. The labelling pattern given by tritiated kinetin may 
not show the distribution of kinetin itself*, but that given 
by labelled 2,4-D probably shows the distribution of this 
eompound*, This is a matter of some importance because, 
although it has been shown that the nucleolus is the site 
of synthesis of ribosomal RNA', it has also been shown 
that 2,4-D promotes the preferential synthesis of this 
fraction’. 


J. A. ZWAR* 
R. Brown 
Department of Botany, 
University of Edinburgh. 


Received July 1: 


* Permanent, address: 
Canberra City, Australia. 


! Yeoman, M. M., Dyer, A. F., and Robertson, A. I., Ann, Bot.,29, 265 (1965). 

* Bonner, J., and Addicott, F., Bot, Gaz., 99, 144 (1937). 

3 dicio W. A., Botanical Histochemistry (W. H. Freeman and Company, 
1962). 


revised September 10, 1968. 
CSIRO, Division of Plant Industry, Box 109, 


4 Srivastava, B. I. S., nter. Rev. Cytol., 22, 349 (1967). 

5 Fox, J. E., Plant Physiol., 41, 75 (1966). 

* Jaworski, E. G., and Butts, J. 5., Arch. Biochem. Biophys., 88, 207 (1952). 
* Birnstiel, M., Ann. Rev. Plant Physiol., 18, 25 (1967). 

* Key, J. L., and Shannon, J. C., Plant Physiol., 89, 360 (1964). 


Evidence for Apostatic Selection 
by Wild Passerines 


Ir has been suggested that predators concentrate on 
common varieties of prey, and tend to overlook rarer 
forms even if they are obvious’. Within a prey species 
this apostatic selection could act to maintain a balanced 
polymorphism’, The selection would then be dependent 
on frequency in the sense that the selective value of each 
phenotype would vary inversely with its frequency*'. 
Direct evidence of such selection has been obtained from 
experimental studies of predation by fish?, and there is 
indirect evidence of similar selection by birds*?:5.. Ground- 
feeding passerines are important predators of many poly- 
morphic insects and molluscs, and we report here some 
preliminary experiments designed to investigate their 
behaviour when presented with artificial dimorphic prey’. 

We used wild birds in their normal surroundings. The 
most frequent species were blackbirds (T'urdus merula L.), 
house sparrows (Passer domesticus (L.)), dunnocks (Prun- 
ella modularis (L.)), starlings (Sturnus vulgaris L.) and 
robins (Erithacus rubecula Hart.). The prey were cylindri- 
eal baits (07 em longx 60-7 em in diameter), made of 
flour and lard in the proportion 5 : 2 by weight. They were 
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coloured green or brown by the addition of edible dye 
(11 em? dye to 1,000 g of mixture). In other respecta, 
including hue and brightness*, the baits were apparently 
identical. We find no evidence of differences in ta 

The first series of experiments involved populations of 
baits in which one colour was nine times commoner than 
the other. In August 1966 a square grid of 100 one- 
metre squares was marked out on the lawn of the Depart- 
ment of Zoology at Edinburgh. Within it, 180 green and 
twenty brown baits were distributed at random, two baits 
in each metre square. 








of baits was changed each day. 


During the experiment 
the grid was under continuous observation, and a record 
was kept of the numbers of baits taken by the birds at 


each visit. Frequent replacement of baits ensured that 
the 9:1 ratio was kept constant. After seven days of 
predation, the experiment was repeated with a popula- 
tion of 20 greens and 180 browns. The daily totals of 
baits eaten are shown in Table 1. Below the grand totals 
are given the expected numbers based on the assumption 
that there is no selection. 


Table 1. 


Experiment 1 
180 greens : 20 browns 


DAILY TOTALS OF BAITS TAKEN: GRASS BACKGROUND 


Hours of Observed predation 
Date observation Blackbirds Starlings Dun- H. Sparrows 
(BST) (64) 2) nocks (2) (many) 
G B G B 6G B G B 
30.7.86 9.03-12.00 2 0 — = — MÀ — A 
1.8.66 10.30-18.15 61 9 0 1 1 ü Sem a 
2.8.66 8.30-16.30 71 22 - =; 4 0 Seme mamae 
3.8.06 9.20-15.15 71 T S & p i0 i 
5.8.00 — 10.36-17.08 45 li - 5s i4 0 86 2 
6.8.06 5.09- 7.51 60 138 — MER us 14 ü 
7.8.66 16.06-18.10 35 12 20 2 ae (enl 57 0 
Grand totals 354 86 20 3 24 0 107 8 
Expected 9:1 396-0 44-0 20.7 23 21460 24 1580 170 
Expected, con- 
stant selec- 340:0 91:0 152 78 224 0480 1544 156 
tion 


The approximate numbers of birds involved in each experiment are given 
at the heads of the columns. 


Table 1. (Cont.) 


Experiment 2 
20 greens : 180 browns 





Expected, con- 
stant selection* 


Hours of Observed predation 
observation Blackbirds Starlings Dun- H. sparrows 
BS (24) (many) nocks (9) (many) 
Date G B G B 6G B B 
9.8.66 9,30-15.15 — ~~ 0 T. wd C 15 42 
10.8.00 10.30-17.30 0 5 — St es ee 5 158 
11.8.60 — 10.50-16.10 0 l 1 9T — — 14 183 
14.8.06 15.05-18.10 Q 13 0 45 0 2 +o 126 
15.8.66 11.40-14.10 0 12 0 44 0 2 $0 
17.8.00 14.30-18.35 1 i 1 19 — — 9 74 
18.8.66 — 10.25-17.40 0 24 i 36 1 4 a 
Grand totals 1 80 3 188 1 7 
Expected 1:9 8-1 72.0 19-1 18680 0-8 7-2 
37 


783 45 186-5 28 52 


914 


TATA 
* See text. 


The blackbirds and starlings took more browns than 
expected in both experiments. Dunnocks and house 
sparrows, on the other hand, took more greens in the first 
experiment and more browns in the second. It is clear 
from these results that the birds exercised visual selection, 
and that the direction of the selection could ehange within 
a few days. These changes did not seem to be caused 
by alterations in the colour of the background, which 
remained apparently constant throughout the period of 
study. 

It remains to enquire whether the differences between 
the two experiments are related to the frequencies of the 
colours. On the basis of the grand totals we can caleulate 
for each species the expected numbers of prey eaten, 
assuming that the selection remained constant throughout 
the period of study. If this were so the cross-product 
ratio = 








No. of brown offered x No. of green eaten 


should be the same in both experiments, The expected 
numbers based on this assumption are given in the second 
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row below the grand totals. It can be seen that in fact 
all four species took a larger number of common forms 
than expected and a smaller number of rare ones. Thus 
the birds appeared to select in a frequency-dependent 
manner. Direct comparison of observed and expected 
numbers suggests that the effect is highly significant 
((Ex9/n- 20-19 P<0-0001). This comparison, however, 
is not legitimate because of heterogeneity within the series. 
In experiment 2, for example, the house sparrows took the 
two colours in different proportions on different days (Zs; = 
59-15 P<0-001). Even where there is no significant 
heterogeneity between days, as with the results from the 
blackbirds, there is strong evidence that the proportions 
differed from visit to visit. 

Table 2 shows the numbers of green and brown baits 
taken by blackbirds on August 2, 1966. Each visit by an 
individual bird is recorded separately. The data are not 
amenable to analysis by chi-squared, but it is clear 
that they are very significantly heterogeneous. If the 
birds were taking the baits at random, but encountering 
them in the proportions of seventy-one greens to twenty- 
two browns, then the probability of a bird taking twelve 
browns in succession (as on visit 14) would be less than 
lin 107. When this heterogeneity is taken into account, 
the frequeney-dependent effects cannot be regarded as 
formally significant. They nevertheless fulfil predictions 
based on the hypothesis of apostatic selection. 


Table 2. NUMBERS OF BAITS TAKEN Dd INDIVIDUAL VISITS ON AUGUST 2, 
1 


No. of baits saken 


Visit G 

1 4 0 

2 7 

3 3 0 

4 3 0 

5 9 0 

6 5 0 

7 5 0 

8 7 0 

9 0 10 
10 24 0 
11 D 0 
12 5 0 
13 1 0 
14 0 12 
Total 71 22 


This hypothesis is further strengthened by a second set 
of experiments in which "new" birds were familiarized 
with one colour before they were allowed to feed on a 
population containing both in equal proportions. The 
experiments were carried out in à garden near Dalkeith, 
Midlothian. During 6 days in September 1966, approxi- 
mately 2,000 green baits were scattered on a background 
of dark brown soil marked out in a rectangular grid of 
forty one-metre squares. A population of forty greens 
and forty browns was then presented to the birds on 3 
consecutive days. The greens were somewhat more 
conspicuous to the human eye. After a lapse of 1 month, 
the familiarization was repeated with brown baits, after 
which the birds were again exposed to a population con- 
taining forty of each colour. During the second experi- 
ment dunnocks, house sparrows and robins were feeding 
at the same time as the blackbirds. It was, however, only 
practicable to observe the blackbirds. Predation by 
“small birds" was deduced from an examination of the 
baits at half hour intervals. The results are given in 
Table 3. 


Table 3. DAILY TOTALS OF BAITS TAKEN AFTER FAMILIARIZATION WITH ONE 
COLOUR ALONE: SOIL BACKGROUND 


Hours of Observed predation 
Date observation Blackbirds “Small birds” 

(BST) (8+) (many) 
B G B 
Familiarized 6.9.66 14.30-21.00 50 (9) 914) — — 
with greens 7.9.66 11.15-19.00 111 (13) 14 (0 — — 
8.9.66 6.20-18.22  153(32) 75 (8 — — 
Totals 314 (53) 98 (9) — — 

Familiarized M ^ 
with browns — 15.10.66 8.25-16.05 $2 (8) 103(20) 110 254 


For an explanation of the numbers in parentheses, see text. 
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In each case the blackbirds took more of the familiar 
colour. The trend is highly significant despite the hetero- 
geneity between visits. This point is well made by the 
figures in parentheses in Table 3, which record the numbers 
of visits during which the specified colour was taken in 
excess. For each day these figures depart significantly in 
the expected direction from a 1 : 1 ratio. After familiariza- 
tion with greens there was a significant increase in the per- 
centage of browns taken by blackbirds over every five 
visits (P «0-01, Spearman's rank correlation test), sug- 
gesting that the birds were gradually recognizing the 
browns as acceptable food. During the single day after 
familiarization with browns there was no corresponding 
increase in the number of greens taken by blackbirds, 
but the “small birds" did show such a trend (P « 0-01). 

The heterogeneity between visits, found in both sets of 
experiments, suggests that individual birds may differ 
in their preferences (“specific searching images"!) for 
particular colours. This suggestion has been confirmed 
for greens and browns by observations on colour-ringed 
blackbirds (Allen, in preparation). The second set of 
experiments indicates that these preferences can change 
systematically as a result of frequent encounters with a 
particular colour. Such behaviour would be expected 
to give rise to the frequency-dependent effects shown in 
Table 1. 

In summary, ground-feeding passerines, which are 
important predators of many polymorphic species of 
insects and molluscs, appear to hunt in a manner that 
would tend actively to maintain colour polymorphisms 
in their prey. 

We are grateful to Dr John Godfrey for critically reading 
the manuscript, and to the Science Research Council for 
financial support. 
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Cytochrome as a Guide to Classifying 
Bacteria: Taxonomy of Microbacterium 
thermosphactum 


McLean and Sulzbacher! proposed the name Microbac- 
terium thermosphactum for a Gram-positive, catalase- 
positive organism that they isolated from pork sausages. 
At that time the genus Microbacterium was located in the 
family Lactobacteriaceae but was later transferred to the 
Corynebaeteriaceae?*. Deibel and Evans’, who attached 
eonsiderable taxonomie importance to the benzidine 
reaction, stated that while M. flavum and M. lacticum 
are benzidine-positive, M. thermosphactum is benzidine- 
negative and therefore more closely related to the lactie 
acid bacteria. Other authors have drawn attention to 
the uncertain taxonomy of M. thermosphactum*. The 
active bioeatalysts for the benzidine reaction are haemo- 
proteins and the reaction is used as a test for cytochrome 
in bacteria’. We have therefore examined M. thermo- 
sphactum for cytochrome and studied the cyanide-sensi- 
tivity of the NADH oxidase present in crude cell free 
extracts. 
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Table 1. CYTOCHROME COMPONENTS COMMONLY OCCURRING IN BACTERIA 


Nomenclature 
Current Wavelengths (my) of a bancs or wavelength 
usage Synonyms range within which the band normally lies 
a 600-604 
p^ at 590 
[» art 632 
ay Cytochrome The band coincides with that of cytochrome a 
oxidase 
h 562-565 
by it 555-560 
ps 550 These bands are normally fused to give 
e È 553i à band at 550-552 


For more complete lists see refs. 5, 0 and 10. 

* Phe e-band in Azotobacter vinelandii (552) represents a mixture of two 
components: e, (551) and e; (555) (ref. 26). 

+ These symbols occur only in the very early papers on cytochrome. It 
is now recommended that e' be used to denote a variant type cytochrome c 


(ref. 5). 


Table 1 gives the wavelengths of the more prominent 
bands (a bands) of cytochrome components that commonly 
occur in bacteria. We denote cytochrome components 
by italicized letters and the corresponding « bands by 
roman letters’, 

Keilin’s early work! on cytochrome established that the 
pattern of cytochrome absorption bands showed greater 
variations among bacteria than among cells of other 
organisms. Studies of wide ranges of bacterial species 
led to classifications of bacteria in terms of (i) the effects 
of cyanide and carbon monoxide on their respiratory 
activities and (ii) the pattern of cytochrome bands'-!*. 
Cyanide-resistant respiration and an absence of cyto- 
chrome are characteristic of Laectobacillaceae*!*, With 
one probable exception” the genus Clostridium is con- 
sistently devoid of eytochrome**5. Another useful 
taxonomic guide is the presence of cytochromes a, and 
a, instead of the more widespread cytochrome a. Thus 
the combination a@,. Ga b, appears to be limited to the 
Enterobacteriaceae'", The combination a,, @a b, c has 
been detected only among Azotobacteriaceae and one 
genus (Acetobacter) of the Pseudomonadaceae?!9, 

Most aerobic bacteria exhibit the spectrum a, b, c 
(less frequently a, b, or a, 6,, c), but earlier attempts at 
classification based on relative band intensities (ref. 8. 
for example) have proved valueless. Thus marked vari- 
ations may be observed both within genera and among 
strains of the same species. Furthermore, the spectrum 
pattern may change markedly according to culture 
conditions (as in Table 2) and especially with degree of 
aeration’. Differences in cytochrome spectra among 
strains of Corynebacterium diphtheriae have been studied 
extensively because of the interesting relationship between 
iron nutrition, cytochrome b (or 6,) and toxin produc- 
tion*:19.4-15, The following cytochrome patterns have 
been recorded: 6,>a>c; 6 (or b,)S>a; a, az b,c. The 
band intensities are strongly influenced by culture 
conditions and especially by the iron content of the 
medium. Variations within a single strain, in terms of 
cytochrome bands, can be regarded as a metabolic 
adaptation to environment. On the other hand, muta- 
tions, both in yeasts and bacteria, can lead to deletion 
of a factor in the respiratory chain!9/'*: a factor which 
may or may not be a component of cytochrome. 





Table 2. 


Strain Medium 

M .thermosphactum NCIB 10018 APT 

6202 APT 

WRI APT 

H43 APT 

NCIB 10015 Heart infusion 

H43 Heart infusion . 
M. lacticum NCIB 8541 APT 
M. flavum NCIB 8707 APT 


Cytochrome components in cells grown at 


203 


Even among bacteria that show a prominent a-band 
representing cytochromes a and a4, inhibition by cyanide 
of NADH oxidase. and of whole cell respiration, is often 
far from complete’. In the case of Mycobacterium phies 
the incomplete inhibition by eyanide is a consequence of 
simultaneous functioning of two NADH oxidase systems: 
a cyanide-sensitive pathway (involving a,) and a cyanide- 
insensitive pathway!*. It is now established that, NADH 
oxidase systems in Lactobacillaceae are consistently 
insensitive to cyanide and that the catalysts involved 
are flavoproteins!!. 

We have examined the following strains of M. thermo- 
sphactum: G202 from Dr G. A. Gardner, WR7 from 
Dr A. G. Kitehell, H43 which was isolated at Colworth 
House, and NCIB 10018 which is McLean and Sulz- 
bacher’s original isolate’. The M. lactiewm strain was 
NCIB 8541 and the M. flavum strain NCIB 8707. All 
strains were grown for 48 h on a shaker. Af. thermosphac- 
tum was grown in APT broth? at 20° C or 30° 
in heart infusion broth at 20° C. The other two species 
were grown in APT broth at 30? C. Cells were collected 
by centrifuging at 20,000g for 15 min and washed three 
times with 0-03 M phosphate buffer, pH 7.2, in the same 
manner. Cell free extracts were obtained by disrupting 
the bacteria in a Braun cell disintegrator (Shandon) 
and removing cell debris by centrifuging. 

NADH oxidase was measured spectrophotometrically™, 
the bendizine test was carried out as described by Deibel 
and Evans*, and iron was assayed with bathophenan- 
throline?. For reflectance spectrometry a Unicam SP 
800 spectrophotometer was fitted with the SP 890 
reflectance unit. Visual spectroscopy was carried out 
with a microspeetroseope either at room temperature or 
at liquid nitrogen temperature’, For low temperature 
transmittance measurements a Beckman DB spectro- 
photometer was fitted with a liquid nitrogen reservoir 
which maintained the cell suspension at — 160° C (unpub- 
lished work of J. Keilin). For all observations at low 
temperatures cells were suspended in 50 per cent aqueous 
glycerol. 

All strains of M. thermosphactum grown in APT at 20° C 
showed bands of cytochromes a and b, when examined 
at room temperature with the mierospeetroscope (Table 
2) Spectral changes occurring in the presence of carbon 
monoxide showed that a, was present? bsorption 
bands were faint or not detectable in M. thermosphactum. 
grown in heart infusion at 20° C or in APT at 30° C. M. 
flavum and M. lacticum exhibited the "classical" evto- 
chrome spectrum as seen in Saccharomyces cerevisiae’, 
At —180? C the absorption bands shown by the four 
strains of M. thermosphactum were greatly sharpened. 
The b-band remained a single band which suggests that 
this species contains a single b-component. The d-band 
(B band of cytochrome 6,) was not clearly discernible: 
presumably it was masked by extraneous absorption. 
We observed good correlation between cytochrome and 
the benzidine reaction. Thus the four strains of AY. 
thermosphactum were benzidine positive when grown on 
APT agar at 20? C but were negative, or only weakly 


































CYTOCHROME AND NADH OXIDASE IN M. thermosphactum AND IN THE OTHER TWO SPECIES OF THE GENUS Mierobacteriuss? 





20°C 30°C 20°C 30° 0 
alb ' About 90 e 
a cb, Bands very weak About 80 
a< b, or not detected About 90 
ach, ! About 90 
Very weak bands 

of e and 5b, 
a,b, e 
a, be 


Cytochrome bands were observed visually at room temperature in centrifugal pellets of whole ceils. M. thermosphactum showed bands à : 602 mu and 
b: 560 my. The other species showed a, b, c, at 602, 562, 551 mu. In APT medium the M. thermosphactum strains grew rapidly at 20°C but slower 
at 30°C. The reverse relationship held for the other species. In the case of strain 10018 the activity of extractable NADH oxidase (on a cell weight 


basis) was at least 10 times higher if cells were grown at 20? C than if grown at 30? €. 


from 20* C cells was approximately equal to the total activity of equivalent preparations from 20° € cells. 


Thus the cyanide-resistant activity of oxidase preparations 
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positive, when grown on APT agar at 30? C or on heart 
infusion agar at 20^ C. 

Reflectance spectrometry of strains of M. thermosphac- 
tum revealed no peaks or inflexions that could be inter- 
preted as cytochrome bands. Moss?! recorded cytochrome 
bands in Enterobacter aerogenes by this technique and so 
we conclude that reflectance methods are unsuitable for 
the study of baeteria with a low cytochrome content. 
On the other hand, low-temperature (transmission) 
spectrophotometry of M. thermosphactum strain 10018 
clearly recorded the bands a (604 my) and b, (538 my) 
but not the d-band. Although refinements of the latter 
technique are possible with specialized equipment? it is 
doubtful whether its sensitivity can approach that of 
Keilin’s original simple method of visual observation 
with a small-dispersion spectroscope. For success with 
the visual method it is essential (i) to use a concentrated 
suspension of cells: preferably the undiluted pellet 
obtained after centrifuging, and (ii) to use a powerful 
light source focused onto the speeimen by means of the 
microscope condenser®*. When the cytochrome content 
is very low absorption bands may be detectable only at 
low temperatures. When bacteria are disrupted some 
eytochrome may remain attached to cellular debris and 
part may be destroyed?*. Therefore, while a cell free 
extract is more suitable for spectrophotometry, it may 
fail to provide a true pieture of cytochrome in the intact 
cells. 

Cultures of M. thermosphactum in which cytochrome 
bands were clearly seen vielded cell free extraets contain- 
ing very active cyanide-sensitive NADH oxidase. The 
corresponding extract from a virtually eytochrome-free 
culture of M. thermosphactum, strain 10018 (grown at 
30° C), oxidized NADH slowly, but the oxidation was 
insensitive to cyanide (Table 2). Strain 10018 seems to 
produce a small amount of a cyanide-insensitive NADH 
oxidase when grown in APT medium both at 20° C and 
at 307 C. At 20? C, which favours cytochrome formation, 
however, a second, more active evanide-sensitive oxidase 
system is also produced (Table 2). We obtained evidence for 
the participation of cytochromes a and b, from spectroscopic 
observation of an intermittently aerated mixture of NADH 
and broken cells of eytochrome-containing strain 10018 
(ref. 6). "Thus the cyanide-sensitive NADH oxidase 
system of M. thermosphactum is unusual, being devoid of 
cytochrome c. 

Our detection in M. thermosphactum of cytochrome 
and of a cyanide-sensitive NADH oxidase suggests that 
this organism should be retained in the family Coryne- 
baeteriaceae and not classified in the Lactobacillaceae. 
The basis for this conclusion is that members of the 
latter family do not form cytochrome. An exception to 
this rule, however, is the observation by Whittenbury?? 
that in special conditions, in the presence of haematin, 
some lactic acid bacteria may produce cytochrome. 
There is, however, no evidence that this cytochrome is 
functional in the normal sense. Using the very sensitive 
haemochromogen test we were unable to detect haematin 
in either of our media. The iron contents of the APT 
and heart infusion media were 9-3 and 1-6 ug/ml. respec- 
tively. Comparison with work on the iron nutrition of 
C. diphtheriae suggests that such a difference is relevant 
to the biosynthesis of cytochrome in M. thermosphactum. 

AM. thermosphactum differs from the other two species 
in the same genus not only on a cytochrome basis but also 
in terms of physiological and morphological differences?*. 
‘Thus the precise systematic position of M. thermosphactum 
remains uncertain. 

Finally, we should like to emphasize two points. (i) 
The observation of cytochrome in bacteria is best carried 
out by the visual speetroseopie technique. (ii) The 
application of such results to taxonomy calls for exami- 
nation of a number of strains grown under a variety of 
conditions. Only thus ean the cytochrome-synthesizing 
potential of a species be assessed. 
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Production of Self-directed Antibody 
by Tumour Cells 


IwocuLATION of Amsterdam rats with syngeneic tumour 
cells induced by Schmidt-Ruppin Rous sarcoma virus (SR- 
RSV) leads to the development of complement-fixing 
(CF) antibody to the tumour antigen’. The pattern of de- 
velopment of CF antibody in this system, in common with 
antibody development of the TT antigens of other virus- 
induced tumour cells?-*, has several peculiar characteris- 
ties; for example, the level of CF antibody does not reflect 
immune status, the highest levels of CF antibody occur 
in tumour-bearing rats, and failure of tumour formation 
or regression results in low levels of CF antibody which 
are not elevated by repeated challenge with the same 
tumour cells. These observations raised an unorthodox 
question: is the tumour cell itself—in spite of its origin 
in a non-immunocompetent tissue—the source of some 
or all of the circulating CF antibody ? Our studies were 
designed to determine whether Rous sarcoma and other 
tumour cells have the capacity to produce self-directed 
antibody in vitro. 

The tissue culture cell line RT 264 was derived from 
the tenth rat passage of tumours which were induced in 
Amsterdam rats by inceulation of SR-RSV grown in 
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Table 1. CF ASSAY: RT 264 SUPERNATE AGAINST RAT-RSY TUMOUR Ag 
Control medium 


Un 1/2 1/4 1/8 1/16 
Test 2:5 3-4 4 4 4 4 
€ — 25 4 4 4 4 4 CF«1 
€ 15 4 4 4 4 4 

Control medium concentrated x 45 

Un 1/2 1/4 18 1/16 1/32 
Test 2:5 4 4 4 4 4 4 
m5 4 4 4 4 4 4 CF«1 
e 15 4 4 4 4 4 4 

264 tissue culture supernatant from cells 

Un 1/2 1/4 1/8 1/16 
Test 2-5 3 4 4 4 4 
i 25 4 4 4 4 4 CR <1 
OC r5 4 4 4 4 4 

264 tissue culture supernatant from cells concentrated x 45 

1/5 1/10 1/20 1/40 1/80 1/160 
Test 2-5 0-1 1 3-4 4 4 4 
Co 25 4 4 4 4 4 4 CF =14 
© L5 4 4 4 4 4 4 


Complement fixation protocol of antibody-containing supernate and 
supernate concentrate of RT 204 tested against isogeneic Amsterdam rat 
tumour antigen, Uninoculated contro! medium and concentrate are shown in 
comparison. Degree of haemolysis (0=complete fixation, 4=100 per cent 
haemolysis) is shown for the test lines (Test 2-5) which contain dilutions of 
antibody in the presence of constant quantities of antigen and 2-5 H,, units 
of C. The anticomplementary lines (C 2-5 and C’ 1-5) contain the same 
dilutions of antibody in the absence of antigen and in the presence of 2-5 and 
1:5 Hy» units of C’ respectively. 


chicks. The cell cultures were examined for, and found 
free from, PPLO and bacteria at the Cell Bank (estab- 
lished by the National Cancer Institute at the Institute 
for Medieal Research, Camden, New Jersey). 

Crude antigen for complement fixation was prepared 
from young tumours which were induced by inoculation 
of tumour cells into the thigh muscles of neonatal Amster- 
dam rats. The tumours were homogenized in x 5 hyper- 
tonie saline, clarified at high speed, diluted with four 
volumes of distilled water, reclarified and stored at 
— 90? C. This preparation gave a 50 per cent lytic end- 
point at a dilution of 1: 8 with 2-5 Hs, units of comple- 
ment in the presence of syngeneic rat anti-tumour anti- 
body? when tested by the method of Osler et a/.. It 
was used at a dilution of 1 : 2 in CF assays for antibody in 
tissue culture supernates and supernate concentrates. To 
confirm the absence of anticomplementary activity in the 
antigen preparation, an aliquot of the clarified hypertonic 
homogenate was tested after dialysis against the veronal 
buffer used in the CF assay, before it was diluted with 
four volumes of water. It did not fix complement at this 
point, that is, at a concentration ten times the level used. 
Antigen was prepared from tumour cells grown in tissue 
culture using the same procedure. Cells grown in tissue 
eulture as a source of antigen were collected when growth 
was approximately 80 per cent confluent. Confluent older 
cultures were usually anticomplementary. 

Tissue culture supernates fixed complement at dilutions 
ranging from 1:1 to 1:3. "These concentrations were 
too low to provide evidence that the reactions were 
specific. Concentration was obtained by dialysis to 
equilibrium against an equal volume of (NH,),80,. The 
globulin precipitate was centrifuged, taken up in a 
minimum of phosphate buffer and dialysed three times 
against phosphate buffered saline and twice against the 
veronal buffer used in the CF test. In all eases media 


Table 2. 
Original supernate 
Experiment Cell Passage Uninoculated Culture 
culture number medium supernate 
1 RT 204 «1 1 
2 RT 264 «1 1 
8 RT 264 «I 2 
s4 RT 264 «1 1 
4a RT 204 — — 
5 RT 1022 «1 1 
6 Sykes MMT «1 «1 
T EB, — — 
8 EB, em — 
9 HeLa <i <i 
10 HeLa — — 
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controls were similarly treated. 1t was found that most 
samples of newborn calf serum which were used in the 
medium contained traces of anticomplementary activity, 
and heterophile antibody that became evident when sub- 
jected to ten-fold eoneentration. Serum samples were 
screened in order to select one free from these difficulties. 
Foetal calf serum—although free from anticomplementary 
activity and heterophile antibody-—was ineffective for 
the production of antibody in six different trials with 
RT 264. 

A protocol of a typical CF assay for the Amsterdam rat 
Rous sarcoma tumour cell RT 264 is shown in Table 1. 
The CF activities of supernates and supernate concen- 
trates from tissue eultures of five tumour cell lines were 
determined by the same procedure. The results obtained 
are given in Table 2. 

Concentrates of RT 264 supernates fixed complement 
at dilutions of 1:6 to 1:67 in the presence of RT 264 
tumour antigen. No fixation was obtained with antigen 
prepared by the same procedure from normal rat musele 
or from control culture medium after concentration, Com- 
plement fixation at a dilution of 1:48 was also demon- 
strated for RR 1022, another SR-RSV-induced Amsterdam. 
rat tumour cell grown in tissue culture. 

Sykes MMT, a mouse mammary tumour cell line, pro- 
duced CF antibody in tissue culture in the presence of 
antigen prepared from the same cells. In this experiment 
some CF activity was shown by the control concentrates, 
presumably heterophile antibody to mouse antigen. Some 
heterophile CF antibody to mouse was found in almost 
all calf serum concentrates, as shown by CF activity with 
antigen extracts of mouse L cells. 

EB,, a cell line derived from a human Burkitt lymphoma. 
and which contains herpes-like particles as seen by elee- 
tron microscopy, produced CF antibody in tissue culture, 
Although these cells might be expected to be immuno- 
competent, considering their origin, the quantity of anti- 
body produced was not significantly greater than that 
produced by non-immunocompetent cells. 

A number of attempts were made to detect antibody 
produced in vitro by HeLa, a human tumour cell derived 
from a cervical carcinoma. HeLa antigen preparations 
made from cells grown in tissue culture were either anti- 
complementary or inactive. To obtain an active antigen, 
advantage was taken of the fact that HeLa cells produce 
rapidly growing tumours when inoculated into neonatal 
Amsterdam rats; antigen prepared from these tumours 
was not anticomplementary. Using this antigen it was 
found that concentrates of tissue culture supernates from 
HeLa grown in newborn calf serum fixed complement at 
a dilution of 1:18. 

Confirmation of antibody production by RT 264 cells 
was obtained by a different procedure. If antibody 
was produced by a cell in tissue culture, it must at 
some time reside in the vicinity of the cell surface. If 
specific antigen were present at all times, the immune 
complex would be formed at the cell surface and might 
be expected to result in cell detachment in the absence 
of complement, and cytotoxicity in the presence of com- 
plement. RT 264 was heavily seeded into T flasks, and 





COMPLEMENT FIXING ACTIVITY OF TISSUE CULTURE SUPERNATES AND SUPERNATE CONCENTRATES WITH ANTIGEN 


Concentrated supernate 


Concen. Uninoculated Culture Cells used as 
factor medium supernate antigen source 
25 «1 32 RT 264—TC 
10 <1 47 E 
30 «4 67 
45 «1 16:7 
45 «2 «2 
30 <4 48 
45 6 28 
20 «1 64 
20 <i 108 
40 <2 <2 
109 <5 18 





The CF values are expressed as reciprocals of the dilution at which 50 per cent lytic endpoints were obtained using 2-5 Ha, units of complement in the 
presence of excess antigen. In the last column, TC and T following the designation of cells used as antigen source indicate that the cells were grown in 


tissue culture or as a tumour in neonatal Amsterdam rats, respectively. 
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cells were allowed to adhere for 3 h. Excess cells were 
then washed out and complement-free medium containing 
RT 264 tumour antigen was added to the cultures. After 
18 h considerable detachment of cells had oecurred, but 
both adhering and detached cells were viable as shown by 
trypan blue stain. The adhering cells were transferred to 
new medium containing 5 per cent guinea-pig serum as a 
source of complement. A cytotoxic effect was apparent 
after 1 h. Trypan blue staining showed that 25-50 per 
cent of the cells were dead. In controls which were not 
exposed to tumour antigen, no detachment took place 
and no cells (<1 per cent) were injured by complement. 
Normal control cells (primary Amsterdam rat embryo) 
were completely unaffected by exposure to tumour antigen 
in the same test. 

These data indicate that tumour cells derived from 
non-immunocompetent tissues secrete a substance, having 
the properties of an antibody, into the culture medium 
during growth in vitro. Characterization of the substance 
as an antibody is indicated by the following: (a) com- 
plement is fixed in the presence of antigen; (b) the 
material eoncentrates as a globulin in salt precipitation 
and behaves as a 78 globulin in ‘Sephadex’ exclusion 
chromatography; (c) fixation of the antibody to the cell 
as an immune complex by growth in the presence of 
antigen results in cell detachment in the absence of com- 
plement and extensive cytotoxic effect is observed when 
complement is added. 

The results are significant in a number of respects 
Although it has been established that Bruno OU DRtent 

cells continue to produce globulin in tissue culture and, 

if suitably immunized, produce antibody in tissue cul- 
ture’, it has not previously been shown that tumour cells 
derived from non-immunocompetent tissues have this 
ability. Moreover, it has now been shown that the anti- 
body which is produced is directed toward an antigen 
within the producing cell itself. It is proposed that this 
capacity to produce self-directed antibody may be the 
basis of a locked-in, self-stimulatory mechanism involved 
in the continuous growth of cancer cells. (Since this 
communication was prepared, the synthesis of globulin in 
tissue culture by established human cell lines (HeLa, 
HEp-2, J111 and amnion cells) has been reported’. The 
presence of globulin was confirmed by immunodiffusion, 
immunofluorescence and immunoelectrophoresis.) 

This work was supported by grants from the Damon 
Runyon Memorial Fund and the US National Institutes 
of Health. 
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Production of Complement by Spleen 
Cells in vitro and its Possible Role 
in an Allograft Rejection Model 


Ir is generally agreed that the rejection of a primary 
allograft is initiated by contact between specifically 
sensitized lymphoid cells and graft tissue. To study the 
exact mechanism of such injury'* the experimental 
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model of Rosenau and Moon* has been used. "This repre- 
sents an in vitro allograft rejection of L strain fibroblasts 
by specifically sensitized spleen cells. We have reported? 
that the sensitized spleen cells have an altered surface 
charge which might explain the tendency of such sensitized 
cells to aggregate about the target cells; this observation 
applies to several other similar experimental models*-*. 

Although humoral antibodies have been said to play 
an important part in the rejection of dissociated cell 
grafts such as ascites tumours and normal and malignant 
lymphoid cells!°, their actual role in graft rejection is still 
uncertain. Stetson, in a critical review!!, contended that 
they are of prime importanee in the rejection of ortho- 
topic and whole organ grafts while Clark, Foker, Good 
and Varco” offered further evidence that humoral factors 
are concerned in renal allograft rejection. We have 
suggested!:?; that the in vitro damage to fibroblasts by 
sensitized spleen cells in the Rosenau and Moon? model 
is mediated by the local production of eytotoxie antibody 
in the direct vicinity of the target cells. If this is the 
mechanism of damage then complement is required. 
This experimental model has, however, always been 
presumed to be C’-free® and therefore one must postulate 
that the spleen cells also produce complement in vitro. 

We have tested this hypothesis with the following 
experimental model. L strain fibroblasts were sensitized 
with inactivated specifice cytotoxic antiserum and were 
therefore readily damaged by the subsequent addition 
of whole C'. We thought that if spleen cells produced C’ 
in vitro then the addition of a suspension of normal spleen 
cells instead of C’ would induce damage of the pre-sensi- 
tized fibroblasts. Damage did occur as described in the 
following experiments. Serum was collected from guinea- 
pigs which had been immunized with L strain fibroblasts’. 
Such an antiserum rapidly destroys these target cells in 














the presence of complement. L strain fibroblasts were 
sensitized with this antiserum by a technique similar to 
that used for sensitizing red blood cells (RBC).  Serew 


cap tubes were set up with 10° L strain fibroblasts in 
medium 597, containing 10 per cent foetal calf serum 
(previously complement inactivated by heating at 56" C 
for 30 min). After culture for 24 h the medium was 
replaced by a 1:10 dilution of inactivated eytotoxie 
guinea-pig antifibroblast serum in medium 597 w hich was 
allowed to react with the cells for 45 min. The antiserum 
was then removed and the cells were washed three times 
with medium 597 alone. Sensitized fibroblasts resulted. 
A similar procedure was followed using inactivated normal 
guinea-pig serum. (Normal serum treated fibroblasts 
resulted.) 

To both series of treated fibroblasts in individual culture 
tubes was added one of the following: (1) 1 ml. of medium 
597 alone (serum-free); (2) 1 ml. of medium 597 contain- 
ing 10x 108 normal guinea-pig spleen cells which had 
been washed thoroughly (four times) in fresh cold medium 
597; or (3) 1 ml. of medium 597 containing a 1 : 25 dilution 
of fresh complement whieh eontained guinea-pig serum. 
In addition, 1 ml. of medium 597 alone was added to 
untreated fibroblasts to act as a growth control. 

This series of tubes was incubated for 24 h at 37^ C in 
an atmosphere of 5 per cent CO, in 95 per cent air. The 
viable fibroblasts remaining in each tube were counted. 
Each experiment was performed in triplicate and an 
average result was obtained. The viability of both fibro- 
blasts and spleen cells was determined by the Trypan 
blue technique! and also by the fluorochromasia technique 
of Rotman and PapermasterP?. These techniques which 
measure different parameters gave parallel results, and 
thus served as mutual controls. 

In each of twenty experiments the addition of fresh 
guinea-pig serum (containing complement) to the tubes 
containing sensitized fibroblasts caused complete destruc- 
tion of the fibroblasts; whereas it had no effect on those 
fibroblasts pretreated with normal inactivated guinea- 
pig serum. 
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The addition of normal guinea-pig spleen cells to the 
sensitized fibroblasts destroyed approximately 50 per 
cent of them. In contrast, the normal spleen cells caused 
no damage to those fibroblasts that were pretreated with 
normal guinea-pig serum (Fig. 1). 

The results of viable fibroblast counts (Table 1) show 
that there was a statistically significant degree of dam- 
age (f= 24-93; P<0-001) to the sensitized fibroblasts 
exposed to spleen cells as compared with those fibroblasts 
that had been pretreated with normal guinea-pig serum 
and subsequently exposed to spleen cells. These results 
seem to indicate that suspensions of normal spleen cells 
in vitro produce © or C-like factors. 


Table 1. VIABILITY OF FIBROBLASTS 


Expt. No. A B c D E 
1 100 180 13 100 40 
2 100 181 62 100 34 
3 100 231 126 100 54 
4 100 112 40 100 35 
5 100 172 1s2 100 105 
6 100 91 31 106 34 
7 100 156 79 100 50 
R 100 103 28 100 27 
9 100 192 80 100 41 
10 100 336 TS 100 22 
11 100 135 TT 100 57 
12 100 144 119 100 82 
13 100 167 101 100 60 
14 100 99 27 100 26 
1d 100 141 92 100 65 
16 100 202 64 100 31 
17 100 96 55 100 57 
18 100 118 46 100 38 
19 100 105 60 100 57 
2 100 81 21 100 26 
Means 100 152 71 100 47 
Megn of actual 
counts (x 10%) 109 165 77 
B= 24-93. P <0-001. 


A, Sensitized fibroblasts alone, as 100 per cent. 
B, Normal serum-treated fibroblasts - spleen cells as per cent of A. 
[A Sensitized fibroblasts + spleen cells as per cent of A. 
CAD, B expressed as 100 per cent. 
COR, €. expressed as per cent of D. 
rhe mean of normal fibroblast growth controls was 97 x 10°. 


"Itis well known that an inactivated cytopathic antibody 
can attach to its specific target cell and that no damage 
will ensue. This has been described by Bitensky!* and 
we have confirmed it many times. The subsequent 
addition of C’ causes immediate damage to the target 
cell which rapidly balloons and dies. Our finding that the 
addition of thoroughly washed normal spleen cells causes 
significant damage to L strain fibroblasts, previously 
sensitized with inactivated specific cytopathic antibody, 
is presumptive evidence that the spleen cells have pro- 
duced complement in vitro. 
Conventional methods have proved inadequate in the 
assay of C in the supernatant medium in which the spleen 
cells (and fibroblasts) were cultured. This suggests that 
only small amounts of C' were produced by the suspension 
-of spleen cells in culture. Because the spleen cells are 
in direct contact with the target cells in the culture it 
might. be postulated that, in these circumstances, only 
a minimal amount of C would be required to combine 
with the cytopathic antibody which is attached to the 
surface of the fibroblasts and cause their destruction. 
The apparent production of C' by the suspension of 
spleen cells in culture is not so surprising. for several 
other investigators!?-!?, using a variety of techniques, 
have reported the production of C', or C' factors, in 
dymphoid tissues, including spleen cells, from a number of 
“species. The evidence from the experiments described 
here might suggest that the experimental model of 
-Rosenau and Moon® should no longer be considered to be 
C' free. . The evidence also supports our hypothesis that 
the damage caused to target fibroblasts by specifically 
sensitized spleen cells is possibly a result of the synthesis 
of cytopathic antibody and complement by the spleen 
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NO DAMAGE 








SPLEEN —— —- NO DAMAGE 
CELLS 
(24 hrs) 


NORMAL G.P. SERUM 


Fig. 1. Cytotoxic action of C' or normal spleen cells on L strain fibro- 
blasts sensitized with complement-inactivated specifo antiserum. 


cells in the direct vicinity of the target cells; this mechan- 
ism of damage may well pertain to allograft rejection 
in vivo. 

It does not seem likely that allogeneic inhibition is 
involved in this experimental model, for our control 
series of fibroblasts treated with normal guinea-pig serum 
and spleen cells showed no damage; nor was any damage 
observed to target fibroblasts by normal spleen cells in 
experiments using the Rosenau and Moon model. 

This research was supported by a grant from the Medical 
Research Council of Canada. 
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Heterogeneity of Isoantisera against 
Spermatozoa in Hyperimmunized Mice 


INCREASING attention has recently been paid to the 
part played by specific antibodies against spermatozoa 
from the point of view of problems of infertility! and 
developing immunological methods of contraception?-*. 
Although numerous assays have been developed for 
detecting anti-spermatozoal activity?, as far as we know 
there have been no attempts to characterize the anti- 
bodies involved. In the preliminary studies described 
here, sera from hyperimmunized animals were fractionated 
by gel filtration on ‘Sephadex G-200' and the activity 
of 19S and 7S classes was assessed by the sperm agglutin- 
ation and passive haemagglutination tests. Studies of 
this type are important in determining the nature of 
antibodies responsible for infertility. 
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mains fairly constant or decreases, may be the result of a 
number of factors. Recognizing that spermatozoa are anti- 
genically eomplex*, the variable activity of the 7S8 
antibodies could represent a differential response against 
specific antigenic determinants, which may result in 
the preferential synthesis of IgG molecules of the y, or 
Yə type’. Alternatively, the selective increase in one 
kind of antibody may be simply a reflexion of the speci- 
ficity and sensitivity of the assay procedures themselves. 
The sperm agglutination test, a cell surface phenomenon, 
differs radically from the haemagglutination reaction 
which readily detects antibodies against internal and 
surface antigens of the spermatozoa. In addition, it has 
been shown recently that the relative sensitivity of the 
haemagglutination test for 198 and 7S antibodies can be 
altered selectively by varying the concentration of antigen 
used in sensitizing the cells*. Finally, several groups have 


Table 1. INJECTIONS OF MOUSE SPERMATOZOA AND SOURCE OF ISOANTISERA 


Inj. three times Breeding Inj. three times 
Exp. No, of per week for period per week for 
mice (weeks) (months) (weeks) 

i il 8 2 4 

TE 4 8 2 4 
15 8 

15 8 2 4 

4 8 2 4 


Groups of virgin female mice, 7-12 weeks old, of the 
random bred Q strain were hyperimmunized with freshly 
collected epididymal mouse spermatozoa (Q strain) by in- 
traperitoneal injection (6 x 105 sperm/injection) as outlined 
in Table 1. In experiment I, a sequential synthesis was 
Studied after a single booster injection of spermatozoa. 
A sample (0:25 ml.) of blood from the retro-orbital 
venous plexus was collected from each mouse and pooled 
for the days indieated in Table 1. In experiment II 
isoantisera were investigated at selected days immediately 
after a period of hyperimmunization. ^ Isoantisera 
(0:3-1.0 ml.) were fractionated by gel filtration, on a 
column of 'Sephadex G-200' (32 em x 3 em), the protein 
distribution being determined in a Uvicord spectro- 
photometer (LKB, Sweden) at 254u. The effluent 
samples were pooled to form 198 and 7$ classes, and 
reconcentrated to the original serum volume by negative 
pressure dialysis. Immunological activity was investi- 
gated using the microscopic sperm agglu- 
tination test? and a passive haemagglu- 


Days of serum col- Description 


Breeding Additional lection after last of 
period injections injection antisera 
5 months i 0, 4, 7, 10, 15, 20, 20 Pooled for 

each day 
5 months 6 4 Pooled 
10 Pooled 
11 Pooled 

3-7 days 13, 14, 15, 17 Individual 


reported that 7S antibody seems to increase in efficiency 


with time*. The haemagglutination response may 
have reflected a similar qualitative differentiation 


of a quantitative increase in 7$ antibody synthesis or 
both. 

The low iso-antigenieity associated with mouse sperm- 
atozoa?!* could help to explain the failure of a single 
booster injection to raise 198 titres much above existing 
levels in the first experiment. The rapid decline in the 
high concentrations of 19S antibodies elicited by hyper- 
immunization agrees with the well established transient 
synthesis of the maeroglobulins!! as well as the reported 
short half-life for IgM". 

A significant reduction in fecundity was induced 
by the immunization procedure in both experiments. 
Thus from these preliminary observations it was not 
possible to correlate infertility with antibody specificity 
and type. Nevertheless, further studies aimed at charac- 








tination test in which sheep erythrocytes 


which had been treated with tannic acid 256 
were sensitized with a “solubilized” pre- 128 
paration of epididymal mouse sperma- 64 
tozoa*. (Spermatozoa were disrupted by 32 
a Ribi cell fractionator (Sorvell) under 16 
pressures of 20,000 and 30,000 pounds 8 
per inch?.) 4 


Figs. LA and 2A show that in both 
experiments there was little change in 
the concentration of circulating 7S 














Reciprocal titre 
to 
e 
de 
oo 


E T 
sperm agglutinins. In contrast, 75 anti- Q g 
bodies detected by the haemagglutina- 1,024 A d 
tion test (Figs. LB and 2B) showed a sig- 512 A A H M t | 
nificant inerease with maximum titres 256 o. 4 H N ns 
appearing 10-15 days after the last in- 128 L MSN OR 3 N i 
jection. In experiment I (Fig. 14,B), the 64 L "OM los L RON 2 
19S fraction showed little or no change 32 L IN gor 
in activity for either assay. The high 16 i NN iv 
concentrations of macroglobulins in the $ ? VN | v 


hyperimmune sera of experiment II (Fig. 
2A,B), however, tended to decline in 
titre in the absence of further injections. 

'The observed inerease in 78 antibodies 4 
detected by the haemagglutination. 
technique, while the concentration of 
other antibodies (both 75 and 198) re- 














34 0 4 8 12 
Days 


Figs. 1 and 2. Sequential synthesis of 19,5 (@) and 7S (C) isoantisera against mouse 
spermatozoa after (Fig. 1) a single booster inj r T 
tujecsions as detected by the sperm agglutination (4) and haemagglutination (B) tests. 


‘tion and (Fig. 2) n prolonged series of 
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Only Perkin-Elmer'$ Model R12 NMR Spectrometer 
gives you a 21" spectrum every 5 minutés 2d 
and that is just one of the outstanding features. 


AA - i f. | | Ir Mh. ^u^ 
Mobi ; | j | ee Ait oh aha pen 


o-dichlorobenzene recorded on a scale of 1Hz per division 


* Perkin-Elmer NMR means permanent- x% Every five minutes the R12 gives 
magnet NMR, with its unparalleled stability you a high resolution spectrum on a large 
and operating simplicity. Only Perkin-Elmer chart. Large enough to make accurate 


have experience—ten years experience— measurements, see all the detail recorded. 
with permanent-magnet NMR. The Model And only Perkin-Elmer use the Flowchart 
R12 uses all of this experience. system—60 calibrated self-aligning 


charts per roll. 
*#* #* Consider all the features— PERKIN-ELMER 
resolution stability, measurement accuracy, 
flexibility, simplicity of operation. 
Compare it with any other instrument. 
Compare the price, too. 
Find out more about Perkin-Elmer NMR. 
Perkin-Elmer Ltd., Beaconsfield, Bucks, 
Telephone: Beaconsfield 2571, Telex: 83257. 
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Theodor Boveri 
Life and Work of a Great Biologist, 1862-1915 


FRITZ BALTZER 
Translated from the German by DOROTHEA RUDNICK 


Modern biologists are well aware that recent advances in biology are 
based on a framework built by a generation of remarkable experimentalists 
during the decades around the turn of the century. Theodor Boveri has 
been called a ‘true genius’ of that generation. His experiments led him 
into cytology, embrvology, and the nascent discipline of genetics, and he 
pioneered the merging of these three fields into what is now known as 
cell biology. 

This warm and lucid biography creates a sense of continuity between the 
impressive discoveries of today and the foundations mapped out less 
than a century ago. 575. net 
Published by the University of California Press for whom Cambridge 





Membranes, lons and Impulses 


A Chapter of Classical Biophysics 
KENNETH S. COLE 


In this account of life, electricity and the relations between 
them Dr Cole approaches the subject from a historical 
standpoint, conveying some of the sense of excitement 
which was felt at the time the discoveries were made. His 
book provides a broadly based review of membrane bio- 
electric properties and will also serve as a textbook for 
courses in cell biology and membrane biophysics. 

£7 25. 64. net 
Published by the University of California Press for whom 
Cambridge University Press act as agents in the United 
Kingdom. 


Berkeley Analyses of Molecular Spectra 2 


The Swan System of the 
C2 Molecule and The Spectrum 
of the HgH Molecule 


JOHN G. PHILLIPS and SUMNER P. DAVIS 


Methods of observation and analvsis for the two molecules 
are discussed in the subsection on each molecule, and the 
bands in spectrum of each are listed in tabular form. 

955. net 
Published by the University of California Press for whom 
Cambridge “University Press act as agents in the United 
Kingdom. 
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Excitons, Magnons and 
Phonons in Molecular Crystals 
Edited by A. B. ZAHLAN 


The investigation of the processes occurring in molecular 
crystals has attracted scientists from several disciplines and 
has involved the use of a wide range of experimental 
techniques, including the study of lattice modes and of 
optical transitions in the infrared, Raman and visible 
regions, as well as new theoretical techniques. The papers in 
this volume are a conscious attempt to survey present 
findings, views and speculations in the area of lattice dyna- 
mics, phonons incombination with electronic transitions,and 
exciton coupling to radiation and phonon fields. 705. net 


Cambridge Monographs in Experimental Biology 
15. Protons, Electrons, 
Phosphorylation and 

Active Transport 

R. N. ROBERTSON, F.R.S. 


A book on cell physiology which emphasizes the importance 
of the separation of protons and electrons from the hydro- 
gen atoms of water and organic molecules. Although the 
author works mostly with plants, the principles he dis- 
cusses apply to all living cells, and the book will interest 
physiologists, biochemists, cytologists, botanists and 
molecular biologists. 325. nel 
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terizing spermatozoa antigens and the antibodies they 
evoke may be very important in developing practical 
methods for the immunological eontrol of fertility. 

We thank Drs Anne MeLaren and Keith James for 
supervision and advice. This investigation was supported 
in part by a US Public Health Service postdoctoral 
fellowship awarded to one of us (E. B. B.) from the National 
Institute of Child Health and Human Development. 
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ADP is not Involved in Thrombin-induced 
Aggregation of Thrombocytes of a 
Non-mammalian Vertebrate 


PLATELETS are aggregated in vivo and in vitro by ADP}? 
Several agents such as thrombin, collagen and certain 
fatty acids cause aggregation by releasing ADP*. We 
reported that ADP, 5-hydroxytryptamine and adrena- 
line do not bring about aggregation of nucleated throm- 
boeytes cf chicken (Gallus domesticus), turtle (Pseudemys 
seripta elegans), alligator (Alligator mississippensis) and 
smooth dogfish (Mustelus canis), whereas thrombin does*:*. 
Thrombin seems to aggregate platelets by releasing 
ADP, and so we wondered whether ADP has any role 
in the aggregation of turtle thrombocytes by thrombin. 
We were also interested in the ability of thrombin and 
collagen to cause release of adenine nucleotides from 
thrombocytes. 

Blood was obtained by cardiac puncture from turtles 
(Pseudemys scripta elegans) and 0-1 volume of 0-1 M sodium 
citrate was added. Thrombocyte preparations were made 
by centrifuging the blood at 130g for 2-5 min at 4° C. Cen- 
trifugation was carried out for various times because blood 
viscosity appeared to vary with individual animals. 
The supernatants contained 30-66 per cent thrombocytes, 
with an average of 52 per cent thrombocytes, 8 per cent 
erythrocytes and 40 per cent other white cells, mostly 
lymphocytes. Resuspended cell preparations were made 
by adding 1-0 ml. of 0-1 M sodium citrate to 2-0 ml. of 
citrated thrombocyte-rich plasma (TRP) and centrifuging 
for 75 s at 200g. The pellet obtained was resuspended in 
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Fig. 1. Effect of PEP-PK on aggregation of turtle thrombtocyes. The 

system contained 2:9 x 10° thrombocytes/mi, and 4, PEP-PK; Band C, 

bovine thrombin 0-025 v/ml: JD, bovine thrombin, 0-025 ujmi. and 

PEP-PK; E, bovine thrombin, 0-008 v/ml.: F, bovine thrombin, 0-008 

timi. and PEP-PK: G, bovine thrombin, 0-004 jmi; ZH, bovine 

thrombin, 0-004 v/ml and PEP-PK. Cross-hatching indicates systems 
containing PEP-PK and bovine thrombin, 





1:0 ml. of tris-buffered saline, pH 7-4 (0154 M NaCl, 
0-0154 M tris buffer), and kept at 2° C. 

Turtle thrombin was made by activating plasma 
with lung extraet. Dialysed Parke-Davis topieal bovine 
thrombin and turtle thrombin produced essentially the 
same reactions with turtle thrombocytes. The luciferin- 
luciferace method of Holmsen et al.* was used for meas- 
uring ADP and ATP. 

To 1-5 ml. of resuspended cells was added 0-23 ml. of a 
salt solution (134 mM KCl, 1:34 mM MgSO,, 0-67 mM 
CaCl,), 0-1 ml. phosphoenolpyruvate (PEP), and 0:1 ml. 
of pyruvate kinase (PKV. Tris-buffered saline was added 
to make the final volume 2-0 ml. and the system was 
incubated at 20-22? C for 5 min. Final concentrations 
were 2:5 u/ml. of PK and 0:13 mM PEP. Bovine thrombin 
(20 ul.) was added to a final concentration of 0-001—0-01 
u/ml. When turtle thrombin was used it was diluted 
sufficiently to give aggregation without visible fibrin 
formation. The cells were stirred with a polyethylene 
paddle at 285 r.p.m. After 2 min a half volume of Toisson’s 
fluid was added and aggregates were counted on a phase 
haemocytometer. 'Two minutes was chosen as an end 
point because the number of aggregates plateaued by 
90 s. Measurement of changes in optical density at 600 
nm were made but were not used because aggregates 
were noted by microscopic examination before any 
change in optical density occurred. 

Collagen was prepared from rabbit achilles tendon or 
turtle tendon by the method of Hovig’. In some experi- 
ments, freeze-dried bovine collagen (from Sigma Chemi- 
cal Co.) was used as the starting material. 

The effects of collagen are shown in Table 1. No 
aggregation of thrombocytes was observed when these 
cells were exposed to homologous or heterologous collager 
and no thromboeytes were seen to adhere to collagen. 
When viewed by phase microscopy, the structure of the 
thrombocytes was unchanged after exposure to collagen. 














Table 1. COLLAGEN AND AGGREGATION OF PLATELETS AND THROMBOCYTES 
: Collagen source 
Rabbit or bovine Turtle 
Rabbit platelets + + 


Turtle thromboeytes - -— 
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Rabbit platelets were aggregated by rabbit, bovine 
and turtle eollagen. No measurable ADP or ATP was 
released from thromboeyte preparations exposed to 
eollagen in nine out of eleven experiments. 

When 5x10-5 M ADP was incubated for 10 min in 
TRP with PEP-PK in the concentration given, the ADP 
was completely converted to ATP as measured by the 
firefly flash method or by the lactic dehydrogenase- 
NADH method. The presence of PEP-PK in a cell 
preparation to which turtle or bovine thrombin was 
added did not inhibit aggregation of the thrombocytes 
(Fig. 1). Thrombin induced the release of ADP and ATP 
from resuspended cell preparations. The average values 
from three experiments, expressed as 10-? moles/10? 
cells, were 4:3 ATP and 7-0 ADP. 

'fhis research was supported by funds from the US 
National Heart Institute and the American Heart 
Institute. 
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GENERAL 


Economic Growth and Anxiety 


Tais communication is prompted by our total disagree- 
ment with the interpretation of the high correlation 
between “national” levels of anxiety and economic 
growth rates provided by Lynn'. We examine here the 
interpretation of the correlation and the assumptions 
on which Lynn's analysis rests. 

On the basis of a correlation of 0-715 between "national" 
levels of anxiety (as assessed among groups of male 
students) and economie growth rates between 1950 and 
1965, Lynn concludes that there is a tendency for “high 
anxiety countries to have better growth rates". He 
argues that anxiety is a causal factor in the motivation of 
efficient, work which, in turn, is an important factor in the 
promotion of economie growth. If we assume, for the 
moment, that this correlation is valid for the purposes of 
Lynn's analysis, it is just as likely that economie growth 
rates influence national levels of anxiety as vice versa. 
Cattell?, the collector of the cross-national anxiety data, 
has stated: “One can perhaps generalize that anxiety is 
determined more by economic status and the fanaticism of 
political disagreements than by differences in family 
upbringing or the infantile weaning, etc., trauma about 
which clinicians have woven fascinating theories” 
(page 121). 

Furthermore, Lynn does not consider the possibility 

that this high correlation is partly or largely the result of 
some eommon underlying faetor(s). Yet this could be the 
case. For example, the four highest anxiety levels and 
economic growth rates are registered by France, Japan, 
Germany put Italy, all nations defes ated or occupied 
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during the Second World War. It is not inconceivable 
that the anxiety levels of a majority of the male student 
subjeets of these four nations were influenced by wartime 
or immediate post-war experiences. It would be interest- 
ing to know whether these student populations display 
"high" incidence rates of alcoholism and suicide. Noris it 
inconceivable that the economic growth rates of these 
four nations between 1950 and 1965 were influenced by 
the war and its aftermath. 

While the use of the Cattellian measures of anxiety in 
this context has much to commend it, Lynn overlooks 
many important questions. Cattell argues against an 
over-emphasis on the total score of his psychologically 
composite anxiety scale, having shown that, in university 
groups in the United States and the United Kingdom, 
there are considerable differences in the underlying pattern 
of fairly similar aggregate anxiety scale scores*. Published 
normative data for student and general population groups 
indicate a higher level of anxiety among students’. It 
also appears that the characteristics revealed as those of 
effective leaders in industry and commerce are, in the 
case of the subscales composing the anxiety measure, the 
exact opposite of those indicating high anxiety. 

Contrary to Lynn's assertions, male university students 
are by no means a reasonable sample of either the “w orking 
population" or the "leadership" in any of the eleven 
nations used in the analysis. In all these nations there are 
obvious differences between the male student and working 
and leadership populations in age structure, educational 
background, career prospects and sex composition, to list 
only four important factors. Furthermore, the male 
student populations of these eleven nations are far from 
comparable. They vary enormously in social class origins, 
amount and source of income, career prospects and size as a 
proportion of their age group in the general population, as 
well as in other significant variables. It is even almost 
certain that the groups of students whose anxiety scores 
are available do not reasonably represent the eleven 
national student populations. For example, the anxiety 
statistic for the United States was obtamed from students 
with a “fundamentalist religious outlook” studying in 
three “New England" universities. The anxiety statistic 
for the United Kingdom was obtained from ninety-two 
industrial administration students and a smaller group of 
education students*. 

The economie growth rates used by Lynn refer to 
fifteen specifie years, not a long or a representative period 
of time when considering economic development. If a 
period of 30 or 50 years were used in the analysis the 
correlation coefficient might be reduced to insignificance. 
A different 15 year period might produce a different 
statistically significant correlational pattern. Tt would 
appear that a long period or some kind of time sampling 
procedure needs to be used in this type of analysis. 

We feel that Lynn’s mterpretation of the data presented 
is not only erroneous but also misleading. Perhaps 
Cattell’s? own conclusion on this problem of the relation- 
ships between economie performance, political circurn- 
Stances and national anxiety levels should have been 
given more consideration: 

"Letus...recognize that social psychologists will be able 
to give more exact answers to such questions only when a 
larger number of countries have been reliably sampled 
with standard anxiety seales" (page 120). 
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BOOK REVIEWS 


BRITISH RURAL LIFE 


Mobility of Farm Families 

A Study of Occupational and Residential Mobility in an 
Upland Area of England. By J. S. Nalson. Pp. xvi+ 299. 
(Manchester University Press: Manchester; University 
of Western Australia Press: Nedlands, W.A., June 1968.) 
55s. 


ALL societies must first have enough of their members 
producing food for all of their people, even if some do 
this indirectly through the production of other things to 
exchange for surplus food of other communities. Man 
may not live on bread alone, but he certainly must have 
bread before anything else can be done. 

As efficiency in the production of food increases, 
relatively fewer and fewer people are needed as farmers 
and farm workers. This rise in efficiency, which varies so 
greatly through time betw: een different nations and parts 
of nations, acts as a "push" on individuals to get out of 
direct food production. It usually operates side by side 
with a “pull” on these same individuals resulting from 
increasing incomes and improved working conditions in 
oeeupations outside farming. But there seem to be great 
lags in efficiency in this process of “tailoring” the number 
of persons actually engaged in direct farm work to the 
level really required. In all societies, no matter how high 
or low the income level, or how ample or varied the range 
of jobs available outside agriculture, the numbers of 
farmers and even the farm workers stay above what are 
needed, and agrieultural incomes are markedly lower than 
those whieh can be earned elsewhere. 

The economic analyst has the explanation of this 
phenomenon even though he does not seem to know the 
effective answer to it. As the author of this book points 
out, low and increasingly inelastie demands for food occur 
as general incomes rise, so that the prices for farm products 
tend to fall in relation to the prices of other commodities. 
Farmers then attempt to retain their incomes by lowering 
unit eosts of production. This is usually done through 
changes which increase output and so make potential 
food surpluses even worse. When agriculture is pros- 
perous, the competition for farms between some of the 
existing farmers and new people attracted to the industry 
forces up rents and the prices of land to levels which are 
higher than those really justified by the returns being 
obtained from the sale of farm produets. When the 
agricultural industry is depressed there is also a lack of 
opportunity outside agrieulture, so that the movement of 
labour out of the industry is slowed down and there may 
even be a temporary move back to the farm by sons and 
relatives of people without jobs, in the cities, who are 
looking for seeurity. This again leads to increases in 
output because the agricultural population which is too 
large produees more in order to try to maintain its 
income. In conditions of prosperity or in conditions of 
depression, the agricultural industry has within it an 
inbuilt tendency to produce more than the market can 
effectively take, at prices which produce incomes which 
are in line with incomes that are obtainable outside 
agriculture. 
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Superficially, the remedy for this situation is clear cut. 
Tt is to reduce the number of people sharing the total 
income obtained in agriculture so that fewer people can 
have higher incomes, with the proviso that the smaller 
number of people who remain should have bigger farm 
businesses in order that they can have higher incomes and 
also be more flexible in relation to changing economuc 
circumstances. This explanation is relatively clear and 
understandable. Its weakness lies in its heavy emphasis 
on the reduction in the farm labour force as a means of 
correcting income disparity between farmers and non- 
farmers. As the reduction needed has to come more and 
more from the ranks of farmers of a full time character, 
because the numbers of employed labour are becoming so 
few, the difficulties in the way of this remedy become 
more and more severe. It all depends on the right amount 
and character of outward migration of the individuals 
and families from off the farm to other positions and 
places. In practice, the mobility of rural people 
reluctance and insensitivity to economie and phy 
pressures. As the author points out, it is of little 
to stress psychological correlates like "lack of ambition" 
"personal failings”, “high value put on leisure and in- 
dependence by rural people", "inertia" and “psychic 
attraction of farming". There is little empirical evidence 
to support these comments and the mere enumeration of 
them does little to overeome the social causes which 
might underlie them. 

It is the exploration of this relative immobility of agri- 
cultural people which is developed by the author, together 
with an attempt to understand the social attitudes behind 
it. The book is essentially a development of a doctoral 
thesis submitted and accepted by the University of 
Manchester. I am now glad to see both the argument 
and the detail available for general reading because there 
are so few studies of this nature available based on 
British rural society. It deals with an area south-west of 
Manchester which forms part of the Peak District National 
Park. It is an area of poor high hill land, of small fields, 
small farms, small and scattered settlements and a small 
range of feasible technical changes in agricultural practice. 
The author had the advantage of many years of study of 
farm incomes, in this area, by the Agricultural Economies 
Department of the University of Manchester, so that the 
similarities and disparities between the economie and 
social scene could be discovered and described. The study 
deals with the small and large business farms, dual 
business farmers and those who farm part time, and it 
looks at these different types in terms of the developmental 
eyele of the family through its expansion. dispersion. 
independence and replacement. The way in which people 
move is dealt with in detail—from farm to farm, from and 
to farm work, into and out of the area, and as between 
girl and boy, wife and husband. Strong influences on 
boys to stay in farming occupations are brought out as 
well as the unattractiveness of farming life to girls and 
women. From this detailed analysis the author discus 
the need for career scales for farmers’ sons and farm 
workers, the making available of jobs outside farming. 
the value of part time farming and of help to amalgama- 
tion of small farms and the subsidization of personal 
mobility in difficult and isolated farming areas, 

This book will fill an important place in the rather 
meagre shelves of the volumes dealing with contemporary 
British rural life. It has details as well as "sweep" and 
it gives many references. It is particularly appropriate 
today as the agrieultural industries of many of the 
industrial countries struggle with the problems of thinly 
populated but heavily mechanized farms and farming 
areas. It is a salutary reminder that social problems 
abound in rural areas when there are few people producing 
food in them and that these problems, though different, 
are still diffieult even compared with the problems of too 
many people trying to farm, as is the ease in the developing 
countries. GERALD WIBBERLEY 
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RADIOACTIVE WASTE DISPOSAL 


Disposal of Radioactive Wastes into the Ground 

(Proceedings of a Symposium jointly organized by the 
International Atomic Energy Agency and the European 
Nuclear Energy Agency, Vienna, May 29-June 2, 1967.) 
Pp. 666. (International Atomic Energy Agency: Vienna; 
HMSO: London, 1967.) 362 schillings; 98s. 10d.; $14. 


RaDIOACTIVE wastes are an unavoidable concomitant of 
the exploitation of nuclear energy, and countries with 
well established nuclear programmes have already had 
to make at least a preliminary choice of methods for 
their disposal. Other countries are as yet uncommitted 
and the main purpose of this symposium was to assist 
them by reviewing the practical experience which has 
already been acquired. The proceedings are confined to 
disposal into the ground and consist of forty-three papers, 
published in the languages in which they were presented 
(English, French, Russian and Spanish) together with 
verbatim discussion reports in English. The material is 
nominally divided into sections dealing with the uptake 
and migration of wastes below ground, site selection, 
operational experience, the burial of solidified wastes and 
disposal into deep geological formations. This classifica- 
tion has unavoidably led to considerable overlapping. 
Although several papers are devoted to laboratory and 
field studies of the sorption and migration of radionuclides 
in soils and rocks of different compositions, the emphasis 
is given to detailed descriptions of the disposal methods 
already adopted or under development and the problems 
of site selection and evaluation. 

The largest volumes of waste are those with a relatively 
small radioactive content, and shallow burial commends 
itself as a convenient and economical disposal method for 
solid material. The most important safety consideration 
is the control of groundwater contamination. In some 
countries the policy is to seek to prevent such contamina- 
tion completely by using, for example, watertight en- 
gineered underground containers. Because major nuclear 
establishments often produce these low-level wastes at a 
rate of thousands of tons annually, such measures may 
carry a heavy economie penalty in addition to leaving 
doubt as to the “permanence” of the containment pro- 
vided. It has been clearly demonstrated in the United 
Kingdom, Canada and the United States that burial 
without containment can be practised while still con- 
forming with the aecepted standards of radiological pro- 
tection for man and his environment. This may be 
achieved by the use of areas in which groundwater per- 
colating through the wastes is either not utilized or is 
adequately diluted by water from uncontaminated 
sourees. Advantage may be taken of the adsorption of 
radionuclides by soil constituents which effectively 
retards the migration of activity in relation to the move- 
ment of the groundwater itself and thus permits reduction 
of activity by radioactive decay. These principles have 
been applied not only to the shallow burial of solid wastes 
but also to the ground disposal of liquids by means of 
seepage basins or underground cribs. Disposal site 
selection and the evaluation of the capacity of a site to 
receive wastes safely are frequently complex and the 
roles of the geologist, hydrologist, soil chemist, engineer 
and health physicist are all brought out in the symposium 
papers. 

As the amount of activity present in wastes increases 
there is a corresponding need for greater isolation from 
man’s environment. In Czechoslovakia and Spain, for 
example, dry disused mineworkings are to be used. Dis- 
posal into characteristically dry salt formations appears 
to be the method of choice in West Germany, where a 
research programme is being undertaken in the Asse salt 
mine. In the United States the feasibility and safety of 
the method have already been demonstrated at Lyons, 
Kansas. One of the more interesting developments, 
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pioneered by the Oak Ridge National Laboratory, is the 
adaptation of hydraulic rock fracturing to liquid radio- 
active waste disposal. The wastes are mixed with cements 
and additives and pumped at high pressure down a well 
and out into a horizontal fracture previously induced by 
pressurized water. The fracture is extended by pumping 
of the waste slurry, which is then allowed to harden under 
pressure into a thin horizontal grout. This procedure, 
carried out at depths down to about 1,000 feet in im- 
permeable shale, probably provides as high a degree of 
isolation of activity as can reasonably be envisaged. 

As an account of current knowledge and accumulated 
experience, these proceedings are undoubtedly compre- 
hensive and the inclusion of cost data enhances their value 
to those who are concerned with the practice of ground 
disposal. The proceedings of this symposium, together 
with those of an earlier IAEA symposium in 1966 which 
covered disposal into freshwater, the seas and oceans, 
permit one general conclusion. Much of the apprehension 
which the subject occasionally generates would be dis- 
pelled if there were a more widespread appreciation of 
the intensive study devoted to radioactive waste disposal 
and the extreme caution of its practitioners. It is clear 
that a standard of responsible practice is developing which 
caters for the convenience and safety of both present and 
future generations rather than the immediate exigencies 
which have traditionally determined attitudes to indus- 
trial waste disposal. F. MORLEY 


PHYSICIST’S VIEW OF PHYSICS 
The Nature of Physics 


A Physicists Views on the History and Philosophy of 
his Science. By Robert Bruce Lindsay. Pp. vi-- 212. 
(Brown University Press: Providence, Rhode Island, 
1963.) $7.50. 

Tuis is a very good book; one of several which looks hard 
at the foundations of physies. The method is by using à 
combination of the history and philosophy of the subject, 
which the author rightly regards as tightly interwoven. 
He is even a little apologetie, writing in America, for 
pressing home the need for a deliberate methodology. 
Thus he errs, if anything. on the side of modesty, because 
what he has done is to provide advanced students or an 
intelligent layman with a most readable discussion of the 
history of ideas. An example of this is the contrast 
between not only the traditional "why" and "how", but 
a third factor, namely, "how much". In this way. the 
near-obsession of the Vietorians with models and measure- 
ments is faithfully recorded, but shown to be a limited 
prospect of human experience and curiosity. So far. so 
good. 

. Next comes the inevitable fin de siècle, with Wien, 
Rayleigh and Jeans all failing to cope successfully with 
black-body spectral distribution, and the victory, after 
great reluctance, of Max Planck and the quantum. The 
saga is well told, but in the telling the writer illustrates 
his own thesis, that the physicists managed very nicely 
with no philosophy (and little history), until they collided 
head-on with & situation whieh demanded philosophieal 
attention before it could be accepted into any reasonable 
theory of knowledge. And the same applies to both 
theories of relativity. Sure enough, however, when one 
turns to the chapter dealing with the validifieation or 
falsifieation of hypotheses by brute tests, the reader is 
quite honestly told that the ultimate decision to accept 
A rather than B, or vice versa, is essentially an aesthetie 
judgment. That this has happened time and again is 
only to say that the greatest feats are alin to poetry. 
An example is the work of Eddington, methodologically 
a elose parallel to that of Arehimedes, when he used the 
axiomaties of Euclidean geometry to deduee the number 
x. The author keeps his readers at full stretch on 
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these matters, which makes it all the more odd that no 
reference is made to Polanyi’s Personal Knowledge, 
involving a passionate element as a precursor of true 
discovery. Nor is a place found for E. A. Milne’s “logical 
pressure", which seems to act before a major break- 
through occurs, achieved by two or more minds simul- 
taneously. Intellectual coercion at this level almost 
invariably issues in yet another aesthetic triumph. 
Professor Lindsay's own expertise is acoustics, and 
he gives an illuminating account of the history of that 
subject, without, however, mentioning Lord Rayleigh’s 
analysis of the Whispering Gallery at St Paul’s Cathe- 
dral, which somewhat discomfited the then Astronomer 
Royal. Biographically, he provides a vivid word portrait 
of the Franciscan Pierre Gassendi (1592-1655), whom 
most of us know as an authority on gravitation. But he 
laboured for years to reconcile the atomism of Epicurus 
with the Catholie religion, rather as St Thomas Aquinas 
had struggled with Aristotle some four centuries earlier. 
In sum, this book eonveys the message that there is 
nothing to stop further wide conquests by physies, 
provided that they are not regarded as the whole of life 
and hope for mankind. F. I. G. RAWLINS 


SYSTEMS AND DESIGN 


Introductory Systems and Design 

By W. H. Huggins and Doris R. Entwisle. (Blaisdell 
Books in the Pure and Applied Sciences.) Pp. xvi+ 683. 
(Blaisdell: Waltham, Mass., 1968.) $14.50. 


THE subject matter of the book is roughly what is usually 
taught as linear systems and has application in electric 
cireuits, control systems, mechanical vibrations, and so 
on. Traditionally such systems have been modelled by 
sets of linear differential equations with constant coeffici- 
ents, but Mrs Entwisle and Professor Huggins use flow- 
graphs throughout the book. The theory of graphs is not 
much taught to undergraduate engineers, but all the 
ideas on graphs that are necessary are developed in the 
book itself, which goes on to justify the authors’ com- 
ments that flow-graphs are evolving into a new kind of 
notation that provides a concise, easily visualized descrip- 
tion of system structure and also may be manipulated 
and solved just as conventional algebraic and functional 
symbols may be manipulated and solved. 

This use of flow-graphs provides systems with a com- 
mon basis and a common modelling method which is much 
more satisfactory than asking the mechanical engineer t 
turn his mechanical systems into LRC circuit models. 
The flow-graph methods, too, lead naturally into digital 
and analogue computer methods. 

The book is excellently laid out and anyone wishing to 
teach linear systems in this way could hardly find a better 
text. Examples throughout the text form a programmed 
teaching system enabling the student to teach himself, 
aided only by occasional tutorial sessions. Some of the 
early, non-mathematical questions would raise diffieulties 
but, at worst, would stimulate discussion with tutors. 

The problem to the teacher is whether the subject 
should be taught in this way. The book is intended to be 
used early in training, but it has nearly 700 pages and would 
form so substantial a part of any first year, undergraduate 
eourse that some currently taught subject would have to be 
sacrificed. "The physies of the systems is hardly con- 
sidered, and at this stage of their training. when many 
students are limited in their ability to apply Newton's 
laws to real life situations, they are in danger of being 

taught yet another mathematical tool which they are 
incapable of applying. Reference to other texts would be 
necessary to teach the physies and most such texts would 
tend to lead more to operational ealeulus than to graphs. 
We are already producing engineers able to pass examina- 
tions in academically respectable mathematics but unable 
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to cope with simple mechanieal problems when they 
enter industry. 

Probably the best use for the book is not among 
beginning engineering students to whom it is addr 
but among those already familiar with the physics 
engineering problems who are turning their attention to 
modelling techniques as such. D. J. LEECH 


the 





HOW TO LIKE MATHS 


A Guide to Mathematics for the Intelligent Non- 
mathematician 

By Edmund C. Berkeley. Pp. 352. 

London, May 1968.) 30s. 


Mosr adults dislike mathematies and most of those who 
do would probably agree that they know very little about 
the subject, nor of its place in science and society. 1t is 
commonly supposed that this situation largely results 
from deficient methods of teaching the subject, from the 
very earliest vears at school. What can be done to relieve 
the situation ? For the adult who has any residual interest 
in mathematies the book under review is meant as a guide. 
It is therefore not a book for the professional mathema- 
tician, unless he is interested in, or concerned with, the 
problem of explaining some of the simplest concepts and 
purposes of mathematics to those with very little back- 
ground in the subject—for example, the university 
lecturer who is called upon to advise and deliver an intro- 
ductory course of lectures to students of arts and sociology. 
The contents list indicates that the author has been at 
pains to write a book which the "intelligent" man in the 
street can read. Many arithmetic examples are given in 
terms of everyday experiences. After a section on arith- 
metie, in which estimation is emphasized, there is an 
algebraic part dealing with variables, formulae, functions, 
graphs and the calculus; and a further part covering 
equations, angles, logic and statistics. There is a brief 
reference to computers and the "new mathematics": and 
prediction, including some of the author's ideas about 
the future place of mathematies in society, is discussed. 
The book should be useful for evening classes sponsored 
by departments of adult education. L. 8. GODDARD 


(Souvenir Press: 








OBSERVERS' HANDBOOK 


Astronomical Objects for Southern Telescopes 
With an Addendum for Northern Observatories, 
Handbook for Amateur Observers. By E. J. Hartung. 
Pp. x + 2374+ 16 plates. (Cambridge University Press: 
London, 1968.) 50s.; $8.50. 


Dr Hartrune’s aim in writing this book has been to 
extend the scope of Rev. T. W. Webb's classic Celestial 
Objects for Common Telescopes, to cater for the growing 
number of amateur astronomers who have access to 
telescopes in the 6-12 ineh aperture range, and 








objects he has studied himself, the author has 
just over 1,000 interesting galaxies, star clust 
and the like. In addition, there are nearly 100 northern 
objeets, inaccessible from Melbourne, where E. J. Hartung 
is emeritus professor of chemistry. Northern observers 
should not be unduly concerned by the southern he 
sphere bias, as about 600 of the objects should be v ibis 
from Britain. 

The selected objects are first listed in order of right 
ascension, with their coordinates and decennial variations 
and abbreviated descriptions. Detailed deseriptions of 
the objects in each constellation follow in the main 
section of the book. This arrangement should prove con- 
venient for use both in the armchair and at the telescope. 
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The descriptions reveal the author as an enthusiastic 
observer. Their value is enhanced by his comments on 
the spectra of many of the objects, which can be seen by 
using a simple direct-vision spectroscope. Few readers 
will not be stimulated to look for themselves. 
Hartung’s attempt to provide some astronomical 
background information in an extended introduction (40 
pages) is not entirely successful. Beginners will encounter 
too many undefined terms and will have difficulty inte- 
grating the various topics into a coherent picture. More ex- 
perienced readers will probably regard the introductory 
chapters as unnecessary in an observers’ handbook. The 
book, however, is well produced and adequately, though 
not imaginatively, illustrated. It must be regarded as 
good value for money, even though it might have been 
better. After all, the accessible objects work out at less 
than a penny each, a price no enthusiastie observer could 
regard as too high. D. V. THOMAS 


GROUNDING IN PALAEONTOLOGY 


A Guide to Invertebrate Fossils 

By F. A. Middlemiss. (Hutchinson Biological Mono- 
graphs.) Pp. 128. (Hutchinson (Educational): London, 
July 1968.) 15s. 


THis is an elementary introduction to the more common 
invertebrate fossil groups, providing a grounding in 
palaeontology for those studying zoology and. more 
specifically, geology. 

Zach group of fossils is considered separately and a 
consistency of approach is maintained throughout the 
book. In each ease, after an introduction and an explana- 
tion of morphology. the classification is outlined and ex- 
plained and this is followed by an account of the geological 
history, mode of life and geological importance of the 
group. The text is very well written and a very great 
deal of information is condensed into the 128 pages. 
Where new terms are introduced they are immediately 
explained and drawings of genera clarify the morphology 
described in the text. A selection of genera is also shown 
to demonstrate the range in form of each group. "These 
drawings are grouped at the end of each chapter and are 
not in the text, thus making comparison easier, and are 
so well drawn that it is a pity that there are not more of 
them. 

A short bibliography and a concise glossary are included 
at the end of the text, and the index is particularly com- 
prehensive. 

The book eovers much of the groundwork needed for 
the GCE A-level paper in geology where it will be very 
welcome, and it will no doubt also prove extremely useful 
as a first-year undergraduate text. 

Josx R. V. BROOKS 


FOSSIL FISHES 


Fundamentals of Palaeontology 
A Manual for Palaeontologists and Geologists of the 


USSR. Vol. 11: Agnatha, Pisces. Edited by D. V. 
Obruchev. Translated from the Russian. Pp. x+ 825. 


(Israel Program for Scientific Translations: Jerusalem, 
1967. Distributed in the UK by H. A. Humphrey.) 200s. 
TuosE of us who have been using the original edition of 
this book (1964) chiefly for the pietures and the Latin 
names have been missing a lot. It is hardly a textbook, 
for the didactie sections are short and new species. genera 
and higher taxa are introduced freely. Rather, it is the 
closest approach yet to a replacement for Smith Wood- 
ward's Catalogue of Fossil Fishes, a comprehensive and 
critical review of all fossil agnathan and fish genera. 
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After a short introduetory section, the work contains 
a chapter for each major group, with a diagnosis, histo- 
rical review, brief sections discussing morphology, evo- 
lution, ecology, mode ef preservation, taxonomy and 
geological and biological significance, followed by a de- 
tailed systematic account. The systematic parts form 
the bulk of the book and are its most valuable feature. 
They include diagnoses, often quite comprehensive, and 
time ranges of all taxa, the author, date and synonyms 
of each family and genus, the type species with author, 
horizon and locality of every genus and an estimate of the 
number of fossil species and where they occur. Author- 
ship of families is particularly valuable (despite gaps in 
the actinopterygians and a disclaimer of certainty), now 
that the rules of nomenclature apply at this level. Each 
chapter closes with two comprehensive bibliographies, 
the first of Russian work, the second in other languages, 
The Russian bibliographies, with titles both in translation 
and transliteration, are especially useful. 

Obruchev, the editor, has also written the introductory 
sections, the entire agnathan, placoderm and holocephalan 
chapters, and has collaborated in the chapters on acantho- 
dians (with Novitskaya), sarcopterygians (with Vorob’eva) 
and lower actinopterygians (with Kazantseva, on the 
basis of a pre-war manuscript by Berg). AH these are 
first class. The elasmobranchs are dealt with by Glikman 
and the higher actinopterygians by Danil'ehenko: these 
chapters are less satisfaetory, the first because of idio- 
syneratie presentation, the second because of omissions 
(to save space) and the difficulty of bringing order to a 
vast range of little-known fossils. 

The treatment is generally conservative, with strati- 
graphical succession as the arbiter in disputed anatomical 
questions, a tendency to lump rather than split, and with 
little attention to "recently fashionable hypotheses of the 
polyphyletie origin of different vertebrate groups". Six 
“fish-like” classes are recognized, five less than in Berg's 
classification. The lungfishes are regarded as crossop- 
terygian descendants and placed as a superorder within 
the Sarcopterygii, sarcopterygians and actinopterygians 
being combined in a class Osteichthyes. Most groups are 
reclassified, except for the higher actinopterygians, where 
Berg is followed. The most radical change is Glikman's 
entirely new classification of sharks and rays, impene- 
trable to at least one reader. 

The translation is competent, with only a few slips and 
ambiguities (such as "straight muscles" for “rectus 
muscles”) betraying unfamiliarity with the subject. The 
text is typed, not typeset, with a predictable ineroase in 
errors. The type area is reduced by almost 40 per cent, 
with a comparable increase in the number of pages (and 
a five-fold increase in price). There are more than 650 
text-figures and 45 plates, with plates illustrating Russian 
fossils after each chapter. Some text-figures are original, 
but most are skilfully redrawn from other publications. 
The reduction of the text-figures has darkened them 
considerably: this has been avoided with the finer-grained 
drawings by reproduction in half-tone, fairly successfully, 
despite loss of detail. This expedient was used occasion- 
ally in the original, and these figures are correspondingly 
worse. A few figures are inverted, several misaligned, and 
two (page 612) transposed. The plates. half-tones origin- 
ally, have suffered considerably and are mostly almost 
useless. 

The volume ends with a 35 page chapter on eonodonts 
(an order incertae sedis) by Sergeeva. The publishers 
might have been wiser to issue this section separatelv, 
for few conodont workers will feel like buying the whole 
book for one chapter. 

The five-year gap between the latest referen in the 
book (1963) and the appearance of the translation means 
that many pages contain statements requiring modifi- 
cation because of subsequent work. Nevertheless, this is 
a work of enduring value, worthy of the wider audience 
it will now receive. Conr PATTERSON 
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DINOSAUR WORLD 


The Age of the Dinosaurs 

By Bjorn Kurtén. (World University Library.) Pp. 255. 
(Weidenfeld and Nicolson: London, 1968.) 14s. paper- 
back; 30s. hardback. 


Dr KunrÉN has set out to re-create the reptile-dominated 
world of Mesozoic times, and has succeeded very well. 
The first chapter is introductory, outlining the growth of 
our understanding of evolution, of the fossil record and of 
geological processes (including a good, up to date account 
of the theory of continental drift). The stage is set by a 
brief survey of evolution during the Palaeozoic, with 
special emphasis on the vertebrates. The largest section 
of the book, more than 100 pages, is devoted to an account 
of the vertebrates of the Mesozoic, and more than half of 
this is taken up by the dinosaurs themselves. Other 
chapters deal with the flora and invertebrates of the 
Mesozoic, with the geography of the Jurassic and Cretace- 
ous, and with the mammals of the Caenozoic. The book is 
therefore not merely an account of the dinosaurs them- 
selves, but deals also with many other aspects of the world 
which they inhabited. 

A lecturer in palaeontology at Helsinki, Kurtén writes 
extremely well, and deals with the Mesozoic vertebrates 
as living creatures. He explains clearly the problems 
which faced them and the adaptations which evolved 
to cope with these. The accompanying photographs 
are particularly well chosen, and are far from being a 
repetition of those already over-familiar from many 
appearances in similar books. The drawings and diagrams 
are also mostly good—except for the geological map of 
the British Isles, which is almost incomprehensible and 
quite inadequate as a companion to the excellent relevant 
part of the book. 

Despite all its virtues, it is not at all clear what audience 
this book is designed for. The publishers state that the 
World University Library aims "to provide authoritative 
introduetory books for university students which will 
be of interest also to the general reader". It is a little 
difficult, however, to see how a book which concentrates 
on the Mesozoic vertebrates can form a natural introduc- 
tory textbook. because most university courses deal with 
the complete history of the group. The general reader, 
on the other hand, attracted by the title, may well be 
disappointed to find that only a fifth of the book deals 
with the dinosaurs themselves. I hope that these mis- 
givings prove to be ill-founded, for Kurtén's book deserves 
to be read. Barry Cox 


BIOLOGY OF SPACE RESEARCH 


Life Sciences and Space Research VI 

Edited by A. H. Brown and F. G. Favorite. (Proceedings 
of the Open Meeting of Working Group V of the Tenth 
Plenary Meeting of COSPAR, London, July 27-28, 1967.) 
Pp. viii-- 197. (North-Holland: Amsterdam, 1968.) 105s. 


THE annual plenary sessions of the International Council 
of Scientific Union's Committee on Space Research provide 
& forum for the exchange of information on the biological 
aspects of space research. The first of this collection of 
the papers given at the tenth meeting is a brief summary 
by Berry of the physiological data collected in relation 
to the Mercury and Gemini orbital flight programmes. 
He compares the cardiovascular changes which have 
occurred in space flight with those produced by bed rest, 
and documents the inerease in the size and fragility of the 
red cells and the associated 20 per cent reduction of red 
cell mass which occurred in the eight-day flights. The 
physiological information obtained during extravehicular 
activity is also presented and discussed. 
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The following section, which forms one-sixth of the 
book, consists of several papers relating to the physio- 
logieal aspects of life support systems, in particular the 
use of cultures of algae as gas exchangers and sources of 
food in a closed system. Those papers given by workers 
from the Soviet Union include an account of a successful 
thirty-day experiment in which carbon dioxide was 
removed from, and oxygen added to, the atmosphere of 
a sealed compartment containing human subjects by a 
culture of micro-algae. The gas exchange of the subjects 
was matched to that of the micro-algae by controlling the 
diet of the former. 

Almost one-third of the book is devoted to papers which 
discuss the effects of extreme environments, including 
ionizing and ultraviolet radiation, weight] and 
very low temperature, on living organisms. Grandpierre 
and Chatelier give an account of the psychomotor and 
EEG responses of Macaque nemestrina to a ten minute 
exposure to weightlessness produced by a rocket flight. 
Young and Tremor describe experiments in which fertil- 
ized frog eggs were exposed to the weightless state for 
periods of up to four days in Gemini 12. No abnormal 
effects were noted, but unfortunately the most sensitive 
first cleavage occurred before orbital flight began. 

Six papers devoted to the probability of finding life 
on other planets, methods of detection of life and the 
risks of contamination of other planets by organisms 
carried from Earth by spacecraft form the last section of 
the book. Hawrylewiez and his colleagues have shown that 
Staphylococcus aureus can survive in à gaseous environ- 
ment which simulates that of Mars, provided that moisture 
and organic material are present. Imshenetsky and co- 
workers from Moscow describe an experimental evaluation 
of methods of detecting extraterrestrial life which use the 
demonstration of enzymatic activity or cell growth in a 
nutrient medium. They used changes of pH of the growth 
medium, the absorption of ultraviolet light, the decom- 
position of C labelled glucose, and the detection of iron 
porphyrin containing compounds and of ATP. 

Many different aspeets of biological researeh appear in 
this volume. Some specialists have still not appreciated 
the importance of presenting their work in a form which 
can be understood readily by the general physiologist and 
by specialists in other branches of the life sciences. The 
absence of adequate figure captions and labelling of axes 
of graphs in certain papers detracts from their value. 

J. ERNSTING 










BRAIN BARRIERS 


Brain Barrier Systems 

Edited by Abel Lajtha and Donald H. Ford. (Progress in 
Brain Research, Vol. 29.) Pp. xv+552. (Elsevier: 
Amsterdam, London and New York, 1968.) 230s. 


"Tuis book commands attention for several reasons. Not 
only is it extremely well printed and bound, but its 
subject matter is timely and provocative and no doubt 
will have a wide circulation. 

There are inevitably some of the deficiences to be found 
in books that are basically a compilation of the reports 
and discussions that took place at a symposium. The 
direct relevance of some of the papers may have become 
lost in the post-symposium editing and/or "polishing up" 
of the manuscripts before publication. Tt is difficult, for 
example, to see the relevance of the excellent paper by 
Deul, Haisma and Breemen on the ganglioside binding 
of serotonin, and the subsequent discussion is not helpful. 
A similar comment can be made on part of the extremely 
interesting paper by Tennyson et al. on the cholinesterase 
in the nervous system, mueh of which refers to dorsal 
root ganglia and sympathetic neurones. 








[54 
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Some authors have oriented their papers so as to tilt 
at quixotic windmills of à decade or two ago, but most 
have directed their contributions to specific and current 
problems. The excellent papers on spaces in the central 
nervous system could with advantage have come as an 
early section, not the last, as their findings outline the 
basie difficulties in defining the "barrier"—if you 
eannot define the spaces, then how ean you allot the 
boundaries ? 

One wonders just what is the value of reproducing the 
discussion; so much of it is boring, raising and discussing 
at length points that could easily be inserted by authors 
in an amended manuscript. One regrets, too, that certain 
names are missing from the list of authors and that 
certain subjects are not included; for example, Kuffler 
and his colleagues with their recent work on the role of 
glial cells. Regretfully one realizes that selection has to 
be arbitrary and that not everyone can always respond 
obediently to a summons to à symposium. All the more 
credit to the organizers for arranging to bring together 
so many useful contributions. It is difficult to pick those 
of exceptional excellence without mentioning many others, 
but the paper of Donald Tower is quietly comprehensive 
and thoughtful; and the paper by Coxon on cerebro- 
spinal fluid production and transport, although short 
and simple, is surely vital to an understanding of move- 
ment in and out of the brain substance. The section on 
"Substrates for Brain Metabolism" presents a number of 
invaluable and basic biochemical considerations and the 
variety of the papers demonstrates all too clearly what a 
wide variety of metabolic processes contribute to the 
“barrier”, while the section on “Factors Influencing Bar- 
rier Function”, the largest section in the volume, shows 
how many possible approaches remain to be explored. The 
two papers in this section by Quadbeck on the clinical 
side and the influences of drugs are all too short but 
provide grounds for much speculative thinking. 

This is a valuable collection of papers, and notes most. 
lines of progress up to the time of the symposium, the date 
of which, although not given, must by inference have 
been in 1967. J. L. MALCOLM 


GESTATION 


Biology of Gestation 

Edited by N. S. Assali. Vol. 1: 
Pp. xi+ 507. (Academic Press: 
May 1968.) 252s. 


The Maternal Organism. 
New York and London, 


Nick AssALI already has an international reputation for 
his excellent studies related to different aspects of repro- 
ductive physiology. In this book he has gathered together 
twelve other authors and between them they cover a 
variety of exciting topics. 

Roger Gorski contributes a chapter of 64 pages on 
the neural control of ovulation. This is a most valuable 
analysis of a very complex and topical subject. Lois 
Fridhandler discusses *Gametogenesis to Implantation ?”’. 
Ralph Wynn has been allowed just under 90 pages to 
discuss the "Morphology of the Placenta". This includes 
some 114 references. There is no question that placental 
morphology is an interesting topic, but has its importance 
not been slightly over-rated in relation to other subjects 
of equal, if not greater, importance? Nick Assali and 
others discuss placental physiology and Hans Simmer 
has contributed a very comprehensive review of placental 
hormones, including a very complete description of our 
present knowledge concerning human placental lactogen 
(HPL). Mary Carsten has 63 pages in which to discuss 
regulation of myometrial composition, growth and 
activity and there is an account of the process of labour, 
puerperium and lactation by H. Vorherr. Frank Hytten 
and A. M. Thomson, in the last chapter, consider “Maternal 


NATURE, VOL. 220, NOVEMBER 2. 1968 


Physiological Adjustments". 
been expanded considerably. 
This book will prove of immense value to all those 
who wish to keep abreast of up to date information in 
reproductive physiology, biochemistry and histology. 
There are few books that can equal its depth of coverage. 
At the same time one cannot help wondering whether 
some authors have not been allowed rather too much 
space and others too little. Readers must decide this 
for themselves. NORMAN Morris 


This chapter could have 


ROE DEER 


The Roe Deer of Cranborne Chase 
An Ecological Survey. By Richard Prior. With an 
Appendix on the Diseases of Roe Deer by Dr A. MeDiarmid. 
Pp. xvi+222+16 plates. (Oxford University Press: 
London and New York, 1968.) 50s. 


A DECADE ago this book could not have been written by 
a member of the staff of the Forestry Commission. Even 
in the late 1950s deer were still regarded as vermin in 
British forests and very little attempt had been made in 
understanding how they lived or why they damaged trees 
excessively in some areas while in others the damage 
could be tolerated. Perhaps this accounts for the few 
books that have been written about the roe deer or indeed 
why little research has been carried out on this species 
until very recently. If the men who lived in daily contact 
with deer were ordered to exterminate them there was 
little likelihood that anyone would be encouraged to dis- 
cover methods for conserving them. It was equally un- 
likely that anyone would make a prolonged and intimate 
study of them. 

Richard Prior was one of a number of people who 
realized that the study of deer was an essential factor in 
their intelligent control. His intense interest in woodland 
stalking led him in 1962 to take up employment as a deer 
forester in Cranborne Chase. His book is a direct out- 
come of his experience there and reflects to à remarkable 
degree the complete change of attitude to deer which is 
now so important a part “of the policy of the Forestry 
Commission today. While he modestly states that his 
account is incomplete, he has produced a book which in 
many respects ranks with Fraser Darling's Herd of Red 
Deer which is a classic study of that species in Scotland. 
Doubtless it will be the fundamental work of reference on 
the roe deer for many years. 

Although the results of research and many of the obs 
vations are derived from a limited area, there is gr 
value and interest in their comparison with similar work 
elsewhere. There remains a very great deal to learn, and 
everyone who knows the roe deer will find the book tremend- 
ously stimulating and full of new information. Whether 
it be field naturalist, forester, research worker or deer 
stalker there is much here to provide new lines of thought. 
In addition there is an authoritative appendix on the 
parasites and diseases of roe by A. MeDiarmid. 

It would be invidious at this stage to make detailed 
criticism. Much of the book is for the specialist and 
possibly some opinions expressed will later be modified in 
the light of experience and comparison with investigations 
proceeding elsewhere. As a major contribution to the 
intelligent management of woodland deer populations it 
succeeds in showing that the policy of aiming to achieve 
a balance between amenity, recreation and commercial 
necessities is attainable. It should be difficult for anyone 
reading this book to remain unconvinced that deer are 
natural occupants of our woodlands and that despite the 
artificiality of the environment that we have imposed 
upon them they can be maintained not only as a source 


of pleasure but also as a source of income. 
F. J. TavrioR Pace 
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Professor W. R. A. D. Moore 


Proressor W. R. A. D. Moong, MBE, BSc, PhD, FRIC, 
died in Bradford on September 7 at the age of 58. 
He had been in failing health for some months, but had 
presided over the Board of Studies in Physieal Sciences at 
its July meeting, and also attended the Senate that 
followed. It was clear to his colleagues at this time that he 
should take things a little easier; it is possible that his 
enthusiasm for his subject of polymer chemistry led him to 
ignore his physical diffieulties, but it at least left him 
working to the end. 

Moore originally qualified as a pharmacist and was 
employed by the firm of Savory and Moore. Later he 
obtained a first class honours degree in chemistry in the 
University of London and joined Electronics Laboratories, 
London, as a research chemist in 1939. During the war he 
was an experimental officer with the Armaments Research 
Department of the Ministry of Supply. 

It was probably from his work on explosives that Moore 
developed an interest in plastics generally, and while 
working on this topic he moved to the Bradford Technical 
College as lecturer in physical chemistry working with 
Professor P. M. Barrer, who was then head of the Depart- 
ment of Chemistry. From this point Moore worked with 
great enthusiasm on polymer chemistry, and built much 
of his own equipment for viscosity and allied studies of 
polymer solutions. Particularly at this time he was 
mterested in cellulose and its derivatives, nitrates and 
acetates. Publications poured out of his laboratory on 
these subjects and as his field of interest in polymers grew 
so did his range of publications. 

He brought his enthusiasm to bear on the research 
programmes when the college became an institute of 
technology and later a university. He was appointed 
reader in polymer chemistry in the university and later to 
a chair in that subject. During his institute and university 
period, Moore collaborated with many of the polymer 
manufacturers and users and built a strong Postgraduate 
School of Polymer Science and was made chairman of the 
Board of Physical Sciences and a member of the Senate, 
and had both a national and international reputation as a 
research worker and teacher. His enthusiasm was trans- 
mitted to his colleagues and students and it was this 
enthusiasm which enabled him to work with unfailing 
consistency. 

He had wide contacts in his subject. He was chairman 
of the Plastics and Polymer Group of the Society of 
Ghemical Industry and consultant to Esso Limited, and 
was also active in the Royal Institute of Chemistry, the 
Society of Dyers and Colourists, the British Association 
and the Bradford Chemical Society. These scientific 
interests dominated his life; he will be remembered for his 
dedication to polymer science. 


Professor W. Hume-Rothery 


Tae death of Professor William Hume-Rothery on 
September 27 came as a sad blow to all who had ever been 
in contact with him, but it was particularly sad for those 
who had worked with him or had benefited from his 
personal kindness or professional assistance. He was 69 
and had suffered a short illness. 

By his research and writing Hume-Rothery was the 
founding father of scientific metallurgy and this was a 
very personal achievement, produced with the help of 
just a few research students and a very small amount 
of money. He was originally intended for the Army and 
entered the Royal Military Academy, Woolwich, but his 
military studies were cut short by an illness which left 
him completely deaf. However, he immediately moved to 
the study of chemistry at Magdalen College. Oxford, 
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where he was awarded a first in natural science. He then 
moved to Sir Harold Carpenter's department at the Royal 
School of Mines where he studied metallurgy and obtained 
his PhD. The first published paper from the Royal 
School of Mines revealed an Oxford chemist taking a 
critical look at the not too scientific bases of the metal- 
lurgy of the day, and the next few years, back in Oxford, 
saw a wonderful continuation of this process, in the 
course of which metallurgy emerged with the status of a 
science in its own right. 

Hume-Rothery's research will always be associated 
with the rules and factors whieh appear to govern the 
alloying behaviour of metals in binary and ternary 
systems, and, indeed, this was his primary contribution. 
His research interests, however, ranged widely through 
such topics as X-ray diffraction studies, the development. 
of techniques for high and low temperature investigation, 
the study of stresses in electrodeposits and the structural 
changes which could arise from cycles of heat treatment. 
During the Second World War his laboratory was particu- 
larly concerned with investigating the structures of 
aluminium-based alloys for the Ministry of Supply and 
in the post-war years his attention turned to the refractory 
alloys. 

Hume-Rothery’s influence on, the development of metal- 
lurgical studies was exerted chiefly through his mono- 
graphs and textbooks which were acknowledged both by 
metallurgists and by chemists as masterly expositions of 
alloy theory. Those who followed him extended his 
approach to the more physical and mechanical aspects 
of metallurgy and one of the lasting results of his life-work 
can now be seen in the extension, by various authors, of 
scientifically based metallurgical texts to all aspects of 
the subject, following his example. 

It was not until the Isaac Wolfson chair was instituted 
in 1958 that Hume-Rothery received the highest academic 
position, but he had previously been honoured by the 
Fellowship of the Royal Society and by a host of medals 
from learned and professional societies. He retired from 
his chair in 1966, but in no sense did he withdraw from 
active participation in his subject. He undertook a range 
of editorial work and continued to engage in a voluminous 
scientific correspondence. His last monograph was 
catalogued in the library of the University of Manchester 
on the day of his death—in harness. 

Outside science, Hume-Rothery was a keen fisherman 
and as a water-colour painter he had a particular feeling 
for the structure of mountain masses, but his basie charac- 
teristic was that he enjoyed life and this enjoyment spread 
to those about him. 




















Correspondence 


Why do Students Fail ? 


Sim,—With reference .to your article in Nature on the 
University Grants Committee Enquiry into Student 
Progress 1968 (219, 548; 1968), I would have been very 
interested to have been given more information on the 
part of the course which was most often failed by students. 
I very much suspect that in the majority of cases it was 
the examinations of the additional or subsidiary subjects 
which were failed, hence most of the students leaving 
early on in their courses, as that is when these examina- 
tions take place. 

I feel very strongly that, although too much specializa- 
tion is, of course, a bad thing, it is nonsensical to lose a 
specialist because he has no interest in the other subjects 
offered to him. Scientists in particular often come to 
university knowing exactly where in their subject they are 
hoping to specialize, and they spend at least the first two 
vears forcing themselves to master other subjects, and 
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being given one-year courses which are either glorified 
A-level material or snippits from the degree syllabus. 

Universities should really get themselves organized in 
deciding on a policy whereby science students should be 
allowed to get set straight into the type of work which 
they came to university to do, and then later have the 
opportunity to learn the basic principles of other subjects 
which will assist them in studying their particular line of 
work. 

It is the university administrators who make the 
decisions on dismissing students, and academics who 
supply the courses. Maybe if there were more cooperation 
between the two, failure rates would go down. 

Yours faithfully, 
TUPPY OWENS 
51 South Street, 
London W1. 


McCarthy Report 


Srr,—Surely there is a fundamental fallacy in equating 
the "demand for generalists” with the number of jobs in 
industry concerned with sales, production and management 
(Nature, 220, 9; 1968). Whatever education a person in 
industry has had, he has a great deal to learn in the job. 
Someone who has studied one or two subjects in depth and 
has made parts of them his very own is far better equipped 
to tackle mysteries like market analysis or labour relations 
than is someone who has savoured four or five scientific 
or technieal subjeets, from which he will have obtained 
some laboratory expertise plus a wealth of ill-digested 
faets, many of which will soon be forgotten. 

The attitudes of Oxford and Cambridge towards 
specialization in scientific education have always differed 
sharply. This is a most important inter-university contest. 
I write as a Cambridge man who thinks that Oxford may 
have got something. 

I do not know, Sir, what makes you think that the record 
of our engineers for education on the job is "no doubt 
lamentable" compared with engineers of the state of 
California. Since no figures are available, such an impres- 
sion must be subjective. This is confirmed by my own 
experienee when I attended à management course some 
vears ago. 

Yours faithfully, 
H. N. V. TEMPERLEY 


Department of Applied Mathematics, 
University College of Swansea, 
Singleton Park, 

Swansea. 


Spectral Conformity 

Sin,—I have read with interest the two communications 
by H. F. Launer on the interesting phenomenon he cal[s 
spectral conformity (Nature, 218, 160; 1968). 

I would like to draw attention to the fact that the 
phenomenon has already been deseribed. As long ago as 
1895, Wiener! observed that the colour of silver chloride 
darkening in light resembles the colour of light which 
has been used in the experiment. As a matter of fact 
Wiener tried to use this phenomenon in the first attempt 
at what could be called colour photography. 

During the two decades between 1920 and 1940, F. 
Weigert, a lone scientist at the University of Leipzig, 
published some fifty important papers on this pheno- 
menon. Not only the colour but also the plane of polariza- 
tion was found to be followed by the extinction in gelatine 
sheets of innumerable organie dyes. As a matter of fact, 
this enabled Weigert? to follow the effect with the utmost 
accuracy because changes in circular dichroism could be 
measured much more easily and accurately than extine- 
tion. He later concentrated on experiments on gelatine 
sheets containing visual purple and found that this 
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important dye followed the colour of impinging light with 
great precision and “mixed” the effect of two differently 
coloured illuminations exactly as we see it subjectively 
with our eyes. He later fled from Hitler to the USA and 
his work influenced the epoch-making discoveries of G. 
Wald on the photochemistry of rhodopsine. The photo- 
chemical reaction is nearly certainly a series of cis-trans 

isomerizations of the carotenoid in the visual pigment. 
With the ever increasing volume of scientific literature 
published it is impossible occasionally not to miss im- 
portant facts, and this note is in no way intended to 
diminish the importance of Dr Launer’s findings. Perhaps 
it may help to set them into a more general framework. 

Yours faithfully, 
F. pe Kónósv 


Negev Institute for Arid Zone Research, 

POB 1025, 

Beersheva, Israel. 

! Wiener, O., Ann. d. Physik., 55, 225 (1895). 

? See, for example, Weigert, F., Ann. d. Physik., 68, 691 (1920); Naturwiss- 
enschaften, 9, 583 (1921); Nature, 146, 31 (1940); Proc. VIth Summer 
Conference on Spectroscopy, 134 (Wiley, New York, 1939). 


New Names 

Sin, —The introduction of new words to scientific language 
is laudable provided new ideas not previously comprehen- 
ded in a single word are conveyed by authors. 

A new word, haplotypes, has made its appearance in 
your journal! after a debut in the Lancet? where it was 
defined to mean “the genetic determinants present on a 
single chromosome". This new word is used in both 
articles with reference to the genetic determinants of 
certain blood group (leucoeyte) antigens. lt would seem 
that nothing more or less than is implied by the word 
genotype has been conveyed by the authors. The use of 
well established words? for well established ideas has much 
to commend it. Genotype can be used freely for the 
haploid, diploid or polyploid state. The meaning should be 
clear to both serologists and geneticists. 

Yours faithfully, 
B. W. Gass 
Department of Genetics, 
University of Adelaide, 
South Australia. 
1 Svojgaard, A., and Kissmeyer-Neilsen, F., Nature, 219, 868 (1968), 
2? Mogensen, B., and Kissmeyer-Neilsen, F., Lancet, i, 721 (1968). 


3 Race, R., and Sanger, R., in Blood Groups in Man, second ed. (Blackwell, 
Oxford, 1954). 


How to Measure Populations 


Sig, —HRecently you drew attention to the problem of 
genetically analysing the remaining isolated human popu- 
lations (Nature, 218, 1005; 1968). I believe, however, 
that the worst accusation that our descendants will hold 
against us concerns another but connected neglect: the 
lack of complete and detailed records of the sociological 
patterns of such isolated populations. The patterns of 
social life in these isolated populations will change almost 
immediately after contact with new social ideas. In the 
future therefore there will be no aecess to independent 
examples of social organization and no record of how 
they satisfied the fundamental psychological needs of 
human beings. I believe a stable future for our descendants 
will depend on how well they ean incorporate such know- 
ledge in the organization of the world community. Should 
we not try to reallocate science funds so that sociology 
receives much more support and a fair chance to become 
a real seience helping mankind to a better future ? 
Yours faithfully, 
Taurs W. GEDDE-DAHL 


Veterinary College of Norway, 
Oslo. 
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University News 


Dr Robert G. Sachs has been appointed director of the 
Enrico Fermi Institute in the University of Chicago in 
succession to Dr R. H. Hildebrand. 


Professor N. F. Robertson, Hull, has been appointed 
to the joint post of professor of agriculture and rural 
economy in the University of Edinburgh and principal 
of the Edinburgh and East of Scotland College of 
Agriculture. 


Dr F. E. Jones, managing director of Mullard Ltd, has 
been appointed visiting professor in the Department of 
Electronics and Electrical Engineering at University 
College, London. 


Dr R. L. Bisplinghoff has been appointed dean of the 
School of Engineering at the Massachusetts Institute 
of Technology in succession to Dr G. S. Brown, who 
has been appointed to the Dugald C. Jackson professor- 
ship in engineering. 


Appointments 


Professor D. A. Pond, London Hospital Medical College, 
and Professor T. Symington, University of Glasgow, 
‘have been appointed to the Medical Research Council in 
succession to Professor Martin Roth and Professor 
A.R.C rie. 


Professor F. J. Hyde, at present professor of physical 
electronics in the University of Wales, has been appointed 
professor of electrical and electronic engineering and head 
of the department at the Royal Military College of 
Science at Shrivenham, and Mr R. N. Shephard, at 
present senior principal scientific officer with the Ministry 
of Defence, has been appointed associate professor in the 
Department of Physics. 


Errarom. Dr R. Pocklington, of the Institute of 
Oceanography, Dalhousie University, Nova Scotia, has 
written to point out that the Atlantic II deep mentioned 
in the article, “Pleistocene Pteropods in Pelagic Sedi- 
ments” (Nature, 219, 1145; 1968) should be Atlantis II 
deep, after the RV Atlantis II. 


Erratum. In the article “Effect of Antiserum to E. coli 
DNA Polymerase on Synthesis of DX174 DNA in Extracts 
of @X-Infected Cells", by David T. Denhardt (Nature, 
220, 131; 1968). wumoles in the eighth paragraph and in 
the legend to Table 3 should read mymoles. 


Erratum. In the communication 'Polydeoxynucleotide 
Intermediates in DNA Replication in Regenerating 
Liver", by K. Tsukada et al. (Nature, 220, 162; 1968), 
the first sentence should read: “Observations made by 
Okazaki et al.'^* and Qishi? support the idea that relatively 
small polydeoxynucleotides are intermediates in the 
replieation of both strands of bacterial and phage DNA". 
The second sentence of the third paragraph should read: 
“The rise in nuclear DNA synthesis began about 12 h after 
the operation and the rate was about two-thirds of the 
maximimal after 16 h and maximal after 19 h (ref. 4)". 
In the penultimate paragraph the first two sentences 
should read: “The results obtained when the unheated 
DNA preparation of Fig. 4 was exposed to exonuclease I 
(240 v/ml., 30 min, 37^ C) and portions were chromato- 
graphed on hydroxyapatite or sedimented in neutral or 
alkaline suerose gradient are not shown". 


Erratum. In the News and Views note “Swanscombe 
Re-exeavated'" (Nature, 220, 123; 1968) the second 
sentence should have read “This summer, very well 
preserved animal bones and Clactonian flake tools and 
chopper cores in mint condition, have been recovered 
from a two acre site owned by the Nature Conservancy", 
and not the National 'Trust as stated. 
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International Meetings 


November 13, Isotope Generators, London (Miss B. 
Bashford, General Secretary, The British Institute of 
Radiology, 32 Welbeck Street, London Wn. 


November 19, Detection and Assessment of the 
Toxicity of Materials used by the Food Industry, 
Solihull (The Secretary, BIBRA, Woodmansterne Road, 
Carshalton, Surrey). 


November 25, Measuring Efficiency in Education, 
London (The Science of Science Foundation, cjo The 
Ciba. Foundation, 41 Portland Place, London Wl). 


December 4, Scientific Information for Physicists, 
London (The Meetings Officer, The Institute of Physies 
and the Physical Society, 47 Belgrave Square, London 
SW). : 
December 13, Techniques for Biologists, London (Dr 
R. A. Dunning, Broom's Barn Experimental Station, 
Higham, Bury 8t Edmunds, Suffolk). 


December 16-18, Chemical Aspects of Electron Spin 
Resonance, Cardiff (Dr J. C. Evans, Chemistry Depart- 
ment, University College, Cathays Park, Cardiff CF1 3N R). 


December 17, New Techniques of Communication 
and their relevance to Efficiency in Education, 
London (The Science of Science Foundation, c/o The 
Ciba Foundation, 41 Portland Place, London Wi). 


January 2-4, Design of Physics Buildings, Lancaster 
(The Meetings Officer, Institute of Physics and the 
Physical Society, 47 Belgrave Square, London SW), 


January 7-9, Orbital Symmetry Correlation in Org. 
anic Reactions, Cambridge (Dr J. F. Gibson, Scientific 
Affairs Officer, The Chemical Society, Burlington House, 
London W1). i i 


February 17-19, Structure and Metabolism of the 
Pancreatic Islets, Umea (Professor B. Helman, cja 
Department of Histology, University of Umea, Umea 6 
Sweden). 


February 18-21, Underwater and Marine Technology, 
Brighton (Oceanology International 69, 6 London Street, 
London W2). 


February 19-20, Tribology in Railways, London (C. J, 
Pidgeon, Conference Department, Institution of Mech. 
anical Engineers, 1 Birdcage Walk, W estminster, London 
SW1). 

February 21-23, Chemicals and Oils from Coal, Bihar 
(Organising Secretary, Symposium on Chemicals and Oils 
from Coal. Central Fuel Research Institute, PO FRI, Dt. 
Dhanbad. Bihar, India). | 


February 27-28, Sugar Beet Research, Brussels, 
(150 rue Beauduin, Tirlemont, Belgium). 


5 


February 27-March 1, American Physical Society 
meeting, St Louis (Dr W. W. Havens, jun., American 
Physical Society, 335 East 45th Street, New York, NY 
10017, USA). 


March 1-7, American Concrete Institute Convention, 
Chicago (22400 West Seven Mile Road, Detroit, Michigan 
48219). h 


March 3-8, Concrete, Dusseldorf (Deutscher Beton. 
Verein, Postfach 543, Bahnhofstr. 61, 6200 Wiesbaden, 
Germany). 


March 5-7, Fundamental Cancer Research, Houston 
(Frances Coff, Special Projects, M.D. Anderson Hospital 
and Tumor Institute, University of Texas, Houston, 
Texas 77025). 

March 7-12, Pathology, San Francisco (Dr P. K. Mostofi, 
Secretary, c/o Armed Forces Institute of Pathology, 
Washington DC 20305). ü 
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FORTHCOMING EVENTS 


( Meetings marked with an asterisk are open to the public) 


From December 7, 1968, meetings and other events in this column will be 
restricted to meetings at which attendance is not confined to members of 
particular societies, 


Monday, November 4 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2)— 
Colloquium on “Direct Broadcasting from Satellites". 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 2.30 p.m.— 
Professor R. King: “Electricity and Magnetism” (Civil Service Lecture). 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.—Mr J. T. Hayden: ‘Possible Applications of Superconductivity 
in Land, Sea and Air Transportation”. 


INSTITUTION OF MECHANICAL ENGINEERS, TRIBOLOGY GROUP (at 1 Dird- 
cage Walk, Westminster, London, SW1), at 6 p.m.— Discussion meeting on 
*“Pretting in Machinery". 

SOCIETY OF ENGINEERS (at the Geological Society, Burlington House, 
Piceadilly, London, Wi), at 6 pam.— Professor A. Ruper Hall: "The Genesis 
of Engineering—-Theory and Practice”. 

SOCIETY OF CHEMICAL INDUSTRY, London Section (at Shell Centre Theatre, 
Shell Centre, London, SE1) at 6.30 p.m.—Scientific Film Evening. 


Tuesday, November 5 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.—Mr H. Page and Mr D. J. Whythe: “Corona and Precipitation 
Interference in VHF Television Reception", 


INSTITUTION OF ELECTRICAL ENGINEERS (joint meeting with the Institute 
of Measurement and Control, and the Automatic Control Group of the Insti- 
tution of Mechanical Engineers, at Savoy Place, London, WC2), at 5.30 p.m.— 
Dr L, L. Alston: “Developments in the Control of Train Movement". 


INSTITUTION OF MECHANICAL ENGINEERS, APPLIED MECHANICS GROUP 
(at 1 Birdcage Walk, Westminster, London, SW1), at 6 p.m.— Discussion 
meeting on “Computer Aids in Design". 


University OF LONDON, DEPARTMENT OF EXTRA MURAL STUDIES; and 
the LINNEAN SOCIETY OF LONDON (at the Linnean Society, Burlington House, 
Piccadilly, London, W1), at 6.30 p.m.—Mr P. J. P. Whitehead: “Old 
Museums and Collections”. (Sixth of twelve lectures on “The Historical 
Background to Modern Zoology") 





Wednesday, November 6 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2)— 
Professor S. Deutsch (Polytechnic Institute of Brooklyn): "The Role of 
Lateral Inhibition in the Processing of Sensory Information". 


ROYAL INSTITUTION, HISTORY OF SCIENCE DISCUSSION GROUP (at 21 
Albemarle Street, London, W1), at 1 p.m.— Professor J. S. Wilkie: ''Karl 
Wilhelm von Nageli (1817-91)—the Earliest Work in Molecular Biology". * 


COLOUR Group (Great Britain) (in the Physics Department, Imperial 
College of Science and Technology, Prince Consort Road, London, SW7), at 
2.30 p.m.—Dr S. B. Novick and Dr K. H. Ruddock: “Some Recent Experi- 


” 


ments on Anomalous Trichromacy”’. 


‘ROYAL SOCIETY OF MEDICINE, HISTORY OF MEDICINE SECTION (at 1 Wimpole 
Street, London, W1), at 5.15 p.m.—Professor J. H. M. Pinkerton: “The 
Discovery of the Foetal Heart Sounds by Jacques Alexandre Le Jumeau de 
Kergaradec 1787-1877”. 


UNIVERSITY OF LONDON (at Senate House, London, WC1), at 5.30 p.m.— 
Professor A. J. P. Oort (Netherlands State Agricultural University): '"Natural 
and Induced Resistance of Plants to Pathogens’’.* 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, Westmin- 
ster, London, SW1), at 6 p.m.—Mr Anthony Vickers: “The Engineer in 
Society”. 


Thursday, November 7 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 2.30 p.m.— 
Professor E. R. Laithwaite: ‘‘Analogy—the Art of the Engineer" (Civil 
Service Leeture). 

RoYvAL Socrery (at 6 Carlton House Terrace, London, SW1), at 4.30 p.m.— 
Professor G. E. Fogg, FRS: “The Physiology of an Algal Nuisance” 
(Leeuwenhoek Lecture). 


MINERALOGICAL SOCIETY (at the Geological Society of London, Burlington 
House, Piccadilly, London, W1), at 5 p.m.—Scientific Papers. 
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INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
a dd p.m.—Sir Jack Scamp: “Industrial Disputes--Motor Industry and 


INSTITUTE OF REFRIGERATION (at the National College for Heating, 
Ventilating, Refrigeration and Fan Engineering, Southwark Bridge Road, 
London, SE1), at 6 p.m.—Mr E. J. Perry and Mr D. Mills: "Instrumen- 
tation and Automatic Control of Industrial Refrigeration Plants". 


_ INSTITUTION OF CHEMICAL ENGINEERS, GRADUATES AND STUDENTS SECTION 
(in the New Engineering Building, University College London, Gower 
Street, London, WC1), at 6 p.m.-—Mr M. A. Williams: ‘Phe Evolution of the 
Gas Industry”. 


INSTITUTION OF MECHANICAL ENGINEERS, MANUFACTURE AND MANAGE- 
MENT GROUP (at 1 Birdcage Walk, Westminster, London, SW1), at 6 p.m.—- 
Discussion meeting on “The Financial Implications of Innovations in 
Production". 


Friday, November 8 


ROYAL INSTITUTE OF CHEMISTRY (in Haworth Hali, The University, Bir- 
mingham)—Professor A. C. Frazer, CBE: "Chemistry and Nutrition” 
(Frankland Lecture). 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 10.30 a.m.— Colloquium on “Constructional Techniques used in Micro- 
electronics”. 


ROYAL INSTITUTION, PHOTOCHEMISTRY DISCUSSION GROUP (at 21 Albe- 
marle Street, London, W1), at 1 p.m.—Dr H. Steen: “Ionization of Trypto- 
phan by Triplet Absorption".* 


ROYAL INSTITUTION (at 21 Albemarle Street, London, WI), at 9 p.m.— 
Mr John Wren-Lewis: “The Psychology of Science and the Science of 
Psychology”. 


Saturday, November 9 


INNER LONDON EDUCATION AUTHORITY (at the Horniman Museum, 
London Road, Forest Hill, London, SE23), at 3.20 p.m.—Dr R. M. C. Eager: 
“A Geologist in the USA".* 


Monday, November 11 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 2,30 p.m.—- 
prie R. King: “Radiation and the Structure of Matter" (Civil Service 
cture). 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.80 p.m.—Mr J. Gittins and Mr J. C. Voakes: “Parametric Amplifiers”, 


_ INSTITUTION OF MECHANICAL ENGINEERS, EDUCATION AND TRAINING 
GROUP (at 1 Birdcage Walk, Westminster, London, SW1), at 6 p.m.---Dis- 
eussion meeting on "Can Design be Taught in Universities in the Absence of 
Prior Industrial Training ?” 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND STUDENT 
SECTION (joint meeting with the Graduate and Student Section of the TERE, 
at Savoy Place, London, WC2), at 6.80 p.m.—Mr R. C. Foss: "Integrated 
Circuit Design". 


REPORTS and other PUBLICATIONS 
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Great Britain and Ireland 


The Determination of Particle Size. I. A Critical Review of Sedimentation 
Methods. Prepared by the Particle Size Analysis Sub-Committee of the 
Analytical Methods Committee, Pp.iv--42. (London: Society for Analytical 
Chemistry, 1968.) 305. [1510 

British Cast Iron Research Association, Forty-seventh Annual Report 
1967-1968. Pp. 119. (Alvechurch, Birmingham: British Cast Iron Research 
Association, 1968.) [1510 

Trent River Authority. Annual Report year ended 31st March, 1967. 
Pp. 113. (Nottingham: Trent River Authority, 1968.) [1510 

British Antarctic Survey. Scientific Reports, No. 56: The Fur Seal of 
South Georgia. By W. Nigel Bonner. Pp. 81--6 plates. (London: British 
Antarctic Survey, 1968.) 54s. net. [1516 

University of Oxford. Committee for Graduate Studies—Students under 
the Committee as on the first day of Michaelmas Term 1968. Pp. 82. 
(Graduate Studies Supplement (1) to Oxford University Gazette Vol. 99.) 
(Oxford: The University, 1968.) 2s. (1710 

University of Stirling. Prospectus 1969-70. Pp, 72. (Stirling: The 
University, 1968.) [1710 
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*JANETZKI" 


means QUALITY 
IN CENTRIFUGES 


» Bench Types T23 and T24 


The largest of the Janetzki 
Bench Models. Superbly en- 
gineered twin machines cover- 
ing a range in speed up to 
16,000 r.:p.m. in centrifugal 
force up to 21,500g and in 
capacity up to 8x 100 ml. 











Refrigerated Types K23/4 


Performance and Rotors as T23 and 
24. But the refrigerated versions 
K23 and K24 give, in addition, tem- 
peratures down to —8* C. For a 
very modest cost, 90%, of the centri- 
fuging requirements of the average 
laboratory can be covered. Wide 
selection of rotors and adapters 
available. Naturally the machines 
have such features as electric speed 
control, brake, safety lock and revo- 
lution counter. They are outstand- 
ing in workmanship and finish. 
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Large Types S60 and K60 


Swing out rotors up to 4: 1,000 
ml. Angle rotors up to 8x 250 ml. 
or 6: 500 ml. Gravitational torce 
up to 4,800g with high speed unit 
22,30Cg. Refrigerated version 


K60. 
| Down to —22°C | 


New and Unique Vac20 


Fully automatic Programme 

controlled 
High capacity-High speed 6: 500 
ml.—69,500 max g. For the con- 
centration of culture liquids, 
bacteria, virus, enzyme prepara- 
tions, production of serum, vac- 
Cines, enzymes, nucleic acids, 
proteohormones and other anti- 
biotic substances. Preparation 
and purification of organic high 
polymers. 


F. COPLEY & COMPANY 


The Midland Scientific Instrument Centre 
Private Road No 7, Colwick Industrial Estate 
NOTTINGHAM NG4 2AJ Tel: 249876/7 








Diamonds and STL 
are just good friends... 


When 100,000 atmospheres at 2000 C. is applied 
in this machine it has gone well past the stage at 
which diamonds are made. Synthesis of new 
materials is only one aspect of the wide variety of 
projects continuously engaging the attention of the 
materials division of Standard Telecommunication 
Laboratories. Often, unconventional methods may 
be devised, to produce new materials or unusual 
properties in known materials. Typical activities in 
this region are the 'silver-boat' ultra-pure 
preparational process and vapour phase techniques, 
the products of which may be evaluated by 
advanced measuring equipments including 
scanning electron miscroscope, microprobe 
analyser and electron microscope. STL is also 
turning its attention to work on amorphous solids, 
which open up entirely new possibilities; glass 
fibres for transmission systems are one of the 
applications in this field. 

Materials research is complementary to the other 
three main lines of work at STL: transmissions 
systems, digital systems and acoustics. These 
disparate activities are integrated through project 
teamwork using the skills of men and women 
widely known in their respective fields. But common 
to all this work is a single goal — to provide the 
basic knowledge and practical information needed 
by manufacturing companies to produce better 
telecommunication products and systems. 


Standard Telecommunication Laboratories, 
London Road, Harlow, Essex, England. 
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Classified Advertisements 


All copy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion 
The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers’ errors, 
although every care is taken to avoid mistakes. 
Semi-displayed £6 per single column inch, 
Minimum £3, each additional 1/{2th of an inch 
lOs, Full page £158, Half page across £80. 
Colour (orange) £20 extra. j6 is charged 
for the re-direction of replies to advertise- 
ments with a box number. 
ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement's 
Inn, Strand, London, W.C.2. Telephone: 
01-405 4743, Telegrams: Textualist, London, 
W.C.2, 





Cn 
APPOINTMENTS VACANT 


UNIVERSITY OF NATAL 
LECTURER IN PHYSICS 


Applications are invited for the above- 
mentioned post at the Pietermaritzburg centre ot 
the University. The salary scale attached to the 
post is: R3,000 by RISO to R4,800 per annum. 
In addition an annual vacation bonus is payable 
Subject to Treasury regulations. The commenc- 
ing salary will be dependent on qualifications and 
experience. The successful applicant will be ex- 
pected to assíst particularly in the teaching and 
laboratory work of first vear students, although 
opportunity also exists to teach senior students 
and to undertake research in the following or 
allied fields: nmr studies in molecular and ionic 
crystals and in ferroelectrics ; electro- and 
magneto-optical studies in gases and solids ; sur- 
face catalysis. This is a newly created post which 
it is hoped to fill from January 1, 1969 or as 
soon as possible thereafter. 

Further particulars of the post and of the con- 
comitant amenities such as travelling expenses on 
first appointment ; pension, medical aid, staff 
bursary and housing loan schemes; long leave 
conditions, ete., are obtainable from the Associa- 
tion of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, 
S.W.1. Applications, on the prescribed form 
must be lodged not later than Nov pote 


B.O.C. RESEARCH AND 
DEVELOPMENT 


requires 


INFORMATION SCIENTIST 


with B.Sc. in Physics, Chemistry or Chemi- 
cal Engineering. The work comprises col- 
jecting information and supplying answers 
to specific requests. This involves consider- 
able abstracting from scientific and techni- 
cal literature, indexing and literature 
searching. 


Please apply to Personne! Officer, quoting 
Ref. 113, The British Oxygen Co. Ltd. 
Deer Park Road, London, S.W.19. 

(1515) 


UNIVERSITY OF 
NOTTINGHAM 


DEPARTMENT OF ELECTRICAL AND 
ELECTRONIC ENGINEERING 


VISUAL PATTERN 
RECOGNITION 


Applications are invited from communi- 
cation engineers, physicists or psycholo- 
gists, for two research posts to continue 
successful work investigating vision under 
conditions of poor visibility. — Successful 
applicants will be able to register for a 
higher degree. Payment will be either in 
the form of a grant comparable with an 
S.R.C. Studentship, or a salary, according 
to the length and nature of previous €x- 
perience. 

Applications in writing should be ad- 
dressed to the Registrar not later than 
November 18, 1968. (1485) 
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RO 
MINERALOGIST 


AUSTRALIA 
DIVISION OF MINERAL CHEMISTRY 


GENERAL The Division of Mineral Chemistry, a component Division of the Chemical 
Research Laboratories of the Commonwealth Scientific and industrial Research Organ- 
ization, comprises two major laboratories located at Port Melbourne, Victoria, and at 
North Ryde, N.S.W. 










Research in the fields of electrochemistry, inorganic chemistry and metallurgical 
chemistry is being undertaken at Port Melbourne, while investigations in the fields 
of fuel chemistry and geochemistry are being undertaken at North Ryde. 









DUTIES The appointee will join the Geochemistry Section, located at North Ryde, 
N.S.W., where he will be responsible for conducting research into the mineralogy and 
petrology of ore-bearing and associated rocks. In addition to all the usual microscopic 
techniques, the appointee would have access to an electron microscope and electron 
probe. His research programme should contribute towards an understanding of 
processes of ore genesis and would relate to chemical studies already in progress within 
the Section. 

















QUALIFICATIONS applicants should have a Ph.D. degree in an appropriate field, 
or postgraduate research experience of equivalent standard and duration, supported 
by satisfactory evidence of research ability. 





SALARY Depending upon qualifications and experience the appointment will be 
made within the salary range of Senior Research Scientist, $A6,892~$A7,974 p.a., or 
Principal Research Scientist $A8,242-$A9,490 p.a, Salary rates for women are 
$A428 p.a. less than the corresponding rates for men, Promotion within CSIRO to a 
higher classification is determined by merit. 





CONDITIONS The appointment, which carries with it Commonwealth Superan- 
nuation Fund or Provident Account privileges, will be conditional upon passing a 
medical examination. An initial probationary period of twelve months may be specified. 
Fares paid for the appointee and his dependent family. Further particulars 
supplied on application. 


Applications (quoting Appointment No: 480/569) and stating full name, place, date 
and year of birth, nationality, marital status, present employment, details of qualifi- 
cations and persons, together with the names of not more than four persons 
acquainted with the applicant's academic and professional standing, should reach ;— 










Mr. R. F. Turnbull, 
Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
64—78, Kingsway, 
LONDON, W.C.2. 


by the 6th December, 1968. (1513) 






$15,999-$20,900 


The Atlantic Oceanographic Laboratory of the 
Marine Sciences Branch, Department of Energy, 
Mines and Resources, is engaged in an extensive 
interdisciplinary programme of research and sur- 
veys on the Eastern Continental Shelves of Canada, 
the Canadian Arctic and in the deep ocean. An 
Assistant Director is to be appointed whose main 
responsibility will be the direction, co-ordination 
and assessment of the basic and applied research 
aspects of the Laboratory programme. The Assis- 
tant Director will be in charge of about 65 profes- 
sionals in the disciplines of physics, chemistry, 
geology, geophysics and engineering. 
Qualifications inciude university graduation, prefer- 
ably at the Doctorate level, and an established 
scientific reputation together with extensive experi- 
ence in research management in the physical 
sciences. It is very desirable that experience be 
related to marine research. 

For further details write to the 

BIO-PHYSICAL SCIENCES PROGRAM, 
PUBLIC SERVICE COMMISSION OF 
CANADA, OTTAWA 4, ONTARIO. 

Please quote Circular Number 68-1102. 


ASSISTANT 
DIRECTOR 


Atlantic Oceanographic 


Laboratory 
Bedford Institute 
Dartmouth, Nova Scotia 


Public 
Service 
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AGRICULTURE 


General Agriculturists and agricultural specialists of many kinds 
are frequently required in the effort to match the large emand 
from the developing countries, The vacancies advertised below 
are a selection from the many openings which exist now. While 
they are being filled, other vacancies are arising. 


Salaries within the ranges quoted are assessed on qualifications 
and experience ; and the terms of most appointments include 
free or subsidised accommodation, education grants, family pas- 
sages, good leave on full pay, etc. A contributory pension scheme 
is available in certain circumstances, 


Most appointments are limited to nationals of the United Kingdom 
or the Republic of Ireland who are normally resident in those 
countries, 


BOTSWANA 
(I) Senior Lecturers RC 213/19/012 


Duties: To carry out a lecture programme and certain administration 
duties at the Botswana Agricultural College. i . . 
Qualifications: A degree in Agriculture or related science with experience 
in teaching, college administration, young farmers' clubs or youth organisa- 
tions. 

Basic Salary: R, 2,256—4,800 (£Sterling 1,316-—2,800) p.a. 


(2) Grain Storage Specialist RC 213/19/012 


Duties: To conduct a detailed survey of grain storage problems including 
maize mills, traders stores, and farm stores, and to recommend suitable 
storage methods and pest control procedures, to train field assistants and 
to assist with extension campaign in grain storage methods. 
Qualifications: A degree in Agriculture or allied subjects, with Agricultural 
Zoology or Entomology as the main subjects, and experience of grain 
storage problems in the tropics. A post-graduate qualification in grain 
storage would also be desirable. 

Basic Salary: R.2,172—4,800 (£Sterling 1,267— 2,800) p.a. 


in addition to the above salaries, an inducement allowance, in the range of 
Sterling 153—372 p.a. is also payable. Gratuity 259; of basic salary and 
inducement allowance. Contracts 2—3 years. 


ETHIOPIA 


Lecturers in Agricultura! Extension RC 213/58/012 
Duties: To teach in the classroom and particularly through practical field 
projects by establishing demonstration areas incorporating nearby farming 
communities, ] 
Qualifications: A degree in agriculture with considerable experience in 
agricultural extension work in developing countries, preferably in Africa. 
Salary: £1,500—£2,700 p.a. subject to British income tax, plus a variable 
non-taxable overseas allowance of £750—£1,580 p.a. according to marital 
status, Contract 3 years. 


FIJI 
(1) Agricultural Engineer RC 2113/62/01! 


Duties: To design and advise on small irrigation schemes for gravity and 
sprinkler irrigation schemes for rice, vegetables and fruit. . . 
Qualifications: A degree in Agriculture or Horticulture with experience in 
all types of irrigation and construction required in small schemes. Age 
limits 25—45 years. 


(2) Soil Conservation Officer RC 213/62/07 


Duties: Supervision and maintenance of technical standards in soil con- 
servation work, by liaison with District Agricultural Officers who administer 
all soil conservation extensions, machinery and field staff. Arrange in- 


service training in soil conservation for field staff. Prepare lectures and 
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examinations for the soil conservation course at the Fiji School of Agri- 
culture. Assist in preparation of soil conservation publicity. Advise on 
soil conservation matters through the Director of Agriculture or through 
the Land Conservation Board. 

Qualifications: A degree in Agriculture or Science with experience in 
practical soil conservation. Experience in tropical agriculture is desirable, 
Salaries: £ Fijian 1,092—2,181 (£Sterling 1,045—2,087) p.a. An inducement 
allowance, normally tax free, in the range of f£Stg. 508—829 p.a. is also 
payable direct to an officer's home bank account. Gratuity 2595 

Contracts 30—36 months. 


MALAWI 


(I) Agricultural Research Officer (Rice Agronomist) 
RC 213/134/016 


Duties: To draw up and execute a programme investigating all aspects of 
rice agronomy under rain fed and irrigated conditions. 

Qualifications: A degree in Agriculture and experience in rice agronomy 
under tropical conditions. 

Salary: £1,485—£2,600 p.a. 


(2) Landscape Architect RC 319/134/06 


Duties: To design and supervise the construction of landscape schemes, 
including Government official residences, public buildings, parks and 
botanical gardens. 

Qualifications: Candidates must be A.LL.A. or have an equivalent qualifica- 
tion with experience in landscape architectural practice. 

Salary: £1,175—£2,600. 

The above appointments also carry, in addition, a supplement of £100 p.a, 
payable direct to the officer's bank account outside Malawi and Rhodesia. 
Tax free gratuity 15?5,—259,. Contracts 2—3 years. 


SABAH 


Agricultural Research Officer (Plant Breeder) 
RC 213/150/03 


Duties: To deal with the selection and breeding of oil palm and cocoa 
throughout the state of Sabah. 

Qualifications and Terms: An honours degree in Natural Science with two 
years post-graduate training. A good general knowledge of the subject is 
essential. Field experience desirable. 

Basic Salary : $9,000— 17,040 p.a. (£Sterling. 1,226—2,321 pan) plus an 
inducement allowance in the range of £Stg. 804— 1,303 p.a. 

Gratuity approximately 20%. Contract 2—3 years, 


SWAZILAND 
Irrigation Officer RC 213/169/08 


Duties: To undertake the survey, planning and layout of small irrigation 
schemes involving gravity and sprinkler systems, to advise and assist exten 
sion staff and the farming community on installation and operation of 
irrigation schemes, to train subordinate staff in survey, water measurement, 
crop water requirements and distribution systems, and to lecture diploma 
and certificate level students at the agricultural college, if required. 
Qualifications: A B.Sc. (Agric.) or B.Sc. (Agric. Engineering) or Diploma in 
Agriculture with long experience of irrigation enginneering. 

Salary: Rand 2,256—4,800 (£Sterling 1,316—2,800) p.a. plus an inducement 
allowance in the range of £Stg. 156—372 p.a. Gratuity 25%, of basic salary 
and inducement allowance. Contract 3 years, 


ZAMBIA 


(I) Agronomists RC 213/132/07 


Duties: To work at and possibly take charge of a regional experiment 
station and be responsible for the definition of agronomic and animal 
husbandry programmes of applied research and to carry out applied in- 
vestigational work on a regional basis. 

Qualifications: A degree in Natural Science with post-graduate agricultura! 
training, preferably with experience in field experiment work in the tropics, 
Salary: Kwacha 1,944— 4,344 (£Sterling 1,134-2,534} p.a. 


(2) Planning Officers RC 213/132/05 


Duties: To take charge of field planning teams and to be responsible for 
regional conservation planning on a catchment and/or settlement plan basis. 
Qualifications: A degree in Agriculture or Natura! Science preferably with 
relevant post-graduate training and/or experience. 

Salary: Kwacha 1,944—4,464 (£Sterling 1,134—2,604) p.a. 


in addition to the above salaries, an inducement allowance in the ran 

i it ge of 
£Stg. 243—429 p.a. is also payable plus a supplement ranging from £Stg. 233 
—291 p.a. (payable direct to an officer's bank account outside Zambia). 


25%, gratuity. Supplement and gratuity are both free of local income 
tax. Contracts 3 years. 


For further particulars of these vacancies and an applicati 
plication form 
please write giving your full name, age and brief details of profes- 
sional qualifications and experience, and quoting appropriate 
reference member, to the Appointments Officer, Room 330. Ní90, 
Minis of Overseas Development, Eland HM : i ; 
Hal nd rr p y 5 ouse, Stag Place, 


MINISTRY OF OVERSEAS 
DEVELOPMENT 
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Unilever 


Reseurch 


Unilever Research Laboratory, Colworth, 
wishes to appoint two pathologists to the Path- 
ology Section of the Biology Division. 

The Pathologists will assist ín the planning of 
short and long-term tests of food additives and 
skin preparations, follow the health and 
behaviour of animals during the course of these 
tests and carry out appropriate pathological 
investigations during and at the termination of 
these trials. Thework involvescloseco-operation 
with scientists working in the fields of safety 
evaluation, pharmacology and dermal toxicity. 
In addition, there will be an opportunity to 
pursue a line of research of mutual interest to 
the pathologist and Unilever. Publication of 





Medical and 
Veterinary 
Histopathologists 


research is encouraged. 
Suitable candidates could be considered for 
further training in pathology. 
Starting salary will be commensurate with the 
importance of the appointment. Unilever 
Research has an enlightened policy for the 
advancement of its Scientists. 
The company offers excellent benefits and 
facilities. Assistance wiil be given with removal 
expenses, house purchase loans, and with the 
legal costs of house purchase. 

Please write for an application form to: 

The Staff Officer (FRR/310), 

Unilever Research Laboratory, 

Colworth House, Sharnbrook, Bedford. 


| 
| 
i 
| 
| 
| 
| 
| 
j 
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LINTAS LNC 21029458 





MEDICINAL 
CHEMIST "- 


One of Britain's most substantial pharmaceutical companies wishes 
to appoint a manager of the chemistry group who will report 
directly to the Director of Research. The firm is currently marketing 
a range of highly successful products, some of which represent 
radical developments for the industry, and the new man will co- 
ordinate a team of 50 who have been very much involved with these 
syntheses. New compounds are developed by the group to pilot 
plant stage, and the work is undertaken with sophisticated facilities 
in one of the most pleasant English counties. We seek a talented 
research chemist in his 30's, with a post-graduate qualification, who 
can produce evidence of fruitful experience in the medicinal field. 
Equally, he must be able to manage and inspire a team which will 
soon be considerably expanded. Salary will be negotiated in the 
region of £4,500 p.a. (Ref: TE26/2871/N). 


The identity of candidates will not be revealed to our client without 
prior permission. Applicants should forward brief details, quoting the 
reference number, to: 


P.A. Management Consultants Ltd. 
Personnel Services Division 
60a Knightsbridge, London, S.W.1. 





UNIVERSITY OF LONDON 
KING'S COLLEGE 
DEPARTMENT OF BOTANY 


Applications are invited from Honours 
Graduates for the post of RESEARCH 
ASSISTANT to work with Dr. J, E, Keys 
on à project concerned with the physio- 
logy of succulent plants. The post, financed 
by the Agricultural Research Council, is 


for 18 months in the first instance starting 


on or about November 1, 1968, with pos- 
sible extension for a further 18 months. 
Initial salary will depend on qualifications. 
Suitably qualified graduates may register 
for a higher degree. 

Applications to be made in writimg to 
Dr. J. E. Keys, Department of Botany, 
Kings College London, 68 Half Moon 
Lane, London, S.E.24, as soon as possible. 


(1484) 





UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF CERAMICS 
WITH REFRACTORIES 
TECHNOLOGY 


Applications are invited for a post of LEC- 
TURER in the DEPARTMENT OF CERAMICS 
with REFRACTORIES TECHNOLOGY, duties 
to begin as soon as possible. The Department 
has recently been rehoused in new premises and 
has been extensively equipped; the new equip- 
mert includes an electron microscope, an X-ray 
diffractometer and electron probe microanalyser. 
A degree in ceramics, metallurgy or in pure 
science would be regarded as an appropriate 
qualification if interests and experience are in 
ceramics. Preference may be given to candidates 
with knowledge of the physics of ceramics. 
ininal salary according to qualifications and ex- 





perience in the range £1,470 to £2,630, with 
F.§.8.U. provision. 
Further particulars from the Registrar, to 


whom applications (four copies), should be sent 
by November 30. 1963. Quote Ref: R.4/G. 


(id?) 
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COTTON RESEARCH 
CORPORATION 


SOIL SCIENTIST 


The Corporation, which carries out re- 
search on cotton growing in many countries 
in Africa under agreements with their 
governments, will have a vacancy for a 
soil scientist in Tanzania in 1969. 

The man appointed will work as a mem- 
ber of the Corporation’s team at the 
Government research station at Ukiriguru, 
near Mwanza. His duties will include 
studies of the soil fertility aspects of crop 
rotations as well as of the fertilizer re- 
quirements of cotton. 

As there will be no other soil scientist 
at Ukiriguru, candidates should have suit- 
able experience, preferably in the tropics, 
as well as appropriate degrees. They 
Should be ready to take up their duties not 
later than June 1969. 

Terms of service include an overseas 
salary subject to Tanzania taxes, plus a 
supplement of 25 per cent, payable in U.K. 
(generally tax-free). Free housing and 
heavy furniture are provided, with leave 
passages every other year, medical and den- 
tal facilities for the officer and his family, 
and scholarships and travel assistance for 
schoolchildren. 

Details of career and qualifications, with 
the names and addresses of two referees, 
should be sent to Cotton Research 
Corporation, 12 Chantrey House, Eccleston 
Street, London, S.W.1. (1509) 





UNIVERSITY OF CAPE TOWN 


SENIOR LECTURESHIP OR LECTURESHIP 
IN MATHEMATICAL STATISTICS 


Applications are invited for a post of Senior 
Lecturer or Lecturer in athe Deparment of 
Mathematical Statistics, from January 1, 1969, 
or as soon as convenient thereafter. 

The salary scales applicable are: Senior Lec- 
turer: R4,500 by RISO to R4,800 by R300 to 
R5,700 per annum; Lecturer: R3,500 by R150 
to. R4,700 to R4,800 per annum, The com- 
mencing salary will be determined in accordance 
with the qualifications and experience of the 
person appointed. 

The department conducts courses in Mathe- 
matical Statistics and the stochastic fields of 
Operations Research and applications will be 
considered from candidates qualified in any of the 
above fields, 

Applicants should state their age, marital 
status nationality, qualifications, experience, 
research interests and publications, and should 
give the names and addresses of two or three 
referees. 

Two copies of the application. should reach 
the Secretary-General, Association of Common- 
wealth Universities (Branch Office), Marlborough 
House, Pall Mall, London S.W.1 (from whom 
memoranda giving the general conditions of ser- 
vice, including transport expenses on appointment, 
and information on the work of the Department 
should be obtained) not later than December 20, 
1968. A third copy of the application with a 
recent photograph and medical certificates should 
be sent direct by airmail to the Registrar, Uni- 
versity of Cape Town, Private Bag, Ronde- 
eh Cape Town, South Africa by the same 

te, 

The University reserves the right to appoint 
a person other than one of the applicants, or 
10 make no appointment. (150 








BRISBANE, AUSTRALIA 
SENIOR LECTURER IN ELECTRICAL 
ENGINEERING 


The University invites applications for the 
position of Senior Lecturer in Electrical Engineer- 
ing. Applicants should have a Ph.D. in Electrical 
Engineering or Physics (Electronics) and prefer- 
ably have had industrial experience. The ap- 
poiniee will undertake graduate and undergradu- 
ate teaching and research in the electronics-com- 
munications area. The salary range for a Senior 
Lecturer is $47,500 by $A250 (5) to $A8,750 
per annum. The University provides superannua- 
ton similar to  F,S.S.U., housing assistance, 
study leave, and travel grants, 

Additional information and application forms 
will be supplied upon request to the Association 
of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London S.W.1. 
Applications close in London and Brisbane on 
December 31, 1968. 0502) 


two senior research 








biochemists 


Applications are invited from candidates with suitable qualifications and post graduate 
experience for the two newly created posts of SENIOR RESEARCH BIOCHEMISTS 
to head research teams of graduates and assistants actively engaged in fundamental 
research work. 


The successful candidates, whose minimum ages are likely to be 30, will be expected 
to lead respective teams in one of the following fields of investigation: 


1) The incorporation of orally and parenterally administered íron into animal tissue, 
This involves the study of the absorption mechanism of iron from (a) the gastro- 
intestinal tract, (b) the site of intramuscular application, (c) after intravenous 
administration. 


2) The metabolism of drugs: initially anti-asthmatic compounds. This work requires 
experience of up-to-date advanced techniques necessary to the investigation of 
drug absorption, distribution and excretion. 


Salary will be negotiabie and will depend on qualifications and experience. 


The Biochemistry Department is exceptionally well equipped and staffed; it is part of 
the Research Laboratories which have recently moved into a newly constructed building 
as phase 1 of a continuing expansion programme. 


Fisons Pharmaceuticals is a member of the Fisons Group and the successful candidates 
will be expected to join the Contributory Pension Scheme. Other benefits and 
welfare schemes are in operation. 


Candidates will be invited to visit the new Laboratories at Bakewell Road, Loughborough 
by arrangement with the Head of the Department, 


Please write for an application form to: 
The Personnel Manager (10), 


Fisons Pharmaceuticals Limited, 
12 Derby Road, Loughborough. 


463) 





NUTRITION 
| RESEARCH 


A programme of research to discover and develop new protein 
resources with potential for animal and human nutrition on both a 
national and international scale is being carried out at the main 
Research and Development laboratories of the Ranks Hovis 
McDougall Group at HIGH WYCOMBE. 


An HONOURS GRADUATE in nutrition or other relevant scientific 
discipline, who has had at least two years’ post-graduate experience 
and, preferably, achieved a Ph.D., is required to take over responsi- 
bility for part of the research programme involving the use of poultry 
as experimental animals and also to work on aspects of poultry 
nutrition with direct practical applications. 


In addition, therefore, to being able to point to success in planning, 
conducting, and evaluating experimental work, applicants must have 
some understanding of the poultry industry. 

This appointment provides the opportunity to cross new frontiers in 
a field of research with great potential, and the salary rate for the 
job and the benefits are competitive. There are excellent modern 
facilities at the Research Centre for experimental work. 


Please reply with brief details of qualifications and career to: 


The General Manager, 


THE LORD RANK RESEARCH CENTRE 


Lincoln Road, HIGH WYCOMBE, Bucks. dub 
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MARINE BIOLOGIST 


To teach at the undergraduate and graduate level and to 
carry out research in his chosen field. A knowledge of 
bioacoustics and/or behaviour would be advantageous. 


Rank and salary are commensurate with experience. The 
successful candidate would be expected to take up the 
appointment before January 1969. 


Professor K. Ronald, 


Chairman, 


Department of Zoology, 
University of Guelph, 
Guelph, Ontario, Canada. 





Pharmacologist 


Major Pharmaceutical Company with research facilities located in 
Montreal, Canada, has an attractive career opportunity in Pharmacology. 


THE JOB 


To initiate and/or develop screening and follow-up procedures in animals, in order to 
discover new types of drugs for treatment of functional and degenerative respiratory 
disorders in man. The ability to provide leadership to a supporting staff of 3-4 is 


essential. 


THE MAN 


Young man with training in Pharmacology to the Doctorate level. Some experience in 
industry or work under a Post-Doctoral Fellowship in the area of respiratory disorders 


a real advantage. 


BENEFITS 


Top Canadian salary and growth potential. 


Comprehensive health, life insurance and 


retirement plan as well as paid passage to Canada, a 
You are invited to explore thís opportunity ín complete confidence. Applications should 


he made promptly by air mail to: 


The Director of Personnel, Merck Frosst Laboratories, 
P.O. Box 1005, Montreal 3, Quebec, Canada. 


UNIVERSITY OF MANCHESTER 
MANCHESTER, M13 9PL 
EXPERIMENTAL OFFICER IN PHYSICS 


Applications invited for this post in the 
Nuclear Physics Group in the Department of 
Physics from electronics engineers with B.Sc. or 
H.N.C. with some design experience. Further 
experience provided in one or more of the 
folowing fields: digital systems, digitally con- 
trolled servo systems and fast electronics. Two 
16 K on-line computers and excellent laboratory 
facilities available. Salary range per annum: 
£920 to £1,525. F.S.S.U. 

Application forms and particulars (returnable 
by November 8) from the Registrar. Quote 
Ref.: 188/68/Na. (286) 

ANIMAL VIRUS RESEARCH INSTITUTE, 
Pirbright, Woking, Surrey, invites applications 
from science graduates interested in joining a 
group working on the structure and biochemistry 
of viruses. Facilities are available for the suc- 
cessful applicant to work for a higher degree, 
Appointment in S.O, or S.S.O. grade. S.O. (at 
January 1, 1969) £1,020 to £1,740; S.S.O. (at 
January 1, 1969) £1,925 to £2,372. Superannua- 
tion under F.S,S.U. House available for married 
man.—Application forms and further particulars 
from Secretary. (1157) 








(1488) 





UNIVERSITY OF EDINBURGH 
Department of Mathematics 


LECTURESHIP OR 
ASSISTANT LECTURESHIP 


Applications are invited for the post of 
Lecturer or Assistant Lecturer in the De- 
partment of Mathematics. Preference will 
be given to a candidate qualified in Pure 
Mathematics. Salary Scales: Lecturer, 
£1,470 to £2,630 per annum ; Assistant Lec- 
turer, £1,105 to £1,346 per annum, together 
with superannuation benefit. 


Further particulars from the Secretary 
to the University, Oid College, South 
Bridge, Edinburgh, 8. Applications close 
on November 23, 1968. (1483) 





UNIVERSITY OF CALGARY 
CALGARY, ALBERTA, CANADA 
FACULTY OF ARTS AND 

SCIENCE 


DEPARTMENT OF 
MATHEMATICS 


Applications are invited for the position 
of HEAD OF THE DEPARTMENT OF 
MATHEMATICS effective July 1, 1969. 
This appointment will be at the full pro- 
fessor level, salary open to negotiation, but 
not less than $17,500. The Department has 


approximately 40 appointments in the pro- 
fessorial ranks and is involved in teaching 
and research in areas of pure and applied 
mathematics, statistics and computing 
science. The Department has full authority 
to offer the M.Sc. and Ph.D. degrees. 
More than 40 students are presently regis- 
tered in these graduate programmes. The 
University of Calgary has 6,000 full-time 
students with projected increases of 20 to 
25 per cent per year for the next ten years. 
The usual fringe benefits, removal allow- 
ances etc. apply. 

Inquiries should be addressed to the 
Dean of the Faculty of Arts and Science, 
University of Calgary, Calgary 44, Alberta, 
Canada. (1338) 





MINISTRY OF OVERSEAS 
DEVELOPMENT 


The Tropical Pesticides Research Head- 
Quarters and Information Unit is seeking 
an EDITOR/INFORMATION OFFICER 
to assist in the production of a quarterly 
journal devoted to the scientific aspects of 
pest control in the tropics. It is envisaged 
that the successful candidate should take 
on the entomological side of the work. 


Candidates should have a degree or 
equivalent in Entomology or a related sub- 
ject, have a flair for writing, and prefer- 
ably have some overseas experience. 


Salary wil be in the Experimental Officer 
Scale from £1,586 to £1,980 per annum, 
including Inner London Weighting. The 
work will be located in Central London. 


Applications by November 15, 1968 to: 


The Director, 

Tropical Pesticides Research Head- 
quarters and Information Unit, 

56-62 Gray's Inn Road, 

London, W.C.I. (1496) 





SOUTH AUSTRALIA 


BIOLOGY 
(PHYSIOLOGY) 


Applications are invited for appointment as 
SENIOR LECTURER OR LECTURER IN 
BIOLOGY in the Schoo! of Biological Sciences. 
The University seeks applications from biologists 
with special interests in the comparative physi- 
ology, cel physiology or physiological ecology 
of animals. Informal enquiries concerning the 
position may be addressed to the Chairman of 
the School of Biological Sciences, Professor A. 
M, Clark, Salary scales: Senior Lecturer: 
$A7.500 to $48,750; Lecturer: $45,400 to 
$47,390. Superannuation is on the PF.S.S.U. 
basis. 

Conditions of appointment, information about 
the development of the University and details 
required of applicants may be obtained from the 
Secretary-General, Association. of Commonwealth 
Universities (Branch Office), Marlborough House, 
Pall Mall, London S.W.1. or from the Registrar, 
The Flinders University of South Australia, Bed- 
ford Park, South Australia 5042, with whom 
applications should be lodged by December 6, 
1958. (1500) 


WORKER REQUIRED TO 
work on schistosomiasis at Winches Farm Field 
Station, St. Albans. Good honours degree in 
natural sciences and several years research ex- 
perience (preferably in Helminthology) essential. 
Salary up to £1,800 per annum.—Written appli- 
cations with full curriculum vitae to Assistant 
Secretary, London School of Hygiene and Tropi- 
cal Medicine, Keppel Street, Gower Street, 
London, W.C.1. (1498) 
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UNIVERSITY OF LEICESTER 
CHAIR OF ZOOLOGY 


The University invites applications for 
the Chair of Zoology and Headship of the 


Department of Zoology in the School of 


Biology, which will become vacant on 
September 30, 1959, on the retirement of 
Professor H. P. Moon. 


Further particulars from the Registrar, 
to whom applications should be sent by 
November 23. (1318) 


UNIVERSITY OF WALES 


INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
CATHAYS PARK, CARDIFF. CFI 3NU 
DEPARTMENT OF APPLIED PHYSICS 
RESEARCH ASSISTANT 


Applications are invited from graduates (or 
equivalent) in Chemistry, Physics, Electrical En- 
gineering, Polymer Science, etc., to assist with 
experimental work on the Dielectric Behaviour of 
Silicone Compounds. The post is sponsored by 
Midland Silicones, Lid.. for a period of two 
years. This is an excellent opportunity for a 
graduate to gain experience in the study of 
molecular behaviour in silicone polymers as well 
as with a wide range of electrical measuring 
techniques. The work may be suitable for a 
higher degree, Salary in the region of £850 to 
£925 per annum. 

Application forms and further particulars are 
obtainable from the Deputy Registrar (Personnel 
and should be returned by November 18. » 

(147 





UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF BOTANY 


LECTURER/ASSISTANT LECTURER IN 
PLANT TANONOMY 


Preference will be given to candidates with 
qualifications and experience in chemotaxonomy 
and/or serotaxonomy. Salary scale: — Assistant 
Lecturer, £1,105 to £1.340. Lecturer, £1,470 to 
£2,630. (both with F.S.S.U J. 
“Applications {three copies), naming — two 
referees, should be sent by November 15, 1968, 
te the Assistant Registrar (S), P.O. Box 363. 
Birmingham 15, from whom further particulars 
may be obtained. (1327) 





UNIVERSITY OF LONDON KING'S 
COLLEGE 
DEPARTMENT OF PHYSIOLOGY 


The Department will require on January J, 
1969, or as soon thereafter as possible, a 
JUNIOR LECTURER IN PHYSIOLOGY. 
Applicants should have an Honours Degree or a 
medical qualification. Salary scale: £1,415 to 
£1,775. A London Allowance of £60 plus 
F.S.S.U. benefits will also be payable. 

Conditions of appointment and application 
forms may be obtained from the Registrar, 
King's College London, Strand, London, W.C.2, 
completed forms must reach him by November 
20, 1968. (1284) 


UNIVERSITY DEPARTMENT OF 
PHARMACOLOGY 
ELECTRONICS DESIGN ENGINEER 


Department of Pharmacology, University of 
Oxford, ELECTRONICS DESIGN ENGINEER 
to design and maintain apparatus for medical re- 
search and teaching. in position of Departmental 
Research Assistant. Salary up to £2,425 accord- 
ing to qualifications and experience. 

Applications in writing to Professor W. D. M. 





Paton, F.R.S. (1440) 
ANATOMY DEPT. REQUIRES JUNIOR 
Technician/Technician (female) for Animal 


Operating Theatre. Should have biological back- 
ground; experience with laboratory animals an 
advantage.—-Application forms from Establish- 
ment Officer (Anat/2), University College London, 
Gower Street, W-C.1. (1495) 


TECHNICIAN OR SENIOR TECHNICIAN. 
with experience in electrophysiology required for 
& research project. Starting salary up to £1.342 
depending on experience and  qualifications.— 
Applications to Professor L. Wolpert, Depart- 
ment of Biology, Middlesex Hospital Medical 
School, Cleveland Street, London. WIP 7PN. 

(1474) 








THE BRITISH MUSEUM 


KEEPER 


The National Reference Library 
of Science and Invention 


The Civil Service Commissioners, at the request of the 
Trustees of the British Museum, invite applications from 
men and women for the post of Keeper of the National 
Reference Library of Science and Invention. 

The Library is one of the major scientific library projects 
of this century, and the post is one of great interest and 
very broad responsibilities. The successful candidate will be 
in charge of the Library and will be responsible for main- 
taining and improving its present services and implementing 


its further development. 


A new permanent building for the 


Library is to be erected in Central London. 

Candidates must have substantial] experience at a senior 
level of scientific documentation and proven managerial 
ability, and hold a Ist or 2nd class honours degree or a 
post-graduate degree in one of the natural Sciences. 

Likely age range 35 to 50. Salary will be £3,975, rising by 
three annual increments to £4,525. 


Fuller details of this appointment may be obtained from the 
Civil Service Commission, 23 Savile Row, London, WIX 
D quoting reference 7024/U. Closing date November 

, 1968. 
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(505) 





As part of its programme of research 
into the utilisation and exploitation of 
electrical energy, E.C.R.C. is 
investigating electrical methods for 
producing polymer films and coatings. 
Work at present is centred around 
radio frequency discharge techniques 
and is aimed at a basic understanding 
of the processes involved — both 
physical and chemical. We now wish 
to add to the team a chemist with post 
graduate and preferably post doctoral 
experience in polymer chemistry who 
will contribute to the formulation and 
execution of the programme. Other 
areas of polymer interest could 
include high speed curing of coatings 
and the development of improved 
polymers for electrical applications. 





This is a Research Officer 
appointment and will be made within 
one of a series of salary bands having 
an overall maximum of £3,145 p.a. 


Applications to: Mr. D. C. Page, 
Head of Personnel Services, 
Electricity Council Research Centre, 
Capenhurst, Chester. 
quoting ref. N {162 





SED 
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We should like to find a 
MATHEMATICIAN/ 
PROGRAMMER 


interested in integral transforms, n-dimensional geometry, information theory, 
physical optics, Boolean algebra, the numerical solution of partial non-linear 
differential equations, and other fascinating subjects. This man should also be 
able to programme an 1.C.T. 1909 in either Fortran or Algol, and should enjoy 
that occupation. We might try to interest him in analogue computation when 
it seemed appropriate. He should possess imagination, determination, a sense 
of humour, and the urge to make his own special contribution to our projects. 
He should be interested in almost anything that is likely to happen in an 
organisation like ours. In short, we seek a live wire. 


However 


we would settle for a mathematician-programmer offering slightly less and 
should we find him we would put him to work with electronics engineers, 
physicists and others on suitable problems, mostly to do with modern optics 
and pattern recognition. 
Apply to: 









The Personnel Manager (Ref: 104) 
HAWKER SIDDELEY DYNAMICS LIMITED 
Manor Road, Hatfield, Herts. 





(1518) 





TWYFORD LABORATORIES 
LIMITED 


{A subsidiary of Arthur Guinness Son & 
Co. (Park Royal Limited) 


bewenvenned 


Biometrician 


The successful applicant will provide statistical 
support to the Canadian Wildlife Service. The 
position is a challenging one offering the oppor- 
tunity to develop new techniques às applied to 
national and international wildlife problems. 


require a 


LABORATORY 
TECHNICIAN 


tc work on the chemistry of proteolytic 
enzyme involved in blood coagulation, Ex- 


Central 
Statistics Division 
Department of 
Indian Affairs and 
Northern Development 
Ottawa, Canada 


Qualifications required include a degrec in statistics 
or mathematics with a proven interest in biological 


research or a degree in biology with a major in 
statistics and biological research experience. 


Send résumés to the : 

SOCIAL-ECONOMIC PROGRAM, 

PUBLIC SERVICE COMMISSION OF CANADA, 
OTTAWA 4, ONTARIO. 


Please refer to Circular 68-430-30 in all corre- 


spondence. 
(459 





perience of general chromatographic pro- 
cedures is necessary, and it is expected that 
applicants will have H.N.C. in Chemistry 
or Biochemistry. 


Conditions of empioyment are attractive, 
and include progressive salary, 16 days 
holiday, free lunches, and good sports and 
social facilities. 


Please write for application form, giving 
brief details of qualifications and experience 
te the Personnel Officer, 309 Elveden Road, 
London, N.W.10. 05060 





os Chass in 
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UNIVERSITY OFSASKATCHEWAN 
SASKATOUN 
POPULATION GENETICIST 
BIOMETRICIAN 


Applications are invited for the position 
of Assistant Professor at the current salary 
of $9,200 to $12,200. Applicants should 


have a thorough knowledge of statistical 
design and be familiar with using a com- 


pater, The successful applicant would be 
expected to concentrate research work in 
the general field of plant genetics and teach 
a light load at both undergraduate and 
graduate levels. 

Further ifiquiries should be addressed to: 


G. M. Simpson, Acting Head, 
Department. of Crop Science, 
University öf Saskatchewan, 
Saskatoon, Saskatchewan, Canada, - 
(145 


MEDICAL EQUIPMENT OFFICERS 
MINISTRY OF HEALTH 


Two posts in the Departmental Professional 
# the General Science Section of the 
“Scientific and Technical Services Branch, for 
men or women at least 23 years of age. The 
posts are based in London but some travelling is 
involved, Training in the specialized work in- 
volved will be provided by the Deparment. 

Post (a) is concerned with a wide range of 
clinical laboratory apparatus including auto- 
mated and mechanized equipment used in clini- 
tal biochemistry, haematology, etc. 

Post (b) is concerned with all scientific aspects 
of haemodialysis equipment (** artificial kidneys "') 
and related or similar devices, 

Technical progress is rapid in these fields and 
the duties of the appointed officers will include 
providing: general professional advice on large 
scale parchases of equipment, on evaluation trials 
of new equipment and on design and develop- 
ment contracts. 

QUALIFICATIONS: Degree or equivalent 
qualification in a natural or applied science (in- 
Cluding pharmacy) with an interest in the design. 
development and evaluation. of equipment. 

SALARY .(Ínner London): £1,212 (age 23) 
£1,559 (age 28) £1,881 (age 34 or over) to £2,114. 
Nor-contributory pension; subject to certain 

w. conditions 1 government and hospital service 
;., may be aggregated with civil service for pension 

“purposes. Promotion prospects. 

WRITE to Civil Service Commission, Savile 
Row, London, WIX 2AA, for application form. 
quoting $/7022/68, closing date November 22. 
1968. (1492 


AGRICULTURAL RESEARCH | 
COUNCIL 


INSTITUTE OF ANIMAL PHYSIOLOGY. 
BABRAHAM, CAMBRIDGE 


ASSISTANT EXPERIMENTAL OFFICER or 
EXPERIMENTAL OFFICER required for the 
Electron Microscope Unit. Applicants should 
have had at feast 5-10 years experience in electron 
microscopy, Ability to maintain an electron 
microscope and a thorough knowledge of electron 
microscope techniques as used in biology are 
essential. «Minimum qualifications: G.C.E. in 
five subjects, including two Scientific subjects at 
"A" level (or equivalent). Candidates at age 
22 (or over) should have H.N.C. (or equivalent). 
This does nót apply to candidates already em- 
ployed by the A.R.C. Salary according to age 
in A.E.O. scale £625 to £859 (at age 22) to 
£1.385, Maximum starting salary at 26 (or over) 
£1,088. E.O. scale from £1,461 (minimum age 
28) to £1,910. Contributory Superannuation 
Scheme. 

Applications, with full details, and names of 
two referees, to the Secretary of the Institute, 
quoting reference EM/4. (1493) 





UNIVERSITY OF 


MANCHESTER 
MANCHESTER, 13 


RESEARCH ASSOCIATE 
(BIOCHEMIST) 


Applications invited from BIOCHEM- 
I8TS with postgraduate research experience 
for this post in the Department of Child 
Health with new research team investigating 
brain growth and development. Salary by 
arrangement, up to £1,470 per annum. 

Further details and application forms 
(returnable by November 4) from the 
Registrar. Quote Ref. 181/68/Na. 

(1230) 








SENIOR REGISTRAR 
REGIONAL BLOOD TRANSFUSION CENTRE 
ROYAL INFIRMARY, EDINBURGH 3 


This post offers wide experience in all aspects 
of blood transfusion practice including facilities 
for research and with excellent career prospects. 
The Centre provides a hospital departmental ser- 
vice, and incorporates a Blood Products Unit, 
Coagulation-Fibrinolysis Unit and Research 
Laboratories. There is a direct and close re- 
lationship with the Clinical and Laboratory De- 
partments in the area and with the University 
of Edinburgh. Although the successful candidate 
would be expected to take a full part in the 
work of the Centre, development of a personal 
interest would be encouraged. Previous experi- 
ence in blood transfusion and/or possession of a 
postgraduate qualification is desirable but not 
essential and if necessary facilities for postgradu- 
ate study are available. 

Applications, containing full details of educa- 
tion, qualifications and experience, and the names 
of three referees should be addressed to the 
Regional Director, South-east Scotland Regional 
Blood Transfusion Centre, Royal Infirmary, Edin- 
burgh 3, from whom further particulars may be 
obtained. (1482) 





MEDICAL RESEARCH 
COUNCIL 


Applications are invited for an appoint- 
ment to the scientific staff of the Council's 
Laboratory Animals Centre. The success- 
ful applicant would be responsible for 
initiating research into the environmental 
requirements of laboratory animals. Duties 
will also include the giving of advice on 
animal housing and cage design.  Appli- 
cants should be interested in laboratory 
animal science and preferably have experi- 
ence either in animal husbandry or a rek- 
vant science. 


Excellent conditions of service, F.S.S.U.. 
London allowance, six wecks annual leave. 
Salary, according to qualifications, experi- 
ence and age, will be within one of the 
following salary bands: £1.905 to £2,345 ; 
£2,450 to £2,630. 


Applications and requests for further de- 
tails of the post should be addressed to the 
Director, Laboratory Animals Centre, 
Medical Research Council Laboratories, 
Woodmansterne Road, Carshalton, Surrey. 
Telephone: 01-643-4461. (1234) 





UNIVERSITY OF QUEENSLAND 
BRISBANE, AUSTRALIA 
LECTURER IN PSYCHOLOGY 


The University invites applications for the 
position of Lecturer in the Department of Psy- 
chology. Applicants should have an appropriate 
degree in psychology and have completed or 
nearly completed a higher degree. The success- 
ful applicant will be required to conduct teach- 
ing courses, to supervise some research and will 
be encouraged to further his own researches. The 
salary range for a Lecturer is $A5.400 by $A250 
(4) by $A300 (3) to $A7.300 per annum. The 
University provides superannuation similar to 
F.S.S.U., housing assístance, travel grants and 
study leave. 

Additional information and application forms 
will be supplied upon request to the Association 
of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London S.W.1. 
Applications close in Brisbane and London on 
November 15, 1968. (1503) 


UNIVERSITY COLLEGE LONDON 


Department of Pharmacology 


RESEARCH ASSISTANT (established post) re- 
quired for work in biochemical immunology 
concerned with drug and other allergies. Pre- 
ferably M.Sc. or Ph.D. Starting salary in range 
£1,105 to £1,340 plus £60 London Allowance — 
Apply to Secretary, University College London, 
Gower Street, W.C.1. (1466) 











UNIVERSITY OF WARWICK 
TECHNICIAN 


The School of Molecular Sciences invites 
applications for a Technician in its labora- 
tories. 

Candidates should possess an intermedi 
ate C. and G. certificate or an O.N.C. or 
equivalent. They will be expected to pro- 


vide technical assistance with both teaching 


and research in modern, well equipped 


laboratories. 

Salary, depending on age, qualifications 
and experience, is on an incremental scale 
from £722 to £1,007 per annum. 

Applications to the Registrar, University 
of Warwick, Coventry CV4 7AL, as soon 
as possible. Please quote Ref, No. 
137/68. 0476) 


UNIVERSITY OF BRADFORD 


Applications are invited for the post of 
READER/SENIOR | LECTURER/LECTURER 
in Pharmacognosy. (Ref. P/R/1/5O 
Tenable in the schools of Studies in Pharmacy 
(Chairman, Professor J. M, Rowson) 
Candidates should have had experience in 
teaching and in the initiation. and direction of 
Research work in the subject. Salary wil be 
on the scales: Reader: £2,630 to £3,415 (maxi- 
mum); Senior Lecturer: £2,630 to £3,414 (maxi 


mum); Lecturer: £1,470 to £2,270 (Bar) to 
£2,630 (maximum). Post is  superannuable 
(F.S.S.U). Removal grant up to a maximum of 


£150 payable in certain circumstances. 
Application forms (please quote ref) to be re- 
turned as soon as possible and further particulars 
may be obtained from The Registrar, University 
of Bradford, Bradford, 7. 0470 


BIOCHEMISTS 
REGIONAL BLOOD TRANSFUSION CENTRE 
ROYAL INFIRMARY, EDINBURGH 3 

Applications are invited for the following 
posts : 

1, Basic or Probationary Grade 

Preferably with experience in protein chemistry 
and in modern physical and immuno-chemical 
techniques. The work will be concerned mainly 
with the preparation and quality control of 
plasma protein fractions for clinical use and in 
related research and development. 

2. Basic Grade 

In the first instance the work will be concerned 
with the development of facilities in the Coagu- 
lation-Fibrinolysis Unit, which is undergoing ex- 
pansion, in the quality control of coagulation 
factors prepared for clinical use, and with related 
research. 

Notes: (D The posts provide wide experience 
in their respective fields, and this can be extended 
1o other activities of the Department consistent 
with the requirements of the main duties. (D In 
each instance candidates should have an honours 
degree in Biochemistry or other appropriate disci- 
pline. (iii) A postgraduate qualification would 
be an advantage but is not essential. In the case 
of a suitable candidate facilities for postgraduate 
study would be made available, (iv) The salary 
scale and general conditions of service are those 
applicable to Hospital Biochemists (Professional 
and Technical Council “A 7) 

Applications, with details of age. education, 
qualifications, experience and including the names 
of two referees, to The Regional Director, South- 
east Scotland Regional Blood Transfusion Centre. 
Royal Infirmary, Edinburgh 3, from whom further 
particulars may be obtained. , (0527) 


UNIVERSITY OF HULL 
DEPARTMENT OF PHYSICS 


Applications are invited for the post of 
SENIOR EXPERIMENTAL OFFICER. 
for the low temperature-magnetics labora- 
tory in the Department of Physics. Appli- 
cants should preferably be graduates. Ex- 
perience in the fields of electron spin 
resonance, nuclear magnetic resonance, or 
techniques would be an 
advantage ; ability to maimam associated 
electronics essential. Salary scale £1,315 to 
£2,050 per annum with commencing selary 
according to qualifications and experience. 

Applications (four copies), together with 
the names of two referees, should be sent 
by November 30 to the Registrar, from 
whom further particulars may be obtained. 

(150) 
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Swiss Federal Institute of Technology 


The position of an 


ASSISTANT PROFESSOR 


IN PHYSICAL CHEMISTRY 


is open from January 1, 1969. The position requires lecturing on physical 
chemistry, chemical thermodynamics and spectroscopy and research in the 


field of spectroscopy. 


Qualified scientists are invited to submit applications, including personal 
record and scientific references, to the President of the Board of the Swiss 
Federal Institute of Technology, Leonhard-Strasse 33, CH-8006 Zurich. 


UNIVERSITY OF NATAL 
DEPARTMENT OF PSYCHOLOGY 


Suitably qualified persons are invited to apply 
for the following positions. Two posts are 
vacant and successful applicants will be placed 
on the grade appropriate to their qualifications 
and experience. No special field of interest is 
demanded, but applicants with special interests 
in Social or Industrial Psychology, or Cognitive 
theory will be preferred. 


LECTURERS OR ASSISTANT LECTURERS 
IN PSYCHOLOGY, Durban 


The salary scales attached to the posts are: 
Lecturer, R3,000 by R150 to R4,800 per annum 
and Assistant Lecturer, R2,400 by R150 to 
R3,.000 per annum. In addition an annual vaca- 
tion bonus is payable subject to Treasury regu- 
lations. The commencing salaries will be depen- 
dent on the qualifications and/or experience of 
the successful applicants. 

Further particulars of the posts and of the 
concomitant amenities such as travelling expenses 
on first appointment ; pension, medical aid, staff 
bursary and housing loan schemes; long leave 
conditions, etc., are obtainable from the Associa- 
tion of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London 


S.W.t. Applications, on the prescribed form, 
must bz lodged not later than November 15, 
1968. (1469) 








UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
CONTROLS SYSTEM CENTRE 


A vacancy exists for a LECTURER in the 
general area of control theory. The appointment 
would be made in the Control Systems Centre 
or in the Department of Mathematics as appro- 
priate. Applicants should have a research inter- 
ext in some aspect of control theory, stochastic 
control problems being the area in which it is 
most desired to strengthen. A mathematician, 
Statistician or engineer with suitable background 
would be considered. Salary within the scale 
£1,470 to £2,630 with superannuation under 
F.S.S.U. 

Requests for application form quoting reference 
CSC/L/I should be addressed to the Registrar, 


(1512) 





UNIVERSITY OF 
NEWCASTLE UPON TYNE 


Applications are invited for the following 
posts from persons with interests in botany, 
biochemistry, or microbiology : 


(a) Rescarch Associateship for study of 
the origin and biochemistry of fluoroacetate 
in Acacia and other fluoride-tolerant plants, 
Analytical and enzymic studies will figure 
prominently in these investigations. 


(b) Research Associateship for study of 
the intermediary metabolism and enzymo- 


logy of detergent 
organisms, 


Salary on the scale £1,105 to £1,260 plus 
F.S.S.U. benefits. 


Applications, including the names of two 
referees, should reach Dr. R. B. Cain, 
Department of Botany, The University, 
Newcastle upon Tyne, NEI 7RU, as soon 
as possible. (1461) 


breakdown by micro- 





MINISTRY OF DEFENCE 
(NAVY DEPARTMENT) 
NAVAL RADIOLOGICAL PROTECTION 
SERVICE 


EXPERIMENTAL OFFICER required at R.N. 
Medical School, Alverstoke, Hants, to take charge 
of electronic laboratory and to supervise the use 
of health physics instruments. Temporary ap- 
pointment initially but there will be an oppor- 
tunity for candidates to compete for permanent 
pensionable appointment. Candidates must be 
well qualified Electronic Engineers, able to under- 
take Electronic development work, Experience 
of nucleonic counting equipment multi-channel 
analysers, electro-mechanica] devices required. 
Previous experience in a health physics 'aboratory 
an advantage, but additional training will be 
given as appropriate. Minimum qualifications— 
H.N.C. in applied physics, or equivalent, Degree 
in Electrica! Engineering or equivalent desirable. 
Salary: £1,461 to £1,855. 

Write to MINISTRY OF DEFENCE (Navy 
Depar:ment)). CE1(N)368, Old War Office Build- 





U.M.LS.T., Sackville Street, Manchester. M60 ing, Whitehall, London, S.W.1, for applisacen 

1OD. Completed forms to be returned by forms. Closing date: December 13, 1968. 

November 30. 0470 (1494) 
SYMPOSIUM 








KINGSTON COLLEGE OF TECHNOLOGY 


The symposium will consist of one principal lec- 
ture and a number of short research communica- 


SYMPOSIUM 


tions in the following fields: 
resonance spectroscopy, electron spin resonance 


Nuclear magnetic 


spectroscopy, vibrational spectroscopy, electronic 


“Spectroscopic Methods 
in Organometallic 
Chemistry" 


July 16th, 17th and 18th, 1969 


spectroscopy, mass spectrometry and Mossbauer 
spectroscopy. 

Principal lecturers : 

Dr. E. W. RANDALL 

Dr. P. B. AvscoucH 

Dr. A. J. Downs 

Professor P. G. PERKINS 


Dr. M. F. LaPPERT 
Dr. T. C. GIBBS 


Contributions to the short communications are invited; application forms and further 
particulars from Dr. f. H. Morris, Kingston College of Technology, Penrhyn Road, 


Kingston upon Thames, Surrey. 


(1489) 
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UNIVERSITY OF LEICESTER 
CHAIR OF PHYSICS 


The University invites applications for 


the Chair of Physics and Headship of the 


Department, which will become vacant on 
September 30, 1969 on the retirement of 
Professor E. A. Stewardson. 

Further particulars from the Registrar, 
to whom applications should be sent by 
November 23. 0317) 





NATIONAL BLOOD 
TRANSFUSION SERVICE 
(OXFORD REGIONAL HOSPITAL BOARD) 


Applications are invited for the newly estab- 
lished post of 


CHIEF TECHNICIAN II 


To take charge of the Regional Blood Trans- 
fusion Centre Laboratory and staff of 33 en- 
gaged on blood grouping and ante-natal serology, 
blood banking, plasmapheresis and the develop- 
ment of plasma fractionation processes. A 15- 
channel blood grouping machine and a single- 
channel autoanalyser are being installed. — The 
rapidly expanding work entails close liaison with 
the M.R.C. Coagulation Research Centre and the 
Oxford Haemophilia Treatment Centre. Whitley 
Council conditions of service apply. Salary with- 
in the scale £1,825 to £2,175. Prospective candi- 
dates must possess F.LM.L.T. qualification in 
Haematology and Blood Transfusion. 

Applications, stating age, qualifications, present 
post, previous experience and the names of two 
referees, should be sent to the Director, Regional 
Blood Transfusion Centre, Churchill Hospital, 
Headington, Oxford, not later than November 9, 
1968. (481) 


ULSTER CURERS' ASSOCIATION 
TECHNICAL DIVISION 


2 GREENWOOD AVENUE, BELFAST 4, 
N. IRELAND 

Applications are invited for the post of RE- 
SEARCH BIOCHEMIST, preferably with experi- 
ence of the chemistry of fats. Qualifications: 
Honours degree in Biochemistry. Salary scale: 
either S.O. £991 to £1,684 or S.S.O. £1,866 to 
£2,306 according to qualifications and experience. 
Superannuation. scheme, (145D 





NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 
CHEMICAL MICROBIOLOGY DEPARTMENT 
Applications are invited for a post of 
SCIENTIFIC OFFICER/SENIOR SCIENTIFIC 
OFFICER from qualified biochemists or chemists 
interested in protein and enzyme research. The 
successful candidate will be encouraged to under- 
take original work of fundamental importance. 
He will also be expected to contribute to the 
research on casein, milk clotting and cheese- 
making now in progress, Minimum qualification 
first- or upper second-class honours degree or 
equivalent. Grading as S.O. £991 to £1,684 
(£1,020 to £1,740 from January 1, 1969) or S.S.O. 
£1,866 to £2.306 (£1,925 to £2,372 from January 
1, 1969) will depend on age and experience. 

F.S.S.U. 

Arely, naming two referees, to the Secretary, 
N.LR.D. Shinfield, Reading, and quote refer- 
ence 68/1902. 510) 








LABORATORY 
IMMUNOLOGIST WANTED 

PH.D. to jem research laboratory working on 
transplantation immunology. University medical 
cemre in New York City. Modern laboratory, 
ample space and facilities. Housing available. 
ExceHent salary and liberal employee benefits. 

Please send résumé to Box N.572, 125 W 41 
Stree. NYC 10036 USA. (1504) 


UNIVERSITY OF IBADAN 
NIGERIA 
Applications are invited for post of PROFES- 
SOR IN DEPARTMENT OF PHYSICS. Salary: 
£N3,000 per annum (£NI-£l,3s. 4d. sterling). 
Salary supplemented by £600 per annum (Sterling) 
in appropriate case under British. Expatriates Sup- 
plementation Scheme. Family passages; various 
allowances ; F.S.S.U., regular U.K. leave. 
Detailed applications (ix copies), naming three 
referees by December 1, 1968, to Inter-University 
Council, 33 Bedford Place, London, W.C.1, from 
whom particulars may be obtained. (1507) 
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An der Eidg. Technischen Hochschule Zürich 
ist auf den 1 April 1969, ev. nach Vereinbarung, 


eine 


PROFESSUR FOR THEORETISCHE 
ORGANISCHE CHEMIE 
zu besetzen. 


Interessenten sind gebeten, ihre Bewerbungen 
mit den üblichen Unterlagen (Lebenslauf, Ver- 
zeichnis der wissenschaftlichen Publikationen) bis 
am. 31 Dezember 1968 dem Präsidenten des 
Schweiz, Schulrates, Leonhardstrasse 33, 8006 
Zürich. zu unterbreiten. (1479) 


~ QUEEN ELIZABETH HOSPITAL 
FOR SICK CHILDREN 
HACKNEY ROAD. LONDON, E.2 


; SENIOR MEDICAL LABORATORY TECH- 
NICIAN required for a new post in the Cyto- 
genetic Unit. The work is concerned with the 
investigation of Human Chromosome Abnor- 
“malities and Research in Tissue Culture, Ex- 
perience in tissue culture techniques desirable. 
Whitley Council salary scale and conditions of 
service. 

Apply in writing giving names and addresses of 
two referees, to Dr. B. Levin (Consultant Path- 
ologisy). (1491) 





UNIVERSITY OF ABERDEEN - 
RESEARCH ASSISTANT IN PHYSIOLOGY 


Applications are invited for above post for work 
with Dr. T. J. Crow on physiological mechanisms 


in behaviour (including experiments on intra- 
eranial stimulation). Candidates should have a 
degree inm a biological or behavioural science and 
an interest in psychophysiological research. The 
appointment is full-time but permission may be 
given for work for a higher degree. Salary scale: 
£735 by £50 to £835. Superannuation (F.S.S.U ). 

Further particulars from the Secretary, The 
University, Aberdeen, with whom applications (2 
copies) should. be lodged by November pr ud 


“TECHNICIAN (SENIOR) 15 REQUIRED 
for the Depattment of Zoology and Comparative 
Physiology. Main duties involved: organisation 
and running of teaching laboratories, to assist 
with the training of Junior Technicians. Excel- 
lent facilities including aquaria, vivaria and other 
animal rooms. Salary scale £987 to £1,225.— 
Applications: Personnel Adviser, University of 
Birmingham, P.O. Box 363, Edgbaston, Birming- 
ham 15, or ring 472 1301, Ext. 434, quoting 
Reference 141/ST/181. 0521) 


PHYSICS GRADUATE, “BSC. OR PH.D. 
with an interest in acoustics required to join a 
team studying biological mechanisms of ultra- 
sonic exposure of animal cells and tissues. Direct 
previous experience not essential but an interest 
in biophysics desirable.—Apply in writing, giving 
details of qualifications and experience to the 
Secretary, Guy's Hospital Medical School, Lon- 
don Bridge, S.E.1. (1475) 


UNIVERSITY OF ALBERTA 


Research Assistantships and Graduate Teach- 
ing Assistantships from $3,500 to $4,600 per year 
plus waiver of tuition are available to students 
studying for degrees of Ph.D. and M.Sc. in 
Chemistry. Travel allowances up to $250 are 











provided. 
For further information write: Dr. H. E. 
Gunning Head, Department of Chemistry, Uai- 


versity of Alberta, Edmonton 7, Alberta, Canada. 
(0507) 


THERE WILL SHORTLY BE A VACANCY 
in our Endocrine Laboratory giving opportunities 
for advanced technical work. Whitley Council 
conditions Senior I grade (£1,155 to £1,485 per 
annum). Previous endocrine experience not 
essential but a research background would be an 
advantage. Applicants must be eligible for State 
Registration.--Applications, giving age, qualifica- 
tion, full details of experience and the names of 
two referees, to the Chemical Pathologist. Hospi- 
tal for Sick Children, Great Ormond Street, 
WC.. (1504) 








G.K. BUREAU 


SCIENTIFIC APPOINTMENTS 
are seeking Veterinary Surgeons, Chemists, 


< Physicists, Applied Biologists and Geolo- 
gists. TECHNICIANS for animal houses, 
colleges, hospitals, research centres or in- 
dustry,—Miss J. Hortin, 196 Oxford Street, 
London, W.1, 01-636-6858. No fees to 
pay, (1519) 
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UNIVERSITY COLLEGE HOSPITAL 
GOWER STREET. LONDON, W.C.I 
CYTOLOGY DEPARTMENT 
(ST. PANCRAS HOSPITAL) 
SENIOR 1 TECHNICIAN or TECHNICIAN 
required. Applications from Junior Technicians 

wil be considered. 
Application forms and further details from 
As stant Secretary. (1526) — 


OCEANOGRAPHER — 
CALIFORNIA 


PHYSICAL/CHEMICAL OCEANOGRAPHER 
reduired to develop course in either specialty: 
also to teach introductory and intermediate 
courses in general oceanography. Ph.D. pre- 
ferred. Graduate programme currently under 
consideration. 

Write Chairman, Department of Geology, Cali- 








fornia State College, Long Beach, California 
90801. (1261) 
EIDGENOESSISCHE TECHNISCHE 
HOCHSCHULE 
LABORATORIUM FUER 
FESTKOER PERPHYSIK 
(GLORIASTRASSE 35, 8006 ZURICH, 
SWITZERLAND) 


Applications are invited for the position of an 
INORGANIC or SOLID STATE CHEMIST in 
the group for crystallisation and preparative solid 
state chemistry. Young Ph.D.s are preferred. 
The work involves investigations of new methods 
for purification and crystallisation of rare earth 
compounds by very high temperatures, problems 
of nonstoichiometry and solid state reactions, X- 
ray work, vapour pressure measurements, analyti- 
cal problems, etc. 

Applications, giving full particulars and names 
of referees, should be sent to the above MM 











INFORMATION SCIENTISTS 


Geneticist or Biochemist with sound know- 
ledge of genetics. Experienced Information 
Scientist with knowledge of Marine Botany. 
Graduates in Pharmacy, Microbiology or 
Medical Sciences wishing to train.—Miss 
Hortin, 196 Oxford Street, London W.1, 
01-636-6858. No fees to pay. (1525) 








GRANTS & SCHOLARSHIPS 
SCHOLARSHIPS ABROAD 1969-70 


Applications are invited from British students 
for scholarships offered by Afghanistan, Austria, 
Belgium, Brazil, Bulgaria, Czechoslovakia, Den- 
mark, Finland, France, Germany, Greece. 
Hungary, Iceland, Iran, Israel, Italy, Japan, 
Mexico, Netherlands Norway, Poland, Portugal, 
Rumania, South Africa, Spain, Sweden, Switzer- 
land, U.S.S.R., and Yugoslavia. The awards 
are mainly for university graduates and are ten- 
able for periods varying from one to twelve 
months during the academic year 1969-70. 

Ful particulars and application forms, for 
which a stamped (4d. self-addressed adhesive 
label should be sent, are obtainable from Ref. 
U9, British Council, Universities Department, 
State House, High Holborn, London, W.C.1, or 
from any British Council office in the United 
Kingdom. Applicants should state for which 
countries they require particulars- (1480) 


FOR SALE AND WANTED 








WM. DAWSON & SONS LTD. 
Back Issues Department, 
16 West Street, Farnham, Surrey, 
England. 


Tel: Farnham 4664. 


Offer top prices for : 
BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HUMANITIES 

ai 





WANTED : " BLACKWOOD'S MAGA- 
zine,” “ The Annual Register," and almost 
any scientific and learned periodicals, pro- 
transactions,  etc.—H,. — Pordes, 
N.W.. 
(1297) 


ceedings, 
529B Finchley Road, London 
Tel. 01-435 9878/9. 





Wanted and for Sale 

Scientific and Technical Reviews 
SANTO VANASIA, 58 Via M. Macchi, 
10124 MILANO 


OD 








FELLOWSHIPS AND 
STUDENTSHIPS 


EAST MALLING RESEARCH 
STATION 
V. H. BLACKMAN RESEARCH 
STUDENTSHIPS, 1969 

The East Malling Research Station Associauon 
offers posigraduate Studeniships of £700 per 
annum (tax free), normally tenable for at least 
three years, for training in research methods. d 
is hoped that one award in 1969 can be made 
for studies on the relations between soil fauna 
and the roots of fruit plants, with another for 
work on post harvest physiology. Awards would 
be considered in plant bacteriology, ar in the 
water relations of plants, or in crop physiology, 
or in virology, or in histology and electron 
microscopy or in plant patbology, or in bio- 
metrical statistics, Candidates of adequate stand- 
ing having other interests will receive full con- 
sideration. 

Application forms are obtainable from the 
Secretary, East Malling Research Station, East 
Malling, Maidstone, Kent, to whom they should 
be returned not later than December 15, eet 

i490 


UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF ELECTRONIC 
AND ELECTRICAL ENGINEERING 


Applications are invited from electronic eniin- 
eers or physicists for a RESEARCH STUDENT- 
SHIP to study the characteristics of braided co- 
axial cables at microwave frequencies. "The de- 
partment currently has a small group working on 
this and related problems. The successful candi- 
date will be expected to register for a higher 
degree. 

Applications, with the name of one referee, 
should be sent to Professor F. A. Henson, De- 
partment of Electronic and Electrical Engineer- 
ing, The University. Mappin Street, Sheffield Si 
35D without delay. Quote Ref.: R.6/G. 

(473 











ROYAL DENTAL HOSP TAL OF 


LONDON 
SCHOOL OF DENTAL SURGERY 
WARWICK JAMES FELLOWSHIP 

Applications are invited for the post of Re- 
search Assistant under the terms of the Warwick 
James Fellowship in the Department of Oral 
Anatomy. Applicants must be graduates in 
science, dentistry, or medicine. The interests of 
the Department are in electron microscopy and 
histochemistry, particularly in relation lo epi- 
thelial tissues, cartilage and bone. Previous re- 
search experience in these fields is not necessary. 
Salary will be in accordance with age and qualifi- 
cations and facilities for study for a higher degree 
will be available. 

Applications, including the names of two 
referees, should be submitted sot laser than 
December 2. 1968, and addressed to: Professor 
H. J. J. Blackwood, The Royal Dental Hospital 
(University of London}, 32 Leicester Square, 
London, W.C.2 (iste? 


UNIVERSITY C OLLEGE OF 
SWANSEA 
PHYSICAL PROPERTIES OF GRAPHITE 


A Feilowship/Research Suidentship is offered 
to pure and applied science graduates for the 
study of the effect of the high distortions result- 
ing from high doses of neutron irradiation at 
high temperatures on the physical prope of 
graphite, The work is supported by the United 
Kingdom Atomic Energy Authority. 

For further details, please apply to Dr. G 
Jenkins, Department of Metallurgy, University 
College of Swansea, Singleton Park, Swansea, 
Glam. (1497) 














ZOOL OGIS TS 


Three post-Doctoral Fellowships available in 
the next twelve months. Areas of research: 
(D Physiology of marine mammals. (2) Fish bio- 
logy. (3) Insect pathology and symbiosis. 

Apply sending curriculum vitae and references. 
Salary between $6,000 to $7,200 per annum, some 
travel allowance available.—Professor K. Ronald, 
Chairman, Department of Zoology, University of 
Guelph, Guelph, Ontario, Canada. (0524) 
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* . NATIONAL RESEARCH 
> COUNCIL OF CANADA 


 POSTDOCTORATE 


FELLOWSHIPS 
1969-70 


Approximately 120 Fellowships will be 
awarded for 1969-70 by the National Re- 
search Council, “They will be tenable in 
the laboratories: of the National Research 
Connell, Department of Agriculture, De- 
partment of Fisheries and Forestry, Depart- 
ment of Energy, Mines and Resources, De- 

“apartment of National Health and Welfare, 
Fisheries Research Board of Canada, 
Meteorological Service of the Department 
of Transport, National Museums of 
Canada, and Atomic Energy of Canada 
Limited. 

An applicant should not.have reached 
bis 36th birthday by March 31 of the year 
in which the fellowship is to be taken up 
and should possess a Ph.D. degree from 
a recognized university or expect to obtain 
such a degree before taking up an award. 
(Candidates having equivalent research ex- 
perience may be considered.) There are no 
restrictions regarding nationality of appli- 
cants, but successful applicants must meet 
ali Canadian immigration requirements. 
Ho? competition closes on January 15. 


The annual stipend, which is free of 
Canadian income tax, is $6,000 for both 
single and married Fellows and $7,200 for 
a married Fellow (male) with-a child or 
chilkiren.. A grant is provided towards the 
cost of travel. 


* Inquiries should be addressed to: 


Postdoctorare Fellowships Office, 
National Research Council of Canada, 
Ottawa 7, Canada, (1194) 






UNIVERSITY OF NEW ENGLAND 
ARMIDALE, NEW SOUTH WALES 
DEPARTMENT OF PHYSICS 


fEACHING FELLOW IN PHYSICS 

Applications are invited for the above- 
mentioned position from persons with qualifica- 
dons related to one of the following fields: Ton- 
ization, Discharge and Plasma Physics, Solid 
State Physics or Tonospheric Physics. The ap- 
pointee will be expected to undertake research 
in one of these fields. Duties include twelve 
hours’ teaching, demonstrating and marking per 
week. Applicants should have, or expect to 
obtain this year, a good honours degree and will 
be expected to enrol for a higher degree. Com- 
mencing salary will be determined according to 
qualifications and experience within the range 
$A3,375 by $A225 to $A4,275, Provision is made 
for travel and removal expenses. 

. Further particulars may be obtained from the 
Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, 
London, $.W.1. Applications close on Novem- 
ber 25, 1968. (1470 





organic, 
chemistry. 


PHARMACEUTICALS DIVISION 
ALDERLEY PARK RESEARCH. .. 
LABORATORIES 


Research 
Fellowship. 


A Fellowship will be available from 1st January, 1969 
for a period of one or two years, for a. post-doctoral 
Chemist or Biochemist to work with Dr. J. S. Morley's 


group at the Alderley Park laboratories. 





The successful 


applicant will be experienced in the separation of low 
molecular weight proteins, and would work on the 
solation and synthesis of biologically-active peptides. 


The 


stipend would depend on qualifications and 


experience, probably in the range £1,500—f£1,800, plus 
£100 allowance for superannuation/life assurance cover. 


Enquiries, giving brief details cf age, qualifications and 
experience, should be addressed to: 


J. Leak, Assistant Personnel Manager, 


wh " es 


THE QUEEN'S AWARD TO INDUSTRY 
1966 1987 16% 


UNIVERSITY OF TORONTO 
DEPARTMENT OF CHEMISTRY 


Applications are invited for admission to pro- 
grammes leading to the degree of 
Ph.D. in the fields of analytical, biological, in- 
theoretical 
Prospective graduate students should 


organic, physical and 


have, or expect to receive, an honours degree in 
chemistry (or its 


equivalent), All 


and 


students 


Imperial Chemical Industries Ltd., 
Pharmaceuticals Division, 
Mereside, Alderley Park, 
Macclesfield, Cheshire. 


5110 





accepted are assured of financial support through 
Scholarships or Teaching Fellowships and a 
minimum stipend of $3,600 per annum is guaran- 
teed, (Teaching fellowships involve assistance 
with undergraduate. laboratory supervision up to 
a maximum of two periods (six hours) per week.) 
Assistance with travel is also provided. y 
For further information please write, quoting 
N1, to Dr. D. 1. Le Roy, Chairman, Department 
of Chemistry, University of Toronto, Toronto 5, 
Ontario, Canada, (1505) 


THE CIBA FELLOWSHIP TRUST 


Opportunities for scientific research 
on the Continent of Europe 


Applications are invited for a number of 
CIBA Fellowships which will be 
awarded in February 1969, to enable 
graduates of Universities in the United 
Kingdom and the Republic of ireland to 
carry out research at Continental 
Universities during the academic year 
1969/70, in chemistry, physics or 
some other allied scientific subjects. 
Applicants may be at present either at 
University or in Industry. 

The basic value of the post-doctoral 
Fellowships has been increased to 
£1.400 per annum. Applications from 


recent university graduates who wish 
to undertake pre-doctoral research are 
considered on individual merit and the 
value of Fellowships will vary accord- 
ingly. Additional allowances are made 
for travel to and from the Continent 
and according to marital Status. 
Fellowships are tenable for one year in 
the first instance but there are oppor- 
tunities for renewal for a further one or 
two years. 

The CIBA Fellowship Trust was 
founded in 1958 by the CIBA Com- 
panies of Great Britain for the purpose 





of improving and increasing the inter- 
change of ideas between scientists in 
the United Kingdom and the Continent. 
Those interested should write to The 
Secretary, The CIBA Fellowship Trust. 
96 Piccadilly, London W1V OLN, who 
will provide full details and application 
forms. 

The closing date for applications 
is 16th December 1968. 





(1486) 
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SCHOLARSHIPS FOR PH.D. DEGREE COURSES 


Applications are Frivited for research scholarships. Applicants should have capacity for 
research and should hold, or expect to hold, a Bachelor's degree with at least upper second 
class honours ¿or a master’s degree. or equivalent, from a recognized University. , Successful 
applicants will normally be enrolled for the course for the degree of Doctor of Philosophy of 
"this: University. 


^ scholarship is awarded initially for two years, subject to satisfactory progress, but normally 
this will bé extended for the whole period of the approved course, usually three years. 
Scholarships may normally be taken up at any time after award subject to the agreement of 
“Head of the Department concerned, 


The basic allowance is $42,330 per annum tax free. Additional allowances of $A775 per 
annum for the first child and $4225 per annum for each other child are paid to a married 
scholar with dependent children. A married scholar without dependent children whose wife 
is not employed may apply for an additional allowance of $A550 per annum. 


Scholarséáre exempt from fees for admission, tuition and graduation but mus: pay a generai 
services fee of SAIS per annum as a contribution to various University student organizations, 
Return fares toCanberra for the scholar. his wife and dependent children and a grant for 
“some removal expenses are paid. Assistance with accommodation is provided for mos! scholars. 





Geophysics 
Aerophysics 
Electron and Ion Physics 


Experimental Pathology 
Biochemistry 
Physical Biochemistry 


Bi K: Medical Chemistry Engineering Physics 
Microbiology. Chemistry Nuclear Physics 
Population and Environ- Inorganic Chemistry Solid State Physics 

mental Biology Organic Chemistry Theoretical Physics 
Botany ai Physical Chemistry Astronomy 
Forestry: . Zoology Theoretical Chemistry Mathematics 
Physiology |^ Geochemistry Computer Science 
Clinical Science Geology Statistics 


Applica ön forms and further particulars are available from the Academic Registrar, Australian 


National University. or from the Association of Commonwealth Universities, Marlborough 
House Pall’ Mall, London, S.W.1, England. 


Completed applications from overseas should be sent direct to the University and not to the 
nearest Australian. Embassy or Consulate. Successful applicants will be notified of any 
requirements which they will bave to satisfy for entry into Australia as private students. 
Applications. should preferably be made by the end of January, April or September but 
consideration will be given to applications at other times, 


C. G. PLOWMAN, 
Academic Registrar, 


Box 4. P.O., 
B S CANBERRA, A.C.T. 2600. AUSTRALIA. 


(1296) 








LECTURES AND COURSES 


City of Liverpool m 
Education Committee 


0 


LIVERPOOL REGIONAL COLLEGE OF TECHNOLOGY 
Byrom Street, Liverpool 3 


RADIATION SAFETY AND 
HEALTH PHYSICS 


The first 29 courses in this popular series have catered for over 


600 people, mainly graduates in their own field of work. The 30th 

course will emphasise the practical problems encountered in the use 

of radioactive materials and ionizing radiations, and is designed for 

the training of radiological protection officers and designated persons 

m Industry, Defence Establishments, Hospitals, Research, and 
ucation. 


The standard course, which provides for the use of all types of 
counter and health physics instruments, can be modified slightly to 
suit individual requirements. The college staff, already well- 
experienced, will be supported by specialist lecturers from the 
U.K.A.E.A., Universities, and Hospitals. 


Full details of the course and an application form can be obtained 
from the Nuclear Studies Section, Department of Chemistry and 
Biology, at the College. uen 

i 1487. 
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The Grant SU2 thermostatic control unit 
enables any vessel or sink to be used as a 
thermestatic water bath. A centrifugal pump 
can be fitted to circulate water through 
external apparatus. 

This unit is very robust; a stainless steel 
shield surrounds the submerged components 
for protection. 

Sensitivity is +0.25 deg C in vessels holding 


| ` control - unit à 


40.1 deg C in a 


at least 10 litres, and 
30 litre vessel. 

All Grant equipment is guaranteed for 
two years, and, in the United Kingdom, 
we operate a 48 hour repair service. 


UK prices: 


UM. 
s 
^. 


SU2 £2500 (£300 I with a . 


pump). 


Grant Instruments (Cambridge) Ltd., Barrington, Cambridge, CB2 50Z, England Tel: erat 528, Telex: 81328 
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HEATHWAY 


New charge image 
New Design Model S3-3 in. Bore S E 


BENCH MOUNTED CENTRIFUGAL LATHE detector 
dl occ nm Structure of RNA 
Swing over bed 16 in. 
6 splined main drive shaft helices 


Equipment Quick acting chucks 
Centrifuging saddle 
Bearing Bracket for Carbon Roller « 
Other models available S 3-2 in Bore, Speed range 60-2500 rev/min. Copper cathode 
S 3-2 in Bore, Speed range 5-480 rev/min. 
S 3-3 in Bore, Speed range 3-360 rev/min. growths 


May we send you details of our range of lathes and equipment 


Write or phone: ° . 

The HEATHWAY MACHINERY CO., LTD. Coitus in the 
UXBRIDGE ROAD, HILLINGDON, MIDDX. " "7/8 
TEL.: UXB 36345/6 * GRAMS: HECO UXBRIDGE menstrual cycle 


Or contact one of our Overseas Agents : Canada: Nortel Manufacturing Ltd.—Scarborough, 
Ontario, France: P. Foulon—Paris. Holland & Belgium: A. Bruyaux—Amsterdam. Australia: H. B. 
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EDWARDS ROTARY VACUUM 
PUMP DISPLACEMENTS 


UPRATED 20% -at no extra cost! 


H 


REDUCTION IN TIME TAKEN TO EVACUATE A 50 litre VOLUME 
which can be achieved using the new ES/ED100 series 
instead of the ES/ED75 series which it replaces 


1000 
760 


100 


10 | | PRODUCTIVITY | 


A saving of 1.3 minutes 
in a 7.3 minute cycle 


to O.1 torr 





Pressure: torr 


two stage 
pumps 


PRODUCTIVITY 


Nearly 2 minutes 
saved in a 10 minute 
cycle to 0.01 torr 


JUN 5 Z8 
Time: minutes 





11 of Edwards rotary pumps now have 15-20% higher 
pumping speeds than the corresponding models they replace 
—without significant changes in dimensions. You get shorter 
pump down times and sharply and increased productivity— 
the ES/ED100 series, subiect of the above graph, is typical of 
all the uprated pumps. And the new models are as quiet as ever. 
You'll need a guide to these uprated pumps; we have one 
ready—a summary that highlights the new performance 
figures at a glance. Ask for Publication No. 03824. 


f= EDWARDS 


EDWARDS HIGH VACUUM LIMITED ET MANOR ROY AL CRAWLEY SUSSEX ENGLAND 


Telephone: Crawley 28844 Telex: 87123 Edhivac Crawley 





A member of the British Oxygen group of companies 
GD 464 


[Bar p 
Manufacture e 
Precision . 
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a CIRCON 
^" NOW £30 









CIRCON controls a situation 


Circon converts almost any vessel to a thermostatically controlled waterbath. 







Range: ambient temperature to 90?C. 
Accuracy: within + 0.05?C. 
Capacity: unlagged tanks up to 91 litres. 
Minimum water level: 14cm 
Pump output: 12 litres/minute within waterbath 
5 litres/minute against 61cm. head of water. 









Dial-a-temperature control. 

The "Circon" will circulate temperature controlled water through external equipment 
whilst stirring and maintaining the temperature of the waterbath 

Price £30 (standard) Cat. No: 329/0025. Ask for leaflet T172 

Write or 'phone for further information 







PRECISION EQUIPMENT MANUFACTURED BY BAIRD & TATLOCK (LONDON) LIMITED : 


ESESIE7 Baird & Tatlock (London) Ltd., Chadwell Heath, Essex, England. Tel: 01-590 6081 
A Division of the Derbyshire Stone Group Telex: 24225. Cables: Burette, Romford. 


TAS/BT.204 
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Fill these shoes 


It's not difficult to fill these protective 
shoes worn by all of us at the Cyclo- 
tron and Isotope Laboratories, in 
Petten, The Netherlands. Just step in! 
Walk over to our modern Philips 
Universal Cyclotron. Take a stroll 
through our new Isotope Laboratories. 
including the hot lab and tracer lab. 
Take a look at the 30MW High-Flux 
Reactor located just across the road. 
And then, if you like, make your- 
self at home. All this equipment is 
available - on a time-rental basis - for 
any experimental or pilot project you 
may have in mind. The cyclotron is 
remarkably versatile and powerful, 





save money! 


providing a choice of accelerated 
protons, deuterons, He? particles or 
alpha particles... a variety of beam 
currents and energies... and internal, 
separated or external beams, at your 
option! 

Now, we don't claim that these 
shoes are "magic" or anything like 
that, but they are unusual. Do you 
know a better way to conjure up a 
fully equipped isotope laboratory and 
cyclotron at a day's or week's notice? 
So, if you are engaged in isotope 
research, radiation chemistry, activa- 
tion analysis, materials research, or 
radiobiology, step right up and see for 
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yourself how much time and money 
these shoes can save you. The- full 
story is in our brochure, entitled “How 
to put more energy into your research 
programme". 

Ask for your free copy now. 


Cyclotron 
and Isotope 
Lahoratories 


puphar 





N.V. Philips-Duphar, 
Cyclotron and Isotope Laboratories, 
Petten, The Netherlands. 
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associate big computer power 


| with big prices, 
here's a surprise package 





from Ferranti. 


The new FERRANTI ARGUS 'L 


High power, low cost 
laboratory computing system. 


ARGUS 400 and 500 computers are firmly established as Britain's leading Micro- 

miniature Digital Computers for on-line process control systems, 

Sowhat? o- 

Just this — for the on-line control of laboratory experiments and research projects, 

Ferranti have developed ARGUS 'L', a low-cost computer package. A complete 

system offering all the power of ARGUS systems — at prices which start below 

£14,000. For that you get the Standard ARGUS 400 computer, power supplies, 

core store, input/output equipment etc.-—a complete working system. Or, if you 

prefer, you can choose the more powerful ARGUS 500 computer (Parallel mode) 

for an all-in price of £17,500. Core storage and peripherals can be expanded as 

much as you like. 

Here are some brief facts which demonstate the power and versatility of ARGUS 

'L' systems. 

24 BIT WORD LENGTH — ARGUS 'L' is the only system of its kind to offer the 

flexibility of a 24 bit word. 

CORE STORE Fully expandabie up to 61,000 words. 

FULL STANDARD INTERFACE for linking with your own equipment or other 

ARGUS input/output units. 

FULL DIRECT STORE ACCESS and multi-channel interrupt facilities. 

SOFTWARE — full range of ARGUS software including FORTRAN. 

SIMPLE PLUG-IN SYSTEM — Modular construction for ease of expansion and 
“Maintenance, no special installation arrangements required. 


Your ARGUS 'L' SYSTEM will be delivered 20 weeks from date of order. Each 
system carries a 12-month warranty and free training facilities are available. 
For full details of ARGUS 'L' COMPUTER PACKAGES, please write or telephone: 
FERRANTI LTO., AUTOMATION SYSTEMS DIVISION, (EQUIPMENT SALES 
GROUP), WYTHENSHAWE, MANCHESTER. M22 BLA. Tel: 061-428 3644 












FERRANTI . 
ARGUS MODEL L 


high power, low cost, laboratory computing system. 
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Separation of ribosomal RNA by gel electrophoresis ry rr SAIN 
has made a powerful technique available.!.2 The de- MODEL 241 Mu 


velopment of the Model 2410 Linear Transport permits i LINEA * is 
a T ig 


you to scan these gels in the ultraviolet directly. You Ge 
get increased accuracy with high resolution. The time M is. | "T 
consuming staining process is eliminated. o TRANSPORT. A 
Unstained and stained materials may now be analyzed, g Ro ra ; 
as both ultraviolet and visible energy can be used 

with the Gilford Model 2410 Linear Transport. With 

the Model 2410 you will be able to handle materials 


such as polyacrylamide gel cylinders and slabs, cellu- 
lose acetate membranes and photographic emulsions. 


All Gilford Spectrophotometers and most quality 
monochromators are readily adapted to use the Model 
2410. To find out how inexpensively and easily this 
device can be adapted to your present system, mail 
the attached coupon or phone 216/774-1041 today. 
1. Richards, E. G., Coll, J. A., and Gratzer, W. B., "Disc Electrophoresis of Ribonucleic 
Acid in Polyacrilamide Gels." Anal. Biochem. 12 452-471, 1965. 


2. Leoning, W. E., "The Fractionation of High Molecular Weight Ribonucleic Acid by 
Polyacrylamide Gel Electrophoreses." Biochem. J. 702 251, 1967. 


lord Instrument Lahoratories, inc., Oberlin, Ohio 44074 
in: Please send us full information on the Model 2410 Linear Transport 
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The world's first medium size 
computer at a small computer price. 


£9.530 complete. 


Never before has a computer with the 


power of the PDP—9, 18-bit word length 


of the PDP—9, the programmability, 


the multi-channelling, the expandability 


of the PDP—9 been available at a price 
near the price of the new PDP—9/L. 


PDP—9/L is a leaner version of the PDP—9, 
but it is a medium size computer by any 
standards. Expandable 4K memory, with 


1.5 usec cycle time. 


Teletype. Standard 1-0 bus. Eight built-in, 


high-speed data channels. Devices inter- 


face directly to the 1-0 bus by inexpensive 


FLIP CHIP modules. 


And it can be expanded to 32K memory. 


When you reach 16K, background-fore- 


ground programming becomes available. 


But even the 4K software includes 
assembler, editor, debugging aids, math 
package, and utility programmes. 


If your investigations require a medium 
size computer, but if you simply could 
not afford one before, write to us. 

The new PDP—9/L is designed for you. 


aif 


COMPUTERS . MODULE 


DIGITAL EQUIPMENT CO. LIMITED, 
Arkwright Road, Reading, Berks., Tel: 
(ORE 4) 85131, and 13 Upper Precinct, 
Walkden, Manchester, Tel: (061) 790 4591, 
Offices also in Paris, France; Munich and 
Cologne, Germany; Stockholm, Sweden; 
The Hague, Netherlands; Oslo, Norway; 
Sydney and West Perth, Australia; Carleton 
Place, Toronto and Edmonton, Alberta, 
Canada; and in principal cities of the U.S.A 
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AN IMPORTANT CONTRIBUTION 
TO AUTOMATIC ANALYSIS... 
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‘AUTO SAMPLER 
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a 171/178 
AUTOMATIC COLORIMETER & AUTO-SAMPLER 


puc—— 


[B You are cordially invited to write for full fj Combining the refinement of automatic instru- 
E details and quotation. A demonstration 5 E 
can also be arranged by appointment. mentation with the accumulated experience 
| A note or telephone request will receive à ‘ 
i our immediate attention. i of our 25 years practical development of 
Distributors and service engineers in all , . . 
B parts of the world. * colorimetric techniques. 
y, 
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EVANS ELECTROSELENIUM LIMITED 


HALSTEAD - ESSEX š ENGLAND 
Telephone : Halstead 2461 Telex . 98204 


EEL INTERNATIONAL LIMITED 
BAYSWATER VICTORIA AUSTRALIA 
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Just one of the sophisticated automatic accessories of up to 50 samples and record your results on the 


designed for Pye Unicam's SP500 Series 2 SP22 logarithmic recorder. 

ultraviolet and visible spectrophotometer system. Two other built-in facilities make the Series 2 

Use it for kinetics or column effluent analyses. Lenses one of the most versatile systems of its kind in the 
and apertures for microcells are standard fittings on world. For speed you can use the built-in 

all Pye Unicam instruments. Adding the SP505 direct-reading meter, and for extra precision, 
programme controller, the SP506 automatic cell use the null balance with photometric accuracy 
changer and the SP507 constant temperature cell of + 0.396T. 

holder to the basic instrument results in a system Pye Unicam house and tend samples with unrivalled 
with up to eight different operational modes. Or plug  care—call today and let us accommodate 

in the SP40 automatic sample changer for analysis your samples. 
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giis York Street, Cambridge, CB1 2PX, England 
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Leadership in 
Fibre Optics 


Flexible or rigid Fibre Optic Light 
Guides can be used for illumination 
or to transmit signals. 


Flexible guides are available from 
stock in lengths from 6” to 6' and 
diameters '/22", 1/16”, !/s" and '/s", Stan- 
dard heavy duty sheathing is as 
shown in the illustration, but light- 
weight aluminium sheathing can be 
supplied to special order. 


Single and multiple fibre rigid 
guides are also available from stock 
in the above diameters and in 
lengths 12” and 24”. 


illustrated with the light guide is a 
high intensity variable Light Source 
with main and reserve lamps. 


Pamphlet No. 1503/N with full 
details available on request. 
x (110) 








BARR & STROUD LTD. 


Anniesland, Glasgow, W.3. Tel: 041-JOR 9601 
Kinnaird House, 1, Pall Mall East, London, S.W.1. Tel: 01-930 1541 
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Gas Chromatograph Test Set & 
Reference Signal Source 





enables the Chemist or Instrument Engineer to 
check quickly the operation and performance of his 
complete Gas Chromatograph equipment. 

If the equipment is not operating correctly, it will 
quickly localise the faulty section. 

No electrical knowledge is necessary to use this 
Test Set, which is suitable for Flame lonisation, 
Thermistor type and Katharometer Gas 
Chromatographs. 


Used by Chromatographers throughout the world 
to save time and money. 


Please write for details now:- 


A. M. Lock & Co. Ltd. 
Prudential Buildings, 

79, Union Street, Oldham, Lancs. 
Telephone: MAIn 0333 
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NATURE 
Is Botany Dead ? 


Sir FRANK ENGLEDOW paints a sad picture of the 
condition of botany in British universities, and what he 
has to say about the likely course of development in the 
years ahead is probably also true (see page 541). There 
seems to be plenty of evidence that university courses 
in botany and related subjects are failing to recruit the 
young people who used to throng to them in the com- 
paratively recent past and— more serious—there is 
evidence that the industries and government establish- 
ments which are particularly in need of help from 
botanists are also failing to attract enough bright 
people. At least a part of the trouble is that the 
subject has a poor image, within the profession and 
outside. It needs very little preaching about the need 
to provide the growing population of the world with 
enough food for its survival and health to know that 
there is plenty of work for botanists and their colleagues 
to undertake. A few years ago the National Academy 
of Sciences in the United States performed a great 
publie service by showing how the plant sciences can 
contribute to the economies of nations, developing and 
industrialized alike, and by presenting a forceful case 
for the development of the plant sciences at universities 
_in the United States. More recently, it has been strik- 
ing to see the way in which groups of engineers em- 
barked on projects for desalting water have found 
themselves driven to the conclusion that the benefits 
which can be derived from better techniques of distil- 
lation are likely to be small in comparison with the 
benefits which might be won from better agricultural 
practices, In short, there is no lack of objectives to 
which botanists could work. 
Why, then, are botanists hard to find ? And what 
steps can be taken to recruit more of them? One 
immediate difficulty is that there is no ready agreement 
about the causes of the decline in the stature of botanical 
studies in Britain. Agreement on the remedies which 
should now be applied is necessarily still harder to come 
by. No doubt botanists still suffer from the popular 
vision of tweedy professors shuffling between the field 
and the herbarium—evidently not the kind of image 
likely to attract young people towards botanical studies, 
but hardly a serious impediment to the recruitment 
of mature young people into useful work in the plant 
sciences. The possibility that the recent tendency in 
British universities to combine the teaching of botany 
and zoology has drawn people away from botany is 
. also real, and this indeed is one of the causes which 
< Bir Frank Engledow singles out in his article. Professor 
J. L. Harper's view that it would often be more inter- 
esting to combine the teaching of pure and applied 
botany—to use somewhat unseemly terms—is challeng- 
ing, and it may well be that the teaching pattern which 


has traditionally separated the academic aspects of 
plant science from the applied aspects should quickly |. 
be abandoned. Nobody, however, should seriously 
believe that the decline of botany in British universities 
and industry can be halted simply by teaching botany 
more ostentatiously in the schools and universities: 
Given that the problem to which Sir Frank Engledow 
and his colleagues have drawn attention is a serious one, 
the need now is for a thorough examination of the way in 
which plant scientists should be trained. In several 
obvious ways, the problem has much in common with 
other current preoecupations among British education- 
alists—the question of how best to produce qualified 
engineers, for example. 

The first thing to be said is that there is no obvious 
or even sensible way of turning back the clock and 
asking biology students at universities to choose 
between botany and zoology or even more specialized 
parts of the biological sciences as a whole. Not merely 
is it intellectually proper that the education of biologists 
should be designed, among other things, to draw atten- 
tion to the common features of all kinds of living things, 
plants and animals, but it is also unwise to ask that 
students should commit themselves in advance to 
courses of study which are uncomfortably and prema- 
turely narrow. The direction in which the pattern of 
university studies is changing suggests quite plainly 
that the trained people for whom there is now a erying 
need will have to be provided by postgraduate courses 
at the universities and elsewhere. Briefly, there would 
probably be great benefits to be won from increasing 
substantially the scale on which postgraduate students 
in the plant sciences are dealt with at British univer- 
sities. First impressions suggest that there are at 
present too few PhD students in botany. 

But how would the extra students find work ? And 
what kind of work would it be? These questions are 
again an echo of the questions which have been asked 
repeatedly in Britain in recent years about the diffi. 
culty of recruiting scientists and engineers into industry. 
And here again, first impressions would suggest that 
people who undertake the kinds of work which may 
make possible a dramatic increase of the scale of food 
production are nevertheless dealt with in a niggardly 
way. Even in comparison with engineers, applied 
plant scientists seem to be badly paid. They are also 
badly organized as a profession, with isolated posts 
scattered through government departments, frequently 
overseas. In the circumstances, it would do no harm if 
those who now rightly regret the decline of botany in 
Britain were to spend some time and energy on the 
improvement of the conditions under which applied 
botanists are compelled to work. 
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UNIVERSITIES 


New Chairman Found 


Tue Department of Education and Science has now 
chosen Mr K. E. Berrill to succeed Sir John Wolfenden 
as chairman of the University Grants Committee. Mr 
Berrill is the first bursar of King's College, Cambridge, 
a university lecturer in economies and currently in 
the middle of a two-year secondment to the Treasury, 
where since October 1967 he has been adviser respon- 
sible for publie expenditure. Outside Cambridge and 
the Treasury he is not well known, but according to 
Cambridge colleagues he made an outstanding reputa- 
tion for himself as a member of the General Board of 
the Faculties. This is by far the most important body 
in Cambridge, as it deeides the rate and priorities of the 
university's expenditure. 

Mr Berrill, who is 47, was a student at the London 
School of Economies during the Second World War 
when the LSE was evacuated to Cambridge. After- 
wards he went back to Cambridge, where he formed 
part of the latter-day Keynesian circle. In 1949 he 
became a fellow of St Catharine's and then bursar, 
and in 1962 he moved to King's as bursar. This move 
offered him the advantages of being among old econo- 
mist friends and gave him, at the same time, an oppor- 
tunity to manage the same finances as those which 
enabled Keynes to make the college rich in the 1930s. 
Mr Berrill was schooled in university politics as a 
member of the faculty board of economies and the 
general board of faculties, and in real politics as an 
economic adviser to Turkey, British Guiana and the 
Cameroons before being appointed to the Treasury. 

At first sight his appointment to the UGC may seem 
to add substance to the charge that the independence 
of the UGC is being eroded so that it is little more 
than an extramural branch of the DES (see also 
page 534). But those who know Mr Berrill best, former 
colleagues at King's and in the Government, see the 
other side of the coin. By all accounts he is a good 
committee man and has a fine gr: sp of economie and 
financial issues. Above all, he has an intimate know- 
ledge of Whitehall and probably knows as well as any- 
one how best to circumvent as well as to apply Govern- 
ment restrictions on expenditure. As a skilled nego- 
tiator who knows the ropes, he may yet emerge as 
another gamekeeper turned poacher. Certainly, if the 
UGC is so minded, it may vet be valuable to have at 
its head somebody who has worked closely at the 
‘Treasury on criteria for justifying publie expenditure. 


ABORTIONS 


Supply and Demand 


Ox November 4 a special centre was opened in Margaret 
Street, in the West End of London, to provide advice 
for those women who still find it difficult to have their 
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pregnancies terminated—either because of opposition 
from their general practitioners or because of the hostile 
attitude of their local hospitals. Known as the Preg- 
nancy Advisory Service, the centre is.a charitable 
organization and is the first of its kind to be set up in 
England since the Abortion Act was brought into 
force six months ago. 

Mr Alan Golding, chairman of the organization, 
said this week that the centre had become necessary 
because "the Abortion Act is not working as well as it 
should". For example. although abortions are per- 
mitted by law on social grounds, a British Medical 
Association council direetive issued earlier this year 
could not fully accept this clause, maintaining that 
"artificial termination of pregnancy is ethical only in 
the interests of the health of the mother or where there 
is risk of a serious abnormality of the foetus". In 
addition, doetors and hospital officials in some areas 
are often unsympathetic and uncooperative. 

For a charge of £2 10s, women can visit the new 
centre and consult qualified, sympathetic doctors, a 
number of whom, it seems, have offered their services 
on the agreed part-time basis. These doctors will try 
to arrange for women to be admitted to hospitals for 
abortions, and if necessary will arrange to have the 
operation carried out privately at the lowest possible 
cost. Although the centre is open every day for women 
to make appointments and to see the social worker, 
the number of doctors and consulting sessions will 
depend on the demand. Doctors’ fees excluded, Mr 
Golding estimates that the centre will cost about £5,000 
a year. 

The extent to which the number of abortions varies 
from one hospital region to another is indicated in the 
Registrar General's return for the June quarter 
published last week (HMSO, 3s 6d). Between April 27 
and July 2, 1968, the highest number of abortions 
carried out was in the North West Metropolitan region 
(1,841); the lowest number was in Wessex hospital 
region (66). Hospitals in the Birmingham region— 
which until the opening of the Birmingham Preg- 
nancy Advisory Service, staffed only by voluntary 
counsellors, were particularly unsympathetic—recorded 
200 abortions for the same period. Out of the total 
4,412 abortions performed, 3,076 were on the grounds of 
risk of injury to the physical and mental health of the 
woman. Nearly two-thirds of the operations were 
carried out in National Health Service hospitals. 


INNOVATION 


investment in Chemicals 


For some years the National Institute for Economie 
and Social Research has been carrying out an investi- 
gation of investment in chemical plant and its impli- 
cations for innovation. Mr Christopher Freeman of 
the Science Poliey Unit of the University of Sussex, 
who has been in charge of the study, explained some 
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of the. results at a meeting of the Institution of 
Chemical Engineers on October 31. 

The survey, which covers the period from 1960 to 
1960, showed the impressive dominance of American 
companies in the building of chemical plants. Two 
thirds of the exported plants by value and one half 
by numbers had been built by American companies, 
and the average size of the American contracts was 
much greater than those undertaken by European and 
Japanese companies. Unlike the computer market, 
this dominance was not based on one or two companies 
of enormous size, but on twelve to fifteen medium 
sized firms. It is even odder, perhaps, that these 
firms usually do little research and development—only 
one or two are research intensive, according to Mr 
Freeman. Their access to technology seems to be 
through their client companies. In Europe, the 
German, Italian and British have 10, 9 and 8 per cent 
of the world market respectively, while the French 
firms are very weak. 

Mr Freeman went on to discuss the policy impli- 
cations of the survey. It had been argued, he said, 
that contractors could manage without domestic 
innovation, if they were quick enough to imitate 
foreign technical developments, The survey did not 
support this point of view; there was good evidence 
that foreign sales were proportional to the amount of 
domestic innovation. Furthermore, the study suggests 
that to be good at imitation the industry must also 
be good at innovation—the best innovators are also 
the best imitators. This is shown by the Pilkington 
float glass process, which was adopted under licence 
first in the United States, then in Japan, and finally 
in Europe. 

“How can Europe improve its performance in this 
important: market? Mr Freeman suggested two ways 
of improving the flow of technology from client to 
contractor. One is by vertical integration, in which 
large chemical or oil companies buy contracting 
firms and form a larger group—the best example of 
this approach is ENI and Snam Progetti in Italy. 
The other approach, followed by American companies, 
is to collaborate on the exchange of information at a 
very early stage in the development of new processes. 
Most people at the meeting seemed to think that this 
is the best approach, if it can be achieved. 


SCIENCE POLICY 


Deciding What To Do 


Tus long-awaited report on Canadian science policy, 
just published by the Science Council in Ottawa, 
contains few surprises. It says that applied science in 
Canada should be organized into a number of major 
programmes, each of them—in the current jargon— 
mission-oriented and multidisciplinary and each con. 
trolled by a body specially created for the purpose. 
The first two proposals, which are intended to test the 
system of organization and coordination, should cover 
space research and water resources research. Accord- 
ing to the report, four other major programmes should 
be. planned immediately—in transportation, urban 
development, computer applications and scientific and 
technological aid to developing countries. Once these 
are launched, attention should turn to planning six 
more programmes—health care delivery systems 
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(which means health services), the development of the 
North, the development of energy sources, integrated 
resource management, oceanography and weather 
prediction and control. 

The council does not conceal the difficulty of relating 
expenditure on research and development to growth 
of national prosperity. Because no proper theory yet 
exists to relate the two, the council has fallen hack 
on its “own informed judgment” in making the recom. 
mendations. Moreover, the council does not attempt 
to estimate how much the programmes are likely to 
cost. On the one hand, it says that attempts to assess 
costs would be premature; on the other, it says that 
it is impossible to set a target figure for scientific 
expenditure within which the programmes have to be 
fitted. The council thus exposes itself to charges of 

political naivety—it is certainly bold, if not foolish, 
io attempt to determine priorities without counting 
the costs. It does say, however, that the widely dis. 
cussed target of 2 per cent of the GNP to be spent àn. 
research and development is over-cautious and will be 
surpassed. 

The other weakness of this plan for Canadian research 
is the council's insistence that each programme should 
be run by a speciall created agency. The space 
programme, for instance, should be run by a Canadian 
NASA while the water resources research should be 
coordinated by a National Advisory Committee on 
Water Resources. Such organizations, as the report 
admits, tend to become self-perpetuating and, if no 
department of government is directly responsible for 
them, the task of closing them down becomes difficult. 
Equally, if these organizations have no voice in 
Treasury discussions, they run the risk of being starved 
of resources. 

But the council has some sensible things to suy about 
industrial involvement in the research programmes. 
Its general recommendation, now a familiar theme in 
Canada, is that industry should be given a much larger 
part in national research programmes. Federal 
research programmes should be contracted out to 
industry, and government procurement should be used 
as a way of “upgrading the technological level of 
Canadian industry". The council even raises the 
possibility that research programmes carried out by 
industry should be entirely financed by the Govern. 
ment. 

The council has also drawn up a list of criteria 
which must be met in selecting new programmes. 
The objective must be of real importance to Canada, 
perhaps even unique to Canada; no major programme 
should duplieate work in progress elsewhere; there 
must be some demonstrable economie or social benefit: 
the technology must be challenging, yet realizable 
within a reasonable time: the programmes must be 
large enough to produce research groups of above the 
critical size; and the programmes must be based on a 
conjunction of need and scientific opportunity. 





NATIONAL PARKS 


Ford to the Rescue 


Tus week the Ford Foundation has announced 
that it is making $6 million available to the American 
Nature Conservancy to ensure that tracts of land 
earmarked by Congress as parks, wilderness or wildlife 
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reserves are saved from land speculators. Usually at 
least twelve to eighteen months elapse between the 
time when Congress authorizes a project and the 
time when the responsible Federal agencies—the 
Forest Service, the National Parks Service of the 
Bureau of Sport Fisheries and Wildlife—actually 
receive their cash appropriations and can buy the 
land. Apart from the normal increase in land values, 
currently rising by about 7 per cent per year on the 
average, this leaves plenty of time for land speculators 
to buy key tracts and grossly inflate their price. 
One example, typical of many, is a 309 acre tract of 
land in the Ashley National Forest in Utah, an area 
now within the proposed Flaming Gorge National 
Recreation Area. In 1965 Congress authorized the 
Flamingo Gorge Dam and Reservation, and the Bureau 
of Reclamation valued the 309 acres at $39 an acre. 
The Bureau purchased 195 acres in 1959 for $43 an 
acre. By 1966, the Forest Service estimated that the 
remaining 99 acres at the site were worth $429 an 
acre, and the year before the State of Utah had to 
pay $929 per acre for 14 acres. 

The Nature Conservancy has been trying to curtail 
this kind of escalation since it was incorporated in 
1954. The conservancy is a private non-profit-making 
organization with total assets, including land and 
revolving capital, amounting to $15 million before the 
Ford Foundation's loan. Although it is a private 
organisation, the conservancy receives most of its 
funds from the entrance fees charged at federal 
recreation areas, federal motorboat fuel taxes and the 
sale of surplus Federal property. In practice, it acts 
as a stopgap purchaser of land for parks, buying only 
land included in projects authorized by Congress at 
the request of a government agency or at the request 
of state or local publie agencies before speculators 
can step in. The conservancy then sells the land 
back to the Federal or state agencies when they have 
received their appropriations. The conservancy has 
no guarantee that the publie authorities will 
always buy back the land, but if the publie funds 
are not forthcoming it can always sell the land 
privately. 

By offering $6 million credit, the Ford Foundation, 
using its capital for land preservation for the first 
time, has greatly strengthened the conservancy’s 
hand in forestalling substantial losses of the American 
taxpayers money. Indeed, it is no exaggeration to 
say that it may well have saved the whole Federal 
open-space programme. It is already plain that the 
federal funds currently available are not sufficient to 
cover projects that Congress has already authorized, 
with the result that Congress has lately been considering 
a moratorium on further purchases, which would, of 
course, bring the programme to a halt. With hick, as 
Mr G. Harrison at the Ford Foundation says, although 
"the funds and lands involved are relatively small, 
we believe the experiment will establish a significant 
pattern for considerably larger land acquisitions in 
the future by joint private-government efforts". 


WATER RESOURCES 


Bringing Industry in 


CANADA has a great deal of water—perhaps as much as 
& third of the total surface water in the world. "This 
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is à resource too important to be squandered by reck- 
less use or devalued by pollution; most Canadian 
industry, power generation and recreation relies on 
the continued supply and purity of fresh water. 
This is why the Science Council and the Science. 
Secretariat, the two bodies responsible for defining 
scientific policy in Canada, have recently been turning 
their attention to the question of research on water 
resources. Both have recently published reports on 
the subject (Science Council Report No. 3, and Science 
Secretariat Special Study No. à, 75 cents and $2-50, 
respectively), and both have drawn the same con- 
clusions (which is hardly surprising, as the council 
used the secretariat’s report as a source of inspiration). 
But there is one revealing difference; the council 
thinks that more of the research should be done by 
industry, while the secretariat sticks to the conven- 
tional view that government laboratories are the 
best place for it. 

The secretariat report, written by J. P. Bruce and 
D. E. L. Maasland, concludes that “Canada has seri- 
ously underestimated water resource research" and 
that much more should be spent on it. At present 
it represents only 1-2 per cent of the total research 
and development budget; within ten to twelve 
years, the report says, this should be more than doubled, 
to 2-5 per cent. An annual increase in expenditure 
of around 20 per cent would have Canada spending 
$25 million a year by 1972-73, and $75 million by 
1978-79. The council committee, chaired by Dr J. 
Tuzo Wilson, accepts that expenditures of this order 
will be called for, though it disagrees about where the 
money should be spent. It suggests that the need 
to increase industrial participation is pressing, and 
proposes that the proportion of the work done in 
industry should increase from 14-5 per cent now to 
28 per cent by 1972-73; during the same period, 
the proportion carried out by government laboratories 
should fall from 66 per cent to 44 per cent. This 
view reflects the current Canadian drive to increase 
industrial research at the expense of almost anything 
else; the secretariat seems to be uninfected by it. 
It argues that in water management, government 
plays the usual part of industry, and that there are 
therefore no real grounds for recommending a change 
of emphasis. 

The Science Council backs its case by pointing out 
that the production of equipment used in water 
programmes is now a large industry in its own right, 
worth $1,460 million in 1966.. It also draws a parallel 
between water source research and geophysieal sur- 
veying; much of the survey work has been done by 
industrial contract and the council suggests the same 
should be done in water research, while government 
laboratories should have only a small growth rate 
in their annual expenditures, enough to ensure that 
the administrators are kept up to date. A few major 
water research institutes should be established in the 
universities, and coordination should be the respon- 
sibility of the National Advisory Committee on Water 
Resourees Research. The secretariat recommends 
certain areas for special attention——these are pre- 
cipitation, streamflow, environmental aspects of pol. 
lution, groundwater, economie and social science 
aspeets and network design and instrumentation. 
But the last of the Science Council recommendations 
returns to the familiar theme; in 1971, it says, there 
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should be another review, intended to see how far 
industrial participation has gone. 


OCEANOGRAPHY 


New Antarctic Ship 


A NEW polar vessel is to be provided for the British 
Antarctice Survey by the Natural Environment Re- 
search Council. It will cost about £1.75 million to 
build and it is hoped that it will be ready for operations 
in the Antarctic in October 1970. The new vessel will 
not be an addition to the polar fleet, because it will 
replace one of the survey’s existing vessels, RRS 
Shackleton, and it will also replace a ship chartered 
each year by the survey to supply bases which the 
Shackleton cannot reach in some ice conditions. 

The new research ship will be built by Robb and 
Caledon at Leith, Scotland. It will be 326 feet long, 
with a beam of 60 feet, and it will be specially designed 
for ice breaking. There will be accommodation for 
62 survey personnel and the crew, approximately 
130,000 cubic feet of space for general cargo, and a 
laboratory equipped for biological and oceanographic 
work. There will also be a helicopter deck. Propulsion 
will be by a diesel-electric system and there will be a 
service speed of 14 knots. If necessary, the ship will 
be able to operate for 50 days at full speed—a safety 
factor when it is operating over long distances in ice- 
filled waters. 


RAILWAYS 


Turbines on Rails 


BnrrrsH Rai now seems to have reached agreement in 
principle. with the Ministry of Transport about the 
financing of its advanced passenger train. Discussions 
have been in progress for some time, because British 
Rail, though enthusiastic about the new train, is in 
no state to finance its development—likely to cost 
up to £5 million. But the ministry confirmed this 
week that agreement over the sharing of costs had 
been reached, although detailed discussions continue. 

The new train, designed by a team at the British 
Rail research centre at Derby, is designed to be 
powered by Rolls-Royce Dart engines, de-rated to 
1,500 HP. Construction will owe more to aircraft 
technology than it will to conventional railway engin- 
eering; the structure will be stress skin light alloy, 
producing a weight per passenger very much less than 
normal trains, lower even than some motor coaches. 
The maximum speed of the advanced train will be 
around 150 mph, cutting the time taken to get to 
Bristol from London to less than an hour, and the time 
from London to Neweastle to 145 minutes. The train 
is designed to operate on the existing track, though 
some improvements will be necessary. 

As well as the advanced passenger train, the design 
for which has been common knowledge for eighteen 
months or more, British Rail is now talking of a less 
ambitious plan making use of the new Leyland gas 
;.turbine engine introduced at the Commercial Motor 
Show. This engine, designed for a large truck, produces 
400 HP, and could be fitted into conventional rolling 
stock. In this ease, the top speed would be 100 mph, 
no greater than the existing British Rail Inter-City 
services, but the gas turbine might offer greater 
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comfort and quietness. Because it has been designed 
for use with a heat exchanger, it might also be a more 
economie proposition. A typical train, according to 
British Rail, would use ten Leyland engines, eight 
for power and two for auxiliary services, 

Despite British Rails enthusiasm, it is certain 
that its advanced passenger train will be beaten into 
service by gas turbine trains in other parts of the world. 
Before the end of this year, both the United States 
Department of Transportation and the Canadian 
National Railways expect to be operating turbine 
trains built by the United Aircraft Company. These 
trains are based on the ST 6 gas turbine engine devel- 
oped by United Aircraft of Canada Lid, and each 
engine will develop 550 HP. The trains, designed for 
Canadian National, should be brought into service 
between Montreal and Toronto, and each will consist 
of fourteen cars capable of carrying a total of 606 
passengers. Designed like an aircraft, the train will 
be about one third of the weight of a conventiorial 
diesel train, and will travel at speeds of up to 100 mph 
in Canada. 


SAFEGUARDS 


Tue achievements and aspirations of the International 
Atomic Energy Agency in developing safeguards 
against the secret production of nuclear weapons were 
outlined by Mr B. W. Sharpe, a member of the Division 
of Safeguards and Inspections of the IAEA, in a lecture 
at Imperial College, London, last week.  Inevitably 
most of the talk was devoted to the problems, both 
political and physical, that must be overcome in 
order to maintain a viable inspection system. Some 
observers were left with the feeling that the difficulties 
involved in trying to carry out inspections on the sort 
of budget available to the IAEA may well be over- 
whelming. 

Mr Sharpe made no attempt to disguise the diffi. 
culties facing his department. About eighty nations 
have already signed the non-proliferation treaty, and 
although many of the countries most likely to wish to 
produce nuclear weapons have not yet ratified the 
treaty (as distinct from just signing it) an IAEA staff 
of one or two hundred would spread very thin through 
this number of suspects. A staff of about 200 is expected 
to be available by 1974, but Mr Sharpe conceded that 
the IAEA would have to make use of the domestic 
safeguards systems which many countries have already 
instituted for their own purposes, He expressed 
confidence, however, that a small bunch of observers 
placed at key spots in the conveyor belt of fuel pro- 
duction—-whether on reactor sites or at an earlier 
or later stage—should be capable (logistically) of 
uncovering any frauds perpetrated by the home team. 
But even if this were conceptually sound, the political 
and legal barriers to its implementation are consid- 
erable. 

Why should a non-nuclear country accept the in- 
evitable encroachment into its commercial activities 
when the nuclear powers are exempt ? Can the staff 
of the IAEA themselves not only be trusted but also. 
be seen to be trusted ? These are questions which are 
receiving realistic appraisal from both the IAEA and 
its member states, and the governments of thase 
nuclear powers that have ratified the treaty have 
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offered to allow inspection of non-military nuclear 
instalations to offset any hypothetieal commercial 
advantage they might otherwise obtain. 

The ideal safeguard system would involve automatic 
controls. Item identification and material measurement 
would be automatically monitored, and materials 
could only be moved through specific access points. 
Effective tamper-resistant seals are apparently feasible, 
and because the object of the scheme is to detect 
weapon production and not to prevent it—a practice 
impossibility without going through the Security Coun- 
cil—it is possible that within a few years at least the 
technical problems may be overcome. "That would at 
least leave the field clear for the financial, legal and 
political battles, and remove the alibi of technical 
infeasibility. 


INFORMATION 


Keeping Physicists Aware 


Puysicists in the United Kingdom and the United 
States appear to be satisfied with the current awareness 
journal Current Papers in Physics published jointly 
-by the Institution of Electrical Engineers and the 
American Institute of Physics, but they feel that 
some changes could be made in the layout of Current 
Papers. These are some of the results from a joint 
study, made by the IEE and the AIP in 1966, the first 
year of publication of the journal. Panels of physicists 
in both countries took part in three tests. The first 
investigated the methods used to keep up to date 
before CPP appeared and was reported earlier this 
year (see Nature, 217, 704; 1968). The secord and 
third tests—on users’ comments on the coverage, 
format and arrangement of CPP, and the actual use 
made of it—have now been published. 

The second study was made after three months of 
publication of CPP. Two panels of 239 physicists in 
the UK and 586 physicists in the US answered question- 
naires. On the coverage of CPP most of the physicists 
preferred “the same as Physics Abstracts”. Acceptance 
of the principle of arrangement under broad subject 
headings was almost unanimous in both countries, 
and three-quarters of the panels in both countries 
also felt that the order in which these broad subject 
headings were arranged was convenient. But there was 
much less satisfaction with subheadings. Several 
respondents also requested a smaller page which would 
be easier to handle, and layout was criticized by 12 per 
cent of the US panel and 29 per cent of the UK panel. 
On the whole, members of the panels opposed the 
addition of features such as indexes and expanded 
titles. In their summary of results the authors of the 
reports, Margaret Slater and Stella Keenan, say of 
the second test that most of the physicists on the panels 
find CPP a “useful and workable tool "—59 per cent 
of the US panel and 63 per cent of the UK panel 
said that they did not want any other form of current 
awareness journal. This must augur well for the 
future success of the journal. 

The purpose of the third test was to get some idea 
of the relative interest shown in the various subject 
seetions of the journal, and of the extent to which the 
sections provide useful material to interested physicists. 
The test analysed the use of one particular issue 
(October 10, 1966). A total of 608 physicists indicated 
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the sections they read in that issue and in what order, 
and at the same time made requests for cither an 
abstract or the full text of references that were of 
interest. Two patterns of use were discovered; 52 
per cent of the US panel and 47 per cent of the UK 
panel used sequential scan, that is reading CPP from 
front to back cover omitting sections of no interest. 
The remainder of the panels looked at the sections in 
the order of interest to them, the order of use being 
determined by subject field, not layout. As might 
be expected, ‘the users of sequential scan looke d at 
more of the 58 sections of CPP--an average of 9:5 
sections for this group as opposed to an average of 
7-5 for the other users. An attempt was then made 
to try to relate the use made of CPP with the specified 
subject field of the user. This allowed the panel to be 
divided into "narrow" and "broad" users. For some 
unexplained reason, the US users were found to be 
narrower in their use of CPP than the UK panel. 


DETERGENTS 


Active Sites in the Wash 


Brocuemists are drilled from youth to treat enzymes 
with respect—never to let their temperature stray 
far from 0? C, never to let the pH differ much from 7, 
never to agitate them and, above all, never to let 
detergents get near them. Given that commercial 
enzyme preparations are also extremely expensive, 
biochemists were sceptical when earlier this year both 
Procter and Gamble and Unilever announced in Britain 
that enzyme detergents are going to wean British 
housewives away from the familiar products such as 
"Beruf" and "Fuzz". 

The use of enzymes in washing up has a surprisingly 
long history. A Dr Otto Róhm took out a patent on 
the idea in 1913, and periodically since then attempts 
have been made to establish cleaning products based 
on enzymes in the mass market. Only in the past few 
years, however, have enzymes become cheap enough 
and reliable enough to be a serious competitor for the 
traditional detergent. Enzyme brands now aecount 
for a fifth of detergent sales in the Netherlands, and 
"Ariel" and "Radiant", the new British enzyme 
brands, are outselling other brands in some parts of 
the country. 

There is some rationale behind the venture. Modern 
surface-active detergents such as the alkyl-aryl-sul- 
phonates are ideal for removing fatty stains from ‘fabric 
but are less efficient with protein and carbohydrate 
stains. The enzyme products contain proteinases and 
amylases and are claimed to be effective against a 
repertoire of stains-—-blood, gravy, sperm, milk, 
chocolate, egg and sweat—all of which are otherwise 
obstinate because of their protein or carbohydrate 
components. The manufacturers will not div ulge the 
identity of the enzymes they are using, but the bae- 
terium Bacillus subtilis appears to be the standard 
source for both proteinase and amylase. Early enzyme 
cleaners to reach the market were designed for pre- 
soaking the wash, before the final hot laundering, but 
the latest products are all-purpose mixtures of enzyme 
and orthodox detergents. 

These combined “products use a heat-stable and 
alkali-stable variant of the proteinase usually produced 
by a mutant strain of B. subtilis. The discovery of this 
variant was necessary before enzyme cleaners could 
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craek the United States market where housewives are 
apparently against pre-soaking—once through the 
washing machine must suffice. The enzyme content of 
these products is less than 1 per cent by weight, and 
the enzyme material itself is merely a partially purified 
culture filtrate so that the traditional cost of enzyme 
separation barely makes itself felt. Not content even 
with the performance of the new alkali-resistant pro- 
teinase, however, several manufacturers are now look- 
ing for an enzyme which would have a shelf life of 
months when mixed with liquid detergent—all the 
products so far have been solid. 


PATENT LAW 


Protection for Programmers 


ARE computer programmes industrial processes, works 
of art or abstractions of the mind? If the first, they 
can be patented; if the second, they can be copy- 
righted; but if the third, law offers them no protection. 
To the chagrin of software companies—programme 
bureaux, computer consultants and the like—opinion 
on both sides of the Atlantie seems to be drifting to 
the eonclusion that programmes are in this third 
category. Last week, Edward J. Brenner, the US 
Patent Commissioner, announced the decision of his 
legal staff that programmes are not patentable. Copy- 
right protection is available, but apparently it is of 
little use. It protects only the mode of presentation of 
a programme and it is a trivial matter to change the 
presentation while leaving the logic intact. 

Early this year, the US Patent Office unwittingly 
granted a patent for a "sorting system" defined in 
terms of specific equipment. Afterwards, the deviser of 
the system announced that his invention was a com- 
puter programme and no more. The patent will stand 
unless challenged in the courts. This episode empha- 
sizes the legal and logical confusion that surrounds 
the situation. A programme may start off as a sequence 
of intellectual ideas, become a stack of punched cards 
and end up as a hard-wired piece of electronic circuitry 
integral to some manufacturing process. Somewhere 
along the line, the programme becomes patentable, 
but nobody—neither lawyer nor programmer—is pre- 
pared to say just where. 

The British Patent Office has not so far followed its 
US counterpart in issuing a hard line on the subject. 
A spokesman for the office said this week that any 
patent application for a computer programme would 
be treated strictly on its merits, the criterion being 
whether the programme amounted—in a phrase dating 
from 1624—to a "manner of new manufacture". So 
far, no patents have been issued, but a couple are 
pending. British Petroleum, Ltd, filed an application 
for a linear programme method in 1962, and the applica- 
tion was published in 1966. IBM promptly lodged an 
objection and the Patent Office hearing of this objection 
is yet to be completed. 

Computer manufacturers such as IBM are opposed 
to the patenting of programmes on obvious commercial 
grounds, while programme consultants defend the idea 
for reasons just as obvious. CEIR Ltd, a London firm 
of programme consultants, takes a philosophie view, 
however. It feels that the difficulties of proving some- 
one has infringed a programme patent would be so 
enormous as to make the securing of patents valueless 
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from the start. CEIR may invest £200,000 in the 
development of a particular programme, so that some 
form of commercial defence is necessary, but the firm 
chooses to rely on contract law for its dealings with 
employees and clients. 
whether contract law is adequate in an industry so 
inured to a rapid turnover of personnel. 


SOCIAL MEDICINE 


Doubts about Screening 


Tue future of medical screening as a means of diagnos- 
ing disease in the presymptomatic stage remains very 
much in the balance. Out of ten screening procedures 
that are already in use, only four—tubereulosis, rhesus 
disease of the newborn, phenylketonuria and deafness 
in childhood—can really be justified on both biological 
and economie grounds. This much is made clear in à 
recent report, Screening in Medical Care: Reviewing the 
Evidence, published by Oxford University Press for the 
Nuffield Provincial Hospitals Trust (35s). 

Screening for cervical cancer comes under particu- 
larly heavy fire from E. G. Knox, professor of social 
medicine at Birmingham University. One of the chief 
difficulties here, he says, is that little is known about 
the natural history of the disease; for example, the 
frequency with which non-invasive lesions become 
invasive, the interval after which this is likely to 
happen, and the frequency with which non-invasive 
lesions regress. In addition, the optimum time interval 
at which examinations should be carried out has not 
yet been fully established. Also, although some 
workers recommend that all women older than 20 
should be screened, the Ministry of Health scheme (now 
the Department of Health and Social Security) 
virtually limits screening to women over 35; that is, 
those women believed to be at highest risk. Yet 
another problem that has to be taken into considera- 
tion is that treatment, especially of clinical cancer, is 
far from satisfactory, and loss of fertility after coniza- 
tion of the cervix and hysterectomy is not unknown. 

If 50 per cent of women over 21 accepted the offer 
of a four-yearly screening programme, the report says 
that the total annual cost would lie somewhere between 
one and four million pounds. Professor Knox adds 
that there would probably be little saving in terms of 
clinieal disease for the first ten to fifteen vears so that, 
at the highest estimate, a total expenditure of about 
£40 million would be involved before substantial 
returns could be expected. Taking the most optimistic 
view, sereening would prevent about 1,400 invasive 
cancers a year in the long run. 

Undaunted by these claima, Lady Donaldson, chair- 
man of the Women's National Cancer Control Cam- 
paign, is actively promoting a project launched last 
week by Sir John Peel. The intention is to send out 
mobile clinics to test women for breast and cervical 
cancer. Lady Donaldson has recently complained 
that a number of clinics providing screening facilities 
for the detection of cervical cancer are closing down, 
chiefly because of inadequate publicity. Although 
there are no available figures on these closures, pub- 
licity—which is the responsibility of local authorities— 
seems to be very hit and miss, and there is clearly a 
need for women (particularly those who do not read 
middle-class newspapers) to be made aware of the 


It is, however, debatable — 
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facilities that exist for the detection of cancer, and of 
preventive medicine in general. It is, perhaps, unfor- 
tunate that the appeal launched by the campaign 
last week should coincide with the publication of the 
report which, in urging that caution be the keynote in 
the development of screening programmes, may do 
much to throw cold water on the campaigners’ efforts. 


MEDICINE 


Avoiding Towers of Babel 


THE use of computers in hospitals is becoming increas- 
ingly important, and computing facilities, particularly 
within the National Health Service, are expanding 
rapidly. Because the range of uses for computers is 
so wide and so many different people—from nurses 
to computer specialists—need to use the facilities, the 
question of what language, or languages, to use looms 
large. 

A committee set up by the Ministry of Health in 
1967 to consider the need for a special medical comput- 
ing language has now published its report (Ministry 
of Health, free). The committee felt it could not 
at this stage justify the development of a new language, 
because so many of the computer languages already in 
existence have not yet been fully exploited. There is, 
however, a case for creating a standard command 
language so that hospital staff members can communi- 
cate with different computers in different hospitals 
without having to learn new procedures. A command 
language could be used by people without any training 
in computer science and would consist of accepted 
words and phrases like "tell blood sugar” or “tell diet" 
which would instruct the computer to give the details 
required, 

Programmes are needed to implement the command 
words and also for a wide range of clinical, administra- 
tive, managerial and research activities. Research 
into the routine aspects of diagnosis, operational re- 
search programmes and statistical analyses, for example, 
rely heavily on computer techniques. Clinical applica- 
tions inelude the control of the issue of drugs, the 
organization of laboratory services, therapeutic and 
diagnostic radiology and monitoring patients. 

Most of these applieations involve at some stage 
obtaining data from, and perhaps updating, a file in 
the eomputer—the patient's record, for example. 
This means that the language used must be capable of 
efficient file processing. Cobol is the only widely 
used language with this facility, although experimental 
languages such as BCL (used at the universities of 
London and Cambridge and the Massachusetts Institute 
of Technology) and POP 2 (developed at the University 
of Edinburgh) are also contenders. The language 
must be simple to use and flexible enough to deal with 
various tasks. On the other hand, if the language 
is made too conversational, the time taken by the 
computer to compile it will be excessive. With these 
considerations in mind the committee suggested that a 
programming system should be so designed that 
programmes in any language can communicate with a 
common file structure and that segments of pro- 
grammes in different languages should be capable of 
being combined into a single programme. The com- 
mittee concluded that the new languages, BCL and 
POP 2, seem promising but need to be carefully tested 
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before they can be recommended and that, in the mean- 
time, the well established languages, Fortran and Cobol, 
should be used. 


CHEMISTRY 


Keeping d Check 


THE implications of the switch to metric units were at 
last brought home to the British public last week. The 
Government Chemist, in his report for 1967 (HMSO 
22s 6d), revealed that the ancient system of measuring 
aleoholie strength as a percentage of proof spirit is to 
be replaced by a new metrie system. 

Apart from routine checks on alcoholie drinks and 
tobacco products and a miscellany of other odd jobs 
for the Customs and Excise, including classifying 
various imports into customs tariff categories, the 
laboratory is empowered to provide advisory services 
to any government department that requests them and 
has statutory obligations under the various food, drug 
and pesticide acts. As an indication of the scale of all 
these activities, the laboratory examined about 1,000 
products of one sort or another every working day and 
the work ranged from monitoring radioactive pollution. 
near nuclear power stations and air pollution near the 
Elgin marbles in the British Museum to examining 
documents for forgeries and toys for lead paint. 

With the increasing use of organochlorine compounds 
in agriculture, the laboratory is becoming preoccupied 
with monitoring agricultural produce for contamina- 
tion. Since 1962, for example, it has been analysing 
samples of home-produced and imported milk, butter, 
and meat fat-foods which carry the maximum hazard 
arising from the use cf pesticides. The amount of 
dieldrin in milk produced in Britain gives cause for 
concern. Last year a substantial number of samples 
had more than the limit of 0-003 p.p.m. proposed by the 
Food Additives and Contaminants Committee in 1967. 
On the brighter side, the levels of dieldrin in mutton 
fat have dropped since the decision to prohibit the sale 
of sheep dips containing the compound (see Table 1). 
The levels of DDT in Australian and New Zealand 
butter, which account for 75 per cent of the British 
consumption, seem needlessly high (see Table 2). 

As well as analysing food and domestic animals, the 
laboratory, in conjunction with the Natural Environ- 
ment Research Council, monitors wildlife for traces 
or organochlorine compounds and last year identified 
another and unexpected source of contamination. For 
several vears unidentified organochlorides, with long 
retention times, had been appearing in increasing 
amounts in chromatograms of eggs and fat samples of 
wildlife. Following a lead from Sweden, these com- 
pounds were identified last year as polychlorobiphenyls. 
Polychlorobiphenyls and polychloroterphenyls are not 
used in pesticides, nor are they pesticide metabolites, 
but they are widely used in paints, plastics and insulat- 
ing fluids. They are apparently entering the food chain 
of wildlife and probably represent a greater threat than 
pesticides, especially to birds. A sample of liver taken 


Table i. DIELDRIN CONTENT OF MUTTON KIDNEY FATS 1064-07 
No. of Dieldrin (p.p.m.) 
Year samples Range Mean 
1964 128 Ò to 12-4 0-84 
1965 107 Oto 82 Tl 
1966 i101 0 to 53 0-44 
1967 Ti Oto 80 O24 
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Table 2. PARTS PER MILLION OF ORGANOCHLORINE PESTICIDE RESIDUES IN 
FOODSTUFFS— 1967 
Butter 
Total BHC Dieldrin DDT+DDE+ 
Country No. of isomers (HEOD) TDE 
of origin samples Range Mean Range Mean Range Mean 
Australia 35 0 -003 0-01 0 -003 001 001-20 0-27 
Denmark 12 002-009 0-05 0-01-0-05 0-03 0-02-0-07 ©- 
Ireland 6 0:02-0:12 0-05 0-01-0-04 0-02 0-02-0-07 0-05 
New Zealand 49 0 -003 * © -0-04 * 0-02-0-70 0-21 
UK 22 003-015 0-07 0:02-0-07 0-03 0-02-0-11 0-05 
Beef kidney fat 
Total BHC Dieldrin DDT+DDE+ 
Country No. of isomers (HEOD) . TDE 
of origin samples Range Mean Range Mean Range Mean 
Argentina 37 = 0-01-3-9 065 0 -085 0-10 0 -024 003 
UK 36  0.01-L558 0-18 0-01-0-12 003 0-01-0-14 0-04 


* Less than 0-01 p.p.m. 


from a dead kestrel, for example, contained about 
twelve nanograms of polychlorobiphenyls and only a 
total of 0-8 nanograms of pesticides, of which 0-33 nano- 
grams was beta-BHC, an isomer of BHC generally 
regarded as non-toxic to wildlife. The discovery of 
contamination by polychlorobiphenyls raises several 
questions. How are they entering the food chain and 
why are they accumulated most frequently and in the 
largest proportions by wildlife ? The accumulations in 
man and domestic animals are very small. The 
laboratory also collaborated with the British Antarctic 
Survey in 1967, showing that Antarctic wildlife is con- 
taminated with DDT and organochlorine pesticides 
which must have been carried to Antarctica in the air 
or sea (Nature, 215, 346: 1967). 


SCREENING 


Give Up Smoking 


How can the general practitioner detect incipient lung 
disease ? The Office of Health Economics, an offshoot 
of the trade association of the British pharmaceutical 
industry, has just published a paper explaining for the 
benefit of GPs the current screening methods, and the 
impact on the health of the patient of early detection 
of disease. “The early diagnosis of some diseases of 
the lung”, written by Dr A. L. Cochrane of the MRC 
Epidemiological Research Unit and Dr C. M. Fletcher 
of the Royal Postgraduate Medical School, discusses 
how the GP can diagnose lung disease, and can reduce 
mortality by persuading his patients to give up smoking. 

In the United Kingdom, chronie bronchitis and 
emphysema cause 7 per cent of all deaths in men and 
3 per cent in women between the ages of 45 and 64. 
Three manifestations of bronchitis are now recognized 
and can be diagnosed by the GP: simple chronic 
bronchitis is eharacterized by persistent mucoid expec- 
toration, while in mucopurulent bronchitis the sputum 
is purulent because of active bronchial infection. 
Obstructive bronchitis, which is characterized by nar- 
rowing of the airways and therefore increased resistance 
to airflow, is diagnosed by spirometry or by use of the 
Wright Peak Flow Meter. A spirometer records both 
the forced expiratory volume in one second (FEV 1-0) 
and the total expired volume or vital capacity (VC), 
either on a graph or on a dial. When there is narrowing 
of the airways and therefore delayed expectoration, 
the proportion of air expired in the first second (FEC! 
VC) will be less than 65 per cent. The Wright Peak 
Flow Meter measures the degree of impairment of 
ventilatory capacity. The length of time required for 
a forced expiration shows whether impairment is due 
to airflow obstruction or to restriction of lung expan- 
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sion—as might be caused by skeletal disease, pulmonary 
disease or loss of functioning lung. Normally the 
forced expansion time is six seconds and in cases of 
airflow obstruction this is increased. 

Surveys have shown a close association between the 
three manifestations of chronic bronchitis, and this 
has led to the suggestion that mucous hypersecretion 
in the bronchi encourages infection which damages the 
lungs and results in obstructive bronchitis or emphy- 
sema. From this came the suggestion that preventive 
and therapeutic methods applied to simple cases of 
bronchitis might delay the onset of disabling airways 
obstruction. Recent studies have thrown doubt on 
this hypothesis; a trial of the effect of chemotherapy 
on bronchitic patients showed no difference in the rate 
of decline of FEV or of the volume and purulence of 
sputum between the patients and the controls. Im- 
provement was noted, however, among the patients 
who had given up smoking. 

Bronchial carcinoma, which accounts for a steadily 
increasing number of deaths, is best detected by chest 
X-ray and sputum cytology; the former method, 
which is cheaper and quicker, is the more acceptable. 
Treatment cannot be successful unless detection pre- 
cedes metastasis; unfortunately, 80 per cent of the 
patients whose tumours are removed by surgery die 
with metastasis, showing that this occurs before the 
disease can be radiologically diagnosed. Until there is 
an improvement in the methods of treatment of lung 
cancer, there is little point in advocating regular routine 
chest X-rays and sputum examination for the preven- 
tion and control of the disease. Dr Cochrane and Dr 
Fletcher do emphasize, however, that the routine test- 
ing of cigarette smokers could remind the patients of 
the risks thev run and of the rapidly declining risk 
if they manage to give up smoking. 


INDUSTRIAL RESEARCH 


IRDC Laser Show 


Tur International Research and Development Cor- 
poration at Neweastle upon Tyne has been making 
some progress with the application of lasers. "The 
company claims no radical new invention or even any 
new slant on the use of lasers, but the modification 
and streamlining of already established techniques. 

The most notable advance has been in the medical 
field. A new easy-to-use laser ophthalmoseope has 
been developed in a joint research and development 
project with the Royal Victoria Infirmary at Newcastle 
upon Tyne. This instrument is used to “weld” a 
displaced part of a retina back into position and is 
designed so that the surgeon can handle it and yet 
observe the relevant part of the eye at the same time. 
Collaboration between the hospital and the IRDC in 
the use of lasers to detect malignant cells in cervical 
smears has also been fruitful, but a similar series of 
tests performed with the Queen Elizabeth Hospital at 
Gateshead has produced results that confliet with 
conventional diagnoses. 

The property of a laser of producing an intense 
beam of coherent light makes it a useful laboratory 
instrument for demonstrating the physies associated 
with waves, and IRD has produced a portable gas 
laser selling at about £170 for use in universities and 
schools. 
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The well-defined pencil of radiation emitted by a 
helium—neon laser provides a convenient. line of refer- 
ence for alignment and surveying, and IRD reports 
that it has recently aligned an automatic transfer 
assembly line 450 feet long to within 0-05 inches. 
The laser is portable and easily set up, but, in such 
operations, personnel will have to be trained carefully 
to avoid looking along the beam. 


ECLIPSES 


Planning for Mexico 


from our Astronomy Correspondent 
ALTHOUGH it was once doubtful whether the Olympic 
Games would be held in Mexico City, it is certain that 
Mexico will be one of the favourable locations for view- 
ing the next total eclipse of the Sun on March 7, 1970. 
As the map prepared by the US Naval Observatory 
shows, much of the path of the eclipse is unfortunately 
over sea, starting near the equator in the Pacific Ocean. 
The eclipse does cross Central America, however, near 
the narrowest part of Mexico, and grazes the Atlantic 
coast of North America before ending in the North 
Atlantic Ocean. Astronomers are already planning for 
the eclipse, and the working group on eclipses of the 
International Astronomical Union is setting up an 
information clearing centre for the Mexico eclipse 
under Professor Rigutti of the University of Florence, 
who is chairman of the working group. Information on 
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the British effort is being collected on behalf of Profes- 
sor Rigutti by Dr Gordon Henderson, of the Depart- 
ment of Physics, Heriot-Watt University, Chambers 
Street, Edinburgh 1, who would like to know of 
interested British astronomers. 

Canada is in a fortunate position just now as far as 
eclipses are concerned, which must give Canadian 
astronomers some small reason for satisfaction now that 
work has stopped on the 3-8 m telescope in British 
Columbia. There was an eclipse in Canada in 1963, 
and there will be others in 1972 and 1979. Plans for 
the 1970 eclipse, which will pass over Nova Scotia and 
Newfoundland, include the launching of a series of 
four rockets to study the effect on the ionosphere 
when the solar radiation is abruptly cut off. The rockets 
are the Canadian built Black Brant, and are to be 
launched for the National Research Council and the 
Defence Research Telecommunications Establishment. 
The first rocket will measure the undisturbed daytime 
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ionosphere just before the start of the eclipse; the 
other rockets will be launched an hour later at six 
minute intervals to cover the period when the Moon 
obscures more than 80 per cent of the face of the Sun. 
This includes the time of the total eclipse itself which 
will last 140 seconds. The launch site the Canadians 
are to use is near Port Dufferin on the Nova Scotia 
coast, chosen because it is at more or less the same 
latitude as Ottawa, so that simultaneous radio wave 
propagation measurements at the Defence Research 
Telecommunications Establishment in Ottawa can be 
readily compared with the rocket measurements. 


Parliament in Britain 


by our Parliamentary Correspondent 
Queen's Speech 


Tur Government's programme for the new session of 
Parliament contained little of direct scientific interest. 
But the Queen did announce that the Government 
intends to ratify the Non-Proliferation Treaty. and 
continue to work for disarmament, both in the nuclear 
and non-nuclear fields. Legislation will be introduced 
to convert the Post Office from a department of state 
to a public corporation. A Bill will be introduced to 
effect the change to decimal currency. 

Heart Transplants 

Mr Norman ST Jons Srevas asked Mr Richard 
Crossman if he intended to introduce legislation to 
control heart transplant operations. When Mr Cross- 
man replied that he was not yet ready to make a 
statement, Mr Stevas warned that he himself might 
have to seek leave to introduce a private member’s Bill 
on the subject. That, Mr Crossman said, was a prospect 


which he could contemplate with equanimity. He 
thought a little caution would be advisable-—it was a 





complicated and difficult matter. To legislate for just 
one kind of organ would be wasteful; the problem 
was one that should be dealt with as part of modern 
surgery. (Oral answers, November 4.) 


Social Science Research 

Mn KENNETH Baker asked Mr Crossman what was 
to happen to the research departments of the Ministry 
of Health and the Ministry of Social Security now 
that the two ministries were merged. Mr Crossman 
said that the two research departments would be 
merged, and coordination with the Government Social 
Survey would continue as before. Mr Baker suggested 
that the scale of research had been inadequate, and 
Mr Crossman agreed that there was a crying need for 
better intelligence right across the field. One difficulty, 
he thought, was the shortage of statisticians—-every- 
body wanted them, and some people paid more. (Oral 
answers, November 4.) 

Foot and Mouth 

Viscount LAMETON urged the Secretary of State for 
Social Services to include foot and mouth disease, 
when caught by humans, as a disease under the 
Industrial Injuries Act. During the recent outbreak, 
Mr Robert Brewis caught foot and mouth disease, and 
deserved compensation for suffering and loss of earn- 
ings. Mr Loughlin said that a survey of Mr Brewis's 
case was being made, and he promised to write to Lord 
Lambton when it was complete. (Written answers, 
November 4.) 
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Short Commons for the National Science Foundation 


from our Special Correspondent, Washington, November 


AT universities throughout the United States, there is 
a great wave of gloom about the financial support 
for scientific research provided by the Federal Govern- 
ment. After two years during which Congress has 
become increasingly tovgh about the budget appro- 
priations of mission-oriented agencies such as the 
National Aeronautics and Space Administration and 
agencies such as the National Science Foundation 
which have responsibility for a more general distri- 
bution of funds, it is not, of course, surprising that 
people should be uneasy about the extent to which 
support for science will be damaged by the competing 
demands of the budget of the Department of Defense, 
rising steadily as a result of the Vietnam war, and by 
the growing and serious concern for social problems 
in the cities and elsewhere. All this has now been 
brought painfully to a head by the way in which the 
freedom of the National Science Foundation to spend 
money during the current financial year—which runs 
from July 1 this year—has suddenly been restricted. 
In a long and frank discussion this week of the cir- 
cumstances in which these restrictions have been 
imposed, Dr L. J. Haworth, director of the foundation, 
said quite openly that the developments in the past 
few weeks must necessarily cause hardship in the 
universities. 

There is plenty of evidence of this in university 
departments. Although the financiel year is not yet 
half complete, a great many grant recipients have 
spent a disproportionate part of their receipts from the 
National Science Foundation during the busy summer 
months. Still others, understandably and inevitably, 
have committed themselves to substantial expendi- 
tures between now and July 1, 1969. The salaries of 
research assistants obviously play an important part 
in the budget of many groups for the next few months. 
During that same period, bills will come in for impor- 
tant and expensive items of equipment for which 
orders were placed earlier in the financial year. In the 
circumstances, it is not surprising that several groups 
are hard pressed, at this late stage, to reduce their 
expenditure by anything between 10 and 30 per cent. 

At Berkeley last week, one group leader was seeking 
anxiously for some way of supporting two research 
assistants already on the books out of à sum of money 
now barely sufficient to cover the costs of equipment 
already ordered. Elsewhere, at the California Institute 
of Technology, for example, people are taking a hard 
line with those who write asking for places as research 
fellows; the best recommendation is an assurance of 
grant support. The future of several capital develop- 
ments has also been put in hazard by recent events— 
the new linear accelerator being built in the Physics 
Department at Stanford University, which is designed 
to exploit the benefits of superconducting cavity 
resonators and magnets, will be equipped with a 
cryogenic system by the Office of Naval Research 
but will otherwise run out of funds some time in March 
next year unless the National Science Foundation 
can put its hands on something extra. 

How has all this come about ? Why is it that the 


National Science Foundation is having to short-change 
its dependants at this late stage in the financial year ? 
And who is to blame—Congress, the Administration 
or perhaps even the NSF ? And what is the future—is 
the unhappy experience of the past few weeks a sign 
ot even harsher times to come ? These are only some 
of the gloomy questions which force themselves to 
the surface. Even though there are only the most 
sketchy answers to some of them, optimists do not 
exist. 

There are two quite distinct causes of the present 
plight of the National Science Foundation. First, 
Congress this summer took a particularly niggardly 
view of the foundation’s claim on public funds and 
trimmed its application for new appropriations by 





Dr Leland J. Haworth. 


roughly 20 per cent, from $500 million to $400 million. 
This move naturally implies a severe restriction of the 
rate at which the foundation can commit funds to the 
support of new (or renewed) research programmes and 
other activities, and is one of the reasons for some of the 
despondeney about the part which the foundation will 
be able to play in years ahead, 

The most immediate difficulty springs, however, from 
the way in which Congress has this year decided to 
restrict the rate at which the Federal Government as a 
whole may spend money. Dr Haworth describes this 
decision as unprecedented. Formally, it is a part of 
the Revenue and Expenditure Control Act, 1968, itself 
a part of the deal between the Administration and 
Congress by means of which the latter has agreed to the 
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10 per cent tax surcharge against which Mr Wilbur 
Mills and the House Ways and Means Committee has 
fought stoutly for a whole year. Briefly, the Adminis- 
tration was asked to trim $6,000 million off its 
estimated expenditure of $186,000 million. 

The share of this which has fallen on the NSF is, on 
the face of things, comparatively modest—a mere 
three or four per cent of the $480 million of expenditure 
during 1969 agreed with Congress earlier in the year. 
This expenditure has now to be held within the ceiling 
of $462-5 million laid down by the Bureau of the 
Budget. This, however, conceals a much larger cut, 
for Dr Haworth says that the $480 million was itself 
an underestimate of the likely expenditure during 
1969, now more accurately put at $515 million. In 
other words, the foundation is being asked to reduce its 
total expenditures by roughly ten per cent at a time 
when much of the financial year is past. 

Dr Haworth emphasizes that this sudden stringency 
has affected the NSF more than other agencies because 
of the way in which the foundation is at the mercy of 
its grant recipients. Ordinarily, it is for a recipient to 
decide how quickly to use up sums of money provided 
by the foundation. It is also understandable, he says, 
that many scientists to whom grants are awarded 
should spend a good deal of their grant soon after the 
award is made and then use the remainder of this 
money to pay running costs and salaries. Other 
agencies, Dr Haworth says, may be able to cushion 
themselves against the restrictions which the adminis- 
tration has been required to impose, possibly by jug- 
gling with dates for the completion of construction 
projects or by internal economies, but “the foundation 
is unique in that it cannot cope easily with such a 
situation", given that only three per cent of its expen- 
diture goes on administration. 

Flexibility within the foundation's budget is still 
further reduced because roughly 80 per cent of the 
expenditure in any year is related to grants made in the 
previous year. One difficulty is that payment for fellow- 
ships and traineeships to post-doctoral fellows and post- 
graduate students must be made at least a year in 
advance. The same is true of the foundation's plans 
for supporting summer institutes for the in-service 
training of teachers. Between them, these programmes 
account for 20 per cent of the foundation's expenditure. 
Flexibility is further diminished by the way in which the 
foundation is committed to long-term constructional 
projects undertaken with grant funds. The extent to 
which the foundation's hands are tied is also, according 
to Dr Haworth, expressed by the fact that 80 per cent 
of the foundation's expenditure in any year relates to 
obligations undertaken in previous years. This means, 
for example, that the foundation could only have 
allowed expenditures in 1969 to continue as planned if 
it had been prepared to reduce quite drastically the 
scale on which new funds were committed during 1969. 

The pressure on the foundation's budget seems this 
year to have been made even tighter by the way in 
which a number of desirable projects were postponed 
from 1968 to 1969, and by the general air of economy 
which has led grant recipients in the United States to 
want to use foundation funds more rapidly, and which 
has diminished the capacity of other Federal agencies 
to help with the financing of scientific research in the 
universities. What with the way in which the second 
half of each fiscal year tends to be that in which grants 
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are made most readily, the tendency for roughly half 
the money spent on research grants to consist of grants 
for a year or more and the necessarily high proportion 
of these sums devoted to salaries, it is not surprising 
that the restrictions imposed by Congress have created 
an acute problem at the foundation and in the uni- 
versities. 

How has the foundation dealt with this ? When it first 
seemed that Congress would impose a ceiling on expen- 
diture in return for the ten per cent tax surcharge, the 
foundation warned universities in receipt of grants that 
it might be difficult to pay these in full. On August 14 
this year, a formal letter was sent to those universities 
receiving more than $50,000 a year from the founda- 
tion suggesting ceilings for expenditure during the 
current fiscal year. The foundation seems first of all to 
have tried to anticipate how the expenditure of indi- 
vidual universities would have changed between 1968 
and 1969, and then to have made special allowance for 
those universities committed to construction projects 
or other large expenditure. Keeping back a reserve 
fund which seems to have been about $20 million, the 
foundation then set ceilings for expenditures at indi- 
vidual universities which seem to have entailed 
reductions ranging in size up to about 17 per cent. 

Dr Haworth emphasizes that it would have been a 
gigantie task to deal individually with the 20,000 grant 
recipients on the foundation's books, but no doubt he 
has also been hoping that it would have been possible 
for university administrations to cushion particularly 
deserving grant recipients against the most severe 
rigours of the restrictions. He also says that it would 
have been extremely difficult to have embarked on 
diseussions with roughly 800 individual universities or 
20,000 grant recipients before deciding what ceilings 
should be imposed. 

At the receiving end, of course, the foundation has 
been criticized not so much for the need to act quickly, 
ultimately the responsibility of Congress and the 
Bureau of the Budget, as for the way in which it has 
imposed the restrietions. Certainly there has been some 
bad feeling because responsibility for final decisions has 
been left with university administrations, because the 
several committees of the National Science Foundation 
have not been consulted about the principles upon 
which restrictions have been imposed and even because 
the foundation asked that injured grant recipients 
should not protest until 90 days had passed. Dr 
Haworth says that there would certainly have been no 
time to consult each of the 20,000 grant recipients, but 
he does think it may have been a "judgmental error" 
to have set about the job in precisely the way decided 
upon. 

In the event, universities and research workers have 
not been too seriously inhibited by the foundation’s 
request for 90 days breathing space and, indeed, early 
in October institutions suffering particularly from the 
restrictions were invited to declare themselves. Since 
then, the foundation has been using its reserve of funds 
to deal with hard cases—and, like a court of justice 
dealing with appeals against sentences, has actually 
further reduced the expenditures authorized by two of 
its grants. It remains to be seen how effective these 
measures will be, but given the political hiatus between 
now and the inauguration of the next Administration on 
January 20, there is obviously very little outside relief 
to be expected. 
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The Determination of 
Molecular Structure 


P. J. Wheatley 


The second edition of this book, like the first, is designed to give an 
introduction to the main physicochemical methods thet can be used for the 
determination of molecular symmetry or molecular geometry. Each 
technique is discussed from the point of view of a non-specialist who wishes 
to know which method is most suitable for a given molecule. The main 
additions and alterations are in the chapters on neutron diffraction, X-ray 
diffraction, and nuclear magnetic resonance, and reflect the advances 

made in recent years. 
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the world. That's Mr. Tennant, on the right. He 
handles the commercial side. Mr. Sherman, 
on the left, is the scientific one. Your next 
product could benefit amazingly from a little 
rare earth and a lot of their advice 
h l 9 We can help too with rare earths and metals 
u that nowcost less than you imagine. So many 
can we e p VO € new applications in research and industry are 
now much more feasible 
Don't let the fact that these two men are 
recognized internationally as authorities on 
rare earths put you off. They're really down- 
to-earth and would love to talk about their 
favourite subject. With you 


Rare Earth Products Ltd. 
cm ^ Waterloo Rd., Widnes, Lancs 
MEE S oi ee “| 


Rare Earth Products Ltd 


| 


















Lo-———— ——— 


RTE THa 


Nature, November 9, 1968, p. xiv 





i 
i 
| 
| 
| 
| 
| 


i 





1 
i 
j 
| 
| 











b. 





| 
1H 
- 
1 

| 

I 


edited by KA 


Philad elphia. Pennsylvania 
















i m5 


RL SHELL Department 


of Economics, University of Pennsylvania, 


The Journal of Economic Theory will publish original articles in 
economic theory. Under the editorship of Professor Karl Shell, 
the journal will be published quarterly commencing in February 
1969. The journal welcomes requests for information about 
submission of manuscripts, subscription procedures, and sample 








issues. 


ASSOCIATE EDITORS: 


KENNETH j. ARROW, Harvard University 

DAVID CASS, Yale University 

PETER A. DIAMOND, Massachusetts Institute of 
Technology 

DAVID GALE, University of Calitornia, Berkeley 

KOICHI HAMADA, University of Tokyo 
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EDMOND MALINVAUD, Institut National de la 
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AMARTYA SEN, Delhi School of Economics 

ROBERT M. SOLOW, Massachusetts Institute of 
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and two new books... 


NUMERICAL METHODS OF 


MATHEMATICAL OPTIMIZATION 
with ALGOL and FORTRAN Programs 


Volume | of Computer Science and Applied Mathematics 


A series of Monographs and Textbooks edited by Werner 
Rheinboldt 

by HANS P. KUNZI 

University of Zurich and Eidgenossische Technische, Zurich, Switzeriand 
and H. G. TZACHACH 

IBM Deutschland, Hochschule, Zurich Switzerland. 

Translated by WERNER RHEINBOLDT and CORNELIE J. 
RHEINBOLDT 

A concise and mathematically precise presentation of the theory 
of linear and non-linear optimization together with complete 
ALGOL and FORTRAN programs for all major methods. 
The main sections of the book deal with linear optimization, 
non-linear optimization, explanations of the computer pro- 
grams and ALGOL and FORTRAN programs. 


1968, 17! pp., 98s. ($10.50) 
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Introduction to 
OPERATIONS RESEARCH 


, eighteen charming and witty vignettes which lucidly 
illustrate many of the fundamental ideas and methods of 
Operations Research." 
by A. KAUFMANN 
Polytechnic Institute of Grenoble, Grenoble, France 


and R. FAURE 


Scientific Advisor to the Paris Transport Authority, Paris, France, 


This book will be an effective orientation for the interested 
reader and the scientist concerned with the diverse areas 
of operations research. By means of short anecdotes which 
are actually studies of simplified problems, the reader is 
easily introduced to some of the sophisticated techniques 
of modern mathematics. The book fends itself to easy and 
interesting reading and can be enjoyed by both the scientist 
and the layman. 


1968, 300 pp., 135s. 6d. ($14.50) 


111 Fifth Avenue, New York 10003 
Berkeley Square House, London, W.1 
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Prizewinners in Physics and Chemistry 


Luis W. Alvarez 


Tue award of this year's Nobel prize for physics to 
Professor Luis Alvarez, Associate Director of the 
Lawrence Radiation Laboratory at Berkeley, will come 
as no surprise to those familiar with the history of 
elementary particle physics. Although he had many 
notable achievements in more than thirty years’ work 
on fundamental particles, it is undoubtedly the 
contribution he made to the development and exploita- 
tion of the modern hydrogen bubble chamber that 
gained him his standing with the Nobel Committee. 

Luis Alvarez is very much an American. His force- 
ful manner coupled with a sense of loyalty towards his 
colleagues have enabled him to push many of his ideas 
to a fruitful conclusion where others would have 
foundered. His present role as a bustling plane-owning 
Californian well reflects the open-minded drive that 
has hallmarked his success. 

The bubble chamber was originally invented by 
Professor Glaser in 1952—a feat for which he was also 
awarded a Nobel prize—but it was the work of Professor 
Alvarez in developing the larger hydrogen bubble 
chambers that opened the way to studying the inter- 
actions of elementary particles on a large scale. He 
was undaunted by the severe engineering problems 
that had to be overcome to maintain large volumes of 
hydrogen in the uniform conditions necessary for 
high energy experiments, and although chambers of 
up to 15 feet are now being planned, his original design 
of one about six feet in length was a great advance. He 
also foresaw that still larger bubble chambers would 
require on-line computational facilities to translate the 
wealth of data accumulated in an experiment into a 
manageable form, and many of the modern techniques 
of stereoscopic measurement involving rotating mirrors 
and other optical set-ups were originated by him. 

Much of this work was carried out in the mid nine- 
teen-fifties. Before the Second World War, Professor 
Alvarez was involved in the discovery of several new 
isotopes. He studied several elements that underwent 
beta-decay, including investigating the transition from 
nitrogen-17 to oxygen-16, and he also established that 
the process predicted of K-capture by Dirac's theory of 
the positron, where a nucleus captures a K-shell electron 
instead of decaying, did indeed occur in vanadium-48. 





Frofessor Luis Alvarez. Professor Lars Onsager. 


At the end of the war, Alvarez built the linear proton 
accelerator at Berkeley, and in 1946 he took up a 
professorship at the University of California at Berkeley. 
Since then he has worked at the Lawrence Radiation 
Laboratory, situated on the hill above the Berkeley 
campus with a panoramic view over Oakland and San 
Francisco. It was in this setting that his work on 
bubble chambers was pursued and brought to fruition. 


Lars Onsager 


IT is said that news of the award of a Nobel prize for 
chemistry to Professor Lars Onsager of Yale University 
reached his wife by telephone during the recent meeting 
of the National Academy of Sciences at the California 
Institute of Technology. When told the good news by 
a newspaper reporter, Mrs Onsager is said simply to 
have asked “In physics or chemistry ?” This is not just 
à token of the ubiquity of Professor Onsager's contri- 
butions to thermodynamics and to statistical mechanics 
but also a reflexion of the style of his scientific work, 
which is as dry and economical as any Willard Gibbs— 
also a Yale professor—could have asked for 

Onsager is à Scandinavian by extraction, but has 
lived in the United States since childhood. He is dis- 
tinguished as a teacher, but has also two distinctive 
pieces of work to his credit. The first of these consists 
of a series of theoretical arguments about the relation- 
ships which exist between the parameters which deter- 
mine such things as rates of flow in non-equilibrium 
systems in a steady state. The second is the work 
which Onsager carried out, in the years immediately 
after the Second World War, to calculate the properties 
of a so-called Ising lattice—a two-dimensional net of 
points on which are placed two-valued elements—mag- 
netic dipoles, for example—capable of interacting with 
each other. This model and elaborations of it have 
since become a familiar model for the calculation of 
order-disorder transitions—the ferromagnetic transi- 
tion, for example. The so-called “Onsager problem", 
still unsolved, is that of calculating analytically the 
properties of a three-dimensional lattice when the 
elements placed at the lattice points can interaet at 
least with their nearest neighbours. 

Onsager's contributions to thermodynamics of flow 
processes are of great practical utility in treating prob- 
lems involving the maintenance of transport phenomena 
by the influence of more than one kind of driving force. 
One simple case, for example, is the flux of some 
molecular species under the combined influence of its 
chemical potential and the chemical potentials of other 
molecular species. It is an entirely formal step to 
suppose that when the fluxes are not too great, each of 
them is determined by a linear relationship of the form 


dos = him, 


where J; is the flux of a species labelled i and L, are 
constants. Onsager’s contribution has been to show 
that there is a certain symmetry expressed by Ly — Ly 
and then to demonstrate how this can be applied in a 
variety of physical problems. This work undoubtedly 
played an important part in the development of non- 
equilibrium thermodynamics during the fifties. 
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Vice-Chancellors on the Move 


Tur Committee of Vice-Chancellors and Principals, 
hitherto a somewhat trappist organization, has now 
published the first report in its history. The committee 
says that it has been led to do this chiefly because of the 
way in which, in the past two years, it has become “a 
focus of university opinion and an instrument of 
university cooperation". The committee also promises 
that from now on it will report once a year. 1f future 
documents in the series are as trenchant as that which 
has now appeared, nobody will be disappointed. 

The report reviews much of what has happened in 
the university quinquennium now past. (1962-67) and 
says it was from the beginning obvious that this 
quinquennium would present exceptional problems. 
First, the number of qualified sixth formers and the 
desire for higher education were increasing more 
rapidly than official plans allowed. Second, the expan- 
sion in higher education meant the establishment of 
new universities. Third, in 1960 the British Govern- 
ment accepted the recommendations of the Anderson 
report by encouraging everyone with two passes in 
the A-level examination to seek higher education. 
Finally, the Robbins Commission began its work, and its 
report in 1963 presented the universities with constitu- 
tional, academic, administrative and financial problems. 

The vice-chancellors do not hide their dismay at the 
way the relationship between the Government and the 
universities has developed. The Vice-Chancellors’ 
Committee in its evidence to the Robbins Commission 
“opposed the suggestion that the Ministry of Education 
should have responsibility for providing all funds for 
education including the universities. We still thought 
the solution lay in strengthening the prestige and 
authority of the University Grants Committee in its 
relations with the Treasury”. The Robbins report 
recommended a single minister for arts and science 
separate from the Ministry of Education and respon- 
sible for the autonomous institutions, which would be 
controlled on the grants committee principle. 

In spite of this recommendation and the opinions 
of the vice-ehancellors, however, on April 1, 1964, a 
Secretary of State for Education and Science was made 
responsible for the whole field of education. Further. 
the Joint Permanent Under-Secretary responsible for 
universities was within a few months quietly jettisoned, 
just as the Vice-Chancellors’ Committee had feared. 
The universities’ anxieties about their autonomy were 
well founded. The vice-chancellors see only one 
advantage in the new arrangements—that university 
affairs can be more regularly brought before Parliament 
— but they lament the lack of any regular and accepted 
pattern of consultation. They were not, for example, 
consulted before the Government promulgated its 
theory of a binary education system in 1966 or even 
when the Government decided to raise fees for foreign 
students. The report says that “relations between the 
universities and the State are delicate, and the position 
of the UGC is at all times fundamental; the right 
balance has yet to be struck”. The way in which the 
Government gave the Comptroller and Auditor General 
access to the books of the universities still rankles. 

The establishment of the Department of Education 
and Science meant new relations between the UGC— 





“a committee independent of politics and not subject 
to ministerial direction"—and the administration on 
one hand and the vice-chancellors on the other. The 
report says that although Sir John Wolfenden and 
Dr D. G. Christopherson, the respective chairmen of the 
two committees, have maintained close and regular 
contact, it has proved less easy to devise a system 
whereby their respective committees can consult “part ly 
owing to the special position of the UGC in its capacity 
of confidential adviser to the Government”. Despite 
continued protestations of the independence of the 
UGC, the Committee of Vice-Chancellors clearly has 
misgivings. 

In the report now published, the vice-chancellors 
complain that the British Government delayed for 
more than a year before acknowledging in public that 
estimates of the demand for university places between 
1963 and 1973 could be more than adequately met by 
the existing universities, the new universities and the 
technical colleges. The viee-chancellors also put on 
record their discontent with the Government's handling 
of the upgradirg of teacher training colleges into schools 
of education affiliated with the universities. More 
ominously for the Government, the vice-chaneellors 
also raise some awkward questions about the relation- 
ship between the universities and the polytechnics and, 
in particular, svggest that these may turn out to be 
competitors, not complementary institutions. 

The report has some important things to say about 
the sources of university finance. Over the years, the 
report argues, the proportion of university funds 
provided directly by the central government has 
increased steadily until it exceeded 74 per cent in 
1965-66. The vice-chancellors record with evident 
nostalgia the evidence by the Treasury to the Robbins 
Commission on the need to increase tuition fees, at 
present an average of about £80 for students from the 
United Kingdom. The vice-chancellors give it as their 
opinion that it would at this stage be hard to go for 
the Robbins target in which tuition fees would account 
for rovghly 20 per cent of the income of British uni- 
versities, and the fact that the committee's report 
says that big issues like these must wait on Government 
decision shows that the vice-chancellors have not yet 
thrown off the yoke of dependence. 

On the positive side, the Universities Central Council 
for Admissions has been established and a joint stand- 
ing committee with representatives of the vice-chancel- 
lors and the local authorities under the chairmanship 
of the DES was also set up to standardize administra- 
tion of student grants. And, at the end of the quin- 
quennium, arrangements were made for consultations 
between the vice-chaneellors and the National Union 
of Students on student participation in running the 
universities. The vice-chancellors welcome the estab- 
lishment of the Council for Science Policy and the three 
new research councils. The report says: “The con- 
tinuance of the dual system of support of research in 
the universities by the UGC on the one hand and the 
research councils on the other was strongly supported. 
UGC participation was held by our committee to be 
essential to maintain the interdependence of university 
teaching and research." 
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Credit for Ocean Floor Spreading 


Wno deserves the credit for the theory of ocean floor 
spreading, now almost as central a dogma of geophysics 
as the Watson-Crick theory is in biology ? Nobel prize 
selectors may take more than a passing glance at a 
diseussion in the Journal of Geophysical. Research. (78, 
6563; 1968) where A. A. Meyerhoff argues that 
Arthur Holmes first proposed the hypothesis of ocean 
floor spreading in 1931. 

The modern form of the hypothesis is usually asso- 
ciated with the names of H. H. Hess and Robert S. 
Dietz. But Dr Meyerhoff sternly observes that “ ‘New’ 
ideas very commonly are very old ones, and it is puzz- 
ling why more careful attention is not given by scien- 
tists to tracing the history of important concepts". 
Holmes, he says, published diagrams that "elearly 
demonstrate the modern concept of the spreading ocean 
floor" (Trans. Geol. Soc., Glasgow, 18, 559; 1931). In 
the same issue of the journal, Hess and Dietz express 
their gentle but definite disagreement with the claim 
for Holmes's priority. Hess points out that Holmes's 
model would more aptly be called ocean floor stretching, 
consisting as it does of a thick continental erust thinned 
out by underlying convection. Holmes believed that 
the mid-ocean ridges were remnants of continents and 
Dietz says that he did not envisage new ocean floor 
being created at a rise and destroyed in the trenches in 
the true conveyor belt fashion. 

Dietz assigns the full credit for the concept of ocean 
floor spreading to Hess, whilst Hess makes clear that 
the actual term “sea-floor spreading", "which so nicely 
summed up my concept, was coined by Dietz after he 
and I had discussed the proposition at length in 1960". 
The first formal publication of the concept was in fact 


The End Mystery 


Tue two ends of linear nucleic acid molecules are 
known as the 5' and 3' ends because of the polarity of 
the sugar phosphate bonds which link the individual 
nucleotide subunits together and provide a backbone 
to the molecule. When nucleic acids replicate or 
messenger RNA is transcribed off a DNA template, the 
new molecule is synthesized in the direction from the 
5' end to the 3’ end. Further, a messenger RNA mole- 
cule is translated in the direction from 5’ to 3’ so that 
the first amino-acid in the protein chain is specified by 
a codon near the 5’ end and the last is specified by a 
codon near the 3° end of the RNA. 

Information about the sequences of bases in RNA 


molecules is therefore important, and on page 548 of 


this issue Dahlberg reports the 3’ terminal sequences 
of three RNA bacteriophages. The importance of his 
results, and that of some previously published data on 


by Dietz in 1961 (Nature, 190, 854), but priority, freely 
acknowledged by Dietz, belongs to Hess because of a 
preprint distributed in 1960. Both Hess and Dietz 
acknowledge the importance of the related hypothesis, 
proposed by F. J. Vine and D. H. Matthews (Nature, 
199, 947; 1963), that the pattern of magnetic anomalies 
on the ocean floor can be explained by the two mechan- 
isms of ocean floor spreading and magnetic reversals. 

This discussion should interest philosophers as well as 
historians of science. Is ocean floor spreading merely a 
hypothesis, or has it now attained the cognitive status 
of a theory ? Meverhoff goes out of his way to call it a 
hypothesis, but Dietz is now inclined to regard it as 
a theory, particularly because of the corroborative 
evidence afforded by the hypothesis of Vine and 
Matthews and the palaeomagnetie evidence that their 
hypothesis explains. Certainly it seems fair to say that 
the concept of ocean floor spreading is now used as & 
theory in the sense that it now possesses explanatory 
powers independent of the evidence that supports it, 
enabling further hypotheses and perhaps laws to be 
deduced. Ocean floor spreading and the Vine aud 
Matthews explanation are of course two sides of the 
same coin and cannot now be considered separately. 
But historically it seems that the simplicity and 
elegance of the latter hypothesis, together with the 
data available at the time, were such that it was seen 
to support the former rather than the other way round. 
That, however, is à question which historians further 
removed from events will wish to debate. The issue 
will of course seem entirely irrelevant to those who like 
to quote Sir Francis Bacon as the original proposer of 
continental drift. 








terminal sequences, lies in the questions they raise, not 
the questions they answer. First, why do all the 
bacteriophage and viral RNAs so far analysed have the 
same 3’ terminal sequence of CCCA ? Second, is it just 
a coincidence that a 3' terminal sequence of CCA is 
common both to the RNA molecules in the bacterio- 
phage, which can act as messenger RNA, and also to 
transfer RNA molecules which all have a 3’ sequence of 
CCA no matter what amino-acid they specify ? Third, 
because the CCA residues in transfer RNA are known to 
turn over in the sense that they are added and removed 
by a specific enzyme in the process of protein synthesis, 
do the CCA residues in phage RNA also turn over? 
Finally, it is known from other experiments that for at 
least one of these bacteriophages, the last base—the A-— 
is added to the end of the molecule after the rest of it 
has been replicated from a complementary strand 
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according to the rules of Watson-Crick base pairing and 
nucleic acid prive This implies that there is an 
enzyme which adds this final adenine base to the phage 
RNA. It could be a specific enzyme or the enzyme 
responsible for the turnover of the CCA residues of 
transfer RNA. 

All these questions boil down to the suggestion that 
the 3° terminal sequence of phage RNAs and by impli- 
cation messenger RNAs in general has some function 
other than coding for an amino-acid. Why else should 
evolution have produced a system which goes to the 
lengths of adding a base to a completed molecule unless 
it has some extremely important function ? 





EVOLUTION 


New Species in the Tropics 


A LARGE audience gathered at the British Museum 
(Natural History) last week to hear a group of experts 
talk about speciation in the tropical environment. 
The proceedings, under the auspices of the Linnean 
Society and the British Ecological Society Tropical 
Group, were important not only for their interest 
to the academic taxonomers and ecological geneti- 
cists. A rational conservation policy for the tropics 
must be backed by information about the factors— 
genetic and ecological—which have produced the 
riehness of species in the flora and fauna of this area. 
As Dr K. Mellanby said, in his introduction to the two 
day symposium, our knowledge must catch up with 
our powers to alter the environment. 

Dr Ernst Mayr from Harvard referred to the pro- 
verbial richness of tropical floras and faunas and said 
that a tropical area may have five to seven times 
as many species of birds as a temperate zone area. 
There are two possible explanations for such large 
numbers of species. The genetic explanation is that 
factors such as increased rates of mutation or shorter 
generation times accelerate the production of new 
species. The ecological explanation requires that the 
tropical environment favours the development and 
continued coexistence of a very large number of species. 
In the case of birds the evidence favours the ecological 
interpretation. Factors which may accelerate the 
rate of bird speciation include the possibility that 
populations are more sedentary in the tropies so 
that the efficiency of g geographic barriers is increased. 
And perhaps the conditions of the tropics provide a 
greater variety of ecological niches so that a new 
species has a good chance of finding a niche, thus 
satisfying its requirements without competing with 
other species. 

There was vociferous astonishment and disagreement 
in response to Professor C. C. G. J. van Steenis of Leiden, 
who suggested that the richness of the flora of the trop- 
ical rain forest is in part a result of a very low intensity 
of competition; the bare soil is free for all, and each 
of the many species has its own microniche. This 
low level of competition has led in some cases to the 
survival of what Professor van Steenis calls "nature's 
experiments —plants of extraordinary structure and 
habit which are found in quite large nu mbers in tropical 
rain forest. Such structures are often the sort that 
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can be produced by sudden genetic changes such as 
single gene mutations or polyploidy. In the tropical 
rain forest, evolution may sometimes have occurred by 
these sudden large steps resulting in the monstros- 
ities found today. 

New and old ideas about the tropical rain forest 
were also discussed by Professor P. W. Richards of 
Bangor, who read his own paper and one by Dr P. S 
Ashton of Aberdeen. It has always been hard to explain 
why this flora contains so many closely allied tree 
species living together in the same complex but 
ecologically monotonous vegetation. The tradi. 
tional view is that in such conditions natural selection 
is weak; there is little integration between plants 
and their environment, and variation is mostly non- 
adaptive. Professor Richards, however, talking about 
speciation and the concept of the niche, cast doubt 
on this view by pointing out that there are many 
characteristics of possible ecological importance in 
which trees can differ, so that they may be more adapted 
to their environment than previously thought. Much 
more information is needed about the autecology of 
forest trees before the problem of speciation in these 
conditions can be worked out satisfactorily. Evidence 
collected by Dr Ashton, working on the South East 
Asian dipterocarp trees, suggests that it is not nec cessary 
to formulate modes of speciation for the tropical 
rain forest that differ essentially from those in other 
terrestrial ecosystems. 


NUTRITION 


Providing More Protein 


from a Correspondent 


A SYMPOSIUM on new sources of food protein was held 
by the Scottish Group of the Nutrition Society on 
October 26 at the University of Strathclyde. The 
chairman, Dr R. L. M. Synge (ARC Food Research 
Institute, Norwich), said that the idea of new sources of 
protein was founded on two simple facts—that all pro- 
teins were formed from twenty amino-acids and that, of 
these, monogastric animals were unable to synthesize 
ten. 

Dr A. A. Woodham (Rowett Research Institute, 
Aberdeen) said that the efficiency of conversion of plant 
protein into animal protein is only about 25 per cent, so 
that human beings may ultimately be forced to forgo 
the luxury of eating meat. Much could be done, 
however, to avoid the wastage involved in the over- 
production of protein in certain areas by supplying this 
to areas abnormally short of protein. One approach is 
the extraction of protein from vegetable products. The 
highest yield can be obtained from forage crops and it 
may be possible to develop an economic system involv- 
ing the extraction of protein from these crops and 
feeding the residue to ruminants, possibly in conjunc- 
tion with urea. Some success has already been 
achieved with soya bean extracts. Another approach 
is the fractionation of certain proteins to obtain a 
material of higher biological value. This has been 
tried, but some results have been disappointing, 
possibly because of the low availability of certain 
essential amino-acids. It may also be possible to 
develop the cultivation of certain plant species not 
normally cultivated; attempts have already been 
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made to introduce Crambe into the United States as a 
source of protein. Some of these species, however, 
contain toxic materials and careful testing is essential. 
Finally, strains of normal plants with a particularly 
favourable amino-acid composition may be developed. 
There is some evidence that certain strains of groundnut 
are twice as rich in lysine as other strains. Dr 
Woodham concluded that the short-term answer to the 
world protein shortage will lie in the development and 
better utilization of plant proteins, although other 
sources of protein may become more important later. 

Some of the economie and production problems were 
discussed by Dr G. B. Galliver (Unilever Research Lab- 
oratory, Sharnbrook), who said that because purified 
protein is odourless, tasteless and without apparent 
attraction to the consumer, it is not surprising that it is 
not readily accepted as an addition to the diet. To 
make better use of protein foods, advertising will be 
necessary to stress the nature, source and value of the 
protein and to ensure that the products are actively 
sought and consumed. It is necessary to sell the 
produet as à food and, above all, to avoid any sugges- 
tion that it is only for the poorer people, thus leading 
to the belief that the product is inferior. It is also 
necessary to establish the supply of raw material on a 
sound footing and to carry out "pilot-plant" produc- 
tion of the material close to its potential market to 
eliminate any problems before large-scale production is 
attempted. This point was echoed by Mr J. C. 
McKenzie (Office of Health Economies), who was “‘con- 
fident that within ten years, perhaps even less, we shall 
know how to persuade people to change their food 
habits". 


WATER RESOURCES 


Salinity in the River Murray 


from a Correspondent 

Tue quality of water in a river is always affected by 
factors such as the proportion of salts dissolved 
from the rocks of the catchment, the proportion 
of salt in the rain water, and the effects of evapora- 
tion in concentrating soluble matter. In the case of 
the River Murray in South Australia three factors are 
particularly important. 

First, the average annual potential evaporation 
exceeds 60 inches over much of the area and inereases 
the concentration of dissolved salts in bodies of surface 
water. Second, although the flow of the Murray is pro- 
gressively more and more regulated, it varies con- 
siderably about the average annual discharge of 
19,176,000 acre-feet. The possibilitv of extremely 
small flows is important because salinity usually 
increases as discharge decreases. Third, the inflow of 
very saline water from various sources increases the 
salinity of Murray waterl. Some of this comes from 
saline springs and seepages in the banks and bed of the 
river, though more important is the uncontrolled 
disposal of highly saline drainage water (which can 
contain up to 20,000 p.p.m. total soluble salts) from a 
number of the irrigation schemes along the Murray 
Valley. 

This combination of factors has produced a definite 
trend towards greater salinity throughout the Murray, 
apart from the general downstream increase in salinity, 
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which is even more marked when river flow is low? As 
long as South Australia receives the flow to which it is 
entitled under the River Murray Waters Agreement, 
water quality remains satisfactory?. In spite of the regu- 
lation of the river, however, there are periods of very 
low river flow—as experienced in 1965 and 1967-68 — 
which are the more serious because low river flows are 
invariably associated with high salinity. In a catch- 
ment where drought is a recurring problem, the regu- 
larity of flow can only be improved by the construction 
of water storages. The chief function of the now 
deferred Chowilla Dam was to provide further storage 
capacity and greater regulation of the Murray's flow in 
South Australia. But the establishment of a very 
large reservoir in an area where evaporation is so high 
could only result in an overall increase in the salinity 
of the water stored. 
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Salinity and discharge at Lock 9, River Murray, for monthly 

observations, July 1963 to June 1967. The correlation co- 

efficient is —0-717, significant at the 0-001 level. The regres- 

sion equation is y= 326-876 —69.556x. Based on data provided 
by the River Murray Commission, Canberra. 


In five of the past ten years the River Murray has 
provided more than 40 per cent of South Australia's 
domestic water consumption. Far more, however, is 
used for irrigation, particularly of horticultural 
products, many of which are classed as “extremely 
sensitive" to total salinity’. The estimated loss of 
horticultural production in South Australia exceeding 
$A2-5 million per annum as a result of saline irrigation 
water is not surprising and is probably an underesti- 
mate. More storage schemes are essential to guarantee 
South Australia’s share of Murray water, But if the 
result is an overall increase in salinity there will have to 
be major changes in the whole concept of irrigation in 
the South Australian Murray Valley. 


! O'Driscoll, E. P. D., The Hydrology of the Murray Basin Province in South 
Australia (South Australian Department of Mines, 1800). 

? Helliwell, P. R., Report on Salinity of River Murray Water in South Australia 
(Engineering and Water Supply Department, Adelaide, 1963). 

NSOMA asd Parliamentary Debates, Legislative Council (Augusti 23, 
T R 


* Crabb, P., Australian Geographer, 10, 309 (1967). 
* Allison, L. E., Advances in Agronomy, 18, 139 (1904), 
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MOLECULAR BIOLOGY 


Nerve Fertilizer 


from our Molecular Biology Correspondent 


A PROTEIN factor which stimulates the growth of nerves 
and which was originally described by Levi-Montalcini 
and co-workers has been the subject of a series of 
interesting studies by Shooter and his associates. 
Two sources of the growth factor are at present 
available—snake venoms and mouse salivary glands— 
and it is the latter which have provided the material 
for the present work. The active component is found 
to have a sedimentation coefficient of 7S, which for 
& typical globular protein would correspond to a 
moleeular weight of about 140,000. Outside the pH 
range 5-8, the protein dissociates reversibly into 
subunits with molecular weights of the order of 30,000, 
and electrophoretic or chromatographic analysis reveals 
the presence of three types of chain, differing widely 
in charge and termed a, B and y. Dissociation is accom- 
panied by loss of the greater part of the growth- 
stimulating activity (as well as diminished stability), 
but what remains is associated uniquely with the 
B subunits. 

Greene, Shooter and Varon (Proc. US Nat. Acad. 
Sci., 60, 1383; 1968) have now discovered a quite 
different type of activity, residing in one of the other 
subunits, the y chains. They observed that the intact 
78 protein has a small but unmistakable proteolytie 
activity towards casein, and a large hydrolytie activity 
towards benzoylarginine ethyl ester, which is well 
known as a synthetic substrate for the assay of trypsin. 
The specific activity indeed is higher than that of 
trypsin, and when isolated y subunits were assayed 
the specific activity was some seven times greater 
than that of trypsin. On recombination of all three 
subunits the original levels of both growth-stimulating 
and hydrolytic activity are regained. That there 
is some interaction between the subunits is clear: 
the nerve growth activity is much higher in the 7S 
protein than in the isolated B subunits, and the specific 
hydrolytic activity and its kinetic characteristics 
also change on dissociation. In the 7S protein there 
is a marked lag phase in the kinetics, which is absent 
in y subunits alone. The co-existence of subunits with 
different activities in a single enzyme species has 
been observed before, notably in tryptophan syn- 
thetase, but it still represents a very unusual situation. 
The interrelation between the two activities, and the 
purpose of the a chains—whether enzymatic or 
regulatory for example—are at this stage still matters 
of conjecture. 

A further feature of the growth-stimulating protein 
is the heterogeneity of the « and v subunits, which 
is considered in detail in a further paper (Smith, 
Varon and Shooter, Biochemistry, 7, 3250; 1968). 
In polyacrylamide gel electrophoresis the a chains 
show four components, one of them minor, and the 
y chains three. The latter are all indistinguishable in 
esterase activity, and all of them, and the « components 
also, will recombine with B chains to form complexes 
of a with B, y with B, or fully active afy molecules 
(ay species and self-complexes are not formed). Because 
there can only be one chain of each kind in the 7S 
protein, the heterogeneity of the subunits should 
be reflected in a corresponding heterogeneity in the 
parent molecule, and this is indeed the case. The 
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recovery of only one species of either chain on dis- 
sociating a 78 protein formed by combining single 
species shows that this is a true structural hetero- 
geneity. Furthermore, protein prepared from one 
gland of a single animal exhibits the full range of 
heterogeneity. Evidently therefore all the molecular 
forms are present, probably in equilibrium, in each 
gland. Again, the relationship of these multiple 
combinations of different subunits in different aggre- 
gation states to the function remains obscure. 


MOLECULAR BIOLOGY 


Unused Codons 


from our Cell Biology Correspondent 


ALL sixty-four possible codons have now been assigned 
functions in the genetic code, largely as a result of 
Nirenberg's discovery of cell-free systems and tri. 
nucleotide binding techniques. Most codon amino- 
acid translations have been shown to be universal 
and the degeneracy of the code has become apparent. 
The degeneracy raises the question: to what extent 
are the {RNA-codon responses identical in different 
organisms and, if they differ, do factors affecting anti- 
codon-codon recognition serve as a mechanism for 
regulating protein synthesis? For example, are some 
codons not used and are some species of {RNA specific 
for any particular codon present in small amounts and 
therefore a rate limiting factor during translation ? 

In the latest issue of J. Mol. Biol. (87, 99; 1968) 
Caskey, Beaudet and Nirenberg report another step 
in their analysis of the RNA codons and protein 
synthesis which answers some of these questions. 
They isolated from E. coli and guinea-pig liver the 
tRNA species for seven amino-acids (arginine, isoleu- 
cine, serine, cysteine, lysme, methionine and threonine) 
and in trinucleotide binding experiments analysed 
the anticodon-codon relationships of all these tRNAs. 
Only seven species of RNA in both guinea-pig liver 
and £. coli have the same anticodon-codon responses; 
for example, in both organisms there is a tRNA which 
translates AGU and AGC as serine, but the other serine 
codons fall into different sets. Thus in Æ. coli there is 
a serine {RNA which translates both UCU and UCC 
but not UCA, whereas in guinea-pig liver the RNA 
which translates UCU and UCC also translates UCA. 
From results of this type Nirenberg’s group concludes 
that, for the amino-acids they studied, there are only 
seven tRNAs, which have the same codon recognition 
patterns, common to both Æ. col? and guinea-pigs, 
while seven species of {RNA found in guinea-pig 
are not present in E. coli and conversely five tRNAs 
in Æ. coli are not present in guinea-pig. 

The experiments also suggest that some codons 
are not used in one or other of these organisms. For 
example, the sole isoleucine {RNA from liver responds 
to the codon AUA whereas the sole isoleucine (RNA 
from E. coli gave no detectable response to this codon; 
a species of guinea-pig arginine {RNA responds well 
to AGG but poorly to AGA, whereas the two E. coli 
arginine {RNAs respond poorly to both these codons. 
Such results as these imply that during evolution, 
for some totally obscure reason, certain codons have 
been deleted from the genetic dictionary of some 
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species. Presumably AUA is never used to code 
isoleucine in E. coli, for example. 

Redundant {RNAs occur which have different phy- 
sical properties and so can be separated, but they have 
the same anticodon. Also the relative amounts of the 
different species of RNA vary and this is obviously 
one way in which translation could be regulated. 
Indeed, Nirenberg and Anderson are apparently about 
to publish some definite evidence for this suggestion. 

One of the four cysteine {RNA fractions in E. coli 
responds to the codon UGA as well as UGU and UGC. 
As there is evidence that UGA is a chain terminator 
like amber and ochre codons, this cysteine {RNA 
may be a UGA suppressor. On the other hand, if 
this £RNA in fact translates UGA as cysteine, a cell- 
free system programmed with poly GAU should 
produce some poly cysteine because one of the three 
ways of translating poly GAU is as GA(UGA, UGA),, 
but aecording to Khorana's group this never occurs. 
This suggests that UGA and the cysteine tRNA might 
possibly act as a block to protein synthesis rather 
than a chain terminator and suppressor system. 


NEUROPHYSIOLOGY 


Leech Neurones 


from our Neurophysiology Correspondent 


Tue medicinal leech, Hirudo medicinalis, has suddenly 
become popular as an experimental animal for neuro- 
physiology. Kuffer (J. Neurophysiol., 27, 290; 1964) 
used it because leech glial cells are large and easy to 
identify in a living preparation; now Nicholls and 
Taylor have investigated the properties of some 
neurones in the leech central nervous system (J. 
Neurophysiol., 31, 740; 1968). One satisfying aspect 
of their work is that they find the drawings by Retzius 
of leech neuroanatomy accurate enough to be used 
as a guide to the connexions between individual 
neurones. The leech is made up of almost identical 
segments, each divided into five annuli by markings 
on the skin. Its CNS contains segmental ganglia, 
which are alike, except for a few, larger than the rest, 
in the most posterior and anterior segments. Action 
potentials have been recorded intracellularly from 
many of the cell bodies in the segmental ganglia, 
but with a few exceptions these are less than 30 mV 
in amplitude, suggesting that in general they do not 
actively invade the soma. The fourteen identifiable cells 
in each ganglion, which have action potentials larger 
than 60 mV and undershoot the resting potential by 
as much as 15 mV, have been studied by Nicholls 
and Taylor. 

All are responsive to mechanical stimulation of the 
skin. T cells, of which there are three on either 
side of each ganglion, respond to light touch—for 
example, water currents in the leech’s environment; 
they adapt rapidly to continuous pressure, but give 
a sustained discharge to a moving stimulus. P cells 
require greater pressure, but adapt slowly; N cells, 
of which, like P cells, there are two on either side 
of each ganglion, can only be stimulated by quite 
radical deformations of the skin and may give a 
maintained discharge even after removal of the 
stimulus. Simultaneous recording from nerve roots 
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containing the T, P and N axons and from the cell 
bodies themselves showed that action potentials 
produced by skin stimulation occurred in the roots 
before the cell bodies. Further, they were not blocked 
by bathing the preparation in Mg** rich Ringer solution, 
which would block chemical synapses within the 
ganglia. This makes it very likely that T, P and N 
are primary sensory neurones, unless there are peri. 
pheral synapses which were not blocked by the Mg”. 

Each neurone has a clear receptive field which 
overlaps slightly with those of its homologues in the 
same and adjacent segments. There is less overlap 
between areas innervated by axonal branches of the 
same neurone. The authors find that the receptive 
fields bear a constant relation to visible landmarks 
on the skin, so there appears to be considerable speci- 
ficity in the organization of individual sensory neurones 
in the leech. This seems to be a common feature of 
nervous systems in which individual neurones can be 
recognized anatomically, while in more complex 
nervous systems, although the overall pattern may be 
specified genetically, all individual connexions clearly 
are not. 


RIBOSOMES 


Another Red Herring 


from our Cell Biology Correspondent 


THE idea has been discredited twice recently that 
chloramphenicol particles (CM particles)—the associa- 
tions of 168 and 238 ribosomal RNA with protein, 
which are produced when exponentially growing E. coli 
are fed chloramphenicol—are incomplete ribosome pre- 
cursors and that their protein is ribosomal protein. In 
the latest issue of J. Mol. Biol. (87, 119; 1968), Schlief 
reports that most of the protein found in the CM 
particles is non-ribosomal. Earlier this year in the 
same journal (38, 559; 1968), Yoshida and Osawa, who 
had been among the chief proponents of the CM particle 
idea, reached the same conclusion and retracted their 
earlier assumptions. They decided that CM particles 
have nothing to do with the maturation of ribosomes. 

Yoshida and Osawa, using a double labelling tech- 
nique, first confirmed earlier observations that the 
protein components of the 188 and 258 CM. particles 
are derived from pre-existent protein, synthesized 
before the addition of chloramphenicol. They then set 
about proving that in vivo the RNA component of the 
particles exists free of protein and that its association 
with protein is an artefact of the extraction techniques 
used. In essence, they showed that when cells grown 
in the presence of labelled amino-acids but in the 
absence of chloramphenicol are mixed with cells grown 
for 20 min in the presence of chloramphenicol and °H 
uridine (to label the RNA) and then extracted, CM 
particles containing labelled RNA and protei are 
produced. This means that labelled RNA from one 
cell binds labelled protein from another during the 
extraction procedure and that the particles are thus 
artefacts. 

Analysis of the proteins isolated from the 188 and 258 
CM particles by polyacrylamide electrophoresis and 
column chromatography revealed that the bulk of the 
protein of the 18S particles is not found in the 305 
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ribosome subunit of which they were supposed to be 
preeursors. Comparison of the proteins of the 255 CM 
particles and 50S ribosome subunits gave essentially 
the same result, although these CM particles do contain 
a small amount of authentic ribosomal proteins. But 
to clinch their argument Yoshida and Osawa made CM 
particles by incubating free ribosomal RNA with a cell 
extract. 

Schlief also showed that the protein of CM particles 
must be synthesized before chloramphenicol is added, 
because the total amount of protein made during 90 
min after adding the drug is only 3 per cent of that 
found in the particles. Furthermore, the protein cannot 
be ribosomal because the total pool of free ribosomal 
protein in normally growing Æ. coli is insufficient to 
provide the protein found in the particles. And in 
labelling experiments, the specific activity of CM 
particle protein parallels the specifie activity of the 
cell's soluble protein but not its ribosomal protein, 
in conditions where these parameters can be dis- 
tinguished. Finally, when cells are given a transient 
pulse of chloramphenicol, although the RNA in the 
CM particles matures into ribosomes, the protein 
of the CM particles is displaced by authentic ribosomal 
protein. 

Perhaps the most surprising aspect of the effair is 
the speed with which the CM particles became accepted 
in the first place as intermediates in ribosome matura- 
tion and the tardiness of any critical test. 


ARCHAEOLOGY 


Roman Fort at Usk 


from our Archaeology Correspondent 


BEFORE the Roman conquest of south Wales in the 
seventies and eighties ap there were repeated Roman 
incursions into Wales between ap 50 and 70. Excava- 
tions at Usk in Monmouthshire, directed by Mr W. H. 
Manning of the University of Wales, Cardiff, for the 
Ministry of Public Building and Works and the 
university, have in three seasons of excavations 
revealed two Roman fortified camps. One is a Flavian 
fort of about ap 70-100 built during the main conquest ; 
the other, and more important, is a pre-Flavian fort 
built about ap 60 during earlier Roman incursions. 
This fort, which has only been excavated during the 
last two seasons, should, when it has been more com- 
pletely excavated, reveal a large part of the layout of a 
fortified Roman camp in the formative period when 
the military architects were developing standard 
patterns. 

The part of the fort excavated so far lies below 
what are now the grounds of a detention centre and an 
adjacent field now covered by a housing development. 
Sections through the remains of the fortifications have 
shown that it was enclosed by a single earth bank, 
which can be dated to about ap 60 by Samian ware 
found at its base, with a broad ditch in front about 
twenty feet wide and ten feet deep. This bank can still 
be traced with certainty for 350 m and possibly for 
700 m, but later mediaeval building makes it impossible 
to define the precise boundaries of either of the two 
Roman forts. The ditch and bank of the first fort 
were apparently built after the site had been cleared, 
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and clay, probably dug from five large shallow pits 
along the inner side of the bank, was then used to 
level the enclosure carefully before wooden build- 
ings were erected. So far there is no evidence of stone 
buildings, apart from a bath house, although some of 
the later structures apparently had stone footings. 
Perhaps the most surprising feature of the fort is 
that there were two distinct building phases in its 
short life of about twenty years. The first phase is 
characterized by post holes; traces of six buildings 
of this phase remain as six sets of six rows of five 
post holes spaced about 150 em apart: the buildings 





A Roman bread oven excavated at the pre-Flavian fort at Usk. 
Burnt earth (bottom) reveals the position of the fire. 


were probably granaries measuring about 6 by 7-5 m 
overall. The granaries were demolished at some 
stage and replaced by at least two very large rect- 
angular buildings, one of which had sides 110 feet 
long, but all that remains are the long beam slots 
cut into the soil. In all probability these structures 
were storehouses and workshops and their complete 
plan should be revealed next summer. 

Apert from these buildings, contemporary and mili- 
tary pattern bread ovens have been unearthed to- 
gether with numerous small finds chiefly, as always, 
pottery. The potsherds include Neronian Samian ware, 
some St Remy ware, coarse Roman ware and local 
pottery in Iron Age styles but definitely of the Roman 
period. What may well be Roman spade impressions 
have also been found. 
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Teaching and Research in Botany in the 


United Kingdom 


b Sir Frank Engledow, in common with many other botanists, is 
y concerned that his subject is not attracting sufficient students, 


FRANK ENGLEDOW 


Hadleigh, Huntingdon Road, 
Cambridge 


Tuar world food supply faces science with a huge task 
is now known to everybody. It is also increasingly realized 
that conservation of the environment, land and water, is a 
matter for urgent attention. Botany, obviously, has a 
leading part in this, although all the principal experimental 
sciences must be involved. For many years past agricul- 
ture, especially in the advanced countries, has effected 
great inereases in erop yield and this largely through the 
aid of botany, particularly plant breeding and plant 
pathology. Until the past two decades the hands of 
botany were weak. Adequate knowledge of theory and 
method in the physical sciences was rarely found among 
botanists pure or applied. A big change has come about 
and is still in rapid progress. In plant physiology and 
applied erop physiology particularly, but also in other 
sections like genetics, botany is making very effective use 
of physics and chemistry. This progress is apparent 
from the quality of papers published during the past 
few years and is further attested by the successful in- 
auguration of the Journal of Ecology and the Journal of 
Applied Ecology. Yt can therefore be said that the present 
condition of botany is progressive and enterprising and 
such as to warrant and require special support. Its 
weakness lies in the unsatisfactory numbers of those it 
engages as students and researeh workers in universities 
and in the way it is treated in many schools as a teaching 
and examination subject. The purpose of this article is 
to examine this situation. 

Preponderance of the physical over the biological 
among the experimental sciences is now so marked as to 
require eonsideration of its extent, its causes and its 
possible consequences. Botany, in particular, seems in 
danger of being overwhelmed. 

Shortage of graduates, though bless Seta is most 
marked in the experimental sciences. Estimates of its 
magnitude have usually been general, none dealing specific- 
ally with botany and zoology. 

In proposals for training more graduates the policy 
commonly favoured seems to be to relate output to 
immediate demand, That the long term needs and poten- 
tialities in certain sciences, especially in botany, may 
therefore be overlooked is the primary issue in this article. 

Numbers of students, teachers and research workers in 
schools, universities and industry would crudely display 
the present situation. The substantial numerical and 
connected information, given in three reports!-?, incites 
speculation but is unhelpful about botany. Subjects are 
dealt with in groups (as in Table 1). Botany and zoology 
are individually mentioned in one case only’. 

Even in Table 1 bot: any is partly merged with zoology 
and certain special seetions of these under "biology". In 
three reports! ?4 this merging runs throughout. Dis- 
placement of separate departments of botany by one 
department of biology in a university may be such as to 
injure both subjects. This is the second of the two 
principal issues in this article. 





and that botanists are not being given the jobs they deserve. In this 
article he calls for changes to put the situation right. 
this article, several other botanists add their comments to those 
of Sir Frank. 


Following 


Quality in those engaged in botany compared with the 
physical sciences is more difficult to assess and more 
important than their number. It is not uncommonly 
said that, from the school onwards, botany tends to attract 
those less able to cope with the quantitative and the 
abstract. This, if true, would be less serious if an adequate 
number of good honours graduates in phy cal seienee 
could be induced to turn to botany, preparing themselves 
by suitable training, not merely trusting to piek up enough 
botany by straightway applying their physical seienee to 















Table 1. EMPLOYMENT CATEGORIES FOR MEN WHO QUALIFIED FOR FIRST 
DEGREE IN PURE SOIENCE 1064-5 
Employment 
Univ. Oil, chem. Eng. and Other 
Degree Schoolis CAT and andalifed ^ allied manufg. "Total® 
FET Coll. industries industries industries 
Biochemistry — 7 T 1 7 28 
Botany 5 7 7 1 5 83 
Chemistry 21 it 278 55 53 508 
Zoology 3 7 9 — 8 a9 
Biological science 12 2 4 3 6 EH 
Biology-cum- 
physical science 3 3 14 8 10 8o 
Total* 145 79 526 783 200 4i3* 


* Non-scientifle subjects given in the original are here excluded. 
This table is taken from ref. 3. 


Those who proceeded from a first degree to either teacher training courses 
or other postgraduate courses are not included in this table, More detailed 
data for totals engaged in teaching, ete., are given in ref. 6, 





some botanical research. In the eighteen years of the 
Nuffield Foundation Scheme for Biological ‘Scholarships 
and Bursaries unwillingness to turn from a physical science 
to botany has been most marked. Weakness in physical 
science hinders progress, especially in physiology and its 
application to erops, and it is slow progress that largely 
deters graduates from entering these important fields. 


Image of Botany 

With respect to the public interest they arouse the 
physical sciences stand far in front of botany and zoology. - 
Their discoveries are more exciting, their impact on indus- 
try and daily life greater, their career prospects financially 
superior. In the schools pupils and teachers cannot fail 
to be attracted by the brilliant achievements in nuclear 
and other branches of physical science. Where biological 
subjects are badly taught this attraction is enhanced 
for the abler pupils while zoology and, even more so 
botany, become a resort for the others, 

Altruism may mould an undergraduat thinking about 
a career. Helping to raise more food i in de ‘fie ient countries 
is sometimes in mind, but thè: scient ifie primacy of erop 
phys ted. i 


dt is s impossible to “understand the sien tial unatirae 
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Functional complexity of the plant and its interplay with 
environment necessitate prolonged repetition to get even 
tolerably precise results. With crops in the field instead 
of single plants in controlled chambers, difficulties are 
still greater. Specialisms such as cell biology or eyto- 
genetics largely escape the natural impediments which 
beset the study of whole plants. 

All scholarship and in particular the experimental 
aciences is forced into specialization in research, and in 
university curricula by rapid growth of knowledge. Is it 
right to assume that lines and extent of specialization 
suitable for physical science are equally suitable for 
biological subjects ? It may be held, for example, that in 
botany wide knowledge stimulates imaginative thinking 
on specialist problems. Certainly in agricultural botany 
—crop pathology, plant breeding, weed control—wide 
knowledge is essential. World food problems require all- 
round botanists to link the numerous specialisms. Special- 
ization is inescapable in botany, but its potential benefits 
cannot be fully realized unless the specialist is widely 
informed and interested in the parent subject. Some feel 
that the specialist need not be widely trained because 
experimental research in the main is bound to be team 
work. Whether conjoint effort is as successful in concep- 
tion and initiation as it may well be in execution is & 
question not necessarily answerable in the same terms for 
botany as for physics and chemistry. 


Merging Botany and Zoology 


Some universities in the United Kingdom have combined 
their departments into a department of biology, others 
may do so: others have combined agricultural and pure 
botany. Attitude to biological teaching is the primary 
motive for change. In so far as the University Grants 
Committee’s scrutiny of departmental size (number of 
students and student to staff ratio) has been influential 
there is a principle requiring further consideration. 

Merging for GCE examinations in schools has already 
been mentioned. If deemed appropriate for sixth form 
botany and zoology for A-level GCE and for those choosing 
one or both subjects as subsidiary or chief degree subjects, 
is it equally suitable for those studying at or below A- 
level? The chief reason, in some schools, for biology as a 
single sixth form subject is to allow a joint physical 
sciences A-level also to be taken. The Nuffield Foundation 
school biology project, now widely adopted, is likely to 
provide decisive experience on the merging issue in schools. 
A similar project for universities has already been mooted. 

Botany in this country engages few and has poor re- 
sources relatively to other experimental sciences. Unless 
it gets well designed support it must be expected to 
deteriorate. Its scientific and economic importance is 
not recognized by the general public or by the Govern- 
ment: in some universities diminishing numbers are 
reading botany as their main subject. Sharp separation 
of some special branches threatens progress in botany 
as a whole. Other branches formerly dominant and 
unchanging in teaching but now of less relative impor- 
tance stand in danger of neglect. Taxonomy is assumed 
to be important only for museum staff, but where land use 
improvement still has great scope (and this is not confined 
to the tropics) the ecologist assembling basic information 
often has to do much taxonomic work. 

Doubts are heard about some of the ways in which the 
merging of botany and zoology is being used. To present 
the eommon principles in an introductory course on 
biology is a recognized improvement. If this is followed 
only by combinations of certain special branches of one 
or both subjects it may produce graduates highly special- 
ized but narrowly based. A good start in some special- 
ization built on a wide botanical basis is more likely to 
lead to successful specialization later. 

Understanding of the whole organism is bound to have 
an increasing importance. It is the prime purpose of 
biology and it makes the long established departments of 
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botany and zoology essential. It is in them that the 
integration of many fields of research has taken place, 
centred respegtively on the whole plant and the whole 
animal. The established departments are vast repositories 
of important scientific information of which the potential 
and exploitation might be disfavoured by merging. 
Libraries, museums and, above all, synthesizing courses 
centred on the whole plant or whole animal are indis- 
pensable. 

Whether botany, dealing with animate phenomena and 
revealing the dependence of men and animals on plants. 
has special educational value is for pedagogues to discuss. 
Man, an organism, is fundamentally and complexly 
dependent on innumerable other organisms. ft is unsatis- 
factory to learn only of the methods and discoveries of 
science applied to the inanimate when the extreme com- 
plexity of the biological world has to be dealt with every 
day. 

The stimulus imparted by botany to other sciences (in 
connexion with viruses, enzymes, natural product. chemis- 
try, metabolic pathways, and so on) enlarges the concern 
about its present condition. 

In agriculture, forestry, conservation of land and con- 
servation of water (not only for vegetation but for house- 
hold and industrial use), botanical specialists with wide 
basic training and interest are likely to be needed in larger 
numbers: so, too, are soil chemists and physicists, soil 
microbiologists and plant pathologists, and for these also 
a suitable knowledge of general botany is essential. On 
present trends available numbers of all these classes seem 
likely to diminish. 'The primacy of plant physiology in 
scientific aid with food supply problems and the paucity 
of appropriately trained physiologists have already been 
mentioned. Urgently needed advance in plant and crop 
physiology is not to be expected without special provision. 

Outer space research may show how rainfall can be 
predicted and perhaps later controlled. From the ocean 
bed, material for fertilizers may one day be a more valuable 
extraction than oil. Irrigation will ‘probably be vastly 
extended with seawater sweetened by the use of nuclear 
energy. These much mentioned possibilities are very 
remote compared with substantial, early, increases of 
yield from better knowledge of crop physiology, plant 
pathology, soil microbiology and plant genetics. That 
three, four or five-fold increases of some crop yields might 
be achievable in a decade or so is a reasonable inference 
from recent field experiments. 








Botany in Schools 


Botanical teaching in schools is influenced most of all 
by the training school teachers receive--the one will 
improve with the other. An important difference of 
opinion, however, impedes successful cooperation between 
school and university botany. On one view, school pupils 
intending to read botany, especially as their main univer- 
sity subject. should come up so well trained in botany at 
large that they can straightway take up one or more 
special branches. On a contrary view, physics, chernistry 
and mathematics are not only the best but the indis- 
pensable school preparation for university botany, and 
most school botany is useless or even harmful. Botany 
has so many branches and so many economic applications 
that both views have their claims. From present trends 
weakness in physical science among those making botany 
their degree subject seems likely to remain characteristic. 

Two years ago a committee in the United States 
lengthily examined the plant sciences’. Opening with 
“their relation to mankind and the scientific and social 
considerations for planning". ib then set out in full the 
scope. responsibilities. achievements and potentialities 
of the (eight) branches of botany. Suggested escalations. 
worked out in detail, of men, equipment and costs add 
more to bulk than to value in a report which, none the 
less, is worth more attention than it has so far received in 
Britain. 
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Information on what botanists themselves and what 
other experimental scientists think about the state of 
botany in the United Kingdom is urgently required. 
‘Teaching and research, in their pure seience and their 
applied aspects, their present state, future potentialities 
and relation to the national economy and environment, 
all present important issues. In the opening stage of 
inquiry into these, universities and research institutes 
(Government and industry) would be for consideration. 
For obvious reasons medicine should be excluded. Then 
would follow a cause and effect inquiry in the schools by 
which universities are immediately supplied. 


! Biological Sciences in Sixth Forms and Universities in the UK (Royal 
Society— Institute of Biology: Biological Education Committee). 

? Fourth Report 1965-6 (Universities Central Council on Admissions). 

5 First Employment of University Graduates 1964-5 (University Grants 
Committee). 

* Postgraduate Training in the United Kingdom, 3, Biology (Royal Society, 
1968). 

è Plant Sciences Now and in the Coming Decade (US Nat. Acad. Sei., 1966). 

$ Inst. Biol. J., 18, 4 (1966). 


Six other botanists now add their comments about 
teaching and research in botany. 


Professor J, L. Harper 


Sim FRANK ENGLEDOW paints a portrait of modern 
botany with all its warts—the likeness is not all carica- 
ture. The deep mistrust between pure and applied botany 
is a real divisive phenomenon, weakening the attractions 
of the subject for students and sapping the strength of 
research advance. The distinction "between polite and 
rude learning, between the laudably useless and the 
vulgarly applied, the free and the intellectually com- 
promised, the poetic and the mundane" has been more 
rigid in botany than in most other sciences : certainly 
than in zoology. Hooker's classic protest that he was a 
botanist, not a horticulturist, and therefore should not 
be expected to recognize a cultivated plant, does not 
represent a dead attitude. 

The barrier between pure and applied within the plant 
sciences is more worth breaking than that between 
botany and zoology. The latter two subjects together 
contain too much factual material to combine in a degree 
course without becoming indigestible. Their fusion can 
usually only be affected by a concentration on the common 
factors, the molecular, cellular and sometimes environ- 
mental aspects of biology. It seems probable that the 
recent development of biology departments in universities 
will yield chiefly molecular and cellular specialists and it 
is an interesting question whether biology would not be 
better treated as a postgraduate training for a few 
especially gifted botanists and zoologiste ! 

It is certainly necessary that the prospective botany 
student should have, or quickly gain, a background of 
chemistry and physics or mathematics. To allow this 
combination, botany and zoology have to give way to 
biology at school and in the first year at university. It 
is to be hoped that school biology will become increasingly 
eoncerned with the role of plants and animals in the life 
of man. Few school teachers are equipped for this 
approach. Much of the attraction of university botany 
has been eroded by the creation of independent teaching 
and research departments of genetics and microbiology 
and the schisms of agricultural botany, horticulture, 
marine biology and forestry. Botany departments have 
been left holding those parts of the plant sciences which 
have the least direct relevance to man. School teachers 
trained in botany carry with them to the schools a corre- 
spondingly emasculated vision of the subject. 

The drama of plant biology lies as much in the Rocke- 
feller corn programme in Mexico as in the discovery of 
Metasequoia: it lies as much in the morphological varia- 
tions of cultivated roses and the chemical control of 
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weeds as in the fine structure of blue-green algae. To be 
vigorous and attractive, botany ought to retain a eoneern 
for plants in as wide a variety of aspects as possible-—with 
no restrictive practices. It is from such a broad based 
university training (with subsequent specialization) that 
the graduates Sir Frank Engledow asks for are most 
likely to be produced. Only the nineteenth century 
image of the word “botany” then remains to deter good 
potential plant scientists, and the sooner that goes the 
better. 








Professor C. P. Whittingham 

THE problem of stimulating the practical application of 
recent scientific knowledge is general, but, as Sir Frank 
Engledow points out, is particularly acute in botanical 
science in the United Kingdom today. With few notable 
exceptions, notable because of their relative infrequeney, 
there has been too little collaboration between university 
departments of botany and either government or industrial 
research laboratories. 

One feature of many university botany departments 
has been their small size; relatively few students taught 
by perhaps six or seven staff members. Nevertheless, 
they have attempted to teach the whole subject in width 
and each discipline, for example, genetics, physiology or 
ecology, has been the responsibility of a single staff mem- 
ber. In such complex subjects as the physiology of the 
higher plant or the inheritance of fruit characters such as 
flavour, the rate of progress achieved by the single worker, 
often with limited facilities, has been too slow and proved 
discouraging. Apart from a few exceptional individuals, 
progress is likely to be greater and the stimulus more con- 
tinuous in a research group even of limited size. Perhaps 
only at Imperial College, London, and Cambridge has this 
critical size been attained. In many universities a number 
of small biological departments have been fused into a 
school to form a larger unit; it has yet to be seen whether 
this will result in a balanced development of the principal 
disciplines. 

As Sir Frank suggests, it may be difficult in à school to 
ensure that the student of plant science receives a balanced 
and purposeful training. There is general agreement that 
certain biological disciplines, for example, geneties, cellular 
physiology and ecology, are best taught as entities in the 
first undergraduate year. At Imperial College the first 
year will be common for students of botany and zoology, 
but thereafter we propose to continue to teach in width 
selected aspects of either the study of plants or animals; 
the separate departments of botany and zoology will 
continue but teaching conjointly when appropriate. This 
system will, it is hoped, avoid some of the problems 
rightly pointed out by Sir Frank. 

The need for recruiting to research in plant scienee 
those with training in physical science has long been 
recognized. At Imperial College the postgraduate course 
in plant physiology is designed to accept graduates in 
physieal science with no previous training in biology; 
relatively few apply, but their contribution to biological 
research is likely to be considerable. Ultimately the 
problem must be dealt with in the schools. The view that 
a sufficient reason for studying biology is an inability to 
understand physics or mathematics is slowly dying. 
Experiments to formulate new syllabuses and programmes 
for sixth form biology are in hand. It may be wiser af 
present to await their outcome rather than to encourage 
uniformity prematurely. 

In the past many of the biology graduates of Imperial 
College have been employed in agriculture overseas. 
With the need to increase food production in the: United 
Kingdom there is a potential future requirement for them 
at home. As Sir Frank suggests, the question of increased 
support for plant science at least at certain selected centres 
in the United Kingdom requires urgent consideration. 
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Professor E. J. H. Corner 


Tue problems raised by Sir Frank are real, As a world 
agriculturist, administrator, councillor and biologist of 
great experience, he perceives how much civilization needs 
a better understanding of plants, how difficult it is to 
recruit students, and what a poor deal botany has. He 
realizes that ad hoc research, say, in cereals or timber, is 
insufficient; it is the whole face of botany that needs 
lifting. We must be grateful for his bold thoughts. The 
first reaction is to blame those who exploit vegetation and 
make so little provision for research. But he leads us 
sensibly to the first steps in a botanical career. 

My approach is that of a pure botanist from the domain 
of tropical botany or, as I phrase it, “hot botany”. It 
provides two solutions, Orthodox botany, which is that 
conventionally taught, views plant life from the narrow 
angle of the north temperate region. The subject grows 
geometrically as tropical vegetation is included. Bananas 
and palms bring a new dimension into monocotyledony. 
Tropical oaks and dipterocarps show the capabilities of 
vegetation. Durians enliven the whole subject of the 
land flora. So far as forest goes there is no such thing as a 
poor soil. But these aspects of real world botany are 
shrugged off as unorthodox, unteachable because few 
teachers have ever seen them, and requiring excessive 
time and knowledge. 

The fact is that the timetable prevents teachers and 
pupils from getting to grips with plant life. Orthodox 
education has made the vocation of the botanist about the 
most difficult to achieve. The recruit must learn mathe- 
matics, physics, chemistry, zoology, biochemistry, bio- 
physics, geology, geography and several languages. 
Though he is made thereby into the most thoroughly 
trained seientist, his zeal for the study of plants is re- 
pressed. Yet, if he gets through, he will find that the 
more pure botany he does, the more he is required. The 
mathematician, physicist and chemist never have to go so 
far through different subjects. If they show early aptitude 
for one, they can take it up. Not so the botanist! But, 
if the method of education were reversed, the mathemati- 
cian, physicist, or chemist could become a botanist, as 
Sir Frank would wish. And why not? A person should 
learn where his food, drink, drapery, stationery, wood- 
work and so on come from and the ways in which they are 
continually adulterated. The botany of few plants is so 
advanced as that of the rubber tree but it is unorthodox, 
untaught and exciting. Hitherto economie botany has 
been deadly dull. A tropical botanist, however, has 
rescued the subject and students should be led to read his 
lively chapters!. 

Orthodox western education has been exported to the 
tropies. Yet I ask repeatedly what good are A-levels to 
a diseased and ill-nourished pupil? I continue to advo- 
cate worms and bacteria, moulds and malaria, pineapples 
and limes, before algebra and Shakespeare. If this can be 
done, as it needs to be done, in the tropics, it ean be done 
in temperate regions and born botanists will come forward. 
There will be plenty to deploy. Most people are interested 
in plants. Few are taught about them, and the scientifie 
education requires mathematical ability, biochemical 
pathways, and genetie codification before living plants 
can be presented in enough detail to realize how these 
precedents may apply. No wonder we can still sing 

“Do you or I or anyone know 
How oats, peas, beans and barley grow ?" 

The miracle is that anyone becomes a professional 

botanist. 


Dr Ralph Riley ^ 


Ir would be difficult to undervalue the significance of 
plant science in the year in which India and Pakistan 


2 Purseglove, J. W., Tropical Crops, Dicotyledons 1 and 2 (two volumes) 
(Longmans. London, 1968). 
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have attained self-sufficieney in wheat by a major leap in 
production. This startling achievement resulted from 
combined efforts in plant breeding and pathology, and by 
the application of knowledge of soils, fertilizers and 
irrigation. It was stimulated by the earlier successes of 
Dr Norman Borlaug and his colleagues in Mexico. Corre- 

sponding advances are to be expected in rice production, 
and clearly, from an intimate and comprehensive under- 
standing of crop plants and their agriculture, achievements 
are possible that bear comparison with those of any 
branch of applied science or technology. 

Examples like these should be sufficient both to attract 
students to applied botany and to prompt the provision 
of support for their training. Moreover, those entering 
the field should also be attracted by problems that pose 
a real intellectual challenge and whose solution can have 
great aesthetie appeal. 

Having said this, questions are raised concerning the 
kind of training that is appropriate for plant research 
workers. First of all, it seems to me, every encouragement. 
should be given to notions, now gaining acceptance, that 
recognize the unity of biology. Plant scientists must be 
brought up to view such fields as, for example, genetics, 
cell biology and biochemistry, across the whole range of 
systematic categories. At the same time, in most applied 
as well as in much fundamental work, they must also have 
a real appreciation of the integration of the complete 
organism, of its populations and of interspecific relation- 
ships. Consequently, while welcoming the integration of 
biological teaching, it is important that we should main- 
tain—especially for vocational training—the means to 
develop knowledge and interests in plants as such. 

The practical significance of botany is considerable and 
eareful consideration must be given to the provision of 
personnel and resources. By initiating a debate on its 
current and future position, ‘Sir Frank Engledow is per- 
forming a valuable service. 















Professor P. F. Wareing 


WHILE it is true that the number of students entering 
special honours courses in botany is relatively small and 
represents a decreasing proportion of the total entry into 
the biological sciences, the overall number of applicants 
offering biology is increasing steadily and is encouraging. 
Thus the problem lies not in the overall numbers of 
biologieal students in the universities, but in ensuring 
that a sufficient number of them are adequately trained in 
the plant sciences. The present trend towards the teach- 
ing of biology as a unified subjeet, both at school and at 
the first year university level, would seem to be educa- 
tionally sound, but it is the structure of the courses in 
the later years which needs close examination. The 
traditional types of special botany and zoology honours 
courses involved a systematic training in all the principal 
branches of the subject, with some degree of specialization 
in the final year. The present trend is towards “unit 
courses" in a range of biological subjects, from which the 
student may select a limited number in various combina- 
tions. While this latter type of course structure has 
certain advantages, it presents two main threats to the 
teaching of botany: (1) too many students may be 
attracted to the more "zlamorous" courses in molecular 
and cell biology, and (2) the combination of unit courses 
taken by individual students may be too diverse, so that a 
unified view of “whole piant" botany, which was possible 
in the older type of course, may be lost. This is a real 
problem which needs airing. 

Sir Frank is concerned about the shortage of graduates 
in botany, but I would suggest that the underemployment 
of botanists is the real problem. He states that botanists 
are likely to be needed in large numbers in agriculture, 
forestry and conservation, but at the present time very 
few graduates in pure botany are recruited in these fields, 
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apart from the relatively small number of appointments in 
the agrieultural research institutes and the Nature Con- 
servaney.  Relatively few botanists are. employed in 
industry, and graduates in chemistry are often employed 
on work for which a biologist is better qualified. There 
would seem to be two aspects of this problem. First, 
are we giving the right sort of training in pure botany at 
the universities ? In the context of the recent Swann 
report, ought we to be offering training courses which 
would render botany graduates better fitted for employ- 
ment in agrieulture, conservation and industry ? Second, 
there is a need to ensure that employers in these fields make 
greater use of graduate botanists, and that there are posts 
available to those with the right sort of training. This is 
a vital question, and one which it is very timely to discuss. 





Professor R. Markham 

Sim Frank EnNcGLepow calls for an enquiry into the state 
of botany in this country, and he implies that this subject 
is not receiving as much attention as it merits. It is not 
completely clear to me what he has in mind. It is true 
that botany did lapse into a stagnant condition, probably 
because of an obsession with taxonomy, anatomy and 
primitive plant. physiology, and it is also true that plant 
science is now progressing in many directions. However, 
is this because the pure botanists have put their house in 
order, or is it because workers from other fields are now 
interesting themselves in the plant sciences ? When one 
considers the most important of all biological processes, 
photosynthesis, it is remarkable that much of our present 
knowledge has come from workers who were not them- 
selves primarily botanists. Similarly, in plant virology, 
many of the great contributions have come from chemists, 
zoologists, physicists and biochemists, most of whom, 
incidentally, know little, if anything, of systematie botany. 
Geneties is another flourishing biological subject which is 
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mentioned by Sir Frank, but most geneticists would 
dissociate themselves from botany, as, indeed, do most 
of those members of the staff of the John Innes Institute 
who are directly involved with plant materials, who tend 
to regard themselves as biologists and dislike being 
referred to as botanists. 

I am not personally aware of an aeute shortage of 
botanieal graduates, but something that ha: concerned 
me personally in the past has been the abtitude of some 
schools towards their biologists. For some years I have 
encouraged visits of sixth form and teaehers' training 
college students to the Virus Research Unit at Cambridge, 
and Í have been dismayed to find that many such students 
are being turned out without much knowledge of the 
elements of physics, chemistry and mathematics. Anyone 
familiar with present day biological research realizes 
that a great change has come over it in the past couple of 
decades, and even in the least demanding branches of the 
subject quite complex equipment and advanced concepts 
are now required. Pupils turned out in the old fashioned 
way would seem to have little chance of using their 
knowledge other than as laboratory assistants or, possibly, 
in perpetuating teaching traditions at similarly un- 
enlightened schools. 

Sir Frank mentions that the physical sciences arouse 
more excitement than do the biological sciences, and 
therefore would appear to be likely to attract the better 
pupils. It is, indeed, possible that this may be so, but I 
would think it marginally so. In recent years we have 
had the excitement of the deciphering of the genetic code, 
the determination of the structure of protein molecules, 
the production of plants from single leaf cells, and an 
indication that clones of mammals may eventually be 
produced in a similar way. These are only a few examples 
chosen from very many exciting results. May it not be 
that students are chiefly discouraged from biological 
subjeets by deadly dull teaching ? 





















Theory of Biological Classification 


by 
ERNST MAYR 


Museum of Comparative Zoology, 
Harvard University 


Taxonomy experienced a vigorous rejuvenation during 
the 1930s and 1940s. In this period the analysis of the 
population strueture of species was emphasized and the 
resulting “population systematics’ made important con- 
tributions to the shaping of the synthetic theory of 
evolution! The new systematics, as this movement has 
also been ealled?, rather neglected the consideration of 
the meaning of higher taxa and categories and of the 
whole theory of classification. Even though individual 
authors had long shown a concern in the theory of classi- 
fication*^, it was not until the publications of Hennig, 
Remane, Cain, Sokal, Sneath, Simpson, and some other 
authors in the 1950s and 1960s, that a vigorous revival of 
interest in macrotaxonomy oceurred*-!?, 

Before deseribing the nature of these new developments 
and the controversies that emerged from them, it is neces- 
sary to stress one basie consideration. Theory formation 
in taxonomy, as elsewhere in biology, has been greatly 
handicapped by endeavours to squeeze biological con- 


What follows is a condensed version of a talk given at the British 
Museum (Natural History), London, by Dr Mayr to the Systematics 
Association on Wednesday, October 30. 





developed by logicians and philosophers 






of the generalizations derived from the facts of the physical 
sciences are irrelevant when applied to biology. More 


importantly, many phenomena and findings of the bio- 
logical seiences have no equivalent in the ph; : 
and are therefore omitted from philosophi science 
that are based on physies!!-P?, It is not only the enormous 
complexity of biological systems which requires concepts 
that have no analogue in the physical scienees but, in 
particular, the fact that organisms contain à historically 
evolved genetie programme in which the results of three 

















billion years of natural selection are ine ated. The 
uniqueness of almost all biological situations above the 


level of molecules (for example, individuals, populatio 
species, and the like) is another phenomenon requiring 
rather different emphasis in. biology from that customary 
and appropriate in the physical sciences. 

This is not the place to analyse this difference in detail, 
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but it has to be mentioned, because many of the terms 
used in the formation of theories in. biology (for example, 
relationship, species, classification, population, and the 
like) have also been used (but often with an entirely 
different meaning) in the formation of theories in non- 
biological sciences. As long as biologists attempted to use 
the definitions of these terms that had been eustomary in 
physical science, and as long as they stayed strictly 
within the framework of theory that was appropriate for 
physical seienee, it was impossible to accommodate the 
special demands of the biological situation. There was 
no hope for the development of a sound theory of classi- 
fication until taxonomists abandoned the erroneous notion 
that they had to find a theory of taxonomy that was 
equally applicable to artefacts and to evolved organisms. 
An emancipation from the definitions and concepts of the 
physical sciences began in 1859 and has greatly accelerated 
in recent years. The development of the biological species 
concept is one of the manifestations of this emancipation 
and the evolutionary theory of biological classification, 
which is utterly different in underlying philosophy from 
any theory of classification prevalent before 1859, is 
another manifestation. 

What, then, is biological classification ? Unhappily, no 
agreement exists yet among biologists in answer to this 
question. Indeed, quite aside from the philosophical 
disagreements, the word classification is actually used 
traditionally in two different senses. It denotes, first, the 
act of classifying, that is the ordering of organisms into 
groups, and, second, the finished product of the classifying 
activity, like the classification of mammals, of butterflies 
or of any other group of organisms. Fortunately, this 
terminological ambiguity is not troublesome for my 
discussions because the main points which I plan to discuss 
are equally pertinent to the activity of classifying and 
the product of such activity. On the whole, when I speak 
of classification, I refer to the aet of classifying. 

The difference between the classification of organisms 
and inanimate objects is not total. There are some basic 
principles which apply equally well to the classification of 
inanimate objeets and of organisms. One of these is that 
objects placed in a given class in a classification must 
have certain attributes in common. The other is the 
principle of hierarchy; that is, that classes of objects, in 
turn, can be combined into larger classes. In a library, 
the categories American History, French History, Modern 
History, Ancient History, and the like, can be combined 
into the higher category History, just like the taxa Diptera, 
Colcoptera, Hymenoptera, can be combined with others 
into the higher taxon Insecta. 

But this is about as far as the congruence goes between 
biological classifications and classifications of artefacts. 
There are certain principles relating to the classification 
of artefacts that are simply inapplicable to organisms and 
vice versa. For instance, two or three entirely independent 
classifying criteria may be used for the classification of 
books in a single library. For instance, in the library of 
my own institution, the following four classifying prin- 
ciples are used: (1) year of publication; (2) subject 
matter; (3) size; (4) the alphabet. Each of these criteria 
is purely arbitrary and utilitarian. All utilitarian classi- 
fications try to reduce the heterogeneity of classes of 
objects and to break them down into manageable parcels. 
Purely arbitrary-utilitarian classifications exist also in 
biology, but only for very special purposes. A limnologist, 
for example, may divide his faunas into such as fresh- 
water, brackish water, and marine. 

These are special cases. In general, when a zoologist 
speaks of animal classification or a botanist of plant 
classification, he has something very different in mind, 
something for which the basis has been provided by nature 
herself, something not arbitrarily made by the taxonomist. 
There are very few equivalents in nature to this non- 
arbitrary biological classification, the periodic table of 
the elements and the system of elementary particles 
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being among the few conspicuous exceptions. Darwin 
was the first to stress the differenee between arbitrary 
and biological classifications. The decisive point is that 
penguins, bats or beetles are not groups arbitrarily made 
by the operations of our mind, like the categories in a 
library, but are groups produced by evolution because the 
members of the groups are descendants of a common 
ancestor. The crucial point, as so convincingly demon- 
strated by Simpson”, is that we do not base the taxon on 
the similarity of the included species, but the included 
species are similar to each other as descendants from a 
common ancestor. The causal relationship corresponds to 
that of the similarity of monozygous twins. Two in- 
dividuals are not twins beeause they are very similar, but 
they are so similar because a single zygote gave rise to 
both of them. To understand the causal connexion 
between similarity and taxon delimitation is of the utmost 
importance for a sound theory of classification. I shall 
come back to this again and again in my subsequent 
discussion, partieularly in the analysis of the reasoning 
of the nominalists and their eontemporary representatives, 
the pheneticists. ; 

There is one other basic difference between purely 
utilitarian classifications of inanimate objeets and a bio- 
logical classification. Every biological classification is a 
scientific theory. Classifications have the same properties 
as all theories in science. A given classification is explana- 
tory, by asserting that a group of organisms grouped 
together consists of descendants of a common ancestor. 
A good classification, like a good scientific theory, has a 
high predictive power with respect to the assignment of 
newly discovered species and the pattern of variation of 
previously unused characters. That classification is the 
best which is least affeeted by such new discoveries. Like 
all theories, classifications are provisional and may have 
to be modified in the light of new discoveries. 

We are now ready to attempt a definition of the term 
classification, a definition which can serve as the basis of 
our further analysis. Most taxonomists define it approxi- 
mately as: "Classification is the ordering of species into 
groups and their ranking on the basis of similarity and 
relationship". 

Disagreement on the interpretation of the terms "simi- 
larity" and "relationship" has been the reason for con- 
tinuing controversies and has given rise to the various 
principal theories of biological classification", 





The Principal Theories of Biological Classification 


Taxonomists have been, traditionally, quite inarticulate 
when asked to explain their theory of classification. They 
would say that they attempt to establish "natural groups” 
or groups showing “natural affinity”. For the rest they 
left it to logicians and other philosophers to work out the 
principles of taxonomy. This situation, however, has 
changed decisively within the past 20 years. Owing to 
the publications of Hennig, Remane, Cain, Simpson and 
Sokal, and Sneath, there is now a lively interest in this 
area and most taxonomists give at least some thought to 
the theory of classifying. As a result, the pages of our 
journals are filled with controversy. Looking over this 
entire field, it seems to me that the many conflicting 
endeavours of various taxonomists can be assigned to 
five basic theories of taxonomy. Three of these go back 
to the pre-Darwinian period while two are based on the 
concept of evolution. The five theories which I distinguish 
are essentialism, nominalism, empiricism, cladism and 
evolutionary classification. 

Essentialism. This philosophy considers it the task 
of pure knowledge to discover the hidden nature (or form, 
or essence) of things. When applied to organic diversity, 
it believes that all members of a taxon share the same 
essential nature; they conform to the same type. This is 
why essentialist ideology is also referred to as typology. 
Classification of organic diversity for the essentialists 
consists in assigning the variability of nature to a fixed 
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number of basie types at various levels. Variation is 
considered a trivial and irrelevant phenomenon. Essen- 
tialism has a long history in philosophy and dominated 
biological classification from Aristotle to Linnaeus’. 

The fatal flaw of essentialism is that there is no way of 
determining what the essential properties of an organism 
are and why these and no other properties of an organism 
are essential’. '5, It is simply not true that groups of 
things share an underlying essence, and that there is a 
fixed number of discrete, sharply separated essences. 
This philosophy might have seemed defensible as long as 
the creationist dogma prevailed, but to the modern 
biologist it is a strangely inappropriate concept.  Ad- 
herence to essentialism led to great arbitrariness in 
taxonomy because there are no objective or non-arbitrary 
methods of determining what the essential natures of 
organisms are. This is particularly well illustrated by 
the complete difference in the choice of the classifying 
criteria adopted by the various pre-Linnaean plant tax- 
onomists adhering to essentialist principles. Nothing 
further needs to be said about the essentialist theory of 
classification because it has virtually no longer any 
adherents. 

Nominalism. Only individuals exist according to this 
philosophy. AH groupings, all classes, are artefacts of 
the human mind since universals do not exist. Such 
things as birds or snakes are not real but only names 
invented by man and arbitrarily attached by him to 
groups of individuals considered to be similar. I have 
already pointed out the fallacy of applying to organisms 
a philosophy which has much merit when one deals with 
inanimate objects but which is inappropriate for evolved 
organisms. The basic fallacy of the nominalists is their 
misinterpretation of the causal relationship between 
similarity and relationship. Nominalism arose in opposi- 
tion to essentialism. It played a considerable part during 
the eighteenth century among the French opponents 
of Linnaeus, but faded out towards the end of that 
century. 

It would seem appropriate, at this point, to discuss a 
modern school of taxonomy. the operations of which are 
based on nominalist principles. This is the school of the 
pheneticists, one of the branches of numerical taxonomy?. 
They deliberately set out to "make" taxa on the basis of 
calculated overall similarity. This procedure usually 
leads to a classification which is not very different from 
one based on the evolutionary approach. The reason for 
this is that, usually, two organisms will be the more 
similar the more closely they are related by descent. 
The phenetie approach, so far as it adopts the nominalist 
philosophy, has, however, a number of serious weaknesses 
which have been pointed out by Simpson!’ and many 
other recent authors'*. The greatest is, of course, the 
demonstrably false claim that groups in nature are the 
product of the human mind (or of the computer !) rather 
than of evolution. This is self-evident for all well defined 
natural taxa and particularly for species with their genetic- 
ally programmed isolating mechanisms which safeguard 
their reproductive isolation. They are not an arbitrary, 
subjective, man-made phenomenon. 

The phenetie approach has been most useful when 
applied to groups with immature classifications, particu- 
larly single character classifications, and to those with 
numerous non-redundant characters. In such taxa it has 
produced some groupings that are clearly superior to 
traditional ones. It faces its greatest difficulties in the 
actual ranking procedure because even slight changes in 
the method of caleulation may result in rather different 
phenograms. To summarize an extremely large literature, 
I might say that a purely phenetic approach, disregarding 
all considerations of phyletie weighting. has been largely 
a failure when applied to higher organisms. One can 
expect, however, that computer methods such as have 
been pioneered by the pheneticists will become increas- 
ingly important in taxonomy when combined with the 
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philosophy of evolutionary taxonomy and with the proper 
weighting of characters. 

Empiricism. The hundred years between the tenth 
edition of the Systema Naturae (1758) and the publication 
of Darwin’s Origin of Species (1859) was a period of 
transition. Deductive principles, whether based on essen- 
tialism or nominalism, were increasingly rejected, and 
taxonomists to an increasing extent based their taxa on 
the totality of characters. This was started by Adanson, 
but a strongly empirical philosophy characterized virtually 
all the leading taxonomists of that period. The term 
"natural" acquired a new meaning during this period, 
signifying a classification unbiased by a priori considera- 
tions and based on a consideration of totality of charac- 
teristics. By their uncommitted labours, the aen 

prepared the way for coming deve Mic diee Tf th 
anything wrong with the approach of the empiricists, it 
was that they could not supply a reason for the existence 
of natural groups. This was, of course, precisely the 
deficiency that was repaired by the theory of evolution. 

All pre-Darwinian theories of biological c classification 
lost their meaning in 1859. If I have discussed them at 
all, it is because so much in our taxonomic ritual, as, for 
instance, binominal nomenclature, goes back to these 
earlier theories. Also, as in the case of pheneties, the older 
theories are sometimes revived under a new guise. One 
might think that the arrival of the theory of evolution 
would have terminated all further arguments, but this is 
not the case. The principal current argurnent is between 
two different theories of classification, both elaiming to 
be the true and only theory of pins) or phylo- 
genetic classification. Let me take them up in the reverse 
chronological order. 

Cladism. Hennig, who is the most articulate spokes- 
man of this school, insists that all organisms be ranked 
and classified exclusively according to “recency of common 
descent^'5.15, Categorical status, according to this theory 
of classification. depends on the position of the branching 
points on the phylogenetic tree. ‘The controversies con- 
cerning the validity of this approach have been greatly 
confused because its proponents have designated their 
approach as the phylogenetic approach. This is quite 
misleading beeause branching is only one of several 
processes during phylogeny, the rate of the subsequent 
divergence of the branches, for instance, being at least as 
important as the branching. 

Hennig's methods of determining relationship have 
many merits. The emphasis on a careful separation of 
characters into ancestral and derived ones, although 
traditional in taxonomy. cannot help but lead to a better 
understanding of relationships. It is in the process of 
ranking where his method leads him conspicuously astray. 
By equating genealogical distance with genetic distance, 
Hennig assumes that one can determine the categorical 
rank of a taxon by loeating the branching point from its 
sister taxon in the geological time sea Taxa that 
originated from a split in the Pre-Cambrian are to be 
ranked as phyla; between Cambrian and Devonian as 
classes; between Mississippian and Permian as orders; 
and so on. The absurdity of this proposal is 
Every geologist knows that there are extremel 
of evolution as indicated by such generie names as Lingula, 
Limulus and Triops, while other lines evolve extra- 
ordinarily rapidly. Ranking slowly and rapidly evolving 
taxa against absolute time would lead to a totally distorted 
classification. 

The basie fallacy of cladism is to overlook the fact that 
“relationship” in the evolutionary sense is determined 
not merely by branching but also by the subsequent 
diver; gence! Neglect of degree of ev olutionary divergence 
leads to absurd proposals of classification. For instance, 
there is httle doubt that the African apes (chimpanzee 
and gorilla) share a more recent common ancestor with 
man than with the orang (Pongo). Yet, to split the 
African apes from the Pongidae and place them in the 
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Hominidae would ignore the extraordinary change in the 
hominid line since it split off from the pongid line. 

What the cladists forget is that the term "relationship" 
has two different biologieal meanings, genetic relationship 
and genealogical relationship. 'The two happen to coincide 
for all practical purposes as long as one deals with close 
relatives. In phylogeny, where thousands and millions 
of generations are involved, which provide thousands and 
millions of occasions for changes in gene frequencies owing 
to mutation, recombination, and selection, it is no longer 
legitimate to express relationship purely in terms of 
genealogy. The amount of genetie similarity now becomes 
the dominant classifying criterion for the biologist. 
Hennig ignores different rates of evolutionary divergence 
to such an extent that he claims that "processes of species 
cleavage . . . are the only positively demonstrable historical 
processes that take place in supra-individual organism 
groups in nature"!*, 

Evolutionary classification. The theory of evolutionary 
classification, first proposed by Darwin, delimits taxa on 
the basis of two considerations—common ancestry and 
subsequent divergence. Its method is to infer relationship 
on the basis of an a posteriori weighting of similarity. It 
would be going too far to diseuss such methods of weight- 
ing (ref. 14, pages 217-228), but they are essentially those 
whieh the great masters of taxonomy have practised for 
more than a hundred years. To me it seems that the 
evolutionary approach combines the best features of the 
phenetie and of the cladistic approaches. By not being 
committed to any one-sided dogmas, sueh as that all 
characters have equal weight or that there is only one 
proeess in evolution (the splitting of branches). it is able 
to evaluate all available evidence and arrive at balanced 
conclusions. This is tremendously important for another 
reason. 

Evolutionary taxonomists are sometimes falsely accused 
of believing that the prime and ultimate aim of taxonomy 
is to diseover and embody the phylogenetie tree in one 
single system of biological classification, As I have said 
earlier, the idea of one ideal natural system is a phantom. 
Even if we had a perfect understanding of phylogeny, it 
would be possible to convert it into many different 
classifications. According to the evolutionary taxonomists, 
the only qualification taxa have to meet is that they must 
consist of elusters of species inferred to be more closely 
related to each other, that is to be genetically more similar 
to each other, than to species of other clusters. This 
permits innumerable adjustments in the delimitation of 
taxa and their ranking, in order to facilitate information 
retrieval. 

Two authors, one of whom is a splitter, the other a 
lumper, will produce two entirely different classifications 
both based on the same evolutionary principles. This 
shows that the grouping together of descendants of com- 
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mon ancestors still leaves an enormous number of degrees 
of taxonomie freedom and that among these there surely 
are some that best serve the practical needs of a classifica- 
tion. I have re-read recently what Bather said in 1927 
in eriticism of evolutionary classifications". I was rather 
astonished to discover, contrary to my recollections, that 
he did not criticize evolutionary classification at all, and 
that what he did criticize were two bad practices, one an 
excessive amount of splitting and the other one, quite 
interestingly, the cladistie approach which, however, he 
erroneously referred to as the phylogenetie approach. 

It cannot be emphasized too strongly that the object 
of an evolutionary classification is precisely that of any 
good classification, that is to store information in the 
most reliable manner and to permit retrieval of this 
information most efficiently. The evolutionary taxonomist 
is convinced that a classification based on the evolutionary 
principles stated here is indeed more practical than any 
classification based on one-sided considerations. 

If we study the current literature, we find that it 
reflects a tremendous shift of interest from that which 
prevailed in the 1930s. Population taxonomy has been 
supplemented by what one might call macrotaxonomy, & 
taxonomy that is chiefly concerned with the theory and 
practice of classifying higher taxa. Taxonomists, up to 
now, have proceeded almost entirely on empirical prin- 
ciples. The emergence of a vigorous interest in the theory 
of classification is one of the most gratifying developments 
of the past twenty years'*. Now that a far better under- 
standing exists of what a sound theory of classification 
ought to be, one ean hope that future progress will be 
not only more rapid but also surer. Empiricism alone is 
not enough; a healthy advance of taxonomy depends on 
a sound theoretical foundation. 
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Dvnixa the infection of a cell by a virus which contains 
RNA, the viral RNA participates in at least two types of 
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by two-dimensional diagonal electrophoresis, have been sequenced. 
In addition, nucleotide triphosphates have been identified at the 
5/ end of f2 and Q8RNA. 


reaction: it serves as a messenger for the synthesis of 
virus-specifie protein and as a template for the synthesis 
of new RNA molecules. The nucleotide sequences in RNA 
must contain specific signals (punctuation) for the initia- 
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tion and termination of both translation and transcription. 
Although it is not possible to obtain the complete nucleo- 
tide sequences of these large RNAs with the techniques 
at present available, it may be possible to isolate from 
digests of these molecules oligonucleotides which are in 
the regions of interest. The ends of bacteriophage RNAs 
are ideal regions for study, because they would be expected 
to be involved in the mechanism of transcription and 
because they are chemically different from the other parts 
of the molecule. 


3'OH Terminal Oligonucleotides from f2, RI7 and 
QBRNAs 


The replicase enzyme isolated from phage infected cells 
is able to copy only the RNA extracted from the infective 
virus!. Because the 3'OH end is the first part of the RNA 
to be copied by the enzyme, this region may well be 
expected to contain the nucleotide sequence required for 
the specificity in the initiation of replication. Oligo- 
nucleotide sequences for the 3'OH termini of RNAs 
extracted from tobacco mosaic virus? and bacteriophages 
MS2 (ref. 3) and f2 (ref. 4) have recently been reported. 
All three RNAs have the terminal sequences . . . CCCA 
in common. 

In this article, I present a new, general procedure for 
the rapid isolation of oligonucleotides from the 3'OH 
ends of radioactively labelled RNA molecules. This 
technique has been used to purify the 3'OH terminal 
oligonucleotides formed by ribonuclease T, digestion of 
f2, R17 and QBRNAs. It is based on the two-dimensional 
diagonal procedures used by Hartley and his co-workers 
for the isolation of specifie peptides from digests of 
proteins. In the case of RNA 3'OH ends, advantage is 
taken of the fact that the products of ribonuclease T, 
digestion have phosphate groups esterified to their 3’ 
ends. Only the oligonucleotide arising from the original 
3'OH. end of an RNA molecule is resistant to the action 
of alkaline phosphatase, for it alone does not have a 3' 
phosphate group. In general, dephosphorylation of the 
oligonucleotide changes its ionophoretie mobility on 
DEAE paper. Phosphatase treatment should therefore 
change the mobilities of all the products of ribonuclease 
T, digestion except for the one arising from the 3'OH end. 
Preliminary experiments showed that bacterial alkaline 
phosphatase is capable of dephosphorylating oligo- 
nucleotides which are bound to DEAE paper (J. D. 
and A. Landy, unpublished). The presence of a terminal 
phosphate group can therefore be detected by a change 
in mobility caused by phosphatase treatment of the 
oligonucleotides on the paper. 

In these experiments a ribonuclease T, digest of RNA 
was subjected to ionophoresis on DEAE paper. The 
oligonucleotides were then treated with alkaline phos- 
phatase and re-run at right angles to the first dimension. 
Any material resistant to the phosphatase (the 3’ terminal 
oligonucleotides) should have the same mobility in both 
dimensions and therefore lie on the diagonal. 

*?P-labelled f2 RNA and R17 RNA (supplied by J. 
Steitz) were prepared as described elsewhere’. QgRNA, 
uniformly labelled with **P, was prepared in an identical 
manner, using wild type QS phage furnished by H. Lodish. 
The specifie activities of the RNAs were approximately 
6 x 10° d.p.m./ug. Ribonuclease T, obtained from Sankyo, 
Tokyo, was freed of contaminating phosphatase activity 
by the following procedure based on Lee and Gilham's 
observation that alkaline phosphatase requires zine ions 
for renaturation after acid treatment*. A solution of the 
enzymes (1 mg/ml. in 0-01 M tris pH 7-2, 0-02 M EDTA) 
was acidified by the addition of 0-05 vol. of N HCl and 
incubated for 10 min at 22°C; the solution was then 
neutralized by the addition of 0-1 vol. of M tris pH 7:2 
plus 0-05 vol. of N NaOH. Alkaline phosphatase (BAP-F) 
was obtained from Worthington Biochemicals, Inc. For 
each experiment a fresh sample of phosphatase was dis- 
solved in 0-5 M (NH,)HCO,, 0:025 M MgSO,, 0-0001 M 
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ZnSO, at a concentration of 0-6 mg/ml. (20 v/ml.). 
Approximately 1 ml. of enzyme was required to de- 
phosphorylate nucleotides on a 1 x 30 cm strip of paper. 

*P.-RNA (5-30 ug per experiment) was digested at 
37° C for 30 min in 10 yl. of 0-1 M NaCl, 0-05 M EDTA, 
0-01 M tris HCl pH 7:2 containing acid treated ribo- 
nuclease T, (weight ratio 1: 20). The digest was applied 
as a spot 10 em from the end of a 15 x 85 em strip of 
Whatman No. 81 DEAE paper and subjected to iono- 
phoresis in 7 per cent formic acid at 800 V for 14 h. 
The position of the oligonucleotides, located by auto- 
radiography, was marked on the paper and this strip 
(usually about 2 em wide) was eut out. Alkaline phos- 
phatase was applied to the area of the paper containing 
the oligonuelectides, with a disposable Pasteur pipette. 
The paper strip was placed on its side on a glass rack and 
incubated at 37° C for 2 h in a water saturated atmosphere. 
After dephosphorylation, the salt was washed off the 
paper with a gentle stream of distilled water. This treat- 
ment did not affect the position of the nucleotides, which 
were tightly bound to the DEAE. The paper strip was 
dried and stitched onto one or two sheets of DEAE paper 
85 em long and wide enough to hold the entire first dimen- 
sion. The extra paper behind the new origin was cut away 
and ionophoresis was performed as outlined, at right 
angles to the first dimension. 


2nd dimension 





1st dimension 


8 ese c 5 0 Quse em 


Fig. 1. Phosphatase diagonal of a ribonuclease T, digest of f2 RNA 

A, Autoradiograph of the first dimension.  lonophoresis was from 

left to right. B, Autoradiograph of the same material after phosphatase 

treatment and re-ionophoresis at right angles to the first dimension 

(in the upwards direction here). The dashed line indicates the diagonal 

and the arrow indicates the 3'OH terminal oligonucleotide of f2 RNA, 
See text for details, 


An autoradiograph of the first dimension of a phos- 
phatase diagonal of ribonuclease T, digest of f2 RNA 
is shown in Fig. L4. Fig. 1B is an autoradiograph of the 
same material after dephosphorylation and re-ionophoresis 
at right angles to the first dimension. The diagonal is 
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shown by the broken line. The material at the top of the 
picture is inorganic phosphate released by the phosphatase 
treatment. Clearly, most of the oligonucleotides have had 
their mobilities increased by the phosphatase treatment. 
The band of radioactive material which crossés the 
diagonal consists of oligonucleotides which contain no 
uridylic acid residues. The same sort of anomalous 
behaviour for this class of oligonucleotide has been 
described by Brownlee and Sanger? and is due to the 
complex nature of the fractionation procedure which is 
a combination of ion-exchange and ionophoresis. The 
3'OH terminal oligonucleotide of f2 RNA is indicated by 
the arrow. This is the only oligonucleotide on the diagonal 
which, when digested with alkali, did not contain 2'(3') 
guanylic acid. The other oligonucleotides on the diagonal 
arose from elsewhere in the molecule, but they were 
phosphatase resistant because the terminal phosphate 
happened to be in the cyclic form, The oligonucleotides in 
the non-uridylie acid-containing region which lie on the 
diagonal are ACG and CAG. They have the same mobility 
whether phosphorylated or not. 

The f2 RNA 3'OH oligonucleotide was further purified 
by ionophoresis on DEAE paper (85 em long) in pyridine 
acetate pH 3-5 for 10 h at 1,000 V. The 3'OH oligo- 
nucleotide stayed at the origin, whereas the contaminating 
cyclic phosphates migrated away. This oligonucleotide 
was eluted and studied according to the procedures of 
Sanger, Brownlee and Barrell*; the nucleotide sequence 
was determined by digestion with alkali, pancreatic 
ribonuclease A or snake venom phosphodiesterase (my 
unpublished results). The sequence is shown in 
Table 1. This same sequence was recently reported by 
Weith and Gilham for the 3’OH end of f2 RNA (ref. 4) 
and by De Wachter and Fiers for the 3'OH end of MS2 
RNA (ref. 3). 

The 3'OH oligonucleotide of R17 RNA was isolated and 
sequenced in the same manner. The diagonal picture 
obtained was essentially the same as the one for f2 RNA 
shown in Fig. l. As may be seen in Table 1, the 3'OH 
oligonueleotide sequences of these two closely related 
phages are identical. 

A phosphatase diagonal of a ribonuclease T, digest of 
Q&8RNA is shown in Fig. 24. It is clear that the 3'OH 


2nd dimension 


1st dimension 
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end of f2 RNA is not present in this material. The 3'OH 
oligonucleotide of Q2RNA was located on the diagonal 
shown in Fig. 2B. In this experiment the ionophoresis 
was performed for a longer time (20 h) and at a higher 
voltage (1,500 V) than previously, in order to resolve the 
material near the origin. The arrow indicates the 3'OH 
oligonucleotide of Q2RNA. The nucleotide sequence of 
this material was determined by digestion with alkali, 
spleen acid ribonuclease, snake venom phosphodiesterase 
or pancreatic ribonuclease A (after the uridylie acid 
residues had been blocked with aqueous carbodiimide; 
my unpublished results). 


Table 1. 3'OH TERMINAL OLIGONUCLEOTIDE SEQUENCE OF VIRAL RNAS 


RNA 3' terminal sequence Reference 
f2 (G)UUACCACCCAOH This article, 4 
RI7 (G)UUACCACCC AON This article 
MS2 (G)UUACCACCCAOH 3 
QÊ (G)CCCUCCUCUCUCCCA oH This article 
TMV (G)CCCAoH 2 

Table 2, 5° TERMINAL SEQUENCES OF BACTERIOPHAGE RNAS 

RNA 5' end Reference 

f2 pppG... This article 

R17 pppG ... 15 

M52 pppGGGU.,.. 17 

or 
pppGGU ... 14 
Q8 pppG ... This article, 16 


The sequence is shown in Table 1. Weith, Asteriadis 
and Gilham? have very recently reported the isolation of 
the 3'OH oligonucleotide of Q2RNA by a different tech- 
nique. They concluded that the structure is (C,U,)CAoq, 
which agrees with the results reported here. 

Comparison of the 3'OH termini shown in Table 1 
reveals three striking features about these sequences: 
none of them has a codon for the termination of protein 
synthesis; they all have the sequence ...CCCA,;, in 
common; and they are dissimilar starting with the fifth 
base from the end, except for the closely related group of 
phages f2, R17 and M82. 


2nd dimension 






1st dimension 
n 


Fig. 2. A, Autoradiograph of a phosphatase diagonal of a ribonuclease T, digest of QURNA. B, Same as A, but run for a longer time in 
order to resolve the-material near the origin. The arrow indicates the 3'OH terminal oligonucleotide of QURNA. 
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The function of the ...CCCApoy sequence is intriguing 
because, at least in the case of Q8RNA, the 5’ end of the 
minus strand synthesized in vitro is guanosine triphosphate 
(pppG)**. At least one nucleotide must therefore be added 
to an end of either the plus or minus strand during replica- 
tion by a mechanism which does not involve Watson-Crick 
type base-pairing. The fact that enzymes exist for the 
addition of ... CCA,4 to the 3'OH ends of tRNA mole- 
cules raises the possibility that the same or similar enzymes 
act on newly synthesized viral RNA. Experiments are 
now in progress to determine whether the ...CCCAoy 
end is on Q8RNA synthesized in vitro with purified Q& 
replicase. 

The dissimilarity of the sequences starting with the 
fifth base from the end is consistent with the idea that a 
particular type of replicase recognizes a specific nucleotide 
sequence near the 3'OH end of its RNA molecule. 

Many problems in the field of protein chemistry have 
been simplified by the use of diagonal techniques. The 
same should be true for the field of nucleotide sequencing, 
using the phosphatase diagonal presented here, as well as 
other types of treatment. The phosphatase diagonal is 
rapid enough to be applied to a number of problems. It 
has been used in this laboratory as a routine check for 
possible cross-contamination of phage stocks. In addition, 
this procedure may be coupled with other methods of 
identification of 3'OH terminal oligonucleotides such as 
oxidation with periodate and reduction with tritiated 
NaBH,. In a single experiment with uniformly ?*P- 
labelled R17 RNA, also labelled with *H at the 3’ end, all 
the ?H was found with the **P on the diagonal in the 
position of the 3’OH oligonucleotide (J. D. and H. Good- 
man, unpublished). 

This same diagonal approach 
applied to isolation procedures which involve DEAE 
column chromatography. The 3'OH terminal oligo- 
nucleotide should not change its elution position on the 
column, after phosphatase digestion. Wimmer and Reich- 
mann" have recently used this type of procedure to isolate 
the 5' oligonucleotide from tobacco necrosis virus satellite 
RNA. 

There are a few restrictions on the phosphatase diagonal 
which are worth noting. If an RNA molecule has five or 
more uridylie acid residues between the final guanylic 
acid and the 3'OH end, it will be difficult to get the 
oligonucleotide to move out from the origin. In addition, 
if guanylie acid is the penultimate nucleotide, the 3'OH 
end will not be detected because it will be present as a 
nucleoside and therefore not radioactive; in this case 
digestion with pancreatic ribonuclease or partial digestion 
with alkali would be better than ribonuclease T,. Care 
must be taken that the ribonuclease does not contain 
any phosphatase. Because cyclie phosphates constitute the 
background of the method, their presence must be minim- 
ized either chemically or enzymatically; the most satis- 
factory conditions for opening the cyclic phosphates 
enzymatically were obtained when sodium ions were 
present during nuclease digestion. 


to purification can be 


5’ Nucleotide Triphosphates of f2 and QBRNAs 


Takanami' first demonstrated that f2 RNA has a 
nucleotide triphosphate at the 5' end. Since that time 
pppGp has been found in alkaline hydrolysates of the 
RNAs extracted from bacteriophage MS2 (refs. 13 and 
14), R17 (ref. 15), R23 and Q8 (ref. 16) RNAs. The same 
compound has now also been found in alkaline digests of 
f2 and QBRNAs in this laboratory. 

Uniformly **P-labelled f2 and QGRNAs were prepared 
as described earlier. 20 ug of each RNA (10° d.p.m.) 
was hydrolysed in 5 ul. of 0-2 N KOH for 18 h at 37° C. 
The digestion products were separated by electrophoresis 
in two dimensions. The first dimension was on Whatman 
No. 540 paper at 60 V/cm for 1 h in pyridine acetate, pH 
3-5, containing 0-001 M EDTA. The products were then 
subjected to ionophoresis on a 30 x 85 em sheet of What- 
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man 81 DEAE paper in pyridine acetate pH 3:5 at 20 
V/cm for 8 h at right angles to the first dimension. Trans- 
fer to the second paper was accomplished by sewing the 
3 cm wide strip of 540 paper onto the DEAE paper, 10 
cm from the end. 
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Fig. 3. Two-dimensional separation of alkaline digestion products of 
f2 RNA. The origin is marked 0. Electrophoresis on No. 540 paper 
was from left to right. Ionophoresis on DEAE paper was at right angles 
to the first dimension, in the upwards direction. Details are in the 
text. The numbers indicate the positions of guanosine di, tri and tetra- 
phosphates and the arrow indicates the 5' end of f2 RNA. The picture 
at the bottom of the figure, below the line, shows the distribution of 
products after the first dimension. 


Fig. 3 is an autoradiogram of the products of an alkaline 
digest of f2 RNA subjected to this procedure. The 
mobilities of the guanosine polyphosphate markers 
ppG, pppG and ppppG in the two dimensions are indicated 
by 2, 3 and 4 respectively. Because of its high negative 
charge, a nucleotide tetraphosphate would be « 
to migrate very rapidly in the first dimension, but slowly 
in the second, on the positively charged DEAE paper. 


The arrow indicates material which satisfies these condi- 
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tions; it has the same mobilities in both dimensions as 
ppppG. At pH 3-5, this compound should have the same 
mobility as the isomer pppGp. The products which moved 
rapidly in the second dimension are the nucleoside mono- 
phosphates. The 2’ and 3’ phosphate isomers of the purine 
nucleotides separated from each other in these conditions. 
The products which moved slowly in both dimensions 
were tentatively ascribed to incomplete digestion because 
they were converted to mononucleotides by further 
treatment with KOH, QgRNA gave a pattern of products 
which was identical to that of f2 RNA. 

The number of tetraphosphate residues per molecule of 
RNA was determined by comparison of the amount of 
=P in that material and in the uridylie acid, assuming 
that both RNA molecules contain 3,300 nucleotides. In 
the experiments reported here, 0-50 nucleoside tetra- 
phosphates were found per RNA moleeule for both f2 
and QSRNAs. 

The structures of the tetraphosphates were determined 
by digestion with either alkaline phosphatase or snake 
venom phosphodiesterase according to the procedure 
published by Roblin”, The products of digestion were 
again characterized by electrophoresis on No. 540 paper 
at pH 3-5, as described earlier, in the presence of appro- 
priate markers. Phosphatase digestion caused all the 
radioactive phosphorus to migrate with inorganic 
phosphate. There is therefore no internueleotide linkage, 
which would have been resistant to the phosphatase. 
Venom phosphodiesterase digestion produced pyrophos- 
phate, inorganie phosphate (presumably from the break- 
down of the pyrophosphate) and material which migrated 
with pGp. There was no evidence of any material 
migrating with pAp, pUp or pCp. The 5’ ends of f2 
and QBRNAs must therefore be pppG .. . 

Takanami tentatively identified the base on the 5' 
triphosphate of f2 RNA as adenine by a procedure which 
required extensive incubation of the intact RNA with 
alkaline phosphatase and polynucleotide kinase!*. The 
difference between. his result and that reported here may 
be explained if, during incubation, contaminating nuclease 
produced a few new 5’OH ends which were assumed to 
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have come from the 5’ end of the intact RNA. The finding 
of pppGp in an alkaline digest of Q8RNA agreed well with 
the work of Watanabe and August’, : 

Guanosine triphosphate is the 5' end of all baeteriophage 
RNAs which have been investigated (Table 2). The 
possible significance of the fact is still unclear. It is 
probable that this end of the moleeule is involved in the 
specific termination of minus strand synthesis and there- 
fore the initiation of plus strand synthesis. The idea is 
consistent with the findings of De Wachter et al. and 
Glitz! that there is no protein chain initiation signal in 
the first three or four nucleotides of MS2 RNA. As such, 
it will be of great interest to learn the extent of che 5' 
sequence similarities of the various bacteriophage RNAs. 

I thank Dr F. Sanger, in whose laboratory this work was 
carried out, for helpful advice, discussions and criticisms. 
I also thank Drs K. Murray, C. Milstein, B. S. Hartley 
and A. Landy of this laboratory for discussions. The 
work was initiated while it was supported by a post- 
doctoral research fellowship from the US Air Force 
Office of Seientifie Research and completed with aid from 
the American Cancer Society, Inc. 
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Thermal Convection in the Archaean Crust? 


by Two genetic models have been compared for a tectonic pattern 


C. J. TALBOT 


Department of Geology, 
University of Dundee 


typical of undisturbed remnants of Archaean crust. 
implying simple thermal convection in a granodioritic crustal layer 
is found to have advantages over the classic model assuming the 


A model 


gregarious batholiths of Rhodesia to be granite diapirs. 


Iw 1951 Macgregor! drew attention to what he called 
gregarious batholiths making up the distinctive tectonic 
pattern of the remnant of almost undisturbed Archaean 
crust in Rhodesia?. He and others?! have noticed the 
similarity between the Rhodesian tectonic pattern (Fig. 1) 
and that of other remnants of undisturbed Archaean 
erust in the world, notably the Superior province of 
Canada. The schist belts separating the mainly tonalitic 
or granodioritie batholiths of this pattern are commonly 
synformal in nature and, to a large extent, of low meta- 
morphie grade!. 

Macgregor rejected a complicated multiple orogenic 
history for the pattern of the schist belts'. He proposed 
that the tectonic pattern was controlled by the rise of the 
batholiths and he favoured! a model similar to that later 
tested by Parker and McDowell’ and Ramberg*, where 
dome development is a plastie flow process brought 


about by the static load of the overlying more dense rocks. 
The gregarious batholiths in Rhodesia are essentially 
mantled gneiss domes'-" and therefore formed the 
basement on which the sediments and basic volcanics 
of the schist belts were deposited. The granodiorites of 
the batholiths were therefore part of the crust before 
the development of the preserved Archaean pattern. 
Although later reactivation or palingenesis may have 
blurred the radiogenic ages, even quite large intru- 
sions later than the development of the batholiths are 
assumed to have left the overall pattern reasonably 
clear. 

Two alternative models for the development of this 
pattern are discussed here. Both are driven by the 
sinking of relatively dense and cool rocks and involve the 
rise of relatively hot rocks and both are therefore con- 
vective in character. In one the density gradient is 


NATURE. VOL. 220, NOVEMBER 9, 1968 


RANNAN YOUNGER ROCKS 
[ LL] ¢#amires 
EB -~rs 


i z 
Son 


A // 
HINDAMORA 


se 


wiMBA) 


—á 


A 


A 
J 


f 
RHODESDALE 


Ss 


"A 
: 
e 


Fig. 1. 


primary (that is, heavy rocks originally overlay lighter 
roeks) and a thermal gradient is not strietly necessary, 
while in the other it is largely secondary and depends on an 
inverted density gradient induced by a thermal gradient. 

The model concerning primary density instability is well 
known to geologists and has been used to account for the 
rise of salt, mud, asphalt and granitoid diapirs through 
more viscous and denser overburdens, with or without 
abnormal thermal gradients, in both sedimentary and 
orogenic environments’ §. Thermal convection is used 
by geophysicists to account for various phenomena in the 
mantle and by geologists to account for phenomena 
inside former magma bodies. I know of no other works in 
which the formation of large granitoid bodies themselves 
is attributed chiefly to thermal convection. 

The characteristics of the gregarious batholiths which 
need to be explained are considered to be as follows. 
ia) The pattern of closely spaced, very large granodioritic 
bodies, with varying degrees of internal homogeneity. 
which are oval to nearly circular in plan. (b) The appar- 
ent confinement of this pattern, on this scale, to remnants 
of the Archaean erust. (c) The low metamorphie grade 
general in their cover rocks. (d) The apparent absence 
of large amounts of acid voleanics of Archaean age* which 
might be expected to be associated with such large batho- 
litns if they are of the classic model. 

In simple thermal (Bénard) convection, in which a layer 
of viscous fluid of uniform chemistry is heated from below, 
material heated near the bottom of the layer rises up the 
centre of hexagonal cells and moves radially across the 
top of the cell while cooling and then sinks at the Junctions 
of adjoining cells®. (A free upper surface to the convecting 
fluid may be updomed over cell centres and depressed at 
the edges’; such relief is likely to be intensified if there is 
a more dense, duetile cover.) The rise of hot material 
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The Rhodesian tectonic pattern. From ref. 1. 


and sinking of cooler parts of the same material continue 
while conditions are appropriate and the process is cyclic. 
Movement due to primary density instability is nob 
cyelie, however; the source of the rising material is usually 
a light and relatively mobile stratiform body beneath a 
heavier cover, and once the light. material has ri 
position tending towards gravitational stability 
movement ends. Apart from this, the pri 1 differ- 
ences between the two processes fall mto two groups: 
geometric and thermal. 

The differences in the geometry of the two processes 
are largely a consequence of the degree of contrast betwee 
the ductilities of the rising and falling materials. ge 
duetility contrasts are common in situations of primary 
density instability. In these the relatively mobile and 
light materials migrate laterally from large peripheral 
sinks towards their centre where they 
pipe-like bodies known as diapirs. Once 
peripheral sinks do not change in diameter but c 




























synelines", The original thickness of the 
to the diapirs is roughly equal to the minir i. 
of reasonably mature experimental diapi Common 
ratios of the diameters of experimental diapirs to the 
diameters of their peripheral sinks range from 1:6 to 
1:8. This ratio increases for diapirs which have risen 
into thinner overburden*—but to have done so implies 
less of a ductility contrast between the mobile layer and 
its overburden—or a very heavy overburden. 

Beeause thermal convection is usually modelled in 
duetility 



















cases of primary density instability. The 
diameters of upwelling material to the diarne 
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welling material in the same cell is not much less than 
unity. 

The average diameter of the gregarious batholiths in 
Rhodesia (Fig. 2) is 64 km, and the maximum diameter of 
their average peripheral sinks is limited by the average 
distance apart of the diapir centres, about 90 km. The 
ratio of the diameter of an average gregarious batholith 
to the diameter of its peripheral sink is therefore about 
1: 1-4, nearer to that expected for thermal convection 
cells than to that for diapirsin the classic geological sense. 

Another geometric aspect distinguishing between the 
two models under discussion concerns the thickness of 
the crustal layers involved. The maximum possible 
height of any diapir (H) is obviously limited by the volume 
of its source, Taking the diapir and the peripheral sink 
which 18 its source as simple cylinders. a very crude 
approximation of the average maximum height can be 
calculated. The volume of the average gregarious batho- 
lith is therefore taken as t E?H, the average radius being 
in the order of 32 km (Fig. 2). The maximum diameter 
of its peripheral sink has already been taken as 90 km. 
Assuming the largest possible source diameter—that is, 
when adjoining sinks begin to interfere—then the volume 
of the available source is zr?h, where r is 45 km and h is 
about 53 km, the latter having been indicated by the 
average minimum diameter of the batholiths**, ` 
, Àn idea of the maximum possible height of the batho- 
liths (H) is given by the relationship: — 


nRIH = xh 
where H = nrth/ xR? = 45%. 53/32? 
=105 km 


_ The thickness of the present day crust in cratonic areas 
is 30-35 km and even in recent orogenic belts is not known 
to exceed about 70 km?*, The Archaean crust is usually 
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assumed to have been thinner than at present, but even 
assuming that it was about 70 km thiek in what is now 
Rhodesia, the batholiths, if they were acting as diapirs, 
would have reached the surface if they had developed 
about three-quarters of their potential height. Had they 
done so we might expect to find the remains of extensive 
acid voleanies of Archaean age. That these appear to be 
missing? leads to difficulties in accepting a primary 
convective model for Macgregor’s gregarious batholiths. 

In the thermal convective model, the horizontal and 
vertical dimensions of stable cells are defined by the 
relationship where the wavelength, A, =2-8d or approxi- 
mately 2-3d for various boundary conditions where d is 
the thickness of the convecting layer". The wavelength 
of the gregarious batholiths can be taken as 90 km, the 
average distance separating their centres. If these batho- 
liths developed as thermal convection cells, the thickness 
of the formerly convecting layer was 32 km if both upper 
and lower boundaries can be considered to have been 
free, or 38 km if the upper boundary was free and the 
lower boundary was effectively rigid. Both these values 
may be accommodated within the present day erust, even 
in eratonie areas. 

Both the lateral and vertieal dimensions of the gregari- 
ous batholiths are interpreted as favouring a thermal 
convective model for their development. There is, how- 
ever, no disputing that granite diapirs have developed in 
the crust, at least since the Archaean; nevertheless it 
remains to be argued that thermal convection could have 
oceurred in the Archaean crust. 

Rayleigh!? found that the state of convective stability 
in a simple fluid in a horizontal layer heated from below 
could be referred to a non-dimensional number, since 
known as the Rayleigh number (R) where 


R = gafd'iKo (1) 


60 go  iO0mls 
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Macgregor's gregarious batholiths; their diameters and distances apart. 
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In this expression g is the acceleration due to gravity, 6 
the vertical temperature gradient across the layer of 
thickness d, and «, K and v are respectively the coefficients 
of thermal expansion, diffusivity and kinematie viscosity 
of the fluid. 

A eritieal Rayleigh number indicates marginal convec- 
tive stability for each of the boundary conditions in 
Rayleigh's original model'*. Neither the boundary condi- 
tions nor later refinements to the model (for example, ref. 
13) are relevant to the degree of accuracy possible here. 
If Rayleigh's simple model is assumed to be applicable, a 
rough approximation for the minimum effective viscosity 
of the sialie crust in Arehaean times can be derived by 
substituting likely parameters into expression (1). The 
Rayleigh number is taken as 10? in the first instance; this 
is an approximation of the minimum value for a state of 
stable lamellar convection; it could be considerably 
higher without there having been any turbulence. I shall 
take g as 103 em s; andx«=2x 10-* ?C-! and K=2 x 10? 
em? s~, which are well within the range for acid rocks 
quoted by Birch**. If 8=3x 10-5 °C em-! it is near the 
adiabatie gradient in a sialic crust and low enough to 
account for the low metamorphie grade of the schist belt 
cover to the supposed formerly convecting layer. I shall 
take d as 35 km (=3-5 x 10* em). 

Re-arranging expression (1) 


v=gaßdt/RK 
therefore in our model 


v = 105.2x 10-5.3x 10-5 (3-5x 108) 1/105. 2 x 10-2 
= 3x10-5.150x 10% 
= 45x 1015 poises 


Estimates of present day viscosities of the upper levels 
in the mantle range from about 10!9 to 10% poises!^ 1, 
Ramberg has recently used model ratios simulating vis- 
cosities ranging from 2 x 10!* to 6 x 102° poises for the over- 
burden to experimental diapirs and 10°! poises for the 
sialic crust in a model orogen. The effective viscosity 
for the granodioritic layer in the Archaean crust caleulated 
here may well be too low for reality. This value, however, 
is a minimum, for it was assumed that the Rayleigh 
number for the system was critical; if the viscosity of the 
layer is taken to be the more acceptable value of 4-5 x 10% 
poises, then 1 — 10*, a value implying healthy lamellar 
convection. The model is considered acceptable in these 
terms. 

The average thermal gradient measured in the upper 
levels of the present day crust!5 (that is, where 8—3x 
10-4 °C em) is above the adiabatic gradient. Substitut- 
ing this value into this formula, where R = 10°, indicates an 
effective viscosity of 4:5 x 10!? poises for the present crust 
in shield areas. Thus either parts of the crust are thermally 
eonvecting beneath our feet, or it has a viscosity greater 
than 4:5 x 10!? poises, or the model used is too erude. The 
viscosity of large parts of the crust is probably above 
this value, but nevertheless it is assumed here that the 
model needs modification or at least an explanation. 

The viscosities of rock are known to increase with 
pressure and to decrease strongly with temperature in a 
non-linear manner. The convective stability of crustal 
sections therefore depends on the absolute temperatures 
involved as well as their gradients. Any estimate of the 
viscosity of the crust as a whole may be meaningless if 
the relative temperature interval is particularly crucial 
or large. For example, if the thermal gradient typical 
of those measured at or near the Earth's surface is extra- 
polated to the base of a crust 35 km thick, a temperature 
interval of 1,050? C is indicated between the top and 
bottom. The viscosity of silicate glasses varies over 
several orders of magnitude in such a temperature inter- 
val' and probably sialie rocks would show a similar varia- 
tion. In a thick layer of sialic crust there may be 
eritical viscosity gradients which would prevent the layer 
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from acting as a whole. It seems reasonable to suppose 
that such gradients become increasingly probable in a layer 
of non-linear fluid as the temperature interval between 
top and bottom increases. Orogenic geologists, who study 
the former activities of non-linear fluids in disturbed . 
zones of the Earth's crust, possibly originally gravita- 
tionally unstable, normally assume that large acid bodies 
move only when the regional thermal gradient is well 
above the present average—and then chiefly vertically as 
diapirs gravitationally inspired. 

We can thus imagine a material, the viscosity of which 
decreases with temperature in a non-linear manner, which 
would freely convect within a certain range of thermal 
gradients but which would be unable to eonvect as a whole 
above a certain critical gradient. Abcve an even higher 
(orogenic ?) thermal gradient, however, it may be possible 
for this barrier to rise cut of the crustal section or for the 
lower parts of the section to pierce the barrier more in 
the manner simulated by Parker and McDowell’ and 
Ramberg*. 

If the tectonic pattern of the Rhodesian remnant of 
Archaean crust is a result of thermal convection, then the 
visible dimensions of the convection cells indicate that 
the eonveeting layer was probably less than 40 km thick 
and near the probable thickness cf the Archaean crust 
itself. The thermal gradient used in the model proposed 
here that of 3 x 10-5 °C em-!, implies that the temperature 
was only 105? C more at the base of a crust 35 km thick 
than at the top. The viscosity of sialic rocks is not likely 
to vary much in such a temperature interval and ib is 
suggested that almost the whole crust may convect 
as a single layer if the thermal gradient is near the mini- 
mum—the adiabatic gradient. 

The tectonic pattern attributed here to the effects of 
thermal convection seems to be distinctive of remnants 
of more or less undisturbed Archaean crust. This is inter- 
preted as implying a change with time of the thermal 
history of the Earth’s crust. There is no obvious evidence 
of cyclic convection of major parts of sections of the 
exposed crust since Archaean times. Since then any 
convection may be said to have been restricted to within 
large plutonic bodies and to largely non-cyclic primary 
convection in orogenic zones, I therefore suggest that 
since about 2,000 million years ago, the thermal gradient 
in the sialic crust has been too high to allow it to conveet 
as a single layer but has, locally, reached gradients steep 
enough during periods sufficiently long for the less viscous 
lower layers to pierce higher levels in restricted (orogenic) 
belts. These belts have become increasingly narrow with 
time and convective movement may have been missing 
altogether in the latest, Alpine, orogenie belts. 

Convective movements in the Archaean granodioritic 
basement are interpreted as having occurred well below 
the liquidus. These rocks are supposed to have moved 
or flowed, not as melts, but as ductile fluids; after all, 
similar type folds in bedded metasediments are com- 
monly accepted as having flowed without the rocks having 
been molten. This aspect of the model offers a method of 
testing it: palaeomagnetie directions might be expected 
to be random or conform to patterns consistent with the 
former motion within each batholith homogenized below 
the Curie point during Archaean times. 

The low temperatures at which convection can take 
place in crustal rocks—given enough time—accounts for 
the low metamorphic grade apparently general in the 
Rhodesian schist belts, an aspect irreconcilable with the 
concept of large amounts of granodioritic magma. Simi- 
larly, the problem of the strength of an Archaean crust, 
consisting largely of huge magma chambers does not 
arise with the very viscous layer in the model proposed 
here; the granodiorites would have been solid for short 
term considerations and only fiuid over long terms. 

This work implies that development of each of the grega- 
rious batholiths in Rhodesia was very roughly, but e 
tially, contemporaneous. It assumes that the convection 

















556 


occurred when most, if not all, of the material involved was 
already in the crust, but the original derivation of that 
material is not defined. Cyclic convection would have led 
to the homogenization of the original basement to the 
schist belts, and the possibility that unhomogenized 
equivalents exist in places (for example, as stratified 
para and/or ortho-gneisses or even metasediments) 
should not be ignored. 

It is interesting to note the similarity of the model 
based on thermal convection to those described else- 
where*!*, In these, individual Archaean schist belts are 
compared with small scale island ares, often thought to be 
caused by stresses in the crust overlying downwelling 
convection currents in the mantle. The chief point of 
the model proposed here is that the convection is in the 
crust itself. The synformal nature of the schist belts is 
assumed to be caused by downdragging by contiguous 
granodiorite at the cell margins. The schist belts 
probably sank further into their basement than the crust 
would be dragged into the mantle because of the probable 
primary density instability. 

This work was carried out at the Research Institute 
of African Geology, University of Leeds, under the super- 
vision of Professor R. M. Shackleton. I thank Dr J. 
Brindley for stimulating discussion and Dr J. Elder for 
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THe basis of operation of the new technique for reading 
information! described here is similar to that of the 
vibrating reed electrometer: a charge image previously 
produced on the surface of a dielectric layer by direct 
photoemission, photoconduction or other means is read 
out by closely scanning it with a rapidly vibrating con- 
ducting probe, the direction of vibration being normal to 
the surface. Alternating currents of equal magnitude are 
induced both in the probe and a conducting backing to 
the layer and are directly proportional to the charge 
density in the vicinity of the probe at any point in the 
scan. Phase-sensitive detection, operating on the induced 
eurrent, in principle allows the system bandwidth to be 
reduced to the point where the limiting signal to noise 
is predominantly due to the statistical fluctuations in the 
charge image itself. This is a basic advantage of the non- 
destructive reading process. Furthermore, images may 
repeatedly be read during or following exposure without 
detriment to the stored information. 

Another basic advantage of the technique follows from 
the total avoidance of electron opties. This allows the 
receptive area to assume almost any required extent and 
contour and makes the system partieularly appropriate 
for use in spectrographie instruments the focal surfaces of 
which are often long and curved. 

The system's resolution capability is defined entirely 
in mechanical terms and may, in principle, be made to 
exceed that of electron-optical image detectors or photo- 
graphie emulsion. 


information can now be read in the form of an extended spatial 
distribution of charge. The technique involved shows considerable 
promise for use in spectrometry. 


In recent years increasing interest has been shown in 
improving the efficiency of detection of faint optical 
images such as those obtained in astronomy. The most 
commonly used astronomical detector is photographie 
emulsion, but its peak equivalent quantum efficiency is 
less than 1 per cent. This has prompted the use of photo- 
emissive cathodes, the peak equivalent quantum efficiency 
of which may exceed 20 per cent, in various forms of 
electron-optical image detectors. But, although the latter 
excel in sensitivity, the photographic emulsion has greater 
spatial resolution and is freer from geometrical con- 
straints, thereby excelling in information handling 
capacity. With the appropriate use of photoemissive or 
photoconducting layers, the new technique combines high 
detecting efficiency with the geometrical advantages of 
photography. 

In this article, only a one-dimensional variation of 
image is assumed, such as may be obtained in a spectro- 
gram. A two-dimensional system is no different in 
principle but was excluded from this preliminary study 
because it requires greater mechanical sophistication. 


Signal Generation 

Referring to Fig. 1, consider a pattern of free charge 
having one-dimensional variation residing on the surface 
of an insulator of uniform thiekness backed by a conduct- 
ing electrode. The free charge surface density at position 
x is defined as c(z). C, and C, (X, x, t) are the respective 
capacitances per unit area of surface at x to the baeking 
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Fig. 1. Elemental signal generation. 

electrode and to a semi-infinite conducting probe at X 
held above the surface and vibrated normal to it. A 
potential difference V exists between the backing electrode 
and the probe. The instantaneous charge on the elemental 
capacitance C, (X, x, t) dr, being the appropriate propor- 
tion of the free and induced charges on a surface element 
at x of width dx and unit length normal to the x-direction, 
is 

C, (X, x, t) de 


C, (X, m, t) + C, 


If dip and di are the respective currents flowing from the 
surface element at x to the probe and the backing elec- 
trode, 


dg, (X. 2, t) = (6) — C,V) — (1) 


: ; d 

dip = — dis = — (dq, (X, 2, t) (2) 
dt 

Integrating over the whole of x, we have for the magnitude 

of the total current to the probe or backing electrode 

from a surface pmp of unit width 


o(x) — C,V) dey 
LX, 1) (ee ote 
(C, (X. x,t) + Cy)* dt 
a 00 
'Thus the signal eurrent is periodie with the frequency of 
the probe vibration, its amplitude is proportional to the 
surface charge density and to the rate of change of C, 
(X, x, t) and it may be detected either at the probe or 
the backing eleetrode. Also, it can be shown that the 
process of signal generation is most efficient when C, and 
the mean value of C, (X, v, t) over one cycle are approxi- 
mately equal. 





1(X,a,t)dx (3) 


Ci(X,x) 








~ 300 0 300 
CX—2) (um) 


Fig. 2. Normalized values of C, (X,2) for various probe to surface 
separations. 
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V may be a contact potential difference, a potential 
difference deliberately applied to back off the signal, or 
a combination of the two. In the work deseribed here F 
was maintained at zero. 


Spatial Resolution 


The spatial resolution of the system is related to the 
probe to surface capacitance and this depends on the 
probe configuration used. A simple type of probe is a 
thin conducting plane held normal to the surface terminat- 
ing in à straight edge parallel to it and normal to the 
x-direction. Normalized curves of C, (X, x) for this con- 
figuration are shown in Fig. 2 for various edge to surface 
separations. 

'The resolution may be expressed in terms of the modula- 
tion transfer function of the system which is related to the 
spread function, that is, the response to a line of charge 
parallel to the probe edge. Assuming sueh a line image 
contains K units of charge per unit length at «=o and 
zero elsewhere, we obtain from equation (3) (with V = o} 


ae: 





(X, 0, t) (4) 


This equation was used to calculate the resolution for 
various probe to surface separations and amplitudes of 
vibration. The results of some computations for the 
first and second harmonic signal components are repro- 
duced in Fig. 3 for vibration amplitudes approaching the 
mean probe to surface separation. Previous computations 
had confirmed the intuitive result that the resolution 
improves as the vibration amplitude is increased. In 
each case, the second harmonie component gives & modu- 
lation transfer funetion that exceeds 100 per cent for 
some line frequencies, and shows much improved resolu- 
tion over that attainable with the first harmonie. The 
hump in the modulation transfer function arises from à 
negative region in the second harmonie spread function 
which begins approximately at the point of inflexion in 
the form of C, (X, x); the positive curvature in the 
region beyond this point leads to the negative region in 
the second harmonie component. 


Trial Apparatus 


An experimental system was built to prove the tech- 
nique and investigate its characteristics. Photoemission 
by ultraviolet radiation was the method primarily used to 
produce a surface charge image for spectrometry in 
the vaeuum ultraviolet was an applieation of particular 
interest. The image storage area, consisting of a dielectric 
spacer (an adhesive polyester film) separating a photo- 
emissive surface layer and a backing electrode, was 
mounted on the front surface of a ‘Perspex’ block which 
was fitted into a stainless steel plate (Fig. 4). In operation, 
a mesh was held above the surface and maintained at a 
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Fig.4. "Trial apparatus. 

positive potential relative to it to collect the emitted 
photoeleetrons, and was subsequently drawn aside by a 
solenoid to allow the vibrating probe unit to scan across 
the charge image for reading. Scanning was achieved by 
a rack and pinion movement driven by a small electric 
motor and a reduction gearbox sealed in a canister to 
avoid outgassing, the whole apparatus being operated in 
vacuum. The probe unit, supported by three PTFE 
pads, was spring-loaded against the steel plate which was 
therefore the reference plane for the scanning motion. 

The probe was vibrated by means of a flexing cantilever 
made by cementing a strip of piezoelectrie ceramic to a 
metal strip of comparable strength (Fig. 5). Used near 
its mechanical resonance at approximately 400 Hz, this 
transducer had an amplitude response of 304/100 V r.m.s. 
applied. The probe itself was a gold film evaporated 
onto one face of a 'Perspex' prism cemented to the 
transducer as shown. 

Three degrees of mechanical adjustment were incor- 
porated in the probe unit, namely alignment of the probe 
edge with the storage surface, rotation of the plane of the 
probe about an axis normal to the surface and adjustment 
of the probe to surface separation. 


'PERSPEX' GOLD 
PRISM ELECTRODE 


PIEZO - ELECTRIC 
CERAMIC 
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The images were erased by a simple electron gun, 
mounted on the scan carriage, consisting of an indirectly 
heated cathode and an accelerator mesh and operated in 
the cathode potential stabilization mode. 

The signal current produced by the action of the probe 
was passed to a sensitive current amplifier and then to a 
dual phase-sensitive detector system used to detect the 
first and second harmonic components, the phasing 
reference being provided by the transducer oscillator. 


Resolution Measurements 

Measurements of the resolution properties of the system 
were made using a charge image in the form of a step 
function, achieved by terminating the storage layer in a 
sharp, straight edge and charging it by means of a radio- 
active beta source. The probe was aligned with the edge 
and repeated scans were made across it using different 
values of mean separation and vibration amplitude. The 
known input function and the resultant output functions 
were then used to construct the corresponding spread 
functions and modulation transfer functions using Fourier 
transforms. 

The measurements agreed well with the computed data 
for mean separations greater than 50y or so, but, because 
of the mechanical deficiencies of the trial equipment, 
became increasingly worse for values below this. The 
principal imperfections were physical irregularities in the 
probe and the terminating edge of the dielectric, residual 
misalignments and variation in the mean probe to surface 
separation. 

The best resolution actually obtained is indicated by 
the curves in Fig. 6 and Fig. 7 pertaining to the smallest 
value of mean separation used, nominally l5y. As pre- 
dicted by the computations, the resolution is improved 
(a) by increasing the vibration amplitude and (b) by 
taking the second harmonic component rather than the 
first. 

Of course, the amplitude of the second harmonic in- 
creases as the vibration amplitude increases: in practice, 
the ratio of the second harmonie to the first tended to a 
limit of about 6-25. 

There appears to be no fundamental diffieulty in improv- 
ing the resolution by more careful design and manufacture 
of the simple probe system described. In addition, further 
improvement may be achieved by the use of guard elec- 
trodes on each side of the probe to narrow the form of 
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C\(X, v) and by servo control of the mean separation and 
vibration amplitude of the probe. 


Sensitivity 

A full parametric study of the sensitivity of the system 
has not yet been made. But some preliminary and 
unoptimized first harmonie measurements have indicated 
the detection of 100 electronic charges, with a signal to 
noise ratio of 3. in an image element of approximately 
10-? em*?, using a vibration frequency of a few kHz and 
an effeetive bandwidth of 1 Hz. This is to be taken as an 
indieation of performance only: an amplifier having 
lower noise than the one used, an increased vibration 
frequeney, a decreased system bandwidth and an improved 
mechanieal performance would all serve to lower the 
deteetion threshold. 


Stabilizing Resolution and Sensitivity 


Servo control of the probe mean separation and vibra- 
tion amplitude has already been mentioned in connexion 
with resolution. Tt is also a means of stabilizing sensitivity, 
a feature which likewise becomes increasingly necessary 
with decreasing separation. Such servo action may be 
realized simply by applying a correcting bias to the 
piezo-eleetrie transducer to stabilize the mean separation 
and eontrolling the transducer drive oscillator to stabilize 
amplitude. 

One possible way of measuring the two parameters to 
be controlled is by the use of a conducting strip deposited 
along the edge of the storage surface with an overlaying 
subsidiary probe mounted on the transducer. By main- 
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taining a potential difference between them aud measuring 
the first and second harmonic components of the resulting 
signal current. the mean separation and vibration ampli- 
tude can be uniquely determined. 

A possible simplification of this technique is to apply a 
high frequeney earrier waveform of constant amplitude 
to the backing electrode and detect the resulting current 
at the probe, its magnitude being a function of the 
instantaneous probe separation. A suitable network would 
be needed to separate this signal from the charge induced 
signal before amplification. The harmonies of the carrier 
modulation envelope again give the required parameters, 
assuming C, is everywhere constant. 

In applications where the passive mechanical per- 
formance of the system is adequate for resolution. but 
inadequate for maintaining a sufficiently constant sensi- 
tivity, the latter may be acceptably stabilized by means 
of negative feedback. Assuming, for the moment, that 
the free charge density is constant over the surface and 
I (X, t) is made zero in equation (3) by adjustment of Y, 
then 





6 = 


AV (5) 


Thus o is obtained from V directly and the system is 
relieved of all dependence on C, (X, x, t). Although this 
special case will rarely occur in practice, the result remains 
approximately true when the spatial variation in o (x) i8 
eonsiderably less rapid than the variation defining the 
limiting resolution capability of the system. 


Image Characteristics 

The integration, storage and erasing characteristics of 
the deviee were investigated for various insulating photo- 
emitters deposited on to the dieleetrie layer and exposed 
to a rectangular ultraviolet image (1216 A) through the 
colleetor mesh. 

The effect of the collector mesh potential on the quality 
of the charge image was tested with magnesium fluoride 
as the photoemitter. Equal exposures were made for 
various mesh potentials in the range — 30 V to +3 kV, 
It was found that both the peak image density and the 
total eharge in the image increased with mesh potential 
up to about 100 V, corresponding to a collecting field of 
1 kV/cm, and thereafter remained constant. Complete 
suppression of image information required a mesh 
potential of about —10 V. conforming with the photon 
energy at 1216 A. 

As previously mentioned, the charge images were erased 
by means of a simple electron gun operated in the cathode 
potential stabilization mode. An applied cathode potential 
of about —3 V was needed to restore the surface potential 
approximately to zero because of the contact potential 
difference between the barium of the cathode and the 
gold backing electrode. 

The integration characteristic of the device was meas- 
ured for saturated photoemission. For the three orders 
of magnitude tested, the peak signal height increased 
linearly with exposure. 

The image storage properties were investigated for 
photoemitting depositions of magnesium fluoride, calcium 
fluoride and caesium iodide. Each in turn was given a 
short exposure to the ultraviolet image and repeatedly 
scanned for a period of time in constant external con- 
ditions. Two tracings for magnesium fluoride separated 
by 220 h are shown in Fig. 8. On the basis of such measure- 
ments, image half-lives were obtained for the three cases ; 
they were: 470 h for magnesium fluoride. 38 h for caleium 
fluoride and 1-5 h for caesium iodide. 








Current Work 

The success of the preliminary experiments has encour- 
aged work to be started under five headings. 

A contract has been signed with the Atomie Weapons 
Research Establishment. the National Research Develop- 
ment Corporation, Messrs Hilger and Watts, Ltd, and 
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Fig. 8. Storage measurement (magnesium fluoride) 

University College, London, for a development of the 
device to fit the Hilger and Watts two-metre grazing 
incidence vacuum spectrograph originally designed by 
AWRE. An illustration of the proposed system, which 
was displayed at the Physies Exhibition 1968 under the 
title “The Boyd-Boksenberg Stored Charge Image 
Reader", is shown in Fig. 9. As an additional function, 
the system will be eapable of time resolution by gating 
the collecting grid from negative to positive potential 
relative to the photocathode layer in order to alternately 

suppress and saturate the photoemission as required. 
In collaboration with the Royal Greenwich Observatory. 
a form of the device is being developed for spectrometric 
measurements in ground based astronomy. Photoemission 
is less convenient. for application in the visible than in 
the vacuum ultraviolet. In the latter region, unlike the 
former, many insulators are to be found that are both 
useful photoemitters and unaffected by exposure to the 
air. Visible-sensitive photoeathodes, being conductors. 
would have to take the form of a mosaic deposit on an 
insulating substrate (as in the CPS ‘Emitron’) and be 
kept continually evacuated, itself an operational incon- 
venience. For these reasons, a photoconductive layer. 
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used in air, will take the place of the photoemitter. The 
material chosen for this purpose is vitreous selenium*, 
which has a spectral response similar to that of the 
predominantly  blue-sensitive photographic emulsions 
commonly used in astronomy. A surface charge image is 
produced by hole migration by applying an electric field 
through the layer during exposure. By cooling to near 
zero centigrade, an image half-life of about 20 h has 
been obtained and is entirely adequate for this application. 
The quantum efficiency of the layer is dependent both on 
its temperature and the field applied. A field of about 
10° V/em is required to give a peak quantum efficiency 
of unity at 273° K; methods of achieving this field with- 
out breakdown are at present being investigated. 

A study of the various ways of obtaining a two-dimen- 
sional version of the device is being undertaken by this 
laboratory with assistance from Messrs Hilger and Watts, 
Ltd, and the Science Research Council, Such a device 
would not be expected to compete strongly with normal 
television systems, but the recording of very weak “stills” 
in astronomy, cartography and a variety of medical, 
industrial and research uses could benefit substantially. 
No doubt the ability to integrate successive exposures 
with non-destructive examination between them could be 
a valuable property. 

Work is also being started on the application of the 
system to mass spectrography. Here the charge multi- 
plication by secondary emission or by bombardment 
induced conductivity promises further to ease the signal 
to noise problem. It is anticipated that the main area 
for study will concern halation and related effects caused 
by the seattering of charge from intense lines in the mass 
spectrum and problems of penetration and damage of 
the storage surface if multikilovolt beams are collected 
without. retardation. 

A promising investigation was made of the possible 
use of the in the ESRO Large Astronomical 
Satellite during its design study phase. It was, indeed, 
in this context that the original concept arose. The 
advantages of the system for space astronomy are very 
considerable. The flexibility in geometrical shape offers 
much less critical constraints on dispersion, focus and 
aberration control. Most of the advantages of conven- 
tional photography are retained without the associated 


system 


* The use of vitreous selenium was suggested to us by H. Seddon of the 
Royal Observatory, Edinburgh, where its use as a spectrometric detector 
was tried some years ago. 





Fig. 9. 


the new image detector in place of the photographic plateholder. 


Illustration of the Hilger and Watts two-metre grazing incidence vacuum spectrograph with 
(By courtesy of AWRE.) 


NATURE, VOL. 220. NOVEMBER 9, 1968 


disadvantages of low quantum efficiency, non-linearity, 
pre and post-exposure fogging and normally the need for 
terrestrial recovery. The storage properties could enable 
periodic read-out of spectra without the need for on-board 
data storage. The interest of this laboratory in such 
applications continues, pending suitable opportunities for 
the flight of a stellar spectrograph. 
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WE report here new X-ray fibre diffraction studies on the 
double helices formed by polyadenylie acid (poly A) and 
polyuridylie acid (poly U), polyinosinie acid (poly I) and 
polyeytidylie acid (poly C), and polyguanylie acid (poly 
G) and poly C. These studies are important for a number 
of reasons. First, some of the synthetic helices have the 
same structures as the native RNAs which have already 
been studied by some of us!'-*, and for one conformation 
of the poly (A--U) helix the quality and quantity of 
X-ray data far exceed those obtained earlier for any 
naturally occurring or synthetic RNA. This has enabled 
us to decide, merely by considering the magnitudes of the 
X-ray intensities, that the helices in x and f-RNA are 
eleven-fold, and not the only other alternative, ten-fold. 
Second, we have discovered a molecular structural 
transition, in the poly ([+C) complex, from a helix with 
eleven nucleotide pairs per pitch to one with twelve. 
This transition, induced by increasing the salt content, 
is also observed in poly (A+U), and therefore probably 
occurs in all RNAs with extensive Watson-Criek base 
pairing. Third, the differences of molecular conformation 
observed earlier in a number of natural and synthetic 
RNAs are primarily a consequence of the ionie content 
in the fibres, and not the base-base interactions along the 
polynucleotide chain. Fourth, we have been able to 
compare in some detail the geometries of the different 
conformations of the RNA helix, and have shown that 
they are very similar to one another. This similarity may 
be a result of the presence of the same sugar ring con- 
formation observed in A-DNA —one distinct from that in 
B-DNA. This observation has led us to speculate on the 
nature of the stereochemical features that might dis- 
tinguish RNA and DNA chains in the transeription and 
replication processes. 


Synthetic RNA Diffraction Studies 


The diffraction studies of RNA reported here show that 
RNA double helices can exist in three molecular forms: 
eleven-fold helices, twelve-fold helices, and a non-integral 
helix form similar to that observed with ribosomal RNA 
fragments'-, For convenience we propose to label these 
forms A, A’ and A^, respectively. The two integral forms 
are well characterized, but the form we call A" may be a 
family of closely related structures and not a single 
molecular species. 


RNA can exist in three distinct forms, all with a similar structure to 
that of the A form of DNA. The possible biological significance of 
these structures in protein synthesis and transcription mechanisms 
is discussed. 


Poly (A+U). The polynucleotide material, obtained 
by ethanol precipitation from mixtures of equimolar 
solutions of poly A and poly U, prepared under optimal 
conditions for formation of a 1 : 1 complex’, can be made 
into highly orientated crystalline fibres that give diffrac- 
tion diagrams like those of Figs. la and 6. These 
can be indexed on a hexagonal lattice with a=b= 39-7 + 
0-1 A, c—30-9-- 0-1 A (at 92 per cent relative humidity). 
These dimensions, together with the intensities, show 
that this structure is perfectly isomorphous with the f 
crystal form? of native RNA (Fig. 55) and therefore that 
these poly (A+U) molecules have the A-RNA conforma- 
tion. Compared with our earlier studies*-*, this system 
provides twiee as many intensity data of better quality 





Fig. 1. Diffraction patterns of (a) poly (A + U), (b) poly (A +20), fibres 
at 92 per cent relative humidity, and tilted so that the meridional 
reflexions at 3 A are recorded. 
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for $-RNA, and has enabled us to reconsider the detailed 
structure of A-RNA helices. 

It is possible to produce a ten-fold helical model for 
RNA which, if packed appropriately in space group P3,, 
gives agreement with the intensities, observed in both x 
and $-RNA, not greatly different from that provided by 
an eleven-fold model packed in P3 (unpublished work of 
Arnott, S., Dover, S. D., and Wonacott, A. J.. Although 
all the other evidence shows a bias in favour of eleven- 
fold helices?-*, it would be desirable to reach a decision 
directly from a consideration of all the X-ray intensities. 
With the new data (188 independent reflexions) for 8-RNA, 
further refinement of ten and eleven-fold molecular 
models (unpublished work of S. A., S. D. Dover, W. F., 
and A. Hodgson) shows that the best eleven-fold model 
provides a clearly better fit with the intensities as a whole 
than does the best ten-fold model, 

Examination of our highly orientated diffraction dia- 
grams for 8-A-RNA shows that three meridional re- 
flexions exist: (0,0,1) (0,0,2) (0,0,10) (Fig. 6). These are 
not compatible with either eleven-fold regular helices in 
P3 or ten-fold regular helices in P3,. In the former case 
the three reflexions are allowed by the space group, but 
could be produced only by an eleven-fold helical molecule 
that was not perfectly regular. In the latter case, in order to 
explain the (0,0,1) and (0,0,2) reflexions, one would have 
to postulate that the ten-fold helices also were not perfectly 
regular; in addition, one would have to further postulate 
that the space group was not P3, (where only (0,0,3n) 
reflexions are possible), contradicting the evidence of all 
the other intensities. It is of interest that the principal 
reason for the original presumption of ten-fold helicity* 
was an over-emphasis of the assumption that the tenth 
layer line diffraction included a contribution from 
(0,0,10). This reflexion exists, but, as we have shown, it 
cannot be used as evidence for ten-fold helices without 
postulating both molecular and crystal symmetry irregu- 
larities. In view of the bias now prevalent in all the other 
tests which we can make, we prefer the simpler explana- 
tion that the helices are eleven-fold, but are not perfectly 
regular because of the exigencies of molecular packing or 
some other factors. 





a b 


Fig.2. Diffraction patterns of (a) poly (A+ U) and (b) poly (I +C) that 

are isomorphous with each other and with 8-RNA. The molecules have 

the eleven-fold helical conformation we call A-RNA. The poly (I4 €) 
pattern exhibits much less orientation than poly (A+ U). 
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Fig. 3. Diffraction patterns of tilted fibres of poly (I +C) at 02 per cent 

relative humidity. In (a) the molecules have the eleven-fold helical 

A-RNA conformation, in (b) the oe helical A'-RNA confor- 
mation. 


The salt-induced eleven to twelve-fold transition which 
we observed in poly (I-- C) (see next section) also occurs 
in poly (A+U), but here the situation is complicated by 
the tendency of the double stranded complex to rearrange 
in media of high ionic strength to give poly (A+2U) and 
poly A. In a later paper (unpublished work of S. A., 
M. Beynon, P. Bond and W. F.) we describe the dis- 
covery of a method for suppressing the dispropor- 
tionation reaction, so that when the ionic content of the 
fibre is inereased, the change in the number of residues 
per pitch of the poly (A+U) double helix is the only 
result. 

When no steps are taken to suppress the formation of 
poly (A+2U), the usual result is the diffraction diagram 
shown in Fig. 1b. This is the same as that obtained when 
the preparation of poly (A+ 2U) is deliberately attempted. 
The pattern may not arise from a perfectly crystalline 
system, but the spots may be indexed on the basis of a 
hexagonal lattice a=b=46 A, e=35-5 A (the helix pitch). 
The helices have a large diameter ~28 A. The distribu- 
tion of intensity suggests that the helix is approximately 
twelve-fold. The diagram is apparently a better defined 
version cf the one reported* many years ago and thought 
then to be poly (A+U). 

Poly (1 4-C). When we prepared the 1: 1 complex of 
poly I and poly C, somewhat to our surprise, we did not 
obtain the crystalline form with twelve-fold helices pre- 
viously deseribed!"!', but another crystalline form iso- 
morphous (Fig. 2) with §-RNA and the crystalline, low 
salt form of poly (A+U). When the salt content of the 
poly ([+C) fibres was raised to at least 2 per cent, how- 
ever, an eleven to twelve-fold molecular conformational 
transition was always observed (Fig. 3) whatever the 
humidity. These twelve-fold molecules pack in a rhombo- 
hedral array (hexagonal cell a=b=39-4 A, c=36-2 A). 
The helices have radius = 22-7 A and pitch = 36-2 Å. 

Before our observation was made, it was possible that 
the different (twelve-fold) helical structure of poly (I+C) 
reflected the peculiar base stacking interactions that oecur 
in a two-stranded structure in which all the residues in 
one chain were cytosine and in the other hypoxanthine. 
In the original poly (I--C) study"! the fibres contained 
sodium cacodylate. We obtained the eleven to twelve- 
fold change using sodium chloride or lithium chloride as 
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well as sodium cacodylate. It seems therefore that rela- 
tively non-specific electrostatic effects are responsible for 
the transition, as in the A—B transition in DNA. 

The salt-induced structural transitions also support 
A-RNA being eleven-fold; it seems unlikely that the not 
too dissimilar distributions of intensity in A and A’-RNA 
could be produced by a structural change as profound as 
ten—twelve-fold. 

As with poly (A+U) a pattern of the A*-RNA type is 
also obtained from poly (L4-C) fibres containing little 
salt. 

Poly (G--C). With poly (G--C) we have not so far 
obtained fully erystalline specimens. Most of the patterns 
we have obtained are like Fig. 4b and correspond to 
A'-RNA. It is clear, however, that in Fig. 4a we are 
observing a fibre in part of which the poly (G C) mole- 
cules are in the A’ form. The transitions in molecular 
conformation which we have described are therefore a 
feature of all the double-helical RNAs which we have 
studied. : 





Fig. 4. Diffraction patterns of tilted fibres of 

relative humidity. 

poly (G+C) can exist in the A-RNA form. (b) Shows the more usual 
situation with poly (G 4 C) in the A"-RNA. 


ly (GC) at 02 
In (a) there are features like Fig. 35 showing that 
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Classification of RNA Double Helices 


Native RNAs contain double-helical regions, and X-ray 
diffraction studies have shown that these helices are very 
similar^532, We have now shown that there are three 
molecular conformations. All are antiparallel, double 
stranded helices of pitch between 28 and 36 A, radius 
near 22 A and with complementary base-pairing of the 
Watson-Crick kind. As in A-DNA, all have the bases 
tilted away from perpendicularity to the helix axis and 
situated about 4 A from it. 

Two of the helices are integral. The one with eleven 
residues per turn'-* we call A-RNA because of its close 
similarity to A-DNA. This is found in the crystalline 
fibres of wholly double helical RNA like that from reo- 
virus*, wound tumour virus", MS? replicative inter- 
mediate™ and rice dwarf virus!*. These helices are 22 A 
in diameter, may pack in either of two ways, and give 
rise to the two crystal forms, x and 8-RNA, that have 
been analysed in detail*-*. The factors responsible for 
the a-type of packing are unknown and we have not 
been able to produce this erystal form with synthetic 


RNAs. A’-RNA is the twelve-fold helix that occurs in 
fully erystalline form and was previously the only struc- 
ture observed for poly (I--C). This molecule has a 
diameter of 23 A and 36 A pitch and is now seen to be 
interconvertible with the other two forms. 

The non-integral helices that we call A"-RNA have been: 
well characterized only in the case of ribosomal frag- 
ments’. These helices have 11-3+0-5 residues per turn 
and a diameter of 22 A. Now that we have observed them 
also with highly polymerized material, this type of 
structure is being further studied. 

Fig. 5 shows that A, A’, A’-RNA may all be observed 
in similar crystal structures. It is also true that the 
molecular geometries of all three conformations are very 
similar (see also Fig. 6). At 92 per cent relative humidit; 
the internucleotide spacings are 2-73, 3-02 and 2-67 L 
respectively. In general terms A, A’ and A".RNA are 
like A-DNA, but their similarity to one another is in 
marked contrast to the clear differences that exist between 
A-DNA and the native B-DNA conformation. In the 
DNAs the internucleotide spacings are 2:56 A and 3-40 A; 
the base tilts 20° and 0° and the distances of the bases 
from the helix axes 4 A and 0 A. 

The similar disposition of the base-pairs with respect 
to the helix axes in A-DNA and in A, A’, A-RNA may 
be related to the sugar ring having the C3-endo conforma- 
tion in all four structures (C3 is ^ 0-5 À, in the direction 
of C5, out of the mean plane of the other four ring atoms). 
In B-DNA the sugar conformation is C2-endo (C2 and not 
C3 is the displaced atom). 


Possible Biological Significance of these Studies 


Both ribosomal and transfer RNA contain double 
helical regions. One might therefore expect that the way 
in which these helices interact and the internal structural 
transitions they may undergo might separately or jointly 
be important in protein-synthesizing mechanisms. We 
speculate that changes in the internal arrangements of 
RNA helices might be associated with the binding and 
successful recognition of an aminoacy! transfer RNA, its 
movement and that of the messenger RNA, from the 
amino-acid to the peptidyl position, and finally the 
expulsion of the transfer RNA to leave site(s) vacant for 
the cycle to be repeated. Hence the existence of two 
packing ments for eleven-fold RNA helices (in « 
and 8-RNA) and the eleven to twelve-fold molecular 
transition, achieved merely by changing the ionie environ- 
ment, might be relevant biologically. If the helices 
occupied equivalent or pseudo-equivalent positions in the 
ribosome, transitions of both kinds could exhibit the 
cooperative characteristics that the above mechanisms 
might require. Detailed speculations must await more 
information on ribosomal secondary and tertiary structure. 

We have noted that all three RNA conformations are 
rather similar to one another in the disposition of their 
base-pairs. The relative constancy of RNA double helical 
conformation contrasts markedly with the two main dis- 
tinctive conformations that exist for DNA, A-DNA is 
like RNA and its transition to the B-form with base-pairs 
perpendicular to the helix axis involves a change in the 
sugar conformation to C2-endo. We also note that the 
DNA-RNA hybrid has so far been observed only in a 
tilted base form!*. It seems therefore that RNA may not 
be able to adopt a structure like that of B-DNA with a 
C2-endosugarconformation, and it is likely thatthe hydroxyl 
group present in ribose, but not in deoxyribose, is the 
main factor responsible for the relative constancy of con- 
formation. It is tempting therefore to suggest that the 
ability of DNA to exist in two contrasting geometrical 
states, one of which is like that of RNA, is related to the 
necessity of distinguishing DNA in its two roles as a 
template for DNA in replication and for RNA in transcrip- 
tion. We envisage that DNA replicases would be com- 
patible only with the B conformation and any related 
transient forms, while RNA synthetases would be eom- 
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Fig. 5. Basal projections of the unit cells of (a) a-A-RNA, (b) B-A-RNA, (c) A'-RNA, (d) A*-RNA. The molecules in (d) are shown as circles 
because the helices are not integral and their orientation is not well defined. 


a patible only with A forms. DNA is capable of being 
involved in both systems only because it lacks the C2 
hydroxyl. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Search for High Energy Gamma-rays 
from CP 1133 


SEVERAL proposed models for pulsars, involving shock 
waves! and high magnetic fields*?, suggest the possibility 
that high energy y-rays may be emitted by such objeets. 
We have therefore attempted to detect high energy 
(^ 1044 eV), neutral cosmic rays from CP 1133, using the 
atmospheric Cherenkov technique’. 

A modified version of the searchlight installation at 
Harwell’ was used, with two 90 em diameter light receivers 
operating in coincidence. These receivers were installed 
on an altazimuth mounting which was manually guided 
on the source with the aid of reference stars; the guiding 
accuracy was within +0-5° of the source direction. The 
coincidences were sorted in a 512-channel multiscaler 
analyser, operated in precisely the same way as that 
recently used* in optical observations of CP 1919, with 
the exception that an additional print-out facility was 
available. In order to prevent spurious pulses from distant 
lightning, faint meteors or man-made light flashes, from 
running up an accumulation of pulses in one or even a 
few adjacent channels of the analyser, a paralysis of 
100 ms was ineorporated, so that no events could be 
recorded within 43 channels of any other event within a 
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given cycle of the analyser. The cycling of the analyser 
was based on the heliocentrie period of the source, and 
Doppler corrections were made both for the Earth's 
orbital motion and axial rotatien. At the time of the 
observations the best source period available was in- 
sufficiently accurate; this, combined with the limited 
accuracy to which dividing circuits controlling the analyser 
cycling could be set, resulted in a phase-drift of «3 
analyser channels h-! of observation. 

Observations were made on three nights of unusual 
clarity at Harwell, at a time when the transit of CP 1133 
was near the start of the night and was thereafter viewed 
at a steadily increasing zenith angle. The counting rate 
of the light receivers fell with increasing zenith angle, 
corresponding to a rise in the shower energy necessary to 
give a detectable Cherenkov light pulse. Table 1 sum- 
marizes the details of four runs on each of two nights 
when the source was tracked continuously. The geo- 
metrie full field of view was 5? on the first night and 
3? on the second. Runs were restricted to an hour's 
duration to reduce the blurring due to the drift in phase; 
the calculated phase-drifts of Table 1 are based on the 
most aceurate heliocentrie period at present available 
(13187909285 s +15 ns (ref. 7} with suitable correction 
for Doppler effects due to tho Earth's motion. The 
approximate energy thresholds of Table 1 refer to the 
minimum proton shower energy necessary io give & 
detectable Cherenkov light flash. They have been derived 
from the observed counting rates, the geometric field of 
view with an added correction ef 1° to allow for the finite 
size of the Cherenkov images, an assumed effective col- 
lecting area of 10% m? at the zenith with a sec? Z depend- 
ence on the zenith angle Z, and the integral cosmie rày 
spectra quoted by Greisen*. 

Fig. 1 shows the count totais as a funetion of phase 
for the various runs, as derived from the multichannel 
analyser. The channels have been grouped into sets of 
five to allow appreximately for the expected 
drifts in phase. No attempt was made to 
correlate the phases of the groups of runs 1-4 
and 5-8, although within these groups the 
phases are correlated except for the slight 
phase drift at a few channels per hour. 

Peaks which may be statistically signifi- 
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cant were only observed in runs 1 and 5, 
which were obtained when the energy 
threshold of the equipment was at a mini- 
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26 counts compared with a mean of 1046 
counts; the excess is thus about 4 standard 
deviations. A y? i shows that the distri- 
bution of counts is in general a good fit 
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(pe 0-15) to the expected Pr n distribu- 
tion. The Poisson expeetation of a valüe of 
26 counts or moreis ~ 4 x 10-? for 102 groups 
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of five channels. In run 5 the peak of 22 
counts compares with a mean of 78; the 
excess corresponds to about 5° standard 
deviations. Again the distribution of counts 
is in general a gowd fit to a Poisson distribu- 


RUN 5 








tion (p~05 on a y? test) the Poisson 
expectation of a value of 22 or more counts 
being 2x 102. These statistics all refer to 
the ease where the counts are placed in five- 
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channel groups (that is, ~ 12 ms intervals), 


RUN 7 the groupings having been ehosen to maxim- 
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Fig.1. Count totals for the various runs as a funetion of the phase of the source CP 1133. 


The totals are for sets of five neighbouring analyser channels. The heavy arrows indicate 


the statistically significant peaks. 


ize the peaks. If we examine all other 
possible groupings of five neighbouring 
channels for runs | and 5 and exclude the 
region close to the major peaks under dis- 
cussion, the biggest count total im any five 
neighbouring channels is 20 for run 1 anid 
16 in run 5. These minor peaks were 
observed twiee in each run, but each 
peak occurred within a different set of 
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~100 groups of five channels. The Poisson expec- 
tation of 20 or more counts oceurring in any set of 
^100 groups of five channels in run 1 is ~0-6, and 
of 16 or more counts occuring in run 5 is ~0-7, We 
therefore conclude that only the two major anoma- 
lous peaks may be statistically significant. A fuller 
consideration of the analyser data and of the phase- 
drift present during individual runs suggests that the 
results eould be compatible with an excess of counts 
occurring in an interval <30 ms long (that is, <15 
channels) during each source period. 

When all the 5° field data of runs 1 to 4 are added 
together with suitable allowance for phase drifts occurring 
between runs, the mean 5-channel count is 26, and the 
peak is 46; the corresponding Poisson expectation of 46 
or more counts is ~3x 10. Similarly, the sum of runs 
5-8 for the 3° field case yields a peak of 35 counts com- 
pared with a mean of 17; the Poisson expectation of 35 
or more counts is 8 x 10-3, 

Although at the time of these observations a technique 
had not been developed whereby the phase of the cycling 
could be carried over from night to night, it may be 
significant that the excess counts in runs 1 and 5 appeared 
at wholly different regions of the analyser's digital store, 
suggesting that the effects were not due to faults in a 
particular region of the store. To strengthen this argu- 


Table 1. DETAILS OF 
i ] Time (UT) 

Run No. Date Start End Geometrical 

ful! field (°) 
1 April 21, 1968 2210 2312 5 
2 April 21, 1988 2324 0025 5 
3 April 22, 1968 0034 0138 5 
4 April 22, 1968 0148 0249 5 
$ April 23, 1968 2218 2321 3 
6 April 23, 1968 2332 0033 3 
7 April 24, 1968 0050 0155 3 
8 April 24, 1968 0208 0308 3 


ment, runs were carried out with lids over the light 
receivers and artificial background light switched in, to 
generate a random rate similar to the shower rate. In all 
such runs the distributions were found to fit closely to 
Poisson distributions, and there were no individual peaks 
of amplitude comparable with those found during runs 1 
and 5. 

Observations in which the source is continually tracked 
do not eliminate the possibility of a strong continuous 
emission of cosmic rays from the source. The night of 
April 24-25 was therefore devoted to comparing the count 
rate on the source with that from adjacent regions of the 
sky. The procedure was to spend 5 minutes counting on the 
source, followed by 5 minutes off the source at the same 
zenith angle but differing by ~ 11° in azimuth: directions 
alternately east and west of the source were taken. Small 
lamps in the light receivers were used to maintain the 
total photomultiplier currents constant and hence to 
compensate for the effects of varying sky brightness on 
the energy threshold of the equipment. A total of 447 
"on" counts and 456 “off” counts were obtained in an 
integrated observing time of 70 minutes in each state. 
The zenith angle ranged from 37° to 59° during the 
observations. The difference, ~—9+ 30, between these 
count totals is insignificant and serves to set an 
upper limit on any continuous emission of cosmic rays 
from CP 1133 of ~2x 10-7 m- s- at the top of the 
atmosphere at the energy threshold ~ 104 eV. 

One might interpret the results of Fig. 1 either as sug- 
gesting some pulsed emission of cosmic rays from CP 1133 
in a time interval of ~ 12 ms, or as setting an upper limit 
to such emission. In the former case, the apparent excess 
of ll counts h- over the mean corresponds to a flux 
^ 2 x 1071? em (source period)-! at the top of the atmo- 
sphere, at an energy ~7x10" eV. The absence of 
counting peaks on runs 2, 3, 4 and 6, 7, 8 may be attributed 
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to the higher energy threshold of the equipment during 
these runs, associated with a souree spectrum which is at 
least as steep as the normal primary cosmic ray spectrum. 
A flux of the magnitude suggested would not be detect- 
able during “on-off” runs as carried out. If the evidence 
can be accepted as suggesting the observation of cosmic 
rays from CP 1133, the question arises as to their nature. 
y-Rays are obvious candidates, for they should suffer no 
significant losses by photon-photon collision over the sug- 
gested distance, 450 pe, of this source’. On the other 
hand, the possibility that they are neutral primaries 
cannot be ruled out. It may or may not be significant 
that CP 1133 lies within ~7° of one of the sources of 
neutral primaries which Hesse ef al.!° claim to have 
observed. Proton primaries would be ruled out on the 
grounds of deflexion in interstellar magnetie fields. 
Neutron primaries eannot be entirely eliminated. A neu- 
tron energy ^ 10!! eV corresponds to y~ 105, so that with 
à mean neutron lifetime ~10 minutes, the neutron 
could travel 1 pe before decay and hence could reach the 
Earth if the source distance was closer to the lower limit 
of 5 x 107? pe set for CP 1919 (ref. 11) rather than to 50 pe. 
Dispersion of arrival times would, however, cause some 
blurring of any pulse intrinsically narrow at the source; 
for example, the time dispersion over the band 5 x 10! to 
5x10 eV for a source 1 pe away would be 20 ms. 


THE OBSERVATIONS 


Mean count — Estimated 
Zenith rate for all energy Phase-drift 
angle Weather air showers threshold channels 
range (°) (minute!) (eV) (hy 
Clear 18 7x10” -5 
Haze 11 10x10" ~5 
Clear 11 1:4 x 10% -5 
Clear +0 4x10" -5 
Clear 13 6 x 1015 -1 
Clear 10 8x10!* -1 
Ulear tb 1:6 x 104 -1 
Clear 20 5x10^ "ud 





We are grateful to Mr F. Pryce, of the Electronics 
Division at AERE, for setting up the electronics, and the 
staff of Jodrell Bank, who kindly provided advance in- 
formation on the revised period of the source. 

Note added in proof. It might be remarked that the 
negative result of our on-off runs is not inconsistent with 
the observations recently reported by O'Mongain et al. 
(Nature, 219, 1348; 1968), whose equipment had a signifi- 
eantly lower energy threshold. 
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Structure and Movement of Solar 
Noise Storms 


RELATIVE positions of type I sources and the associated 
continuum have been measured from observations of 
several noise storms at 169 MHz. During a given storm 
the positions of the type I events in the corona are all 
very nearly the same, and therefore the source of excita- 
tion of these events is very loealized. For a given storm, 
more than one source of excitation may exist. The 
measurements also suggest certain systematic motions 
of the source of excitation. This letter is based on a study 
of ten noise storms. The observing period for each storm 
varied between 20 min and 1 h 30 min, and the continuum 
flux of the noise storms was between 1 and 5 x 10? W m-? 
Hz. The examples considered correspond in general to 
only one centre of continuum emission visible on the 
interferometer during the entire observation. 

'The data were obtained with the east-west multilobe 
interferometer described by Vinokur!. An instantaneous 
one-dimensional picture of the Sun was produced by 
thirty-one fan beams, each 3-8 are min wide, separated 
by 2 are min. In fact the precision with which the position 
of an event may be determined is certainly greater than 
2 are min; because a given source traverses many beams, 
the positional accuracy improves with the square root of 
the number of beams for which unambiguous data can be 
obtained. If this involved twenty measurements, the 
positional accuracy is better than 0-6 are min. 

For each storm, a curve showing the number of type I 
bursts observed as a function of east-west position was 
drawn. By definition, the diameter of this distribution is 
twice the dispersion; thus distributions of width greater 
than 1-2 are min were considered as indicating spatial 
structure in the source. The observed diameters vary 
between 1-2 and 4-5 min of arc. Diameters of more than 
3 min of are suggest at least two components, each 
possessing a diameter which, in most cases, is less than 
1-5 are min. These may be termed “double” or “multiple” 


! Number of cases 
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Fig. 1. a, The east-west distribution ofall the type I bursts during a given 

noise storm. The mean east-west positions of ty pe I bursts are indicated 

by the crosses and the solid line represents approxi imately the continuum 

source, This noise storm shows one "simple" excitation source (July 30, 
1967). b, This noise storm shows a ‘‘double” excitation. 
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Fig. 2. a, Evolution of the mean position of two type I nolse storms 
(July 30, 1967). b, Flux observed at 408 MH. 


as opposed to the former "simple" centres; they cor- 
respond to storms for which the type I bursts are produced 
in at least two separate places. Fig. | is a curve of angular 
distribution for two different storms. The first is "simple", 
the mean position of the type I bursts coinciding with the 
position of the continuum. Indeed, the measurements 
indieate that usually for these simple sources the mean 
position of the type I bursts coincides with that of the 
continuum, with the exception of cases observed near the 
solar limb. The second storm shows evidence for the 
existence of two separate zones of excitation. The dia- 
meter of the associated continuum souree was very large 
(5 are min). 

The simple centres nevertheless show a certain disper- 
sion. A more detailed analysis has been made by dividing 
the total distribution into successive periods of 4 min. 
'The distributions thus obtained, each made up of approxi- 
mately twenty measurements, show diam 12 
are min for all cases of simple centres. I 
dispersion in position observed for such simple centre 
a consequence of a movement of the mean position of the 
bursts, and not, for example, a phenomenon of diffusion 
in the solar corona. 

The precision in the measurement of the mean position 
of the bursts during a 4 min interval is theoretically of 
the order of 0-15 are min (0-6/4/19). Such precision 
should permit the detection of motions with amplitudes 
smaller than 1 min of arc. The observations during 
the five cases of storms with simple centres show 
periodic motions, with periods of approximately 25 min 
and amplitudes as large as several min of are. These 
oscillations are sometimes superposed on a linear motion 
of several tens of km s directed towards the : 
Possible instrumental effects seem to be excluded by the 
fact that the motions are not the same from one case. to 
the next. 

'The average positions measured for the bursts which 
gocuired during the storm of July 30, 1967, are indicated 
in Fig. 2, and the existence of two types of motion is well 
illustrated. There are two distinct storm centres; at the 
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beginning of the observation the first was situated 8 are 
min to the west of the central meridian, and the second 
was located 2 are min towards the east. After the begin- 
ning of the flare the positions of the two centres oscillate 
almost in phase with one another, but with different 
amplitudes, 1 are min for the western source and 4 arc 
min for the eastern source. The motion of the eastern 
source is so large that it is certainly real, and allows us to 
eliminate the possibility of refraction effects in the 
ionosphere. Additional evidence is available for the 
western source. Measurements of the flux of this centre 
.8t 408 MHz (where ionospheric effects are certainly 
negligible) show that successive 4 min averages also show 
va periodicity of 25 min. These 4 min means are shown 
in Fig. 2. Attention is also drawn to the flare shown in 
Fig. 2 which seems at the same time to cause the motion 
and to increase the activity of the eastern centre. 

Examination of ten type I events at 1690 MHz thus 
leads to certain generalizations. The emission of type I 
bursts is physieally localized into zones in the solar 
corona which can be called burst “‘excitation sources”. 
Their angular diameter is less than 1-5 arc min. More 
than one such source may exist during a storm. The 
position of a simple centre moves during the evolution 
of a storm. This motion is approximately described (given 
the present limitation in angular resolution) as an oscilla- 

i tion with an amplitude of several are minutes, sometimes 

_superposed on a linear eastward motion of several tens of 
km s-. Such a linear motion is reminiscent of that 
observed recently by Clavelier et al. during noise storm 
enhancements and stationary type IV bursts?. 

The first results obtained with the 80 MHz Culgoora 
radioheliograph indicate that there may be many zones 
of excitation in a storm region’. The complexity of noise 
storms certainly depends on the activity of the centres on 
the solar surface and perhaps also on the frequency of 
observation. The lack of north-south angular resolution 
in the present measurements may result in an apparent 
reduction in the observed number of emission sources. 
This does not negate the conclusion, however, that these 
sources are, in general, very localized. The existence of 
such relatively small zones of excitation implies that the 
magnetic configuration may play a part in the develop- 
ment of the bursts. Cyclotron radiation has been suggested 
by Fung and Yip as the mechanism responsible for type I 
bursts*. The motions of the excitation sources which we 
have observed may be correlated with changes in the 
magnetic field structure’. If this correlation is observed, 
then the type I bursts may help to trace the evolution of 
active centres in the corona. 

I thank M. Pick, M. F. Jarry and M. A. Gerbault for 
their help. 
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Maintenance of the Tropical 

Night-time F Layer 

OBSERVATIONS of the oxygen red lines in the night air- 
glow have been in progress at the Haleakala Observatory 
of the Institute for Astronomy, University of Hawaii, 
since 1961. It is generally acknowledged that most of 
this emission arises from the dissociative recombination 
of O5 in the F layer of the ionosphere’. Recently we have 
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Fig. 1. A histogram showing the widths, measured at the half-intensity 
points, of the tropical 6300 A airglow enhancements. 214 cases are 
shown. 


been using simultaneous observations of the ionospheric 
electron eontent made with the Faraday rotation tech- 
nique to determine the proportionality constant connect- 
ing the electron loss and quantum emission rates. In a 
previous paper? we estimated that about fifteen photons 
in the 6300/6364 A forbidden doublet of atomie oxygen 
are produced for every 100 electrons that recombine in 
the night-time ionosphere. Later observations, made in 
the winter of 1966, show that this efficiency can vary by 
as much as a faetor of 2 above and below this value. 

Observations made in the tropics in a fixed direction 
show that there are bursts of increased intensity lasting 
for a few hours during the night’. It is this phenomenon 
which, in the light of the quantum efficiency of the 
recombination process recently measured, leads to the 
surprising conclusion that a large night-time source of 
ionization is required in the tropics. Fig. 1 shows the 
width, measured at the half-intensity points, of these 
bursts. Fig. 2 shows the percentage increase of these 
bursts over the lowest airgiow intensity during the night. 
These observations were made with a birefringent photo- 
meter? pointed to the south of Hawaii at 80 degrees 
zenith angle, and they describe a portion of the iono- 
sphere near 14° N magnetic latitude during the period 
from May 1961 to August 1967. The data in Figs. 1 and 2 
refer to the intensity bursts after midnight. They can 
oceur at any time between midnight and dawn, but the 
most likely time is 0215 HST (0150 LMT). Consideration 
of 311 full nights of observations has shown that the 
probability of a post-midnight intensity burst of at least 
100 per cent over the background is 0:85. 

Two facts suggest that a night-time source of ionization 
is necessary to explain these bursts. First, taking the 
lowest airglow intensity during the night to be 50 x 10* 
quanta (cm? column s)-! (ref. 5), the peak intensity of the 
burst to be 6 times this value, the lifetime of the burst 
to be 1-5 h, and an efficiency of 0-15 quantum electron-!, 
we infer that 1-08x 10!3 electrons (em? column) re- 
combine during a typical airglow enhancement. But the 
winter midnight value of the electron content at Hawaii 
during the period 1964 to 1966 was only (0:44 + 0-12) x 107? 
electrons (cm? eolumn)-, less than the number used up 
during one event. Second, the airglow intensity after the 
event is no lower than it would be had the event not 
oceurred, implying that these bursts cannot just be due 
to downward movement of in situ ionization which would 
only deplete the F layer. 

An increase in the electron content at mid-latitudes 
after midnight has been observed by Arendt and Soicher*, 
and Legg, King and Preece? have observed night-time 
inereases in electron concentration at all altitudes between 
400 and 1,000 km in the tropies. Barbier? has also reported 
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the night. These are three-month running median values, inferred 
from observations during 270 nights. 


that the tropical airglow enhancements occasionally 
extend into the mid-latitude regions. These results raise 
important questions regarding the maintenance of the 
nocturnal ionosphere in the tropics and possibly at mid- 
latitudes as well. 

There is a morphological similarity between the red 
intertropical arcs, whieh are closely associated with the 
intensity bursts’, and the Appleton anomaly of the equa- 
torial ionosphere. Hanson and Moffett!® have invoked 
a small upward electromagnetic plasma drift m the 
equatorial regions to explain the structure of the anomaly 
in the daytime. We have integrated numerically the 
equation of continuity of electrons, including diffusion, 
recombination and drifts, and the results show that the 
characteristic duration of an airglow enhancement is the 
natural transient response time of the F layer to sudden 
downward plasma drifts. It seems likely that the night- 
time ionization source is also associated with plasma 
drifts, and, because the amount of ionization stored in the 
topside ionosphere is inadequate. we postulate that the 
inereases in electron content are due to the divergence of 
a horizontal ionization flux, the latter most likely caused 
by electric fields associated with the Sq current system. 

In a subsequent publication we shall show that the 
ionospheric perturbations associated with these intensity 
bursts (sudden downward drifts and content increases) 
can occur in the daytime as well. 

We thank Professor J. R. Holmes for making funds 
available for part of this research, V. Blacker and Dr M. 
Gadsden for their help, and Dr P. C. Yuen for the use of 
his electron content determinations. The work was sup- 
ported in part by a NASA grant. 
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Fault Rupture in the Iranian 
(Dasht-e-bayaz) Earthquake of 
August 1968 


A FIELD study after the destractive Iranian earthquake 
sequence beginning at 10 h 27 m GMT on August 31, 1968, 
has brought to light: a major fault rupture. The precise 
extent and nature of the rupture are important to theories 
of earthquake mechanism. The main shock, which had a 
magnitude of 7-7 (estimated at Berkeley), caused severe 
damage over 20,000 km? and was felt over twenty times 
this area, in the Khorassan province of Tran. Towns and: 
villages which suffered heavily were Dasht-e-bayaz, 
Kakhk, Khezri, Miam, Beynavách, Boskabad, Charmel 
and Ferdows (Fig. 1). Kakhk. with a population of more 
than 7,000, alone accounted for-one-third of the estimated 
12,000 to 14,000 killed. Damage was, however, more eom- 
plete in the village of Dasht-e-bayáz, where all buildings 
(including a mosque, estimated to be 800 yr old) were 
levelled and about 85 per cent of the population of 2,400 
were killed. Earthquakes hawe struck the area before 
and people are familiar with the sensation caused by the 
ground shaking at the time of weaker earthquakes. The 
most recent earthquake still remembered by many is that 
of September 23, 1947, which destroyed Doulatabad, 
about 25 km south-east of Sarayàn (Fig. 1), and left 
more than 400 dead. 

A fresh fault rupture which strikes east-west accom- 
panied the main shock; it could be traced for a distance 
of 23 km just above 34° N as shown in Fig. 1. The trace 
passes through mostly arid opea country between Dasht- 
e-bayáz and Boskabad to the nerth, and Miam, Feyzabad 
and Mozdabad to the south. The predominant faulting 
is left-lateral strike-slip, that is, the northern block is 
displaced to the west relative to the southern block. The 
maximum horizontal fault offset which I measured was 
4-6 m (15 ft) at point B. The observation is from the 
offset of rather well marked earth mounds used as property 
boundaries. From this sectien, the observed offsets 
decrease to the east and to the west. 

The zone of rupture, as marked by earth cracks, en 
echelon faults, and slumping, varies in width from a few 
tens of metres to about 1 km. observed at point C; a 
secondary fissure almost paraliel to the main one was 
developed about a kilometre north of this point. Vertical 
offset was observed at several places on the fault. The 
maximum was at G, where there was a clear vertical 
searp 97 em high on the northern side; the piteh angle 
of the striation on the scarp was 29 degrees to the east. 
To the east of Dasht-e-bayáz, on the other hand, the 
observed vertical offsets suggested uplift of the southern 
side. For example, just east of the road from Qàyen to 
Gonábàd near C, the height ef the north-facing fault 
scarp measured about 60 em. The nature of these offsets 
was, however, somewhat indefinite, and much displace- 
ment can be explained as slumping. Sample field measure- 
ments are listed in Table 1. 


















Table 1. SAMPLE FIELD MEASUREMENTS 

s Relative motion of northern block (em) 
Site Westward Upward 

A 130 

B 460 

c 310 -60 

D 270 

F 190 

G 65 97 

H 38 52 


From the arrival times of P waves recorded at seismo- 
graphie stations around the world, the United States 
Coast and Geodetic Survey has located the 
33-96^ N, 58-95? E (the larger solid circle of Fig. 1). This 
point is 17 km south-east of Dasht-e-bayüz and only 
about 10 km away from the east end of the fault trace. 
Incidentally, the basin within a radius of 5 km from this 
estimated epicentre is criss-crossed by fissures and is 
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dotted by beautifully formed fresh sandblow craters. 
In the cemetery of the nearby village, Sallayáni, large 
fissures of a few metres depth opened up. Presumably 
these were secondary effects caused by the compaction of 
water-saturated soil due to the shaking of what seemed to 
be the remanent of an ancient marshland. 

The epicentre of the largest aftershock, M = 6:5, which 
occurred at 07h 27m GMT on September 1, has been 
determined as 33-99? N, 58-10° E (small solid circle of 
Fig. 1). This earthquake brought almost total destruction 
to the already damaged town of Ferdows, with a loss of 
more than 700 of its 11,000 population. 

My seareh for à continuation of the main fault west of 
the elevated region in the centre of Fig. 1 brought to light 
an east-west trending crack at Kazimabad which could be 
followed for a few hundred metres. The crack crossed a 
mud wall and had a left-lateral offset of 2 em at a point 
west of the wall. Whether the crack was produced by the 
main shock or a separate extension of the main rupture 
at the time of the aftershock is open to vaste ie 

In recent years, several formulas which relate the earth- 
quake magnitude to the fault length and its offset have 
been derived from theoretical work on elastic dislocations? 
and from empirical studies**. Field measurements from 
each new fault rupture produce an additional test of the 
range of applice e of these formulas. Consider, for 
example, the relation? 

logy, (ÉD?) = 1-90 M + 2-65 (1) 
in which L is the fault length in km, D is the offset in em 
and M is the earthquake magnitude. For the Dasht-e- 
bayüz earthquake, L=23 km and D=460 em, which 
yield from equation (1) M — 7-5. This value is in close 
agreement with the magnitude assigned by Berkeley 
and, initially, by the USCGS (7-8). If the fault rupture 
was assumed to extend to Kazimabad, L=40 km, the 
computed magnitude would increase to 7-7. 

I thank the Research Committee of the University of 
California, Berkeley, for providing emergency funds ‘and 
Professor Bruce A. Bolt for reviewing the manuscript. 
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Potassium-Argon Ages of Igneous 
Intrusive Rocks in Peru 


THe Andean Mountain system in Peru has experienced 
extensive igneous activity. a significant portion of which 
was intrusive. A principal feature of this part of the 
Andes is the coastal batholith, which extends approx- 
imately 1,800 km parallel to the coast! and has been 
assigned a post-Lower Cretaceous pre-Oligocene intrusive 
age. with some preference for the Upper Cretaceous?, 

A belt of smaller intrusives lies parallel to, and inland 
from, the coastal batholith. Age assignments for these 
have ranged from Cretaceous to "Tertiary. Some of the 
intrusives are associated with ore mineralization. 

Kulp e£ al.* have analysed galenas from several localities 
in Peru and found rather consistent model lead ages which 
were Tertiary, but because of the uncertainties in the 
assumptions of the lead model, a eloser age assignment 
was not possible. 

Evernden? has reported three measurements of Peruvian 
rocks by the potassium-argon method, which ranged 
from 195 to 162 million years. Of particular interest to 
this report are the data ‘of Laughlin ef al., who report 
two ages from Michiquillay in north-western Peru, and 
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one from Toquepala in southern Peru, all of which yield 
Jaenozoie ages. The Toquepala age of 58-7 million years 
"dates the Andean batholith in this region" 5. 

We have made potassium-argon age measurements on 
biotites separated from rocks of approximately grano- 
dioritie composition in the Andean batholith and some of 
the intrusives in the paralleling belt, using the normal 
analytical methods of argon extraction by vacuum fusion. 
argon determination by isotope dilution and mass spectro- 
metry, and potassium determination using a flame photo- 
meter. The experimental procedure is given by Giletti*. 


Table 1. K-Ar ANALYTICAL DATA FOR BIOTITES FROM PERUVIAN INTRUSIVES 
Sample Argon (sce x 104/g) Age (mil- 
No. Deseription* K(%) Radiog. Atmos. lion years) 


1 Coastal batholith, granodiorite, 
Adan mine, Casma area, 


9° 29' S, 78° 17-5’ W 633 0:166 0-076 65244 
2 Aplite dike cutting Coastal 
batholith, Chosica, 11° 55’ S, 
78° 43' W 6-56 0-140 0232 53+3 
3 Granodiorite, Cordillera Blanca, 7:20 0-0253 ©0210 8&7 
9° 45'8, 77° 21' W 0-0270 00215 9-4 
Mean=91 +04 
4  Yauricocha intrusive, quartz 
monzonite, Yauricocha, 12° 
19’ 40" S, 75° 42’ 45" W 6-42 00197 001898 77 
5 Exito rae dh quartz mon- 37-02 0-0183 0-0540 6-5 
zonite, Yauricocha area, 12* 0-0201 0-0181 132 
22’ 8, 76° 42° W Mean = 6-94 0-4 
6 Small intrusive, quartz diorite, 
Surco, 11° 52’ 8, 76° 277 W 7.922 0-0519 0.0336 1841 


* Locations in latitude and longitúde are approximate in most cases. 


Sample locations are given in Fig. 1, and Table I lists 
the results. A measure of the precision for sample ages 
in the very young age range is given by the replicate 
analyses. The older ages have the uncertainties quoted, 
based on other replicate determinations made in this 
laboratory. The uncertainties quoted are for the isotopic 
analyses and do not include uncertainties from either the 
“K half-life or possible complex geological history. 

Samples 1 and 2 are from the coastal batholith, but are 
approximately 300 km apart. Most workers in Peru have 
suggested that the batholith is of Cretaceous-Eocene 
age^?*. Samples 1 and 2 (65 and 53 million years) agree 
with the date of Laughlin et al^, suggesting that the 
time of emplacement in these two areas was Eocene or 
Palaeocene. The dates mark the time when the micas 
had eooled enough to retain their argon. so it must be 
recognized that a late Cretaceous emplacement is possible 
if a long time were required for the rocks to cool. The 
two ages differ slightly, but this is not unusual and may 
reflect a real variation in the time of emplacement of the 
various parts of the batholith. Jenks’ has found such 
variation on a much smaller scale in the field near 
Arequipa, southern Peru. 

Samples 3, 4 and 5 are from the previously mentioned 
belt of smaller intrusives the exposures of which lie north- 
east of the coastal batholith. Jenks? (page 234) has 
indicated that there are several late Tertiary intrusives 
north-east of the coastal batholith in central and southern 
Peru. 

The intrusive in the Cordillera Blanca has been described 
by Egeler and DeBooy* (page 70), who suggested that 
the intrusion took place in "the upper part of the Lower 
Tertiary”. Their suggestion was tentative, however, for 
they noted that there is little evidence for it except 
assumed relations to other parts of the Andes. The batho- 
lith has thermally metamorphosed the Lower Tertiary ( ?) 
Huantsan voleanies and is overlain by Pleistocene ( ?) 
gravels. 

The ages of the Exito and Yauricocha intrusives are 
also poorly defined by geological relations. The Yauricocha 
intrusive bleached redbeds of the Casapalea Group, which 
is thought to be Tertiary (perhaps Uppermost Cretaceous 
in part) (T. S. Szekely, personal communication). 

The ages of 6-9, 7.7 and 9.1 million years for these 
three intrusives are markedly different from the coastal 
batholith ages and indicate an episode of igneous intrusion 
in the Pliocene. This Pliocene episode of intrusion may 
have been of considerable importance in the development 
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Fig. 1. Simplified geological sketch map of a part of Peru showing 
sample locations. Teb, Coastal batholith; Ti, Tertiary intrusive, 


Tv, Tertiary volcanics. 


of the Peruvian Andes if the other intrusives in this group 
are also of Phocene age. 

In this connexion, Évernden* reported two K-Ar dates 
from Bolivian volcanics of 7.8 and 9-4 million years. 
These are also clearly inland from the western cordillera 
of Chile and Bolivia (for further discussion of these data 
see Stahl?). 

Sample 6 comes from an intrusive rock which is sur- 
rounded by outerops of Tertiary voleanies north-east of 
Lima. It is not clear from the date whether this age of 
18 million years represents a part of the coastal batholith 
the age of 50-60 million years of which might have been 
partially reset by heating from the voleanies, or if it is 
truly Miocene in age. The relatien of the intrusive to the 
voleanies is not clearly seen in the field (U. Petersen, 
personal communication). 

It should be noted that Laughlin et al. obtained an age 
of 20-6 million years for a biotite from Michiquillay, but 
they also measured a related hornblende which gave an 
age of 46-4 million years, Laughlin ef al. discussed this 
complication and suggested that the intrusion of a stock 
in this area E 





"could be as late as the 20-6 muy... 

Finally, a date of 19 million years was reported by 
Evernden for a dacite from Tinguipaya, north of Potosi, 
Bolivia. 

The data listed suggest the folowing conclusions. The 
presumed Cretaceous-Eocene age for the coastal batholith 
is confirmed m two localities. The dates are Palaeocene 
and Eocene and there is as yet no isotopic evidence that 
intrusion began in the Cretaceous. Three stocks 
batholiths) which he inland from the eoastal batholith 
give ages in the range 6-9-9-] million years, and these may 
be representative of many. perhaps all, of the numerous 
intrusives which outcrop in a broad belt north-east of the 
coastal batholith. The data demonstrate an episode o 
igneous intrusion in the lower Pliocene. It i8 possible that 
this was an important event in the development of the 
Peruvian and Bolivian Andes. 

The three ages ranging from 18 to 20 million years dis- 
cussed here may represent a Miocene event, although the 
evidence is far from compelling. Further work may, of 
course, show that igneous activity was continuous from 
the Miocene through the Pliocene. 


tor 
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High Temperature Breakdown of 
Sodium Chloride 


Ir is generally accepted that the electric strength of 
alkali halide single crystals rises to a maximum at some 
critical temperature!, depending on the particular alkali 
halide as well as secondary factors such as the density of 
impurities, the amount of mechanical strain present ‘and 
the form of the applied voltage. According to Kuchin?, 
the eritieal temperature for NaCl is about 20° C for 100 us 
impulses and about 80°C for 0-1 us impulses, while for 
KBr von Hippel and Alger? found a critical temperature 
of about 200° C when the applied voltage had a rise time 
of 10> s. Coopert found that the addition of 0-022 mole 
per cent of lead reduced the critical temperature of KCl 
from about 110? C to —120? C. 

Below the critical temperature, intrinsic electronic 
breakdown is believed to take place with a positive 
temperature coefficient. Above the critical temperature 
the eleetrie strength drops rapidly, and it is not clear 
whether breakdown is still electronic but with a negative 
temperature coefficient, or whether it is caused by joule 
heating as a result of the inereased ionic conduction. 

When the dielectric materials are tested with flat-topped 
voltage impulses, a timelag elapses between the applica- 
tion of the voltage and the breakdown. If the breakdown 
is the result of thermal instability, then the time to 
breakdown, ignoring heat losses and thermal conductivity, 
is given by 





where Te is the ambient temperature, Tm is the melting 
temperature, S is the specific heat, 8 is the density, and 
a and b are constants relating the conductivity with 
temperature: that is, o=ae/T mho em. Substituting 
values for T m, S, 8. a and b and putting the field E = 1 MV 
em-! this expression results in a time of the order of milli- 
seconds for the impulse thermal breakdown of NaCl at 
an ambient temperature of 200? C. Coopert, however, 
found timelags of the order of microseconds at tempera- 
tures up to 220? C, and concluded that up to 220°C 
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breakdown is probably electronic, but that space charges 
due to increased ion mobility may play an important part 
at these higher temperatures in reducing the electric 
strength. 

Hanseomb* used a linearly rising impulse voltage to 
break down NaCl specimens at 350^ C and showed that 
the breakdown strength could be related to the specimen 
resistanee at that temperature. He considered this to be 
evidence of thermal breakdown. 

On the basis of these investigations it seems that 
intrinsic electronic breakdown takes place in pure NaCl 
up to at least 220^ C while at 350? C breakdown is eaused 
by thermal instability. Investigations were therefore 
carried out usin ig 0-5/8.000 us voltage impulses on speci- 
mens of NaCl 0-1 mm thick at temperatures between 
220° and 400°C, to determine whether long timelags 
oecur and whether such timelags are characteristic of 
thermal breakdown. 

Successive impulses were applied to each specimen, 
the amplitude of each impulse being 10 per cent greater 
than that of the previous one, until the specimen broke 
down. The timelag to breakdown, measured from the 
peak of the ultimate voltage impulse, is shown in Fig. la, 
and the electrie strength, calculated from the specimen 
thickness and the maximum value of the ultimate voltage 
impulse, in Fig. 15. At 220° C only one speeimen gave a 
timelag longer than 100 us while at 240° C and higher 
almost all the timelags were of the order of milliseconds, 
which is the order predicted for impulse thermal break- 
down. The mean electric strength falls from 1-8 MV cm-t 
at 220° C to 0-6 MV cm™ at 400° C. 

Oscillographs showed that the waveform of the conduc- 
tion eurrent through the specimen was similar to the 
voltage waveform to within a few mieroseconds of break- 
down, when it inereased rapidly to the breakdown value, 
determined by the circuit parameters. "This rapid inerease 
in current just before breakdown is a predietable* charac- 
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teristic. of impulse thermal breakdown, because about 90 
per eent of the time is spent in raising the temperature 
through the first 100° C from the ambient temperature, 
so that only in the last few microseconds before the-break- 
down will the conductivity change rapidly. 


It is expected that, when thermal conductivity and heat - 
losses are taken into account, the temperature reaches a - 


maximum in some time determined by these parameters 
and by the impulse voltage waveform. Hence although 
equation (1) indicates that, for a constant field E, t; 
depends on the ambient temperature To, all the timelags 
obtained by applying successive 0-5/8,000 us voltage 
impulse at temperatures above 240° C have values of the 
same order. In addition, there is no correlation between 
the timelag and the measured specimen resistance at 
ambient temperature, Re. Reo has a definite influence on 
the field required for breakdown, however, in that speci- 
mens which have a high resistance also have a high electric 
strength (Fig. 2). This holds at all the temperatures 
investigated irrespective of the timelag to breakdown, so it 
is not certain that the advent of long timelags indicates 
an abrupt change in the mechanism of breakdown. 

To investigate the relation between timelag and energy 
input, a voltage higher than the expected breakdown 
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value was applied to the spéeimen. "Thus each specimen. 
was broken down by the first. impulse, In. these conditions 
equation (1) may be considered to be valid and the time 
to breakdown assuming 5/751 isgiven approximately? hy 





S TS (+37) b 


—— END M 


im = gu 7b b "45 





Thus if b is constant, tm c R4E*. The experimental 
results at 400° C (Fig. 3) of tm against H,/E confirm this, 
at least qualitatively, but the reduced timelags at high 
fields are too short to be directly explicable in terms of 
this simple energy equation. i 
These preliminary investigations have esta 

long timelags, which suggest thermal ability, are 
found in the impulse breakdown of NaCl at ambient 
temperatures above 240? C, although on. this evidence 
alone it cannot be claimed that the fall in electric strength 
at high temperatures is entirely due to joule heating. 

W. Heyes 

D. B. WATSON 
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Loss of Precipitate Coherency by Electron 
Irradiation in the High Voltage 

Electron Microscope 

THE electron microscope contrast associated with almost 
spherically symmetrical coherent precipitates has been 
understood for some time!. The contrast results from 
displacements in the matrix arising from cohereney of 
the precipitate-matrix interface. (This implies perfect 
continuity of precipitate and matrix lattice planes.) 
Mechanisms by which coherency loss can occur have 
recently been investigated??, and the evidence so far 
obtained suggests that, unless the constrained mismatch 
between precipitate and matrix lattice parameters is 
greater than a certain value (~ 5 per cent), the precipitates 
ean grow to quite large sizes while retaining full coherency. 
I have observed that metastable coherent precipitates 
can lose coherency by interactien with dislocation loops 
produced directly by electron bombardment in a high 
voltage electron microscope. 

A {100} single crystal slice of Cu-1 per cent by weight 
of Co prepared from high purity. materials was treated in 
solution under argon at 1,00€°C, quenched to room 
temperature and then aged for 100 h at 625°C in a 
vacuum to produce a dispersion of almost spherical cobalt 
precipitates with a visible radius range of 50-280 A. 
Thin foil specimens were prepared by standard means 
and viewed in the Cavendish Laboratory bigh voltage 
electron microscope using a tilting specimen holder. The 
foil was tilted to the “good transmission” orientation 
using g= 200. The characteristic “line of no contrast" was 
observed perpendicular to g indieating that all but a very 
few of the precipitates were fully coherent (Fig. 1a). This 
observation was made at 450 kY with the beam eurrent 
minimized (~0-luA at the specimen) and the second 
condenser lens defocused so as to minimize radiation 
damage. When the beam current was maximized (^ T uA 
at the specimen) and the condeaser lens focused, a most 
dramatic effect was observed. Dislocation loops were 
nucleated in the regions between precipitates and rapidly 
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a 


Cu-1 per cent by weight of Co treated in solution and aged for 100 h at 625. C. g=200 
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Accelerating voltage, 450 KV, a, After 


about 1 min with beam current ^ 0-1 pA; b, after about 5 min with beam current ~ 1 pA. 


migrated to neighbouring precipitates which promptly 
lost the “line of no contrast" and assumed the 
complex appearance shown in Fig. 1b. Other precipitates 
seemed to change contrast spontaneously without observ- 
able loop migration, suggesting that a dislocation loop 
had been nucleated directly at the precipitate. After 
about 5 min at l uA, every visible precipitate in the 
irradiated area had lost coherency (Fig. 15). The voltage 
dependence of the effect was briefly investigated. At 
500 kV the coherency loss was even more rapid than at 
450 kV, whereas at 400 kV negligible coherency loss was 
observed after 5 min at maximum beam current. The 
smallest precipitates to lose coherency were estimated to 
be about 50 A in radius. 

The fact that almost every precipitate was observed to 
lose coherency seems very significant, indicating that the 
critical precipitate size predicted by Brown, Woolhouse 
and Valdré* is being approached. This strongly suggests 
that the loops are of interstitial type, in agreement. with 
the observations of Makin*, who found that interstitial 
loops in neutron irradiated copper grew rapidly under 
580 kV. "The voltage dependence of the 
is also in rough agreement with Makin's work on 


more 


observation at 
effect 
pure copper. 

I consider that this effect, while of considerable funda- 
mental interest, must seriously jeopardize the ultimate 
value of high voltage transmission electron microscopy of 
alloys eontaining coherent phases. 

I thank Dr V. E. Cosslett and the operating team of the 
high voltage eleetron microscope for microscope facilities. 
Dr M. J. Makin for discussion of his results before publiea- 
tion, Dr L. M. Brown for his interest in this work and 
AERE. Harwell, for financial support. 
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Cathode Growth at the Air-solution 
Interface in the Electrodeposition 
of Copper 


Wk wish to report an unusual growth of cathode deposit 
along the air-solution interface during eleetrodeposition 
of copper from an acid sulphate electrolyte containing 
small amounts of norvaline. Electrolysis was carried out 
in a simple glass cell containing a vertical copper wire 
cathode about 1 mm in diameter surrounded by a eylind- 





A B 
Fig. 1. Photograph of typical air-solution interfacial disk: A, top 
view; JB, bottom view. Time of electrolysis, 16 h; norvaline con- 


centration, 0:005 M 


NATURE. VOL. 220. NOVEMBER 9. 1968 





Photograph showing effect. of circ 


Fig. 2. 





view, "Time of electrolysis, 24 h 


rical copper anode of 3:2 em inside diameter. 'The aqueous 
electrolyte contained 0-5 M CuSO, and 1-0 M H,SO,. The 
temperature was 25°+0-05° C and the current was held 
constant at a value such that the initial current density 
was about 0-030 A em-? with about 4:5 em of the cathode 
immersed. The solution was not stirred during electro- 
lysis. In these conditions, optimum growth of the deposit 
along the air-solution interface occurred when 0-025 M 
norvaline was added. 

The growth of deposit at the 


air-solution interface 


usually appeared in the form of an asymmetric disk, of 


diameter up to 1-5 em depending on time of electrolysis. 
The top and bottom views of a typical disk are shown in 
Fig. 1. The formation of the disk was always preceded by 
a change in the colour of the solution to dark green, 
indicating prior chemical change of the added norvaline. 
This was usually accompanied by the formation of a 
small amount of black amorphous precipitate. 

Isolation of the cathode with a porous thimble (What- 
man filter paper extraction thimble, about 2 em in 
diameter) showed that the change in colour 
only in the anode compartment and that no disk formed 
on the cathode. When the cell polarity was reversed, 
with the copper cylinder as cathode, the colour change 
occurred in the cathode compartment, indicating that the 
colour change reaction is not markedly dependent on 
potential and that it occurs chiefly at the electrode with 
the greater surface area. When electrolysis is carried out 
in an atmosphere of nitrogen and with the electrolyte 
previously de-aerated with nitrogen, no colour change is 
observed and no disk is formed. Disk formation is 
observed in a nitrogen atmosphere with de-aerated solu- 
tion if the solution has previously undergone a change in 
eolour in an earlier electrolysis. Similar colour change 
effects occur when air is bubbled into an acid 
sulphate-norvaline solution in contact with a 


occurred 


copper 
copper 


surface, but attempts to form a disk by electrolysis of 


such a solution have not succeeded. 

It is clear from this evidence that norvaline as such is 
not responsible for the formation of the disk, but that 
oxidation product, or more probably a copper 
complex of an oxidation product, is responsible for both 


some 





ar ‘Parafilm’ sheet parallel to the air-solution interface: A, top view; B, side view; ( 
norvaline concentration, 0-025 M 
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bottom 


Uppermost ‘Parafilm’ sheet removed 


the change in colour and the disk. Efforts are m progress 
to determine the identity of this compound 

The disk was usually found to be radially asymmetric 
with respect to the cathode, with an indentation as seen 
in Fig. l, so it 
cause. We found that if only half the anode was used, by 


was of interest to determine the possible 


cutting the cylinder vertically, and if the cathode was 
located approximately along the eylinder axis as before, 
disk growth occurred but mainly towards the anode, 
with the indentation always on the opposite sid: This 
means that the formation of the disk is favoured on that 
side of the cathode where the current flux is greatest. We 


of the 


position 


disk results 
and the 
formed, 


conclude that the asymmetric shap« 
non-coincidence of the cathode 
Symmetric disks wer: 


because the cathode happened to ne 


from 
anode axis. sometimes 
presumably 
nearly along this axis. 

The top view in Fig. 1, and more particularly in Fig. 
that 
apparently following the liquid meniscus 


more 
9 


shows the disk curves upward at the electrode, 
Examination 
of the upper surface under a low power mucroscope showed 
central 
electrode. disk 


thickens with deposition on its lower face except near the 


a series of irregular concentrice ridges around the 
The bottom view in Fig. 1 shows that the 


base where the 
become depleted due to little or no convection, because 


copper ions in the solution presumably 
this region is undoubtedly convection 
stream. 

When the cathode surface at the air-solution interface 
was blocked by a wrapping of 
(Parafilm’) no disk 
circular sheet of ‘Parafilm?’ was attached to the 
at a point a few millimetres below and parallel to the 
liquid-air surface, however, two relatively s 
of smaller than usual diameter were observed. On 
and the « 


by-passed by the 


material 
When a 


cathode 


non-conducting 


formation was observed 


nmetrie disks 
formed 
ther along 
No disk forma- 
of the 
sheet 


as usual at the air-solution interface 
the upper surface of the ‘Parafilm’ sheet 
tion occurred along the lower surface, The size 

Parafilm 
illustrated 
Parafilm 


uppermost 


second disk was decreased bs locating the 


lower down in the solution. These effects are 


in Fig. 2, which shows a cathode with several 


sheets attached at different depths The 
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sheet was removed to show the detail more clearly. Hk 


can be seen that little or no deposition occurs immediately — 


below the “Parafilm’ sheet, apparently because of depletion 
of copper ions. : 

These results seem to indicate that the nature of the 
interface and the convection stream are important factors 
in this kind of deposit growth. Further work on the 
mechanism of disk formation is planned as soon as the 
compound responsible is identified. 

This work was supported by the National Research 
Council, Ottawa. 
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Shrinkage and Thermal Expansion 
of a Two Phase Material 


THe problem of deducing theoretically the shrinkage of a 
two phase composite material in terms of the properties 
of its components has been considered by Pickett! and 
by Hansen and. Nielsen?. They were specifically interested 
in concrete, but the problem has a wider application and 
is.also identical with the problem of deducing the co- 
efficient of thermal expansion for a similar material. 

The method used by Hansen and Nielsen was to con- 
sider the restraining influence of an additional small 
sphere of aggregate in the centre of a large sphere of 
homogeneous concrete. Several other approximations 
and assumptions were made which are avoided by the 
elementary method now described. In view of the possible 
applications to a wider range of materials than concrete, 
for example the solidification and thermal treatment of 
certain alloys and the curing of filled plastics, I shall not 
use the concrete technology nomenclature used before’. 
Instead, the words inclusions, matrix and suspension or 
eomposite will be used. 

Consider part of a composite which is a suspension 
consisting of several inclusions in a matrix. It is not 
necessary for the bounding surfaces of all inclusions to be 
contained within the bounding surface of the part of the 
suspension being considered. The derivation is valid 
when the surface of the suspension lies partly in an 
inclusion. 

The restrictions necess: 






ry are that each phase must be 
homogeneous and linearly elastic, and also such that the 
strain resulting from isotropic stress is isotropic. Thus 
each phase must either be isotropic or have cubic sym- 
metry. 

Regarding the distribution of inclusions within the 
matrix it is not necessary that it be homogeneous or 
isotropic (or have cubic symmetry) if the bulk modulus 
of elasticity of the suspension is interpreted carefully. 

It is supposed that the fit between the two phases in 
an initial state is perfect and that subsequently each phase 
shrinks. The problem is to find the shrinkage of the sus- 
pension accounting for the interaction of each phase on 
the other. 

Let s and k denote linear shrinkage and bulk modulus 
of elasticity respectively. Without subseripts these letters 
refer to the properties of the suspension. With subscripts 
1 and 2 they refer to the properties of the matrix and 
inclusions respectively. Compressive strains and pressures 
will be taken as positive. There is thus a mismatch 8,— 8$ 
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between the stress free phases in the suspension. If 


8, <8, this leads to compressive stress across the interface. 
If s, <s, tensile stress results and either the strength of 
the interface is sufficient to withstand the imposed stress 
or some degree of separation takes place. When total 
separation occurs the problem has the trivial answer s- 8). 

Tmagine that the two phases are separated and allowed 
to shrink freely. Apply a homogeneous isotropic stress 


= Bkika(Sı — 82) 1 
me wer t (1) 


to the bounding surfaces of both phases. For clarity 
assume k,<k, and this stress is then compressive. The 
resulting linear compression of the matrix is 


P ks(5; — 82) 


P 











Sh hok (2) 
and of the inclusions is 
P = ki(81 — 82) (3) 


3k, k,—k, 


The excess of compressive strain in the inclusions over 
that in the matrix is therefore 


P P 
3k, ky 


so that the two phases would fit perfectly after being 
deformed by this stress. Suppose they are so fitted. The 
stress on the inner bounding surfaces of the matrix can 
be reacted against the stress on the surfaces of the in- 
clusions so that the fit is geometrically perfect provided 
the stress P is applied to the outer boundary of the 
matrix. lf now a stress of magnitude — P is applied to the 
outer boundary of the matrix and inclusions (that is, the 
piece of suspension) the resulting strain of the suspension 
is — P/3k and the outer boundary would be stress free. 
It follows that the total shrinkage of the suspension is 
given by 


= 878; (4) 











$m 8, + Ei — zi (8) 
3k, 3k 
which leads to 
S = O8, + X38. (6) 
where 
kilk — ky} 
a= o— i 7 
917 iek) " 
kalk, — k) . 
= ein) m 
that is 
a, + a, = l (9) 


As I have noted, the result is valid for any distribution 
of inclusions provided the bulk modulus, k, is that of the 
particular part of suspension under consideration and the 
shrinkage, s, is the average shrinkage. 

When the shrinkages are caused by changes in tem- 
perature, equation (6) gives the relation between the 
coefficients of thermal expansion if s denotes this property 
instead of shrinkage. ‘This suggests a useful practical 
method which may be used to find one unknown coefficient 
of thermal expansion or bulk modulus of elasticity in 
terms of the others by experiment. 

If the bulk modulus of the suspension is unknown and 
an estimate of the shrinkage is required, then some 
theoretically derived value of k must be used. 

If the lower (Reuss) bound?-* 

1 Cy Ca 

k ky ke 
where ¢ is the phase volume concentration, is used it 
will be found that any 


(10) 


a= C4 
while if the upper (Voigt) bound** 
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CONTENTS: Preface; Partl, Fundamentals: Introduction: origins of the method and n 
general principles and characteristics; absorption and emission, the literature of atc 
spectroscopy; theory. Part ll. Instrumental Systems: instru tal systems; em 
absorption system; selection system; photometric system; instruments; Part HI. R 
tions of Atomic-absorption Methods: Determinable elements—choice of lines; sensi ) 
in atomic absorption; Part IV. Experimental Methods: Experimental process; standard sol 
preparation of the sample; experimental measurements and calibration. Part V, Applic 
Applications; appendix; bibliography; index. } 
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Molecular Vibrations and Mean Square Amplitudes. S.J. Cyvin 
Institute of Physical Chemistry, Technical University ef Norway, Trondheim 


CONTENTS: Introduction: review of previous work; molecular vibrations: 
theory of compliance matrices; quantum-mechanical considerations: c 
rotation; a survey; theory of the mean-square amplitude matri 
molecular models; mean-square amplitude matrices of simple m 
of mean-square amplitude quantities and their variations i 
amplitudes of vibration; mean amplitudes of vibration of indivi 
ments and generalized mean-square amplitudes; theory of t 
bastiansen-morino shrinkage effects of individual molecules; corio 
tude quantities; conclusion and future prospects; bibliography; 
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JOURNAL OF 


SURGICAL ONCOLOGY 


Edited by James T. Grace 
Director, Roswell Park Memorial Institute, Buffalo, New York 


Editorial Board: 

obert K. Ausman, J. B. Aust, Alexander Brunschwig, Jerrie Cherry, R. Lee 
Clark, Warren Cole, A. R. Curreri, Thomas Dao, John Foster, John Graham, 
Herman E. Hilleboe, John E. Hoopes, Theodore Jewett, Gerald Johnston, 
Howard Jones, D. J. Jussawalla, Alfred Ketcham, William V. McDermott, 
Edwin A. Mirand, George E. Moore, Sir Naunton Morgan, Gerald P. Murphy, 
John Najarian, Lloyd Nyhus, Marshall Orloff, Guy Owens, Leonard Peltier, 
John Pickren, George Prout, Ronald Raven, Mark Ravitch, Benjamin Rush, 
Donald Shedd, J. J. W. Van Zyl 


This new bimonthly journal, to be published in 1969, will cover 
clinical and experimental developments in cancer surgery and other 
related areas of tumor research. Edited by Dr. Grace, one of the 
world's leading cancer surgeons, and a distinguished international 
editorial board of cancer specialists and surgeons, the JOURNAL OF 
SURGICAL ONCOLOGY will feature carefully selected original 
research papers in the field of surgical oncology and broadly related 
surgical sciences. Review articles on important new developments 
contributed by outstanding specialists in this critical field will also 
be included. 





OXIDATION OF METALS 


An International Journal of 
the Science of Gas-Solid 
Reactions 


Edited by D. L. Douglass 
Professor of Material Science, University of California, Los Angeles, 
California 


Associate Editors: G. C. Wood 


Corrosion Science Division, University of Manchester Institute of 
Science and Technology, Manchester, England 


and J. B. Wagner, J. 
Professor of Material Science, Northwestern University, Evanston, 
Illinois 


Advisory Board: 
C. E. Birchenall, J. V. Cathcart, B. Cox, E. A. Gulbransen, P. Kofstad, K. R. 
Lawless, W. W. Smeltzer, J. Stringer 


A new international journal, to be published quarterly beginning 
1969, will answer the need for a central forum for high quality 
scientific papers dealing with all aspects of gas-solid reactions. The 
journal will provide for the first time a specific medium for the rapid 
dissemination of research in gaseous oxidation-work which has 
previously been scattered and often lost in a myriad of publications. 
Both experimental and theoretical papers will be included, as well as 
occasional reviews and short technical notes. Care will be taken to 
publish articles within six months of receipt. 





Contributions to either journal should be sent directly to the appropriate editor. 
For sample copies, subscription information, and additional details, please 
write to the publishers. 





Plenum Publishing Co. Ltd., Plenum Publishing Corporation, 


Donington House, 30 Norfolk Street, 227 West 17th Street, 
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McCartney 
Olfaction and 
Odours 


| An osphresiological essay 


By William McCartney, Ph.D., F.R.LC., 
A.H.W.C., Kingston-upon-Thames, Great Britain 


VIII, 249 pages. 1968 Cloth DM 36,— 


“Olfaction and Odours" 
thé general reader can understand and enjoy it. No 
other book covers the same ground. 


subject. 

‘A general introduction and a historical survey of 
"work on the sense of smell are followed by an 
exHaustive account of the tracking powers of the 


dog, and chapters on the much disputed question | 
of whether birds have an olfactory sense, the sense | 


is a scientific work but | 


The foreword refers to the absence of any satis- | 
‘|. factory theory of olfaction but points out that there 
| ds now a rapidly growing body of literature on the | 











of smell in fish and in blind and primitive people. | 


The Weber-Fechner psychophysical law, 
classification and the “odours” of 


concerned with the mysterious nature of olfaction; 
the olfactory. acuity! of men and women, children 
and. old people; and some.curiosities. 

i graphical and biográphical notes ne an up- 
to-date bibliography conclude the work. 





Contents 











odour , 
inorganic | 
materials are discussed. The last three chapters are | 








WILEY & 
INTERSCIENCE 


ELECTRON WAVES AND 
RESONANCES IN BOUNDED 
PLASMAS 


by P. E. M. Vandenplas, Laboratoire de Physique des 
Plasmas, Ecole Royale Militaire, Brussels 


This book deals with the resonance phenomena of 
electron waves in bounded plasmas. Special attention 
is paid to'the general theoretical methods and to the 
relevant experimental techniques. The exposition 
is noteworthy by a thoughtful and original assessment 
of the moments method and by a critical use of 









































fluid theory. 
236 pages — 85s... October 1968 
OPTICAL INTERACTIONS IN 
SOLIDS 


by Baldassare Di Bartolo, Mithras Inc. 


An extensive and unified treatment of the basic 
principles of the optical properties of solids; it 
provides a theoretical background of laser physics 
and absorption and fluorescence spectroscopy of 
solid state materials. 


Approx. 528 pages Approx. 180s. Due December 1968 


TOPICS IN STEREOCHEMISTRY, 
Volume 3 


edited by Ernest L. Eliel, University of Notre Dame and 
Norman L. Allinger, Wayne State University 


The latest volume ín a series devoted to topics of | 
current interest in stereochemistry, explored in 
depth in articles by experts in the field. 


Approx. 490 pages Approx. 135s, Due November 1968 


ROCK MECHANICS IN 


ENGINEERING PRACTICE 


edited by K. C. Stagg and O. C. Zienkiewicz, School 
of Engineering, University of Wales, Division of Civil 
Engineering, Swansea. 


This book covers the basic subject from the aspects 
of Geology and material characteristics, through 
application of modern analysis to solution of practical 
problems in general terms. The rapid growth and ~ 
the complexity of problems of rock mechanics make 
an authoritative book necessary not only for the pure 
scientists interested in deformation phenomena of 
rock and rock masses, folding and faulting of the 
earth's crust, and in the origin and propagation of 
earthquakes, but also civil and mining engineers 
who need exact information in view of the increasing 
magnitude of projects. This has been emphasized by 
several major failures of dams in the last years. 


434 pages 105s. September |968 
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New high resolution: 
electron microscopes 


Thel Ff] series-3A resolution available 


The [M] series 

allows you to choose 

the best instrument 
* your research. 


& SPINTIFIC 
CX APPARATUS 


[M] -The ultimate 
in high resolution 
microscopy. 


m 3A resolution point-to-point 
guaranteed 

= Most powerful, commercially 
available, objective lens 

m Fully corrected lens system 

m 6 specimens at one loading 


[MI] -The 


microscope with the 

best biological 

facilities 

= 6 specimens at one loading 

m Double tilt stage 

m Serial section stage (designed 
in conjunction with Prof. 
Sjostrand) 

m Large distortion free field of 
view 

m 5A point-to-point resolution 
guaranteedwithallaccessories 


li; 807 w:o Id 
microscope with 
unique goniometer 


facilities 


= Goniometer stage allows 5A 
resolution even at the highest 
angle of tilt 

m Push-button selected area 
diffraction at variable camera 
lengths 

m Push-button selection of 
bright or dark field images by 
all electrical beam deflector 

um Multi- purpose specimen 
chamber to meet a wide range 
of applications at high 
resolution 


All instruments in 


the series are 
fitted with: 


e selected area diffraction 
facilities 

@ anticontaminators 

@ automated vacuum systems 

e push-button controls 

@ space for accessory control 
modules 


The E8 series continues AEI’s tradition of simplicity 
of operation without loss of performance. 


GEC-AEI (Electronics) 
Limited, 

Scientific Apparatus 
Division, P.O. Box 1, 
Harlow, Essex. 

Tel: OBS96 (Harlow) 
26761 


In North America to: 
Picker Nuclear, 

1275 Mamaroneck 
Avenue, 

White Plains, 

New York, 10605 
Tel:914-948-0080 


Please send leaflet and specifications to: 


Name 
Laboratory 
Address 


| would like a representative to call YES/NO 
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IMPORTANT TITLES FROM /L/FFE 


computer-aided design of electronic circuits 
E. WOLFENDALE, B.Sc. (Eng.), F.1.E.E., 
Deputy Managing Director Racal Research Ltd. 
The book has been written to give a general introduction to the use of computer- 
aided design of electronic circuits. 
Simple examples of electronic design have been chosen so that the reader can con- 
centrate on the COMPUTER METHODS without, at this stage, having to follow a 
complex electronic design analysis. 


189 pp. 68 illustrations 50s. net. 5is. 2d. by post. 






























fundamentals of reliable circuit design 
Vol, 3 M. XLANDER 


One of the important features of this volume is the method described for the 
ILIFFE derivation of the general equations for negative feedback amplifiers. This greatly 
reduces the time and effort required to derive the equations. |n addition, the 


BOOKS LTD principal factors that control the gain are easily identified and the impedance at 
. any point in the circuit is readily calculated. 


172 pp. 154 illustrations 30s. net 3ls. by post 





42 RUSSELL SQUARE 
LONDON, W.C.I 


logical design of electrical circuits 

R. A. HIGONNET and R. A. 
This book gives a thorough and systematic treatment of Bcolean methods of a 
relay, diode and vacuum tube circuits—particularly as used in the design 
mation systems, computers, telephone dialing systems and similar applica 
will prove invaluable for engineers who have no special background in switchi 
circuits. 


220 pp. lilustrated 42s. net 43s. 4d. by post 





DYES FOR USE IN ALL INDUSTRIES 


RESEARCH £ PRODUCTION CHEMISTS: if you 
are looking for dyes with specific chemical and physical 
properties suitable for particular manufacturing and/or 
testing processes you are invited to contact 


EDWARD GURR LIMITED 


for supplies. 


SOVIET JOURNALS 


Subscriptions for Soviet technical and scientific 
journals must be placed by November 20th to 
ensure receipt of the first issue in 1969 


Send for 1969 catalogues 


a) All technical and scientific specialised journals 
popular and literary magazines. 


b) Journals of Abstracts and Engineering Digests. 


[92.29 0 1365] 


Denington Estate, 
Wellingborough, Northants. 


We hold stocks of an enormous variety of dyes, ready for immediate, 
despatch, including: ee 
Cyanine, Dicyanine, Fast Bordeaux O, Aurantia, Crystal violet, BPC. 
Scariet R, BPC, Diazonium salts, Neutral violet, Lacmoid, Nile blue, 
Janus green, Brilliant green BPC, Rosolic acid, Methyl green, p-Ethoxy- 
chrysoidin, Methyl red, Nitrazine yellow, Pinacryptol green, etc. 





Industrial Research Establishments 


are invited to make use of our professional services as 
consultants on the.selectión and use of dyes as research 
and production tools. = =~ ee: 


BIOLOGISTS are invited to send for our catalog 


MIKCIHIRO ME ` 


Acridine orange, Aquamount, Fluormount, Lipid crimson, Matamount, JP 
Mavy-Grünwaid, Leishman, Giemsa, Toluidine blue, Créayl fast violet, ^ 
Papanicolaou stains, Thioflavine S, Brilliant cresyl Blue, Nile blue, 
Pyronin Y, Trifaigic acid, Rhodanile blue, Haplo, etc. : ; 


EDWARD GURR LTD: 


42 Upper Richmond Road West, London, S.W.14 
Cables: Micromiabs London SW14. Telephone: 01-876 8228/9 











WANTED TO PURCHASE 


BOOKS AND PERIODICALS 
In the fields of Science and Humanities 






of; 





Entire libraries and smaller collections; 
sets and runs, foreign and domestic. 


WALTER J. JOHNSON INC. 

111 Fifth Avenue, New York, 3, N. Y., U.S.A. 
| Cable Address BOOKIOHNS, NEW YORK 
British Office: WALTER J. JOHNSON LTD. 
Footseray Iligh Street, Footscray, — Sideup, Kent 

| FOOTSCRAY 0155 
i Cable Address REPRINTS, DARTFORD 
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LABELLED NUCLEICS 


from The Radiochemical Centre 









HIGH PURITY, HIGHEST SPECIFIC ACTIVITIES | High specification 
AND COMPETITIVE PRICES Purities of at least 95% are achieved before 










our labelled nucleics are put into stock. 
Important compounds now available Batches are checked by dilution analysis, 

paper chromatography, electrophoresis, enzy- 
Pseudouridine-C14(U) CFB.105 matic analysis and UV spectroscopic analysis 
Adenosine-C14(U)—3',5' cyclic phosphate CFB.112 as appropriate. Full details are recorded in the | 
Uridine-5'—-diphospho (glucose-C14(U)) CFB.102 batch analysis accompanying each consign- 
Uridine—-5'-diphospho) glucuronic acid-C14(U)) —CFB.106 ment. 






Guanosine-C14(U)—5'—diphosphate CFB.110 
Guanosine-8—C14--5'—-triphosphate CFA.376 
Deoxycytidine-5—T--5’—monophosphate TRK.286 
Deoxyuridine-5—T-—5’—-monophosphate TRK.287 










Highest specific activities 

of any supplier 

The Radiochemical Centre offers carbon-14 
labelled nucleics at isotopic abundances 
often nearly 90% of the theoretical maximum; 
for example: 
Thymidine-2—C14 at 60-5 mc/mM (97%) 
Orotic acid-6—-C14 at 60-3 mc/mM (97%) 





























These are specific activities measured on the 
products and are not simply caiculated from 
the starting carbon—14. 







For full details, apply to 


The Radiochemical Centre Amersham England 
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SPECTROMETER | 


. with instantaneous read out 





The new Elliott TOFMS is a highly stabilised instrument giving 
qualititive analysis of gases with instantaneous read-out, displayed 
upon a 100 Mc/s band width oscilloscope. Peaks up to 300 mass 
are readily located with the resolution being 10% valley at mass 
60. The design of the Elliott TOFMS makes it ideally suited to 
all vacuum systems. 

Cost for head and stabilised power supplies, £1400. 


For full information contact: 
The Neutron Division 


ELLIOTT-AUTOMATION 


Ia l LIOTI RADAR SYSTEMS LTD 


Elstree Way Borehamwood Herts. Tel 01-953 2040 Ext 3159 
El. member of the Elliott- Automation Group 
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" k = ek, + coke (2) 
is used, l 
ae = pe (13) 
k 


Thus equations (11) and (13) with (6) provide simple 
bounds on the shrinkage. 

Closer bounds ean be obtained by using the bounds on 
k derived by Hill‘ instead of equations (10) and (12). 

Unfortunately, the simple solution to the shrinkage 
problem of two phases described herein does not appear 
applieable, in general, to the problem of the multiphase 
composite. 


J. L. CRIBB 


CSR Research Laboratories, 
PO Box 39, Roseville, 
New South Wales, Australia. 


Received August 26; revised September 27, 1968. 
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BIOLOGICAL SCIENCES 


Multilayers of Phospholipid 
Bimolecular Leaflets 


PnuosPHoLiPIDs, either in the form of a bimolecular 
leaflet!? or in micellar arrangement?*, are, on current 
theories, the basis of membrane structure. Studies of 
the polymorphism of phospholipids may therefore lead 
to further understanding of membrane structure and 
function. Most membranes contain a variety of un- 
saturated phospholipids'?, but saturated phospholipids 
predominate in some?*-—for example, dipalmitoyl lecithin 
is the principal component of lung membrane*?, The 
present study concerns bimolecular leaflets of dipalmitoyl 
lecithin. 

Investigations of the polymorphism of phospholipid- 
water mixtures?! show the existence of a lamellar phase, 
which. consists of lipid bimolecular sheets, separated by 
water layers of thickness depending on the water content 
of the mixture. In most systems the lamellae are ran- 
domly oriented, but further information can be obtained 
if the lamellae are oriented in one direction. 

We have developed such a system by building up 
Langmuir-Blodgett films'*-1* of phospholipids on a solid 
surface. The multilayers were studied by X-ray diffrac- 
tion techniques and shown to be stacked lipid bilayers 
separated by water and lying parallel to the solid surface. 
In the conditions chosen, the lipids deposit as X-layers!*:!* 
as the solid surface descends into the water. The lamellar 
spacing and Fourier syntheses indicate that the repeat 
unit is a bimolecular leaflet. To form such leaflets it is 
necessary that the phospholipid molecules turn over twice 
during the build-up of the multilayer. Similar con- 
clusions have been obtained from studies on calcium and 
barium stearate multilayers!'-?*. This turning over of 
molecules might be associated with the movement of 
phospholipids from one side of the membrane to the 
other. 

We used pr-a-dipalmitoyl lecithin (Sigma Chemical 
Co.) and purified it by alumina column chromatography. 
The monolayer was spread on fresh, twice distilled water 
(p— 0-7 MQ em); the pH dropped from 6-4 to 5-6 during 
the experiment. The monolayer was kept at constant 
surface pressure of 30 dynes/em using oleic acid as a piston 
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Lamellar spacings (A) 


Fig. 1. Variation of lamellar spacings of lipid multilayer in different 
conditions of relative humidity, 


oil'?:*, One hundred layers were deposited on a surface 
which was eurved in order to eliminate the need to 
oscillate the multilayer with respect to the X-ray beam. 
Diffraction photographs were taken on a Franks point- 
focusing X-ray camera, using nickel-filtered CuK« radia- 
tion. The specimen was kept in a helium atmosphere of 
constant relative humidity and at a temperature of 
23^. 1? C. The desired relative humidity was obtained 
both by placing standard saturated salt solutions (Merck 
Index) in the specimen compartment and by bubbling the 
helium through the solutions. By inereasing and deereas- 
ing the relative humidity, swelling and shrinking of the 
multilayer were studied. 

The repeat distance of the multilayer changed from 
73 À with the specimen under a thin layer of water to 
58 À when dry (Fig. 1). Almost no change in the spacing 
oceurred on desorption in the range of relative humidities 
from 92 to 20 per cent. A gravimetric study of the water 
uptake of powdered lecithin at corresponding values of 
relative humidity was in qualitative agreement with the 
X-ray measurements. Egg lecithin? gave a more con- 
tinuous ehange of water content with humidity. "The 
results indieate that up to 92 per cent relative humidity 
the water is bound to the lecithin molecule and at higher 
humidities free water is added. 

The upper limit of the swelling in lamellar phospholipid- 
water systems*-M has been noted by other workers. It 
appears that the limit exists only if the lipids are of high 
purity. If there is no such limit, multilayers may not be 
formed, because the leaflets would tend to float off in the 
process of dipping. 

A spacing of 4-2 A is observed corresponding to a sharp 
reflexion at right angles to the lamellar reflexions. This 
reflexion is weak and remains unchanged during the 
swelling experiments. A 4-2 A reflexion is characteristic 
of hexagonally packed hydrocarbon chains®?»*, so a high 
degree of order must exist in the chains in the multilayer. 
The orientation of the reflexion indicates that the lecithin 
chains must lie almost perpendicular to the planes of the 
lamellae. The chain packing does not change with 
changes in hydration of the headgroup region. 

The chief lamellar reflexions showed good orientation. 
The first four orders were obtained, higher orders being 
very faint. The sharp decrease in intensity of orders 
higher than the fourth may be due to thermal motion. 
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The intensities were -obtained by densitometering the 
arcs on the negative arid, were corrected by a factor of 
n* (n being the order number). Because the multilayer 
system is symmetric, the phases of the reflexions can only 
be 0 or z?*. The continuons Fourier transform is given by 
the envelope bounding the reflected amplitudes plotted 
against distance in reciprocal space. Of the possible phase 
assignments, only 0,0,7,0 (for n=1 to 4 respectively) 
gave Fourier syntheses that seemed physically reasonable. 

The Fourier syntheses (Fig. 2) show that centres of the 
headgroup regions move apart on adsorption of water and 
that their half widths increase from 8 A when dry to 14 A 
when the multilayer is under water. This change of half 
width will be partly a consequence of change of resolution 
of the X-ray data, but it may also provide evidence in 
favour of the idea?*?* that the headgroup is curled up in 
the dry state and becomes fully extended when free water 
is present. In the syntheses the hydrocarbon region of 
the lipid has a deep central well, bounded by two shoulders. 
This may be interpreted by comparison with the com- 
puted Fourier synthesis of lauric acid from the data of 
Vand et al.. Low resolution synthesis (using the first 
three or four orders) shows features identical to those found 
in lecithin. On including higher orders, the shoulders are 
resolved and seen to correspond to the CH, chains; at the 
same time the well narrows and corresponds to the terminal 
CH, groups. This interpretation ruled out interdigitation 
of the lecithin chains in the bilayers. 

We took the electron density of water (0-333 e/A®) as the 
reference level. Then, assuming the electron density of 
the lecithin hydrocarbon region to be the same as for 
lauric acid (0-347 e/À* for the CH, chains and 0-219 e/A® for 
the CH, region), it can be seen that the CH, chains in the 
multilayers contribute very little to the positive scattering 
of the headgroup region. The CH, terminal groups, 
however, give rise to a large negative scattering and thus 
affect the reflected intensity in a manner disproportionate 
to their abundance in the hydrocarbon chains. Gulik- 
Krzywicki et al.? have included a factor accounting for 
the CH, groups in their caleulations of diffraction from 
phospholipid bilayers. The difference of density of the 
CH, and CH, parts of the lipids exists in both liquid and 
crystalline states? and may be expected to exist in bi- 
molecular leaflets. Whether the chains are liquid or 
erystalline, the electron density is considerably less than 
that of water only in the region of the CH, groups. Unless 
there is considerable interdigitation, it is therefore wrong 
to treat, as has been the eustom?*?*, the whole lipid 
region in a bilayer as having a uniform low electron density. 

The multilayer technique should greatly aid physical 
studies of lamellar lipids and lipoproteins. 'The present 
work shows how perpendieularity of lipid chains may be 
observed directly, whereas with other techniques this may 
only be inferred indirectly. The technique may be 
specially useful because the lipid is constrained in a 
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lamellar phase; it therefore provides a means of studying 
interactions between lipids and other molecules, when a. 
change of phase would otherwise take place. 
One of us (Y. K. L.) was in receipt of a Medical Research 
Council Seholarship. 
Y. K. Levine 
Anita I. BAILEY 
M. H. FE. WILKINS 
MRC Biophysies Research Unit, 
King's College, 
University of London. 
Received September 6, 1968, 


1 Maddy, A. H., Intern. Rev. Cytol., 90, 1 (1966), 

? Korn, E. D., Science, 158, 1491 (1966). 

3 Lucy, J. A., J. Theor. Biol., 7, 360 (1964). 

* Green, D. E., and Purdue, J. F., Proe. US Nat, Acad, Sci, 55, 1204 (1060). 

* Kates, M., Adv. Lipid Res., 2, 17 (1964). 

* Abrams, M. E., J. Appl. Physiol. 21 (2), 718 (1906). 

* Finean, J. B., Biochim. Biophys. Acta, 10, 371 (1953). 

8 Luzzati, V., and Husson, E., J. Cell Biol., 19, 207 (1962). 

i ceca T., Rivas, E., and Luzzati, V., J. Mol, Biol, 97, 308 

© ij. 

Small, D., J. Lipid Res., 8, 551 (1081). 

u Chapman, D., Williams, R. M., and Ladbrooke, B. D., Chem, Phys. Lipids, 
1, 445 (1967). 

1? Ladbrooke, B. D., Williams, R. M., and Chapman, D.. Biochim. Biophys. 
Acta, 150, 333 (1968). 

18 Rand, R. P., and Luzzati, V., Biephys. J., 8, 125 (1968). 

n Reiss-Husson, F., J. Mol. Biol., 5. 363 (1907). 

15 Blodgett, K. B., J. Amer. Chem. Soe., 57, 1007 (1935). 

6 Blodgett, K. B., and Langmuir, I., Phys. Rer.. 51, 964 (1937). 

1 Holley, C., and Bernstein, S., Phys. Rev., 62, 525 (1937). 

7? Bernstein, S., J. Amer. Chem. Soc., 80, 1511 (1938). 

?? Ehlert, R., J. Colloid Sei., 20, 387 (1965). 

2 Langmuir, L., Science, 87, 493 (1938). 

? Elworthy, P. H., J. Chem. Soe., 5385 (1961), 

22 Dervichian, D. G., Prog. Biophys. Mol. Biol., 14, 263 (1964). 

?5 Chapman, D., The Structure of Lipids (Methuen, London, 1965). 

2 James, R. W., The Optical Principles of the Diffraction af X-rays, 360 
(Bell, London, 1962). 

25 Parsegian, A., Science, 156, 939 (1967). 

26 Sundaralingham, M., Nature, 217, 35 (1968). 

27 Vand, V., Morley, W. M., and Lomer, T. R., Acta Cryst., 4, 324 (1951). 

28 Finean, J. B., Coleman, R., Green, W. G., and Limbrick, A. R., J. Cell. 
Sei., 1, 287 (1966). 

2 Finean, J. B., and Burge, R., E., J. Mol. Biol., 7, 672 (1963). 


Reassembly of Apoferritin Molecules 
from Subunits 


APOFERRITIN, the protein component of the iron-storage 
protein ferritin, consists of twenty polypeptide chains, 
each of molecular weight about 23,000, arranged sym- 
metrically to form a hollow shell'. In the ultracentrifuge 
apoferritin molecules sediment with a coefficient Sjy,w, 
equal to 17-68 (ref. 2). Negatively stained preparations of 
apoferritin show molecules with circular profiles about 
105 A in diameter, many molecules being penetrated by 
stain to give an annular appearance*, Ferritin consists of 
a mixture of molecules, some of which are 
empty shells, while the majority have shells 
which are filled, or partially filled, with a 








20 

$ "e core of a hydrated ferric oxide-phosphate 
H EN d complex*. The experiments reported here 
B iol A T A / were designed to investigate the possible 
8 A j \ dissociation and reassembly of apoferritin 

= RN $ and ferritin. 
3 NC \ X Most of the disaggregation-reassembly 
E 9 NS EN \ experiments were carried out with apo- 
£ NON ferritin obtained from horse ferritin (Cd 
= i X free, from Pentex Inc., Kankakee, Illinois) 
g —10 NU after removal of iron by reduction with 
g Headgroup CH; Bes CH CH chain Headgroup sodium dithionite®. In some eases centri- 
B | fugally separated ferritin fractions contain- 
-20 l 1 iL -l — : à 2 ing either very low or high iron contents 
40 30 20 10 9 10 20 30 20 were used. The fraction of low iron content 
Distance (A) behaved similarly to apoferritin prepared 
by reduction. For disaggregation, solutions 
Fourier synthesis of lecithin bilayer. ——, Under water; —---, dry. containing 1-5 per cent protein were cooled 


Fig. 2. 
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on ice, 2 volumes of glacial acetic acid were added with 
stirring and the mixture was incubated for 1 h at 0° C. This 
procedure has been used successfully for the disaggregation 
of viruses*. After incubation, samples were dialysed ex- 
haustively at room temperature against glass distilled 
water or against one or more of various low ionic strength 
buffers, or were diluted with glass distilled water for 
electron microscopy. Either 0-6 per cent mercaptoethanol 
or 0-2 mM dithiothreitol was frequently added to reduce 
oxidation of thiol groups. The dialysed solutions were 
examined by one or more of the following techniques: 
stareh gel electrophoresis, analytical ultracentrifugation 
and electron microscopy. Starch gel electrophoresis was 
earried out at 9-10 V/em in a Shandon apparatus, gels 
normally being made with the dialysing buffer and stained 


either with amido black (for protein) or with a mixture of 


Ponceau S and ferrocyanide’ (for protein and iron, respec- 
tively). Analytical ultracentrifugation was carried out in 
a Spinco Model E ultracentrifuge. Samples for electron 
microscopy were spread on carbon film-coated grids, 
negatively stained with 1 per cent phosphotungstie acid 
brought to pH. 6:8 with KOH, and examined in an AEI 
EM6B electron microscope at 80 kV. 

Disaggregation on treatment with 67 per cent acetic 
acid was demonstrated by ultsacentrifugation and electron 
microscopy. No intaet molecules could be seen in any 
of the negatively stained preparations of acetic acid- 
treated ferritin or apoferritin. Reassembly of apoferritin 
was judged to have occurred if, after dialysis, the sample 
showed the presence of a component which had the same 
eleetrophoretie mobility in starch gels and the same sedi- 
mentation coefficient as apoferritin, and which also 
appeared similar to apoferritin in the electron microscope. 
The extent of reassembly varied with the buffers used 
and appeared to be favoured by the addition of mercapto- 
ethanol or dithiothreitol. Appreciable amounts of apo- 
ferritin-like component were found after dialysis against 
0-01 M sodium phosphate or tris-HCl buffers in the pH 
range 7-0-8:6, against 0-037 M glycine-acetie acid buffer, 
pH 40, containing 0-6 per cent mercaptoethanol, or 
against glass distilled water. A convincing demonstration 
of reassembly is shown in Figs. 1 and 2. Fig. la shows 
the ultracentrifuge Schlieren pattern of acetic acid treated 
apoferritin which had been dialysed into 0-01 M glycine 
HCl buffer at pH 3-0, It is almost all in the form of a 
2-78 component. The same sample viewed in the electron 
microscope showed no intact molecules. After further 
dialysis, first into 0-037 M glycine-acetie acid buffer, 
pH 4-0, containing 0-6 per cent mercaptoethanol and 
then into 0-01 M ¢tris-HCl buffer, pH 8-0, containing 





Ultracentrifuge Schlieren patterns of (a) disag 


Fig. 1. rregated apoferritin 

in 0-01 M glycine-HCI buffer, pH 3:0, 22-0° C, (b) reassembled apoferritin 

(same sample as in 1a) in 0:01 M fris-HCI buffer, pH 5-0, 19-0° €, Pictures 
taken 20 min after reaching speed of 50,740 r.p.m. 
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Electron micrograph of reassembled apoferritin (same sample as 
x 375,000 


Fig. 2. 
in Fig. 15) negatively stained with potassium phosphotungstate 


0-2 mM dithiothreitol, the major component was approx- 
imately 16S, Fig. 1b, while 
molecules were seen in the electron microscope as shown 
in Fig. 2. The minor 24S component may represent 
reformed dimers of apoferritin molecules. Almost quan- 
titative reassembly was apparently achieved when the 
dialysis step into glycine-HCl buffer was omitted. Elec 
tron micrographs of reassembled preparations showed, 
in addition to completed molecules, a number of incom- 
plete shells, some short rods and miscellaneous amorphous 
reaggregates. 

In electron micrographs obtained from dialysed iron-rich 
ferritin fractions a number of dark iron-cores were seen 
against the background of negative stain. Many of these had 
little or no protein attached to them. Several reassembled 
molecules were present, but these had cores whieh did 
not appear to be more electron dense than the negative 
stain, and therefore probably contained little or 
This was also suggested by 
experiments in which dialysed iron-rich ferritin prepara- 
tions were found to give a sharp band moving like apo- 
ferritin, which stained for protein, and a broad diffuse 
band, largely separated from the protein, which stained 
for iron. 

The spontaneous reassembly of apoferritin molecules 
reported here, and also observed in vitro by J. W. Drysdale 
(personal communication) using different methods, in 
directly lends support to the view that apoferritin is a 
biosynthetic precursor of ferritin, the latter being formed 
by accumulation of iron within the protein shell*. An 
alternative view that ferritin formed by 
assembly of apoferritin subunits around preformed iron 


numerous reassembled 


no iron. 


starch gel electrophoresis 


molecules ars 


In the conditions used 
in our prelimmary experiments, however, the presenee of, 
iron-cores is not necessary for shell formation and, indeed 
when present, the cores did not appear to be incorporated 
within the protein shell. 


cores has recently been proposed’. 
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Partial Structure of the Peptide 
Antibiotic Stendomycin as determined 
by Mass Spectrometry 


Tue antifungal antibiotic stendomycin has been isolated! 
from Streptomyces antimycoticus and chemical studies 
have revealed that this is not a homogeneous compound 
but a family of closely related antibiotics which differ 
from each other in their fatty acid constituents?-'. 
On the basis of chemical evidence, structure I has 
recently been suggested by Bodanszky et al’ for 
the chief stendomycm component. The fatty acid con- 
stituent of this tetradecapeptide lactone was further 
characterized as isomyristic acid?, and structure II was 
aseribed* to the basic amino-acid residue B. 
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While the chemistry of stendomycin was being studied 
at Case Western Reserve University, we at the laboratory 
at Gif were searching for an interesting natural product 
with which to test the recently developed method of 
peptide sequence determination by mass spectrometry 
of permethylated derivatives*-*. From the data available 
at that time, stendomycin seemed especially attractive 
for this purpose for several reasons : (a) peptide deriva- 
tives only half the size of this tetradecapeptide had 
previously been considered to be close to the upper size 
limit for the successful utilization of mass spectrometry, 
and (b) the presence of four hydroxy amino-acids, as well 
as the basic residue B (IT) related to arginine, clearly set 
this compound aside from the relatively simple group of 
peptide derivatives whieh contain only the common 
amino-acid residues with no functional group in their 
side chain. 

With the expectation of obtaining a completely inde- 
pendent confirmation of the sequence deduced from chemi- 
cal studies, the Case Western Reserve group sent a few 
milligraras of stendomycie acid (the “open” form [IIT] pro- 
duced by mild alkaline hydrolysis) to the laboratory at 
Gif. The accompanying information included a list of the 
amino-acids present but not their tentative chemically 
determined sequence. 

Permethylation of 1 mg of stendomycie acid gave a 
produet of sufficient volatility for mass spectral analysis, 
and this report describes the determination of the sequence 
of the N-terminal decapeptide portion of the molecule. 
The sequence resulting from the mass spectral data was 
later learned to be in accord with the chemical evidence 
at hand. 

Although a clean mass spectrum was obtained from the 
permethyl derivative, one problem arose which is not 
normally found with simple amino-acids: this involved 
location of the proline, allothreonine, N-methylthreonine, 
and dehydro-a-aminobutyrie acid (AAbu) residues known 
to be present. Ions containing a permethylated threonine 
residue usually lose methanol to give the ion corresponding 
to an N-methyldehydro-«-aminobutyrie acid residue. The 
mass of this residue is the same as that of proline (97 m.u.); 
thus it is impossible to distinguish between each of the 
four residues without resorting to special techniques. 

Use of deuteriomethyl iodide for the permethylation 
reaction’ (again using 1 mg of stendomycic acid) made 
possible the division of these four residues into two 
groups; the mass of proline and N-CH,-dehydro-a-amino- 
butyric acid (resulting from the N-CH, threonine) residues 
remains unchanged at 97 m.u., whereas the N-CD, groups 
introduced in the allothreonine and dehydro-2-amino- 
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Mass spectrum of perdeuteriomethylated stendomycic acid. 
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RCO-Pro-NMeThr-Gly-Val-alle-Ala-AAbu-aThr- Val-Val-aThr-Ser-alle-B -CH ii 


1 2 3 4 5 6 


butyric acid residues are detected by the shift in mass of 
the resulting methylated dehydro-x-aminobutyric acid 
residues to 100. 

The mass spectrum of the perdeuteriomethylated stendo- 
mycie acid, and its structure implications, are presented 
in Fig. 1 (mass spectra were determined using the direct- 
introduction probe of an AEI model M9 mass spectro- 
meter). Mass spectral cleavage occurred principally at 
the peptide CO-NMe bonds, with accompanying loss of 
methanol from each of the permethylthreonine residues; 
thus the amino-acid sequence was immediately obvious, 
with a few qualifications. 

Each mass spectral fragmentation is observed in the 
spectrum as a group of peaks differing from each other by 
fourteen mass units (for example, m/e 405, 391, 377). 
These represent the three major fatty acid homologues 
which are present in the following approximate per- 
centages 


R=C,;H,, 54 per cent 
A.Ha, 30 per cent 
CHa, 16 per cent 


Additional minor homologues indicated by chemical 
evidence? cannot be distinguished with certainty in this 
spectrum because of their low abundance. We knew? 
that the alloisoleucine residues in part of the antibiotic 
mixture are replaced by valine, so the homologue distribu- 
tion for each of the major fragments was more closely 
examined. The relatively smaller contribution from the 
most abundant constituent for all fragments containing 
alloisoleucine in position 5, as compared with fragments 
which do not include this residue, signifies that this 
alloisoleucine is replaced by valine to the extent of 
approximately 10 per cent (in Fig. 1 note the change in 
intensity ratios from m/e 725: 711 to m/e 595 : 581). 

The nitrogens of the first two residues were not alkylated 
by a deuteriomethyl group, so these must represent the 
proline and N-methylthreonine pair of stendomycin the 
sequence of which remained to be determined. One 
possibility, RCO.CH,Thr(OCD,).Pro . . . , would be 
expected to give rise to a minor but nevertheless discernible 
mass speetral fragment which still contains the threonine 
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methoxyl group: RCO.CH,Thr(OCD,}*, mje 343. This 
was not observed, the first appearance of the OCD, 
group being in the fragment containing both the first and 
second residues at m/e 479. Thus the sequence RCO, 
Pro.CH,Thr(OCD,) . . . was more probable although not 
conclusively proved. 

Mass differences of 100 between major peaks at posi- 
tions 7 and 8 correspond to CD,AAbu; thus, as dise 
earlier, the dehydro-x-aminobutyric acid residue known 
to be present in stendomycin could oceupy one of these 
positions (the other residue being allothreonine). To 
find which, if either, of positions 7 and 8 contained the 
unsaturated amino-acid, the non-deuterated permethyl 
derivative was catalytically hydrogenated. The partial 
mass spectrum of the dihydro derivative thus obtained is 
shown in Fig. 2. An immediately obvious but irrelevant 
difference (apart from the lack of deuterium) is observed 
when comparing this spectrum with that of Fig. 1 : the 
tendency of the dimethyl-threonine at position 2 to lose 
either methanol, or the entire alpha substituent CH, = 
CHOCH, (to give MeGly) The resulting sequence in- 
formation for the ten N-terminal residues is, however, 
identieal with the two compounds. Most important is the 
addition of two mass units to the amino-acid at position 7 
(in the deuterated compound of Fig. 1, the mass of residue 
7 is 100; the mass of the non-deuterated residue, however, 
would be 97 which becomes 99 (Fig. 2) after hydrogena- 
tion), which unambiguously establishes this as the loca- 
tion of the dehydro-x-aminobutyric acid residue of stendo- 
mycin. 

Sequence determining peaks in the mass speetra beyond 
the tenth amino-acid could not be detected above the 
noise and background level. The peptide derivatives can 
be readily vaporized without decomposition, so it is 
theoretically possible to obtain a complete spectrum 
which includes a molecular peak and the entire sequence, 
but the mass spectrometer sensitivity and background. 
seem to be severe limitations. 

After completion of these studies, a comparison of the 
mass spectral and chemical data? indicated that an 
identical sequence had been assigned independently by 
each method. Furthermore, the considerable advantage. 
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Fig.2. Partial mass spectrum of stendomycic acid after permethylation and hydrogenation. 
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of this mass speetrometrie technique is demonstrated by 
the fact that these results were obtained from 2 mg of 
sample after only a few hours of work. 

A tetrapeptide representing residues 11-14 of stendo- 
mycin was obtained by partial hydrolysis and investigated 
by mass spectrometry. As is typical for arginine-contain- 
ing peptides after permethylation®, the mass spectrum 
of the permethylated tetrapeptide showed sequence- 
determining peaks up to but not including the residue B. 
The proposed sequence for residues 11-13 was confirmed, 
however, including a 30 per cent replacement of the 
alloisoleucine residue by valine. 
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Electrophoretic Mobility of 
Serum Fluoride 


EvipENCE has been given that there are two types of 
fluoride in human serum. The observation that 80-90 
per cent of the fluoride is not made available as exchange- 
able fluoride ion until after ashing suggests that it might 
be bound in some fashion to the serum proteins’. I have 
therefore determined the distribution of exchangeable 
and non-exchangeable fluoride relative to the serum 
proteins, after electrophoresis. 

Free-flow curtain electrophoresis was used because the 
concentration of fluoride in serum is very low, making it 
necessary to use large volumes of serum. The serum was 
obtained from a normal human who obtained his water 
from a fluoridized supply. The serum was dialysed for 
2 h against 0-12 per cent (NH,),CO; and then subjected 
to eleetrophoresis. Total fluoride was determined by 
drying and ashing the fractions with MgCl, (ref. 1) and 
analysing for fluoride as described elsewhere??. Exchange- 
able fluoride was determined by analysing for fluoride 
directly. HCl was used to acidify the samples rather than 
HCIO,, so that after the exchangeable fluoride had been 
removed the residue could be neutralized and ashed, 
enabling analysis for the non-exchangeable fraetion. 
Low fluoride MgCl, solution was prepared by adding HCI 
to make it 0-04 M in HCl and extracting six times with 
hexamethyldisiloxane. It was neutralized with NaOH. 
The overall blank for total fluoride was 0-3 uM. 

Fig. 1 shows that after ashing there was a large fluoride 
peak associated with the albumin and one at either 
extreme of the electrophoretic field. When radioactive 
fluoride was added to a dialysed sample, it was recovered 
only in the initial and final peaks. Radioactive analysis 
showed that not more than 0:0001 per cent of the exchange- 
able fluoride was present in any of the tubes of the central 
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peak. Fluorimetric analysis also showed that exchange- 
able fluoride was only in the peaks at either side and that 
non-exchangeable fluoride was found only in the central 
peak. The amount of fluoride in the central peak was 
more than 80 per cent of the fluoride made available by 
ashing. 

Exchangeable fluoride would be expected to run as a 
single peak to the right of the albumin, so it was not clear 
why there was a peak in tubes 1 and 2. In separate runs 
large amounts of radioactive fluoride were introduced 
into the electrode rinse chamber. In these circumstances 
there was a peak only at tubes 1 and 2, indicating a leak 
in the lower end of the membrane on that side. The 
radioactive fluoride in the balance of the tubes was 2:5 
to 5 per cent of that in tube 1. Introduction of serum into 
the field did not disturb the distribution of the radioactive 
fluoride coming from the electrode solution. 

To see the right-hand inorganic fluoride peak more 
clearly the voltage was reduced from 2.000 to 1,800 V. 
The bulk of the inorganic fluoride was then found at tube 
47, with less than one-tenth as much in tubes 46 and 48. 

There is some suggestion in Fig. 1 of minor peaks at 
tubes 19 and 27. Comparison with earlier runs and a 
re-run of the combined tubes 25, 26, 27 and 28 have not 
resolved the question. 

There have been at least two reports*? which indicate 
that inorganic fluorides bind to serum proteins (in one 
case specifically to albumin), particularly when the pH 
is increased. The serum was dialysed against a pH 8-9 
buffer used in the separation chamber: and so it was 
possible that the exchangeable fluoride had become fixed 
to the albumin during dialysis. Radioactive fluoride was 
mixed with serum for 2 h before dialysis. After 1h of 
dialysis 83 per cent of the fluoride was removed from the 
serum; after 6 h and four changes of dialysate not more 
than 0-0002 per cent remained (corrected for radioactive 
decay). indicating that there was no irreversible binding 
of fluoride ions by the serum protein. 

These results give added weight to the previous evidence 
for the presence in serum of non-exchangeable fluoride 
associated primarily with albumin. The nature of the 
bonding to albumin is not clear, but it cannot be the simple 
inorganic fluoride ion binding that has been deseribed. 
It is unlikely that fluoride is covalently bonded to albumin 
directly because the amount of fluoride present is less than 
1/150 of the amount of albumin on an atom to molecular 
basis. It is more likely that fluoride is covalently bonded 
to smaller molecules which are bound to the albumin. 
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Fig. 1. —, Concentration (4M) of total fluoride (that is, after ashing) 

found in the electrophoresis samples which were 12 * 1 ml. in volume. 

- - - , Optical density (280 my) of a 1/10 dilution of the same samples, 

The applied voltage was 2,000 V; the current was 105 + 5 mA. The 

separating chamber solution was 0-12 per cent (NTH4),CO, and the 

electrode rinse was 0-36 per cent. The flow rate was about 100 ml/h, 
and the original serum volume was 16 ml. 
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Fluoroacetate and fluorocitrate have been isolated from 
soy beans grown in high inorganie fluoride media. indi- 
eating the possibility that edible plants are the source of 
covalently bonded fluoride*. 

I thank Mrs Joy Howe and Mr C. F. Ning for technical 
assistance. This work was supported by a grant from the 
National Institutes of Health, US Publie Health Service. 
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Optical Activity and the Fixation of 
Rods and Cones 


VERTEBRATE rod outer segments have been known for 
more than a century to rotate the plane of polarization of 
transmitted light'. When the polarizer in the path of a 
beam illuminating a microscope stage points north, and 
the analyser crosses it, suspensions of fresh bleached rods 
and cones obtained from the retinae of the frog (Hana 
esculenta), cat, rabbit and goldfish severally show that the 
receptors pointing along a NW axis maximally transmit 
light independently of the colour of the illuminant. Some 
of the conditions which effect a switch of the axis of 
maximum transmission through 90? have been discussed 
by Sehmidt!, an extension of whose work is now under 
way (unpublished results of G. M. Villermet and myself). 
and has been briefly reported?. This preliminary report 
draws attention to the differential action of two fixatives, 
namely formaldehyde and glutaraldehyde. 

Three parts from the same frog retina were fixed in 
formaldehyde (4 per cent w/v in 200 mM KHPO,/K,PO, 
buffer, pH 7-0), dilute formaldehyde (0-8 per cent w/v in 
200 mM KHPO,/K,PO, buffer. pH 7-0). and glutaralde- 
hyde (2 5 per cent w]v buffered in sodium cacodylate. 
0-1 M, pH 7-3) respectively. Both formaldehyde samples 
showed marked NW (that is, normal) activity within 30 
min of the onset of fixation and 2 h later. After about 6 h, 
activity changed to NE. In the case of glutaraldehyde. 
there was no rod showing NW (that is. normal) activity 
either within 30 min of the onset of fixation or 2 h later: 
but there was marked activity in a direetion perpendieular 
to that shown in normal suspensions and those recently 
fixed in formaldehyde. Similar differenees between the 
fixatives were observed with receptors of the other species. 
Attention has already been drawn? to parallels between the 
effects of these solutions on optical activity and the 
production of the early receptor potential’, 

There is also a remarkable difference between the 
relative rates of fixing rods and cones respectively. 
Although this can be studied on material obtained from 
frogs, goldfish retinae facilitate the observations because 
their cones are large. If a goldfish retina is fixed with 
glutaraldehyde, the change in the direction of the optical 
activity of the rods, from NW to NE, is instantaneous. 
But the change in the cones oceurs only 30-60 min later. 
While formaldehyde aets more slowly on the goldfish 
retina than does glutaraldehyde—as we saw to be true of 
the frog—it acts more slowly on the cones of the fish than 
on its rods. 
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This difference in the rates with which fixatives change 
optical activity in rods and cones respectively is surprising. 
Cohen! has advanced evidence for the view that the cone 
membrane invaginates many times and intercepta the 
disks carrying the visual pigment. Disks and membrane 
are probably in contact with each other. On the other 
hand, rods seem to consist more nearly of membranous 
bags with isolated disks inside. If the membranes of rods 
and cones are equally permeable to the fixatives, then the 
change in birefringence accompanying fixation would be 
expected to occur more rapidly in cones than in rods, 
But the reverse is observed, so that one may conclude 
tentatively that the membranes are not equally permeable 
to these fixatives. 
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Hunter—Hurler Syndrome : 
Gel Filtration and Dialysis of 
Urinary Acid Mucopolysaccharides 


Patients with Hunter-Hurler syndrome, which is an 
inborn error of metabolism, have excessive deposition of 
acid mucopolysaecharides (AMPS) in various organs!^, 
and large amounts of chondroitin sulphate B and/or 
heparitin sulphate are produced in the urine? In contrast, 
normal people excrete a small amount of AMPS, chiefly 
in the form of chondroitin sulphate C and ehondroitin 
sulphate A. The determination of urinary AMPS is 
being used extensively in the study and in the diagnosis 
of this disease and of its several genetie variants. 

We report. here the results of our studies on gel filtra- 
tion and dialysis of the urinary AMPS of patients with this 
condition and of normal controls. Urinary AMPS were 
isolated from non-dialysed 24 h urine specimens with the 
Zeteola (chloride form) column method of DiFerrante’ or 
by precipitation with ectyl pyridinium chloride. À column 
0-6 x 86 em, packed with ‘Sephadex G-200', was used for 
the gel filtration of the urinary AMPS, Elution was 
performed with 0-025 M NaCl. at room temperature 
and at a flow rate of 6-5 ml/h. Fractions of urinary AMPS 
obtained by chromatography on ‘Dowex 1-X 2' (Cl) 
were used for the calibration of the column. The mole- 
cular weights of these fraetions were determined by a 
combined sedimentation--diffusion method. 

A considerable amount of AMPS isolated from the 
urine of Hunter- Hurler PERS dialysed easily through 
the boiled or unboiled cellulose dialysis tubing (size 27, 
wall thickness 0-001 inches, Union Carbide Corporation) 
(Table 1). Up to 50 per cent of the AMPS was lost during 
three successive dialyses: first against distilled water, 
then against 1-0 M NaCl and finally against distilled water. 
In contrast, only 11 per cent of the urinary AMPS from 
normal controls was lost in the same conditions of dialy 
The loss of heparitin sulphate from Hunter-Hurler patien 
during dialysis in regular Visking casing has bee 
reported’. It is interesting that the carbazole-oreinol 
ratio of the dialvsable AMPS (patient R. V.) in three 
successive dialyses was 0-78, 1-00 and 1-03 respectively, 
compared with 0-54 for the non-dialysable material and 
0-69 for the non-dialysed sample. This shows that in 
addition to a considerable loss of AMPS during dialysis, 
there is an alteration in the ratio of the remaining indivi- 
dual components of the AMPS. The dialysis of the 
untreated urine against distilled water showed a significant 
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Fig. 1. 


Elution diagrams of urinary AMPS from Hunter-Hurler patients: (A) pre- 


dominantly heparitin sulphate exereter, (B) mixed excreter, (C) normal controls and (D) 
AMPS from normal human cartilage; all after chromatography on 'Sephadex G-200'. One 
mg of AMPS (as a 0-5 per cent aqueous solution) was applied on a 0-6 x 86 cm ‘Sephadex 


G-200 column and fractions of 2:0 ml, were collected. 
uronic acid content with the carbazole* and the orcino! procedures. 
A, OF 680 my (orcinoD; C—C, earbazole-orcinol ratio. 


(carbazole); A ~--~ 


decrease of recovery of AMPS in some but not all of the 
patients. It is probable that interaction of the urinary 
proteins and AMPS, at low ionic strength, may prevent 
the loss of AMPS during dialysis. 

Gel filtration of the urinary AMPS on ‘Sephadex 
G-200' shows three distinct elution diagrams. The first 
is characteristic of patients who excrete heparitin sulphate, 
predominantly (4); the second is characteristic of those 
who exerete a mixture of heparitin sulphate and chondro- 
itin sulphate (B); and the third diagram is characteristic of 
the normal controls (C). An elution diagram of AMPS 
(D) which was isolated from human cartilage is also shown 
for comparison (Fig. 1). The elution diagram of the 
normal AMPS shows a hump in the elution volume which 
corresponds to a molecular weight of about 8,000. In the 
heparitin sulphate exereters, almost all of the AMPS are 


Table 1. RESULTS OF DIALYSIS OF URINARY AMPS IN BOILED CELLULOSE 
DIALYSIS TUBING 
AMPS as mg 
Type of glucuronic — Carb./ Dialysable 
Subject excreter Method acid/24h orein, per cent 
{earbazale) of total 
Normal . P 
(pooled) Sas CPC 3-0 1:30 11-0 
B.A. HS CPC 53:8 1-84 23-0 
v. v. HS CPC 50-5 1-85 36-5 
v. V. Hs Eoteola (chloride 
orm 45-7 2°22 345 
J. R. HS+CSB Ecteola (chloride 
mixed form 28-8 0-62 27-5 
R. V. HS+CSB — Ecteola (chloride 
mixed form) 50-0 0-69 45-7 


Samples of 1-0 ml. of a 1 per cent aqueous solution of AMPS were dialysed 
successively against 40 volumes of distilled water, 1-0 M NaCi and again 
distilled water, each time for several hours at 4° C. 


HS, heparitin sulphate. 
CSB, chondroitin sulphate B. 
CPC, cetyl pyridinium chloride. 


Samples were analysed for hex- 
@—@, OD 535 mu 


eluted in one peak which corresponds to an average 
molecular weight of about. 2,300, while the elution diagram 
of the urinary AMPS from the mixed excreters shows two 
peaks; one is almost pure chondroitin sulphate B with 
an average molecular weight of about 9,000 and the other, 
larger peak can be superimposed on that of the heparitin 
sulphate excreters but consists of heparitin sulphate and 
chondroitin sulphate B, both of low average molecular 
weight. It is interesting that heparitin sulphate from 
normal urine has a much higher molecular weight than 
heparitin sulphate from patients. These results clearly 
show that practically all the heparitin sulphate from the 
patients’ urine is of low molecular weight and that a 
considerable proportion of it ean easily dialyse through 
the dialysis tubing. A large part of chondroitin sulphate 
B from Hunter-Hurler patients’ urine is also of small 
molecular weight and it, too, may be lost during dialysis. 
Thus dialysis can significantly affect not only the true 
total daily output but also the eomposition of urinary 
AMPS of these patients. 

Apart from its practical implications, the finding that 
urinary AMPS of Hunter-Hurler patients have consider- 
ably lower molecular weights than urinary AMPS from 
normal controls may stimulate other studies in the elucida- 
tion of the metabolic error in this disease. 

I thank Dr A. S. Dekaban for his encouragement and 
advice. 
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Frequency Discrimination in the 
Locust Ear by means of Four 
Groups of Receptor Cells 


Horripce found some frequency discrimination in the 
tympanal organ of locusts by recording from the tympanal 
nerve and central connectives'?. The response of the insect 
ear was previously thought to be determined by changes 
in amplitude of the sound. Frequency was not considered 
essential. Popov’, by selective destruction, and I’, by 
recording from individual receptor cells, have found 
evidence for two groups of receptor cells with different 
characteristic frequencies (that is, frequencies of maximum 
sensitivity). I have shown that the four anatomical 
groups of receptors cells in the tympanal organ of the 
desert locust have different frequency responses. 

In the tympanal organ 60-80 receptor cells are attached 
in four groups (denoted a, b, c and d by Gray?) to four 
modified parts of the tympanum (Fig. 1). The a group 
comprises about half of the total number of sensory cells 
and the other three groups each about ten cells. 

Female locusts (Schistocerca gregaria Forskal, ph. 
gregaria) were used about 4 weeks after the final moult. 
The ear was dissected out and mounted on a small plat- 
form of wax. Action potentials were recorded from single 
sensory cells with glass capillary microelectrodes. 

The experimental technique has been described else- 
where*. The values of sound intensity are indicated in 
dB relative to 0-0002 dynes/em?. The echoes and har- 
monies were at least 30 dB below the signal. The back- 
ground noise level was below 25 dB r.m.s. in the frequency 
range of 0-5-20 kHz. 

The sensory cells showed spontaneous activity, typically 
about 1—10 spikes/s. Because spontaneously active cells 
do not have a well-defined threshold, the threshold is 
defined here as the intensity necessary to give an average 
response of one spike more than the spontaneous activity 
to sound pulses lasting 100 ms. When the sensitivity of 
a cell to a reference sound pulse changed more than 
+2 dB during the experiment, the cell was discarded. 





i 
iSound? 


Fig. 1. The anatomy of the left tympanal organ of the locust (redrawn 

from ref, 5). The arrows and the letters a-d indicate the position of the 

four groups of receptor cells. The position of the recording electrode is 
shown by the area enclosed by the broken lines. 











585 
in EG tiè Toad qe, T 
80+. m | 
rx s NX T 4 
| \ ’ / j 
zr x pt 
z | A dr 
zo 7 E 
3 | | 
| 60 n ^ 1 
RES / i fo 4 i 
m 4 vi V ; 1 
$50. NO 4 
E | v | 
r 1 3 
40 L i | 
| : f 
Dan EPESA 7 PN: SPP PEVE PEN CER A ME EARNE PLETE BAT 4 
1 2 3 4 8 8 
Frequency (KHz) 
Fig. 2. The threshold curves for the four groups of receptor cella in the 


isolated locust ear. 


The typical threshold curves for the four groups of receptor 
cells, based on measurements of about fifty single units, 
are shown in Fig. 2. 

The anatomical position and frequeney response of the 
a and b cells are very close to each other. There are a 
number of statistically significant differences between the 
properties of units referred to anatomically as & and b 
cells, however*. The b cells are about 5 dB less sensitive 
than the a cells, and they are more sharply tuned to their 
characteristic frequencies, which may be about 03 kHz 
lower than those of the a cells. 

The patterns of adaptation of the a, 6 and d groups 
are very similar. Spike frequency is maximum during 
the first 50 ms after the onset of sound and decreases 
during the next 200-300 ms to reach a slowly decreasing 
plateau‘. In the e cells, the pattern of adaptation is rather 
different. Spike frequency increases more slowly, to reach a 
maximum 100-400 ms after the onset of sound. After 
the initial rise the spike frequency decreases slowly in a 
phasic manner. The slow response of the c cells, as con- 
trasted with the fast response of the other groups, is also 
evident from their failure to respond to single clicks at 
high repetition frequencies*. 

It is possible that the intact locust ear carries out fre- 
quency discrimination. In these experiments the ear was 
completely isolated. Preliminary experiments suggest 
that in the intact ear the sensitivity to sounds around 
3-4 kHz seems to be at least 10 dB greater than that of 
the isolated ear, while the sensitivity at 10—20 kHz seems 
to be similar to the values reported here for the d cells. 

The relative position of the threshold curves for the 
individual groups of sensory cells may enable ONS to 
carry out a determination of pitch and intensity of the 
sound reaching the ear. Many central neurones would 
probably be needed to compute the information signalled 
by the receptor cells, however. Because of the relative 
positions of the threshold curves for the « and b cells 
(Fig. 2), the locust might be able to perform an approx- 
imate determination of frequeney by very few central 
neurones. By a shift of frequency at a certain intensity, 
different groups of sensory cells respond in turn. At low 
frequencies only the c cells respond, and at higher fre- 
quencies the combinations are: ac, abe, ab, a, ad and d. 
If this primitive type of frequency determination is used, 
the functional significance of the b cells becomes eom- 
prehensible. 

Little is known about the response of central auditory 
neurones. Ín the two ascending neurones on each side of 
the third thoracie ganglion, low (3-8 kHz) frequencies 
evoke a phasie, and high (12-20 kHz) frequencies a tonic, 
response’. In the protocerebrum three types of neurones 
have been found, which are sensitive to 4-8, 12-30 and 
4-30 kHz, respectively*. At least some information about. 
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frequeney reaches the brain, but the response patterns of 
higher neurones may be influenced by inhibitory inter- 
actions between various auditory inputs’. 

This work was supported by the Anti-Locust Research 
Centre, London. the Carlsberg Foundation and Statens 
almindelige Videnskabsfond. 
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Behavioural Effects of some Morphine 
Antagonists and Hallucinogens in the 
Rat 


Corne and Pickering! found a good correlation between 
activity in inducing a behavioural response (head twitches) 
in mice and the hallucinogenic activity in man of several 
drugs, which included atropine, hyoscine, lysergide (LSD), 
mescaline, N,N-dimethyltryptamine, phencyclidine, psi- 
locin and psilocybin. Drugs that did not cause head 
twitches in mice included the morphine antagonists 
cyclazocine (personal communication from S. J. Corne) 
and nalorphine, both of which are known to cause hal- 
lucinations in man?^?, 

While working on morphine antagonists in this labora- 
tory, I noticed that large doses of cyclazocine induced 
bizarre behaviour in the rat, including side to side head 
movements, pivoting on the hind feet and walking back- 
wards. Walking backwards has been observed before in 
the rat after hallucinogenic amphetamine derivatives, 
mescaline* and phencyclidine, and so I have studied several 
morphine antagonists and other reference drugs for their 
bizarre behavioural effeets in this species, in the hope of 
obtaining a correlation with hallucinogenic activity in man. 

The experimental procedure and method of recording 
results were as follows. Drugs were administered sub- 
eutaneously in a dose volume of 10 ml./kg body weight 
to groups of five male weanling Wistar rats weighing 
40-80 g. Twenty minutes after the drug had been given, 
each rat was observed in an empty metal food hopper for 
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; Photograph of rats fighting 20 min after they had been given 
2-5 mg/kg of apomorphine subcutaneously. LSD (5 mg/kg) subcutan- 
eously caused similar effects. 
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l min. The number of times that the rat turned its head 
to the right was counted. Next the rat was placed in a 
shallow translucent plastic box for 1 min. The number 
of times that the rat pivoted in a semicircle or in a full 
circle on its hind feet or walked backwards was noted. 
Each rat was then placed for up to 1 min on the surface 
of a drum rotating at | r.p.m. to test for discoordination*. 
From comparison with counts for untreated control 
animals, the following criteria were used to determine a 
positive effect: (1) a rat turning its head to the right 
twenty times or more in à minute; (2) a rat pivoting in 
a semicircle twice or more in a minute; (3) a rat walking 
backwards once or more in a minute. The percentage of 
rats showing each of these effects was calculated and the 
mean determined. 





Table 1. BIZARRE BEHAVIOURAL EFFECTS CAUSED BY SOME DRUGS IN THE RAT 
Dose Per cent effect Per cent 
Drug (mg/kg disco- 
s.c.) HM P WB Mean  ordinated 
Cyclazocine 2-5 20 33 50 34 33 
5-0 s0 93 80 84 80 
Levallorphan 20 20 20 10 27 20 
10 100 40 100 80 100 
Nalorphine 320 0 0 20 7 20 
Pentazocine 20 0 0 0 0 0 
40 "0 0 10 13 70 
60 9 0 80 27 100 
Morphine 160 9 0 0 0 100 
Profadol RO 9 0 0 0 100 
Amphetamine 80 109 80 80 87 100 
Atropine 320 e) 20 20 33 40 
Mescaline 160 40 20 0 20 20 
Phencyclidine 0:6 20 20 0 13 0 
2-5 £0 100 40 73 100 
Psilocybin RO 20 0 20 13 40 
120 60 60 40 5: ETIT 
Saline $ 0 0 0 0 0 


Doses are expressed as mg base/10 ml/kg body weight. Responses were 
observed 20-24 min after subcutaneous administration of drug. HM indi- 
cates the percentage of rats making twenty or more turns of the head to the 
right during 1 min; P indicates the percentage of rata that pivoted in a 
semicircle twice or more during 1 min; WB indicates the percentage of rats 
that walked backwards, when placed for 1 min in an observation box, The 
score is the mean of the percentage of rats showing head moyements, pivoting 
and walking backwards. The pereentage discoordinated is the percentage 
of rats that fell from the surface of a drum rotating at 1 r.p.m. during 1 min, 

* 10 ml./kg of 0-9 per cent (w/v) NaC! solution. 





The morphine antagonists, cyelazocine and levallorphan, 
as well as amphetamine, phencyclidine and psilocybin, 
induced marked ataxia and the bizarre behaviour charac- 
terized by the three effects described here. The effects all 
oceurred in doses large enough to cause the rats to fall 
within a few seconds from the surface of the rotating drum. 
Detailed results in the rat are given in Table 1, in which the 
doses listed for each drug include those causing the max- 
imum effects. Table 1 shows that for each of the drugs 
active in this test, the percentage of rats showing bizarre 
behaviour was similar to that discoordinated, whereas 
the analgesics, morphine and profadol {m-(1-methyl-3- 
propyl-3-pyrrolidinyl) phenol)’, at the doses shown, dis- 
coordinated all rats, but caused little or no bizarre 
behaviour. Ethanol, too. in 40 per cent (v/v) aqueous 
solution given orally in a dose of 10 ml./kg discoordinated 
80 per cent of rats without causing bizarre behaviour. 
The morphine antagonist pentazocine, in a dose of 
60 mg/kg, caused head and body shakes, walking back- 
wards and diseoordination in most The weak 
activity of nalorphine is consistent with the finding that, 
unlike other hallueinogenie drugs in these tests, it did not 
cause hyperthermia in the rabbit*. It was surprising 
that doses of nalorphine as large as 320 mg/kg dis- 
coordinated only 20 per cent of rats. The behavioural 
reactions of rats to hallueinogenie drugs described here 
were consistent with subjective effeets of the drugs in 
man’, 

Unexpectedly, LSD in doses of 0:3 to 20 mg/kg sub- 
cutaneously did not causeall the types of bizarre behaviour 
deseribed here, but it caused some walking backwards 
(20 per cent), The most striking effeet of LSD at 5 mg/kg 
was fighting, similar but not identical to that observed 
after the administration of 25 mg/kg of apomorphine 
subeutaneously (Fig. 1). Apomorphine caused much more 
aggressive behaviour than did LSD. 


rats. 
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In these experiments large doses of drugs known to be 
hallucinogenic in man, including cyclazoeine and leval- 
lorphan, caused bizarre behaviour in the rat, characterized 
by side to side movement of the head, pivoting on the 
hind feet or walking backwards. A test based on these 
behavioural effects may be useful in predicting the hallu- 
einogenie activity of new drugs in man. 

I thank Dr H. O. J. Collier for advice and encourage- 
ment and the Sterling-Winthrop Research Institute for 
eyclazocine and pentazocine. 
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Relaxation of Anaesthetics in the 
Presence of Cyto-membranes 


WE recently showed that the nuclear magnetie relaxation 
rate of benzyl alcohol is increased in the presence of erythro- 
cyte membranes and we concluded that this is caused by 
restriction of the molecular motion of the aleohol molecules 
imposed by the membrane structure'. With changes in 
aleohol concentration the relaxation rate altered in a 
characteristic way (Fig. 1), and it was suggested that 
alterations in membrane structure were induced by the 
aleohol which might be correlated with the physiological 
changes found in anaesthetic action. 

We have now examined this effect with preparations of 
myelin, synaptosomes and membranes from a largely 
unmyelinated nerve, the rabbit vagus. Myelin and syn- 
aptosomes were prepared by the method of Whittaker?. 
Vagus nerves from the rabbit were desheathed and homo- 
genized in 0-32 M sucrose. The large particles were 
removed by slow speed centrifugation, and the membrane 
fraction was centrifuged at 20,000g for 15 min and then 
resuspended in buffer. The measurements of the aromatic 
line of benzyl aleohol were carried out in a Varian 460A 
NMR spectrometer at 25° C as deseribed previously. The 
results are presented in Fig. 1 as line widths (or relaxation 
rate), where an increase in line width corresponds to a 
decrease in molecular motion. The general form of the 
curves was similar for all membranes and showed an 
upswing in line width at a concentration above 100 mM. 
We have previously shown that this corresponds to the 
concentration at which benzyl aleohol haemolyses intact 
erythrocytes. Membrane preparations other than ery- 
throcytes gave unstable suspensions, and line width 
measurements were correspondingly variable; there 
were also slow changes with time especially at high 
aleohol concentrations. 

We have also examined the behaviour of two other 
alcohols, neopentanol and trichlorethanol, as well as 
lignocaine, a cationic local anaesthetic, in erythrocyte 
membranes (Fig. 2). Neopentyl aleohol shows a similar 
upswing at high concentration to that found with benzyl 
aleohol, but at a low concentration the relaxation rate 
was essentially independent of concentration. The ligno- 
caine curve bears a close resemblance in form to benzy! 
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aleohol, differing only in the effective concentration range 
and the extent of the line broadening. Trichlorethànol 
also shows similarities, but the insensitivity of the tech- 
nique did not permit us to extend the measurements to 
low concentrations. 

The results show that the characteristic changes in the 
relaxation of benzyl aleohol induced by erythrocyte 
membranes are eonfined neither to this type of membrane 
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Fig. 1. Line widths ( A rj) of the aromatic protons of benzyl alcohol in 
the presence of various membranes at 1-0 per cent w/ H,O buffer 
containing 100 mM NaCl; 40 mM Na acetate; 10 mM Na phosphates, 


pH 72. Measurements at 25° C. 
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nor to this anaesthetic agent but seem to be a rather 
general phenomenon. This reinforces our previous con- 
jeeture that the changes in relaxation were an indication 
of structural changes in membranes related to the pro- 
duction of a block in nerve conduction by anaesthetics. 
In the small group of anaesthetics so far studied there is 
an indication of correlation between the anaesthetic 
potency and the concentration at which the nuclear 
magnetic relaxation changes are found. 
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Drug Effects in Drosophila: Streptomycin 
Sensitive Strains and Fluorouracil 
Resistant Strains 


CuxMicAL selector agents ean be used for analysing genetic 
fine structure in Drosophila melanogaster and for selecting 
strains which are abnormally resistant or sensitive to 
these agents'. Selection of these strains provides a means 
for investigating the mechanisms through which the 
chemical exerts its effect. The effect of streptomycin on 
ribosomal structure in Escherichia coli, where a misread- 
ing of the genetie code is induced, has been elucidated?. 
Large numbers of flies can be screened for resistance to the 
chemical by this technique. Sensitivity to a drug, however, 
is more difficult to detect and select for unless most 
individuals in a stock express the trait. We describe the 
selection and the genetics of an abnormally sensitive 
streptomycin strain and an abnormally resistant 5- 
fluorouracil (FU) strain of Drosophila melanogaster. 

The chemical was administered in the food medium’. 
Complete mixing of chemical and food must take place. 

During the course of an experiment to produce pheno- 
typie reversion in mutants of Drosophila melanogaster with 
streptomycin, it became clear that our scarlet eye colour 
(st) mutant stock had a much lower tolerance to the drug 
than most of the other stocks tested. Adults do not 
appear to be susceptible to the drug : development is 
arrested in the early larval stages. The sensitivity of this 
stock was compared with that of the Pacific wild type by 
measuring survival to adulthood when eggs were placed 
on media containing different concentrations of strepto- 
mycin (Fig. 1). The wild type survived on 1l per cent 
streptomycin but 96 per cent of the st individuals died. 
'To perform genetie tests a homozygous strain sensitive to 
streptomycin would have to be selected from the original 
st stock, This was done by allowing single pairs of flies 
from the stock to lay eggs for 5 days on food containing 
1-5 per cent streptomycin and then on normal media. 
The sibs of those progeny which had died on the strepto- 
mycin medium were bred in a similar fashion for four 
generations when the strains were assumed to be homo- 
zygous sensitive to streptomycin. The stock used in the 
genetic analysis was Pm: SbjXa, which contained Pm, 
Plum, a dominant eye eolour mutant marking an inversion 
of the second chromosome; Sb, Stubble (3-58:2), a domin- 
ant bristle mutant used to mark an inversion of the third 
chromosome; Xa, Xasta, a dominant wing mutant 
marking a translocation involving chromosomes 2 and 3 
(ref. 3). This stock had a survival rate of 20-30 per cent 
on L5 per cent streptomycin food, but a fully resistant 
strain was obtained by successive culturing of survivors 
on media of this concentration of drug. 
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Table 1. CHROMOSOMAL LOCATION OF air GENE 
Crossi od stre Pm; 8b 
No. 1 x —— —— 
Cross 2 $92 str Xa 
P, 
Cross 3 3d str’ Pm; Sb 
No. 2 x wee — 
Cross 4 E Xa 
sirr atrs 
F, dd iA Ux A 
str? strs 





F, results: 





Cross Pm; Sbt Pm- Sb Pm; 8b 
99 dé ee ds ge éd 

1 l 6 18 29 39 40 

2 0 6 18 B 12 7 

3 4 1 20 12 92 19 

4 1 1 13 5 20 19 


Crosses Land 2: 171 Sb to 3 non Sb. 
Crosses 3 and 4: 130 Sb to 13 non Sb. 


Reciprocal crosses were made between the Pm; SbiXa stre ptomyein 
resistant strain and streptomycin sensitivestrains | and 2. The Y, Pm; Sbád 
obtained in each ease were backerossed to of the original streptomycin 
sensitive strain. The F, results of each of the four crosses are tabulated, 








A concentration of 0-0008 per cent FU was lethal to 
most stocks. Selection in the Pacific wild type stock, 
however, produced a resistant strain which can tolerate 
up to 0-003 per cent. In addition, a homozygous FU 
sensitive strain was selected from the Pm : Sb/Xa stock, 
as for the strains sensitive to streptomycin. 

The symbol st is proposed for the streptomycin 
sensitive allele and strr for the resistant allele; flus for 
the FU sensitive allele and flur for the resistant allele. 

Chrornosomal location of the str gene(s) was achieved 
by means of test crosses involving a Pm: Sb/Xa strepto- 
mycin resistant strain and two streptomycin sensitive 
strains, called strs strain I and stre strain II respectively, 
which were derived from different single pair matings in 
the st stock. F, individuals survived well, which indicates 
that resistance is dominant. The F, Pm: Sb males were 
backerossed to sirs females and Table 1 shows that, in 
practically all cases, only those F, individuals carrying 
the third chromosome, marked by the Sb gene, survived. 
This chromosome obviously carries strt. The same crosses 
on regular food gave roughly equal numbers of Sb and non- 
Sb individuals. In reciprocal crosses 1 and 2, involving 
strs strain I, only three non-Sb individuals survived, all 
of which were reduced in size, compared with 171 Sb 
individuals (Table 1). In crosses involving str$ strain 1I 
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- A. e eem i 
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Percentage of streptomycin 
Viability of the Pacific strain (streptomycin resistant) and the 





culture vial over 

media was obtained by dissolving the streptomycin in a small concentra- 

tion of water and subsequently mixing with a measured quantity of 
norma! food in a Waring blender!, 
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(crosses 3 and 4 in Table 1) 13 non-Sb to 120 Sb individuals 
survived. The streptomycin sensitive strains, especially 
strain II, may not have been completely homozygous 
for the str$ gene, or certain minor gene modifiers might 
have been in operation. The gene(s) for streptomycin 
sensitivity appears to be recessive and to be located on the 
third chromosome. 

The chromosome on which the flu factor is located was 
similarly determined. Reciprocal crosses were made 
between Pm: Sb|Xa (FU sensitive) and FU resistant 
individuals. The F, survival rate was very low although 
all expected phenotypes were observed. The F, Pm : Sb 
males were first crossed to flus females, which had been 
selected from the same original stock as the flu? strain, 
and then backcrossed to flut females. The results are 
shown in Table 2. Very few progeny were obtained in 
those erosses involving sensitive females, the survivors 
being either Pm: Sb* or Pm*:.Sb*. The backcrosses to 
Jut females gave a much better survival rate. Practically 
no individuals with the third chromosome marked by the 
Sb gene survived, indicating that sensitivity to FU is 
associated with the third chromosome. The flut/flus 
heterozygote has a very low level of survival on this con- 
centration of FU. This is evident in the low survival rate 
observed in the initial F, generation and in the number 
of progeny obtained in erosses 1 and 2 (Table 2). In addi- 
tion, the Sb survivors in crosses 3 and 4 (Table 2) could be 
Jlut/flus heterozygotes. The results are consistent with 
the hypothesis that resistance to FU is semi-dominant 
and is caused by a gene(s) carried on the third ehromosome. 


Table 2, CHROMOSOMAL LOCATION OF flu GENE 


$ Cross A 2$ flur dá flus Pm; Sb 
1 SETS x pur ne 
Cross B gg flur 922 flus Xa 
flus Pm; Sb 
F, dd —— -————— from A and B were then crossed: 
flu! Pmt; Sb* 
Cross] 3g At flus 
x 99-— 
Cross2 gg Bt fius 
Cross3 dj A* flur 
x g9-——— 
Cross4 gj B* E flur 
F, results: 
Cross Pm; Sb* Pm*; Sb Pm; Sb Pmt; S8b* 
ge ds 99 bd 99 Sd ?Y gs 
1 1 0 0 0 0 0 3 6 
2 0 0 0 0 0 0 2 0 
3 32 57 0 0 0 1 38 65 
4 is 22 1 1 0 0 23 31 
Crosses 1 and 2: 0 Sb to 12 non Sb. 
Crosses 3 and 4: 3 Sb to 286 non Sb. 
flus Pm; Sb 
À* and B* here represent F, $d —— ————— from crosses A and B 





flur Pm*; Sb 
respectively. 


All sensitive stocks should be continually tested and 
all resistant stocks maintained on the appropriate con- 
centrations of drug media. 

Streptomycin sensitivity is recessive in Drosophila 
but dominant in E, coli?. It is now important to ascertain 
whether sensitivity in the two is related biochemically. 
Work is progressing on the effects of streptomycin on in 
vitro mechanisms of protein synthesis involving strepto- 
mycin sensitive and resistant stocks. 

The mechanisms through which FU exercises its toxic 
effect have been investigated (see ref. 4 for review of 
literature). Intraperitoneal injection of FU into certain 
Strains of ten-day pregnant mice results in the develop- 
ment of malformed foetuses®. Genetic crosses indicated 
that resistance is recessive but that more than one gene 
is involved. In a subsequent study? the rates of uracil- 
2-4C degradation to “CO, in these and many other 
strains of mice were measured. The differences in degrada- 
tion rate were not related to fluorouracil resistance or sensi- 
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tivity but are independently controlled by a single pair 
of alleles exhibiting incomplete dominance. The FU 
resistant mice did not therefore exhibit a greater ability 
to break down uracil. 5-Fluoro-2' deoxyuridine 5’-mono- 
phosphate, a metabolite of FU, inhibits the enzyme 
thymidylate synthetase in bacterial, mammalian and 
neoplastic cells, preventing growth’. FU is incorporated 
into RNA in many tissues, but the consec c have not 
always been clear*. The selection of Drosophila. strains, 
specific in their reaction to FU, should provide a system 
for investigation of the mechanisms through which this 
chemical exerts its effects in animals. : 

This work was supported by grants from the US 
National Institutes of Health. 
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Sperm Penetration of Rat Eggs in vitro 
after Dissolution of Zona Pellucida 
by Chymotrypsin 
SuccessFruL in vitro fertilization of mammalian eggs has 
been achieved in the rabbit and golden hamsteri, but 
authentic reports of success for rat eggs are still lacking. 
In an attempt to fertilize rat eggs in vitro by the pro- 
cedures of Yanagimachi and Chang?, we used various 
media with added heated rat serum, follicular, bursal or 
uterine fluid. After many trials, none of 844 eggs from 
seventy-six rats was found to have been penetrated, con- 
firming Austin’s early statement®. Various proteolytie 
enzymes were added to the medium to facilitate sperm 
penetration, and we found that, when the zona pellucida 
was dissolved, epididymal sperm as well as sperm recovered 
from the uterus could penetrate the vitelline surface, 
activate the eggs and lead to the formation of pronuclei. 
This communication reports the procedures and results 
of this experiment. 

Eggs were obtained from either adult or 27-30 day old 
immature Wistar rats. Adult rats kept in 14 h of light 
and 10 h of darkness and showing regular oestrous cycles 
were killed at 0500-0700 h on the day after a proestrous 
vaginal smear had been taken. Immature rats were 
injected subcutaneously with 30 rv. of PMS 44-48 h 
before an intraperitoneal injection of 20 rv of HCG and 
killed 14-16 h later. Their oviducts were placed in a 
small watchglass and covered with warm mineral oil that 
had been bubbled with 5 per cent CO, ia air and stored 
at 37° C. The eggs in cumulus oophorus were dissected 
out from the oviduct and the oviduct was discarded. An 
approximately equal volume (about 0-1-1-0 ul.) of various 
proteolytic enzymes known to be effective for di ving 
the zona*? was mixed immediately with the cumulus clot 
under the mineral oil and incubated at 37° C under 5 per 
cent CO, in air for 30 min. At the end of the incubation, 
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Fig. 1. 
body (c) almost abstricted, 
epididymal sperm, stained with Laemoid, x 250. 


tail (arrow), male pronucleus (a), female pronucleus (^), and the second polar 


the mixture was highly viseous and contained dispersed 
cells and zona-free eggs. A small drop of sperm sus- 
pension containing 1,500-6,000 active sperm/pl. was 
added by means of a glass pipette under the mineral oil 
and the suspension incubated again for 4-8 h. The sperm 
suspensions were prepared by adding a drop of dense 
sperm, obtained either from the epididymis or from the 
uterus of a female mated 6-8 h previously, to 0-4-2 ml. 
of TC 199 (Difco) supplemented with 100 1v/ml. of peni- 
cillin G potassium and 50 pg/ml. of streptomycin sulphate. 

After incubation the eggs were washed twice in Hanks 
solution containing 1 mg/ml. of polyvinylpyrrolidone. 
They were mounted on a glass slide, pressed gently with 
a cover slip and examined under a phase contrast micro- 
scope. A penctrated egg was judged by the presence of 
an enlarged sperm head or of male and female pronuclei 
in the vitellus with a sperm tail inside the vitellus (Fig. 1). 
In most cases the distal part of the tail remained outside 
the vitellus and often showed slow wave motion. 

Table 1 shows that pretreatment of eggs with hyal- 
uronidase neither dissolved the zona pellucida nor 
facilitated sperm penetration. Only three out of fifty- 
five (5 per cent) zona-free eggs were penetrated when 
pronase was used for preincubation of eggs. Pretreatment 
with hyaluronidase followed by chymotrypsin resulted 
in sperm penetration in three of thirty-one eggs. Pre- 
incubation of eggs with 0-02 per cent trypsin (Trypsin 
1: 300, Nutritional Biochemical Corporation) for 10-20 


Table 1. Jn vitro SPERM PENETRATION OF RAT EGGS AFTER DISSOLUTION OF 


ZONA 
No. of No. of No. (percent) 
‘Treatments females eggs penetrated 


Control, addition of various animal fluids 76 R44 0 


Control, no enzymes: 
Eggs from immature rats with epi- 


didymal sperm 7 137 0 
Eggs from adult rats with uterine 
sperm 10 90 0 


Treatment of eggs with various enzymes: 
0-02—0-1 per cent hyaluronidase 
0-02 per cent pronase 
Hyaluronidase followed by 0:02 per 

cent chymotrypsin 4 
0-02 per cent trypsin for 10-20 min 5 69 


Treatment of eggs with 0-02 per cent 
— for 15-30 min: 
ges from immature rats 


T 70 0 (0) 
5 55 3 (5) 


31 3 (00) 
20 (29) 


with epididymal sperm 13 235 34 (14:5) 
with uterine sperm 6 100 30 (30) 
Eggs from adult rats 
with epididymal sperm 4 32 17 (53) 
with uterine sperm 4 38 18 (47) 
Treatment of epididymal sperm in 
0-005--0-02 per cent chymotrypsin 
for 30 min | / 118 19 (16) 
for 60-90 min 4 88 6 (7) 
for 120-150 min 4 61 4(7) 
for 240-860 min 4 8I 4 (5) 


A, Zona-free rat egg with an enlarged sperm head (arrow) and the second polar 
retreated with chymotrypsin, 6 h after insemination with 
B, Zona-free egg with fertilizing sperm 
body (e). 


Pretreated with chymotrypsin, 6 h after insemination with uterine sperm, unstained x 250. 
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min resulted in twenty penetrated eggs (29 
per cent, two dispermie and one trispermic) 
out of sixty-nine zona-free eggs. After 
many trials, it was found that 0-02 per cent 
chymotrypsin (a-chymotrypsin type 2. 
Sigma) was the best for the manipulation of 
eggs and was thus used throughout this 
experiment. 

In the immature rats thirty-four out of 235 
(14-5 per cent) zona-free eggs were pene- 
trated by epididymal sperm. while thirty 
out of 100 eggs were penetrated by uterine 
sperm. Although there is a significant 
difference in favour of uterine sperm, seven- 
teen of thirty-two (53 per cent) eggs were 
penetrated by epididymal sperm, and eight- 
een of thirty-eight (47 per eent) eggs were 
penetrated by uterine sperm in those spon- 
taneously ovulated by adult rats. Thus 
whether the discrepancy is a consequence of 
the origin of sperm eggs. or of a slight 
difference in the manipulation of the 
eggs is still not clear, but none of 250 eggs 
with zona in the control group was penetrated. 

In the early trials, when proteolytie enzymes were not 
added, the motility of the sperm declined rapidly within 
1-2 h in the presence of the egg clot. Introduction of 
chymotrypsin or trypsin into the medium markedly 
improved the motility of sperm in the first few hours, 
and the motility usually lasted even to the end of the 
incubation. The physiological mechanism of such im- 
provement is still obscure. 

Rat sperm is known to need capacitation in the female 
tract for a few hours before the eggs can be penetrated*'*, 
and uterine sperm can penetrate eggs a few hours sooner 
than epididymal sperm*. As the work reported here has 
shown, it seems that either capacitation of sperm ean be 
achieved in a short time in the presence of chymotrypsin 
or that the capacitation of sperm is necessary only for 
the penetration of zona pellucida. 

To test the possibility that ehymotrypsin is capable of 
enpacitating sperm or of facilitating sperm penetration, 
epididymal sperm, instead of the eggs, were preineubated 
in a medium containing 0:005-0:02 per cent chymotrypsin 
for 0-5 to 6 h. The medium used for this preincubation 
was Ham's F10 (Difco) supplemented with 0-5 per cent 
bovine erystalline albumin, which was found to be one 
of the best synthetie media for maintaining motility and 
survival of rat sperm at 37? C under 5 per cent CO, in 
air. The zona pellucida of eggs was again dissolved and 
a small proportion (5-18 per cent) of 348 zona-free eggs 
was penetrated. Insemination with sperm preincubated 
in a lower concentration of chymotrypsin (0-0001 per 
cent), however, did not cause the dissolution of zona, and 
none of the seventy-four eggs was penetrated. Thus the 
action of chymotrypsin is ehicfly to remove the mech- 
anical barrier of the zona for sperm penetration. 

Almost all the eggs, penetrated or not, had between ten 
and 200 sperm heads attached to their surface (Fig. 1), 
but among 158 penetrated eggs only ten were poly- 
spermie. This indicates a strong vitelline block during 
sperm penetration even in the absence of zona pellucida. 

The sperm head in the vitellus showed various stages 
of transformation into a male pronucleus. Of twenty- 
nine penetrated eggs examined 4 to 5 h after insemina- 
tion, seven had sperm head showing the first change after 
penetration, that is, there was decreased opacity of sperm 
head and the detachment of perforatorium. The second 
meiosis in these eggs was at telophase, showing the 
activation of these eggs. The other twenty-two eggs had 
either an enlarged sperm head (eleven eggs) or a male 
pronucleus (eleven eggs). Enlarged sperm heads were 
usually difficult to see in the fresh preparation, but could 
be seen distinetly after staining with 0-25 per cent Laemoid 
in 45 per cent acetic acid. The male pronucleus at the 
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early stage was not spherical but elongated, retaining 
the original curvature. In all these twenty-two eggs the 
second polar body was almost completely abstrieted but 
still connected to the vitellus. Either a densely packed 
mass of female chromatin or a small female pronucleus 
could be found near the second polar body. 

Seventy penetrated eggs were examined between 5-5 
and 8 h after insemination; only seven of them had a 
sperm head at the stage of changing, and male and 
female pronuclei were seen in sixty-three eggs. Usually 
the male pronucleus at the late stage was round and 
contained a single large nucleolus, while the female pro- 
nucleus was smaller and also contained only one nucleolus. 

According to Austin'*, it takes 3 h from sperm pene- 
tration to the first appearance of primary nucleoli in the 
enlarged sperm head and about 5 h from sperm penetration 
to the development of a spherical male pronucleus con- 
taining a single nucleolus. If the same time interval for 
pronuclear development is assumed in this case, sperm 
penetration would be estimated to have occurred between 
1 and 3 h after insemination in most cases. Furthermore, 
when superovulated eggs were examined between 0-5 and 
1-5 h after insemination with epididymal sperm, all ninety- 
four eggs were surrounded by numerous vigorously moving 
sperm, but none was penetrated. It seems that 1-3 h 
were required before the sperm could penetrate vitellus 
in this experiment. Although sperm penetration into the 
vitellus, activation of eggs, and the formation of pronuclei 
were achieved in our experimental conditions, such zona- 
free eggs were unable to develop further and showed 
signs of degeneration after a second ineubation for 18 h. 
Nevertheless, this experiment has shown that passing 
through the zona pellucida is not a prerequisite for the 
fusion of gametes and the formation of pronuclei. 

This work was supported by grants from the US Public 
Health Service and the Ford Foundation. 
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Antifertility Action and Metabolism of 
Trimethylphosphate in Rodents 


Recent studies with hexamethylphosphoramide (HMPA) 
and its analogues have shown that its antifertility activi- 
ties in insects! and rodents? require the presence of all 
six methyl groups. Thus although pentamethylphosphor- 
amide is a metabolite of HMPA in both the housefly? and 
the rodent! it does not possess significant antifertility 
activity in either species. 

This observation led us to investigate the antifertility 
effect of simple phosphate esters, although comparative 
Studies of the relationship between structure and activity 
in HMPA and its intermediates in which the dimethyl- 
amino groups had been replaced by methoxyl groups were 
not encouraging. Trimethylphosphate (TMP) did, how- 
ever, show antifertility activity in the male mouse at 
a fairly high concentration, but was considerably more 
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potent in the male rat (Table 1). "This ester is effective 
when administered either by injection or orally, and five 
consecutive daily doses of 100 mg/kg by stomach tube 
to the male rat seem to be the minimal amount required 
for a clear-cut action. The predominant effect is a "func- 
tional" type of sterilizing action? involving post T 

cells (spermatids and spermatozoa), so that intact motile 
sperm remain available, but are rendered incompetent 





Table 1, TOTAL WEEKLY OFFSPRING FROM MALE RATS AND MICH TREATED 


WITH TRIMETHYLPHOSPHATE 
Weeks from first dose 


1 2 8 4 5 6 7 B Q 10 11 i2 
5 rats 5x 250 mg/kg 
24 


p.o. 2 0 0 0 0 20 14 15 20 16 10 23 
5x100 mg/kg p.o. — 3 0 0 5 80 82 30 19 5 41 97 
8mice5x1gikg po. 0 0 5 32 46 64 49 
5x1gikgip. — 0 s 32 34 15 25 


This antifertility effect resembles that of methyl 
methanesulphonate (MMS)*^, but there are certain differ- 
ences. 'lhe sulphonie ester is more effective when given 
intraperitoneally, whereas the phosphate ester seems to 
be equally active when given by mouth or by injection. 
There are also indications that the phosphate ester has an 
inhibitory action on the early stages of spermatogenesis, 
which is not the case with MMS. At room temperature 
TMP is quite stable in solution whereas MMS hydrolyses 
spontaneously. Another unexpected finding is that tri- 
isopropylphosphate has no action in the mouse, although 
isopropyl methane-sulphonate exerts a powerful anti- 
spermatogenie action against the proliferative stages of this 
process in both the mouse and rat$-5. 

Trimethylphosphate has been found to be almost devoid 
of anticholinesterase activity’; in a variety of rodents it 
is not particularly toxic, and doses which are lethal when 
given orally vary according to different investigators, In 
the rat, 1-8 g/kg of trimethylphosphate introduced intra- 
venously was reported to be tolerable, and 2-4 g/kg 
produced transient anaesthesia and death within 24 h!*. 
The lethal dose administered orally is given as 1-65 ml/kg, 
and in our experiments, using redistilled commercial 
material, 5 x 500 mg/kg given per os was just tolerable to 
male rats, although 1 g/kg by the same route was lethal 
after four doses. 

Using ??P-TMP we have found that after oral or intra- 
peritoneal administration, only one radioactive metabolite, 
dimethylphosphate (DMP), is found in mouse urine and 
in the bladder after 3 h. The rat also rapidly metabolizes 
oral TMP to DMP, but the conversion oceurs much more 
slowly when TMP is given intraperitoneally so that both 
compounds are found in the urine up to 16 h after treat- 
ment. There is no evidence of further degradation to 
inorganie phosphate or even to monomethylphosphate in 
either species. In a preliminary in vitro study, rat kidney 
did not metabolize TMP, but both liver and intestinal 
tissue carried out the conversion. Uniformly labelled 
4C-TMP enabled the identification of S-methyl cysteine 
as a further urinary metabolite which is produced 
slowly by the rat. but appears within a few hours in mouse 
urine. 

Trimethylphosphate is used as à methylating agent in 
the organic laboratory!?. Our study, however, demon- 
strates a selective biological effect against post-meiotie 
male germ cells. Further studies will decide whe 
background of dominant lethal mutational efi 
tates against any further useful development. 

The methyl group is associated with a variety of 
responses in its relationship to an antifertility aetion 
against spermatogenie cells. In HMPA the effect is an 
antispermatogenic action predominantly affecting sperma- 
tids and spermatocytes*. Through MMS the same group 
mediates a functional sterilizing action on spermatids 
and sperm, thus inducing infertility with little delay. 
Finally, in TMP the methyl group is involved in indueing 
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funetional sterility and a probable delayed antifertility 
action through affecting spermatogonial stages. 

The consequences of long term treatment, the relation- 
ships between structure and activity, and studies of the 
mode of action of trimethylphosphate are being investi- 
gated. 

This work was supported by grants from the Ford 
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Fertilization of Mouse Eggs in vitro 


Tae only mammal in which in vitro fertilization has been 
established conclusively is the rabbit!?. More recently, 
the fertilization of hamster eggs in vitro has been re- 
ported?, but attempts to procure development of the 
fertilized eggs beyond the two-cell stage have failed*. So 
far, in vitro fertilization of mouse eggs has not been 
reported*, although mouse eggs have been fertilized and 
cultured to the blastocyst stage within explanted Fallopian 
tubes maintained in organ culture’, The blastocysts 
developed to 17 day old foetuses when transferred to 
suitably prepared recipient foster mothers*. I describe 
the in vitro fertilization of mouse eggs in a simple ehem- 
ically defined medium?, and the subsequent development 
of the fertilized eggs to 17 day old foetuses. 

Mouse oocytes were obtained from the oviducts of 
superovulated unbred female mice (randomly bred Swiss 
mice and F, C57Blx Balb/c, hybrids), 14-14-5 h after 
the injection of human chorionie gonadotrophin (HCG) 
The mice were superovulated with intraperitoneal injec- 
tions of 5 rU of pregnant mares’ serum (PMS) (Primantron’, 
Schering) and 5 1v of HCG (‘Pregnyl,’ Organon), given 
48 h apart. The oviducts were removed, carefully uncoiled 
and transected in the approximate region of the ampullary 
isthmal junction. The ampullae were placed in an em- 
bryological watchglass containing 0-5 ml. of medium under 
1 ml. of paraffin oil. The medium used in these experi- 
ments was a slight modification of the simple ehemically 
defined medium used successfully by Whitten and Biggers 
to culture mouse zygotes to the blastocyst stage*. This 
medium was a modified Krebs-Ringer bicarbonate 
solution containing 68:49 mM NaCl, 478 mM KCI, 
L71 mM CaCl. 1-19 mM MgSO,, L19 mM KH,PO,, and 
25-07; mM NaHCO, to which 25-00 mM sodium lactate, 
0-50 mM sodium pyruvate, 5-56 mM glucose, 4 mg/ml. of 
bovine serum albumin, 50 ug/ ml. of streptomycin sulphate 
and 100 U/ml, of penicillin G (potassium salt) were added. 
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The unfertilized eggs, surrounded by cumulus cells, were 
released into the medium by incising the wall of the 
dilated ampulla with a fine scalpel. The empty ampulla 
was removed from the embryological watchglass and 
discarded. 

Spermatozoa were collected from the uterus of a mouse 
mated approximately 1-2 h previously with a fertile male 
(randomly bred Swiss). The uterine horns were removed 
and the contents expressed into 0-5 ml. of medium eon- 
tained in an embryological watehglass under 1 ml. of 
paraffin oil. The watchglass was immediately agitated to 
disperse the spermatozoa through the medium and prevent 
clotting. A sample of the sperm suspension (approx- 
imately 50 ul.) was taken up in a finely drawn Pasteur 
pipette and added to the watehglass containing the 
unfertilized eggs. After mixing the eggs and spermatozoa, 
the watchglass was incubated for 4-5 h at 37^ C in a 
desiecating cabinet through which humidified 5 per cent 
carbon dioxide in air fiowed continuously. An embryo- 
logical watchglass containing unfertilized ova, surrounded 
by cumulus cells, but with no spermatozoa added, was 
set up as control. 

At the end of the incubation period, the ova incubated 
with spermatozoa were devoid of cumulus cells. They 
were removed and washed in two changes of medium 
(2 ml./wash) and then placed in culture using the method 
described by Brinster'? and Biggers, Whitten and Whit- 
tingham'. The control ova were treated with hyaluroni- 
dase to remove the cumulus cells?, washed in two changes 
of medium and also placed in eulture. The ova were 
examined after 24 h in culture and the number of ova 
which had cleaved to the two-cell stage recorded. The 
results are summarized in Table 1. 





Table 1. DEVELOPMENT OF MOUSE OOCYTES FERTILIZED in vitro AND THEN 
CULTURED FOR A FURTHER 24 H in vitro 

Strain No, oocytes No. 2-cell ova Per cent 

Experiment of oocyte* cultured 24 h later 2-cell ova 
1 Swiss 29 8 27-0 
2 Swiss 144 21 14-6 
3 Swiss 48 5 10-4 
4 Swiss 117 35 29.9 
5 Swiss 179 45 25-2 
6 Swiss 107 13 12-2 
7 C57Bl x Balb/c 159 65 40:0 
Total 783 192 24:5 


* Spermatozoa from Swiss males were used for fertilization in all experi- 
ments. 


In seven experiments between 10 and 40 per cent of 
the oocytes proceeded through the first cleavage division. 
No eleavage was observed in the eontrol groups although 
some of the ova had fragmented after 24 h in eulture. In 
the first three experiments, 4, 33 and 20 per cent respec- 
tively of the two-cell ova underwent further development 
to four and eight-cell ova, and in experiment 3 one blasto- 
eyst developed after 96 h in culture. The highest yield 
of two-cell ova was obtained in experiment 7, where 
oocytes from F, hybrids (C57BI x Balb/c) were insemin- 
ated with spermatozoa from Swiss males (40-9 per cent). 

The viability of the two-cell ova obtained by the pro- 
cedures already described was examined by transferring 
them to the ampullar region of the oviduets of pseudo- 
pregnant and pregnant mice. Thirty two-cell ova, 
obtained after incubating PF, oocytes with Swiss sperma- 
tozoa. were transferred to the left oviducts (10 ova/ovi- 
duet) of three pseudopregnant Swiss females on the after- 
noon of day 1 of pseudopregnancy (day 1 is the day on 
which the eopulation plug is found in the vagina). The 
Swiss females had been mated to vasectomized CS7Bl 
males which had been previously proved sterile. Also, 
twenty two-cell ova (10 ova [oviduet) were transferred to 
the oviducts of two pregnant. Swiss females on day 1 of 
pregnancy. These females had been mated to fertile 
Swiss males. 

On the seventeenth day. the uterine contents were 
examined. One female originally pseudopregnant was 
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Fig. 1. Nine 17 day old foetuses (five black eyed, four pink eyed) obtained 

after transferring F,, C57 Bl x Balb/c, 2-cell ova, previously fertilized in 

vitro with Swiss spermatozoa, to a pseudopregnant Swiss female mated 
to à vasectomized €57 Bl male 


found to be pregnant: nine apparently normal foetuses 
and one resorption were removed from the left pregnant 
horn. Five of the foetuses had black eyes (three males 
and two females) and four had pink eyes (two males and 
two females) (see Fig. 1). i 

The presence of pink eyed foetuses excludes the possi- 
bility that the vasectomized C57Bl male had recovered 
its fertility. The proportion of black to pink eyes (5 : 4) 
was close to the theoretical proportion (1: 1) that would 
be expected when the F, females (C57Bl x Balb/c) were 
erossed with Swiss males. Also, the sex ratio (5:4) is 
close to the theoretical value (1:1). One black eyed 
foetus (male) was recovered from the left uterine horn of 
one of the two pregnant mice. Foreign foetuses with pink 
eyes would have been indistinguishable from the native 
ones in this transfer combination. 

The results show clearly that mouse oocytes can be 
fertilized in vitro with uterine spermatozoa. The two-cell 
ova which develop after 24 h in culture are capable of 
further development when transferred to the oviducts of 
suitably prepared recipient foster mothers. The possi- 
bility of parthenogenie development is ruled out because 
male and female offspring were obtained after transfer. 
With the fertilization vitro and the 
development of mouse zygotes to the blastocyst stage*, it 
should now be possible to obtain all stages of pre- 
implantational development in simple chemically defined 
conditions in vitro for the first time in a 
species, 
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Distribution of Coitus in the 
Menstrual Cycle 
PERIODICITY is characteristic of the 


sexual behaviour of 


lower mammals. In animals with oestrous patterns, the 
female will accept the male only when she is “in heat”, a 
condition relating temporally to ovulation and the 
presence of certain gonadal hormones. Primates are 


different; apes and most monkeys, like humans, have 
menstrual cycles, and mate at all times during the cycle. 
Laboratory studies of several species of primates. however, 
show a periodicity of sexual behaviour within the men 
strual rhythm with increased sexual behaviour occurring 
at mid-cycle when ovulation is believed to oceur!, 

Many physiological characteristics are known to vary 
in women with the phase of the menstrual cycle*, and it 
is accepted that gonadal hormones have a deter 
minative influence on the human psyche but it is 
generally believed that this will not show up in sexual 
behaviour, 
minants and because this determinant is weak’ 

Although it has been demonstrated that the patterns 
of sexual activity in other primates are under the control 
of hormones, this is insufficient evidence to impute the 
same control to humans. Nevertheless, it give 
increased credibility to the limited data showing menstrual 
periodicity in human sexuality. A review of the literature 
shows that data bearing on the problem come from three 
The first is retrospective reports: for 
example, data from Davis! and Terman*. Each reported 
that respondents indicated that they felt 
sexual desire just before and just after menstruation. A 
comparison made by MeCance, Luff Widdowson* 
between such retrospective reports and subsequent daily 
recordings of feelings relationship, 
between the results of the two types of reports. 
limits the value of the retrospective reports 

The data is the psychoanalytical 
interpretation of dreams. Benedek's classic monograph? 
presents data obtained from fifteen women, correlated 
with vaginal smears from which hormone levels were 
estimated. Her subjects were all under psychoanalytic 
therapy and most showed histories of complaints related 
to menstrual functions, which makes this a rather un- 
usual sample. Benedek reports that active heterosexual 
striving increases with oestrogen production in the first 
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Fig. 1. Percentage of women in the North Carolina sample reporting 
intercourse and orgasm by reverse day of menstrual cycle. There were 
forty women, and 73-116 cyeles. , Intercourse; ...., orgasm. 





half of the menstrual eycle; that passive-receptive 
sexuality. a “narcissistic, self-centred state", is associated 
with the presence of progesterone; and that “the highest 
integration of the sexual drive" oceurs when at the time 
of ovulation these states overlap. Benedek reports a close 
relationship between dream content and hormone produc- 
tion. She collected no routine data on overt sexual 
behaviour. From her analysis one is led to predict a 
mid-cycle peak in desire, but no inference is made about 
the actual distribution of coitus. 

The third source of data is daily reports of sexual 
behaviour.  MeCanee, Luff and Widdowson! collected 
menstrual cycle records with daily notations of a number 
of different feelings and behaviours. Their women were 
all white, and most had been to college. They had a low 
reported rate of intercourse--only about half the rates 
that are usually reported. Their data show a peak 
frequency at day 8, and another elevated period from day 
11 to day 17, calculated on a standardized 28-day men- 
strual cycle. 

We present here data derived from daily reports of the 
sexual behaviour from two different samples. The first 
sample consisted of forty premenopausal, married, 
working, non-white women from North Carolina. Approxi- 
mately 60 per cent had not graduated from high school, 
and most were employed in low-status jobs. None was 
using oral contraceptives. 

The sexual data were collected incidentally in connexion 
with another research purpose. Each woman was paid 
50 cents per day for participating in the research, which 
included the daily deposition in a collection box of a report 
slip containing yes or no responses to the following items 
for the previous 24 h: coitus (sexual intercourse or sex 
relations), orgasm, menstruation. Women were identified 
and paid by an anonymous code which protected their 
privacy. 
90 days and there were a few days when information 
from these women was missing. Data on this sample 
represent from 93 to 115 cycles. 

In this communication the truthfulness of the reports 
ig assumed. A validity check of the responses is reported 
elsewhere’. That the women knew the meaning of the term 
sexual intercourse or sex relations was assumed. Orgasm 
was defined for the respondents as follows: a high peak 


Most women delivered slips daily on each of 
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of sexual excitement followed by sudden relaxation. This 
definition will not satisfy all clinical eriteria, but is easily 
communicable and is broad enough to encompass eon- 
siderable variation in the experience of women, 

The second sample consisted of forty-eight middle 
class women, most of whom had been to college; they 
contributed sexual calendars to the files of the Institute 
for Sex Research, Indiana University. These calendars 
were obtained through the cooperation of Paul Gebhard. 
From the institute's total calendar collection we did not 
include women attending a sterility clinic (whose inter- 
course schedule may have been preseribed), those past 
menopause, those not reporting menstruation, those using 
contraeeptive pills, and two who were under eontinuous 
psychiatrie care. 

Unlike the report slips which were collected daily in 
North Carolina, the institute's calendars were collected 
yearly or less often. Although women were asked to 
record daily on the calendars, there is no way of deter- 
mining how much "filling in" of back data might have been 
done. The data from these calendars represent. from 818 
to 882 menstrual cycles. 

For the purpose of the analysis, the data from both 
samples have been organized in the same way. Because 
the post-ovulatory phase is usually considered less variable 
than the pre-ovulatory phase in eycles of different 
lengths, reverse menstrual cycle days were used as 
reference points. (The lesser variability of the post- 
ovulatory phase has, however, recently been questioned?.) 
Few women reported coitus during the menstrual flow; 
before 21 reverse days, therefore, the number of observa- 
tions on non-menstruating women declined rapidly. 

Fig. 1 shows the rates of orgasm and intercourse for 
the North Carolina sample. The sharp rise towards the 
middle of the cycle. the sharp drop after the middle of the 
cyele and the second rise towards the end of the cycle in 
the tate of intercourse are unmistakable. 

Fig. 2 shows the rates of intercourse and orgasm for the 
married women in the institute’s sample, and Fig. 3 shows 
the rates for the single women. There is some overlap in the 
individuals comprising the married and the single groups, 
for some of the sexual histories covered periods of more 
than one marital status. A sharp rise in the rate of inter- 
course towards the middle of the eyele, followed by a 
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decline in the latter half of the cycle, and a brief recovery 
before the end of the cycle appear in Fig. 3 much as in 
Fig. 1. The parallel in the rates of orgasm in the 3 figures 
is even more striking: in both Fig. 3 and Fig. 1 the peak 
orgasm rate falls on reverse day 14. Reverse days 4 or 5 
show a very low point followed immediately by a return 
to a higher level. Considering the differences in the samples 
the methods of data collection. the levels of the graphs 
and the sources of orgasm, the similarities between the 
figures are convincing evidence of some underlying 
biological mechanism. 

For individual women a wide range of variation in the 
pattern of intercourse and/or orgasm can be seen. Indi- 
vidual curves showing the range of variation are given 
in Figs. 4 and 5. 

The importance of Figs. 1, 2 and 3 lies in their similari- 
ties and in their relationship to other known events of the 
menstrual cycle. The following results of statistical tests 
of significance are, however, reported. For Fig. 1 the 
rate of intercourse for day 16 is greater than that for day 4, 
and the rate of orgasm for day 14 is greater than for day 
4 (z test, P «0-01). For Fig. 2 the average rate of inter- 
course for days 1 to 12 is not different from that for days 
13 to 26 (t test, P » 0-10); the rate of intercourse for day 6 
is lower than the rate for day 20 (z test, P < (0-02, greater 
than 0-01); the rate of orgasm for day 6 is lower than the 
rate for day 17 (z test, P<0-01). For Fig. 3 the rate of 
intercourse for day 14 is greater than the rate for day 22 
and the rate of orgasm for day 5 is lower than that for 
day 14 (z test, P< 0-01). 

These data direct our attention to three questions. (1) 
What are the controlling hormones ? It seems reasonable 
to hypothesize that oestrogen increases and progesterone 
decreases the probability of human sexual activity. We 
consider it premature to answer this question without 
more direct hormone-behaviour correlations. When data 
of this sort are obtained, there is every reason to expeet 
that graphs will show even sharper patterns than those 
that appear when behaviour is correlated only with the 
reverse menstrual cycle day. 

Corroborative evidence concerning the effects of oral 
contraceptives has been published recently. Grant and 
Mears!* state that "loss of libido" is more common with 
strongly progestogenie compounds containing a low dose 
of oestrogen than with strongly oestrogenie sequential 
formulations. : 

(2) What are the intervening mechanisms by which 
variations in hormones are translated into variations in 
the frequency of coitus? Several hypotheses are being 
explored to answer this question. (a) Variations in hormone 
concentrations affect the rate of initiation or invitation 
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Fig. 3. Percentage of unmarried women in ISR sample reporting inter- 
eourse and orgasm by reverse day of menstrual cycle. There were thirteen 
women, and 77-230 cycles, ——., Intercourse; .. .., orgasm. 
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Fig. 4. Rate of intereourse by reverse day of menstrual cycle, for two 
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Fig. 5. Rate of orgasm by reverse day of menstrual cycle, for two women 
in ISR sample. ——, No. 40 (2-23 eveles); - ~- ~, No. 35 (49-54 cycles). 


from the female; (b) variations in hormone concentrations 
affect the receptivity of the female or her willingness to 
cooperate when invited; (c) variations in female hormone 
concentrations affect her stimulus value for males, and 
therefore affect the timing of the sexual approaehes she 
receives from males. 

(3) Why does the distribution of the frequeney of 
coitus differ in the two married groups, while the single 
group matches one of the married groups? "The under- 
lying biological similarity of the three groups is suggested 
by the similarity of the distribution of orgasm. The 
answer to this question is intricately involved with the 
previous question. Our present hypothesis is that the 
differences between groups are sociological phenomena 
related to differences in the control and initiation of coitus 
in different groups and by marital status. 

In conclusion, variations in the rate of human sexual 
behaviour are clearly related to the female menstrual 
cycle. The rates of intercourse and orgasm at one point 
in the cycle are from two to six times the rates at other 
points in the cycle. The highest rates of intercourse and 
orgasm occur about the time when ovulation is thought to 
occur. Variations from one sample to another suggest 
that the influence of eyelic female hormones on sexual 
behaviour is more apparent in some groups than in others. 
Unexplored social-psychological and sociological processes 
probably mediate between the hormone variations and 
overt sexual behaviour. 

This work was supported by grants from the US Child. 
ren's Bureau, the US Public Health Service and the 
Carolina Population Center. We thank Charles Chase and 
Sue Gena Ficker for their help, and the late Harry 9. 
MeGaughey, jun., and Judson Van Wyk for advice, We 
also thank Frank A. Beach, William E. Easterling, Paul 
H. Gebhard, J. F. Hulka, Francis J. Kane, Peter A. 
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Mouse Chimaeras obtained by the 
Injection of Cells into the Blastocyst 


CHIMAERAS occur naturally in a variety of species of 
mammals, including man. For example, cells are ex- 
changed through vascular connexions between the bovine 
free-martin and its male twin, leading both to the mixing 
of blood cells? and to female germ cells in the testes of 
the male foetus*. Limited chimaerism was produced 
experimentally by injeeting tissue into mouse foetuses 
shortly before term? or by injecting spleen cells into adult 
mice which were rendered immunologieally tolerant by 
X-irradiation’. Mosaicism, extending to most tissues of 
the body in mice, was achieved by fusing pre-implantation 
embryos together in vitro*:*, 

Mouse chimaeras have proved extremely useful in the 
investigation of aspects of embryogenesis?-'?, but the 
fusion of embryos as a means of their production has a 
number of limitations. Fusion can only be achieved 
between cleaving eggs or morulae. Organs of the mosaic 
contain a variable, but generally high, proportion of cells 
derived from each embryo participating in fusion. 
Mosaicism can only be established as a result of the fusion 
of embryos that are synchronous in the stage of develop- 
ment. Neither effective union between asynchronous 
embryos nor inter-specifie fusion between rat and mouse 
embryos proved feasible". 

I wish to report a new method for obtaining chimaeras, 
which widens the scope of this approach. Chimaeras were 
produced by injecting foreign cells into the blastocoelie 
cavity of mouse blastocysts, and mosaicism was verified 
by genetic markers. The recipient blastocysts, aged 
approximately 3-5 days, were obtained by mating PDE x 
PDE albino mice. The donor cells, which carried a colour 
marker and the 7'6 chromosome translocation, came from 
CBA/T6 x PDE blastocysts of the same age. The recip- 
rocal transfer, in which PDE x PDE cells were injected 
into CBA/T6 x PDE blastocysts, was performed in one 
experiment. Donor blastocysts were treated with 0-5 per 
cent pronase to remove the zona pellueida'?, and then 
disaggregated by gentle pipetting in calcium and mag- 
nesium-free BSS or versene solution (0:2 mg/ml.). The 
recipient blastocysts were held on a flame-polished suction 
pipette, and penetrated at a point clear of the inner cell 
mass by the apposed tips of two very fine glass needles. 
A slit was formed in the trophoblast wall (and overlying 
zona pellucida), by separating the needles with the scissor 
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action on the double instrument head of a Leitz micro- 
manipulator. The tip of the inoculum pipette was then 
manoeuvred through the slit, and between one and five 
cells were injected into the blastocoele of each blastocyst. 
More recently, the incorporation of a third needle carried 
on a Goldacre manipulator has facilitated entry of the 
pipette, by enabling a triangular hole to be made in the 
trophoblast wall. Nevertheless, the operation is difficult. 
The blastocoele of the mouse blastocyst is only 80-90u 
in diameter, and the injected cells vary between 12-25u. 
Finally, the blastocysts were transferred to the uteri of 
pseudopregnant females that had mated to 
eetomized males 3 days earlier. 


been vas 


Table 1. SUMMARY OF MOSAIC FOETUSES /A) AND OFFSPRING (B) OBTAINED 
FOLLOWING TRANSFER OF BLASTOCYSTS INJECTED WITH CELLS 


A, Foetuses recovered at 12-14 days 
Blastocysts 
No. 


Living foetuses 


No. of cells definitely No, trans- No. re- No. of 
injected/blastocyst injected ferred covered at mosaics 
with cells mid-term 
Between 2-5 15 23 11 2 
2 3 3 3 0 
3 5 R 3 1?* 


* [n the case of this foetus, the ehromosome preparation was very poor, 
but the presence of the translocation was indicated in some metaphases. Of 
the remaining fourteen foetuses, none showed ocular mosaicism: chromosome 
preparations failed in four, and at lenst thirty well-spread metaphases 
containing the full complement of forty chromosomes were examined in each 
of the remaining ten. 





B, Offspring of recipients allowed to deliver young 





Blastocysts Young 
AU, 
No. of cella definitely No, trans- No. No, of 
injected/blastocyst injected ferred bornt mosaics 
with cells 
Between 2-5 30 40 4 1 
3 36 40 16 2 


t Of the twenty young born, twelve were weaned. The remaining eight 
died within 24 h of birth, four being killed and partly devoured by one 
foster mother. 

Entry of the pipette or injection failed in a number of 
cases, particularly in earlier experiments. Moreover, after 
the “operation”, all blastocysts contracted so that the 
blastocoele was obscured, and it was difficult to identify 
those that had received cells; consequently a number of 
non-injected blastocysts were transferred. Mosaicisin was 
detected by pigmentation of the eyes, and by the presence 
of the T'6 translocation in some metaphases of foetuses at 
mid-term, and by the pigmentation of the iris, skin and 
coat in offspring (Table 1). Strong ocular pigmentation 
was found in two of the PDE x PDE foetuses, and a sub- 
stantial proportion of metaphases contained the trans- 
loeation in each case (16 per cent and 19 per cent). 

Mosaicism of the iris was obvious in one of the offspring 
that died shortly after birth (Fig. 1). Two of the twelve 





Fig. 1. 

albino young that died shortly after birth, Note the ocular pigmentation 

caused by the presence of CBA/T6 x PDE cells injected at the blastocyst 
stage, 


Eye region (overlying skin dissected clear) of n PDE x PDE 
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Table 2. SURVIVAL OF TRANSFERRED BLASTOCYSTS AFTER VARIOUS TREATMENTS in ritro 
A, Recipients killed at mid-term 
Foetuses as per- 
No. of No. of blastocysts centage of No. of 
Treatment of blastocysts in vitro blastocyste No. of recipient Uterine horns transferred to Foetuses/total blastocysts trans- 
transferred uterine horne with implants horns with sub- No. of implants ferred to horns 
sequent implants with implants 
Qpestea with 23/34 injected with 34 8 6 26 17/21 65 
cells 
Operated with sham injection 21 4 4 21 11/14 52 
Unoperated with same time in vitro 60 9 4 26 14/19 54 
B, Recipients allowed to deliver young 
No, of Young 4s per- 
No, of blastocysts centage of 
No. of No. of No. of recipient transferred to No. of blastocysts 
Treatment of blastocysts in ritro blastocysts recipient recipient females that females that young born transferred to 
transferred uterine horns females became became pregnant 
pregnant pregnant females 
Operated with 66/80 injected 80 16 13 7 37 20 54 
with cells 
Unoperated with same time ín 76 1 7 5 51 23 45 
vitro 


weaned offspring showed mosaicism externally. Pig- 
mentation of the coat and underlying skin was very 
extensive in one (Fig. 2). The other, the fifth chimaera, 
was obtained from the single reciprocal transfer experi- 
ment (PDE x PDE cells inoculated into CBA/T6 x PDE 
blastocysts), and showed only limited mosaicism. This 
consisted of a diffuse albino patch in the coat over the 
left fore-flank and two more obvious bands of albino 
hairs on the tail. 

The presence of the translocation was indicated in 
some metaphases from a further PDE x PDE foetus that 
lacked pigmentation of the eyes. Unfortunately, the 
chromosome preparation was very poor, and mosaicism 
could not be confirmed in this instance. The remaining 
ten weaned young resemble the recipient blastocyst type 
as regards coat, skin and eyes. But, especially in view 
of the fifth chimaera, the possibility of mosaicism in other 
tissues cannot be excluded. This will be checked by 
breeding tests, by examination of the reproductive system, 
and by chromosomal analyses of suitable adult tissues in 
these animals. 

These results show clearly that cells injected into the 
blastocoele can be incorporated into the host embryo. So 
far, approximately 14 per cent of foetuses and young 
have proved to be chimaeras. An unknown proportion 
of the remainder have presumably developed from 
blastocysts that were not injected with cells. Nevertheless, 
improvement of the method is desirable. Blastocysts 
resist disaggregation, perhaps because of the presence of 
junctional complexes between trophoblast cells, and the 
continual pipetting, necessary to separate the cells, may 

ge many. Donor cells sometimes escape under the 
zona pellucida during injection, and these may fail to 
eclonize the embryo. The cells were picked up randomly 
from the disaggregate, and thus cells from both the inner 
cell mass and trophoblast were presumably transferred. 
Because the trophoblast and part of the inner cell mass 
contribute to extra-embryonie structures, a reliable 
means of checking these tissues for mosaicism will have to 
be devised. One of the offspring shows extensive mosaicism 
of the skin and coat (Fig. 2), although only three cells were 





eg. 2. A PDE PDE young at 22 days post-partum that had three 
A/T6 x PDE cells injected into the blastocoele. Extensive pigment- 
ation of the coat and pigmentation of the skin of the tail are apparent. 


transferred into the blastocoele. This suggests that the 
number of true embryonic cells in a blastocyst containing 
sixty-four cells could be low. 

The blastocyst obviously retains some of the remarkable 
regulative capacity exhibited by cleaving eggs of the 
mouse. Recently, we have shown that the blastocyst of 
the rabbit can develop normally after the removal of a 
substantial piece of trophoblast tissue!'*. This report 
demonstrates that the addition of cells to the mouse 
blastocyst is compatible with its survival following 
transfer (Table 2). Furthermore, the technique offers the 
opportunity to study the consequences of the transfer of 
asynchronous cells, of specific types of differentiated cells, 
and of cells between embryos of different species. 

I thank Professor C. R. Austin, Dr R. G. Edwards and 
Miss Claire Jackson for their assistance, and Dr M. F. 
Lyon for the supply of CBA/T'6 inbred mice. This work 
was supported by the Medical Research Council and the 
Ford Foundation. 
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Growth and Function of the Subcutaneous 
Fat of the Elephant Seal 


Iw elephant seals (Mirounga leonina, Linn.), there is an 
enormous development of the hypodermis in which all 
the dissectible body fat is deposited. The subcutaneous 
fat layer acts as a physical insulator', and its excessive 
depletion would almost certainly lead to death in the 
aquatic environment. 
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Fat deposition in the southern elephant seal is more 
closely related to the growth of the fat-free body mass 
than in terrestrial mammals?, and sex differences in fat 
content of the carcass seen in terrestrial mammals do not 
oceur in this species. This is presumably associated with 
the dual functional role of the fat in the seal, namely, 
energy storage and thermoregulation. An increase in fat 
widely divergent from increase in the fat-free body mass 
could lead to an inefficient thermoregulatory control 
mechanism in the elephant seal. 

The shape of the elephant seal, like that of other aquatic 
homoeotherms, lends itself well to economy with regard 
to heat loss from the body surface. The body is fusiform, 
with small appendages, presenting to the environment a 
small surface area per unit body weight. This is desirable, 
because heat loss from the body surface by convection in 
water is many times greater than that by radiation and 
convection in air. 

The mean fat thickness of each of thirty-one elephant 
seals was determined from measurements of fat thickness 
taken at thirteen fixed positions on the body (three dorsal, 
three lateral and four ventral) Each measurement was 
taken from the junction of fat with muscle to that with 
the dermis, using a 30 em stainless steel ruler, while the 
seal was lying outstretehed on flat ground. 

The surface area of seals was not measured directly, 
but was estimated from linear measurements, considering 
the surface area of the body as two cones, with the base 
at the level of the greatest girth. The straight line length 
from nose to tail and the greatest girth had been measured. 
Each surface of a fore limb was considered as a rectangle, 
the length of whieh had been measured, and the width 
was considered half the length dimension. The surfaces 
of the pelvie limbs were considered as equilateral triangles. 
the length of one side of which was measured. The total 
area of the two cones, four rectangles and four triangles 
provided an estimate of the total surface area of an 
elephant seal. 

The relationship of mean fat thickness to estimated 
surface area of male seals is illustrated in Fig. 1. A clear 
linear relationship between the square of the fat thickness 
and surface area is shown for this group of animals, the 
equation for the relationship being 

y = + 2-12 + 000096 x (r = 0-84) 
where y is estimated surface area, and x is square of fat 
thickness. 

The relationship of the estimated surface area of the 
flippers to that of the entire body in male seals is shown 
in Fig. 2. As the surface area of the body increased, the 
proportion of the total surface area represented by the 
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Fig. 1. 
male elephant seals. 
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Fig. 2. Relationship of the estimated surface area of the flippers to the 
estimated surface area of the whole body in male elephant seals. 


area of the flippers (that is, the area lacking an insulating 
layer of fat) decreased. 

Because the surface area of the body per unit body 
weight is considerably less in very large seals than in 
small ones, and the area of the body not supplied with an 
insulating fat layer is relatively smaller in large seals 
than in small ones, loss of heat from the body surface in 
large seals is minimal. 

Body fat content was found to be greater during 
winter than summer, but with wide individual variation?. 
Similar seasonal changes in the deposition of subeutaneous 
fat, associated with changes in water temperature in the 
temperate water seal. Phoca vitulina, have been observed 
before’. 

It is evident that a close relationship exists between 
surface area and subcutaneous fat thickness, subject to 
alteration by the nutritional regime. In many cases, 
particularly after a prolonged fast on land, seals seem to 
re-enter the sea with an insufficient insulating layer of fat 
to maintain their normal body temperature of 37° C 
without recourse to metabolic adjustments, which do 
occur in seals when necessary‘. A rapid deposition of fat 
at this stage would be most advantageous to the animal, 
to lower metabolie rate and thus lower food requirements. 
There is little doubt that considerably increased require- 
ments accompany an increase in metabalic rate’. 

The effects of realimentation on recovery of body 
tissues in the elephant seal are not known, but the pattern 
is probably similar to that in other animals. Wilson and 
Osbourn® noted that during realimentation after a period 
of under-nutrition in animals, compensatory growth 
occurs, associated with an increased efficiency of food 
utilization, and it is not related simply to increased intake. 

In elephant seals. a period of fast on land would most 
likely be followed by a period of compensatory growth 
on returning to the feeding grounds. This compensatory 
growth, associated with a high efficiency of food utilization 
and heavy deposition of fat. would hasten the redevelop- 
ment of an efficient thermoregulatory system based on 
the physical insulating properties of the subcutaneous fat. 
layer, essential to the survival of the animal. 

I thank Professor T. J. Robinson for interest and 
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Rate of Intra-uterine Growth 


Sir Joun Hammonn’s famous study! showed that cross- 
bred foetal foals grew at the rate of their dams' pure 
breed. Large Shire dams sired by Shetlands bore large 
young; conversely, small Shetland dams sired by Shires 
bore small young. Hammond suggested that a maternal 
regulating system might be responsible for this effect at 
both extremes of growth rate. 

We have examined this problem in human beings?-*. 
Intra-uterine growth rate was assessed by plotting the 
infants' birth weight, corrected for the length of gestation, 
against the growth curves based on data from the British 
Perinatal Mortality Survey of 1958 (ref. 6). 

Proband infants were ascertained by strictly opposite 
criteria: growth-retarded infants were 2 standard devia- 
tions or more below the mean in birth weight for length 
of gestation; growth-accelerated infants were 2 standard 
deviations or more above the mean. These series were 
compared with one another and with controls. 
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The rate of the intra-uterine growth of previous live- 
born siblings in both series was assessed by the same 
method. Fig. 1 illustrates the striking mirror image effect 
produced. The mean birth weights were: for the controls 
1:25 pounds (3:29 kg), for the growth-retarded series 5:8 
pounds (2-63 kg), and for the growth-accelerated series 
8-75 pounds (3-97 kg); there was a reduction of about 
L7 standard deviations when the probands were growth- 
retarded, and an equal and opposite enhancement of 
1-75 standard deviations when the probands were growth- 
accelerated. 

A similar but less precise mirror image effect was found 
when mothers’ birth weights were analysed (Fig. 2). 
There was a shift downwards of about 1 standard deviation 
when the probands were growth-retarded, and a cor- 
parable shift upwards of 1 standard deviation when the 
probands were growth-accelerated. The maternal birth 
weights were: for the growth-retarded series 6:26 pounds 
(2-84 kg), for controls 7-11 pounds (3-22 kg), and for the 
growth-aecelerated series 8-07 pounds (3-66 kg). 

Tt is tempting to follow Hammond and infer that a 
single maternal parameter is operating at each extreme, 
respectively, to enhance and to constrain foetal growth. 
More detailed analyses suggest that this is unlikely to 
be so. 

Mothers of 168 growth-retarded proband infants were 
compared with controls. No differences were found in 
age, stature, incidence of anaemia or any other form of 
ill-health, parity and previous abortion rate. There was a 
slight deficiency of social class I. but this proved wholly 
explicable by a class difference in smoking habits. 
Britain, mothers of social classes TV and V more often 
smoke during pregnancy than mothers of other social 
classes (ref. 7 and unpublished results of M. O.), whieh 
increases the likelihood of slow foetal growth*. Thus the 
only notable biological differences between mothers of 
infants who have grown slowly and controls were eon- 
straint of all their young and constraint of their own 
growth as foetuses. 
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The same analyses were applied to ninety growth- 
accelerated probands. 'lhese mothers, too, did not differ 
on any measure of health. When biologieal factors were 
analysed they were shown to differ markedly. These 
mothers were older, taller, heavier, of greater parity and 
of lower abortion rate than controls (unpublished results 
of M. O.). 

We have proposed!? that slow intra-uterine growth is 
determined by quantitative maternal constraint of the 
trophoblastie invasion of the decidua. The data on 
siblings suggested that the degree of constraint was 
relatively constant in mothers bearing small young. The 
data on maternal birth weights suggested that the degree 
of constraint imposed on the conceptus related to the 
degree of constraint experieneed by the mother when she 
herself was a foetus. 

We suggested that analyses of human pedigrees might 
test these notions, and made predictions about the birth 
weights of maternal first cousins of growth-retarded 
infants, 

Professor Lionel Penrose has re-analysed some earlier 
data of Robson?, whieh we quote with his permission 
(personal communication): '"Phe normal birth weight is 
about 7.52 lb. (after making a correction for females). 
"Taking as propositi children with birth weight below 5-5 lb., 
children of mothers’ sisters have a mean birth weight of 
7-05 1b., but those of fathers’ brothers and sisters, or of 
mothers’ brothers, are not lighter than average at birth" 

Robson's propositi were not corrected for gestation. 
Only one third of them would have owed their low birth 
weight to slow foetal growth. The rest are likely to have 
been of short gestation’, This adds force to the finding. 
Karn et al. found that the correlation for birth weight 
among siblings is high, but that for gestation time is low. 
We also eould find no familial tendency to short gestation 
prematurity?'5, 

We now have birth weights for 1,144 kin of growth- 
retarded and growth-accelerated probands. 

Table 1 sets out the figures for 593 distaff kin ascer- 
tained through growth-retarded probands, and shows a 
clear sequence. The difference in means from smallest 
(liveborn siblings) to largest (first cousins through maternal 
uncles) is 1:648 pounds (0.748 kg). There is a highly 
significant difference of 0-691 pounds (0-314 kg) between 
the offspring of maternal aunts and maternal uncles. The 
latter do not differ from the general population. This 
finding conforms to the notion that constraint is trans- 
mitted through mothers only. 

Because our probands by eriterion constituted the most 
constrained fraction of the population we expected their 
mothers to be of lower birth weight than maternal aunts 
and uneles. This was the case. Distaff transmission was 
further confirmed by the fact that these aunts and uncles 
were smaller than the general population, sex for sex. 

We have suggested that it is degree of constraint which 
is transmitted rather than the actual rate of weight gain. 
This idea is supported by the fact that birth weights of 
first cousins through maternal aunts converged on those 
of the proband. They were of lower mean birth weight 
than their own mothers. 

The same analyses were now applied to pedigrees of 
the growth-accelerated series (Table 2). The sequence is 
not a mirror image of the growth-retarded pedigrees. 
The pattern is more complex. All distaff kin showed some 
increase in birth weight, but the difference between 
relatives was small. There was only 0-94 pounds (0-425 kg) 
between the largest and the smallest. The birth weights 

Table 1. GROWTH-RETARDED PROBANDS 
Mean family birth weights in sequential order 
Mean birth 


Relatives No. weight (pounds) 
Liveborn siblings 156 5-806 
Mothers 114 62 [uU 
First cousins through maternal aunts 108 6.763 
Maternal uncles 76 7144 
Maternal aunts 85 7-148 
First cousins through maternal uncles 56 1-454 
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Table 2, GROWTH-ACCELERATED PROBANDS 
Mean family birth weights in sequential order 


Mean birth 


Relatives No. weight (pounds) 
Liveborn siblings 173 875 
Mothers 57 8-07 
Maternal uncles 52 8-07 
Maternal aunts 56 7-904 
First cousins through maternal uncles 60 T:RO2 
First cousins through maternal aunts 62 TRI 


of the two classes of maternal first cousins did not differ. 

The mean birth weight of forty-six fathers of growth- 
retarded infants did not differ from that of the general 
population. The mean birth weight of forty-five fathers 
of growth- accelerated infants was 8-435 pounds (3-829 kg), 
which is about 1 standard deviation above the mean. 

These analyses indicate that slow irtra-uterine growth 
is determined by a single constraining factor of large and 
constant effect. Accelerated foetal growth, on the other 
hand, seems to be determined by several additive factors, 
both familial and maternal. 

We thank Professor J. Chassar Moir, Professor J. A. 
Stallworthy, Mr M. P. Embrey, Mr A. Williams, Mr E. 
Cope, Mr D. Ellis, Dr V. Smallpeice, Dr H. Ellis and Dr 
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thank Professor L. Penrose for his interest and for per- 
mission to publish his findings; Dr D. Taylor, Dr E. Carr 
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Sex Pheromone Perception 


Ir is very difficult to define the mechanism by which 
olfactory receptors on male moth antennae perceive a sex 
attractant chemical because of the various unsubstantiated 
olfaction theories, and also because of conflicting reports 
of the ability of chemicals, structurally different from 
natural sex attractants, to either inhibit! or mimie*-? 
attractant activity. Using the synthetic red-banded 
leaf roller moth (Argyrotaenia velutinana) sex attractant 
(RiBLuRe)", we have been able to obtain evidence that 
the geometrical isomer inhibits the response of males to 
the sex attractant chemical, and that varying degrees of 
inhibition can be elicited with positional isomers, homo- 
logues and analogues. The preliminary data support a 
mechanism of perception in which the sex attractant, a 
chemical with the correct spatial arrangement of active 
sites, possesses the affinity and intrinsic activity for the 
receptor sites to elicit proper behavioural responses, 
including flight to the location of the sex attractant. 
Closely related isomers which do not display intrinsic 
activity by attracting males apparently can possess a 
strong affinity for the receptor sites, thus acting as 
inhibitors or modifiers of the sensory input. 
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We condueted our tests in the field when red-banded 
leaf roller moths were in flight. Wicks containing one 
test chemieal each were placed in traps made from pint 
ice-cream cartons coated with sticky polybutene. In a 
preliminary study in which traps contained RiBLuRe 
(cis-11-tetradecenyl acetate) and one of five other chem- 
ieals in equal amounts (Table 1), we found that trans-11- 
tetradecenyl acetate, the geometrical isomer of RiBLuRe, 
and cis-9-tetradecenyl acetate strongly inhibit male 
response to RiBLuRe. It was also surprising to find that 
dodecyl acetate is strongly synergistic to RiBLuRe (this 
will be the subject of a future report). 


Table 1. FIELD RESPONSE TO COMBINATIONS OF RiBLume (cis-11-TRTRA- 
DECENYL ACETATE) AND ONE TEST CHEMICAL* 
Test chemical Total males Moths per trapt 
Dodecy! acetate 538 215 
Hexadecy! acetate 293 117: 1 
"Tetradecyl acetate 233 9:3; 
cis-9-Tetradeceny! acetate 51 20: 
trans-11-Tetradecenyl acetate 19 0-8: 


* Thirty female equivalents (10 xg) of each placed on a new wick each 
day. Traps placed in complete randomized block design. 

t Honestly significant difference = 6-81 moths (a= 0-05). 

1 RiBLuRe control alone in same orchard attracted 7-95 moths per trap. 


Table 2. PRELIMINARY RANKING OF RiBLURe INHIBITORS 


Strong inhibitors (moths per trap ~ 0) Quóstionable inhibitors (moths per 
trans-11-Tetradecenyl acetate 
cis-31-Tetradecenyl alcohol 
cis-9-Tetradeceny! alcohol 
11-Tetradeeynyl alcohol 
11-Tetradecyny! acetate 


cis-0-Hexadecenyl acetate 

cis-7-Tetradecenyl acetate 

eis-7-Hexadecenyl acetate 

2(11-Tetradecynyloxy)tetrahydro- 
_ pyran. 

cis-7-Dodecenyl acetate 

10-Undecenyl acetate 

Medium, inhibitors {moths per trap Non-inhibitors (moths per trap ~ 10) 
Methyl cis-11-tetradecenoate 


trans-9-Tetradecenyl acetate cis-6- Hexadecenyl acetate 









cis-0-Tetradecenyl acetate cis-5-Dodecenyl acetate 
trans-7-Tetradecenyl acetate eis-7- Decenyl acetate 


trans-5-Tetradeceny! acetate 


cis-5-Tetradecenyl acetate 
cis-11-Hexadecenyl acetate 


Tetradecy! alcohol 


To eheck the inhibition observations further, a larger 
number of chemicals were used alone and in combination 
with RiBLuRe. None of the test chemicals, other than 
RiBLuRe, was found to be attractive to male red-banded 
leaf roller moths, although varying degrees of inhibition 
were found with the combinations. Low infestations were 
encountered in these tests, but a preliminary order of 
inhibitors can be set up from the data (Table 2). The 
red-banded leaf roller male response can be characterized 
as follows. (1) Any tetradeeyl acetate or alcohol with 
unsaturation in the ll-position (other than RiBLuRe 
itself) is strongly inhibitory. (2) In general, the trans 
configuration is more inhibitory than the corresponding 
cis configuration with RiBLuRe odd-numbered positional 
isomers. (3) Aleohols seem to be more inhibitory than 
corresponding acetates (also suggested in reports dealing 
with the gypsy moth, Porthetria dispar, which claim that 
7 per cent rincinoleyl alcohol inactivates gyplure?, 12. 
acetoxy-cis-9-octadecen-l-ol, while 20 per cent of the 
trans geometrical isomer is required to effect strong 
inhibition!!). (4) Inhibitory effects decrease as the position 
of unsaturation is moved from carbon 11 to lower odd- 
numbered carbons. 

These generalities suggest that the strongest inhibitor 
for RiBLuRe would be trans-11-tetradecenyl alcohol (as 
yet untested). It may be possible to develop a low-cost 
inhibitor which is sufficiently active to be used in pro- 
grammes of mass inhibition insect control. 

Compounds in the strong inhibitor group could not be 
ranked within the group because of the high ratio (1: 1) 
of inhibitor to attractant used. A separate test showed 
that 5 per cent írans-ll-tetradecenyl acetate would 
inhibit the response to 10 ug of RiBLuRe. Because the 
trans geometrical isomer does inhibit in low concentrations, 
it is questionable whether a bioassay with a synthetic 
cis : trans mixture (1: 1)! of a proposed attractant could 
prove anything about the ability of either isomer to 
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function as an attractant. Furthermore, it is possible 
that common laboratory bioassays and electrophysio- 
logical studies do not differentiate between the real 
attractant response and excitatory responses to other 
chemicals which do possess an affinity for the receptor 
sites. In field bioassays low concentrations elicit flight 
towards the attractant source and higher concentration 
gradients nearer the trap effect final orientation and other 
precopulatory responses. This should be the most proper 
behavioural test for sex attractaney. 

We thank Dr H. Arn for advice and for preparing 
several chemicals, Dr E. H. Glass for field ass nee, 
and Dr M. Jacobson and Dr D. Warthen of the US Depart- 
ment of Agriculture for supplying a large number of 
chemicals. This research was supported by a US Public 
Health Service research grant from the National Com- 
municable Disease Center, Atlanta, Georgia. 
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Chemical Control of Moulting 
in Arthropods 


Insects are the only group of arthropods in which the 
control of moulting is well understood. A group of steroids 
—the eedysones, thought to be produced by the pro- 
thoracic or ecdysial glands-—eause moulting in almost all 
insect groups in which they have been tested', Eedysones 
isolated from a crustacean? and from several different 
plants? were active in insectst®, No reports exist of 
moulting induced by eedysones in arthropods other than 
insects, but ecdysterone shortened the period between 
moults in crayfish which had been induced to moult by 
removal of their eyestalks®. 

We have shown that the ecdysones control moulting 
in three diverse classes of arthropods besides insects. 

As experimental animals, we selected representatives 
of the principal arthropod classes. Limulus polyphemus, 
the horseshoe crab, was chosen because it is one of the 
few survivors of the Merostomata, a marine class dating 
back to the Cambrian whose closest relatives were the 
eurypterids and trilobites. The spider, Araneus cornutus, 
and two different members of the Crustacea were exam- 
ined. The terrestrial isopod, Armadillidium vulgare, was 
chosen as a crustacean whose ecology and physiology 
bear the closest resemblance to that of insects. The 
freshwater crayfish, Procambarus sp., represented the 
decapods. 

The ecdysone used in most experiments was ecdysterone 
(20-hydroxyecdysone, 8-eedysone, crusteedysone), which 
has been isolated from both Crustacea? and insects’. 
It was isolated from a plant source (Rohto Pharmaceutical 
Company, Osaka), but it is identical to the ecdysterone 
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‘Table 1. 
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EFFECTS OF ECDYSTEBONE ON MOULTING IN ARTHROPODS 


Cumuiative No. Per cent that 


Animals and treatment Number 


that moulted 


moulted 


within 3 weeks within 3 weeks 


Subphylum Chelicerata 
Class Merostomata 
Limulus polyphemus (30-50 g) 


Uninjected controls 56 i 
Injection of 8 ul./g of crustacean Ringer 6 0 
Injection of 40 ug/g ecdysterone in crustacean 5 5 
Ringer 
Class Arachnida 
Araneus cornutus (0:1-0-4 g) 
Uninjected controls 15 1 
Injection of 4 ul. of insect Ringer per animal 18 3 
Injection of 20 ug ecdysterone in insect Ringer per 24 14 
animal 
Subphylum Mandibulata 
Class Crustacea 
Armadillidium vulgare (0-1-0-2 g) 
Uninjected controls 22 6 
Injection of 20 uL insect Ringer per animal 16 2 
Injection of 20 ug eedysterone in 20 4d. of insect 15 12 
Ringer per animal 
Dipped in absolute methanol for 5 s 10 1 
Dipped in a solution of 0-5 per cent ecdystcrone in 8 4 
absolute methanol for 5 s 
Topical application of 20 4. of 0-5 per cent eedy- 1 4 
sterone in absolute methanol 
Class Crustacea 
Procambarus sp. (3-7 g) 
Uninjected controls 15 0 
Injection of 7 ul./g of 10 per cent ethanol 10 0 
Injection of 3 pg/g ecdysterone in 10 per cent 7 6 
ethanol 
Injection of 6 ug/g eedysterone in 10 per cent 10 10 
ethanol 
Injection of 12 sg/g eedysterone in 10 per cent 10 10 
ethanol 


obtained from insects and Crustacea*. We also used a 
synthetic a-eedysone (obtained from Dr P. Hocks, 
Schering AG, Berlin, and Hoffmann and LaRoche, Basle), 
inokosterone (Rohto) and ponasterone A (obtained from 
Dr J. Pollard, Calbiochem). The hormones were dissolved 
in an appropriate Ringer solution or in an ethanolic 
solution. The volumes injected were always small com- 
pared with the volume of the animal (1-5 per cent). 

Groups of experimental animals were selected in which 
spontaneous moulting was minimal. "They were main- 
tained in the laboratory. In some groups, such as cray- 
fish, in which moulting is seasonal, animals were collected 
after the moulting season. In others, such as Limulus 
and spiders, mature animals which moulted infrequently 
were used. Animals were usually divided into three 
groups: those which received an injection of hormone in 
an appropriate solvent; controls injected with solvent 
only; and uninjected controls. In some experiments, a 
methanolic solution of eedysterone was applied topically. 
or animals were dipped in a methanolic solution of eedy- 
sterone. This method was first used successfully in apply- 
ing ecdysones to the rice stem borer Chilo simplex? and 
subsequently to other insects (for example, Galleria 
mellonella) in our laboratory. Animals were observed for 
up to 6 weeks after treatment and examined for signs of 
moulting. Sometimes the experimental animals shed their 
old cuticle and moulted normally. Sometimes, they 
secreted a new cuticle, but did not shed the old one. The 
old cuticle was always only loosely attached and could 
easily be peeled away. These animals always died. 

To ensure an adequate level of hormone, large doses of 
ecdysterone were used initially. In some animals, the 
effects of a wide variety of doses were studied and we 
estimated the minimum effective dose. 

Some typical results are shown in Table l. Eedysterone 
stimulated moulting in all of the arthropods examined. 
In Limulus, the doses we used induced moulting in all 
treated animals whereas only one of fifty-six controls 
showed any signs of moulting. In the spider, Araneus. 
75 per cent of the experimental animals but only 15 per 
cent of the controls moulted after 25 days. Soon after 
they were injected with eedysterone the spiders ceased 
to spin their usual webs and spun instead a moulting 
pad’, Some days later signs of moulting could be detected. 
Apparently eedysterone induced a behavioural and a 
moulting response. 


R Only partial moulting 
100 Complete moulting, but ali had to be peeled 


1 After 25 days 7 per cent had moulted 
16 After 25 days 15 per cent had moulted 
56 After 25 days 75 per cent had moulted. Similar results 


were obtained with 10 ug of ecdysterone per animal 


27 None moulted until after 15 days 
12 None moulted until after 15 days 
80 73 per cent moulted between 12-15 days. Similar 
results were obtained with 5 ug of ecdysterone per 
animal 
10 
50 
57 
0 
0 
86 Moulting oceurred between 10-14 days 
100 Moulting occurred between 7-10 days 
100 Moulting occurred between 7-10 days 


Moulting oecurred almost synchronously in many of the 
animals treated with hormone. In Armadillidium, 75 per 
cent of the animals which received about 150 ug/g of 
eedysterone moulted between 12 and 15 days after injec- 
tion. In Procambarus, all the animals which received 
6 ug/g of eedysterone moulted between 7 and 10 days after 
the injection. 

Response was proportional to dose. This was studied 
most carefully in Procambarus, where 3 ug/g of eedysterone 
was the minimum effective dose to initiate secretion of a 
normal cuticle. Ecdysis occurred 10—14 days after a single 
injection. If the dose were increased to 6 or 12 ug/g, 
cuticle secretion and eedvsis occurred within 7 to 10 days. 
After being given higher doses of ecdysterone, they were 
unable to shed the old cuticle without assistance and 
usually died. Similar results were obtained with insects‘. 

Table 2 shows the effeets of four different ecdysones on 
moulting in crayfish. All four were about equally effective 
in inducing moulting and, at the concentrations used, they 
promoted the regeneration of appendages. 

The ecdysones may induce moulting in these diverse 
arthropods by stimulating, directly or indirectly, the 
ecdysial glands to release a moulting hormone. But, if the 
situation is analogous to that in insects, this explanation 
is unlikely. It seems far more probable that the ecdysomes 
induce moulting in crustaceans and arachnids as they do 
in insects, by acting directly on the chitogenous epi- 
thelium. 

Chemical control of moulting probably evolved simul- 
taneously with the development of a chitinous exoskeleton. 
Ecdysones were probably used by the common ancestor of 
the major arthropod groups in the late pre-Cambrian 
period. Once the eedysones had evolved. both they and 
their primary receptor sites appear to have undergone little 


Table 2. EFFECTS OF FOUR ECDYSONES ON MOULTING IN Procambarus 8p. 

Per cent which moulted 

No. 7-10 10-14 14-21 

days days days 
Uninjected controls 25 0 0 0 
10 per cent ethanol controls 10 6 0 0 
Ecdysterone 7 14 86 0 
a-Ecdysone 15 56 n 7 
Inokosterone 14 21 56 7 
Ponasterone A 15 14 38 ü 


Animals weighed 3 to 7 g. a-Eedysone was dissolved in 50 per cent ethanol; 
all other ecdysones were dissolved in 10 per cent ethanol. . 

The dose was 3 ug/g. Ethanol controla received 7 oL/g of 10 per cent 
ethanol. 
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change during evolution, because both recent groups of 
arthropods, such as insects, and ancient groups, such as 
horseshoe crabs, respond to the same molecules. 
Our results may have some practical consequences. 
Eedysones act topically on a wide variety of arthropods 
and may cause abnormal moulting and death, so eedysone 
analogues may be useful not only as insecticides but also 
mitieides. Eedysones could also be used in the com- 
mercial production of "soft-shelled" crabs. 
This investigation was supported by grants from the 
US National Science Foundation and the US Publie 
Health Service. 
Note added in proof. FEedysterone induces moulting in 
the fiddler erab Uca pugilator and the tarantula Dugesiella 
hentei. 
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Cellulase in Nereis virens 


In their communication about direct uptake of organic 
solutes, Chapman and Taylor! commented on the contra- 
dietory published accounts of the food and feeding of the 
polychaete Nereis virens Sars. Verrill? stated that it is 
earnivorous, while Gross? suggested that it is almost 
entirely herbivorous. "Turnbull! regarded the animal as 
omnivorous. The principal recognizable remains that we 
found in the guts of N. virens collected at Southend, 
Essex, were shells of the small gastropod Hydrobia, small 
fragments of small cockle (Cardium edule) shells, and the 
alga Enteromorpha intestinalis. When kept in aquaria, 
N. virens readily ate the flesh of cockles, mussels (Mytilus 
edulis), and shore erabs (Carcinus maenas), when these 
were placed near the entrances to the burrows. The 
shell-valves of cockles, approximately 5 mm in diameter, 
were broken by the jaws of the worms and ingested. 
Large cockles and mussels were eaten only when they 
died and gaped open. Moribund cockles and mussels 
oecur in large numbers at Southend, resulting both from 
natural mortality and the activities of the "bait-diggers", 
who aecidentally bury these molluses in their search for 
Nereis. Enteromorpha was also readily ingested, but it 
was observed during these experiments that the faecal 
pellets of the worms frequently contained strands of 
apparently undigested algae. This posed the question 
whether Nereis can digest the cell walls of algae which 
it has eaten or whether it can only utilize contents of 
cells broken mechanically. 

Cellulolytic activity has been recorded previously in 
several polychaete worms, including Loimia medusa and 
Sabellastarte indica, whereas reputedly carnivorous forms, 
such as Glycera chioni, do not seem to possess a cellulase. 
We have investigated cellulase activity in N. virens by 
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Reduction in flow time (s) 
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Incubation time (min) 


Fig. 1. Production of cellulase by gut of Nereis after different feeding 
regimes. @—@. Entire gut, algae fed; O— Q, entire gut, starved 6 


weeks; A--- A, washed gut wall, algae fed; []--- Ch gut contents, 


algae fed; Mi-- Wl. heat treated control. 


a technique similar to that described by Yokoe and Yasu- 
masu*, A known wet weight of gut was ground in ten 
times (weight/volume) of 0-1 M sodium citrate/phosphate 
buffer at pH 7:0. The mixture was then centrifuged at 
3,000g for 10 min. A sample (2-5 ml.) of the supernatant 
was then added to 30 ml. of 1 per cent sodium carboxy- 
methyl cellulose (CMC), and run in an Ostwald viscometer 
at 25? C. The activity of cellulase was indicated by a 
reduction in flow-time when compared with a blank, in 
which the 2-5 ml. of supernatant was replaced by an equal 
volume of sodium -citrate/phosphate buffer. Animals 
with large amounts of algae in their guts showed high 
cellulase activity, whereas animals which had been 
starved or fed on cockles showed very little cellulase 
activity (Fig. 1). A control was carried out with an extract 
of high cellulase activity which was autoclaved at 15 
pounds/inch? for 25 min. This completely destroyed the 
activity. These results appear to suggest that the produc- 
tion of cellulases is at a very low level until induced by the 
presence of algae in the gut. The presence of undigested 
algal filaments in the faecal pellets of worms which had 
previously been fed on cockles and mussels would thus be 
accounted for. 

Estimates of cellulase activity were made on gut con- 
tents, and washed gut wall of worms fed on algae; 
although the cellulase activity of the gut contents was 
higher than that of the washed gut wall, the relatively 
high level of activity found here suggests that the enzyme 
may be produced in the wall (Fig. 1). Several techniques 
have been used to determine whether the cellulases found 
in animals are produced by bacteria or by the animal 
itself. Antibiotics have been used to demonstrate that 
the cellulase from the hepatopancreas of the snail Levan- 
tina hierosolymia was not produced by bacteria’. When 
the insect Ctenolepisma lineata, which eats cellulose, 
was grown aseptically from the egg it produced a cellu- 
lase*. Workers have also demonstrated cellulase produe- 
tion by bacteria in the gastric juices of the crayfish 
Procambarus clarkii, which in addition produces a cellulase 
in its own digestive gland (ref. 8 and unpublished results 
of I. Yasumasu and Y. Yokoe). 

In an attempt to establish with certainty whether the 
source of cellulase was the tissues of the worm, or its 
bacterial flora, worms were kept for 20 h in seawater 
containing the following antibioties: 500 ug of “Penicillin 
V^, 250 ug streptomycin sulphate and 100 ug mycostatin/ 
ml., no appreciable reduction in cellulase activity was 
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Fig. 2. Effect of antibiotics on production of cellulase by gut of Nereis, 

and by gut bacteria in culture. a, No treatment; b, 20 h antibiotic; 

v, 20 h antibiotic +20 h sterile se awater; d, 20h antibiotic + 75 h sterile 

seawater; e, 20 h antibiotic + 75 h sterile seawater + 45 h dilute 
antibiotic; f, bacterial culture. 


noted immediately after treatment or during the following 
120 h in sterile conditions (Fig. 2). To confirm that the 
numbers of bacteria had been reduced by the antibiotic 
treatment, baeteria from the gut were plated out on 
"eomplete medium" (sucrose, peptone, cellulose, mineral 
salts and seawater agar) and on “cellulose medium" 
(cellulose, mineral salts and seawater agar), and incubated 
at 25? C. Bacterial counts showing that their numbers 
had been significantly reduced by the antibiotic are given 
in Table 1. Bacteria which digest cellulose are likely to 
grow slowly, so the eultures on cellulose medium were main- 
tained for the unusually protracted period of 7 days. 
Large numbers of minute colonies obtained fum the 
untreated controls were observed (Table 1). These 
bacteria were transferred to liquid culture of cellulose, 
mineral salts and seawater, and were cultured for a further 
7 days. At the end of this period no extracellular cellulase 
could be detected. 


Table 1. BACTERIAL COUNTS/ML, IN THE SITUATIONS STATED 
Complete Cellulose Cellulose 
medium medium medium 
for 48 h for 48 h for 7 days 
Gut contents 6,600 2,400 300,000 
Washed gut wall 1,250 460 — 
Complete gut after antibiotic 45 15 — 


This work indicates that cellulase does occur in Nereis 
virens, produced solely by the gut, and that its production 
is induced by the presence of algae. 
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Ethylene produced by Plant Cells 
in Suspension Cultures 


ETHYLENE is produced by plants, fungi and mammals!?. 
In plants ethylene is involved in the fruit ripening process, 
production of flowers and other processes of plant develop- 
ment?-*, The formation of ethylene by plants is increased 
by the applieation of growth regulators such as 2,4.di- 
chlorophenoxyacetie acid (2.4-D)* and naphthaleneacetie 
acid (NAAY. We have analysed plant cell suspension 
cultures to look for the production of ethylene and have 
examined the effect of 2,4-D and NAA on the amounts 
produced. 

Cells from the cultures of the following were used: 
mung bean (Phaseolus aureus Roxb.), soybean (Glycine 
max L.) reseda (Reseda luteoli L.), rose (Rosa sp. var. 
‘Sceptre’), flax (Linum usitatissimum L.), wheat (Triticum 
monococcum L.) and rice (Oryza sativa L.). The cells were 
grown in 250 ml. flasks containing 40 ml. of medium. 
The medium consisted of mineral salts, sucrose, nicotinic 
acid, pyridoxine, thiamine, m-inositol, 2,4-D or NAA at 
1 p.p.m., and in some cases 0-2 per cent casein hydro- 
lysate (flax, rice and rose) or coconut milk (mung bean)*. 
The cultures were incubated on a New Brunswick gyro- 
tory shaker at 28° C in continuous light, and at a shaking 
rate of 120 r.p.m. The flasks were stoppered with a ground 
glass stopper 24 h before analysis. Samples were with- 
drawn by sterile 1 ml. syringes through à sidearm stop- 
pered with a serum rubber stopper. The ethylene was 
measured by gas chromatography on a Varian Aerograph 
Model 204C, using a flame ionization detector. The 
column was of stainless steel, 5 feet. x 1/8 inch, packed with 
‘Poropak R’. The carrier gas was helium provided at a 
rate of 60 ml./min and the temperature of the column 
was 35? C. The presence of ethylene was confirmed on a 
similar column packed with activated alumina at 45° C 
and helium flowing at a rate of 22 ml./min. 

The results in Table 1 show the amount of ethylene 
produced by several cultures in 24 h. The agreement 
among triplice ate flasks was good, but there was consider- 
able variation between the cultures of different plants, 
and also in the values obtained with the same plant cells 
in different experiments. The wheat and rice cultures 
consistently produced very small quantities, and the flax 
cultures produced relatively large quantities, of ethylene 
per gram of dry weight. The results suggested that 
ethylene formation depends not only on the kind of plant 
from which the cells originated but also on the physio- 
logical state of the cells. 

Increasing the concentration of growth regulator did 
not increase the formation of ethylene (Table 2). With 


Table 1, ETHYLENE FORMATION BY PLANT CELL SUSPENSION CULTURES 
Ethylene (nmoles per g dry weight)* 


Culture Expt. I Expt. H 
Mung bean 222 73 
Soybean T 86 
Reseda 30 Trace 
Rose 357 730 
Flax embryo 890 117 
Flax endosperm 395 201 
Wheat 54 25 
Rice 58 56 


* The measurements were made 24 h after the flasks were sealed. Each 


value is an average of three flasks. 


Table 2. EFFECT OF GROWTH REGULATOR CONCENTRATION ON THE PRO- 
DUCTION OF ETHYLENE BY HORSE RADISH AND SWEET CLOVER CELLS 


Horse radish Sweet clover 


Concen- Dry Dry 
Growth regulator tration weight CH, weight C,H, 
(mg/l.) (mg) (umoles)* (mg) — (nmoles) 
None 0 224 404 200 262 
2,4-Dichlorophenoxy- 
acetic acid 1 211 440 i81 172 
$* ys 5 185 393 156 200 
s m 10 "AMEN ec 134 151 
as m 50 63 320 — — 
Naphthaleneacetie acid 1 200 493 — — 
js xs 5 190 383 ES. Beas 
50 44 228 — ie 


^ " 


* Nanomoles per gram of dry weight produced in 24 h. 
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high concentrations of 2,4-D and NAA, which inhibited 
growth, the amount of ethylene produced was propor- 
tionately lower. The growth which occurred when no 
growth regulator was added may be a consequence of the 
presence of adequate amounts of growth regulator in the 
cells of the inoculum. Both the 2,4-D and NAA accumu- 
late in the cells and are not metabolized (unpublished 
results of K. Ojima and O. L., G.). The results indicate 
that ethylene is a normal product of cultured plant cells 
and its formation is not directly affected by growth 
regulators. 

We thank Mr Jerry Shyluk and Mrs Kathy Hollinger 
for technical assistance. 
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Anther Carotenoids and the 
Synthesis of Sporopollenin 


Suaw et alt are at present carrying out valuable new 
work on the chemistry of resistant spore wall materials 
of the general class of sporopollenins following the pioneer 
studies of Zetzsche’s group in the 1930s‘. Shaw and 
Yeadon! have concluded, from observations on the pollen 
of Pinus sylvestris and Lycopodium clavatum, that sporo- 
pollenin contains a lignin-like fraction of 10-25 per cent 
and a lipid fraction of 75-90 per cent. They have 
explained the laek of reactivity of the lignin component 
by the suggestion that it is masked by the lipid moiety, 
or present in some unusual combination. Brooks and 
Shaw? have proposed that the precursors of sporopollenin 
in the anthers of Lilium henryi are carotenoids, and that 
the exine is formed by oxidative polymerization of the 
mixture of carotenoids and carotenoid esters contained in 
the anther material. 

This is an interesting hypothesis, and one with wide 
implications, but it needs to be viewed in the light of the 
general pattern of development in the spore walls and in 
the surrounding nutritional tissue, the anther tapetum, 
because the principal synthesis of carotenoids absorbing 
at 450 nm in the anther of Lilium longiflorum begins 
after exine formation is virtually complete’. The sequence 
of events in L. henryi corresponds closely with that in 
L. longiflorum, and is essentially as follows. 

Synthesis of à material with the resistance to acetolysis 
of sporopollenin but with greater reactivity ("protosporo- 
pollenin") begins in the young spore tetrad, in association 
with lamellae of unit membrane dimensions? 7, The spores 
at this time are effectively isolated from the tapetum by 
the investing callose wall, which can evidently restrain 
the passage of quite small molecules*. At about the same 
time particles of sporopollenin (Ubiseh bodies) begin to 
appear on the inner locular faces of the tapetal cells, within 
the gelatinizmg primary wall. The formation of these 
follows the same pattern in Lilium as has been described 
by Carniel? for Ozalis spp. and by Echlin and Godwin!? 
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for Helleborus foetidus. Osmiophilic globuli congregate 
within the cytoplasm of the tapetal cells, possibly taking 
their origin in embayments of the endoplasmic reticulum 
aceording to Echlin ‘and Godwin, much in the manner of 
spherosomes as characterized by Frey-Wyssling et al". 
These globuli are unpigmented throughout their life; 
they are removed by lipid solvents, but their staina bility 





suggests that they contain a lipoprotein component. 'They 
are ultimately extruded from the cells completely (Helle. 


borus) or on evaginations of the plasmalemma (Lilium). 
Only with the movement into the thecal fluid does acere- 
tion of sporopollenin begin, but thereafter the coating on 
the surface of each globulus thickens rapidly, giving the 
characteristic Ubisch body. 

The chief deposition of sporopollenin in the exine of 
the spores begins with the break-up of the tetrads; during 
the next 2-4 days both spore exines and Ubisch bodies 
continue active growth. In this interval a new population 
of globuli develops in the tapetal cells 'These are generally 
similar in eleetron-optical appearance to the previous 
ones, although they gain less density with uranyl acetate 
staining. It is within these bodies that the carotenoid 
pigments accumulate. In L. longiflorum the principal 
pigment is a-carotene 5,6-epoxide; pigments present in 
other Lilium species meludie G-carotene, violaxanthin, 
capsanthin, capsorubin and antheraxanthin'. The pig- 
mented lipid globuli ultimately coalesce, and the whole 
content is subsequently released into the loculus through 
the persistent curtain of Ubisch bodies. There it diffuses 
among the spore mass, becoming assoc iated with the 
fibrillar material persisting in the cavities of the exines. 
The oleaginous, earotenoid-pigmented material synthes- 
ized during the last phase of the life of the tapetum forms 
the Pollenkitt of German authors!*, a name referring to 
its function of cementing grains together during dispersal 
in some entomophilous species. Various biological func- 
tions have been attributed to the pigmentation, which 
may be important as an insect attractant or as a protec- 
tion against damaging effects of radiation". 

In Lilium, then, it cannot really be supposed that the 
carotenoid pigments formed during the final phase of 
tapetal activity participate in sporopollenin synthesis, 
because this is largely completed before the cytoplasmic 
organelles responsible for the production of the pigment 
become active. As the studies of Echlin and Godwin!* 
and others have shown, the key to the origin of sporo- 
pollenin must lie in the precursor bodies (pro-Ubisch 
bodies) and the chemistry of the thecal fluid. Whatever 
the chemieal precursors of sporopollenin may be, the 
well established developmental faets show that they are 
not coloured carotenoids, unless it be supposed that these 
never accumulate to detectable amounts during the actual 
synthesis. It is not, of course, excluded that the true 
precursors are colourless compounds of related structure. 
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Bacterial ‘‘Glycogen”’ and Survival - 


Ix certain conditions, bacteria accumulate relatively large 
amounts of polyglucose compounds with properties similar 
to those of animal glycogen!. An interpretation of bac- 
terial "glycogen" production is that i¢ provides a food 
and/or energy reserve for the organisms in unfavourable 
environments; in other words, bacteria rich in glycogen 
should survive longer than bacteria without such reserves. 
Experimental results apparently supporting this teleo- 
logical interpretation were obtained with Aerobacter 
aerogenes? and Escherichia coli? but not with Sarcina 
lutea’ ; glycogen-rich S. lutea died at a faster rate than 
cells without glycogen during starvation in aerated phos- 
phate buffer at 37^ C. A feature of glycogen reserves in 
bacteria is their rapid depletion during starvation which 
suggests that any contribution glycogen makes towards 
maintenance and survival is of short duration*. It is 
possible that growth conditions which stimulate the 
accumulation of glycogen give rise to bacteria better able 
to resist stress for reasons not concerned with their 
glycogen content. The effect of glycogen reserves on 
bacterial survival was examined with E. coli : cells 
containing different amounts of glycogen were grown in a 
chemostat and their survival properties were determined 
in aerated saline phosphate buffer with and without 
magnesium at 37° and 48? C. 

E. coli (strain MRE 162 from human faeces) cells were 
grown at 37^ C in aerated nitrogen-limited and carbon- 
limited defined mannitol-ammonia-salts media in a 
chemostat? at dilution rates from 0-18 to 0-63 h-!. Bacteria 
were separated from samples of the cultures and washed 
with saline phosphate buffer (pH 6-5) (ref. 6) by centrifug- 
ing, and resuspended (about 0-8 mg dry weight of bacteria/ 
ml.) in saline buffer. Carbohydrate (excluding pentose) 
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in the bacteria was determined by the anthrone method? 
and, in some cases, a polysaccharide with the properties 
of glycogen was isolated as previously deseribed?. The 
total carbohydrate of carbon-limited bacteria without 
extractable glycogen was 5-6 per cent and of slow growing 
(dilution rate about 0-2 h-t) nitrogen-limited bacteria 
15-18 per cent (as glucose). Duplicate samples (5 ml.) 
of the washed suspensions were shaken in conical flasks 
(50 ml.) at 37? C and viabilities determined at intervals 
with a slide culture technique’. 

Results with nitrogen-limited bacteria grown at differ- 
ent rates and containing 8-18 per cent carbohydrate (on a 
dry weight basis) show that those with the most carbo- 
hydrate survived best (Fig. la); in all cases, the carbo- 
hydrate content was depleted to about 50 per cent of the 
initial level within 4 h. Comparison of the survival 
patterns of nitrogen-limited bacteria with those of carbon- 
limited bacteria grown at similar rates (Fig. 1, b-d), 
however, shows that only bacteria with relatively large 
amounts of carbohydrate (Fig. 15) have superior survival 
properties, 

If there is a relationship between bacterial glycogen. 
content and survival, specifie inhibition of glycogen meta- 
bolism during starvation should lead to an increased death 
rate. No satisfactory method of inhibiting glycogen 
metabolism at 37° C was found; but at 48° C, irrespective 
of their glycogen content, the total carbohydrate content 
of the bacteria scarcely changed during 2-3 h. Nitrogen- 
limited bacteria growing at different rates were separated 
from the cultures, washed and heated (about 0-01 mg 
bacterial dry weight/ml. saline buffer) at 48° C; viability 
determinations showed that slow growing bacteria (con- 
taining the most glycogen) did die at a marginally faster 
rate than faster growing bacteria (Fig. 2a). In the same 
conditions, however, the death rate of carbon-limited 
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Fig. 1. Survival of E. coli (about 0:8 mg bacterial dry weight/ml) in aerated saline 
phosphate (pH 6-5) at 37° C. Mean viabilities of duplicate suspensions were determined 
with slide culture’ in each case. (4) Washed nitrogen-limited bacteria grown in a chemostat 
with dilution rate (h-!) -0-18(O), 0-27 (@), 0-48( A) and 0-6 (1). Numbers in parentheses 
refer to the bacterial carbohydrate contents (g/100 g bacteria as glucose). L0 Washed 
carbon-limited ( C) and nitrogen-limited (@) bacteria, dilution rate, 0-27 h. (c) As for (b), 
dilution rate, 0-48 h. (d) As for (b), dilution rate, 0-6 h, In (b) and (c) discontinuous lines 
show survival in saline phosphate buffer 4 magnesium sulphate (mM). 
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Wig. 2. Survival of E, coli (about 0-01 mg bacterial dry weight/ml.) in 

saline phosphate (pH. 6:5) at 48-2° ©. Viabilities were determined with 

slide culture", (a) Washed nitrogen-limited bacteria, dilution rate (h-!) = 

018(0), 0-42 (@) and 0-6( ^). (b) Washed carbon-limited bacteria with 

growth rates and symbols as in (a); discontinuous lines show survival in 
saline phosphate + magnesium sulphate (mM). 


bacteria (Fig. 2b) was in all cases much greater than that 
of nitrogen-limited bacteria grown at a similar rate. The 
addition of magnesium ions (0-05—1:0 mM) to saline buffer 
suspending fluid decreased the death rate of carbon-limited 
bacteria to near that of nitrogen-limited bacteria grown 
at the same rate (Fig. 25) but had little effect on nitrogen- 
limited bacteria. 

The data given show an apparent relationship between 
glycogen reserves and survival at 37° C in starved nitrogen- 
limited E. coli suspensions, confirming previous findings 
with A. aerogenes?, but only E. coli cells with large reserves 
outlived earbon-limited cells without glycogen. Added 
magnesium ions prolonged the survival of cells without 
glycogen but not of cells with large glycogen reserves. 
Compared with carbon limitation, nitrogen limitation at 
growth rates between 0-18 and 0-6 h~ increased the ther- 
mal resistance of E. coli at 48° C but added magnesium 
ions eliminated the differences in response of the two 
types of cells. The bacterial magnesium content is an 
important faetor in survival? and may be more important 
than glycogen reserves. Thus the survival of some nitro- 
gen-limited bacteria may be influenced by the fact that the 
cells contain more magnesium than carbon-limited cells 
grown at a similar rate!*, 
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Effect of Reovirus Type 3 on Cultured 
Burkitt's Tumour Cells 


Two viruses, reovirus type 3 and EBV, a herpes group 
virus, have been found associated with biopsies and 
continuous cell cultures derived from Burkitt's lyra- 
phoma!-. Patients with Burkitt's tumour possess 
antibodies to EBV and reovirus type 3 in greater fre- 
quency, and usually in higher titres, than African control 
children*-. It is conceivable that these viruses alone or in 
combination may play a part in the aetiology of Burkitt’s 
lymphoma. 

We wished to determine whether Burkitt's lymphoma 
cell lines would be susceptible to reovirus type 3; whether 
reovirus type 3 would enhance a persistent EBV infection 
in Burkitt cell lines; and whether reovirus type 3 would 
help to establish EBV carrier states in cultures of various 
origins free of virus. 

The EB3 line, harbouring EBV particles in 1-3 per cent 
of the cells, and the Raji line, known to be free of EBV®, 
were used. Both lines were maintained on medium 
RPMI-1629 supplemented with 10 per cent foetal calf 
serum and antibioties. 

In order to assess the susceptibility of Burkitt cell lines 
(with and without EBV) to reovirus type 3, and the ability 
of reovirus type 3 to enhance the EBV infeetion, lots of 
2 x 105 cells from each line were sedimented at 900g for 
10 min ànd resuspended in 1 ml. volumes of reovirus type 
3 suspensions. The Dearing strain of reovirus (supplied 
by S. Dales, Publie Health Research Institute, New York} 
was diluted to yield concentrations ranging from 10-* to 
10 TCD,, based on titrations in human embryonic lung 
cultures. After 1 h at 37? C, 9 ml. amounts of medium 
were added to each preparation and the cultures were 
further ineubated in 50 ml. Erlenmeyer flasks. Surviving 
cultures were refed, usually every 4-5 days, by sedimenta- 
tion and resuspension of the cells in fresh medium or 
merely by addition of medium to yield 2 x 10* viable cells/ 
ml. again. At varying intervals, samples were removed 
from the cultures for (1) counts of total and viable cells 
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Immunofiuorescence specific to reovirus in EB3 cells 2 months 
after Inoculation. 


(trypan blue exclusion); (2) preparation of 
fixed cell smears followed by fluorescent antibody staining 
using (a) fluorescein isothiocyanate-conjugated goat anti- 
reovirus type 3 gamma globulin (given by E. H. Lennette, 
California State Health Department), and (6) a human 
gamma globulin for detection of EBV antigens*; and (3) 
titrations of reovirus progeny in human embryonic lung 
cultures. 

At the highest virus concentration (10) both EB3 and 
Raji cultures succumbed to reovirus type 3 in 5-8 days. 
With lower virus concentrations, both types of cultures 
survived with the establishment of reovirus carrier states. 
No enhancement of the EBV carrier state in the EB3 
line was observed. The EB3 cultures, however, showed 
less severe effects of the reovirus infection during the first 
weeks than Raji cell populations (Fig. 1). From the 
eighth week on, the extent of the reovirus infection was 
similar in both types of cultures; about 10 per cent 
of the cells contained viral antigen (Fig. 2). Some of 
these cultures have maintained for more than 9 
months without significant fluctuations in the incidence of 
cells infected with reovirus and their rates of growth are 
similar to those of the corresponding control cultures. 

Neither the EB3 nor the Raji line usually produces 
detectable interferon-like inhibitors’, but reovirus car- 
rier cultures yielded low levels of interferon. Cultures 
containing 10* cells/ml. were incubated on a slow rotary 
shaker and the media were collected 72 h later. Media 
from carrier cultures had interferon titres of 1; 8 (Raji) 
and 1:32 (EB3) when titrated in human embryonic 
kidney cultures followed 24 h later by challenge with 
vesicular stomatitis virus. Control cultures without 
reovirus did not yield a detectable inhibitor. 

To determine whether reovirus type 3 promotes EBV 
infection, human embryonic kidney, human embryonic 
lung. Earle’s L and Raji cells were incubated with (1) 
media from EB3 cultures, free of cells, destroyed by a 
high reovirus input; and (2) mixtures of various con- 
centrations of reovirus type 3 and EBV; the EBV was 
obtained by sonication and differential centrifugation of 
EB3 cultures containing 25 per cent EBV cells producing 
antigen'^. In all experiments, no EBV-specific 
immunofluorescence was elicited in any cells of the exposed 
cultures within 5-12 days, although reovirus type 3 
antigen was always found in appreciable numbers of cells. 

Reovirus type 3 and EBV do not appear to play a 
concerted biological part. As previously reported by 
Rabson et al.*, reovirus type 3 failed to be a “helper” for 
the EBV infection, but in their study no replication of the 
virus in Burkitt cell lines was noted. These cell lines were 


acetone- 


been 


these 


susceptible to reovirus type 3 despite the presence of 


EBV in one of them, and persistent infections were readily 
induced and maintained. The higher yields of interferon 
in EB3 cultures might explain their greater ability to 
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restrict reovirus type 3 replication compared with Raji 
cells. 

Reovirus type 3 carrier states have been established in 
human embryonic fibroblastic cultures''. A reoviral 
carrier state may explain the presence of reovirus- 
specific antigens in a murine lymphoma and in Burkitt’s 
lymphoma cells!?, 

If reovirus type 3 has an aetiological role, it or its 
antigens should be found more regularly in Burkitt/s 
tumours or in established cell lines. It is possible that 
its presence in some Burkitt's tumours may denote only 
an incidental passenger or carrier state. 

This investigation was supported by Public Health 
Service grants from the US National Institutes of Health. 
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Elementary Stochastic Model for the 
Induction of Immunity and Tolerance 


RECENT studies! have shown that antibody production 
and tolerance to polypeptide antigens can be induced 
simultaneously. Furthermore, the dosage of antigen seems 
to determine which of phenomena predominates. 
Tolerance ean be induced by either small or large dosages 
of antigen. Challenge with an intermediate concentration 
of antigen results in the production of antibody. 
hypotheses, including different cellular mechanisms for 
the induction of immunity and tolerance*^ and a means 
of concentrating antigen?, have been proposed to explain 
these findings. We discuss here a theoretical interpretation 
of these events which attributes the degree of tolerance 
or antibody formation to the statistieal distribution of 
antigen molecules among the potentially reactive cells. 

The basie postulate of the theory is that the state of 
an immunologically competent cell with respect to anti- 
body production or tolerance is determined by the number 
of antigen molecules whieh impinge on it during the 
eritieal time in its development when it is receptive to 
interaction with antigen. 
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Vig. 1. Generalized comparison of the kinetics of primary and secondary 


immune responses to the same antigen. The ordinate presents the 

parameter Z, which may be titre, number of antigen-reactive cells, or 

other quantitative measures of immunity. The abscissa represents time 

after challenge. The curves z (f) and y (t) refer to the kinetic course of 

the primary and secondary responses, respectively; Xp and Yp refer to 
the constant values of these curves in the plateau region. 


For a given concentration of antigen molecules, we can 
consider the population of cells to consist of four general 
categories on the basis of the number of antigen molecules 
per cell, namely, unstimulated cells, and cells primed for, 
respectively, low zone tolerance, antibody production and 
high zone paralysis (Table 1). 


Table 1 
Antigen molecules Immunological 
per cell phenomena 
Class 0 0 Virgin 
Class I ltoa LZT 
Class H a+1tob AB formation 
Class IIT b+1toe HZP 


a, b, c, arbitrary integers with a «b « c. 


Each of these classes constitutes a definite fraction of 
the total population whieh we will term f (0), f (LZT), 
f (AB), and f (HZP), respectively. The total immune 
response given by this system is therefore the weighted 
sum of those given by the constituent cell fractions. 
Thus, we can write a "conservation equation" of the form: 

Ze (t) f (0)+y (t) f (AB) -0 [f (LZT) +f (BZP)] (1) 
where Z is a general parameter of the degree of immuno- 
logical response, for example, it can represent serum 
titres or number of antibody-forming cells; f (0) and so 
on are as already defined. 

t (t) and y (t) are functions which describe the time 
course of immunity in the primary and secondary response, 
respeetively. As shown in Fig. 1, injection of a single dose 
of antigen brings about exponential production of anti- 
body, following a lag phase. The amount of antibody 
reaches a plateau and eventually declines. Injection of a 
second dose of the same antigen elicits an anamnestic 
response which usually has a shorter lag phase than the 
former, a steeper rate of increase and a higher plateau. 
We shall consider x and y to be independent of time and 
to have the values which they possess in the plateau 
region, that is, the constants Xp and Y p. 

The fractions of cells which have been subjected to 
amounts of antigen sufficient to produce tolerance are 
considered to be removed from the populations of antigen 
reactive cells. This ean be through cell death? or through 
differentiation to some non-reactive state’. Consequently 
these fractions are multiplied by zero in equation (1). 

When the animal has been challenged for the first time, 
only the fraction of cells which has contacted the proper 
amount of antigen will respond by producing antibodies. 
Therefore, Xp- Yp and Z— Xp f (AB). At the second 
challenge of antigen, cells of all categories exist. If the 
dosage is chosen so that most cells receive the optimal 
amount for antibody production, the fraction whieh was 
unstimulated at the initial challenge will now give a 
typical primary response and the primed fraction will 
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give a secondary response, that is 
£z Xp f (0)-- Yp f (AB) 

To apply the theory quantitatively, the fractions f (0) 
and so on must be calculated as functions of antigen con- 
centration. For this purpose, we assume that the antigen 
molecules are randomly distributed with respect to 
potentially reactive cells and that there is sufficient time 
for the system to come to equilibrium. We used the 
Poisson distribution to compute values for eact 
fraction at given antigen concentrations and a fixed total 
number of cells. In general, this is equivalent to cal- 
culating a Gaussian distribution which has a standard 
deviation equal to the square root of the mean. 

With the number of molecules=m;, and the total 
number of cells N, the fraction of unstimulated cells 
would be 









f (seri 
Similar expressions can be written for the other fractions 
as follows 


" 

J (HZT) = E: 

d=b+1 

Where d is the number of molecules of antigen per cell, 

riismi/N, the average number of molecules per cell, and 

a, b and c are arbitrary constants as we have eribed. 

Substituting these fractions into the conservation 

equation, we obtain the formula used in the calenlations 
to follow. 












b -r a (y)de-r e {piler 
Z (r) = X per + Yp = (ryer f x (rfe b \ ) 
aci d! Ly d! psl 


The values of the parameters Xp, Yp, r and a, b and e 
are properties of particular experimental systems. Corn- 
putations were performed using a Fortran programme and 
the University of Melbourne's IBM 7044 computer, 
The effect of variation of the parameters Xp and Yp 
and the range of stimulation for antibody production 
(a+ 1 to b) are shown in Fig. 2. In Fig. 2a the range is held 
constant and Yp, the value of the secondary response, is 
allowed to vary with respect to the primary response 
value Xp. A family of curves is obtained which bears a 
general resemblance to the observed data!'-*, With ex- 
tremely small doses of antigen an essentially normal 
primary response is obtained after challenge. As the 
antigen dosage increases, a trough of low zone tolerance 


(0) (b) 


Logr Log ¢ 

Fig. 2. The effect of variation of the parameters (a) Xp and Yp, the 
plateau values of primary and secondary response, and (b) «4-1 io b, 
the range of antibody production with stimulus, on the curves of Z 
versus the log of the ratio ír) of antigen molecules to cells, (a) The 
range (a+1 to b) is fixed and the ratio Fp to Xp is varied, ‘The highest 
peak has a ratio Yp/Xp of 2 which is progressively decreased in the 
other curves, (b) Fp is set at 1-3 Yp and b, the upper stimulus level of 
AB production, is fixed. The value of a+1, the minimum stimulation 
for AB production, is varied pus i m 50, at which value the trough 

js deepest. 
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Fig. 8. Comparison of theoretical curve with the data of Shellam and 

Nossal’. The points are the geometric mean titres of observed values. 

The bars represent standard deviations. The curve was obtained from 
computations using the model described here. 


intervenes. Further increase results in a zone of immunity 
followed by a region of high zone tolerance. The successive 
decrease in the intensity of the immune response mimies 
observed data!-* on the effect of the number of priming 
injections on the degree of immunity produced. In this 
case, the intensity of the immune response can be con- 
sidered a decreasing function of the number of tolerizing 
injections which the animals received. 

In Fig. 2b, Yp and Xp are fixed, and the range (a+1 
to b) is allowed to vary. The principal point which 
emerges from this diagram is that low zone tolerance 
need not be complete. 

The degree of immunity in the low zone tolerance 
region ean vary from that of no immunity to a degree 
intermediate between those of a primary and secondary 
response. The value in a particular situation is mathe- 
matically determined by two factors: (1) the range for 
immunity, and (2) the value of Yp relative to Xp. The 
limiting cases described here show a correspondence to 
the phenomena observed for weak and strong antigens, 
respectively’. 

This analysis was applied to the data of Shellam and 
Nossa, who studied the dosage dependence of the 
induetion of tolerance and antibody formation to Salmon- 
ella flagellin, a protein of molecular weight 40,000, in 
rats. In general, data obtained from studies with whole 
animals are difficult to analyse quantitatively in absolute 
terms. First, all the antigen injected is not effective as a 
stimulus for immunization. Most injected antigen is 
probably degraded in a non-specifie manner*. In the 
ealeulations, we consider that about 1 per cent of the 
antigenie challenge aetually serves to initiate the immune 
responses studied here. Second, only one out of every 
10°--104 lymphoid cells is apparently capable of responding 
to a given antigen’. 

In the experimental design referred to here, neonatal 
rats were given daily injections of flagellin at various 
concentrations followed by a challenge of antigen in the 
dose range suitable for optimal antibody formation?. 
Our caleulations are based on the magnitude of the 
individual doses beeause the regime of daily injections 
appears to serve a maintenance, rather than an initiatory 
role. During the course of toleranee induction, the 
number of lymphoid cells in the growing neonatal rat 
increases from about 105 to 10° (personal communication 
from G. R. Shellam). Of these, 10% to 105 may be reactive 
to the given antigen. 

Because we have assumed that 10? out of 10!! antigen 
moleeules actually reach these cells at peak antibody 
induction, the effective ratio (r) of antigen molecule to 
cells is 10? to 104. The experimental data (2) can be fit 
best by taking titres Xp=120 and Yp-149 and the 
limits on priming for antibody production as between 101 
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and 10,000 antigen molecules per cell (Fig. 3). This rango 
was chosen to provide a breadth of antibody production 
suitable for the data. l 

Extremely small doses of antigen stimulate essentially 
none of the potentially reactive cells, and the challenge 
dose induces only the normal primary response. As the 
antigen concentration increases to the extent that an 
appreciable fraction of the cell population has come in 
contact with between 1 and 100 molecules of antigen 
(10* molecules or 10-?? g initial dose) a trough of low zone 
tolerance is observed. This tolerance may not always be 
complete because there are two competing factors, the 
number of unstimulated cells which now tend to give a 
normal response, and the primed cells which give an 
augmented response. After the peak of antibody pro- 
duction (10* molecules; 10-!! g) the high zone tolerance 
effect competes with, and finally predominates over, AB 
formation. We must emphasize that the quantitative 
values cited here apply only to the Saimonella flagellin 
system although the form of the curve is consistent with 
Mitchison’s data’. The induction of analogous phenomena 
to serum albumin requires vastly greater amounts of 
antigen than those considered here. This quantitative 
difference may reflect variations in the efficiency of antigen 
processing, in the magnitude of the fraction of potentially 
reactive cells, or in effectiveness of bmding between anti- 
genic determinant and antibody-like receptor on the 
lymphoid cell. 

The best experimental models to test the validity of 
this theoretical approach consist of in vitro induction of 
tolerance and antibody formation as has been described 
by Diener and Armstrong". In these tissue culture 
systems the number of antigen-reactive cells, the exact 
amount of effective antigen and the distribution of antigen 
can be ascertained with a precision unattainable in studies 
using whole animals. The non-uniformity characteristic of 
the response in whole animals might also be minimized. 

The mathematical model presented here is based on the 
concept that competing processes occur within an animal 
or in vitro after treatment with antigen, and that the 
total response measured is the sum of the partial responses. 
The biological scheme invoked was essentially the simplest 
which would account for the competition of immunity 
and tolerance, that is, the same cell is capable of both 
responses, depending on the quantity of antigen molecules 
which impinge on it during the critical period. 

The recognition of antigen may occur at the cell surface 
through interaction with antibody or antibody-like recep- 
tors. Such contact may then bring about changes in the 
cell membrane which are correlated with permeability 
changes and activation of specific gene complexes which 
then result in differentiation into antibody-forming cells 
or to some mactivated state. Such mechanisms have been 
proposed in developmental biology, for example, the 
growth and maintenance of polarity in hydra!'. In this 
system, a given cell may differentiate into a number of 
specialized cells, depending on the concentration of a 
stimulator peptide in the immediate environment. Like- 
wise, it has been hypothesized that the stimulatory effect 
oceurs at the cell surface. 

The actual situation, however, may be much more 
complex than that described here. It has been suggested 
that macrophages may be an obligatory intermediate in 
immunity but not in tolerance?:^. If this is indeed found 
to be the case, the present biological hypothesis will have 
to be modified. The crucial tests of this scheme can best 
be designed with in vitro systems, where the questions of 
(a) antigen distribution: (b) number of reactive cells; 
(c) effective fraction of antigen; (d) effect of molecular 
size of antigen on antigen processing; and (e) the effects 
of metabolie inhibitors and temperature changes can be 
examined critically. 
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Immune Paralysis of Thymus Cells 
by Bovine Serum Albumin 


Ir has been observed consistently that the immune 
responsiveness of neonatally thymectomized mice to 
various antigens, including bovine serum albumin (BSA), 
can be restored by injection of sufficient dissociated 
thymus cells*?, This is also true for mice thymectomized 
in adult life, lethally irradiated and injected with bone 
marrow (my unpublished data) Claman, Chaperon 
and Triplett? have shown that the transfer of thymus 
cells alone to irradiated recipient mice would not restore 
their antibody response to sheep erythrocyte antigens, 
but that these cells would act in cooperation with bone 
marrow cells when a mixture of these cell types was 
transferred. 

It has been reported recently that thymus cells play à 
specifie part in the antibody response to sheep erythro- 
cytes‘, and that treatment of thymus-grafted mice with 
large doses of sheep erythrocytes would depress the 
proliferative response of the thymus-derived cells to a 
further dose of this antigen*. 

Experiments were therefore initially set up to demon- 
strate thymus-marrow cooperation when BSA was used 
as antigen, and then an investigation was made on which 
of these two cell types would carry the specific alteration 
involved in immune paralysis. The recipient mice were 
irradiated with 900 r., and injected on the same day first 
with mixtures of thymus and marrow cells from syngeneic 
donors and then with an immunizing stimulus consisting 
of alum-precipitated BSA mixed with 2x 10° killed 
Bordetella pertussis organisms (personal communication 
from D. Dresser). The animals were bled 21 and 35 days 
later and the serum antibody was titrated as antigen 
binding capacity (ABC) by a modification of Farrs 
ammonium sulphate method*. It was found that for a 
constant dose of thymus cells the response declined with 
declining doses of marrow cells, and with a constant dose 
of marrow cells the response declined with declining doses 
of thymus cells. This provided the criterion for coopera- 
tion. 

In a second experiment the donors were injected with 
10 mg of BSA (Cohn fraction V) in saline, one day before 
cell transfer. When thymus from BSA-treated donors 
was transferred together with normal marrow cells the 
response was profoundly depressed (ABC — 0-1 ug/ml.); 
but when marrow cells from BSA-pretreated donors were 
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combined with normal thymus cells scarcely any inhibitory 
effect was observed which could have been attributed to 
pretreatment with BSA (ABC -— 4-0 ug/ml.). 

As a measure of the quantity of BSA which penetrated 
to the donor cells and was transferred with them to the 
recipients, an injection was made of -labelled BSA to 
normal mice. These were killed one dav later and radio- 
active counts were made on the washed thymus and 
marrow cells. From this it was clear that not more than 
0-05 ug of BSA could have been transferred to each 
recipient. and it was also apparent that about twiee as 
much antigen was transferred with marrow as with 
thymus cells. To demonstrate that the effect of pretreat- 
ing the thymus donors was not due merely to the antigen 
they carried, a third experiment was performed. Recipi- 
ent mice were injected with normal marrow and thymus 
cells, together with pretreated cells of either thymus or 
marrow origin. In neither case did the pretreated cells 
abolish the response of the normal cells, although a 
marginal effect was observed with pretreated thymus 
cells. 

It is concluded that thymus cells and marrow cells can 
cooperate in the immune response to BSA; and t 
treatment of the donors with BSA one day before 
transfer can make their thymus cells but not their marrow 
cells unresponsive to BSA. It remains to mine the 
specificity of this unresponsive condition before conelud- 
ing that thymus cells can carry immune paralysis towards 


BSA. 
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Effects of Antilymphocyte Serum 
on Induction of Tumours and 
Leukaemia by Murine 

Sarcoma Virus 


THE suppression of immune reactions has helped to 
analyse their role in controlling neoplastic growths. The 
frequency of neoplasms which contain virus-specific trans- 
plantation antigens usually is strikingly increased in 
animals thymectomized during the neonatal period or 
given antilymphocyte serum (ALS). Experimental 
animals infected with SV 40 virus, adenovirus type 12, 
and polyoma virus—oncogenic viruses that do not induce 
tolerance—or with the murine sarcoma virus (MSV) show 
more tumours at an earlier age if they are thymectomized 
or treated with ALS (refs. 1-6). In at least one system 
using induction by polyoma virus of neoplasms in C57BI 
miee, the major determinants of tumour induction and 
control have been shown to be the virus-specific trans- 
plantation antigen and the immune response of the 
tumour bearing host’. 

Antiserum against lymphoid cells (ALS) has been shown 
to be an effective suppressant of cell-mediated immuné 
responses such as skin graft rejection and delayed hyper: 
sensitivity reactions*-!, Those processes which lead to 
the production of humoral antibody are also sensitive ta 
ALS (ref. 11). but may have unusual time-deperident 
relationships to antigen administration", Tt was inter. 
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esting therefore to explore the effeets of ALS on the 
tumour-produeing eapacity of the murine sarcoma virus 
(MSV), an apparent variant of the Moloney leukaemogenic 
virus. Preliminary findings of the effect of neonatal 
thymectomy on tumour induction with MSV in inbred 
strains of mice suggest a role of anti-MSV antibodies 
rather than cell-mediated processes in susceptibility and 
resistance’, 

Female BALB/cAn mice 8-12 weeks old received two 
subeutaneous injections of ALS (0-1 ml. volumes) on 
day 0 and day 14. The preparation and characteristics of 
the ALS used here have been described’. Absorption with 
washed BALB/c erythrocytes was carried out before use. 
On day 5, 0-1 ml. of MSV was inoculated intramuscularly. 
The virus was obtained from Dr John Moloney, of this 
institute, as a tumour extract from BALB/c mice and was 
subsequently grown on mouse embryo cells. The con- 
centration of the virus was 5x 10? focus-forming units 
(FFU)/ml. The control animals were from the same litter 
and received MSV only. 

The strueture and behaviour of the tumours induced in 
these ALS-treated adult BALB/c mice were similar to 
those already described and designated "atypical granu- 
lomas"9*. These MSV-induced growths could not be con- 
sidered simple autonomous neoplasms. Histologically 
they contained varying numbers of atypical mesenchymal 
cells—which were probably neoplastic, but were composed 
largely of reactive granulation tissue (Table 1). Local 
masses appeared in the muscle of eight mice and these 
masses grew progressively to a large size. In two cases 
where growth was allowed to continue the hosts died 3-5 
and 4 months, respectively, after virus inoculation; large 
growths regressed in two mice. In two mice lesions 
distant from the site in spleen and lymph nodes, respec- 
tively, were also composed chiefly of granulomatous 
inflammatory tissue. Four tumours were transplanted to 
weanling BALB/c syngeneic recipients and did not grow 
progressively. 


Table 1. ATYPICAL GRANULOMAS (G) AND LEUKAEMIA (L) IN ADULT ALS- 
TREATED MICE INFECTED WITH PSEUDOTYPE MSV(MLV) VIRUS 


No. with No. with Latent period in 


Group granulomas leukaemia days average (range) 
Inoculated ALS plus MSV 8/20* (40% 8/20F G = 38-4 (22-52) 
(ML L=76 (89-153) 
Inoculated MSV(MLV) 0712 0/12 — 


* Two of these BALB/c mice with large growths in the muscle and sub- 
cutaneous tissue also presented typical granulomatous lesions in the spleen 
and lymph nodes. five of twenty adult BALB/c mice were 8 weeks old 
and the rest were 12 weeks old at the time of virus injection and ALS 
treatment. 

+ Four of the eight generalized lyraphocytic leukaemias were found in mice 
bearing granulomatous tumours. 


Generalized lymphocytic neoplasms appeared in eight 
MSV-inoculated adult recipients treated with ALS but 
they appeared considerably later than the atypical 
granulomas. Four mice had lymphocytic neoplasms as 
well as granulomas. Neither intramuscular tumours nor 
leukaemias were found in those BALB/c virus-treated 
adults which did not receive ALS. These have now been 
observed for more than 7 months. In contrast to the 
behaviour of the intramuscular tumours in transplantation 
into syngeneic recipients, the lymphocytic neoplasms 
grew progressively. 

It is not unexpected that MLV should be present in our 
MSV virus preparation, for MSV was isolated from 
animals infected originally with MLV. It should therefore 
be referred to as the MSV(MLV) pseudotype virus. The 
effect of ALS in these experiments is clearly the opposite 
of neonatal thymectomy which almost completely pre- 
vents the induction of lymphocytic neoplasms following 
MLV infection. Also MLV is ineffective as a leukaemogen 
in intact 8 to 12 week old BALB/c recipients (see controls). 

Clearly, thymectomy in relation to leukaemia induction 
is not an immunosuppression. In these experiments, where 
thymic elements of the recipient mice are not destroyed, 
the immunosuppressive effects of ALS are observed equally 
in the induction of intramuscular tumours and in general- 
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ized lymphocytic leukaemia. Because virus specific anti- 
gens of the transplantation type have been demonstrated 
in both types of tumours, it is likely that tumour antigens 
and the immune status of the host are important in tumour 
induction. Additional data bear on this point. BALB/c 
mice infected at birth with MLV and subsequently treated 
at 1 week and again at 2 weeks of age with ALS showed 
a similar frequency (14/29 — 48 per cent) and latent period 
(4 months) of generalized lymphocytic neoplasms as con- 
trol BALB/c littermates infected with MLV but not 
treated with ALS (8/14=57 per cent at 45 months). 
Immunosuppression therefore is a negligible factor where 
tolerance to MLV is known to develop. 
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C-Terminal Sequence of the F'c Fragment 
of Human Gamma G Globulin 


ENzvME digestion of immunoglobulins with papain, first 
described by Porter!, has proved to be a useful technique 
for obtaining biologically aetive fragments of the parent 
molecules. The fragments are readily separated into the 
antigen combining Fab fragments and the Fe fragment 
which, though devoid of antigen-combining activity, 
retains other biological properties shared by most yG 
antibody moleeules?. After prolonged digestion of normal 
human gamma globulin with papain, there is progressive 
degradation of the Fe fragment. There remains, however, 
a rapidly migrating resistant segment of the Fe fragment 
known as the F'e fragment (F'e) (ref. 3). Despite the 
fact that tryptie peptide maps of F'e derived from pooled 
gamma globulin display the characteristic Gm "a^" and 
"non-a" peptides*, this genetic factor cannot be demon- 
strated by serological methods capable of detecting Gm a 
activity in the Fe fragment. Apparently insufficient 
conformation is retained by the F’c fragment for expres- 
sion of this allotypic activity, even though the primary 
molecular basis for it persists. Although none of the 
biological properties of the Fe fragment have been 
recovered in the F’c fragment, it seems possible that the 
F'e region contributes to some other biological properties 
of antibodies such as complement complexing, binding to 
skin, and placental permeability. Consequently, further 
characterization of this fragment may yield information 
relating chemical structure to biological function. 

F’e fragment was prepared in several batches from 
gamma globulin (fraction II, lot 397, New York Blood 
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Center) as described earlier*, After electrophoretic separa- 
tion it was further purified by gel filtration using 'Sephadex 
G-100' as illustrated in Fig. 1. 

Immunoelectrophoretic analyses of material collected 
from peaks I and II gave identical patterns. Both com- 
ponents migrated with fast mobility and gave precipitin 
ares with a rabbit antiserum to Fe fragment, whereas 
peak III material could not be deteeted immunologically 
(Fig. 24). Double diffusion analysis indicated antigenic 
identity of peaks I and II, both of which gave a reaction 
of partial identity with the Fe fragment (Fig. 2B), while 
peak III was not antigenic. Equilibrium sedimentation 
studies indicated that peak I had a molecular weight of 
approximately 14,500, and peak II a molecular weight of 
approximately 8,000, thus suggesting that peak I may be a 
dimer of peak II. Dimethylaminonaphthylsulphonamide 
(dansyl) derivatives of III were prepared and separated 
by polyamide layer chromatography*. No fewer than 
fourteen components were obtained and histidine was 
prominent among them. These results indicated that peak 
III material was composed of a heterogeneous mixture of 
amino-acids and small peptides. 

The material recovered under peak II was treated with 
cyanogen bromide* and the resulting cleavage products 
were separated by gel filtration (‘Sephadex G-100'). 
As Fig. 3 shows, fraction CB I, representing less than 3 
per cent of the total, may be aggregated material; CB IT 
was recovered in greater than 90 per cent yield, and CB III 
(8 per cent) consistently absorbed very little ultraviolet 
irradiation at 280 my. Because this material was nin- 
hydrin positive and contained no homoserine and was 
eluted with a volume approximately equal to the total 
column volume, we thought that it was a small peptide 
derived from the C terminal end of the polypeptide chain. 
Neither eyanogen bromide cleavage product, CB II nor 
CB III, precipitated rabbit anti-Fe serum. Absorption 
of 0-5 ml. of antiserum with 1 mg of CB II completely 
inhibited precipitation of F'c fragment in double diffusion 
experiments, and had no detectable effect on precipitation 
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Fig. 1. Gel filtration of F'c, Crude F’c 105 mg obtained by ‘Pevikon’ 

zone electrophoresis was eluted with 1 N propionic acid from a 1*0 x 75 


em ‘Sephadex G-100 ' column and collected in 2-6 ml.fractions. Optical 
absorbance was determined at 280 my in 1 em cells, 


I I 
Fco fo} orc 
Tr 


A B 








B 


Fig. 2. Immunoeleetrophoresis (4) and immunodiffusion (B) of F'c 
fractions obtained by gel filtration. Rabbit anti-Fe was used in the 
troughs and centre well, 
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Fig. 3. Gel filtration of F’c fraction II after cyanogen bromide cleavage, 

The separation of 30 mg of CB F'c II was effected with a 1-9 x 147 em 

column of ‘Sephadex G-100' eluted with 1 N propionic acid in 2-6 ml 

fractions. Optical absorbance at 280 mj and 570 mp was measured after 
reaction with ninhydrin 





f Fe, F'c and CB II 


Fig. 4. 
with antiserum to Fefragment (as) on right and antiserum absorbed with 
CB II on left (CB II as) 


Ouchterlony analysis comparing reaction ¢ 


of the Fe fragment (Fig. 4). When the Fe fraction was 
allowed to diffuse against the neat and absorbed antiserum 
in adjacent wells, a reaction of complete identity 
obtained and no spur could be noted. 

The inhibiting effect of CB II on the precipitation of 
F'c and probably Fe with antisera to Fe fragment was 
affirmed by quantitative precipitin techniques. The data 
in Table 1 demonstrate a complete inhibition of precipi 
tation of F'c, and partial inhibition of Fe precipitating 
capacity in the presence of CB II. No interference 
encountered when CB IT was added to an unrelated precipi 
tating complex consisting of immunoglobulin fragment Fab 
and its antiserum, These findings imply that at least one 
Fe antigenic determinant remains on the CB II fragment. 
Quantitative amino-acid analysis’ and sequence determina 
tions of CB III by a modified Edman-dansyl procedure 
(ethyl isothiocyanate was used for stepwise cleavage) 
of several preparations invariably gave N-terminal histi 
dine, but the lengths of the peptide sequences varied as 
indieated in Table 2. 
with the more complete sequence reported for the C- 
terminal octadecapeptides in heavy chains of a 


was 


was 


The sequences found were consistent 


human 


Table 1. QUANTITATIVE INHIBITION OF RABBIT ANTI FC BY CR II 
Fab Fe F'e 
Anti-Fab Anti-F« Anti-Fc 
ug CB IT added pg protein precipitated 
0 173 120 50 
220 195 130 20 
440 170 350 0 
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Table 2. AMINO-ACID COMPOSITIONS AND SEQURNCES OF THREE SEPARATE 
PREPARATIONS OF CB III 
Prepa- Amino-acid composition 
ration His Glu Ala Leu Sequence 
a) 1:42 137 1-00 0-29 (Met)-His-Glu-Ala 
(2) 1-21 1:00 1:00 0-84 (Met)-His-Glu-Ala-Leu 
(3) 1-99 1-06 1-00 0-03 (Met)-His-Glu-Ala-Leu-His 


myeloma protein, and also for horse and rabbit gamma 
globulins*. 

It is evident that as well as its action on the hinge 
region of the heavy chain, papain also has an erosive 
action near the C-terminal end of heavy chains, resulting 
in shredding from the chain of ten to thirteen amino-acids. 
It should be recalled that histidine was prominent among 
the amino-acids released after papain digestion, and that 
the C-terminal sequence of the heavy chain is rich in 
histidine. It was also interesting that CB II inhibited 
the precipitation of the F'c fragment with rabbit anti-Fe 
serum. It can therefore be postulated that treatment 
with cyanogen bromide either altered the conformation of 
F'c-CB II sufficiently to perturb its capacity to precipitate 
with antiserum, or that interaction of the adjacent Met- 
His-Glu-Ala with an antigenie region in the CB II unit 
enhances precipitating activity. Rabbit yG heavy chains 
also contain the sequence Met-His-Glu-Ala?, and so it is 
unlikely that this sequence contributes directly to the 
immunogenicity of human Fe in the rabbit. There may 
be an analogy between the loss of Gm activity following 
degradation of Fe to F’c and the loss of the ability of the 
cyanogen bromide treated F’c to precipitate antiserum to 
Fe fragment. In both cases the primary structural com- 
ponents related to the antigenic specificity persist, even 
though they cannot be demonstrated by the previously 
effective immunological techniques. 

These results clearly establish that the F’e fragment is 
produced by papain digestion from a heavy chain region 
near but not including its carboxyl terminus as predicted 
by Turner and Bennich'®*. The homogeneity of the N- 
terminal amino-acid histidine and the ensuing homo- 
geneous sequences of the C-terminal peptides cleaved by 
cyanogen bromide from F’e confirm previous indications 
that there is little variation in primary structure in the 
C-terminal region of y-chains*. 
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Demonstration of an Internal Structure 
within the Red Blood Cell by lon Etching 
and Scanning Electron Microscopy 


THE surface of the red blood cell has been studied exten- 
sively by means of the electron microscope. This requires 
replica techniques or the preparation of haemoglobin-free 
"ghosts"; the interpretation of the resulting pictures has 
been a matter of individual opinion and, frequently, of 
controversy, because they are restricted by limitations of 
dimensional perspective. The scanning electron micro- 
scope provides a three-dimensional view of surface structure 
and it has been used for studying human blood cells" *. 
Although this instrument provides much greater depth 
of focus than the transmission electron microscope, its 
view is still restricted to the superficial layers of the cell 
membrane. To be able to see the cell membrane beneath 
its surface and the internal structure of the cell beneath 
would be of great value. 

Ion etching is a technique in which materials are gradu- 
ally eroded, or “sputtered” DW the action of incident high 
energy ions. The ions are usually extracted from a glow 
discharge in low pressure argon, air or mercury vapour. 
The difficulties of ion bombarding electrically non-con- 
ducting materials, in which there may be a build-up of 
surface charge, have been overcome by the use of radio- 
frequency sputtering techniques**; the accumulated 
positive charge is neutralized periodically by electrons 
extracted from the discharge when the polarity of the 
discharge electrodes is reversed. Radiofrequency sputter- 
ing equipment is now available commercially so the 
procedure is widely practicable. 

Ion etching has so far been used chiefly in the examina- 
tion of the structure of metals and inorganic compounds*-*, 
glass’, and polymers’. Its application to biological 
material has been restricted to hard substances such as 
dental enamel which is principally mineral’. We have 
applied this method in combination with scanning 
electron microscopy to soft biological material, using the 
red blood cell as the model for the preliminary study. A 
variety of ions has been used in order to study the differen- 
tial effects of altered conditions of etching. 

Freshly collected normal adult blood in EDTA anti- 
coagulant was fixed in 0-5 per cent phosphate-buffered 





Fig. 1. Normal red blood cell, as seen by scanning electron microscope 

after ion etching in argon for 10 min at 1 torr. The superficial layers of 

the membrane have been removed leaving the more resistant areas intact. 
( x 9,500.) 
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glutaraldehyde, pH 7-4, for 30 min. The preparations 
were then washed three times in glass-distilled deionized 
water, resuspended in water and a drop was allowed to 
dry on a small cover glass. The cover glass was placed on 
one of a pair of 4 mm thick vitreous quartz disks resting 
on the water cooled electrodes of a radiofrequency 
sputtering apparatus (Edwards High Vacuum Inter- 
national Ltd) which had an operating frequency of 13-6 
MHz. Ion etching was carried out for periods of between 
5 and 45 min in argon, hydrogen, oxygen or water vapour 
at pressures of between 1 and 3 ptorr. Each of these 
produced a different degree of differential etching between 
the various components of the cell membrane. Asa rule, 
the radiofrequency power used was 5-10 W/em* of electrode 
area. The etched specimens were mounted on aluminium 
specimen stubs, coated with a layer of gold-palladium 
alloy to a thickness of 50 nm and examined by a scanning 
electron microscope ('Stereoscan', Cambridge Instrument 
Co.). In all cases the angle of incidence of the primary 
beam to the specimen surface was 45°. 

Depending on the intensity of the etching, it has been 
possible to see an organized structure at different levels 
within the membrane (Figs. 1 and 2) and within the cell 
itself (Figs. 3 and 4). The membrane has been shown to 
be heterogeneous. There are small etch-resistant circular 
areas dispersed over the membrane (Fig. 1) which seem to 
be similar, both in size and in features, to the material 
seen by carbon replica electron microscopy of red cells 
after fixation in osmie acid and partial digestion by 
NaOH (ref. 10). In addition to the scattered material 
some larger etch-resistant areas in the form of irregular 
plaques were seen in some preparations. The nature and 
significance of this material require study. It might 
correspond to electron-dense material which can be seen 
as irregular patches in transmission electron microscopy 
pictures of red cell membranes". Another feature of the 
membrane is the presence of indentations or pores, 
especially prominent in the concave area of the cell 
(Fig. 2) suggesting that membrane structure (and perhaps 
function) in this area differs from that at the periphery 
of the cell. 

Beneath the membrane a remarkable picture has been 
revealed. The interior of the cell is clearly distinct from the 
membrane (Fig. 3). It contains an orderly network of 
filamentary material. There is some interconnexion and 
looping of the filaments, and along the length of the 
filaments there is irregular beading (Fig. 4). It is not clear 
at this stage whether the columns are a true reflexion of an 
internal structure of the red cell, or whether they are an 





Fig.2. Normal red blood cell, as seen by scanning electron mieroscope 
after ion etching in hydrogen for 15 min at 2 utorr. Note the pore-line 
structures, especially prominent in the concave area of the cell. ( x 7,500.) 
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Fig. 3. Normal red blood cell, as seen by scanning electron microscope 

after ion etching in hydrogen for 35 min at 1 wtorr. The membrane has 

been completely removed to show an underlying internal structure within 
the cell. (x 7,500.) 





Fig. 4. Preparation similar to that in Fig. 3, at high magnification. The 


within the cell is shown in detail. 


( x 14,000.) 


filamentary structure greater 


artefact resulting from variability in resistance to ion 
etching of the cell membrane, leading to a shadowing 
effect. It is tempting to suggest, especially in view of the 
looping of the filaments, that the appearance is a re- 
flexion of a true structure, possibly consisting of a com- 
bination of haemoglobin and stroma. If so, it would give 
support to the view which has been the subject of much 
discussion and speculation" that haemoglobin is bound to 
stromatin fibrils, and that this binding provides an 
essentially rigid framework which maintains the cell 
shape much as do steel reinforcing rods with concrete in a 
building. Although the structure looks rigid in these 
glutaraldehyde-fixed specimens it is highly probable, in 
view of the known flexibility of red cells in vivo, that in its 
natural unfixed state the material is plastic, at least to 
some extent, although it seems likely that the form shown 
represents a basic structural design. 

Our study has been chiefly with normal blood, but a 
preparation from a patient with sickle-cell disease has 
shown a different structural pattern of the filaments, 
some even being entwined, which suggests that there is a 
disorganization of the stromatin-haemoglobin framework 
in the affected cells in this disease (Figs. 5 and 6). These 
findings support the contention that the ion-etch effect is 
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Fig. 5. ed blood cells from case of sickle-cell disease, as seen by 

scanning electron microscope after ion etehing in oxygen for 5 min at 

1 utorr. The structure pattern within the cell differs from normal 
( x 4,000.) 





Higher magnification of red blood cell from case of sickle cell 
After ion etching in 
Note the entwined fibrils. (x 7,000.) 


Fig. 6 
disease, as seen by scanning electron microscope 


hydrogen for 30 min at 2 torr 


not merely a non-specific artefact. It is of additional 
interest to note that removal of the membrane in this case 
required significantly more etching than normal cells, 
suggesting either that there is more resistant material in 
or that the membrane is thicker. Whether 
reflects a younger membrane pathology. 


the membrane 
this 
remains to be determined. 

These preliminary findings demonstrate the potential 
value of the technique in studying the architecture of 


cell, or 


normal and pathological blood cells and other biological 
material 
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Photometric Demonstration of 
Aggregation of Slime Mould Cells 
showing Effects of Temperature and 
lonic Strength 


Fon several years, a photometrie method has been in use 
for the quantitative investigation of the aggregation of 
thrombocytes or blood platelets! 3, A 
platelets in plasma or in physiological saline sclution is 
stirred at a rapid rate in a tube through which a beam of 
light is passed and the light transmission is recorded con- 
tinuously. When the platelets are caused to aggregate the 


suspension of 


transmission increases and when the aggregates disperse 
the transmission decreases. The dependence of the optical 
changes on the numbers, sizes and packing densities of 
the platelet aggregates has been established?. The method 
has provided much new information about the mechanism 


of platelet aggregation in relation to haemostasis and 
thrombosis'. The aggregation of other cells has been 


followed in the same way 

We have now used the photometric method to investi- 
gate the aggregation of the cells of the mould 
Dictyostelium discoideum. Our interest was fanned by a 
report? that single cells of this mould on a solid agar 


slime 


medium can be induced to aggregate by low concen- 
trations of adenosine-3’,5’-cyelic monophosphate (cycle 
AMP): this called to mind the essential role of another 
nucleotide, adenosine diphosphate (ADP), in the aggre- 
gation of mammalian thromboeytes (for review, see ref. 4). 

In the life eyele of the slime mould there is a period 
when the cells are single, free living and reproduce by 
binary fission as long as their food supply is adequate. 
When this is exhausted a period of morphogenetic activity 
follows in which the first visible event is the aggregation 
of the cells". There is evidence that this aggregation 18 
sromoted by a specific chemotactic agent® which may be 
cyclic AMP (ref. 7). The photometric method has failed 
to demonstrate aggregation of the slime mould cells in 
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suspension by cyclic AMP or by substances related to it. 
The method, however, has demonstrated an increase in 
the tendeney of the cells to adhere to each other as they 
approach the period of spontaneous aggregation. 

Slime mould cells were grown on SM agar" at 22° C 
with E. coli B/r for food. Just before their spontaneous 
aggregation the cells were collected in ice-cold distilled 
water and washed three times by centrifugation at 0^ C 
for 5 min at 100 g to remove the bacteria. After resus- 
pension the cells were pipetted on to 'Millipore' filters 
which rested on support pads saturated in distilled water 
and contained in plastic Petri dishes. The cells were kept 
on these filters for varying times at different temperatures. 
Just before measuring their aggregation the cells were 
washed off the ‘Millipore’ filters with ice-cold distilled 
water in which they were suspended at a concentration of 
3x105-10* cells/ml. When these suspensions were kept 
ice-cold the microscopic appearance, motility and aggre- 
gating properties of the cells remained unchanged for 
several hours, but when kept at room temperature the 
cells soon looked unhealthy and their properties altered. 
For measuring aggregation, a 1 ml. sample was pipetted 
into a small glass tube in the aggregometer™ in which the 
suspension was stirred at 1,000 r.p.m. so that the collision 
rate of the cells was non-limiting’. The tube was sur- 
rounded by a metal jacket through which water at 
237.25? C circulated. Additions were made after 5 min 
and changes in light transmission were recorded with a 
Vitatron pen recorder. Microscopic examination of 
samples taken from the tube confirmed that progressive 
inereases in light transmission were associated with the 
formation of cell aggregates of increasing size. The tangent 
drawn to the steepest slope of the transmission curve was 
taken as a measure of aggregation velocity. 

Cells whieh had been kept at 0^ C or at 23? C did not 
aggregate spontaneously or after the addition of eyclic 
AMP or other nucleotides. Aggregation was induced, 
however, by the addition of salt solutions (Fig. 1). The 
sensitivity to salts inereased with time. For example, 
after 4 h at 23° C the cells were four to ten times more 
sensitive to sodium chloride than after 1 h; thatis to say, 
the same aggregation velocity was produced by 1/4 to 
1/10 the concentration cf sodium chloride, and the dose- 
response eurve was moved considerably to the left (Fig. 2). 
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Fig. 1. Superimposed tracings of records showing the increase in 
light transmission through the cell suspension produced by addition of 
different concentrations of calcium chloride. Inerease in light trans- 
mission corresponds to cell aggregation. Caleium chloride was added 
at the time indicated by the arrow. The final concentrations of calcium 


chloride were (MY: (a) 5x10; (by Lx 10; (c) 2x107; and (d) 
5x 10-5, 
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Fig. 2. Dose-response curves of aggregation by sodium chloride added 


to suspensions of cells which had been incubated on ‘Millipore’ filters 

at 23° C for L h (I —— Wo and £h(6——— 9). The velocity of aggrega- 

tion plotted on the ordinate was recorded as the slope of the tangents 

drawn to aggregation curves similar to those shown in Fig. 1, and 

expressed in em/min. The points marked by open circles and squares 
were obtained with potassium citrate. 
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Ionic strength 


Fig. 3. Dose-response curves for the aggregation of celis, incubated 

at 23" C for 1 h, produced by sodium chloride (lg——- Bp and calciuni 

chloride (@ €. Tonie strength is plotted on the abscissa, The 

curves show that calcium chloride produced a greater effect than 
sodium chloride at the same ionic strength. 











Potassium nitrate and sodium chloride at the same con- 
centration produced similar rates of aggregation. This 
suggested that aggregation was caused by the increase i 
iònic strength. In support of this conclusion, calcium, 
magnesium, strontium and barium chlorides also brought 
about similar increases in aggregation velocity. When 
the aggregation velocity was plotted against the Lewis- 
Randall ionie strength, which takes into account both 
anions and cations, the eurve for caleium chloride 
approximately parallel to but to the left of that for sodiura 
chloride with calcium chloride about twice as effective as 
sodium chloride at the same ionic strength (Fig. 3): 

In another experiment cells were kept at different 
temperatures for different times before their aggregation 
was measured in response to added salts. All the cells 
were on ‘Millipore’ filters at 0° C for about I h before the 
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experiment. The cells from one filter were then tested 
with sodium chloride and ealeium chloride. Pairs of other 
filters were tested after 3 and 6 h. At the beginning the 
cells were unresponsive, being aggregated very slowly only 
by 102 M calcium chloride. Cells maintained at 1? C 
were even less responsive for this concentration of 
caleium chloride only caused slow aggregation after a 
delay of about 2 min. Cells kept at 18° C or 25° C aggre. 
gated rapidly in response to much lower salt concentra- 
tions after 3 h but the cells kept at the higher temperatures 
were the more sensitive (Fig. 4). After 6 h the sensitivity 
of cells kept at both temperatures had increased further 
but was now approximately equal (Fig. 4). 

It has been reported" that after incubation on washed 
agar for 2 h slime mould cells lost their ability to form 
clumps in saline media and that, after incubation for 4 h, 
treatment with papain was necessary to obtain suspension 
of single cells. Exposure to a proteolytic enzyme has 
obvious disadvantages in investigations on the mechanism 
of cell adhesion. Our incubation procedure provided sus- 
pensions of cells almost all of which remained single for 
at least 6 h after removal of the food supply. 

In the conditions in which the slime moulds were pre- 
pared for our experiments, the cells began to aggregate 
spontaneously after about 7 h at 23° C. Our results show 
that during this period the tendency of the cells to adhere 
to one another increases progressively and that this in- 
erease is prevented at low temperature. From behavioural 
observations of slime mould cells on agar it was con- 
cluded™ that their mutual adhesiveness increases before 
the phase of spontaneous aggregation. This conclusion 
is supported by our results. The dependence of the 
inerease in adhesiveness on temperature suggests that the 
cells synthesize a surface component on which the spon- 
taneous aggregation depends. This interpretation is 
supported by the finding (unpublished) that the negative 
charge density of the surface of the cells decreases greatly 
in the same conditions in which their increased adhesive- 
ness has been demonstrated. 

Increasing the ionic strength of the medium enabled the 
cells to adhere to each other. This is in accord with the 
hypothesis of colloid-electrostatic double layer of cell 
adhesion’. Unfortunately, results such as ours provide no 
insight into the nature of the forces involved in adhesion. 
Whatever these forces may be, an inerease in ionie strength 
diminishes the electrostatic repulsive forces between cells 
and allows other forces making for adhesion to operate. 
Nor do the results provide information about the chemical 
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nature of the surface structures which are involved in 
adhesion. The failure of cyclic AMP to cause suspended 
cells to aggregate supports the proposition? that the 
demonstration of its chemotactic effeet requires a con- 
centration gradient. 
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Habituation in relation to 
State in the Human Neonate 


IN a polygraphie study it was found that newborn babies 
responded differentially to pure and to patterned tones 
of equal sound pressure!. Patterned (square-wave) tones 
were more potent stimuli for eliciting electromyographic 
responses than pure (sine-wave) tones and within each of 
these eategories those tones with low frequeney funda- 
mentals elicited most responses. Square-wave tones with 
low frequeney fundamentals possess certain structural 
similarities to human speech sounds. They 
were therefore eategorized as "supernormal" 
stimuli because they elicited more responses 
than the voice itself, which in turn was more 
potent than any of the sine-wave tones. 

In view of this selective responsivity to 
potentially meaningful stimuli, we wondered 
whether there would be differential rates of 
habituation to these stimuli. Habituation 
is the progressive decrement of response 
with repeated stimulation?. It could be 
argued that it is adaptive for an organism to 
habituate more slowly to a biologically 
significant stimulus than to an insignificant 
one. Furthermore, Sherrington observed 
that even with spinal reflexes habituation 
was more rapid to weak stimuli than to 
strong?. On both these grounds it would be 
expected that inereasingly rapid rates of 
habituation would be obtained : to the 
supernormal stimulus, to the voice and to a 
low frequency sine-wave tone, respectively. 
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Fig. 4. Dose-response curves of aggregation by calcium chloride. 
as follows before the experiment: W- - - - Bi. 3 h at 18° C; ror 
&----G.0hat 18^ C: and $—— @, 6 hat 25* C. 


The cells were incubated 
BH—— WU. 3h 


" To test this expectation, ten full-term 
neonates between the ages of 4 and 8 days 
were studied polygraphically. Although 
response parameters such as respiration, 


9 . 
at 25° C: heart rate, eve movements and EEG were 
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recorded, this report deals primarily with the electromyo- 
graphie data. These responses were reliable indices of 
behavioural orienting and alerting. EMGs were recorded 
from right and left biceps brachii, right and left triceps, 
right and left quadriceps, using surface electrodes’. Data 
were recorded on an Offner-Beckman sixteen channel 
dynograph type R. 

Newborn babies are awake and quiet only for very 
brief periods of time, being asleep for approximately 
70 per cent of the time and in irregular sleep for 40-50 per 
cent of the latter’, Numerous animal and human studies 
have demonstrated marked differences in behavioural 
and autonomie phenomena in the two kinds of sleep*-!. 
Neonatal auditory responsivity too has been shown to be 
a function of behavioural state’. State was thus con- 
sidered to be a critical experimental variable and was 
continuously monitored, observations concerning crying, 
sucking, opening and closing of the eyes being recorded on 
the polygraph. Stimulation was carried out chiefly in three 
states defined as follows. State I—eyes closed, no gross 
movements, regular respiration, stable heart rate, no eye 
movements, high voltage EEG with "tracé alternant”; 
state Il—eyes closed, small movements and twitches, 
irregular respiration, unstable heart rate, low voltage 
EEG; state III-—eyes open, no gross movements. Stimu- 
lation was continued during transitions between these 
states as well as during periods of gross activity, erying, 
sucking and so on, although these latter periods were not 
included in the EMG analy 

Three stimuli were used: 








a 25 Hz square- -wave tone. 
a female voice saying "baby", and a 125 Hz sine-wave 
tone. The experimental procedure was as follows: 
approximately 30 min after its feed the baby was placed 
on its side in a basinette in a climate chamber (tem- 
perature 32? C, humidity 50 per cent. ambient noise level 
60+ 2-5 dB) and the electrodes were fixed; each stimulus 
was then presented on sixty trials at 30 s intervals from 
a speaker 40 em above the baby's exposed ear. All stimuli 
had à sound pressure level, at the baby's ear, of 75 dB 
re 0.0002 ubar. The first trial of the second stimulus 
followed 30 s after the sixtieth trial of the first stimulus 
and the first trial of the third 30 s after the sixtieth trial 
of the second. The order of the stimuli was systematically 
varied over the ten subjeets. Most subjects were studied 
for a period of 2 h; occasionally it was possible to have 
the baby for a longer period, in which case it was possible 
to present one or two additional stimuli. 

The polygraphs were first analysed by two of us to 
ascertain the presence of an EMG response within each 
10 s period from onset of stimulus, using four response 
eriteria', Without reference to the EMG data, the poly- 
graphs were then evaluated by a third observer for state. 
When the number of responses in blocks of five trials 
was considered for any one subjeet, there did appear to 
be a frequent but inconsistent decrement of response. 
When reference was made to state, however. it was clear 
that the most marked decrement consistently occurred 
when the baby passed from state III into state Il. or 
from state II into state I. "Transitions in the converse 
direetion were associated with recovery of response. 
Fig. 1 shows sequential records of the responses of four 
subjects. These suggest that response decrement and 
recovery are primarily functions of state-changes. In 
order to see if habituation occurred within any one state, 
successive blocks of trials in the same state were con- 
sidered: 
consecutive blocks available from at least half the sub- 
jects. Table 1 gives the percentage of responses (in suc- 
cessive blocks of five trials) elicited by each stimulus in 
each state. <A trend analogue of Friedman’s analysis 
of variance by ranks!? was carried out on each row: 
in none of these was T significant even at the 5 per 
cent level, indicating that, within any one stable state, 
there was no systematic or progressive response decrement 
with repeated stimulation. 











a selection was made of the largest number of 
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Fig. 1. Sequential records of four subjects showing number of EMG 
responses per block of five trials in relation to stimulus and state (Ts 
regular sleep; I1 — REM sieep; III = quiet wakefulness). 


On the other hand, state transitions toward regular 
sleep (state I) were always associated with decrement of 
response and transitions from state I with recovery of 
response; for the three stimuli combined, Wilcoxon's 
matched-pairs E ranks test gave values of T as follows: 
I—II: 2, n=7 (P<0-025); Il—1: 0-00, n=10 (P 
« 0-005); Ln 4, n 10 (Pc 0-01); H-I: 0, n6 
(P < 0-025). Furthermore, after a series of sixty trials of 
one stimulus, "dishabituation" to a new stimulus only 
occurred when presentation of a new stimulus was accom- 
panied by an appropriate state-change, or occasionally 
when a weak stimulus (125 Hz sine wave) was followed 
by a strong stimulus (125 Hz square wave). 

The failure to find any degree of habituation to auditory 
stimulation was surprising, for many authors have 
demonstrated habituation to à variety of stimuli including 
auditory ones!*.9, Frequently the response measure used 
has been heart ratei- 



















Table 1, PERCENTAGE OF RESPO 


ELICITED BY EAC 











I IH IH vir vul N T 

125 Hz 1 19-5 12-0 154 180 10-6 7 ie 
square 2 60-0 52-8 625 543 48-0 640 550 6 058 

wave 3 644 70-7 58-6 072 57-0 5 060 

Voice 1 150 250 15-2 100 123 150 5 099 
2 503 481 405 526 400 286 2372 49-0 7 1-59 

3 56.0 42-6 46-4 44-0 5 0902 

125 Hz 1 35 00 598 100 160 6-8 $6 1250 
sine 2 17.8 26-0 387 44:0 24:6 30-0 6 T08 

wave 3 40-0 30-7 36-0 408 32-0 B 045 


Values of 7 in the trend analogue of Friedman's analysis of variance are 
given where a T value greater than 1-645 is required for significance at the 
5 per cent level. 
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Blocks of five trials 


Fig. 2. 


Sequential record of one subject during a period of 87:5 min. 
per bloek of five trials (the records were not assessed during states IV and V). 


Histogram shows number of EMG responses 
Heart-rate amalysis shows medians 


and inter-quartile ranges of the R-R intervals per block of five trials in relation to state changes and to sixty 
presentations each of three different stimuli, The double line on the right indicates state ILIV (eyes closed, gross 
body movements). | 


The possibility therefore was examined that heart rate 
responses might show habituation in the present experi- 
mental conditions, while EMG responses did not. In all 
records, measurements were made of each R-R interval 
(n ms), within the 12 s following the onset of stimulus, 
combining the data for each group of five stimuli. The 
heart rate data showed a pieture almost identical with 
that of the EMG data. Fig. 2 shows a typical sequential 
record of EMG and heart rate responses of one subject 
over the whole experimental period which lasted 87-5 min. 
The reeord shows the median and inter-quartile range of 
the distribution of R-R intervals within each of the 60 s 
epoehs thus obtained. Although state IV (restless and 
"fussing") was excluded from the EMG analysis, it is 
ineluded in the figure for completeness of the sequential 
record. It is seen that the changes in heart rate are more 
dependent on the state of the infant than on the stimulus 
or on the trial. It is difficult to demonstrate any sys- 
tematic changes in heart rate contingent on stimulus 
repetition and independent of state. 

It is known that heart rate during regular sleep is lower 
than in irregular sleep and much lower than when the 
baby is erying or sucking'*!?. Furthermore, during a 
period of observation, particularly after initial disturb- 
ance, the baby tends to move from restlessness to irregular 
sleep and then to regular sleep. Thus at least part of the 
decrease in response of the heart rate could be accounted 
for in terms of state changes. 

It has been found that in adults, too, the orienting 
response to sound fails to habituate in sleep but does 
readily habituate in the waking state?*, We were unable 
to demonstrate habituation even during quiet wakeful- 
ness, but it must be noted that because of their brevity 
in the newborn, relatively few stimuli were presented in 
these states. 

Habituation is the term applied to the response decre- 
ment obtained with repetitive stimulation, and several 
mechanisms may subserve this phenomenon??? Decre- 
ments in response, however, may not necessarily be 
the result of repeated application of the stimulus, but 
may be epiphenomena of endogenous changes of state, 
each having its own associated level of responsiveness. 











In the present study we failed to demonstrate any decre- 
ment of response not associated with a state change. 
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Focus on Ultramicrotomy 


This is the second of a series presenting the LKB Ultrotome 
Ill by explaining its ability to solve problems in Ultra- 
microtomy. 


LKB ULTROTOME Ill SOLVES 
PROBLEM OF ORIENTATION. 


The grain of the structural detail of many specimens, such 
as fibers, films, membranes, muscle, skin and others, lies 
in more than one direction. Therefore this structural detail 
within the specimen must be located and the cutting cor- 
rectly aligned to enable the best sections to be produced 


It is a great advantage to be able to produce sections 
either by cutting the specimen longitudinally or by making 
transverse cuts, The universal orientation head of the 
Ultrotome Il! used together with the vise-type specimen 





holder allows one and the same specimen to be adj 
in three directions perpendicular to each other without any 
need to loosen the specimen in the holder 
goniometer-type construction of the orientation head with 
its unique 45* arc displacement, the axis of the specimen 
block can be positioned, and rigidly fixed at angles up to 
45" with respect to the axis of the specimen arm. This 
provides the fastest and most precise structure orientation 
possible without the need for any reembeddina or other 
additional procedures 





Due to the 





Having all-round mobility, and a vernier scale on the arc 
which allows adjustments of 0.1^, the orientation head 
needs only one precision adjustment to enable cutting se- 
quences in two or three directions to be carried out 


This orientation head is exclusive to the LKB Ultr 
tome LKB 8800 


Imicro- 
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The effectiveness of 
disruption by ultrasonics 
is well proved... 


The MSE 100W 
Ultrasonic Disintegrator 
adds REPRODUCIBILITY 





MSE Ultrasonic Disintegrators have long been used for the disruption 
of tissue cells, bacteria, etc., without destruction of the morphological 
components. 


They are also used for the preparation of antigenically active extracts, 
the preparation of DNA, the study of subcellular fractions, enzyme 
systems and other biological subjects. 

Now, the variable output of the MSE 100 Watt Disintegrator gives 
greater selective possibilities of disruption, whilst measurement and 
control of probe amplitude permit accurate reproducibility of 
experiments. 


The cell shown above is from an electron micrograph of pseudomonas 
after treatment with an MSE Ultrasonic Disintegrator. 








GD 460 


MEASURING & SCIENTIFIC EQUIPMENT LTD. 
25-28 BUCKINGHAM GATE, LONDON S.W.1. ENGLAND 
Telephone: 01-834 5426 Telex: 22666 Cables: Emesetool, Sowest, London 








In USA: MSEINCORPORATED, 811 SHARON DRIVE, WESTLAKE, OHIO 44145 





fr outan s awanan 
to wous iat 


NATURE. VOL. 220. NOVEMBER 9. 1968 


Book Reviews 


INSPIRED PIONEER 


A Study of Franz Brentano 

His Psychological Standpoint and His Significance in the 
History of Psychology. By Antos C. Rancurello. Pp. 
Xiv--178. (Academic Press: London and New York, 
July 1968.) 74s. 8d. 


Tue life and work of Franz Brentano (1838-1917), which 
it is the object of this book to record, is in itself a memorial 
to all that was best in German erudition of that period, 
This is not to give the impression of a series of ivory 
towers, but, on the contrary, to recount the early years 
in the progress of a new science, namely, psychology. 
Brentano, an Italian by birth, spent his span of active 
labour in Germany and Austria, retreating later to 
Florence, and finally to Switzerland. As it happened, 
he had an opposite number in Wilhelm Wundt, a figure 
of considerable mental stature, who managed to establish 
an experimental laboratory of psychology at Leipzig. 
which Brentano failed to do in Vienna. Meanwhile, 
having gained his doctorate at Tübingen (rather charac- 
teristically in absentia) for a thesis entitled “On the 
Manifold Meaning of Being according to Aristotle", he 
studied theology for a couple of years, and was ordained 
a priest in 1864. His restless intellect battled with the 
eternal mind-body problem, he delved deeply into meta- 
physics, and maintained that philosophy and psychology 
were partners in the adventures of life, whatever species 
of zeitgeist may have been the current fashion. 

Nobody could properly call Brentano the father of 
modern psychology; nevertheless, its power, its aesthetic 
quality, and even its dangers were assessed by him with 
an insight probably unmatched before or since. Edmund 
Husserl was at one time his pupil, and thus Brentano had 
& share, and perhaps more than a share, in the foundations 
of phenomenology. In all these ways, the reader can 
discern how keenly he suffered and how much he achieved. 
The array of distinguished names displayed in these pages 
is in itself impressive, though **Baltzmann" for Boltzmann 
(twice) is a pity. 

In 1872 Brentano visited England and met Cardinal 
Newman. Never a hint, however, about Oxford or Cam- 
bridge. It is a fair guess that this wayward foreigner 
never experienced an evening at high table, or a word 
in season with the professional philosophers of the day. 
Indeed, there was a great gulf fixed. Brentano's thinking 
placed psychology at the summit of human knowledge, 
even though as a discipline in its own right it had scarcely 
topped the foothills, Herein lay his prophetie genius and 
his worldly weakness; the former because of the quality 
of his mind, the latter because his claims were social 
rather than personal. William James might have reacted 
differently, but he was an American, and more venture- 
some. 

As a youth, Brentano forged ahead in mathematics, 
even suggesting that parts of it might be incorporated 
into logie, a precursor indeed of Peano and of Principia 
Mathematica. Morphologically he was aware of the 
limitations of the so-called "and-summations", and thus 
participated in the birth of Gestalt psychology in 1910-12. 
Both Brentano and the scarcely less distinguished psycho- 
logist, O. Külpe, died in the thick of World War I, and 
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it has taken a long time to bring all this sturm und drang 
before English-speaking readers. 

In sum, this is not a book from which to learn the 
elements of psychology as sueh, still less of philosophical 
techniques. It is a careful and well told story of an 
inspired pioneer, who grappled courageously with the 
gravest issues which confront mankind. 

F. L G. Raws 


FLASHES OF WIT 


Analysis of Behavioral Change 

Edited by Lawrence Weiskrantz. (Harper Psychology 
Series.) Pp. 447. (Harper and Row: New York, Evanston 
and London, 1968.) $12.50. 


Proressor WEiskRANTZ modestly claims to have edited 
this book, though six of its fifteen chapters are his. It 
aims to survey the nature and effects on behaviour of ail 
kinds of experimental variations as used primarily in 
neuropsychology and with animals as subjects in the 
main. Even thus limited, Weiskrantz and his ten eol. 
laborators are cornmitted to encompassing a fair propor- 
tion of comparative and of physiological psychology, 
together with a dash of ethology thrown in for good 
measure, and a good measure it is. 

Though the book has many authors, the editor's 
influence has clearly extended beyond his numerous con- 
tributions, and a coherent and sustained intention and 
thought emerge. It is stimulating, wide-ranging and 
well written. Some contributors have caught the editor's 
lightness of touch, so that flashes of wit enliven some of 
the most complex discussions. The subdivision of psy- 
chology is conventional (reinforcement, attention, learning, 
memory, discrimination and so on) and the approach 
broadly eclectic. In each case the authors have succeeded 
in presenting and evaluating a body of experimental 
work bearing on the main theme of change in behavioural 
responses—-its measurement, assessment and implications. 
I was particularly struck by the distinguished treatment 
of emotion in a chapter in which Weiskrantz pokes gentle 
fun at the coprologizomaths among us who devote much 
time to counting rat faecal pellets as a measure of 
emotionality. 

The almost complete emphasis on animal work gives 
way in a long chapter in which Hans-Lukas Teuber and 
Brenda Milner join forces to provide an authoritative 
survey of the effect of brain lesions on human pereeption 
and memory, respectively, in which the many problems 
associated with the evaluation of treatment effecta are 
especially clearly revealed. The editor rounds off the 
book with chapters championing—-against some British 
critics—the ablation approach to the study of brain 
function and discussing what he characteristically entitles 
"some traps and pontifications", Here he explores the 
problems of experimental design and the extent to which 
the ideal can be approached. 

Despite the American colours which this book flies — 
the ubiquitous loss of “u” in behaviour, to which we are 
now resigned, and some less acceptable Americanisms, 
such as "behoove", "gotten" and "presently", to affront 
the purist—the majority of the contributors are British, 
and European work is well represented, with the exception 
of Russian contributions. Nevertheless, this bias reflects 
the quite remarkable progress in Britain since the Second 
World War in comparative and physiological psychology 
—important areas but sparsely represented previously. 
The editor, whose own notable contributions have been 
of considerable importance in this progress, is himself an 
expatriate from America where these disciplines have long 
flourished. Here then we have yet another example of 
what Berlyne calls the colonization of European psychology 
by the more advanced and better supported American 
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variety. As in other aspects of life, this process is not 


necessarily to be deplored: our efforts are better devoted + 


to ensuring that what is imported is of the best. This 

book is an excellent example of the beneficial effects of 

Amerieanization at work in important areas of psychology. 
P. L. BROADHURST 


CHILDHOOD MALIGNANCY 


Tumours in Children 

Edited by H. B. Marsden and J. K. Steward. (Recent 
Results in Cancer Research, Vol. 13.) Pp. xvi+ 347. 
(Springer-Verlag: Berlin and New York, 1968.) 72 DM; 
$18. 


Tais is a rather surprising book to find in a series of 
volumes devoted to recent results in cancer research. It 
is largely a review of nearly one thousand children with 
tumours entered into the Manchester University Children’s 
Tumour Registry in a ten year period from 1953 to 1963. 
This book sets out to describe the clinical and pathological 
features of tumours seen in children and to discuss their 
treatment. Very little of the content could reasonably 
be described as recent cancer research. The major part 
of the book results from collaboration between a group 
of workers in Manchester representing the various dis- 
ciplines involved in paediatric oncology. There are, in 
addition, four contributions from writers in other centres 
each with particular experience. 

The initial chapter covers in general terms the problem 
of childhood malignancy in Britain. The editors make a 
strong plea for centralizing the management of these 
patients in order to provide wider experience and research 
opportunities. ^ Professor Davies from Albany then 
describes some regional variations in the incidence of 
childhood cancer. He stresses his own finding of the 
infrequeney of leukaemia in East Africa, which is at 
variance with a recent survey in Kampala by Vannier. 
The remaining chapters are devoted to a more detailed 
discussion of each of the main groups of tumours seen in 
children. 

The late Dr Keidan gives an excellent review of leuk- 
aemia in which he deseribes the continuing advances in 
the chemotherapy of this disease. Unfortunately he was 
unable to include any account of the potential role of 
l-asparaginase. Mr Stallard writes of his unrivalled 
experience of retinoblastomas, and particularly of the use 
of radioactive applicators in their treatment. Dr N. J. 
Brown gives an authoritative account of testicular tumours 
in children. 

This book, as the editors admit, is rather uneven. For 
example, there is a detailed description of the chemical 
pathology of sympathetic nervous system tumours, but 
very little about their treatment. It is pointed out that 
Bodian’s results using massive doses of vitamin B,, have 
never been repeated, but otherwise chemotherapy is dis- 
missed in four lines. 

Considering that in Britain and North America malig- 
nant disease is the second commonest cause of death in 
children over one year old, very few books on the subject 
have been published. This volume attempts to fill part 
of this gap and to a large extent succeeds. The use of the 
Manchester University Children's Tumour Registry gives 
valuable information on the incidence of different tumours; 
their clinical features are well described, and the patho- 
logical descriptions are supported by some beautifully 
reproduced photomicrographs, If the sections on treat- 
ment are disappointing, this largely reflects our present 
state of knowledge. There are a number of useful refer- 
ences included both in the text and listed at the end of 
ach chapter. This book should be read by all interested 
in the problems of these unfortunate children. 

Joun MARTIN 





1968 


MAMMALIAN. MALFORMATIONS 


Teratology of the Central ‘Nervous System 

Induced and Spontaneous Malformations of Laboratory, 
Agricultural, and Domestic Mammals. By Harold Kalter. 
Pp. xiv+483. (University of Chicago Press: Chicago 
and London, August 1968.) $17.50; 157s. 
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THE value of this volume to the wide range of workers 
now interested in the field of mammalian teratology is 
greatly inereased by the fact that almost a quarter of it 
is taken up by full and accurate references to previous 
work in the field. It is a worthy product of the Children's 
Hospital Research Foundation of Cincinnati from which 
so many illuminating papers have come in the past 
twenty years. Dr Kalter writes well, concisely and with 
a certain salty humour, which makes reading his book a 
pleasure even to one who is very familiar with the factual 
material contained therein. 

The first and second parts of this volume could well 
have been separate monographs. The first part is con- 
cerned with the development of the techniques by means 
of which it is now possible to produce malformations in 
laboratory animals. The second part deals with spon- 
taneously occurring malformations as these have been 
reported in non-human species. With the doyen of 
experimental mammalian teratology, Josef Warkany, 
Kalter covered much of the ground of Part 1 of the 
present volume in an excellent review, "Experimental 
Production of Congenital Malformations in Mammals by 
Metabolic Procedures", published in Physiological Reviews 
in 1959. The extraordinary advance in information 
relating to teratology. together with the minute inerease 
in our present know ledge of teratogenic mechanisms, is 
well illustrated by a comparison of the present work with 
the paper published in 1959. Although, not unnaturally, 
the thalidomide disaster has led to the production of a 
vast amount of literature on mammalian teratology, 
nowhere is it dealt with in a more logical fashion than in 
the first part of the book under review. This section, 
which consists of some 184 pages (not including the most 
valuable set of references), will be, as the eover states, a 
useful reference for teratologists, pharmacologists, physio- 
logists. anatomists, embryologists and experimental 
pathologists. 

The second part, which deals with the malformations 
which naturally occur in laboratory and domestic animals 
inter alia, is, through no fault of the author, à great deal 
more scrappy in coverage than the first part. When he 
deals with malformations of the mouse, where the litera- 
ture is comparatively plentiful, the author handles his 
subject with all the dexterity shown in the first part. 
As far as most mammals are concerned, the fact simply 
is that we lack the basic information at present to provide 
any very satisfactory diseourse on their malformations. 
For this reason, the two parts of this most useful volume 
make very poor bedfellows. 

One feature which I found rather misleading resides 
in the title of the book, T'eratology of the Central Nervous 
System. There are, in fact, in the first part of the book, 
many references to other deformities sueh as cleft palate, 
cardiovascular malformations and defects of the external 
ears. Somewhat surprisingly, when the author comes 
to deal with thalidomide, he restricts himself severely 
to the central nervous system defects seen experiment- 
ally with this drug. One gets the impression that he 
has found the title of his book something of a restric- 
tion to his able and facile pen. The fact that malforma- 
tions of the central nervous system are common and 
severe in incidence in all species, and among the most 
frequent types of deformity induced by teratogens, 
ought not perhaps to blind us to the point that agents 
causing congenital malformations are commonly toxic to 
the development of more than one system of the body. 
Thalidomide, for example, follows this rule and the pro- 
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duction of limb deformitiés in«man has generally been 
regarded as its most significant teratogenic action. The 
clarity and brilliance which Ki ter shows in his account 
of hypervitaminosis A as a teratogen make one wish 
that his brief had been less.restricted. I hope that 
he will proceed with his studies and produce the definitive 
textbook of mammalian teratology. 
D. H. M. Woottam 





PRIMITIVE NERVOUS SYSTEMS 


Primitive Nervous Systems 

By Thomas L. Lentz. Pp. vili + 148. 
Press: New Haven and London, 
$7.50; 67s. 6d. 


Tus little book is a clear and accurate account of the 
cytology and cytochemistry of cells called nervous in 
sponges, hydra and typical flatworms. Much of the 
original work in this field has been carried out in recent 
years by the author himself. 

The origin of the nervous system, however, and the 
action of ‘the nerve cells of the most primitive animals 
that we now know are two exciting topics that still call 
for imaginative and deep thought; correct reporting alone 
is not enough. 

In sponges, some cells resemble neurons cytologically, 
but the author shows good judgment in saying that 
behavioural and physiological evidence of a nervous 
system is lacking. The author reaches this conclusion 
because he accepts a definition of the nervous system in 
terms of function, that is to say, neurons conduct an 
excited state from receptor sites to effector sites, but 
almost the whole of the book describes cells that are con- 
sidered nervous on cytological evidence. For hydra there 
is no real experimental evidence that the classical net of 
neurons conducts excitation: it may be wholly secretory 
in function for all that we know (of course, the mental 
sloppiness is embedded deep in all the literature and I 
am{not guiltless in this respect). 

Another fundamentally insecure foundation of the book 
is "the idea of the primitive nerve cell" which “had all 
the basic properties required by a nerve cell". “By sub- 
sequent specialization . . . the primitive nerve cell could 
give rise to the different tvpes of neurons". Consideration 
shows that this mythieal ancestral all-rounder does not 
contribute to the real historical discussion of whether 
sensory or conducting cells came first, whether it was 
conduction. or secretion that first led to the evolution of 
elongated axons, or whether sensory cells ever directly 
influence effectors. 

Fundamental errors, then, do not stand out; they 
underlie the whole fabric. Some of this might have become 
clear if there had been a discussion of ctenophores and of 
conducting epithelia. 

"The most primitive metazoan groups . are most 
likely to reveal the characteristics we seek," says the 
author, but he does not mention the ctenophores, which 
fall just where most needed, on a similar level of organ- 
ization to hydra. Ctenophores have yielded a great deal 
of evidence of conduction of one sort or another in uncen- 
tralized pathways with inhibition, sensory cells, control 
of effectors, and cell-to-cell conduction. Second, most of 
the exciting new functional studies of primitive co- 
ordination “have been on cell-to-cell conduction in 
epithelia of an extraordinary variety of animals including 
hydroids. Hydra itself seems to behave like a single 
bag-shaped excitable membrane. It seems likely, from its 
widespread nature, that cell-to-cell conduction preceded 
and still goes on alongside nervous conduction in many 
primitive situations. This book ignores that whole field. 
Interesting topics, also omitted, are the place of inhibition 
in primitive systems (perhaps the need for inhibition 
provided the selective advantage for chemical trans- 
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mission) and whether chemical synapses can be sym- 
metrical and funetionally two-way. Another fundamental 
consideration, entirely omitted, is the possible mechanisms 
by which a colleetion of nerve cells that form connexions 
apparently indiscriminately with each other, as m hydra, 
sort themselves out into distinct conducting pathways in 
the flatworm, and even in some other coelenterates. 
A point that catches my eye is the delightful sentence, 
"There is some evidence that planaria are capable of 
learning" (page 71); almost a British understatement. 
But the high price per page means that one dare 
scarcely recommend it for the library. There are no half- 
tone plates, although the cytological topic demands them, 
and plenty of electron micrographs are now avalable, 
The whole book could easily be copied for less than half 
its new price, if reproduction, in any form, were nof 
prohibited. Such pressures have been known to break 
down prohibitions. A, HORRIDGE 








SOUTHERN SKULLS 


The Skull of the South African Negro 

A Biometrical and Morphological Study. By H 
Villiers. Pp. xvii+ 342. {W itwatersrand Univers 
Johannesburg, 1968.) n.p. 


CoMPARATIVE osteological studies on human populations 
went into a declne at the start of the Second World 
War. With ehanging and expanding views on what is 
worth investigating in terms of the skeletal biology of 
earlier as well as recent groups, there is now a real need 
for new reviews of skeletal variability in various parts of 
the world (both "primitive" and "civilized" peoples). 
This study, by a senior anatomist in Johannesburg, goes 
some of the way to providing a detailed survey of southern 
African groups. It does not set out to compare all African 
populations, neither does it consider in detail the earlier 
human remains from this area. This would certainly be 
worth while at some later date, as also would a similar 
treatment of the post-cranial skeleton. But this is not to 
point to defects in the present study, which was specific- 

ally to investigate recent skulls of South African Negroes 
and in particular those in the Dart collection of the 
University of Witwatersrand. In the foreword, by Pro- 
fessor Dart himself, the history of this important collection 
is given. Initiated in the mid-1920s, a now impressive 
series was developed from cadavers of known sex, "stated 
age", race and tribe. The samples thus available for study 
include Cape Nguni, Natal Nguni, Sotho, and Shangana- 
Tonga. The detailed analysis of this material, together 
with comparative series, certainly provides an outstanding 
contribution to the study of African peoples, the only 
work coming near to this in amount being on early 
Egyptian skulls of various periods. 

Unlike most previous studies on crania, this attempts 
to be far more progressive in combining the evidence of 
morphometric variation and discontinuous (non-metrical) 
traits, and the possible genetic implications of such varia- 
tion. The combination of all these data provides assess 
ments of population distance which are likely to be more 
meaningful than would be possible from more restricted 
treatment of cranial data. 

In all, seventy-five metrical and sixty-five non-metrical 
characters of the skull are recorded and analysed with 
regard to their tribal, sexual and total distributions. Tn 
the case of the non-metrical features, Dr de Villiers has 
also contributed to the methodology of recording some 
characters, and it is good that this type of work is sup- 
ported by numerous illustrations of a high standard. The 
chapters are well ordered, and before general comparisons 
are undertaken in the later chapters ( 13 onwards), separate 
attention is given to the metrical and non-metrieal varia- 
tion of the different components of the skull (vault, face, 
palate and mandible), The only section which might 
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profitably have been expanded further is that on dental 
variation. 
taurodonty would have been worthwhile additional 
markers. Following the main text in this work is a series 
of 149 tables giving a detailed enumeration of the data 
discussed in the analysis. In these days of ever rising print- 
ing costs, it is good that such data can still be given so 
fully, even though their publication depended on a special 
research grant for the purpose. Finaily, the references 
provide a useful and up to date review of the present 
literature on the skeleton of the southern African Negro. 
Don BROTEWELL 


BEAUTIFUL INTERFEROGRAMS 


Microstructures of Surfaces using Interferometry 
By S. Tolansky. Pp. 65 (49 plates). (Arnold: London, 
July 1968.) 40s. 


Pnorssson TornANsxYv developed the basic techniques of 
multiple beam interferometry in the early 1940s and since 
then he and his students have used the method in a 
variety of problems in applied science. This book is by 
way of being an atlas of multiple beam interferograms. 
There is a brief section on techniques, but the main chap- 
ters consist of collections of beautiful interferograms and 
mierophotographs with linking text; these are as follows. 

Polished diamond and cleaved miea: this ehapter shows 
the effect of prolonged polishing on diamond. Natural 
diamond: the pietures show the trigons, or triangular 
pits, similar pits produced by etching, and heavier patterns 
produced by prolonged etching. Quartz crystals: stria- 
tions on natural faces are revealed and the elegant tech- 
nique for showing vibration modes is illustrated by several 
interferograms of  piezo-eleetrieally excited crystals. 
Silicon carbide: this substance shows beautiful growth 
spirals. Hardness testing: Brinell and similar tests can 
be evaluated interferometrically. Impact at high speed: 
this chapter shows effeets of rain drops impacting on 
‘Perspex’ and duralumin at high speed. The final chapter 
shows fringe patterns from several surfaces of varied 
properties, for example, machined metals, fire-polished 
glass, gloss paint and the skin of a tomato, which last 
shows almost regular hillocks five or six fringes high. 
There are no examples of equal chromatic order. 

This book is an excellent compendium showing the 
great power of this simple technique; with intelligent use 
it can supplement conventional microscopical techniques 
to reveal an entirely new range of detail in the surfaces 
of solids. The book is very well produced, with beautiful 
half-tones of the interferograms, and it can be recom- 
mended without reserve to all who are interested in 
surface structure W. T. WELFORD 











BACTERIAL GROWTH 


Biochemistry of Bacterial Growth 

Edited by Joel Mandelstam and K. McQuillen. Pp. x+ 
540. (Blackwell (Scientific): Oxford and Edinburgh, 1968.) 
84s. 


BACTERIAL growth is the increase in substance resulting 
from the formation of new organie material in the cell, 
and results in its eventual replication. The growth of 
bacterial populations is therefore included in this book 
although the book is largely concerned with the control 
of the reactions leading to the synthesis of macromolecules. 
Detailed consideration is given to the degradation of 
foodstuffs (Class 1 reactions), to the biosynthesis of basic 
small moleeules (Class 2), to the synthesis of macro- 
molecules (Class 3) and their organization into the cell 
structures. There are valuable chapters on geneties and 
on the coordination and regulation of metabolism to give 
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maximum yield in minimum time in different environ- 
mental conditions. 5e 

Although there are eleven contributors, the chapters in 
the second part are much more than a symposium, 
because they are closely correlated with a clear outline 
scheme giving a fairly detailed bacterial model of cell 
growth in the corresponding sections of the first part. 
This provides an elementary course for students (and 
lecturers) which should prevent them getting lost in the 
details of part 2. The editors say this is a book for begin- 
ners. It is a very clear account, but the second part forms 
an advanced course which together with the bibliography 
should be of great use to research students and lecturers as 
well as BSe students in microbiology, biochemistry or 
cell biology. The cross-references, the carefully con- 
structed figures and apt illustrations show this to be the 
work of a team with an exciting story of modern advances 
to tell. 

The newer experimental methods used are described 
sufficiently to enable the reader to understand the nature 
of the evidence on which the present conception of the cell 
rests, Although much of the work has involved the study 
of E. coli, other organisms are referred to when relevant. 
The multiplicity of bacterial taxa and the use of bio- 
chemical properties for characterization are dealt with in 
an appendix on classification. Another appendix on 
classes of enzymes is usefully referred to in the text. 

I have few criticisms. It is unfortunate that lack of 
any consideration of the statistical distribution of indi- 
vidual eell generation times has led to the confusion of 
the mean generation time of a population with its doubling 
time. The two are rarely the same. 

This book is strongly recommended. 

K. E. Cooper 


ACCELERATING BOOK 


Particle Acceleration 
By J. Rosenblatt. (Methuen's Monographs on Physical 
Subjects.) Pp. viilit+ 183. (Methuen: London, 1968.) 35s. 


RIGHT at the start I will say that I found this an interesting 
and useful book. It begins with two introductory chapters 
which are rather dull; one can even find minor errors 
in the nuclear physics deseribed in the first chapte 
the aceount of elementary mechanies and electromagnet- 
ism in the second chapter assumes much less background 
in the reader than. does the rest of the book. When the 
author really gets into his subject, however, from the 
third chapter onwards, the book improves considerably, 
giving a good account of the basie principles of the whole 
spectrum of particle accelerators. The discussion provides 
valuable insight into the practical problems that limit 
energies and beam intensitic technological problems 
such as magnetic fields (limited, in practice, by saturation 
of iron) or accelerating voltages (either de or rf, limited 
by breakdown) and the economic problem of cost. These 
problems of technology and economics are interlinked: 
the switch to a different type of accelerator as energy 
increases is usually forced by cost, while a new idea, such 
as alternating gradient focusing, can make greater energy 
or beam intensity available for a given sum of money. 
In this eontext note that technieal feasibility includes 
reliability: an unreliable accelerator is a very expensive 
device in terms of what one gets out of it for the money 
spent. All these points are becoming of particular im- 
portance nowadays when the need for higher energies 
and intensities to extend the study of elementary particle 
physics is colliding with the maximum cost our pay- 
masters can consider. 

In a short book like this the subjeet cannot be carried 
to the depth required by an accelerator specialist. The 
author's expressed aim, however, is not to do this but to 
provide an introduction, and in this I think he succeeds. 
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As nowadays the users are different persons from the 
builders-of accelerators, this book should be particularly 
useful for the users to help them to talk to the accelerator 
specialists. The topics covered include de accelerators, 
linear accelerators, cyclotrons and synchrotrons. Altern- 
ating gradient focusing is described in some detail, 
together with its applications to synchrotrons (including 
some discussion of the importance of momentum com- 
paction; though perhaps it is sad that there is no dis- 
cussion of how this increases one’s ability to steer the 
beam for purposes of targeting and extraction), and to 
azimuthally varying field cyclotrons. A brief account of 
future possibilities is given in the last chapter. This 
chapter is a little too condensed so that one cannot see 
which are the really important ideas for the future. This 
is, however, not surprising: it would be diffieult to do 
otherwise in this particular area, where ideas have so 
frequently run some way ahead of technological and 
economie possibilities. A. B. CLEGG 


THERMAL NEUTRON SCATTERING 


Low-Energy Neutron Physics 

By I. I. Gurevich and L. V. Tarasov. Translated by 
Scripta Technica. Edited by R. I. Sharp and S. Chomet. 
Pp. xiv 607. (North-Holland: Amsterdam, 1968.) 
2105. 


Tars is a valuable and well written book which may 
fail to reach its right readers because of the inappro- 
priateness of its title. It is not for the nuclear physicist, 
nor even for the neutron physicist, but for the student 
of solids and liquids. “Thermal neutron scattering” is 
the real topic of the book, with the proviso, as the authors 
point out in the foreword, that the emphasis is “appreciably 
displaced towards nuclear scattering as compared with 
magnetic scattering’. Indeed, of the book’s six hundred 
pages, all but about thirty refer to the use of neutron 
beams for the study of condensed matter. The remainder 
is covered by short sections on “properties of the neutron" 
—ineluding, for example, an account of the search for 
an electric charge and a dipole moment—and "parity 
conservation". 

To research workers on solids and liquids, and perhaps 
particularly to ones who are not themselves using neutrons, 
the book is highly recommended. The general descriptions 
of topies such as neutron optics, crystal and liquid dyna- 
mies and the Van Hove correlation functions have 
probably never been bettered— pursuing as they do a 
midway course between an excessively detached theoreti- 
eal approach and an over-concern with a review of 
experimental measurements on a multitude of substances. 
'The text will certainly repay very careful reading. 

There are over six hundred entries to books and original 
papers and there is an index of over eight pages. The 
latter, however, is a great disappointment and does not 
do the book justice. For example, almost three pages of 
references are sub-entries beneath "neutrons" or "seat- 
tering" and such topics as absorption, dipole moment, 
electric charge and fission do not appear in their own 
right. Nevertheless the reader is recommended to 
persevere and is assured that he will find the book in- 
creasingly useful as he becomes more familiar with its 
contents. G. E. Bacon 


COLOUR CENTRES 


Physics of Color Centers 

Edited by W. Beall Fowler. Pp. xiii+655. (Academie 
Press: New York and London, June 1968.) 2288. 8d. 
Tuis book presents a timely collection of review articles 
by different authors of recent progress made in under- 
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standing the physical properties of colour centres. Te 
concentrates heavily on selected areas of research where 
dramatic advances in both theory and experiment have 
been made in recent years. In the preface, the editor 
stresses that the book is neither an introductory nor a 
comprehensive one. Nevertheless, it is still regrettable 
to find no chapter devoted to the F-centre, the prototype 
colour centre, or to trapped hole centres. After all, a 
considerable body of knowledge has been amassed con- 
cerning these centres, which have contributed as much to 
the “Physics of Colour Centres" as, for example, the 
studies of Fa-centres. Similarly, no single chapter is 
devoted to aggregate centres, and colour eentre formation 
mechanisms are excluded by the editor on the doubtful 
grounds that they are not well enough understood. The 
title implies a breadth of scope which is not really apparent 
in this book because little discussion is evident of colour 
centres in materials other than the alkali halides. Colour 
centres do exist in other solids and much is known about 
them. Despite these rather minor deficiencies, the very 
high quality achieved by the authors will ensure a wide 
readership. 

The book synthesizes the collective influences of ele- 
mentary excitations and external perturbations on the 
manifest properties of numerous colour centres, Knox 
and Teegarden, in the first chapter, summarize the 
applicability of standard semiconductor techniques in 
investigating the band structure of the alkali halides. 
The second chapter, by the editor, is a necessarily super- 
ficial account of the theoretical and experimental situation 
in locating the spectral position of colour eentre transi- 
tions in all their multitudinous variety. The F4-centres 
are discussed by Lüty in the third chapter with charac- 
teristic panache and expertise. New optical phenomena, 
especially excited state and two photon spectroscopy, 
which became feasible with the advent of the laser, are 
described by Mahr (chapter 4). The influences of external 
perturbations, stress, magnetic field and electric field are 
dealt with very thoroughly by Fitchen (chapter 5) and 
by Henry and Slichter (chapter 6). The latter is possibly 
the best chapter in the book, giving a beautifully clear 
and concise eccount of the usefulness of "moments 
analysis" in the interpretation of magneto-optic, stress, 
electric field and Raman scattering experiments, The 
final two chapters are concerned with “Localized Modes 
and Resonant States" by Klein and "ESR and ENDOR 
Spectroscopy” by Seidel and Wolf. The standard of 
presentation is almost uniformly good. There are few 
errors, and few topies, except those already noted, have 
been omitted. 

This is perhaps the most important book yet published 
in the field and will be essential reading for all those 
currently active in this study of colour centres. Post- 
graduates studying more diffuse regions of solid state 
spectroscopy will also find reference to this text profitable. 
The exorbitant price, however, will probably place it 
beyond the bookshelf of most individual scientists. Con- 
sequently, Physics of Color Centers is scarcely likely to be 
a best-seller. Instead it seems fated to become a well- 
thumbed library reference book. B. HENDERSON 





PROBABILITY IN APPLIED MATHS 


Probabilistic Methods in Applied Mathematics 
Vol. 1. Edited by A. T. Bharucha-Reid. Pp. x +291. 
(Academic Press: London and New York, 1968.) 140s. 


Tuis book constitutes the first volume of a new series of 
books which are to deal with the place of modern prob- 
ability theory, especially the theory of stochastie pro- 
cesses, in applied mathematics generally. Each volume 
will contain several articles, not of the survey type bùt 
more like monographs serving as introductions to research 
in the field at hand. In volume one there are three articles, 
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entitled “Random Eigenvalue Problems", "Wave Propa- 
gation in Random Media" and “Branching Processes in 
Neutron Transport Theory". Each is accompanied by a 
comprehensive specialized set of references to further 
literature. The authors of these articles have all made 
original contributions to their subject, so the exposition 
is authoritative and leads naturally to the consideration 
of unsolved problems. 

The branches of mathematics most involved in the 
book are stochastic processes, functional analysis and 
numerical analysis; and these fields are entered at a 
relatively advanced level, so that the book is not for the 
beginner in researeh but more for the established mathe- 
matician who is trying to become up to date in the areas 
of research under discussion. L. S. GODDARD 


MARKOV PROCESSES 


Markov Processes and Potential Theory 
By R. M. Blumenthal and R. K. Getoor. Pp. x+313. 
(Academie Press: New York and London, 1968.) 140s. 


Tue study of the relationship between Markov processes 
and potential theory began in the mid-1920s, but the fact 
that this relationship has a deep probabilistic basis 
emerged only gradually. The purpose of this book is to 
give & modern exposition of the subject, much of which 
is inevitably based on the famous papers (1957-58) by 
Hunt.  'The general theme is that various potential- 
theoretic notions (superharmonie functions, balayage. 
equilibrium potential, capacity) arise naturally when one 
investigates Markov processes, and thus have illuminating 
probabilistic interpretations. To carry out this programme 
one needs extensive measure-theoretic preliminaries, 
covered in chapter one. Chapter two deals with excessive 
funetions and exceptional sets, and ends with a brief 
diseussion of how these probabilistic notions are related 
to those of classical potential theory when the Markov 
process is Brownian motion; here the reader is expected 
to be familiar with classical potential theory. Chapters 
three to five, highly technical, deal with multiplicative 
and additive functionals, and chapter six includes the 
relations between capacity and equilibrium potential on 
the one hand, and hitting probabilities on the other. 
This is a specialist monograph which can probably be 
tackled only by readers who have some previous experi- 
enee in probability and stochastic processes as well as a 
good grasp of measure theory, and who are prepared to 
work through some of the many non-trivial exercises. 
Its appearance will also certainly be welcomed by workers 
in this field, who have been referring to its forthcoming 
appearance for several years. G. E. H. REUTER 


GLACIAL GEOMORPHOLOGY 


Glacial and Periglacial Geomorphology 
By Clifford Embleton and Cuchlaine A. M. King. 
xv +608. (Arnold: London, 1968.) 70s. 


LANDFORMS have been modified directly or indirectly by 
the Pleistocene glaciations over a great part of the globe, 
and the present interplay of erosional and depositional 
forces is intimately related in its pattern of incidence to 
that of ice distribution, which is necessarily impermanent. 
This must never be forgotten during the analysis of 
existing landforms and the assessment of the nature and 
rates of operation of the forces currently modifying them. 
Progress in glaciology is necessarily of interest to the 
geomorphologist. 

During the past twenty years a sustained growth of 
interest in glaciological research in both field and labora- 
tory has been reflected in the healthy development of the 
literature. Until now no summary or assessment has 
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been available in English to workers in related fields. 
Charlesworth’s monumental Quaternary Era and Flint’s 
Glacial and Pleistocene Geology were published in 1957 and 
both had a central emphasis on Pleistocene geology and 
stratigraphy rather than on the nature of the processes 
at work in glacial erosion and deposition, and the relation- 
ships of these to the basic characteristics of glacier ice. 
Le Modelé Glaciaire et Nival by Trieart and Cailleux 
appeared in 1962, and Lliboutry's very important Traité 
de Glaciologie in 1964—5. These two works covered the 
general field, but a great gap remained in the English 
literature. Glacial and Periglacial Geomorphology is 
planned to fill it, and does so in a very acceptable way. 

This important book is thorough, scholarly, and well 
documented. It is pleasantly fitting that the authors are 
former students of the late W. V. Lewis, who did so 
much to stimulate glaciologieal field work and promote 
cooperation between glaciologists and geomorphologists. 
Their treatments of the present state of knowledge of 
glacial and fluvioglacial erosion and deposition, their 
operations and results, and of periglacial geomorphology, 
follow a discussion of glaciations and glacial behaviour 
which occupies the first quarter of the book. Tt is this 
section which will bring most in the way of fresh ideas 
and information to the geomorphologist. There is a 
reasonable historical slant in the presentation of the 
literature, but with a proper emphasis on recent work. 
The particular interests and experience of the authors 
have helped to determine the detailed cases selected for 
illustrative treatment, and the book profits from this. 

There are obvious difficulties in producing a book 
covering a wide field and involving the selection of key 
papers for discussion from an ever-increasing spate. In 
a few sections length of treatment appears to reflect the 
bulk of recent work published rather than the inherent 
importance of the subject. In others, concepts and ideas 
seem somewhat veiled by factual detail. A rather more 
prominent discussion of the operation of some of the 
climatic controls might have interested some readers, and 
others might feel that an enlargement of the glaciological 
sections even, if necessary, at the expense of the periglacial 
geomorphology, which is better covered elsewhere, might 
have been an advantage. But these are minor criticisms 
of a stimulating and extremely useful book. After 
reading it one awaits with all the more interest the geo- 
morphological results which will be forthcoming from the 
sounding of the Antarctic ice cap from the air, and the 
publication of work now in hand applying quantitative 
techniques in geomorphology to glaciated land forms. The 
authors have revealed that progress in glaciology has 
recently been more fundamental than in geomorphology, 
but it may be hoped that appearance of this book will 
have a stimulating effect on future research. 


J. M. GROVE 
Obituaries 


Professor J. E. Harris 


Joux Epwarp Harris died in his office in the University 
of Bristol on July 1, 1968, at the age of 57. He had been 
professor of zoology for twenty-two years and vice- 
chancellor of the university for a few weeks short of 
two years. 

He was born in Lincoln and was educated at the City 
Sehool, Lincoln. In 1928 he went to Christ's College, 
Cambridge, with an open exhibition to read physics, 
chemistry and mathematics. He obtained first class 
honours in the London External General BSe in 1930 
and in the Natural Science Tripos Part II in zoology at 
Cambridge in 1931. In 1936 he obtained a PhD from 
Cambridge. 

His research career began with a Bachelor Research 
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Scholarship at Cambridge (1931-32), followed by a Com- 
monwealth Fund Harkness Fellowship (1932-35) at 
Columbia University. He returned to Cambridge in 
1935 as Amy Mary Preston Read fellow and later Royal 
Society Messel research fellow until 1940. From 1940 
to 1944 he investigated the fouling of ships' hulls for the 
Marine Corrosion Sub-committee of the Iron and Steel 
Institute, a committee of which he later became chairman. 

He was appointed to the chair of zoology in Bristol 
in 1944. Fromthen, until his appointment as vice-chancel- 
lor twenty-two years later, he was actively engaged in 
research and in building up the department, which came 
to be one of the largest in the country, recognized every- 
where as one of the happiest and most productive. His 
own researches ranged very widely : they include such 
diverse interests as hydrodynamies of fish locomotion, 
vertebrate palaeontology, early movements of the verte- 
brate embryo, functional morphology of Ascaris, and 
vertical migration of plankton. The high quality and 
originality of this work led to his election to the Royal 
Society in 1956. In 1961 he was appointed a CBE. 

But his contribution to science cannot be measured by 
the list of his publications. Harris knew much more than 
he ever wrote, and his influence was transmitted more 
by personal contact than by the printed word. An explan- 
ation of the growth and extraordinary stability of the 
Department of Zoology—few ever left it and then almost 
only for chairs in other universities—is to be found in 
Harris’s integrity and industry, in his courteous ability to 
further a colleague's work without directing it. 

Although Harris won an assured place for himself as a 
zoologist, it is arguable that he made an even greater 
contribution to the progress of biology not only by his 
leadership of the Department of Zoology but also by the 
leadership and vision to which he gave effect on such 
bodies as the Advisory Committee on Fisheries (1953-65), 
the Council of the Royal Society (1960—62), the Agricultural 
Research Council (from 1962), the Natural Environment 
Research Council (from 1965), and many others. 

In time Harris was drawn more and more into problems 
of teaching and administration. Long before 1966 when 
he became vice-chancellor he had become known within 
the university and far beyond as an administrator who 
could produce workable schemes. When Sir Philip Morris 
retired from the vice-chancellorship, John Harris was the 
obvious choice as his successor, and it can rarely have 
happened that the obvious choice was so completely 
acceptable. Even so, his success in the short term of his 
actual tenure was remarkable. At his appointment, 
everyone thought him supremely qualified for the work. 
It was typical that he himself spoke cheerfully but quite 
seriously of having to learn a completely new job, and 
he set about gathering information and mastering the 
administration with the fine judgment and mental energy 
that had distinguished all his previous work. 


Professor Lieven Ferdinand de Beaufort 


Own May 11 Professor de Beaufort died aged 89 after a 
short illness. For about 20 years he had enjoyed the life 
of an emeritus professor at his beautiful eountry house at 
Leusden near Amersfoort where he had continued his 
scientific pursuits after retirement. 

Born on March 23, 1879, at Leusden, the son of the histor- 
ian and statesman W. H. de Beaufort, he had a great interest 
in natural history from his early youth. He began his 
scientific career as an honorary assistant to Professor Max 
Weber, whom he succeeded in 1922 as director of the 
Zoological Museum of the University of Amsterdam. In 
1926 de Beaufort was appointed a professor of zoogeo- 
graphy and later also of pharmaceutical zoology. 

As early as 1902 as a bachelor of science he had taken 
part in the first Dutch New Guinea Expedition, and 
from 1909 to 1910 he travelled with his first wife to Waigeu 
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and Ceram to make zoological collections on these inter- 
esting islands. He published a report on the birds colleeted 
during the first expedition in Nova Guinea and remained a 
keen ornithologist for the rest of his life, although under 
the influence of Max Weber his scientific interest soon 
turned to the study of fishes, especially those of the East 
Indies. De Beaufort and Max Weber edited seven volumes 
of The Fishes of the Indo- Australian Archipelago, and de 
Beaufort continued the work until 1951, when he published 
the ninth volume in collaboration with W. M. Chapman. 

De Beaufort contributed much to our knowledge of 
fishes and birds. His three handbooks Zoógeographie vau 
den Indischen Archipel (1926), Zoógeographi (1943) and 
Zoogeography of the Land and Inland Waters (1951) are 
still extensively used and quoted. After Max Weber's 
death he edited the Results of the Siboga Expedition. 

De Beaufort supervised investigations of the fauna and 
flora of the Zuiderzee, before and after it was made into 
a freshwater basin. He served as member and president 
of many boards and commissions, including the Commis- 
sion for Applied Scientific Research (TNO), the Commis- 
sion for Scientific Research in the Tropies, the Netherlands 
Ornithological Society, the Geographical and the Ento- 
mological Societies. Since 1928 he had been on the board 
of the Amsterdam Zoological Gardens. 

In appreciation of his work on the fishes of the Indian 
Ocean, Professor de Beaufort was invited to the 
Indian Science Congress in 1937, For the same reason he 
was awarded the Golden Joy Gobind Law Medal for 
Asiatic Researches in Zoology of the Royal Asiatic Society 
of Bengal. After organizing the seventh International 
Ornithological Congress in 1930 he was made Ehrenmit- 
glied des Bundes der Ungarischen Ornithologen and the 
Ornithologische Gesellschaft in Bayern. In 1938 he was 
made a corresponding member of the Zoological Society 
of London and an honorary foreign silver jubilee member 
of the Indian Science Congress Association. In 1946 
he became an honorary foreign member of the American 
Society of Ichthyologists and Herpetologists. 














Professor N. J. Giarman 


THE news of the sudden and untimely death on October 
10, at the age of 48, of Dr Nicholas J. Giarman will 
sadden pharmacologists in many parts of the world. 
Giarman, professor of pharmacology at the Yale Univer- 
sity School of Medieine, was well known to his British 
colleagues. He had spent a year in the University of 
Edinburgh during the academie year 1954-55. working 
in J. H. Gaddum's laboratory; an interesting study of 
the ability of nervous tissue to synthesize 5-hydroxy- 
tryptamine was the outcome of that stay. From then on 
his interest was centred on neuropharmacology and it was 
to this field that his own research and that of his col. 
leagues mainly contributed. 

For most of his active career Giarman worked at the 
Pharmacology Department in Yale, where he took his 
PhD in 1948. Here he built up a very aetive research 
group. For this he was well suited, being well versed in 
classical and modern methods of pharmacological research, 
but he was also an outstanding teacher, able to awaken 
and hold the interest of younger colleagues. Tt is therefore 
not surprising that there was a stream of visitors to his 
laboratory, both from within the United States and from 
abroad. Some of these have already taken up responsible 
positions elsewhere. He was also a clear and interesting 
writer; this gift is well exemplified in his latest review 
article, written jointly with F. E. Bloom, on "Physiologie 
and Pharmacologic Considerations of Biogenic Armnines in 
the Central Nervous System", which appeared earlier | 
this year in volume 8 of the Annual Review of Pharmaco- 
logy. Giarman was for many years regional editor of 
Biochemical Pharmacology, an office to which he devoted 
much time and care. 
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Correspondence 


American Scientists and Public Policy 


Sig,— Your editorial “The Other American Election” 
(Nature, 220, 1; 1968) deserves comment. It is true that 
the coming election of a president of the National Academy 
of Sciences in the United States could be significant for the 
shaping of American seience poliey in the seventies. As 
you say, "In the next few years, a talent for dispassionate 
advice is probably less important than an ability to cajole, 
shame and even frighten the Government into sensible 
polieies on the allocation of resources". What troubles 
is the fact that American scientists, among others, have 
not been very successful recently in cajoling, shaming or 
frightening their Government into sensible policies as 
witnessed by the drastic cutback in funds for education 
and research in science, medicine and social science, by 
the emphasis on reaching the Moon to the detriment of 
other projects, by the continuing chemical warfare in 
Vietnam. In the face of the Vietnam war and the related 
economic problems, it remains to be seen whether the 
National Academy of Sciences under new leadership can 
do very much to change its Government’s priorities and 
policies in science and public welfare. The scientific 
community of a nation, if it so desired, could be a powerful 
foree working towards good social ends, but as long as the 
majority of scientists refuse to see themselves in that role 
their influence will be limited. 
Yours faithfully, 
H. FRUCHTBAUM 

Clare Hall, 

Cambridge. 


Mussels not for Eating 


Srr,—In the article published on October 5 under the 
heading “Mussels not for Eating" (Nature, 220, 13; 1968) 
you say "the laboratories concerned were caught unpre- 
pared, principally because they had no previous experience 
in Britain to fall back on", and “the event may have 
caught everyone off guard . . .". These statements are 
not consistent with the facts, which clearly show that, 
although the laboratories had no previous practical 
experience of this type of shellfish poisoning, they were 
well acquainted with North American experience and were 
therefore able to demonstrate very quiekly the presence 
of high eoncentrations of toxin in shellfish involved in the 
incident and in shellfish taken from a large area of the 
coast. 

The first patient was examined at the Royal Victoria 
Infirmary, Newcastle, at 2345 h on May 30, and early 
the next morning shellfish were received for examination 
at the Newcastle Publie Health Laboratory. Because the 
laboratory had no previous experience of the unusual 
method of bio-assay required to identify the toxin, it 
consulted the Central Public Health Laboratory. Colin- 
dale, and the Ministry of Agriculture, Fisheries and Food, 
Fisheries Laboratory, Burnham-on-Crouch, which had 
used the method earlier in the year during a research 
project. By 1600 h on May 31 the Public Health Labora- 
tory was able to show conclusively the presence of high 
concentrations of toxin. During the next day (June 1) 
the staff of the coastal health authorities and the MAFF 
collected samples of shellfish along the whole of the 
Northumberland coast, and obtained control material 
from the west coast. These samples were examined later 
the same day and revealed that highly toxie shellfish were 
distributed over the whole of the east coast area sampled. 
With the cooperation of the Department of Agriculture 
and Fisheries for Seotland the sampling programme was 
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immediately extended, and by June 14 shellfish from the 
east coast between the Moray Firth and the Thames 
estuary and from the west coast of Scotland had been 
examined by the Public Health Laboratories at New- 
castle, Leeds and Chelmsford, and the Torry Research 
Station at Aberdeen. 

Investigations into bird mortalities had started soon 
after May 14, and other biological observations were 
made towards the end of the month. At that time there 
was no evidence to suggest that toxic dinoflagellates were 
the cause, for the first signs were not typical of North 
American outbreaks. Even when plankton colleeted from 
the area on May 28 was examined, there was no evidence 
of bloom conditions; we now know, from the results of 
the eontinuous plankton recorder, that the bloom reached 
its peak in the midddle of May, but had disappeared by 
the end of the month. 

It might have been possible to detect the early stages 
of mussel toxicity by a programme of regular toxicity 
testing, but this was scarcely justified prior to the May 
incident, for no comparable outbreak had occurred in 
Britain for over 60 years. In the cireumstances, it is difficult 
to see what further preparation could have been made to 
deal with the outbreak. 

Yours faithfully, 

H. R. INGHAM 
Public Health Laboratory, 
General Hospital, 
Westgate Road, 
Newcastle upon Tyne. 

James MASON 
Department of Agriculture and Fisheries for Scotland, 
Marine Laboratory, 
Torry, Aberdeen. 

P. C. Woop 
Ministry of Agriculture, Fisheries and Food, 
Fisheries Laboratory, 
Remembranee Ávenue, 
Burnham-on-Crouch, Essex. 


Corollary Discharge? 


Sin,—On the neurophysiclogical mechanisms of perceptual 
stability during eye movements (Nature, 220, 18; 1968), we 
have made a direct attack on the problem by experimenta 
with the optie lobe of fish brains. Certain periodie scan- 
ning movements of fish eyes continue unchanged after 
complete removal of the optie lobes. Yet in the intact fish 
one ean record from the optie lobes periodie bursts of 
impulses that precede each saccadic eye movement by 
a few ms. Reafferent activity coming up the optic 
nerve arrives about 20 ms after the eye movement begins. 
We have suggested (Austral. J. Exp. Biol. Med. Sci, 
46, Part 4, 10; 1968) that the neurones discharging before 
each movement might earry corollary discharge or effer- 
ence copy information. 

Further behavioural experiments indicate that the most 
likely mechanism of action of these discharges is a simple 
blanking or suppression of response to the optie nerve 
discharge generated by each eye movement. 

Yours faithfully, 
R. F. Mark 
J. R. JOHNSTONE 
Department of Physiology, 
Monash University, 
Clayton, Victoria, Australia. 


Erratum. In the News and Views note “Saving the 
Lost Tin” (Nature, 220, 215; 1968) we referred to a 
mineral concentrator as the “Mozley—Burch concentrator”. 
Dr Burch has written to say the invention was solely the 
work of Mr Mozley. 
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International Meetings 


November 18-22, Nuclear Desalination, Madrid (Nils 
Lund, Division of Public Information, IAEA, Karntner 
Ring 11, A-1010 Vienna, Austria). 


November 20, Psychology of Scientific Creativity in 
the Petro- Chemical and Polymer Laboratory of ICI, 
London (The Science of Science Foundation, e/o The 
Ciba Foundation, 41 Portland Place, London W1). 


November 25-27, Metabolic Function of Vitamin, 
Massachusetts (Dr G. Wolf, Department of Nutrition and 
Food Science, Massachusetts Institute of Technology, 
Cambridge, Massachusetts 02139, USA). 


December 11, Psychology of the Scientist in a Business 
Environment, London (The Seience of Science Founda- 
tion, c/o The Ciba Foundation, 41 Portland Place, London 
Wi). 

January 20-21, Control Mechanisms in Intermediary 
Metabolism, Miami (W. J. Whelan, University of Miami, 
Department of Biochemistry, School of Medicine, PO Box 
875, Biscayne Annex, Miami, Florida 33152, USA). 


January 22-24, Membrane Function and Electron 
Transfer to Oxygen, Miami (W. J. Whelan, University 
of Miami, Department of Biochemistry, School of Medicine, 
PO Box 875, Biscayne Annex, Miami, Florida 33152, USA). 


March 2—7, Analytical Chemistry and Applied Spectro- 
scopy, Cleveland (William M. Hickam, Westinghouse 
Research Laboratories, Pittsburgh, Pennsylvania 15235, 
USA). 

March 3-6, Protein Structure and Function, Quebec 
(T. H. G. Michael, General Manager, The Chemical Insti- 
tute of Canada, 151 Slater Street, Ottawa 4, Ontario, 
Canada). 


March 3-7, Oral Pathology, Washington (The Director, 
Armed Forces Institute of Pathology, MEDEM-PAD, 
Washington DC 20305, USA). 


March 3-April 2, Orthopsychiatric Association meet- 
ing, New York (Dr Marion F. Langer, Executive Secretary, 
Room 1313, 1790 Broadway, New York, NY 10019, USA). 


March 9-11, Urban Transportation, Pittsburgh (Pitts- 
burgh Urban Transit Council, 945 Union Trust Building, 
Pittsburgh, Pennsylvania 15219). 


March 9-22, Practical Medicine, Davos (Wolfgang 
Brune, Kongressburo der Bundesarztekammer, Haeden- 
kampstr. 1, 5000 Koln-Lindenthal, Germany). 


March 12-13, Safety on Construction Site, London 
(The Institution of Civil Engineers, Great George Street, 
London SW1). 


March 19-20, Combustion for Power, London (Confer- 
ence Department, Institution of Mechanical Engineers, 
1 Birdeage Walk, London SW1). 


March 22-30, Plastics, Brussels (Europlastics, Palais du 
Centenaire, Heysel, Brussels, Belgium). 


March 24-26, Dielectrics Discussion Group meeting, 
Oxford (Dr A. H. Price, The Edward Davies Chemical 
Laboratory, Aberystwyth, Cardiganshire, Wales. 


March 24-27, American Physical Society meeting, 
Philadelphia (Dr W. W. Havens jun., American Physical 
Society, 335 East 45th Street, New York, NY 10017, USA). 


: March 24-27, Institute of Electrical and Electronics 
Engineers convention, New York (Institute of Electrical 
and Electronies Engineers, 345 East 47th Street, New 
York, NY 10017, USA). 


March 24-29, Liquefied Natural Gas: Its Production, 
Handling and Use, London (Institute of Mechanical 
Engineers, 1 Birdcage Walk, London SW1). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the publie) 


From December 7, 1968, meetings and other events in this column will be 
restricted to meetings at which attendance is not confined to members of 
particular societies. 


Monday, November || 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 2.30 p 
Professor R. King: “Radiation and the Structure of Matter” (Civil service 
Lecture). 

INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.—Mr J. Gittins and Mr J.C. Voakes: “Parametric Amplitiers". 


INSTITUTION OF MECHANICAL ENGINEERS, EDUCATION AND TRAINING 
GROUP (at 1 Birdcage Walk, Westminster, London, 3W1), at 6 pan.--Dis- 
cussion meeting on “Can Design be Taught in Universities in the Absence of 
Prior Industrial Training ?". 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND STUDENT 
SECTION (joint meeting with the Graduate and Student Section of the IERE, 
at Savoy Place, London, WC2), at 6.30 p.m.--Mr R. C, Foss: "Integrated 
Circuit Design". 








Tuesday, November 12 


INSTITUTION OF CHEMICAL ENGINEERS (joint meeting with the Chemical 
Engineering Group of the Society of Chemical Industry, at Viotoria Hall, 
Bloomsbury Square, London, WC1)—Symposium on ‘ 
the Chemical Industry". 


INSTITUTION OF ÉLECTRICAL ENGINEERS (joint meeting with the Institute 
of Measurement and Control, and the Automatie Control Group of the 
Institution of Mechanical Engineers, at Savoy Place, London, 2}, ab 5.80 
p.m.—Mr P. C. Parks and Professor F, G. Pyatt: “Control Techniques and 
Economic Systems". 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 5.80 p.m. 
Sir Lawrence Bragg, CH, FRS: “Electromagnetism”, (Lecture for Sixth 
Form Boys and Girls from Schools in London and the Home Counties. To be 
repeated on November 13, 19 and 20.) 


INSTITUTION OF MECHANICAL ENGINEERS, AISONORIEE Division (ab 1 
Birdcage Walk, Westminster, London, SW1), at 6 p.m.—Mr W. 5. Affleck, 
Mr P. E. Bright and Mr R. J. Ellison: “Ran-On in Gasoline Engines” (two 
papers). 

UNIVERSITY OF LONDON, DEPARTMENT OF EXTRA MURAL STUDIES; and 
the LINNEAN SOCIETY OF LONDON (at the Linnean Society, Burlington House, 
Piccadilly, London, W1), at 6.30 p.m.—- Professor J. 8. Wilkie: “The Begin- 
nings of ‘Animal Physiology, I, (Seventh of twelve lectures on “The His- 
torical Background to Modern Zoology".) 





‘The Universities and 





Tuesday, November !2— Wednesday, November 13 


INSTITUTION OF MECHANICAL ENGINEERS, PROCESS ENGINEERING GROUP 
(at 1 Birdcage Walk, Westminster, London, SW1)—Discussion meeting on 
“Fire Protection in the Process Industry". 


Wednesday, November 13 


ROYAL INSTITUTION, History OF SCIENCE DISCUSSION GROUP (at 21 
Albemarle Street, London, W1), at 1 p.m.--Professor H. J. V. Tyrrell: 
“Adolf Fick—a Pioneer in Biophysics"'.* 


INSTITUTE OF FUEL (at the Lower Lecture Theatre, Croydon Technical 
College, Fairfield, Croydon), at 5.30 p.m.—Mr H. C. Newman: "Natural Gas 
—Some Practical Aspects of Industrial Conversion”. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.—Mr M. R. G. Swinnerton and Mr M. J. B, Turner: “Tlashover 
on d.c. Machines" and “Copper Drag on Commutators’*. 


INSTITUTION OF ELECTRONIC AND RADO ENGINEERS (at the London 
School of Hygiene and Tropical Medicine, Keppel Street, Gower Street, 
London, WC), at 6 p.m.—Annual General Meeting, followed by Mr Tenan 
Maddock, CB, OBE, FRS: ‘Electronics in the Nation's Economy". 


SOCIETY OF CHEMICAL INDUSTRY, FOOD GROUP (at 14 Belgrave Square, 
London, SW1), at 6.15 p.m.—Dr R. P. W. Scott: "Latest Techniques in 
Flavour Analysis” 


INSTITUTION OF Execraroar, ENGINEERS, LONDON GRADUATE AND STUDENT 
SECTION (joint meeting with the Graduate and Student Section of the Insti- 
tution of Mechanical Engineers and the Institution of Production Engineers, 
at 1 Birdcage Walk, Westminster, London, PWI) at 6.30 p.m. Professor 
W. B. Heginbotham: “Automatie Assembly” 





Thursday, November 14 


INSTITUTION OF MECHANICAL ENGINEERS, MANUFACTURE AND MANAGE- 
MENT GROUP; and ERGONOMICS RESEARCH SOCIETY (at 1 Birdcage Walk, 
Westminster, London, 8W1)—Joint Discussion meeting on "Relationship 
between Man and Equipment in Industrial Inspection’. 


ROYAL SOCIETY (at 6 Carlton House, Carlton Terrace, London, 8W13, at 
9.45 a.m.—Diseussion meeting on “Recent Research in Air Pollution" 
organized by Dr J. S. Forrest, FRS, and Dr B. J. Mason, FRS. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, Wi 2.80 pan 
Professor G. Porter, FRS: “Molecules”. (Civil Service Lecture.) 


INSTITUTION OF ELECTRICAL E NGINEERS (at Savoy Place, London, WC 
at 5.80 p.m. — Diseussion meeting on “Experience and Probleme with High 
Resolution Radar”. 






Friday, November 15 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WÜOZ)— 
Colloquium on ‘‘Advances in Broad Band Amplifiers", 


ROYAL INSTITUTE OF CHEMISTRY (at Herringham Hal, Bedford College, 
Regent's Park, London, NW1)—Dr T, J. Kemp: “Chemistry of Some Shori- 
Lived Species in Solution” (Meldola Lecture). 


SOCIETY FOR ANALYTICAL CHEMISTRY, THERMAL ANALYSIS GROUP (at the 
Geological Society of London, Burlington House, Piccadilly, Londen, Wi), 


630 


at 10.30 a.m.-—Meeting on “Thermal Analysis of Organic Materiais’> 6.30 
p.m.—4th Annual General Meeting. 


ASSOCIATION OF APPLIED BIOLOGISTS (in the Lecture Theatre of the British 
Museum (Natural History), Cromwell Road, London, SW7), at 10.40 a.m.— 
Symposium on “Factors Affecting the Colonization of Plants by Aphids”. 


ROYAL INSTITUTION, PHOTOCHEMISTRY DISCUSSION GROUP fat 21 Albe- 
marle Street, London, W1), at 1 p.m.—Mr J. M. Kelly: “Photochemistry of 
Chlorophyll-Quinone Systems".* 

SOCIETY OF CHEMICAL INDUSTRY, FINE CHEMICAL GROUP (joint meeting 
with the Yorkshire Section, at the Houldsworth School of Applied Science, 
The University, Leeds), at 2,30 p.m.—Symposium on ‘Some Aspects of 
Diazo Chemistry”. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 9 p.m.— 
Professor F, Graham Smith: "The Pulsars”. 


Saturday, November l6 


PALAEONTOLOGICAL ASSOCIATION (at the British Museum (Natural History), 
Cromwell Road, London, SW7), at 2 p.m.—Mr A. E. Rixon: ''The Prepara- 
tion and Preservation of Fossils" (demonstration), 


INNER LONDON EDUCATION AUTHORITY (at the Horniman Museum, London 
Road, Forest Hill, London, SE23), at 3.30 p.m.—Miss P. I. Edwards: "Cap- 
tain Cook and Natural History: 1768-1968".* 


Monday, November 18 


INSTITUTION OF ELECTRICAL ENGINEERS (joint meeting with the Auto- 
matie Control Group of the Institution of Mechanical Engineers, at Savoy 
Place, London, WC2)—Mr F. Morgan, Mr €. S. Berger and Mr D. A. 
Xirokostas: “The Development and Application of Self-Optimising Control 
to Coal-Fired Steam Generating Plant", 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 2.30 p.m.— 
Professor C. C. Butler, FRS: "Fundamental Particles and Atomie Nuclei” 
(Civil Service Lecture). 


INSTITUTION OF ELECTRICAL ENGINEERS, IEE/TERE Joint COMPUTER 
GROUP (at Savoy Place, London, WC2), at 5.30 p.m.— Discussion Meeting on 
"Integrated Circuit Valne Analysis", 


ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, WC2), 

at 6 TUCKER: Right Hon. Anthony Wedgwood Benn, MP: “Government 

jun oe (first of three Cantor Lectures on ‘Technology in Great 
ritain”. 


SOCIETY FOR ANALYTICAL CHEMISTRY, RADIOCHEMICAL METHODS GROUP 
fat the Pharmaceutical Society, 17 Bloomsbury Square, London, WC1), at 
6 p.m.--Second Annual General Meeting, followed by Mr D. A. Lambie: 
“Problems in the Provision of Radioactive Materials". 


REPORTS and other PUBLICATIONS 


(not included ín the monthly Books Supplement) 


Great Britain and Ireland 


University Grants Committee. First Employment of University Graduates, 
1966-67. Pp. iv+71. (London: H.M. Stationery Office, aster rs 
net. 

imperial College of Science and Technology. Calendar 1968-69. Pp. 
xi+ 597. (London: Imperial College of Science and Technology, 


Current Medical Research, (A reprint of the articles in the Medical 
Research Council's Annual Report, April 1967-March 1968.) Pp. iii+ 
100 +4 plates. (London: H.M. Stationery Office, 1968.) 10s. 6d. net. [1810 

The mid Company Limited. Report and Accounts 1968, Pp. 32. 
(Uford: The Plessey Co., Ltd, 1968.) [1810 

Meteorological Office. Daily Aerological Cross-sections at Latitude 30 N 
during the International Geophysical Year Periods. (Met. O. 766d). Pp. 69. 
(London: H.M. Stationery Office, 1968.) 55s. net. g 2210 

Annual Report and Accounts of the British Braodcasting Corporation 
1907-68, (Cmnd. 3779.) Pp. 219+16 photographs. (London: H.M. Sta- 
tionery Office, 1968.) 22s, 6d. net. . [2410 

Ministry of Transport : Road Research Laboratory. RRL Report LR 177: 
RRL Computer-Aided Technical Information Service. By P. E. Mongar. 
Pp. 14. (Crowthorne. Berkshire: Road Research Laboratory, 1968.) 
Gratis, [2510 

Ma'heimatical Spectrum, Vol. 1, No. 1, 1968/9. Pp. 1-32. Individual 
annual subsreiption 6s.; $1.20; A$1.10. Single issues 3s. 6d.; $0.70; 
ed (Oxford: Oxford University Press, Education Departmani 
1968.) 2t 

Office of Health Economies. The Early Diagnosis of Ischaemic Heart 
Disease. (Early Diagnosis Paper No. 5.) By M. F. Oliver. Pp. 19. 2s. 6d. 
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AVAILABLE 
FOR 
IMMEDIATE 
DELIVERY 


T2 Virus 


The first fruit of the broad Miles viral production program, 
this E. coli bacteriophage is an excellent source of phage DNA 
or coat protein, or for biochemical and biophysical studies 
on the T2 virus, itself. 

Ref: Cooper and Fonder, Virology 20, 805(1963) 


21-790 T2 Virus (Miles) 1x10" 5x10! 10x 10"SiU* 
$60 $240 $440 


“SIU: Standard Infectivity Unit based on plaque formation. 
Further information in new product bulletin. 


LM 
MiLES 
7A 


RESEARCH PRODUCTS DIVISION 


MILES LABORATORIES, INC. 
Elkhart, Indiana 46514 U.S.A. 


if you use a 


MIGROSCOPE 


you need a 


SINGER 


FULLY PATENTED 


MICROMANIPULATOR 


Singer micromanipulators are used in 
most laboratories all over the world. 
Three types available: 

Mk I Low power for magnifications 
xT to x 200 

Mk H For magnifications x1 to 
x500 

Mk IH High power for magnifications 
x100 to x 1,000 plus 

The most advanced instruments for 
micromanipulation. As described by 
Barer and Saunders-Singer with further 
improvements. 

Full details and demonstrations upon 
request to : 


SINGER INSTRUMENT CO. LTD., 
Fountain Court, 83 London St., 
Reading, Berkshire, England. 


MICROMANIPULATORS 









ANNUAL SURVEYS OF 
ORGANOMETALLIC 
CHEMISTRY 


EDITORS: D. SEYFERTH AND R. B. KING 


Vols. 1, 2 and 3 were published in book form, 
the series is now continued as 


Section B 
of Organometallic 
Chemistry Reviews 


now available 
Vol.4, No. 1: TRANSITION METALS 
Vol.4, No. 2: MAIN GROUP METALS. 
Groups IA, ILA, HB, and HIB 
Vol.4, No. 3: MAIN GROUP METALS. 
Groups IVB (excluding Silicon), VB 


in preparation: 
Vol.4, No. 4: SILICON; Author Index 


Subscription price Sfr. 78.00 plus Sfr. 5.50 postage 





ELSEVIER SEQUOIA S.A. 


P.O. BOX 851 - 1001! LAUSANNE 1. - SWITZERLAND 


XXX 


Classified Advertisements 


AH copy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion 
The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers’ errors, 
although every care is taken to avoid mistakes, 
Semi-displayed £6 per single column inch, 
Minimum £3, each additional 1/12th of an inch 
10s. Full page £158, Half page across £BO. 
Colour (orange) £20 extra. 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number. 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T.G, Scott and Son, Limited, | Clement's 
Inn, Strand, London, W.C.2. Telephone: 
Heg 4743. Telegrams: Textualist, London, 


APPOINTMENTS VACANT 


UNIVERSITY OF LONDON 
KING'S COLLEGE 


DEPARTMENT OF BOTANY 


Applications are invited from Honours 
Graduates for the post of RESEARCH 
ASSISTANT to work with Dr. J. E. Keys 
on a project concerned with the physio- 
logy of succulent plants. The post, financed 
by the Agricultural Research Council, is 
for 18 months in the first instance starting 
on or about November 1, 1968, with pos- 
sible extension for a further 18 months. 
Initial salary will depend on qualifications. 
Suitably qualified graduates may register 
for a higher degree. 

Applications to be made in writing to 
Dr. J. E. Keys, Department of Botany, 
King's College London, 68 Half Moon 
Lane, London, S.E.24, as soon as possible. 


(1484) 





ST. BARTHOLOMEW'S HOSPITAL 
LONDON, EC. 


DEPARTMENT OF SURGERY AND 
ANAESTHESIA 


RESEARCH ASSISTANT (whole- or part-time 
by arrangement) for research project on blood 
platelet function in Surgical patients and related 
studies. Previous haematological experience an 
advantage. An additional research assistant will 
be engaged in this project. Salary scale £850 to 
£1,145 per annum. 

Write, naming two referees, to the Clerk to 
the Governors, quoting Project No. 36/1. Ref. 
ASC/I1640 . (1539) 





RESEARCH ASSISTANT 
(DEPARTMENT OF ANATOMY) 


Required as soon as possible. Candidates 
should be interested in research on the nervous 
system and should preferably, but not necessarily, 
have some knowledge of techniques of studying 
it with either anatomical or neurological methods. 
Salary within range £1,165 to £1,400 per annum. 
F.S.S.U. may be considered. Applications by 
December 1, to the Secretary (from whom fur- 
ther particulars. may be obtained). 


UNIVERSITY COLLEGE LONDON, 
Gower Street, W.C.1. 


Applications are invited for an ASSISTANT 
LECTURESHIP or LECTURESHIP IN STATIS- 
TICS. Applicants may be interested ín any 
branch of mathematical or applied statistics or 
operational research, The person appointed 
should take up his duties on a date to be 
arranged but preferably not later than April i, 
1969. 

Further information may be obtained from the 
Registrar (Room 217, Wihiteknights House) the 
University, Whiteknights, Reading, by whom ap- 
plications should be received not later than 
December 2, 1968. (1537 

BASIC GRADE BIOCHEMIST REQUIRED 
in the Endocrine Laboratory.— Apply, giving de- 
tails of qualificadons and experience, and the 
names of two referees, to Hospital Secretary, 
Whittington Hospital, Highgate Hill, Sui 
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GSIRO — 
PHYSICAL 
METALLURGIST 


AUSTRALIA 
PHYSICAL METALLURGY SECTION 


GENERAL The Physical Metallurgy Section of the Commonwealth Scientific and 
Industrial Research Organization, is located in the Department of Metallurgy of the 
University of Melbourne. its main field of interest is in the nature of interfaces in solid 
metals. 


DUTIES The appointee will be required to undertake research on some aspect of this 
topic, using an electron microscope, and to be responsible for the supervision of the 
instrument. 


QUALIFICATIONS Applicants should have a Ph.D. in Metallurgy or Physics or its 
equivalent in research training. Experience in the field of electron microscopy is essential 
and an interest in solid-solid interfaces would be an advantage. 


SALARY Depending upon qualifications and experience the appointment will be made 
within the salary range of Research Scientist, $A5,250--$A6,622 p.a. or Senior Research 
Scientist, $A6,892— $A7,974 p.a. Salary rates for women are $A428 p.a. less than the 
corresponding rates for men. 


CONDITIONS The appointment will be initially for a fixed term of three years, after 
which, if mutually desired, either an extension of tenure or appointment for an indefinite 
period will be considered. The appointment will be conditional upon passing a medical 
examination and an initial probationary period of twelve months may be specified. An 
indefinite appointment carries with it Commonwealth Superannuation Fund or Provident 
Account privileges. Fares paid for the appointee and his dependent family. Further 
details supplied on application. 


Applications (quoting Appointment No. 640/20) and stating full name, place, date and 
year of birth, nationality, marital status, present employment, details of qualifications and 
experience, together with the names of not more than four persons acquainted with the 
applicant's academic and professional standing, should reach:— 


Mr. R. F. Turnbull, 

Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
64-78 Kingsway, 


LONDON, W.C.2. by the 3ist December, 1968 


553) 








Reverse Osmosis 


THE ARTHUR D. LITTLE RESEARCH INSTITUTE is 
recruiting in this rapidly expanding field, and would like to 
receive applications from Ph.D.’s or graduates, with research 
backgrounds preferably, but not necessarily in fields of 
diffusion or polymer science. The membrane separation pro- 
cess of reverse osmosis has applications in several areas and 
versatility of interest is of greater importance than detailed 
research interest in a narrow field. 


The Arthur D. Little Research Institute is situated in rural 
surroundings, six miles from the centre of Edinburgh. Excel- 
lent conditions of employment, Pension Scheme, 5 day week. 


Applications should be made to : 


'The Personnel Officer, 

Arthur D. Little Research Institute, 
Inveresk Gate, 

MUSSELBURGH, 


Midlothian, Scoland. 
58D 
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NEW ZEALAND 
"Marine Department 


Applications are invited for the under- 
mentioned vacancy : 


Vacancy B 13/13/29/3191 


SCIENTIST 


Fisheries Research Division, Wellington 


The Research Division of the New 
Zealand Marine Department requires a 
Scientist for their Wellington Research 
Laboratory, the appointee to take up duty 
as soon as possible, Work is on fresh- 
water fisheries and allied  limnological 
problems. 


Qualifications desired: An Hoaours De- 
gree or Ph.D. 


Salary: In the range NZ$2,840 for first- 
class Honours and up to NZ$3,440 for a 
newly qualified Ph.D. depending on experi- 
ence. 


Passages : Fares for appointee and his 
wife and family, if married, will he paid. 


Incidental expenses: Up to £35 for a 
single man and £100 for a married man can 
be claimed to cover the cost of taking per- 
sonal effects to New Zealand. 


Application forms and general informa- 
tion are available from the High Commis- 
sioner for New Zealand, New Zealand 
House, Haymarket, London, S.W.1, with 
whom applications will close on Decem- 
ber 6, 1968. 


Please quote Reference B 13/13/29/3191 
when inquiring. (1558) 









RESEARCH OPPORTUNITIES 
IN 
GUINNESS 


A good Honours Graduate in Science 
(Chemistry, Botany or Biochemistry) with 
Ph.D. and preferably post-dectoral experi- 
ence is invited to apply for a position in 
the Research Laboratory engaged in plant 
biochemical investigation. Excellent facili- 
ues and environment for “ ideas " man to 
pursue an individual project. 


A progressive salary according :o experi- 
ence from a minimum of £2,000 per annum 
is offered with many fringe benefits includ- 
ing profit-sharing bonus. 


Applicants should write fully to the Per- 
sonnel Manager, Arthur Guinness Son & 
Co. (Park Royal) Ltd., Park Royal 
Brewery London, N.W.10, quoting Ref. 
N23, (1549) 




















UNIVERSITY OF LIVERPOOL 


DEPARTMENT OF VETERINARY 
CLINICAL STUDIES 


Applications are invited for the post of 
ASSISTANT LECTURER or LECTURER in 
Veterinary Clinical Studies (Farm Animals) at 
the Veterinary Field Station, Leahurs: Neston, 
Wirral. The initial salary will be within the 
range £1,470 to £2,630 per annum for a Lecturer 
or £1,105 to £1,340 per annum for an Assistant 
Lecturer, Candidates should hold a university 
degree in veterinary science, or agricultural 
science, or a medical science such as biochemistry 
or physiology. 

Applications, 
experience, together with 
referees, should be received not later than 
November 19, 1968, by the Registrar The Uni- 
versity, P.O, Box 147, Liverpool, L69 3BX, from 
whom further particulars may be obtained. 
Please quote Ref. RV/725/N. (1567) 


stating age, qualifications and 
the names of three 











The successful. candidate 
Should have a higher degree and as he will be 
required to coatral and direct both the routine 
and research work in the laboratory, he or she 
should have proven ability in work at a respon- 
sible level. Salary £2,051 to £2,525 per annum. 
-—Further details from, and applications to, The 
House Governor, The London Hospital, E.1. 

(1546) 


UNIVERSITY OF QUEENSLAND 


The University invites applications for the posi- 
tion of Chemical Analyst within the Department 
of Geology. 


should have a degree or appropriate diploma 
in chemistry. 
cal analysis of minerals (predominantly silicates 


CSIRO 





RESEAR 
CIENTIST 
(GEOTECHNICAL 
STUDIES) 


DIVISION OF SOIL MECHANICS 


GENERAL The Division of Soil Mechanics of the Commonwealth Scientific and Industrial 
Research Organization is engaged in both fundamental and applied research relating to the 
engineering properties of soils, and has its headquarters and main laboratories at Syndal, 
near Melbourne, Victoria, and a building foundations research laboratory in Adelaide, South 
Australia. The research programme embraces engineering materials science (earthen 
materials), soil engineering and engineering land use. It is now intended to establish a small 
regional unit of the Division at Perth, W.A., to study the geotechnical problems of the 
metropolitan area. 


DUTIES The appointee will be required to undertake a study of the occurrences of 
foundation problems in the Perth area and on the basis of these studies to formulate and 
carry out a research programme aimed at elucidating the in-situ stress-strain characteristics 
of the dominant soils. 


The appointee will also be expected to collaborate with the Division's Scientific Service 
Staff in establishing a logical system for the storage and retrieval of geotechnical data 
pertaining to the Perth region. 


Opportunities will exist for close collaboration with the staff of the Civil Engineering 
Department of the University of Western Australia and it is expected that the appointee will 
undertake such lecturing and other tasks in the University as required in order to foster this 
collaboration. 


QUALIFICATIONS Applicants should have advanced academic training to Ph.D. Ievoel, 
or its equivalent in the fields of civil engineering, materials science, with emphasis on physics 
and/or mathematics, Some experience of field studies in soil mechanics is essential. 


SALARY Depending upon qualifications and experience, the appointment will be made 
within the salary range of Research Scientist, $A5,250- $A6,622 p.a., or Senior Research 
Scientist, $A6,892~$A7,974 p.a. Salary rates for women are 3ÀA428 p.a. less than the 
corresponding rates for men. 


CONDITIONS The appointment, which carries with it Commonwealth Superannuation 
Fund or Provident Account privileges, will be conditional upon passing a medical examina- 
tion An initial probationary period of twelve months may be specified. Fares paid for the 
appointee and his dependent family. Further particulars supplied on application. 


Applications (quoting Appointment No.: 920/90) and stating full name, place, date and 
year of birth, nationality, marital status, present employment, details of qualifications and 
experience, together with the names of not more than four persons acquainted with tha 
applicant's academic and professional standing, should reach: 


Mr. R. F. Turnbull, 

Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
64—78 Kingsway, 

LONDON, W.C.2. 


AUSTRALIA 


by the 6th December, 1968. 


CHEMICAL ANALYST LIBRARY 


The position has the classification 


P s a good honours degree and if possible e 
Laboratory Technologist HI. Applicants good Wong E m ep r 


Duties wil involve (1) chemi- bationary grade) or 
LIBRARIAN from a date in 1969, Salary 


oxides} and rocks using classical wet 





UNIVERSITY OF EAST ANGLIA 


Applications are invited from graduates with 





ence or qualifications in librarianship for a post 
in the grade of ASSISTANT LIBRARIAN (pro- 
SENIOR ASSISTANT 
on 


the scale £1,105 to £1,340 per anmum or £1,470 


methods ; (2) supervision of the research chemi- 
cal laboratory. Other laboratories in the De- 
partment are equipped with X-ray and optical 
spectrographs and atomic absorption facilities. 
There is a stimulating variety of highly respon- 
sible work, and the scope for development of 
new methods is great. The analyst will be in- 
volved in several research projects. The salary 
will be within the range $A5,057 to $A5,265 per 
annum. Conditions of appointment include 
Superannuation and Travel Allowances. 
Applications should be forwarded to the Regis- 
trar, University of Queensland, St. Lucia, Bris- 
bane, 4067, Australia by November 30, 1968. 
(20529) 


to £2.630 per annum according to experience 
plus P.SS.U. benefits. The senior staff of the 
Library is organized on a subject specialization 
basis but all concerned take a share in general 
and administrative duties, In this instance the 
Librarian is anxious to appoint sc ne with 
qualifications in the SCIENCES particularly in 
CHEMISTRY or PHYSICS, 


Further particulars may be obtained fron ihe 
Registrar and Secretary, University of Bast 
Anglia, Earlham Hall, Norwich NOR SC, to 
whom applications, giving the names. of avo. 
referees, should be sent not later than Decem- 
ber 1, 1968. 570) 

















two senior research 
biochemists 


Applications are invited from candidates with suitable qualifications and post graduate 
experience for the two newly created posts of SENIOR RESEARCH BIOCHEMISTS 
to head research teams of graduates and assistants actively engaged in fundamental 
research work, 





The successful candidates, whose minimum ages are likely to be 30, will be expected 
to lead respective teams in one of the following fields of investigation: 


1) The incorporation of orally and parenterally administered iron into animal tissue. 
This involves the study of the absorption mechanism of iron from (a) the gastro- 
intestinal tract, (b) the site of intramuscular application, (c) after intravenous 
administration. 


2) The metabolism of drugs: initially anti-asthmatic compounds. This work requires 
experience of up-to-date advanced techniques necessary to the investigation of 
drug absorption, distribution and excretion. 


Salary will be negotiable and will depend on qualifications and experience, 


The Biochemistry Department is exceptionally well equipped and staffed; it is part of 
the Research Laboratories which have recently moved into a newly constructed building 
as phase 1 of a continuing expansion programme, 


Fisons Pharmaceuticals is a member of the Fisons Group and the successful candidates 
will be expected to join the Contributory Pension Scheme. Other benefits and 
welfare schemes are in operation. 


Candidates will be invited to visit the new Laboratories st Bakewell Road, Loughborough 
by arrangement with the Head of the Department. 


Please write for an application form to: 
The Personnel Manager (10), 
Fisons Pharmaceuticals Limited, 
12 Derby Road, Loughborough. 
(1465) 


PHYSICIST 


for Solid State 
Thin Film Applications 


An interesting position has been created for a Physicist with 
Honours Degree to establish an R & D capability for 
developing special purpose thin film strain sensitive trans- 
ducers, The successful applicant will be expected to liaise 
closely with University workers in this field. This is a new 
area for the Company and could carry a responsibility for 
Setting up the vacuum and other equipment necessary to 
establish the capability for developing these and similar 
devices, An attractive salary is envisaged together with 
bonus. There is a good pension plan in operation. 





Applications, giving details of qualification and experience, should 
be addressed to M. Harris (Ref. N 3135), Classified and Recruitment 
Services Ltd., Pemberton House, East Harding Street, London, E.C.4. 


(1556) 
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UNIVERSITY OF ASTON IN 
BIRMINGHAM 
DEPARTMENT OF BIOLOGICAL SCIENCES 
BIODETERIORATION INFORMATION 

CENTRE 
ion Centre was 
tivities as a 







The Biodeterio lished in 
19655 and in its ed In- 
formation Centre is partly supported. by a grant 
from the Office for Scientific and Technicial In- 
formation. The Centre now seeks to appoint a 
RESEARCH FELLOW to expand and develop 
its information and research activiti Direction 
of jis work up to now has been carried out by 
a departmental Lecturer «4 part-time basis, 
This will continue but the p n now appointed 
will carry out general administration and undere 
take particularly industrial | on and informa- 
ion work. He will also be expected to make a 
significant contribution in an area of practical 
ch. The appointment offers an excellent 
€ ortunitv fo expand a career involving informa- 
Hon and practical research and industrial Haison. 
Salary scale: £1.470 to £2,095 per annum. 
















































ed from the Staff Officer (Ref. No. 
Jníversity of Aston in Birmingham 
Birmingham 4. to whom a 
should be forwarded within fourteen d 
appearance of this advertisement. 


THE BRITISH COUNCIL 


BRAZIL 


THE FEDERAL UNIVERSITY OF RIO 
DE JANEIRO requires by February 1969 
a VISITING PROFESSOR OF CHEMI- 
CAL ENGINEERING. Candidates should 
have a degree from a university in Britain 
and experience of postgraduate teaching 
and research supervision. A higher degree 
and a good mathematics background would 
be desirable. 


Salary: £2,760 to £3.495 per annum ac- 
cording to qualifications and experience. 
Married oversea allowance within the 
range £826 to £496. Additions for chil- 
dren. Income tax refunded if levied, Rent 
allowance. Outfit grant. Employer's 
superannuation contribution paid. Medical 
and insurance schemes, Fares paid for 
Professor and family. One year contract 
guaranteed by the British Council. Refer- 
ence 8 OU $8. 


Write, quoting relevant reference num- 
ber to Appointments Division, The British 
Council, 65 Davies Street, London WIY 
2AA for further particulars and application 
forms to be returned completed as soon as 
possible. (1489) 


UNIVERSITY OF WALES 
UNIVERSITY COLLEGE OF SWANSEA 


RESEARCH DEMONSTRATOR IN THE 
DEPARTMENT OF GENETICS 


Applications are invited for the post of Re- 
search Demonstrator in the Department of 
3enetics, to take effect from January ], 1969 or 
as soon thereafter as possible. Candidates should 
have a degree in a biological science, and pre- 
ference wil be given to those broadiy interested 
in using molecular approaches to problems in 
evolutionary genetics such as the evolution of 
dominance, ecological control of the genetic 
architecture of populations and the comparative 
effects of different modes of selection using 
micro-organisms or higher animals and plants. 
The duties will involve help in the organising and 
running of practical cla and some tutorial 
work with undergraduates. The salary will be 
in the range £920 to £970 per annum with 
7,8.8.U. benefits, and the post is renewable 
annually. 

Applicants should send a full curriculum vitae 
the names of two referees to the Registrar, 
'ersity College of Swansea, by November 30, 
1968. Informal inquiries may be addressed to 
Professor J. A. Beardmore, Department of 
Genetics, University College of Swansea, Single- 
: Park, Swansea, Glam. (1554) 



























GRADUATE IN BIOCHEMISTRY (OR 
with similar experience} required for extension of 
work on metabolic aspects of myocardial infarc- 
tion. Suitable for Ph.D. thesis. Salary accord- 
ing to qualifications and experience.--Apply in 
wriing with full details, including possible start- 
ing date to the Sec ry, Royal Postgraduate 
Medical School, Hammersmith Hospital, London. 
W.12. Quoting reference 2/451. (0534) 
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National Coal Board 


INSTITUTE OF 
MINING MEDICINE 


Vacancies for Statisticians 


An unusual opportunity occurs for two statisticians who would like to 
participate from the outset in the development of a new occupational 
health research institute. From the beginning of 1969 the National Coal 
Board will concentrate its research on the health of miners at its Institute 


of Mining Medicine. 


A new building in Edinburgh is nearing completion. 


The Institute will be associated with the University of Edinburgh, and 
occupational health research will not necessarily be restricted to coal 


mining. 


The Statistics Branch will be responsible for the statistical aspects of a 
wide range of epidemiological, medical and physiological investigations in 
the coalfields and in the laboratory, including studies of morbidity and 
mortality, There are two vacancies for graduate statisticians. 


SCIENTIST GRADE I or 2 


Salary range £2,045 to £2,900, or £1,465 to £2,155. Evidence of 
post-graduate achievement in Industry or research is required 


for this post 


SCIENTIST GRADE 3 


Salary range £1,020 to £1,635. This post will be suited to more 
recently qualified graduates with an interest in biometry or 


medical statistics 


Please write to:— Head of Staff Administration Branch, National Coal Board, 
Hobart House, Grosvenor Place, London, S.W.1. 


(1573) 





AUSTRALIAN NATIONAL 
UNIVERSITY 


ENGINEER / TECHNICIAN-IN-CHARGE 
Applications are invited for the position of 
Engineer in Charge or Technican in Charge in 
the Department of Nuclear Physics in the Re- 
search School of Physical $. 
The Engineer or Teet in charge is 
responsible for the supervision and direction of 
about 12 technical officers and workshop staff 
who maintain the accelerators and associated ser- 
vices and construct and develop research equip- 
ment, The Department has a tandem Van de 
Graaff accelerator and two small Van de Graaff 
machines which are used for nuclear research. 
The technical facilities include a small workshop. 
a drawing office, a techniques section and an 
electronics faboratory, The services include iow 
and high pressure gas handling equipment, re- 
frigeration plant and water re-circulation systems. 
Qualifications: The applicant should have a 
broad range of experience in workshop practice. 
vacuum physics and electrical equipment, but 
preference will be given to an applicant with 











mechanical engineering experience as would apply 
to equipment design and the extension of acceler- 
ator facilities and buildings. 

Appointment will be made at one of 
SAS, 369/ 


Salary : 
the following grades: 
per annum; 


Engineer If: 
Engineer IH, $ 
Head Technician Gr 
per annum: Head Technician 





$A6,023 





ee H, $AS, 961 to $A6,341 per annum. Candi- 
dates who wish to be placed in the engineer 
salary scale should possess qualifications which 


render them acceptable for admission as a 
Corporate Member of the Institution of Engineers 
of Australia. Managerial experience with similar 
research or industrial projects is desirable but 
fot essential. Assistance with passages and ac- 
sommodation will be provided. 








The successful applicant will be required to 
undergo a medical examination. Written appli- 
cations, quoting reference number 68332 should 


be forwarded to D. K. R. Hodgkin, Registrar, 
at Box 4, P.O. Canberra, A.C.T. 2600, Australia, 
with whom applications close on November 30, 
i968. (0530) 





INFORMATION SCIENTISTS 


Geneticist or Biochemist with sound know- 
ledge of genetics. Experienced Informatioa 
Scientist with knowledge of Marine Botany, 
Graduates in Pharmacy, Microbiology or 
Medical Sciences wishing to train -~—Miss 
Hortin. 196 Oxford Street, London W.. 
01-636-6858, No fees to pay. (1525) 








COMMONWEALTH 
AGRICULTURAL BUREAUX 
VACANCY FOR ASSISTANT DIRECTOR 
COMMONWEALTH BUREAU OF 
HORTICULTURE AND PLANTATION 

CROPS 
The Bureau is at Bradbourne House 
in the extensive grounds of the East Malling 
Research Station. There is a joint Research 
Station/Bureau Library which contains one of 
the most comprehensive collections of scientific 
horucultural literature in the world. 

Duties. To assist the director with the general 
administration of the Bureau and its work of 
prc ing an information service to  horticul- 
türists. 

Qualifications. A degree 
botany and postgraduate experience. Ability to 
write good concise English essential. Reading 
knowledge of foreign languages and editorial 
experience desirable. 

: In the scale £2,250 to £3,107 (under 
); entry point according to age, quali- 
fications and experience. Provision for super- 
annuation. 

Anyone 


Location. 






in horticuHure or 





interested. should write informally in 
the first instance to the Director (Mr. G. E. 
Tidbury, B.Sc., A.R.C.S.. A.LC.T.AJ, Common- 
wealth Bureau of Horticulture and Plantation 
Crops, East Malling Research Station, near 
Maidstone, Kent. and in suitable cases prelimin- 
ary interviews will be arranged at the Bureau 
before formal applications are considered. Clos- 
ing date for formal applications, January 15, 
1959. (1330) 


XXXHB 


AGRICULTURAL RESEARCH 
COUNCIL 
FOOD RESEARCH INSTITUTE 
NORWICH 


ASSISTANT EXPERIMENTAL OFFICER r 
quired to help with a varied programme of v 






including growth substance assays and protein 
analyses. ] 
Qualifications: Pass degree or with 





Botany, Biology or Chemistry as a principal sub- 
ject. 

Salary: According to age, £859 at age 22; 
£1,088 at age 26 or over; rising to a maximum 
of £1,385. Optional contributory superannuation. 

Application form from Secretary, Food Re- 
search Institute. Colney Lane, Norwich, NOR 
70F, quoting. feb 68/56. 


SUN VALLEY FEED LTD 
require an 

EXPERIENCED LABORATORY TECHNICIAN 
to take control of the Quality Control Labora- 
tory at the Tram Inn Feed Mill. 

Apply, giving full details of experience and 
qualifications, to: H. R. Hesketh, M.S.. B.Se., 
S:n Valley Feed Mill, Tram fan, Allenmore, 











0580 
AGRIC UL T URAL RESEARC H 
COUNCIL 
FOOD RESEARCH INSTITUTE 
NORWICH 


SCIENTIFIC OFFICER / SENIOR SCIEN- 
TIFIC OFFICER required in the Microbiology 
Division of this new Institute, for work on the 
biochemistry or physiology of micro-organisms 


with special reference to the exploitation of 
microbial products. 

Qualifications: Ph.D. degree or equivalent 
postgraduate experience in the biochemistry or 


physiology of micro-organisms essential. Post. 
doctoral experience an advantage. 

Salary: According to age and postgraduate ex- 
perience on $0. scale £991 to £1,740 or &.8.0. 
£1,866 to £2,372, Superannuation under F.S. SU. 

Further details and application forms from the 
Secretary, Food Research Institute, Colney Lane, 
Norwich, NOR 70F, quoting ref, 587/19. 

( 

UNIVERSITY OF NATAL 
DEPARTMENT OF MATHEMATICS 

Applications are invited from persons suitably 
qualified in Pure or Applied Mathematics or 
Mathematical Statistics. for appoinument to the 
post of LECTURER, Durban. The salary 


attached to the post is R3,000 by R150 to R4,800 
per annum. The commencing notch on this ^d 



















experience p the. ag 
Further particuk of "the and the con- 


comitant benefits such as travelling expenses on 











first appointment, pension, medical aid, ff 
bursary and housing scheme, long leave condi- 
tions, etc., are obta m the Association 
of Commonwealth niversities (Branch Office), 
Marlborough House, Pall Mal. London, SWI 

be lodged not later than 





TECHNOLOGY 
TECHNICIAN 
A Technician is required in the Department of 
Chemistry to undertake, under supervi he 
large-scale laboratory preparation of 
required by the de par ments 
gramme. The work re p 
care rather than theor i knowledge, 
ing in modern techniques wil be 
Chemical process experi could be 
background. Sal 3 

















train~ 
vallabie. 















annum acc 
tadditions E £30 an ' approved quali. 
cations) Five-day, week. Superannaa- 


ence No. CH. 49, should be 
trar of rhe Institute, Sackvi 
M60 10D. Completed forms 1o 


nt to the Regis- 
€t, Manchester, 
bt returned not 








ence are 3 
age and experi in wridng by Nix * 
ber 30 to; The ry, Clarendon. Pre 





Oxford. 











CSIRO A 
COTTON AGRONOMIST 


AUSTRALIA (MALE) 
DIVISION OF LAND RESEARCH 


KIMBERLEY RESEARCH STATION 


GENERAL The Kimberley Research Station, which is jointly operated by the Common- 
wealth Scientific and Industrial Research Organization and the Department of Agriculture, 
Western Australia, is situated 12 miles from Kununurra in the northern part of Western 
Australia. Research at Kimberley provided the technical foundation for the recent 
development of irrigated agriculture on the Ord River, where in 1966/67 over 12,000 
acres of cotton were grown. The function of the Station continues to be that of serving 
the irrigation project and of research into the principles of irrigated tropical agriculture. 
Over the next few years it is anticipated that Kimberley Research Station will maintain 
ten graduate scientists. Of these positions, one is in cotton agronomy, one in cotton 
breeding, and two others are closely associated with the cotton research programme in 
the fields of scil fertility and entomology. The Station maintains a small fibre-testing unit. 


DUTIES The appointee will be required to initiate and develop a research programme 
in the agronomy of irrigated cotton with special reference to effects of climatic variables 
and plant populations on cotton growth, development, yields and lint quality, 


QUALIFICATIONS Applicants should have a degree in Agriculture or a related Bio- 
logical Science, and a Ph.D. degree, or postgradutae research experience of equivalent 
standard and duration, supported by satisfactory evidence of research ability, Preference 
will be given to applicants with previous experience in cotton research but applicants 
with experience in other fields of crop agronomy will be considered. 


SALARY Depending upon qualifications and experience, the appointment will be 
made within the salary range of Research Scientist, $A5,250— $46,622 p.a., or Senior 
Research Scientist, $A6,892—$A7,974 p.a. Promotion within CSIRO to a higher 
classification is determined by merit. 


CONDITIONS  Theappointment, which carries with it Commonwealth Superannuation 
Fund or Provident Account privileges, will be conditional upon passing a medical 
examination. An initial probationary period of twelve months may be specified. 
Fares paid for the appointee and his dependent family. Further particulars supplied 
on application. 


Applications (quoting Appointment No.: 620/67) and stating full name, place, date 
and year of birth, nationality, marital status, present employment, details of qualifications 
and experience, together with the names of not more than four persons acquainted 
with the applicant's academic and professional standing, should reach: 


Mr. R. F, Turnbull, 

Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
64-78 Kingsway, 


LONDON, W.C.2, by the 29th November, 1968. 


0532) 


BIOCHEMIST 


MILES LABORATORIES LTD., 


have a vacancy for a biochemist to take part in a varied research programme. 
A Ph.D. is desirable, and although experience in fields such as enzymology, 
protein or carbohydrate chemistry, immunochemistry or clinical chemistry 


would be helpful, a broadly based scientific background and a flexible 
approach are considered to be of prime importance. The work will be 
relatively long term and have a good scientific content. Working conditions 
are excellent in a modern, well equipped laboratory. The appointment 
may be made to one of several ranges depending upon the qualifications 
and experience of the candidate, and realistic salaries are paid which, in 
the case of the most senior range available, start from £2,100. 


The Research Director, 
MILES LABORATORIES LIMITED, 
Stoke Court, Stoke Poges, 
Slough, Bucks. 


Apply to: 


(1558) 


niin net nro 
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NEW ZEALAND 


University Of Canterbury 
Christchurch 


SENIOR*LECTURER 
OR LECTURER IN 
MECHANICAL ENGINEERING 


Applications are invited for the above- 
mentioned position. Applicants must hold a de- 
gree in Mechanical Engineering, preferably at 
Honours level, of a recognized Commonwealth 
university, together with either experience in in- 
dustry or research and teaching experience at 
university level. The present salary attached to 
the position is $NZ3,000 to $NZ5,400 per annum 
subject to a bar at SNZ4L400 per annum. As 
from April 1, 1969 the salary scale for 
Lecturers will be $NZ3,100 to $NZ4,800 per 
annum, Senior Lecturers will be paid on a scale 
from $NZ4,700 to $NZ5,500 per annum, and 
above the bar at $NZ5,500 on a range between 
$NZ5,600 and $NZ6,600 per annum. Approved 
fares to Christchurch will be allowed for an 
appointee and his dependent family together with 
actual removal expenses within specified limits. 

Further particulars and information as to the 
method of application should be obtained from 
the Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall. 
London, S.W.1. Applications close on Decem- 
ber 31. 1968. (1561) 


ENTOMOLOGIST 


BRITISH SOLOMON ISLANDS 
PROTECTORATE 


Entomologist urgently required for 
Malaria pre-eradication programme. Salary 
in the scale £A2,232 to £44,752 (£St.1,041 
to £812,217) plus tax-free inducement allow- 
ance of £St716 to £St1,179 per annum. 
Gratuity on completion of contract, free 
family passages, outfit allowance, educa- 
tion allowances, furnished quarters at low 
rental. Appointment on contract for two 
years, 


Candidates should be citizens of the 
United Kingdom, They must possess à 
B.Sc. in Zoology or Entomology and pre- 
ferably have experience in Mosquito Eco- 
logical work. 


For further details and application forms 
please write. stating full name, to: 
The Appointments Officer, 
Ministry of Overseas Development, 
Room 409H, 
Eland House, 
Stag Place. 
London, SWL 


(Ref. RC 205/27/05). 03543) 


UNIVERSITY OF DUNDEE 
Applications are invited for a LECTURESHIP 
in the DEPARTMENT OF ELECTRICAL EN- 
GINEERING, with effect from January 1, 1969, 
or as soon as possible after that date.  Candi- 
dates should have suitable qualifications and ex- 
perience in the field of electronics and light 
Current electrical engineering. Salary scale, 
£1,470 to £2,630 with placing according to qualifi- 
cations and experience. F.S.S.U.; grant towards 
removal of household effects. 

Applications (six copies), containing the names 
of three referees to be lodged not later than 
December 6, 1968, with the Secretary, the Uni- 
versity, Dundee, from whom further particulars 
may be obtained. (0536) 


UNIVERSITY OF CAMBRIDGE 
DEPARTMENT OF PHYSICS 

An EXPERIMENTAL OFFICER/RESEARCH 
ASSISTANT is required by the Electron Micro- 
scopy Group of the Cavendish Laboratory for 
development and operational duties in connection 
with the new 750 KV Electron Microscope, Ap- 
plicants should possess a  degrec or Higher 
National Certificate in Physics or Engineering: 
previous experience with electron microscopes or 
electronic-vacuum equipment is desirable. The 
salary is in the range £950 per annum to £1,506 
per annum, depending upon age and qualifica- 
tions. 

Applications should be sent within fourteen 
days to the Secretary, Cavendish Laboratory, 
Free School Lane, Cambridge. (i838) 
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GALLAHER-LIMITED 

Research: and Development Department, 

cos Northern: Ireland 

A vacancy éxists for a SCIENTIST or 
SENIOR TECHNICIAN with. practical ex- 
perietce in ISOTOPE techniques for work 
in the field of MOLECULAR BIOLOGY. 
The salary will be commensurate with age 
and experience. The Company operates a 
contributory pension scheme and offers 
excellent working conditions. 

Applications should be made in writing, 
giving full details of qualifications and ex- 
perlence to date, to: The Research Mana- 
ger, Research and Development Depart- 
ment, GALLAHER LIMITED, HENRY 
STREET, BELFAST, BT15 1FE. (1547) 





UNIVERSITY OF ADELAIDE 


Applications are invited for the following ap- 
pointments, the closing date for applications 
being stated in parentheses after each post: 

SENIOR LECTURER/READER for work in 
ENDOCRINOLOGY in the Department of Ob- 
stetrics and Gynaecology at The Queen Eliza- 
beth Hospital; an applicant should have a higher 
degree ín biochemistry and have had considerable 
experience in steroid chemistry. (December 10, 
1968) 

SALARY SCALES. Reader, $A9,900; Senior 
Lecturer, $A7,500 by $A250 (5) to $48,750 ; Lec- 
turer, $A5,400 by $A280 (D by $A270 (6) 
5A7,300; with superannuation on the F.S.S.U. 
basis. "Tutor, $A3,150 by $A115 (D by SAIO 
G) to $A3,825 : no provision for superannuation. 

FURTHER PARTICULARS about each post 
and the conditions of appointment and other in- 
formation sought will be supplied on request to 
the Registrar of the University, or to the Sec- 
retary-General, Association of Commonwealth 
Universities (Branch Office), Marlborough House, 
Pal Mall, London, S.W.1. 

APPLICATIONS should be sent in duplicate 
and giving the information listed in the statement 
that will be supplied to the Registrar, The Uni- 
versity of Adelaide, North Terrace, Adelaide, 
South Australia 5001. (1562) 





UNIVERSITY OF 


SASKATCHEWAN 
REGINA CAMPUS, REGINA, 
SASKATCHEWAN, CANADA 


The Division of Natural Sciences invites appli- 
cations for academic posts as of July 1, 1969, 
Applicants should have completed (or be com- 
pleting) work for the Ph.D. degree. Duties con- 
sist of research and teaching at undergraduate 
and graduate levels, Present student enrolment 
A 4,000 expected to increase to 9,500 by 1974- 


7S. 

1968-9 Salary Ranges (12-month basis: Pro- 
fessor $16,900—; Associate Professor, $12,800 to 
$16,300 ; Assistant Professor, $9,200 to $12,200. 
Rank and salary dependent on training and ex- 
"EP Closing date for applications February 

Biological Sciences.—Preferred areas of interest 
are population genetics, mycology and animal 
parasitology, but applicants ia other areas will 
be considered. 

Chemical Sciences,—Preferred areas of interest 
are analytical chemistry and biochemistry. 

Geological Sciences.—Preferred areas of in- 
terest are igneous petrology (geochemical back- 
ground) and structural geology or sedimentology. 
. Mathematical Sciences.—Preferred areas of 
interest are algebra, geometry, computer science 
and applied mathematics but applications in all 
fields are invited, 

Physics.—Specialization open but a preference 
exists for a Biophysicist interested in X-ray 
crystallographic studies of molecular structures, 
but applications in all fields will be considered. 

Send complete curriculum vitae, small photo- 
graph, and names of three or four referees, or 
request for further information, to: Chairman, 
Division of Natural Sciences, University of 
Saskatchewan, Regina Campus, Regina, Saskatch- 
ewan, Canada (1574) 








UNITED SHEFFIELD HOSPITALS 


NON-MEDICAL BIOCHEMIST required for 
Group Laboratories. No previous hospital ex- 
perience required as training will be given. 
Whitley Council Terms and Conditions of Ser- 
vice. Science Degree £915 to £2,195 per annum : 
first- or second-class honours £1,030 to £1,295 
per annum. 

Applications, giving full details of age, qualifi- 
cations, past and present appointmenis and the 
names and addresses of two referees to Chief 
Administrative Officer, United Sheffield Hospitals, 
10 Beech Hill Road, Sheffield, S10 2RZ, by 
November 18. 572 






STRALIA 


NEW SOUTH WALES 
DEPARTMENT OF AGRICULTURE 


DIRECTOR-CATTLE TICK 
RESEARCH STATION, WOLLONGBAR 


(NEW SOUTH WALES) 









Salary: $7,990 per annum. 
ificatianc- Degree in Science, Agriculture or Veterinary Science 
Qualifications: pak al 












i . Postgraduate experience in research, preferably 
Experience: dealing with the control of ectoparasites or animals, 
Duties: Director of research programme and management of 





the Cattle Tick Research Station which was established 
at Wollongbar near Lismore, N.S.W., in 1961. It is 
excellently equipped and employs 6 graduates and a 
total staff of 30. Research deals with the cattle tick 
exclusively and has been carried on in 3 sections— 
Ecology, Tick Fever and acaricide application. 









Advances have been made in all sections, including 
knowledge of tick longevity and dispersal, tick fever 
incidence and transmission and the performance of 
proprietary dip fluids under local conditions. 


The position will be available early in April, 1969, on 
the retirement of the present incumbent. 









Subject to certain conditions, the successful applicant will be eligible for:— 


* Payment of fares to Sydney 

* Financial assistance towards removal and establishment expenses. 

* Financial assistance towards initial accommodation expenses. 

For application forms and further information write to the Recruitment 
Section, New South Wales Government Offices, 56, Strand, London, W.C.2, 
where applications close on [0th December, 1968. 


Hon. A. LANDA, Agent General 
540) 











AGRONOMIST 


Firestone Plantation Company. Liberia, are seeking the services of a fully 
qualified agronomist to assist in the research and development of their 
Rubber plantations, and invite applications from men aged 25-35 years 
with an Honours degree in Chemistry and an agricultural background. 
Previous overseas experience will be an advantage. 


The position concerns the setting up and interpretation of fertilizer trials, 
supervision of a leaf analysis laboratory and experimentation into 
herbicides. The salary will be commensurate with qualifications and experi- 
ence and will be payable in U.S. dollars. In addition a local cost of living 
allowance is paid plus free housing, car, hospital and medical facilities with 
three months paid home leave following each two years of service. 


Applicants should write with full details of career to date to : 


Staff Personnel Manager, 

Firestone Tyre & Rubber Co. Ltd, 
Great West Road, 

Brentford, Middlesex. 
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RESEARCH CENTRE 


MICROBIOLOGISTS 


A vacancy has arisen for a 


Microbiologist to join a pro- 


ject group engaged in research on microbial protein. 


Applicants should have à 
honours degree and should 


first or good second class 
not be more than 30. Post- 


graduate experience in microbial biochemistry is essential. 


The Tate and Lyle Research Centre is situated in pleasant 


surroundings near Bromley, 


Salary will depend on training and experience. 
and non-contributory pension schemes : 


Kent. 


Bonus 
are in operation. 


Personal and career details should be sent io: 





ULSTER CURERS' ASSOCIATION 
TECHNICAL DIVISION 
2 GREENWOOD AVENUE, BELFAST 4, 
N. IRELAND 
Applications are invited. for the post of RE- 
RCH BIOCHEMIST, preferably with experi 
ence of the chemistry of fats. Qualifications : 
Honours degree in Biochemistry. Salary scale; 
either S.O, £991 to £1,684 or .O. £1,866 to 
£2,306 according to qualifications and experience. 
Superannuation scheme. (148) 


NATIONAL INSTITUTE FOR 


RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 
CHEMICAL MICROBIOLOGY DEPARTMENT 
pplications are invited for a post of 
SCIENTIFIC OFFICER /SENIOR SCIENTIFIC 
OFFICER from qualified biockemists or chemists 
interested in protein and enzyme research. The 
successful candidate will be encouraged to under- 
take original work of fundamental importance. 
He wil also be expected to contribute to the 
research on casein, milk clotting and cheese- 
making now in progress. Minimum qualification 

- or upper second-class honours degree or 
ivalent. Grading as $.O. £991 to £1,684 
(£1,020 to £1,740 from January Í, i969) or $.5.0. 
£1,866 to £2,306 (£1,925 to £2,372 from January 
0) will depend on age and experience. 






























to the Secretary, 
and quote refer- 
(510 


naming two referees, 
Shinfield, Reading, 
190). 





ence 





The Group Staff Adviser, 
TATE & LYLE LIMITED, 
21 Mincing Lane, 

London, E.C.3. 

The Tate & Lyle 

Group 


(1576) 


FIELD STUDIES COUNCIL 


FIELD ASSISTANT 
The Draper 
Caernarvonshi 








(immediate v 
Pd Centre, near Betwy 
Applicants should h: 












a good 















in a biological si prefer- 

} interest in fr ater or ter- 

1l ecology. Main duties ar the teach- 
€ with good opportunities for field 


ale £650 by £30 to £710 by 
ree board and lodging. 

on forms, à t from the Scien- 
Director. Field Studies Council, 9 Devereux 
t, Strand, London, W.C.2, should be re- 
d by December 1, 1968. (1583) 








METROPOLITAN POLICE 
LABORATORY 
for an EXPERIMENTAL 
ASSISTANT EXPERIMENTAL 
OF FIC ER) in the Metropolitan Police Forensic 





Science Laboratory, Previous experience in 
rology or Immunology essential. 
Degree, H.N.C., or equivalent in 
jet. Under 22. imum qualifi- 
G.C.E. in five subjects, including two 
tific} Mathematical subjects at “A” level or 















level » age 18-27; EO. 
normally 26.30. Salaries: A.E.O. up to £1.213 
on appointment, according to age, rising to 
£1. : EO. £1.586 to £1,980. Salaries will be 
increased from January 1, 1969. Prospects of 
promotion with salaries up to £2,705. 


Postcard to Secretary, Room 733 (E.O2, New 
Scotland Yard. Broadway, S.W.i. for further 
particulars. (0563) 

































NEW ZEALAND 
Marine Department 


Applications are inviied 
mentioned vacancy : 


Vacancy B 13/13/30) 2706 
SCIENTIST 

Fisheries Research Divisi 

Up 


for the under- 





a, Wellington 


Salary : to NZ$5,380 depending on 





qualifications and experience with provi- 
sion for further promotion on selective 


merk to NZ$6,830. 


Duties : A ancy exisis in the Fisheries 
Research Di on of the New Zealand 
Marine Deparunent for a Senior Scientist. 
The Division, based in Wellington, is an 
fisheries research unit at 
ing of 13 graduates with 
anciaty staff. The appoin:ee will be re- 
quired to assist the Director in the con- 
tinued build-up of graduate and support 
staff; the planning of new laboratories and 
the design of a suitable research vessel, 
etc. 


















Qualifications desir 
quirement is a first« 
in Zoology and at 
graduale experience. 


A minimum re- 
s Honours pe Aree. 
least eight years’ post- 





Passages: Fares for appointee and his 
wife and family, if married, will be paid. 
Incidental expenses; Up to £35 for a 
singie man and £100 for a married man 
can be claimed to cover rhe cost of taking 
personal effects to New Zealand, 


While it is hoped to make a permanent 


appointment, a contract for approximately 
five years with appropriate travel and 
superannuation arrangements might be 
available for a suitable candidate unable 


tq take up a permanent appointment. 


Application forms and general informa- 
tion are available from the High Commis- 
sioner for New Zealand, New Zealand 
House, Haymarket, London, S.W.i, with 
whom applications will close on December 
2 1968. 


Please quote Reference B 13/13/30/2706 
when inquiring (1359) 








UNIVERSITY OF 
LABORATORY 


Laborato ry 
post in 


SURREY 


TECH 
lechnician is 
the MICR 










)BIOLOGY 






tion of the department of Biological Sc 
Duties will include the preparation of 
muerial up to hor rs degree level, and 
ticipation in the grammes of the de 
partment. ies either familiar 


:hnique: having 
in bacteriology or 
ared to undergo training in 
Salary depending on qualifica- 
tience. in qualification 
le in The Depart: 





with 























addit ion. 


buildings. at Guildt E 





assistance is given tow 
stall traveling from G 
versity in London. 

Application forms can be obtained from the 
Staff Officer, University of Surrey, Guildford, 
Surrey. 


(1560) 


UNIVERSITY OF BRISTOL 
CHAIR OF STATISTICS 
The University 


atf St ex 
appointment thereto 


has established a Chair 


as 


are invited 
ihe names 
under- 
ticulars of 


Suitably quaii 
o submit appl 


and addresses o : n e 


signed, from whom 
the appointment may 


The Unive 
> e Honus 
Bristol BS8 ITH 











UNIVERSITY COLLEGE OF 
RHODESIA 


DEPARTMENT OF CHEMISTRY 


Applications are invited for (a) Senior Lec- 
tureship or (b) Lectureship in Inorganic and/or 
Analytical Chemistry, Salary scales (under re- 
view) are in Rhodesian currency—present cx- 
change rate £6 Rhodesian=£7 sterling. (a) 
£2,520 to £3,480 per annum ; (b) Grade I £2,256 
to £2,640 per annum ; Grade II £1,740 to £2,160 
per annum, Family passages. Installation loan. 
Sabbatical and triennial visits with travel allow- 
ance, Superannuation and medical aid schemes. 

Detailed applications (6 copies), naming 3 
referees, by December 6, 1958, to Inter-Univer- 
sity Council, 33 Bedford Place, London, W.C.1, 
from whom iculars are obtainable. — (1585 


UNIVERSITY OF THE 
WEST INDIES 
JAMAICA 
DEPARTMENT OF PHYSIOLOGY 

Applications are invited for the post of PRO- 
FESSOR OF PHYSIOLOGY. Salary in range 
£3,500 to £4,990 per annum.  F.SS.U. Enter- 
txinment allowance £200 per annum.  Famiy 
passages ; triennial study leave. 

Detailed applications (6 copies) naming 3 
referees, by December 6, 1968, by persons living 
in the Americas and Caribbean area to Registrar, 
University of the West Indies, Mona, Kingston 7, 
Jamaica, and by all others Inter-University 
Council, 33 Bedford Place, London, W-C.1, from 








whom particulars are available, (1586) 
UNIVERSITY OF IBADAN. 
NIGERIA 


DEPARTMENT OF ANIMAL SCIENCE 


Applications are invited for (a) SENIOR 
LECTURESHIP or (b) LECTURESHIP in 
(i) Animal Breeding and Genetics and in (ii) Meat 
Technology and Processing in Department of 
Animal Science. Salary scales: (a) £N2.275 to 
£N2,575 per annum ; (b) £N1,200 to £N2,175 per 
annum (£NI-£1 3s. 4d. sterling). Salary supple- 
mentation in range £240 to £515 per annum 
(sterling) in appropriate cases under British 
Expatriates. Supplementation Scheme. Family 
passages: F.S.S.U. ; various allowances; regular 
U,K. leave. 

Detailed applications (6 copies) naming 3 
referees, by December 9, 1968, to Inter-Univer- 
sity Council, 33 Bedford Place, London, W.C.1, 
from whom particulars may be obtained. 
(0587) 


WESTMINSTER SCHOOL 


PHYSICS MASTER required May or Septem- 
ber 1969 to teach up to A and S level. A young 
graduate, a physicist from industry, or an ex- 
perienced teacher would be considered for the 
post, Salary above Burnham. Accommodation 
or £400 housing allowance, Funds available for 
research and travel. 

Please write to the Head Master, Westminster 
School, 17 Dean's Yard, London, S.W.l. 

(1566) 
NATIONAL COUNCIL FOR 
EDUCATIONAL TECHNOLOGY 
160 GREAT PORTLAND STREET, 
LONDON, W.1 

Applications are invited for the post of 
DIRECTOR which wil become vacant on the 
completion of the secondment period of the pre- 
sent Director during 1969. The appointment is 
Offered for five years in the first instance, at an 
incremental salary in the approximate range 
£4,000 to £5,000. 

The Council is an independent body, spoa- 
sored by a number of Government Departments 
and private organisations, with a general concern 
to further throughout the United Kingdom the 
systematic development and application of the 
techniques, equipment and materials of educa- 
tional technology. The work demands a combi- 
nation of creative ability and administrative skili: 
a wide background of knowledge of education 
and/or training is required and applicants with 
experience of one or more aspects of resource 
planning and development will be preferred. 

The successful candidate will be expected to 
lake up the post aot later than September 1, 
1969, but an earlier date of appointment would 
be desirable to allow a reasonable period of 
overlap with the present Director. 

Please write before November 30 in strict confi- 
dence, enclosing curriculum vitae. to: Sir 
Brynmor Jones, Chairman, National Council for 
Educational Technology, 160 Great Poridand 
Street, London, W.1. Applications received 
from candidates resident overseas will be com- 
sidered up to a fortnight later, 570 





CSIRO 
OFFICER-IN-CHARGE 


ARGHITECTURAL ACOUSTICS SECTION 


AUSTRALIA 
DIVISION OF BUILDING RESEARCH 


GENERAL The Organization's Division of Building Research, located at Highett, a 
suburb of Melbourne, undertakes research on many aspects of building and associated 
engineering. At present, research is active on materials, architectural acoustics, thermal 
environment, structural analysis, building operations, construction systems and tropical 
buildings. 

The Architectural Acoustics Section is responsible for research on all aspects of acoustics 
applied to building and allied fields. It also advises industry on acoustical problems 
within its field of interest. The construction of a complex of acoustical chambers 


consisting of a 600 m? reverberation chamber, 200 m? wall and floor transmission 
chambers and an 83 m° anechoic chamber is almost complete, providing excellent 


facilities for research. 

DUTIES The appointee will ba responsible for the research activities of a small but 
capable and enthusiastic group. He will be expected to undertake active research himself 
and, within the broad field of architectural acoustics, will have the opportunity of develop- 
ing lines of research in which he has a special interest. 

QUALIFICATIONS Applicants should have a Ph.D. degree in Physics, Engineering 
or Mathematics, or postgraduate experience of equivalent standard, supported by 
satisfactory evidence of research ability, Extensive and appropriate research experience 
is also required. 

SALARY Depending upon qualifications and experience, the appointment will be 
made within the salary range of Principal Research Scientist, $A8,242~$A9,490 p.a. 
Salary rates for women are $A428 p.a. less than the corresponding rates for men. 
Promotion within CSIRO to a higher classification is determined by merit. 
CONDITIONS The duration of the appointment will be determined in consultation 
with the successful candidate; some applicants may prefer a fixed term appointment 
for three years. The appointment will be-conditional upon passing a medical examination 
and an initial probationary period of twelve months may be specified. An indefinite 
appointment carries with it Commonwealth Superannuation Fund or Provident Account 
privileges. Fares paid for the appointee and his dependent family. Further particulars 
supplied on application. 

Applications (quoting Appointment No.: 390/399) and stating full name, place, date 
and year of birth, nationality, marital status, present employment, details of qualifications 
and experience, together with the names of not more than four persans acquainted 
with the applicant's academic and professional standing, should reach: 


Mr. R. F. Turnbull, 

Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
64-78 Kingsway, 
LONDON, W.C.2. 


by the 6th December, 1968. S303 





MINISTRY OF DEFENCE 
(NAVY DEPARTMENT) 


NAVAL RADIOLOGICAL PROTE 
SERVICE 


UNIVERSITY OF 
MANCHESTER 





CTION 


EXPERIMENTAL OFFICER 


Applications invited for this post in the 
Departmen: of Preventive Dentistry frem 
graduates (or equivalent) in Zoology or 
Biochemistry. Successful applicant to work 
in a team applying highly speciaised opti- 
cal microscopical techniques ior the study 
of hard dental tissues and carry out nuiri- 
tional and other experiments on smali ex- 
perimental animals. Salary range per 
annum: £920 to £1,525. FSS.U. 

Application forms and particulars (re- 
turnabie by November 27) from ‘he Resis- 
trar, The University, Manchester, M13 SPL. 
Quote Ref. 200/68/NA. (1357) 





NATIONAL VEGETABLE 
RESEARCH STATION 


PLANT PHYSIOLOGIST required for work 
on physiological and production aspects of 
potatoes for canning. Good Honours or higher 
degree — essential Appointment as Scientific 
Officer. (£1,020-£1,740). 

Applications, naming three referees, to Secre- 
tary, N.V.R.S., Wellesbourne. Warwick, from 
whom further particulars may be obtained, by 
November 29, 1968. (564) 





EXPERIMENTAL OFFICER required at RN, 
Medical School, Alverstoke, Hants, to take charge 
of electronic laboratory and to supervise the use 
of health physics instruments. Temporary ap- 
poinument initially but there will be an oppor- 
tunity for candidates to compete for permanent 
pensionable appointment. Candidates must be 
well qualified Electronic Engineers, able tr der- 
take Electronic development work. ence 



















Previous experience in a heakh physics ‘aboruiory 
an advantage, but additional training will be 
given as appropriate, Minimum aualifications— 
H.N.C. in applied physics, or equivalent. Degree 
in Electrical Engineering or equivalent desirable. 
Salary: £1.461 to £l.855. 

Write to MINISTRY OF DEFENCE (Nz 
Department), CEHRN)368, Old War ñ 
ing, Whitehall, London, S.W.i, 
forms, Closing date: December 















ii, 


C h SCHWNUICIAN, 
with experience in electrophysiology required for 
a research project. Starting salary up to £1,342 
depending on experience and qualifications.-~ 
Applications to Professor L. Wolper, Depart 
ment of Biology, Middiesex Hospial Medical 
School Cleveland Street, London. WIP JPN. 
Cia) 





INFORMATION 
DFFIGER 


We need a senior man to provide a comprehensive informa- 
tion service to a largely professional staff. He must be well 
experienced in and have a flair for the work and have appro- 


priate qualifications. 


A man with a good science degree at 


honours level is preferred although a lower qualification 
combined with particularly good experience would be accept- 


able. 


The work will involve (a) maintaining a high standard scien- 
tific information service and building up an equally good 
commercial one; (b) charge of a well equipped, well used 
medium sized library ; (c) possibly but not necessarily cer- 
tain other technical administrative duties, depending on the 


person selected. 


The man appointed will probably be in his thirties. 
Salary on appointment between £2,000 and £2,650 accord- 


ing to quali 


cations and experience. 


An exceptionally well 


qualified man with a clear capacity for the full range of 
duties envisaged might start at a somewhat higher salary on 


a scale rising to £3,665, 
Housing may be available. 


Apply to: The Personnel Officer 


THE RADIOCHEMICAL CENTRE 


AMERSHAM 


UNIVERSITY OF SYDNEY 


LECTURESHIP IN BIOMETRY 
IN THE DEPARTMENT OF AGRICULTURAL 
BOTANY 

Applications are invited for the above-men- 
toned post. Candidates should be qualified in 
one or more of the following fields: biometry. 
agricultural statistics,  biomathematics, mathe- 
natical statistics, an agricultura! or biological 
discipline wih supplementary experience in its 
mathematical or statistical aspects. The success- 
ful appticant will be required to lecture and to 
be available for consultation in the design of an 
analysis of experiments, Opportunity will also 
be available for research. Salary range: 
$45,400 by $4270 to $47,300 per annum. 
Information about superannuation, housing 
scheme, sabbatical leave ec., and method of 
application from the Association. of Common- 
wealth Universities (Branch Office), Marlborough 
House. Pall Mall, London, S.W.1, Applications 
dose on December 6, 1968. (1591) 


BARKING REGIONAL COLLEGE 
OF TECHNOLOGY 
LONGBRIDGE ROAD, DAGENHAM, 
ESSEX, RM? 2AR 
CONSTITUENT COLLEGE OF THE 
PROPOSED NORTH-EAST LONDON 
POLYTECHNIC 
Required as soon as possible SENIOR LEC- 
TURERS or LECTURERS GRADE H (accord- 
ing to qualifications and experience) in PHAR- 
MACOLOGY AND PHYSIOLOGY (two posts) 
to teach degree and M.LBiol students. Indus- 
trial experience is essential and research experi- 
ence desirable. Salary: Senior Lecturer, £2,280 
io £2,595 ; Lecturer Grade If, £1,725 to £2,280, 

pius London Allowance of £70. 
Further detalis and application forms obtain- 














able from the Principal at ihe College upon 
receipt of a self-addressed foolscap envelope. 


Compieted forms should be returned within two 
wecks of the appearance of this advertisement. 
(1593) 





BUCKS 
(1575) 


UNIVERSITY OF SOUTHAMPTON 
MEDICAL SCHOOL LIBRARY 
APPOINTMENT OF SUB-LIBRARIAN 


Applications are invited from suitably qualified 
and experienced graduates for the above post. 
The School is due to receive its first students in 
October 1971 and a new Library is in the plan- 
ning stage, The post offers the opportunity not 
only to develop a new medical library but also 
a unique integrated medical library and informa- 
tion service for ihe Wessex Region in collabora- 
tion with the Regional Medical Li Salary 
£2,270 by £90 (4) to £2,630; F U. 

Further particulars may be obtained from the 
Deputy Secretary (quoting Reference. N), The 
University, Southampton, SO9 SNH to whom 
applications (six copies from applicants in U.K.) 
siould be sent before November 30, 1968. 

(1592) 








UNIVERSITY OF BRITISH 
COLUMBIA 

FACULTY OF AGRICULTURAL SCIENCES 

Applications are invited for the position of 
PROFESSOR and CHAIRMAN, Division of 
Plant Science, The University of British Colum- 
bia. The appoiniee will be responsible for the 
administration of an established programme of 
instruction and research in plant science. 

Interested persons should submit their curricu- 
ium vitae and the names of three referees to 
Dean Michael Shaw, Faculty of Agricultural 
Sciences, The University of British Columbia, 
Vancouver 8, B.C. Canada, (1501) 

JUNIOR POSITION IN ENVIRONMENTAL 
toxicology. Academic position open at Univer- 
sity of California, Davis. Duties research and 
teaching in environmental toxicology. Educa- 
tional prerequisite Ph.D. in chemistry, bio- 
chemistry, chemical engineering or closely related 
discipline, Experience in field desirable but not 
essential. Prefer person under 40 years of age.— 
Send curriculum vitae to Dr. G. F. Stewart, 
Agricultural Toxicology Laboratory, University 
of California, Davis, California, U.S.A., aor 

a 
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UNIVERSITY OF EDINBURGH 


APPLIED PROTOZOOLOGY RESEARCH 
CENTRE FOR TROPICAL 
VETERINARY MEDICINE 


RESEARCH ASSISTANT 


A vacancy will exist in this unit from 
January 1, 1969, for a graduate in an ap- 
propriate scientific area, for example 
zoology, microbiology or veterinary medi- 
cine, to join a team working on host-para- 
site relations of protozoa, particularly 
trypanosomes, An applicant is likely to 
have a particular responsibility for super- 
vising and maintaining an existing bank of 
trypanosome and other microbiological 
material in solid carbon dioxide or liquid 
nitrogen. 

Salary will be in the Assistant Lecturers 
scale of £1,105 to £1,340 at a point appro- 
priate to qualifications and experience. In 
the case of woman applicants consideration 
will be given to part-time employment with 
a commensurate lower salary. The closing 
date for applications will be December 1}, 
1968. 

Further particulars may be obtained from 
the Secretary to the Centre, Easter Bush, 
Roslin, Midlothian. (1595) 


IMPERIAL COLLEGE OF SCIENCE 
AND TECHNOLOGY 
DEPARTMENT OF BIOCHEMISTRY 
RESEARCH FELLOW required to participate 

in studies on anaerobic heart metabolism. 

Ful details of curriculum vitae and names of 
two referees to Professor E. B. Chain, F.R.S. 
Department of Biochemistry, Imperial College. 
London, S.W.7. : 








carbohydrate syntheses. Degree in biological 
subject or experience in histochemical autoradio- 
graphic and electron microscopical techniques an 
advantage. Up to date laboratory conditions. 
Salary according to age and experience.-—Apply 
Personnel Adviser, University of Birmingham, 
P.O, Box 363 Edgbaston, Birmingham, 15, quot- 
ing Reference 401/T/174. (1598) 





FELLOWSHIPS AND 
STUDENTSHIPS 


GRADUATES IN CHEMISTRY OR 
PHYSICS 

are invited to apply for an industrialiy 
sponsored 


RESEARCH STUDENTSHIP 


The successful applicant will carry out 
a fundamental investigation of the poison- 
ing of catalysts bv carbon, and will be ex- 
pected to register for tbe degree of Ph.D. 

Applications, giving curriculum vitae and 
the names of two referees, showld be sent 
to Dr. A, E. B, Presland, Department of 
Chemical Engineering and Chemical Tech- 
nologv, IMPERIAL COLLEGE, London, 
§.W.7. (15903 





UNIVERSITY COLLEGE OF 
SWANSEA 

PHYSICAL PROPERTIES OF GRAPHITE 

A Fellowship/Research Studentship is offered 
to pure and applied science graduates for the 
study of the effect of the high distortions result- 
ing from high doses of neutron irradiation at 
high temperatures on the physical propertes of 
graphite. The work is supported by the United 
Kingdom Atomic Energy Authority, 

For further details, please apply to Dr. G. M. 
Jenkins, Department of Metallurgy, University 
College of Swansea, Singleton Park. Swansea, 
Glam. (1497) 
UNIVERSITY OF KEELE 

RESEARCH FELLOW or RESEARCH 
STUDENT required in Department of Physics 
for research on the work function of metal films. 
Applicants for Fellowship (tenable for two years) 
should have had research experience, Salary 
£1,105 to £1,175 per annum with F.S.S.U. The 
Studentship is tenable for three years with a 
maintenance allowance of £530 per annum. 

Application forms and further particulars from 
the Registrar, the University, Keele, Staffs, to 
whom they should be returned not later than 
November 16, 1968. ü54D 

Continued om page 41 





Stars... 
or 
Little 
Green 
Men ? 


Vintage 
Year! 





REGERE RUE E EV vui RUNS. as Sees 


A year ago, at the Mullard Radio Astronomy Observatory at Cambridge, 
Dr A. Hewish and Miss J. Bailey observed signals like this: 


Since then there has been a great surge of interest in the subject of 
pulsating stars. More than a dozen have now been identified but it 
remains as much of a puzzle as ever to know what circumstances permit 
stars to emit such regular pulses of radio energy. Are the almost legendary 
neutron stars involved ? Or are pulsating stars landmarks of gravitational 
collapse. 

Well over a hundred articles have already appeared in scientific 
literature, most of them in NATURE. Those which appeared in NATURE 
before the end of August this year have now been collected into a single 
volume together with an introduction by Professor F. G. Smith of 
Jodrell Bank and a description of the circumstances in which the 
original discovery was made by Dr. Hewish. This group of papers has an 
undoubted historical interest but it also conveys a vivid sense of the way 
in which the discovery of the first pulsating stars triggered off yet 
another spell of excitement among astronomers. 


Pulsating Stars 100pp. Illustrated 60s. 


The progress of science is remarkable for the way in which humdrum 
achievements add up to make great leaps forward. The record of 1968 
is no exception to this rule, but the year also stands out for a number of 
spectacular discoveries — particularly the discovery of pulsating radio 
stars which set astronomers buzzing in February. But 1968 also saw 
quite remarkable progress in several other fields — in tracing back the 
ancestry of man, for example. The scientific journal NATURE compiles 
each year a review of particularly exciting developments to coincide 
with the annual meeting of the British Association, and this volume 
includes the articles published in NATURE in August 1968. They are 
intended not just for professional scientists but for all those who seek 
to know what is happening in science. 


Nature Science Report on 1968. 120pp. Illustrated. 7s. 6d. 


Order from your bookseller or use this reply-paid order form 


To: Globe Book Services Ltd. Brunel Road, Basingstoke, Hants. 
Please supply: 
copyjcopies of Pulsating Stars 62 6d or U.S. $8 
(including post and packing) 
copy/copies of Nature Science Report on 1968 8/6 or U.S, $1,25 
(including past and packing) 
Please invoice me 
Name 


Address 


Nubgee, November 9, 1968, p. xi 
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UNIVERSITY OF READING 
NATIONAL COLLEGE OF FOOD 
TECHNOLOGY 
ST. GEORGE'S AVENUE) W. 
SURREY 


MICROBIAL BIOCHEMISTRY 


Applications are invited from honours 
graduates in microbiology or biochemistry 


for a research studentship financed by the 
Ministry of Overseas Development. The 
successful applicant will be expected to 
register for a higher degree (M. Phil / Ph.D) 
and will work on the microbial biosynthesis 
and degradation of aflatoxin under the 
supervision of Dr. B. Jarvis. 

Application forms, which should be re- 
turned as soon as possible, are available 
from the Principal, Professor E. J. Rolfe, 
from whom further particulars can be ob- 
tained. (1584) 


ROYAL DENTAL HOSPITAL OF 
LONDON 
SCHOOL OF DENTAL SURGERY 
WARWICK JAMES FELLOWSHIP 
Applications are invited for the post of Re- 
search Assistant under the terms of the Warwick 
James Fellowship in the Department of Oral 
Anatomy. Applicants must be graduates in 
science, dentistry, or medicine. The interests of 
the Department are in electron. microscopy and 


histochemistry, particularly in relation to epi- 
theHal tissues, cartilage and bone. Previous re- 


search experience in these fields is not necessary. 
Salary will be in accordance with age and qualiti- 
cations and facilities for study for a higher degree 
will be available. 


Applications, including the names of two 
referees, should be submitted not later than 
December 2, 1968. and addressed to : Professor 


H. J. J. Blackwood, The Royal Dental Hospital 
(University of London) 32 Leicester Square, 
London, W.C.2. (45163 





UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF CIVIL AND 
STRUCTURAL ENGINEERING 

Applications are invited from honours gradu- 
ates for a Research Studentship under Dr. B. R. 
Pursall on the automatic control of vehicular 
road tunnel systems. The Studentship, sup- 
ported by a grant from the Mersey Tunnel Joint 
Committee, will be for one year in the first in- 
Stance, with possible extension for a further two 
years. The research student will be expected to 
work for a higher degree. Some experience in 
the fields of environmental engineering and/or 
control systems would be an advantage. Value 
of Studentship is £530 and fees. 

Applications as soon as possible to Dr. B. R. 
Pursall, Department of Civil and Structural. En- 
gineering, University of Sheffield, Mappin Street, 
Sheffield SY 31D. Quote Ref.: R.11/G. 

533) 

UNIVERSITY OF SURREY 

DEPARTMENT OF BIOCHEMISTRY 
(Professor D. V. Parke) 

Applications are invited from suitably qualified 
graduates Gin Nutrition or Biochemistry} for a 
University Research Studentship leading to an 
M.Phil, or Ph.D. degree. The Department is 
very well equipped and wil be moving to new 
accommodation at Guildford in 1969. The sub- 
ject of study will be in the field of food science/ 
drug toxicity. The value of the Studentship is 
£530 per annum which can be supplemented by 
remuneration from teaching. 


Applications, which should be made as soon 
as possible, should be sent to Dr. J. W. T. 


Dickerson, Reader in Human Nutrition, Univer- 
sity of Surrey Annexe, 14-16 Falon Road, 
Battersea, S.W.11. (1542) 





WOOLWICH POLYTECHNIC 
DIVISION OF MATERIALS AND 
Applications are invited from physical chemists 


or physicists, 
lent experience, 





CSIRO  27—- 
POSTDOCTORAL 


FELLOWSHIP IN 
ELECTRON MICROSCOPY 
OF FIBROUS PROTEINS 


AUSTRALIA 
DIVISION OF PROTEIN CHEMISTRY 


GENERAL Applications are invited from Chemists, Physicists or Biologists with 
experience in electron microscopy for appointment to a Postdoctoral Fellowship cenabie 
at the Division of Protein Chemistry of the Commonwealth Scientific and Industrial Research 
Organization, located in Melbourne. The activities of the Division in which the successful 
candidate would be expected to collaborate include the study of che fine structure of fibrous 
proteins and their soluble derivatives and precursors. Other techniques being used to 
investigate these materials include X-ray diffraction, optical diffractometry, infrared 
spectrophotometry, ESR, NMR, together with a wide variety of physicochemical and 
biochemical methods. 





QUALIFICATIONS Applicants should have a Ph.D, degree, or have had Postgraduate 
research experience of equivalent standard and duration, supported by satisfactory evidence 


of research ability. 


SALARY Depending upon qualifications and experience, the appointment will be made 
within the salary range of Research Scientist, $A5,250— $A6,622 p.a. Salary rates for women 
are $A428 p.a. less than the corresponding rates for men. 


CONDITIONS The Fellowship is offered for a period of 3 years. The appointment will 
be conditional upon passing a medical examination and an initial probationary period of 
twelve months may be specified. Consideration will be given to the continuation of F.$.5.U. 
arrangements, Fares paid for the appointee and his dependent family, Further particulars 
supplied on application. 


Applications (quoting Appointment No. 462/314) and stating full name, place, date and 
year of birth, nationality, marital status, present employmenr, details of qualifications 
and experience, together with the names of not more than four persons acquainted with 
the applicant's academic and professional standing, should reach;-— 


Mr. R. F. Turnbull, 
Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 


64-78 Kingsway, LONDON .W.CA. by the 6th December, 1988, 


LONDON, S.E.18 


MOLECULAR SCIENCE 
Back Issues Department, 


16 West Street, Farnham, Surrey, 
i England. 
Tel: 





possessing a Ph.D. or the equiva- 
for a Research Fellowship to 


Bul 








FOR SALE AND WANTED 


WM. DAWSON & SONS LTD. 








work on gas lasers using mass spectroscopy tech- f 


niques. The award is sponsored by the Science 
Research Council, in collaboration with the Inter- 
national Research and Development Co.. Ltd., 
and is tenable in the Division of Materials and 
Molecular Science. Salary: £1,250 by £75 (2) to 
£1,400 per annum. 

Please send career details and names of two 
referees, as soon as possible to Dr. D. J. 
Morantz, Woolwich Polytechnic, London, S.E.18. 





(01-854 9624 Ext. 53) 544) 
MISCELLANEOUS 
CIENTIFIC AND TECHNICAL TYPE- 





Confidential —Julia Pratt, B.Sc., 





writing Service. 
30 Craven Street, Strand, London, W.C.2. Tele- 
phone 01-839 2861. (X1004) 





ET 
NDAR 


No Quantity too smali 


List on application 


Farnham 4664. 
Offer rop prices for: 
BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HUMANITIES 
a 





















WANTED: " BLACKWOOD'S MAG 
“The Annual Register," and almost 
any scientific and learned periodicals 

ceedings, transactions, etc 
329B Finchley Road, 
Tel. 01-435 9878/9, 






















Advertisement Managers for 


Nature 


T. G. SCOTT AND SON LIMITED 


H.ROLLET & CO., LTD. 


HOWIE STREET, LONDON S.W.1l. 1 Clement's Inn, Lor 


Holborn 4743 


01-228 7872 


?! Miso at: LIVERPOOL, LEEDS, MANCHESTER, BIRMINGHAM, GLASGOW 








for thin layer 
chromatography 
after Stahl 


This versatile instrument meets a 
number of dissimilar practical 
requirements: 


The fast and non-destructive 
dentification of colourless zones of 
substances absorbing in the UV by 
direct, automatic scanning of the 
chromatogram with a radiation of 
preselected wavelength, and the 
recording of the light absorption. 


The characterisation and 
identification of very small amounts 
of substances presentas 
chromatographic spots, by directly 
plotting their diffuse reflectance, or 
transmission spectra. 
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-an instrument 


combination of the PMQ 


photometer system 


hromatogram Spectrophotometer 


The direct plotting of fluorescence 
spectra, and the spectrophotometric 
evaluation of layers containing a 
fluorescence indicator. 


The quantitative evaluation of 
particular chromatogram zones, 
without previous staining and 
directly on the chromatogram, by 
measuring the light absorption by the 
diffuse reflectance or the 
transmission method at a suitable 
wavelength or—in the case of 
fluorescent substances - by 
fluorescence measurements. 





West | 
Germany 





Light source, in set-up M-Pr: 
hydrogen lamp, incandescent lamp, 
or high-pressure xenon lamp; in 
set-up Pr-M: Hg lamp, hydrogen 
lamp or incandescent lamp in special 
lamp unit. 


Monochromator: M4Q III of the 
Spectrophotometer PMQ II, 
wavelength range 185-2500 mp (lower 
useful limit depends on the intrinsic 
absorption of the sorbing agent) 


Full details from Carl Zeiss at 
Degenhardt & Co. Ltd., Carl Zeiss 
House, 20/22 Mortimer Street, 
London, W1N 8AP 

01-636 8050 (15 lines) 





EJegenhardt 
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Ihe LKB Minimum Space 


-raction Collector GL x 


November 16, 1968 


2 h n e ^ 
4| < Revealing defects 


Miocene fossil 
monkeys 


) Designed for space saving 
) Designed for coldroom use 
) Designed for standard test tubes 
» Compact, removable electronic unit NM). Pn quartz 
) Stainless steel support rods—polypropylene racks ~ 
) For time, drop and volumetric capabilities 
) Rack to accommodate 8 to 13 or 15 to 18 mm dia. : 
tubes | 
) Flow stop valve for positive flow control | 
) Electronic counting system 
» Power outlet for flow pump milli 
) Provision for event $i. as 







marking 
) 200 test-tube capacity 
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LKB INSTRUMENTS LTD. e LKB HOUSE 
232 Addington Road eS. Croydon, Surrey CR2 8YD e TEL: SANderstead 01-657-0286 


HQ LKB-PRODUKTER ABe STOCKHOLM, SWEDEN 


INTERNATIONAL SUBSIDIARIES: WASHINGTON. THE HAGUE, COPENHAGEN. VIENNA, STOCKHOLM 





Macmillan (Journals) Limited 


B-Thalassaemia 
haemoglobin 
synthesis 


RNA polymerase 
in liver 


2,600 Year 
solar cycle? 


Pre-Cambrian 
fossils 


Vol 220 No 5168 


4/-UK 60c USA 
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Remember the good old days when people 
cared and gave you the best service possible? 
Well, some people still care. The people at 
Nutritional Biochemicals. 

Sure, we have the most modern facilities. 
Spacious new buildings. Lightning-fast dis 
patch and delivery systems. The largest 
supplies of the finest quality biochemicals 
The newest biochemicals. All of the modern 





old-fashioned 


service and quality 


Ss 





things that add up to good old-fashioned 
service. 

Every order, large or small, gets the most 
careful attention. It’s simply because we 
want our customers all over the world to be 
the most satisfied customers in the world. 
That's the slant we take when it comes to 
service. Old-fashioned satisfaction. There's 
no other angle. 


| 
| NUTRITIONAL 
| BIOCHEMICALS 
| CORPORATION 
| 26201 Miles Road 

| 
| 


Cleveland, Ohio 44128 U.S.A. 
Phone 216-662-0212 





I 
Send for our free catalog contain | 
ing more than 3000 items | 
| 
Name | 
| 
Organization 

| 
Address - | 
; | 

City ee eee oe 
j | 
State Zip. « | 
| 
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and more 
nuclear 
scientists 
depend on 


SIMTEC 


TOTALLY DEPLETED 


SILICON 
DETECTORS 









LIT 


ACTUAL SIZE 





e New 'slim line' package 
e Double diffused for ruggedness 
e Oxide-passivated for long-term stability 


Designed for ^E measurements in charged particle 
experiments, this high performance, totally depleted 
silicon detector is rapidly gaining worldwide favor. It 
has never been surpassed for low noise figures and for 
alpha resolution. And it is priced (duty-paid) far below 
the margins you have been accustomed to. 


COMPARE THESE FEATURES 


—Entrance and exit windows less than 50 
micrograms /cm?) 
—Rugged diffused window 
— Mounted in gold-plated case only 6 mm thick 
— Parellelism is + 1 micron for 50 microns depth 
2 microns for 100 microns to 
500 microns depth 
—Active area: 50, 100 and 200 mm? 
—77* K Operation (Simtec custom grade) 
—70* C Operation (Simtec premium grade) 
If you are not using Simtec silicon detectors now, write, 
call or cable for complete information and prices. Ask 
also about Simtec silicon lithium drift detectors (for use 
at 20° C or at 77? K), Simtec rectangular detectors and 


Simtec sectioned detectors. It always pays to use the 
best — and we are never satisfied with less. 


simtec Itd. 


3400 Metropolitan Boulevard E., 
Montreal 38, Canada 


Telephone: (514) 728-4527 
Research Electronics (Nuclear) Ltd.. Know! Road, 
Mirfield, Yorkshire, England Tel. Mirfield 7918 





TLC. RADIO SCANNER 


FEATURING 
WINDOWLESS GASFLOW HIGH RESOLUTION 
DETECTOR 4 c.p.m. BACKGROUND. 


EXACT SYNCHRONISM OF 20 » 20 cm. PLATE 
AND CHART TRACE. 


AUTOMATIC MULTIPLE LANE SCANNING. 
TWO DIMENSIONAL SCANNING FACILITIES. 


POTENTIOMETRIC RECORDER FOR FAST 
RESPONSE AND ACCURACY IN LOW ACTIVITY 
REGIONS. 


INTEGRATOR WITH PRINT-OUT OPTIONAL. 





Thé CONSTANT JOs 


[ 
| 
SiH CHART SPEED Jesja 








The scanner accommodates a single 20» 20 cm. 
radiochromatogram plate or several plates up 
to the same area, and uses a standard recorder 
providing perfect synchronism of the radioactive 
spot and chart trace. The very low gas consump- 
tion detector can be programmed to completely 
scan in sequence as many different sections of 
the plate as required. At the end of each scan 
the detector automatically moves to the next 
pre-determined position on the T.L.C. plate. 


APPLICATIONS FOR OVERSEAS 
1 AGENCIES INVITED 
FURTHER DETAILS 


PANAX EQUIPMENT LIMITED 


Holmethorpe Industrial Estate, Redhill, Surrey. 
Tel: Redhill 63511 
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The M15c microscope is shown with the tungsten 
halogen projection base, auto-wind 35 mm. camera 
and J35 exposure unit. 

The projection base provides a very high light intensity 
—100 watts at 12 volts—sufficient for projection of high 
power phase and polarizing images—with full facilities 
for sensitive and convenient control of the illuminating 
beam. The colour temperature is 3,100 K in normal 
operation, up to 3,300 K at full voltage. 

A continuously variable transformer and voltmeter 
are built into the base, together with a bulb centring 
control, and a Kohler type condenser system focusable by 
rack and pinion and gear-actuated control of the field 
iris aperture. 

A joy-stick controlled mirror is mounted in the micro- 
scope base making beam alignment precise and con- 
venient. 

A range of cameras, which are instantly interchange- 
able, is an exclusive feature of the Vickers camera 
equipment. Fast and uniform exposures can be easily 
obtained in your choice of photographic format—35 mm., 
Polaroid®, 31^ x 44" plate camera or reflex camera. 

35 mm. film is especially favoured where a large number 
of photomicrographs are required and because of the 
wide variety of black-and-white and colour film types 
and speeds available. Two types of 35 mm. backs are 
offered—the auto-wind which automatically advances the 
film after each exposure and the semi-automatic with 
manual film wind-on. 

The Polaroid? Land colour and black-and-white film 
processes fulfil the need for instant photomicrographs 
of good quality. 

Let us send you further information 


O Polaroid he registi ' » of the Polaroid Corporati 
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WITH PROJECTION 
BASE & 
CAMERA EQUIPMENT 


VICKERS LIMITED - VIGKERS INSTRUMENTS 


HAXBY ROAD - YORK 
PURLEY WAY - CROYDON - CR9 4HN 
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Fabri-16K 1000 


... More Than a 
Signal Averager 





The Fabri-Tek 1060 Instrument Computer 
averages signals to reduce noise, digitizes at rates up to 4 micro- 

seconds, counts pulses at MHz rates, generates time interval distribution and trend 
analysis histograms, controls NMR spectrometers to reduce noise on 

signals, stores up to 4096 18-bit words, and performs arithmetic 


computations on data stored in memory. 


QUICK, CONVENIENT, DATA ACQUISITION AND DISPLAY 














It is quick and convenient to use be- digitizing circuitry. Data manipulation 

cause it is based on the “plug-in” con- circuitry provides integration, additive 

cept to provide programming and ex- data transfer, data normalization, and 

periment interface for a variety of ap- addition of constants. These built-ir 

plications. Changing from one applica- arithmetic functions differentiate the 

tion to another involves only a simple Fabri-Tek Instrument Computer from 

change of plug-in modules. Each set of a mere signal averager and give it 

modules contains hard-wired programs, much of the flexibility of a general pur- 

signal shaping, filtering, timing, and pose computer. 
| d EC DC CE Ie M MMC CE cc CM LEES Mv | 
My P is: E Nass | 
| EEG Evoked Responses Reaction Time Studies | 
| Electromyography [] Electroretinography Address | 
| (3 Latency Histograms Pupil Response Studies City Stat | 
| O Objective Deafness Testing FABRI=TEK instruments, Inc 
i Action Potential Time Interval Distributions | | | 
| Electrocardiogram R-Wave Interval Distributions aH f KAAN | 
| [3 Post-Stimulus Time Histograms Dept. N-118, 5225 Verona Rd., Madison, Wis. 53711 Phone: 608/238-8476 | 
| E Other ro era 


vi 
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Increase the speed 


and sensitivity 


of your amino acid analyser- 
in only 5 minutes! 


Whatever the make of your amino acid analyser, 
a Locarte Technician will increase its speed and 
sensitivity in only 5 minutes by fitting a 

Digital Programme Selector. 


The selector, named the STEP WISE BUFFER 
CHANGER, consists of a four-way automatic-buffer 
change-over stop-cock, programmed with precision 
digital auto-reset timers. 

Highlights include automatic regeneration and three 
buffer changeover for single column analysis. 
Temperature changeover is also available. 


With the STEP WISE BUFFER CHANGER analysis is 
truly automatic, apart from the loading of samples. 


THE LOCARTE COMPANY 







Guaranteed by Locarte, the innovators of many of | 
the advances in bio-chemical engineering, the 

STEP WISE BUFFER CHANGER is available complete 
for £350. Columns and resins also available. 


For fuller details without obligation, tick the 
appropriate number on the reader reply card. 


Some other Locarte products: 

Amino Acid Analysers - Fluorimeters 

Fraction Collectors - High Voltage Electrophoresis 
High Voltage Power Supplies - Desalters 

UV Hand Lamps - Recording Densitometers 


24 Emperors Gate, London SW7. 
FREmantle 1712 
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Student's Muscle Holder 


A perspex bath with an overflow 
pipeandtwo platinum electrodes 
is fitted to a muscle holder 
mounted on a calibrated rack- 
work boss-head. The muscle 
nerve can easily be laid across 
the electrodes beneath which 
adequate space is allowed to 
place a piece of blotting paper 
moistened with Ringer Solution. 
The arrangement is mounted 
below an Isometric Lever. 





NEW FROM 
PALMER 


8048 Stimulator 


This provides electrical pulses 
from 0.05 to 5 milliseconds in 
width at frequencies from 0.5 
to 100 pulses per second. The 
pulse amplitude is variable be- 
tween 0 to 25 volts. The instru- 
ment operates in three modes: 
repetitive pulses, single-shot 
pulses or pulses in response 
to the closure of external 
terminals. Fully transistorised 
circuits give this instrument 
excellent reliability. 


vu 


THE PERFECT 
SET-UP FOR 
FROG'S 
GASTROCNEMIUS 


E. P. Kymograph 


The whole arrangement is com- 
pleted by registering muscle 
contraction by means of the 
Standard Palmer E. P. Kymo- 
graph, an electrically driven 
recording drum especially de- 
signed for Student and general 
experimental work. 


For further details of this equipment, contact: 


KJE 3d E zd C.F. Palmer (London) Limited, 


12/16 Carlisle Road, The Hyde, Colindale, London N.W.9. Telephone : 01-205 5432 
A member of the BTL Group of Companies 
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For men of vision: 
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A NEW scám NG 


ELECTRON MICROSCOPE 


From Materials Analysis Co. Key nescence;electronbeaminduced — tures you should look into.) Hope 
of the Model 700 SEM: co ivity. Each mode can be you see things our way. 

bari Hn d Ee red in either intensity or 

om 10 to leflection modulation. All solid- 

modular design. Three 

^ nf ns cal'svster xoniometer ! 

‘electron (also vol Scala se. one ME MATERIALS ANALYSIS COMPANY 


current; cathodolumi- cros 1d many other fea- Palo Alto, California 94303 


na nm 





Nature, Nov:mbcr 16, 1967. p. ix 





The world's first medium size 
computer at a small computer price. 


£9.530 complete. 


Never before has a computer with the 


power of the PDP—9, 18-bit word length 


of the PDP—9, the programmability, 


the multi-channelling, the expandability 


of the PDP—9 been available at a price 
near the price of the new PDP—9/L. 


PDP—9/L is a leaner version of the PDP—9, 
but it is a medium size computer by any 
standards. Expandable 4K memory, with 


1.5 usec cycle time. 


Teletype. Standard 1-0 bus. Eight built-in, 


high-speed data channels. Devices inter- 


face directly to the 1-0 bus by inexpensive 


FLIP CHIP modules. 


And it can be expanded to 32K memory. 


When you reach 16K, background-fore- 


ground programming becomes available. 


But even the 4K software includes 
assembler, editor, debugging aids, math 
package, and utility programmes. 


If your investigations require a medium 
size computer, but if you simply could 
not afford one before, write to us. 

The new PDP—9/L is designed for you. 


digital 


COMPUTERS . MODULES 


DIGITAL EQUIPMENT CO. LIMITED, 
Arkwright Road, Reading, Berks., Tel: 
(ORE 4) 85131, and 13 Upper Precinct, 
Walkden, Manchester, Tel: (061) 790 4591. 
Offices also in Paris, France; Munich and 
Cologne, Germany; Stockholm, Sweden; 
The Hague, Netherlands; Oslo, Norway; 
Sydney and West Perth, Australia; Carleton 
Place, Toronto and Edmonton, Alberta, 
Canada; and in principal cities of the U.S.A, 
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RESEARCH AND 
PRODUCTION CONTROL 


with the Universal Vacuum Air 
Quantometer 48 elements air Spectro- 


meter - 12 elements vacuum Spectrometer - high 
dispersion: metals-non metallics-solutions - Dual 
spark stands - Argon atmosphere/air stand. 


«Model 7000B modular multisource 
unit. Providing High voltage, Low 
voltage-and DC Arc discharges. 


: 


Lm 


Tyr stet 
TINI 


m 


Model 24000B Measuring Console. 
Readout-Meter, Digital Voltmeter, or 
Typewriter printout. Facilities avail- 
able for connection to- digital or 
analogue Computers. 


MU Full details available on request from 


APPLIED RESEARCH LABORATORIES LTD. 


ULL Wingate Road, Luton, Beds. 
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nae? MINUTE SCAN aaen 


Que new vlatagmeh 
Spectrophotometer costs only £970. 

Yet it's about the best medium-reso- 
lution infra-red spectrophotometer you 
can buy. And it's certainly the best value 
for money. 

Take a look at this Infragraph trace 
and then check through these four 
vital value-for-money features and get 
the rest of the story. 

Wavelength range. 

The Infragraph covers the whole of the 
most useful range from 4000-650 cm‘. 
See trace for resolution achieved. 

A4 graph paper or flow chart. 

Our Infragraph uses either A4 or contin- 
uous paper equally well. Produces a 
clean, well-defined spectrogram at speeds 
ranging between two and ten minutes 
per scan. 






| Accessibility. The Infragraph 





A 





| opens up easily for inspection. It's just the 
| job for lectures. 


| | Easy to use. A first year student or 
| lab assistant can be at home with the 


-| Infragraph in a matter of minutes. 
But even that’s not all. 


si The Infragraph is small, light and takes 


| the minimum of bench space. And uses 


all your existing sampli ing accessories. 





So send us the coupon and ask to be 
included on our demonstration tour. 


Find out what a £970 
Spectrophotometer can really do. 


ew I ee ee ee ee ee OE Se meee 
Please invite us to your demonstration tour. 
Name 


Address. 


HILGER & WATTS LTD. 
App plisa antics Division 


98 Sr. Pancras Way, Camden Road, London, & & 


N.W.1. Telephone: ot 485 5636 Telex: 23852 ae 
Grams: Sphericity London N.W.1. manors ronal 
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Subject: Onychiurus latus of the order Collembola (“Springtails”) 























Description: Minor tubercles, arranged mainly in hexagons, on two papillae ofthe antennal organ 
Instrument: Cambridge Stereoscan scanning electron microscope F ' 
Operating mode: Emis sive Sain = mE 

Magnification: Approximately x 10 700 E 





Acknowledgement: Drs W G Hale and A L Smith, Liverpool College of Technology 





The authors comment—" Little preparation of the material is necessary . . . whole insects 
may be mounted (up to abovt 1 cm in length) . . . best resolution is in the order of 150 A... more than 
adequate for examining the cuticles of small arthropods for taxonomic characteristics . . . The Stereoscan 
shows details of importance in organisms of a small size difficult or impossible to view with either an optical 
or the usual form of electron microscope . . . The depth of focus is great and clearly has many applications in 
soil biology.” (Rev Ecologie et biologie du sol, WI 3, 343-54.) 

The Stereoscan has many applications in insect physiology and taxonomy; soil biology; 
studies of the structure of bone, skin, hair, etc in larger animals. Depth of field is typically x 1000 better than 
for a comparable reflected light optical micrograph. Useful magnification is between x 20 and x 50 ooo and 
can be changed without refocusing. Specimen preparation is minimal. Send for List 178G/N/ 7. 

Distributors in all major countries throughout the world. 


Cambridge Stereoscan Mk Ila 


Cambridge Scientific Instruments Limited 
9 E EA Electron-probe Division, Chesterton Road, Cambridge, England 
VM afl Telephone: 0223.58294 


cies 
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^ . was 
impossible 


Was, but isn't. We've sorted out the fight 
between high vacuum diffusion pumps and baffle 
valves. 

The valve was swallowing 55 per cent of 
the pumping speed. We cut its appetite down 
to size. 

Then we gave the pump a bit of a tweak. 
Then we put the two together. THEIR 
EFFECTIVE SPEED IS NOW 50 PER CENT 
FASTER. 


You'll need to know what we did to the valve. And how 
we tweaked the pump. 

If we say 'annular design' and 'superheated jets' we're just 
hinting. 

If we say our new 5 inch pump has an unbaffled speed of 
650 litres/sec. and a baffled speed of 400 litres/sec. 
(instead of the usual 270 litres/sec.) : that it's three quarters 
the usual height : starts in 10 minutes : works to 10" torr : 
operates with .5 torr backing pressure : is all stainless 

steel : will fit existing systems; we're still giving just the 
bare outline. 


Better write for details of this brilliant new pumping 


combination. NOW 
ES 
LTD 


High Vacuum Engineers swiNDON ROAD. CHELTENHAM. GLOS. Cheltenham 53817 
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Hou Catalin 
Molecular 
Models aid 
experimental 
research... 


Covalent model 
of sucrose. 





Bos'des their use as teaching aids, Catalin models 
are widely used in organic chemistry and physics to 

vestigate relationships between structure and the 
tres of matter. 





Each atom is precision made to dimensions derived 
trom up-to-date information and molecular 
structures resulting from their use are sterically 
accuraie. 


Molecular configurations cover 16 
elements in 53 varieties while ionic 
configurations provide 36 elements 
and 41 model tons. Colour is 
related to the Periodic Table code. 


Write for literature 
and price list to: 

CATALIN LIMITED 
Waltham Abbey, Essex 
Telephone: Waltham Cross 23344 


















ITP OXY-COAL GAS 
CORAH rat PIPE 


BOROSILICATE 
GLASSES (Pyrex, 
Phoenix, Hysil, etc.) 


"e 


central pilot light — 








Five jets and 


flame size selected 


INSTANTANEOUSLY. 
Rotating turret 
head for easy jet selec- 


tion. 


—-9 Auxiliary supply 


of oxy coal mixture for 

hand torch. 

Minimum oxygen 
consumption 

Maximum economy 


A modern oxy-coal gas blow-pipe of sturdy construction evolved through 
years of practical experience in glass manipulation. A nearly silent flame 
from pin point to one capable of working 100 mm. tubing at a flick of the 
turret, To the inexperienced it gives confidence, to the experienced 
it is an assurance of efficiency and successfully completed work. A unique 
instrument for the research laboratory or workshop. Send for Leafler 
PB/N2. 


Price £31.7.0 


L. V.D. SCORAH M. Sc. sore? ne 


Obtainable only from 


phone: 021-458 1885 








A Ac 
SIEVES |... will last a lifetime 
—or longer—with ordinary care 


ex AN 
y t 
€ NO CREVICES @ NO BLIND SPOTS 6 PROJECTOR SELECTED WIRE CLOTHS 


pari 


ENDECOTTS 


(TEST SIEVES) LTD. 





LOMBARD ROAD : MORDEN FACTORY ESTATE * LONDON S.W.19 
PHONE 01-542 8121/2/3 : GRAMS ENDTESIV LONDON S.W.19 
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Tubing for 
Peristaltic 
umps 


FROM 


Esco (Rubber) Ltd 






Silicone Rubber, non toxic, over 30 standard 


e 
SI lescol sizes from 0.5mm i.d., elastic, excellent resistance 


to many chemicals, sterilizable either by steam at 
120°C. or by dry heat at 180°C., will not deterior- 


Tran sl u cen t ate either in storage or in tropical climate, 


e Black fluorinated synthetic rubber resistant to con- 
Vi nes col 2 3 centrated sulphuric acid 98%, phosphoric acid 
80%, petrol, crude oil, perchloroethylene, etc. Will 

withstand temperatures up to 200°C. 





Esco (Rubber) Ltd. | 


Walsingham House, 35 Seething Lane, London EC3 
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Asymptotic Approximations Sir Harold Jeffreys 


This is a corrected reprint of a book first published in 1962. 
The maín theorems on asymptotic series are proved, and the 
theory of the method of steepest descents is given in some 
detail. Linear differential equations of the second order, where 
there may or may not be a larger parameter, are treated by a 
method based on integral equations. Special attention is 
given to uniformity of approximation over regions in the 
complex plane. Applications are made to several special 
functions and to the theory of diffraction. The author is a 
Fellow of St John's College, Cambridge. 

152pp 19 text figures | 30/— net 


The Theory of Groups Ian D. MacDonald 


This book provides a substantial first course in the theory 

of groups that is suitable for undergraduate courses in 
universities and will be of interest to those teaching modern 
mathematics in schools. It is self-contained and can be used 
as an introduction to modern algebra, since no knowledge of 
other branches of modern algebra is assumed. Finite and 
infinite groups are given equal emphasis, and the topics 
covered extend as far as nilpotent and soluble groups. The 
book thus provides the groundwork for the study of the more 
specialized topics that are treated in monographs. Numerous 
specially written exercises are an important feature. Ian D. 
Macdonald is Reader in Mathematics in the University of 
Queensland, Australia. 


256pp 2 text figures 45/- net paper covers 22/6 net 


Computing Methods for Scientists and Engineers 
L. Fox and D. F. Mayers 


The primary purpose of this book is to enable the user to 
improve his use of the computing machine and to obtain more 
accurate and more meaningful solutions to problems in 
scientific computation. A knowledge of the ‘inherent 
instability’ of some problems and the ‘induced instabilities’ 
of some methods is important for proper computational 
formulation and proper choice of technique. Both are here 
discussed for most basic problems and are illustrated by 
copious examples. L. Fox is Professor of Numerical Analysis, 
University of Oxford, and D. F. Mayers is Senior Research 
Officer, Oxford University Computing Laboratory. 

272pp 2 text figures 45/- net 


Angular Momentum D. M. Brink and G. R. Satchler 


This book introduces the quantum theory of angular 
momentum to students who are unfamiliar with it and 
develops it to a stage useful for research. The first part 
contains the basic theory of rotations and angular momentum. 
The second part contains examples of applications to a wide 
range of physical phenomena and presents a collection of 
results helpful in solving problems. There is also a new chapter 
on graphical methods. D. M. Brink is a Fellow of Balliol 
College, Oxford, and G. R. Satchler works for the Oak Ridge 
National Laboratory, Tennessee. 

2nd edition 128 pp paper covers 25/~ net 

Oxford Library of Physical Sciences 
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OXFORD BOOKS FOR STUDENTS 


The Chemical Bond 4 Brief Introduction to Modern 
Chemistry Linus Pauling 


‘The treatment is essentially non-mathematical, and contains 
examples at the end of each chapter. A very welcome new 
section is that in which he discusses the molecular orbital 
approach. Also the inclusion of clear diagrams, appendices, 
and an index allow the book to be warmly recommended to 
undergraduate students of molecular physics, organic and 
inorganic chemistry.’ Cambridge Research 

280pp 77 text figures 50- net paper covers 22/6 net 
Cornell University Press 


Culture—Man's Adaptive Dimension 
Edited by M. F. Ashley Montagu 


The theme of this book, written by some of the world’s leading 
authorities, is the most neglected factor in the consideration 

of the evolution of man: the development of his skill in 
manipulating the environment and the effect of this develop- 
ment upon every aspect of his evolution. Culture, the 
man-made part of the environment, is man’s principal means 
of adapting himself to the world in which he finds himself. 
The consequences of the replacement of natural selection by 
culture for man’s future must be seriously considered. 

250pp 64/- net paper covers 21/6 net 


Introduction to the Chemistry of Carbohydrates 
R. D. Guthrie and John Honeyman 


This well-known textbook provides an introduction to 

the chemistry of carbohydrates for students of chemistry and 
of biochemistry. It emphasizes modern aspects of the 
chemistry of carbohydrates, including conformational 
analysis, and the chapter on physical methods has been 
completely rewritten and considerably enlarged. In this new 
edition the authors have given more attention to sugar 
derivatives such as those containing carbonyl groups or 
carbon-carbon double bonds. Though primarily a student 
text, the book will be helpful to industrial chemists 

and others who wish to bring their knowledge of the 
chemistry of carbohydrates up to date. R. D. Guthrie is 
Reader in Chemistry, University of Sussex, and John 
Honeyman is Assistant Director of the Cotton, Silk, 

and Man-Made Fibres Research Association, Manchester. 
Third edition 160pp 140 text-figures 45/~ net 

paper covers 21/- net. 


Dictionary of Genetics Robert C. King 


Genetics, one of the most basic and rapidly expanding 
sciences, has attracted contributions from scientists in other 
fields, including mathematics, physics, chemistry, medicine, 
and anthropology. This book is designed to provide students 
and researchers in biology, genetics, and related sciences with 
a concise yet thorough dictionary defining some 4,300 terms. 
The author and compiler is Professor of Biology, Northwestern 
University. 


224pp illustrated, paper covers 34/— net 
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make these Liquid Chromat- 
ographs every analyst's dream. 
Write or telephone now 

for a free copy of "Column", our 
own chromatography bulletin for 
a full assessment of System 3. 
Better still, ask fora 
demonstration in your own 
laboratory. 

* Molecular model (left) of steroid 
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THE most important question about the relationship 
between the new Administration in Washington and 
the condition of science in the United States is whether 
events can safely wait on the inauguration of Mr 
Richard Nixon on January 20 next year. One way 
and another, there is now a serious risk that the 
Administration will badly misjudge the needs of 
scientific research in the United States, and that 
support will be withdrawn from worthy objectives. 
The record of the past few months shows which way 
the wind is blowing. The National Science Foundation 
and its pensioners have been caused serious hardship 
by the dilatory bookkeeping of Congress (which broke 
with precedent earlier in the summer and asked that 
the Administration should keep its expenditure as well 
as its appropriations within tighter limits) and the 
indifference of the Administration, which seems to 
have forgotten all the fine phrases about the impor- 
tance of science and researeh which used to flood 
from the official spokesmen's mouths in the days when 
everybody was anxious about the Sputnik. Can that 
have been merely a decade ago? And if the outgoing 
Administration has become insensitive, may not the 
unknown devil be a change for the better? That, of 
course, is always possible, but the real cause for anxiety 
is that the arguments which have disenchanted Mr 
Johnson with the importance of scientifie research in 
the United States will also cramp the imagination of 
his successor. 

Which way will Mr Nixon go? At this stage, the 
safest assumption is that the statements he has made 
in the past few weeks about federal support for science 
are to be regarded— at best—as expressions of good will, 
not statements of poliey. But so far as he has gone, 
Mr Nixon has been on the side of the angels or some 
of the angels. Among his political opponents, for 
example, are those who have been genuinely surprised 
to find their own public statements written into 
policy documents on science. On the face of things, 
in other words, Mr Nixon seems willing to listen to 
advice. On the debit side is the way in which he has 
allowed Mr Lewis Straus to try, often tactlessly, to 
drum up electoral support. Although the fifties are 
now a long time ago, particularly with Oppenheimer 
dead, and although Mr Straus is undoubtedly moved 
by the highest motives, it would be a sad mistake if 
Mr Nixon rubbed salt into old wounds by giving him 
even the most remote influence on science policy. 
Brashness of such a kind is, however, unlikely to be 
chief among Mr Nixon’s faults, and it is sensible as 
well as generous to assume that he will start with a 
clean slate. 
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Mr Nixon and the Universities 


What, then, should he do? The first need is to 
reconsider the principles on which the Federal Govern- 
ment should provide support for academie research 
(in the sense of university research) in the United 
States. For the past two decades, when the scale of 
government spending has been increasing .rapidly, 
there has been nothing to expose the underlying 
defects of the system now in being. The most worrying 
aspect of what has happened in the past few weeks 
is not so much the shortage of money but the lack of 
continuity and even of purpose in the system which 
has grown up. In brief, the Administration must now 
provide, much more profoundly than in the recent 
past, a framework within which to explain, for its own 
purposes, what university research is for. It may be 
ironical but it is also handy that universities are at 
the same time having to ask precisely what they are 
for. 

The starting point for any discussion of the purposes 
of federal support for university research must he an 
open acknowledgement that this has become a device 
for providing support for universities as such--. 
especially better universities. By 1966, for example, 
federal spending on research and development in the 
universities, mainly as research grants and contracts, 
had grown to $1,360 million or close on ten per cent 
of the whole expenditure on higher education in the 
United States. A further sum—perhaps $500 million 
a year—was then being spent on the national labora- 
tories such as the Kitt Peak observatory and the 
Lawrence Radiation Laboratory at Berkeley. What 
with the large sum being spent on ancillary activities 
such as science education, total expenditure (in 1966) 
on scientific activities in the universities and colleges 
amounted to $2,200 million, or 13 per cent of the total 
cost of higher education and twice as much as other 
kinds of federal support for universities in the form of 
loans to students and the like. 

Although the scale of this support has grown almost 
without people noticing, the manner in which it is 
provided is now something of an embarrassment. 
In a very real sense, Congress is being induced to part 
with the money by false pretences. The only telling 
argument for generous federal support for the univer- 
sity research is that it would otherwise be impossible 
to teach science properly, particularly to postgraduate 
students. There is sound statistical evidence of the 
relationship between the federal research grants and 
the output of PhD students from the recipient universi- 
ties. In 1966, for example, the ten most generously 
treated universities took 23 per cent of federal research 
money and graduated 25-3 per cent of all PhD students, 
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In the circumstances, it is in every interest that the 
real function of federal support for university science 
should be plainly recognized. For one thing, there 
would be less unseemly mumbo-jumbo when the 
hearings come round in Congress each year. For 
another, Congress would be compelled to recognize 
that sudden ups and downs in the scale of spending 
are impracticable, and that the science budget should 
somehow be linked with the expansion of the university 
system as a whole. 

The consequences would be far-reaching though 
almost wholly laudable. One obvious step, for example, 
would be to inerease the cash payments made directly 
to universities with PhD students on their books, at 
least to the point at which the salaries of university 
teachers are not dependent, direetly or indirectly, on 
suecess in winning research contracts. The National 
Science Foundation is the obvious channel for this 
direct support for postgraduate science in the univer- 
sities. One result might be that research grants were 
stripped of their overhead component, but nobody 
should be alarmed at that. Another would be the 
blunting of the edge of the competition for research 
contracts, often an unseemly business. Further, it 
would be easier than at present to encourage good 
postgraduate work outside the best universities. 

But does not this imply some kind of strategy for 
the development of the universities? And how is 
the strategy to be decided? Congressmen will only 
be some of those who ask these questions, The 
sensible reply is that the National Science Foundation 
should be given the responsibility. If congressmen 
or scientists say that the foundation is not up to the 
job, something should be done to equip it for the task. 
Indeed, there are powerful arguments independent 
of those based on the need for continuity in university 
research which go against the orthodox view that the 
foundation’s function should be to fill in the gaps in 
the pattern of research spending by other federal 
agencies. In present circumstances, it would be 
much better if the foundation were given responsibility 
for the whole spectrum of university research, leaving 
the specialized agencies the job of emphasizing their 
special interests. (There may also be a case for trans- 
ferring to the Office of Education the curriculum 
developments which the foundation began.) If Con- 
gress really wants value for money, this is how to get 
it. And even though the obstacles in the way of 
such radical reform are plentiful, this is the direction 
in which Mr Nixon and his people should be pushing. 


SCIENCE POLICY 


Conservative Science 


by our Parliamentary Correspondent 


ABOUT two years ago, the British Conservative Party 
began to worry about its intellectual image—all the 
academics seemed to lean to the left—an impression 
which two more years of Labour Government has 
shown to be an optical illusion. Determined to improve 
their ratings on the campuses, the Conservatives began 
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to scour the universities for right-thinking academics. 
One result of this was a seminar, held last week, on 
science and technology policy. This occasion, as Mr 
Reginald Maudling reminded delegates in his introduc- 
tory speech, was non-partisan in character—it would 
have been hard, indeed, for it to have been anything 
else, for the Conservatives have not vet devised them- 
selves a science policy to argue about. (Mr David 
Price’s paper on Science and Public Policy (see page 
633), published this week, isa step in the right direction.) 

The meeting was opened by Dr F. E. Jones, manag- 
ing director of Mullard, Ltd, who set the scene with 
admirable clarity. Of Britain’s total spending on 
research and development of £1,000 million, 10 per 
cent goes to basic research, 25 per cent to apphed 
research and 65 per cent to development-—figures 
which Dr Jones considered "about right". But the 
country was not getting good value for money, because 
research had become a money spender rather than a 
wea th creator. In order to ensure that as much effort 
was devoted to production and marketing as was 
devoted to research and development, the Ministry of 
Technology should be expanded to include the Depart- 
ment of Employment and Productivity and the Board 
of Trade. Not only Conservatives would be slightly 
alarmed at this prospect, but Dr Jones did produce one 
idea with a distinctly Tory ring; he urged that private 
industry should be allowed to do more research, by 
leaving more money in its pockets. To make sure that 
tax concessions were not used simply to boost profits, 
some form of eontrol would have to be devised, but 
Dr Jones did not go into details. Other speakers also 
spoke with enthusiasm of the idea. 

Mr Michael Hall, of the London School of Economies, 
offered the conference a re-interpretation of the man- 
power statistics collected by the Swan and Willis 
Jackson reports. "They showed, he said, that, while 
industrial surveys indicated a three to one preference 
for technologists over scientists, the universities were 
produeing graduates in exaetly the inverse ratio. This 
“confidence trick on the young” meant that many were 
forced to emigrate. Those who stayed in Britain, 
Mr Hall said, “move from poverty to supertax without 
encountering affluence on the way". Professor M. L. 
MeGlashan, from Exeter University, retorted that the 
universities were "fed up with being told what to do", 
and that the present Government's policy of restricting 
grants for postgraduate students would harm basic 
research, and force good students overseas. 

After Viscount Caldecote had dealt with the problems 
of private industry, Lord Beeching did the same for 
the publie sector. In effect, his paper dealt more with 
the problems of managing a publie corporation than 
with science and technology policy, but he did define 
criteria for justifying research. The role of research, 
he said, was to overcome technical obstacles which had 
been identified; if there were no identifiable obstacles, 
there was no need to do any research—a situation, he 
implied, which had obtained at British Railways when 
he was chairman. “Government expenditure on 
research is a great sink into which manpower flows", 
he declared. The standard of living was not related 
“in any way" to the amount spent on research and 
development. Dr Sydney Jones of the British Railway 
Board denied that there were no technical obstacles— 
it was simply that people had failed to recognize them, 
he said. 

The conference, of course, produced no ready made 
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science policy for the Conservative Party. Indeed, in 
the nature of things, the Conservatives are not very 
interested in giving away their plans in advance. Given 
the difficulties of policy making in opposition, when 
front bench spokesmen can easily become out of touch, 
the seminar fulfilled a useful purpose. At least it 
indicated that the difficulties of producing a policy 
for science and technology will not be spirited away by 
a change of government. That much, perhaps, is 
common ground between the parties. 


POLITICS 


Science All-Pervading 

To coincide with its 1 day seminar on science policy, 
the Conservative Political Centre published this week 
a pamphlet which sets out its ideas on the organization 
of science. The pamphlet, Science and Public Policy, 
is written by Mr David Price, Shadow Minister of 
Science and Technology. Its message is that a Conserva- 
tive Government should attempt to bring science into 
the formulation and execution of all policy—summed 
up in the phrase "Science in all policy rather than a 
policy for all science”, But Mr Price admits that to 
achieve this admirable state of affairs "the whole 
ethos of Whitehall must change". "Neither the present 
machinery of Government nor those who operate it, 
whether politicians or civil servants, are wholly 
adequate to respond with understanding to the 
opportunities and to the problems thrown up by the 
advances of science and technology". 

Mr Price says that Government cannot be changed 
by reorganizing departmental responsibilities: it 
means persuading or compelling every Government 
department to use the techniques of scientific manage- 
ment. 

The real problem of technology in Britain, as Mr 
Price identifies it, is that there is an "exploitation 
gap". The responsibility for filling this gap he places 
firmly with British industry, which he says should try 
to copy the success of the great international corpora- 
tions. All that the Government needs to do is to 
provide a climate in which risk capital is readily 
available. In effect, this rests on the assumption that 
& Conservative Government would be better at manag- 
ing the economy than the present one. 

There are, it is true, some further tasks which Mr 
Price assigns to central government, but a solution to 
the problem of changing personal attitudes towards 
Science and technology, he believes, cannot be imposed 
from above. At the same time, he does not exempt 
members of parliament from the charge that they have 
ignored science. Mr Price says, “This alienation of 
working politicians from science and technology . . . has 
been unfortunate. It must end soon if our parliamentary 
democracy is not to end first”. 





SPACE POLITICS 


ELDO on the Block 


from a Special Correspondent 


Bonn, November 12 

Tue ELDO ministers’ meeting on November 11, which 
acted as a curtain raiser to the main European Space 
Conference on the following three days in Bonn, was as 
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inconclusive as ever. The main issues were trans- 
ferred to the European Space Conference itself. What 
is clear, however, is that the Europa rocket still has» 
some life in it. E 


Two set pieces opened the meeting. One was the . 


tabling of the Spaey Committee’s proposals after its /— | ? 


month's work since appointment on October 2 (see 
Nature, 920, 315; 1968). The document was not pub- 
lished but is concerned with an overall European space 
programme conducted within a single European space 
body. 1t is understood to call for very ambitious 
communications satellite projects, continuing well 
beyond the completion of the Europa I and H pro- 
gramme, and with a proportionately large price tag. 
The implications of this are far-reaching and complex 
and are likely to be overtaken by events at the main 
space conference. Even among the ELDO meeting's- 
members—Britain apart—there were differences of 
view on how the launchers were to be produced and 
on the mode of management and control. 

There was more progress on the other set pieee— 
proposals put forward by the ELDO Secretariat on 
how to prune the current Europa I and TI programme 
so as to avoid the threatened over-expenditure of 8100 
million. The extra cost has been caused by the failure 
of the French second stage of the Europa launcher on 
both occasions it has so far flown. The 77 flight from 
Woomera, scheduled for November 17, will he the 
third attempt and the first to aim for an orbit (employ- 
ing a test satellite). The new plan cuts out two full 
test flights (F10 from Woomera and a geostationary: 
injection attempt from Guiana) and the last two 
development flights (Fll and 12) will fly without 
apogee motor. The Italians would lose substantial 
amounts of work by the revised arrangement, so the 
French and German Governments have offered Italy 
a share in the apogee motor development for their 
bilateral Symphonie communications satellite project. 
Another achievement was that the British delegation 
has at last persuaded ELDO's continental members 
that it is in good faith when it offers to supply Blue 
Streaks even when Britain has ceased to take an 
active part in ELDO, after 1971. 
sufficient," the meeting's chairman, Belgian Research 
Minister M. Lefevre laconically remarked to the 
members when the meeting finally broke up late on 
Monday evening. 

A final communiqué in the form of a resolution was 
issued later. The British abstained from this, and the 
Italians agreed only if they could refer it back to their 
government. The main British objection, it appears, 
is to sweeping plans for further studies including work 
on a future programme, beyond 1971, which may 
involve a fair sum of money out of the current budget. 
It is expected that Britain will put forward a counter- 
proposal at the European Space Conference for the 
use of the substantial budget now going to ELDO for 
point to point communications satellite projects under 
ESRO auspices. 


RADIO TELESCOPES 


Bigger Still to Come 


FoR some years after 1970, West Germany may be 
expected to have the largest fully steerable radio 
telescope in the world. A 100 metre (333 feet) instrument. 








"The terms are ^. 
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is now under construction in the sparsely populated 
Eifel mountains 40 km south-west of Bonn, and is 
due to be commissioned in April 1970. "The initiative 
for the project lies with Professor Hachenberg of the 
Astronomical Institute of Bonn University and goes 
back to 1964. It has now been adopted by the Max 
Planck Society which has appointed a supervisory 
board. The project hung fire for some time because of 
the diffieulty of finding the necessary finance—30 
million Deutsch marks (about £3 million) was the 
original estimate. After the Volkswagen Fund had 
promised a substantial contribution (DM 26 million) 
smaller sums have been forthcoming from other 
sources. Work on site clearance and access began 


about a year ago and if the erection phase goes as 





smoothly, the Effelsberg telescope will take over 
leadership as the most powerful precision instrument 
at short centimetre wavelengths from Jodrell Bank 
Mark I (now being reworked to be effeetive down to 
3 em over the central portion) until Jodrell Mark V 
(with a 400 foot diameter dish) is ready at some 
unspecified time in the 1970s. 

The Effelsberg telescope is designed to be fully 
efficient down to 5 em across the whole collecting area, 
and the central 60-m diameter has a high-precision 
solid surface to make this section good for 3 em observa- 
tion. Together, these specifications define a major 
programme of observation of the "new hydrogen line". 
Most of the work will be on interstellar gas in the 
galaxy and on extragalactic radio sources (including 
quasars and pulsars). The Federal Ministry for Re- 
search is providing DM 1-6 million on the understanding 
that the telescope will help track the German solar 
probe spacecraft scheduled for 1973. The telescope is 
not being equipped to work as a radar. 

In overall design the Effelsberg instrument is similar 
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to Jodrell Bank Mark I. There are some differences, 
however. The focus is mounted on a "quadripod" 
and supported quite independently of the dish strue- 
ture (reducing the latter’s weight). There are to be 
manned cabins (hanging in gimbals) at both the focus 
and apex of the dish, the latter facilitating rapid 
changes in receiver equipment which can be lowered 
into position through a trap in the cabin floor. The 
whole structure turns in azimuth on a single circular 
track of possibly unique dimensions; it is 30 em wide. 
The mesh periphery will mediate structural judder 
in windy conditions. 

To attain the designed pointing accuracy of 8 are/s 
at 3 em, not only must the aluminium surface of 
the central section be true to 1 mm but the founda- 
tions must be guaranteed not to move more than 
1 mm in 5 years. 

At present, the approach road and site clearance 
have been completed, the foundations and power 
supplies are in, the giant site crane assembled and 
on-site assembly shops are ready. All components 
are being prefabricated and brought in in small units. 
The location is delightful but awkward—tucked into 
a steep and wooded valley facing south (where the 
centre of the galaxy lies at 11? above the horizon as 
seen from Effelsberg). Krupps is handling the metal 
fabrication: MAN, a contractor for the Australian 
210 feet Parkes telescope, is responsible for erection. 
Work was nearly halted recently when it became 
clear that costs would exceed the guaranteed DM 30 
million by at least DM 4 million. It is hoped that the 
Volkswagen Fund and the research ministry will come 
to the rescue in December when allocations are made 
for the next financial year. Meantime, Professor 
Hachenberg is reviewing Professor Lovell’s recent 
book on the tribulations of building the Jodrell Bank 
Mark I. 


NATURE 


Progress in Conservation 


Tur European Conservation Year is to be 1970, when 
there will be an international conference in Strasbourg 
where a European conservation declaration will be 
adopted. In the member countries, there will be 
programmes to educate the public and formulate con- 
servation policies; the focus of the British contribution 
will be the third, and presumably the last, countryside 
in the 1970 conference. This is some of the information 
in T'he Nature Conservancy Progress 1964-1968 (7s 6d)— 
the first report of the Nature Conservancy since it 
became a committee of the Natural Environment 
Research Council in 1965. 

During the past four years, the conservation branch, 
which has more direct contact with country visitors 
than the research branch, has increasingly experienced 
a conflict between its duty to conserve the land and 
the holidaymakers’ desire to use it for recreation. 
Sand dunes are particularly attractive, and also par- 
ticularly vulnerable to the pressure of visitors’ feet. 
At Ainsdale in Lancashire notice boards, marked path- 
ways, an explanatory leaflet and vigilant wardens 
have channelled some of the public enthusiasm that 
was causing serious erosion in 1965 when the dunes 
became a nature reserve. 

On some reserves in coastal or mountain areas 
facilities have been successfully provided for sportsmen. 
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Controlled wildfowling is permitted on four coastal 
reserves, and several reserves in North Wales include 
cliffs which are intensively climbed. Luckily the cliffs 
which interest climbers are seldom those which have 
rare arctic-alpine plants. Ski-ing, however, presents 
a problem, especially at Great Dun Fell in the Pennines, 
where increasing numbers of visitors represent a threat 
to valuable areas. A compromise has been found and 
skiers will continue to use a defined area while the 
conservancy makes a careful study of the effects, and 
the Northern Advisory Council for Sport and Recrea- 
tion looks for other sites suitable for ski-ing. 

On the coast, sailing has come into conflict with 
conservation with the demand for marinas to provide 
Íresh moorings. The Minister of Housing and Local 
Government refused planning permission for a proposed 
marina at the Swale on the north coast of Kent, 
because the marina would intrude on the area where 
there was the greatest need for conservation. 

The work of the conservation branch is backed up by 
that of the six research stations, where various studies 
of the effects of disruptive influences, such as cutting 
and grazing, on different habitats are in progress. A 
survey of oak woodlands which grow on Lake District 
slates has shown that not even the minimum number 
of oak seedlings are surviving. It seems that these 
woodlands will eventually disappear unless extensive 
felling and replanting are undertaken, or until it is pos- 
sible somehow to improve the fertility of the soil. Red 
deer, which cause considerable damage in Scottish 
forests, are another subject of research in several areas. 
The aim is to develop a system of management for deer 
consistent with conserving the countryside in which 
they live. 


ARCHITECTURE 


School Appeals for Funds 


Tur sum of £500,000 will have to be raised by the 
Architectural Association if it is to go ahead with 
its proposed merger with the Imperial College of Science 
and Technology. The association, with premises in 
Bedford Square, Bloomsbury, is a private educational 
foundation and it runs the oldest, the largest and the 
only independent architectural school in the country. 
It has been promised a site in South Kensington which 
the Government will purchase, and the University 
Grants Committee has assumed financial responsibility 
for the running of the school; but both these offers 
are conditional on the raising by the association of the 
capital sum for the cost of a new building. Next 
spring, providing the appeal is going well, the associa- 
tion will announce an international competition to 
decide on the architect for the new building. 

In 1958, the resolution that independent schools of 
architecture should transfer to the universities, was 
passed at the Oxford Conference on Architectural 
Education. This the Architectural Association accepted, 
and negotiations between the AA, Imperial College 
and the UGC have been continuing for several years. A 
year ago, the UGC finally gave its approval to the 
merger provided the AA raised the money, and last 
week the appeal for funds was publicly launched by 
the president of the association, Francis Baden-Powell. 
On the same occasion, a plan of the proposed site was 
announced, and for the first time the association pub- 


lished an official declaration of intent—that it will 
leave Bedford Square to become the fourth constituent 
college of Imperial College (the other three colleges 
are the Royal College of Science, the Royal School of 
Mines and the City and Guilds College). 

The lease of the AA’s present buildings expires in 
1976, and, as the cost of its renewal would be prohibitive 
for the continued existence of the school, there is some 
urgency in the appeal for funds. If money cannot be 
raised within one year, the school will be unable to 
accept students for the start of the 1970 session— 
the school retains responsibility for each student for 
6 years. The Royal Institution of British Architects 
and the University of London are giving the merger 
their full support. Some architects, however, are con- 
cerned that the AA will lose its independence and 
even consider that independence ought to be retained 
at all costs, even if it means moving to makeshift 
buildings. The council of the AA is optimistic, however, 
that the association with Imperial College, with its 
engineering, computer, transport and other studies, 
should more than outweigh the misgivings of members. 


gwaimatONM 
—— ` 





Another merger of an architectural school with a 
university has not been so successful. The University 
of Leeds has been trying for some time to arrange for 
the transfer of the Leeds Schools of Architecture and 
Town Planning to the university. Now the university 
has learnt that it has been unsuccessful in its appeal 
for assistance with a plan to transfer the schools to 
buildings in the university precincts in the 1970s. 
The schools instead are to become part of the new 
Leeds polytechnic. The university is disappointed, 
but it has already announced that it intends to promote 
links between the schools and the university, and a 
joint working party has been set up under the chair- 
manship of Professor Patrick Nuttgens. 


ENGINEERING 


A Prize for Engineers 


A SUBSTANTIAL consolation prize has now been made 
available for engineers and technologists who, by the 
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nature of their work, are not eligible for Nobel Prizes. 
The MacRobert Award, worth £25,000 and a gold medal 
every year, is to be presented to an individual, or a 
small team of up to five people, who has “made an 
outstanding contribution, by way of innovation, in the 
fields of engineering or other physical technologies or 
in the applieation of physical sciences, which has 
enhanced, or will enhance, the national prestige and 
prosperity of Great Britain". 

The MacRobert Trusts were formed by Lady 
MacRobert—one of the first women to be admitted to 
fellowship of the London Geological Society and the 
wife of Sir Alexander MacRobert, the founder of the 
British India Corporation. The trusts give donations 
to a wide range of charities and contribute to new 
enterprises, particularly in Scotland. Some recent 
donations have been made for the welfare of the ser- 
vices, agricultural research, education and medical 
research. 

The trustees, wishing to use the funds in a charitable 
way to enhance the economie wellbeing of Great 
Britain and considering that a major award in the 
fields of engineering and the technologies is long 
overdue, called on the Council of Engineering Institu- 
tions (CEI) to administer the MacRobert Award 
Scheme, and the first prize is to be made in 1969. 





Lady MacRobert of Douneside and Cromar. 


The prizewinners will be selected by the CEI, who 
will be advised by a committee consisting of a chair- 
man and nine members. Lord Hinton, a past chair- 
man of the Central Electricity Generating Board, is to 
be the first chairman of the selection committee and 
the other members are nominated by the Royal 
Society, the CEI and the MacRobert Trusts. If two 
innovations considered for the award are of equally 
outstanding merit, the award for that year may be 
divided but it cannot be split into more than two 
equal parts. The CEI can decide not to make an 
award. If the award is given to a team working for 
an organization, the money will be divided between 
not more than five employees nominated by the 
organization. The division of the £25,000 will be 
decided by the CEI in consultation with the organiza- 
tion. When the award is made to an individual team, 
the decisions of the CEI are final. Each member of the 
team will be given a replica of the gold medal. 

The CEI is already receiving applications for the 
first award. It will be interesting to see whether the 
CEI can win the prestige of the Nobel Committees. 
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| SPACE 


Hight of Fancy 


UNDETERRED or perhaps spurred on by the British 
Government's determination to withdraw from ELDO, 
the Conservative Party Political Centre published last 
week a pamphlet which urges Britain to develop an 
independent facility for launching synchronous com- 
munications satellites. The document, written by Mr 
Neil Marten, MP for Banbury, and with an approving 
introduction by Mr David Price, MP, says that a 
launcher could be built by mounting Black Arrow on 
top of Blue Streak, fitting ion engines to it and hoping 
that micro-miniaturization will meke the satellite small 
enough to get it up to 22,000 miles. This, it could be 
said, is to pile conjecture on conjecture, but Mr Marten’s 
pamphlet is no dull technical treatise. On the contrary, 
it makes the best of its political opportunities. For one 
thing, it asks the reader to believe that when the 
Conservative Government invented ELDO in 1960, it 
did so “perceiving the future benefits of space" rather 
than simply as a way of minimizing the embarressment 
of cancelling Blue Streak. Black Arrow, another 
Conservative rocket, has been "deliberately slowed 
down" by the Labour Government. 

Whatever the truth, Mr Marten believes that his 
plan is feasible and that it would be profitable. But 
it is hard to judge whether his estimates are reliable, 
for he makes no attempt to assess what the cost of his 
launcher would be. It is, in fact, rather doubtful 
whether a British initiative would do anything to 
accelerate the rate at which the advantages of com- 
munications satellites are being seized. Very often— 
as in the World Weather Watch—international co- 
operation is a prerequisite in any case. It would, no 
doubt, be agreeable for Britain to call the tune, but it 
is doubtful whether it would be worth the very large 
investment involved. 


URANIUM ORE 


Slow Strike in Scotland 


GUARDED optimism seems to be the prevailing mood 
at the United Kingdom Atomic Energy Authority now 
that the results of the first year of a five year recon- 
naissance survey of indigenous uranium resources are 
coming in. Two areas in the north of Scotland have 
sufficiently high levels of radioactivity to justify further 
detailed surface surveys and possibly borings. But it 
remains unlikely that there will ever be a uranium 
bonanza in Britain. Even allowing for increasing 
nuclear electricity generation, there are at present no 
signs of an immediate world shortage of uranium. The 
latest estimates of world supply. by the European 
Nuclear Energy Agency and the International Atomic 
Energy Agency in October 1967, were 826,000 short 
tons of U,O, recoverable for less than $10 per pound, 
780,000 tons recoverable for $10-15 per pound and 
664,000 tons for $15-30 per pound. On the other 
hand, predicting the world market has already proved 
unusually difficult and a few useful deposits may be 
found in Britain which could by the late seventies be 
worth exploiting commercially. 

That, at least, is the hope. Both the AEA and the 
Institute of Geological Sciences—which has been hired 
to make the survey—stress, however, that it is only a 
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reconnaissance, As Mr Wedgwood Benn announced in ` 


Parliament on March 20, “the objective is to establish 
whether there is evidence . . . to justify a subsequent 
more detailed investigation". The programme, which 
will cost £250,000 in all, is to survey areas selected by 
the institute as likely, on geochemical grounds, to 
contain uranium. This summer the survey teams were 
in the north of Scotland and the Midlands recording 
levels of radioactivity along roads and tracks by means 
of sodium iodide scintillation counters mounted on 
trueks, surveying rivers and streams on foot and 
collecting 1,500 water samples for neutron activation 
analysis. Although many of the data have still to be 
analysed, the first indications are apparently more or 
less as predicted. Until borings have been made, there 
is no knowing the concentration of uranium in the two 
areas in Scotland with appreciable levels of radio- 
activity, and the institute is unwilling to disclose the 
little it knows of the ore bearing rocks because that 
might reveal the sites and cause problems of one sort or 
another with landowners and others. As well as making 
a more thorough surface survey of these two sites in 
Scotland, the survey teams plan to look at the next two 
areas on the list next summer, the southern Scottish 
Uplands and. South-West England. 

Uranium ore was in fact mined in Cornwall at St 
Stephen at the turn of this century. Several tons of 
uranium, which oceurs there together with lead ores in 
high grade veins, were sold to German glass makers who 
used it as a pigment for stained glass, and the same mine 
supplied some of the uranium ore used by the Curies 
as à source of radium, but by 1930 the mine was flood- 
ing and has never been worked since. All this, of course, 
was before the 1946 Atomic Energy Act; if the current 
surveys reveal commereially worthw hile amounts of 
uranium there will be the legal nicety of deciding who 
owns the mineral rights, the Government under the 
1946 Act, or the owner of the traditional mineral rights. 


MANPOWER 


Labour at the MRC 

IN a recent leading article on the Medical Research 
Council (‘Medical Research Continued", Nature, 219, 
426; 1968) it was stated that “One particularly discon- 
certing feature of the council's policy of direct labour is 
the way in which it may often leave middle-aged 
professionals high and dry without a job. One way and 
another, a great many people seem to be embarking on 
five year appointments with the council which run out 
at a time when it is usually too late for most people to 
begin an entirely new career". The MRC has now 
analysed its personnel records covering the five years 
1963-68 and has submitted the following information. 
Limited appointments give job security for either 
three or five years. Unlimited appointments mean 


tenure. 
Table 1. PROPORTION OF STAFF WITH LIMITED AND UNLIMITED 
APPOINTMENTS 
Per cent 
Age Limited Unlimited unlimited 
Over 30 365 312 46 
35 156 304 66 
40 41 257 84.5 
45 15 174 92 
80 3 106 97 
55 — 55 100 
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Fifty-one per cent of the staff, with at least three 
months service, in units that have been disbanded or 
reconstituted in the last five years stayed in the 
council's service. Of these, 15 people had unlimited 
appointments and 35 had limited appointments, The 
other 49 per cent, eight with unlimited and 40 with 
limited appointments, found other jobs chiefly in the 
universities and research foundations. Only two 
people were left with no job to go to immediately; both 
were in the 31-35 age group and held limited appoint- 
ments. 

Out of a total of 563 people who have left the 
councils service during the five years, 490 had limited 
and 73 unlimited appointments. Ten staff with limited 
appointments had no immediate employment to go to 
when they left the council's service; nine were over 
30, four were over 35 and three were between 40 and 45. 
Ten other people may have been obliged to take unsuit- 
able jobs—this category includes short term jobs, jobs. 
in industry or abroad or jobs at a lower level of responsi- 
bility. Allten had limited MRC appointments, all were 
over 35, three were over 40 and one over 45. 





BARRAGE BUILDING 


Damming Morecambe Bay 


Tue possibility of a barrage across Morecambe Bay has 
moved one step forward with the announcement by the 
Water Resources Board that there appear to be no 
insuperable engineering difficulties, but this is not to 
say that plans for the barrage are cut and dried. 
Although a feasibility study of the proposal to use the 
bay as a reservoir has been in progress since February 
1967, the full study will not be completed until the end 
of 1970 or even 197 1, and only then will the Govern- 
ment be able to decide whether to go ahead with the 
scheme. Many will think it premature, therefore, to 
side either for or against the barrage, which is why some 
of the official bodies in the area are keeping quiet. 
There is, however, a growing number of objectors— 
local fishermen, trades people, representatives of 
amenity bodies and so on. Some of these hope that the 
feasibility study will come out against Morecambe Bay 
as the site for a barrage and that attention will be 
switched instead to the Solway Firth, on which there 
has already been a desk study and which is thought to 
be a much more practical and acceptable scheme. 

Meanwhile, to allay the fears of local people, com- 
mitted objectors or not, the Water Resources Board 
recently organized a meeting in Morecambe and at the 
same time issued a statement on the progress of the 
£500,000 feasibility study. 

Some studies have already been completed. These 
include aerial and hydrographic surveys and contour 
maps of the bay. The subsurface investigations have 
involved a survey over about 22 miles on possible lines 
of embankment dams and the sinking and re-sealing 
of some 29 boreholes. At the Hydraulics Research 
Station at Wallingford, a large-scale model of the bay 
has been constructed, and surveys have been com- 
pleted of current flows and the nature of the bed of the: 
bay. Other studies in progress involve the Natural 
Environment Research Council, the Nature Conser- 
vancy and the Lancashire River Authority. Much 
remains to be done, including testing of the various 
possibilities on the hydraulic model. 
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Although the first purpose of the feasibility study is 
to evaluate a full scale barrage, the consulting engin- 
eers, Sir Alexander Gibb and Partners, are also investi- 
gating the possibility of an embankment dam or dams 
further up the estuaries of the Kent and Leven, and 
the development of pumped storage reservoirs in the 
inter-tidal areas. At the same time, the Water 
Resources Board has been directing a study of the 
present and future demands for water in the North of 
England and evaluating the possible sources of supply, 
other than a barrage or barrages, which could meet 
these demands. The results of this study are expected 
in 1969. The Economic Study Group of the North-West 
Economie Planning Council is also involved in the 
whole scheme. It is considering the wider economic 
and social effects of a barrage, and its conclusions will 
be incorporated with the results of the engineering 
studies in a comprehensive report by the board to the 
Government in 1971. 


MILITARY TRAINING 


Simulating Combat 


A WELL-PLANNED but fictional tactical offensive was 
carried out by the staff of Ferranti Ltd in a display of 
its Action- -Spee ed Tactical Trainer last Friday. The 

ASTT, as it is called, is a computerized system designed 
to train personnel in naval tacties at the Command 
team level, and covers seaborne, airborne and sub- 
marine units, 

The system comprises twenty cubicles, each of which 
can be programmed to represent any one of the three 
types of units. The whole operation is controlled from 
a monitoring room with special consoles for the instruc- 
tional staff and screen displays for spectators. "The 
parameters in the game are about one hundred "tracks" 
which may represent missiles, echoes, decoys or any 
other realistic device, and each cubicle is equipped 
with controls equivalent to those in either a plane, ship 
orsubmarine. Cubicles can detect each other according 
to their simulated roles—by radar or sonar, for 
example—taking into account such effects as jamming 
and earth curvature. The capabilities of each cubicle 
can be under either monitor or programme control, 
so that trainees feel under combat conditions. 

One of the ironies, of course, of producing a military 
system of this nature is that although it is clearly cut 
out to be of great export potential—most countries like 
to train their military personnel cheaply and effec- 
tively—it is likely to be subject to a variety of political 
embargoes. Although not in itself an offensive we apon, 
it can make the use of offensive weapons more effective. 
This argument has already prevented the company 
selling computational facilities for military purposes to 
South Africa. Orders for over £2 million have, however, 
been received for the ASTT from two NATO and two 
Commonwealth countries. It seems that the main 
demand will come from medium size navies. 

Ferranti also took the opportunity of exhibiting a 
new small computer—the FM1600 B. It was originally 
built for military uses, but its first sale was for air 
traffic control, and subsequent analyses have shown it 
to be suitable for several civil functions. Its small size 
is made possible by the use of microcircuits, and 
Ferranti claims that it is one quarter the size and has 
twice the computational power of the old F1600 model. 
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TELEVISION BROADCASTING 


Sound in Vision 


Tur BBC gave a trial showing last week of a new 
method of transmitting the sound track in television 
programmes which it has called “sound in vision" 
A stimulating and elegant account of the system was 
presented by Mr E. R. Rout, head of the Electronics 
Group of the BBC Engineering Department, who 
managed to embellish the theory with a series of 
colourful field trials. 

The theory underlying the new system is very 
straightforward. In present usage, sound and vision 
signals are dispatched separately by a network of 
GPO cable and radio links to the various transmitting 
stations in the United Kingdom. The sound in vision 
method, however, incorporates the sound signal into 
that of the pieture—a feature which is made possible 
by the fact that the vision is not transmitted as a 
continuous signal. The sound transmission in fact 
occupies the circuit for 3-8 us of the 4-7 us line syn- 


chronizing interval, the remainder being used for 
vision. (The wave form is shown in the acc ympanying 


photograph.) 





The mechanism of inserting the sound signals is by 
the use of pulse code modulation (PCM). Instead of 
inserting a continuous sound signal, the waveform 
is sampled at regular intervals and the resultants are 
coded into pulses and then added to the vision signal. 
A similar decoding process takes place at the receiving 
end, and a block diagram of the complete transmission 
system is shown. 

It is, of course, essential that neither the sound nor 
the vision should suffer by this economy, and the 
BBC last week set up a series of demonstrations to 
allow this to be verified. The difference in quality 
between sending a piece of piano music to Scotland 
and back to London on the one hand, and round the 
lecture room on the other, was undetectable to an 
average observer, and the BBC claimed that the signal 
would stand two long British reference links with a 
margin of 12 dB with no impairment. 

The present cost to the BBC of sound links for 
television is in the region of £75,000 a year, and although 
the eost of new equipment and its installation would 
initially outweigh the financial gain of introducing 
sound in vision, the BBC estimates that within three 
vears the overall account should be out of the red. 
There is also a chance that other broadcasting authori- 
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ties will be interested in the system; they will have the 
opportunity to test the product at a forthcoming 
meeting in Copenhagen. Particular interest is expected 
from those networks that have to buy Post Office 
time. A further benefit of introducing PCM in Britain 
is that the television manufacturers will no longer be 
able to use the poor quality of a sound track as an 
excuse for not improving the amplification system in 
television sets. 

There are some problems. Will video-tape recorders 
be able easily to accommodate sound in vision? Do 
the patent laws cover such a system ? BBC spokesmen 
are quick to stress that these questions have not yet 
been probed in any detail, but added that the sound in 
vision system would be commercially produced, and 
associated questions would be dealt with in this con- 
text. 

It seems that the BBC has gained a notable success 
in applying sound in vision to broadcasting, and 
although the board of governors has not yet taken a 
formal decision on its general use, snags are unlikely. 


PREHISTORY 


Leakey in Addis 


IN a ceremony on November 2 in Addis Ababa, Dr 
L. S. B. Leakey, of the Centre for Prehistory and 
Palaeontology in- Nairobi, was awarded the Haile 
Selassie I Gold Medal and Prize for African Research. 
Another recipient of this year’s prize was a Russian 
anthropologist, Professor Dmitri Alexeivich, who is 
noted for his work on African languages. Both receive 
an award of 40,000 Ethiopian dollars (about £6,500). 

Dr Leakey is, of course, well known for his part in the 
discoveries of fossils of early members of the human 
family in Olduvai Gorge in Tanzania and elsewhere in 
East Africa. Recently, Dr Leakey has been associated 
with an international research project for prehistory 
and anthropology in the Omo Valley in South-West 
Ethiopia. When in London last week on his way to 
Cornell University, Dr Leakey said that the second 
season of the project has been successfully completed 
this summer, and that some very important palaeoan- 
thropological discoveries had been made. Preliminary 
results are in preparation and are expected shortly. 

As in 1967, the international team of American, 
Ethiopian, French and Kenyan parties received assis- 
tance from the governments of Ethiopia and Kenya, 
and both the Emperor of Ethiopia, Haile Selassie I, and 
President Jomo Kenyatta of Kenya have been per- 
sonally interested in the expedition. Permission was 
given for teams to use Nairobi as their base of opera- 
tions, and to cross and recross the frontier of the north- 
west corner of Lake Rudolf without having to worry 
about customs, immigration or other formalities. This 
has made movements very much easier. 

Although it will take some time for all the discoveries 
in the Omo Valley to be identified, measured and so on, 
it does look as if Omo may take some of the limelight 
from Olduvai in the story of the prehistory of man. As 
Dr Leakey said in his speech of thanks to the Emperor 
at the prizegiving ceremony: “There is no doubt at all 
that Ethiopia shares with Kenya and Tanzania a major 
role in human evolution and must be regarded as having 
a very special contribution to make to the study of 
man's remote past". 
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by our Parliamentary Correspondent 
Fuel Policy 


Mr Roy Mason, the Minister of Power, resisted pres- — 


sure to publish the results of the fuel policy meeting 
recently arranged by his ministry at Sunningdale. | 
“The papers and proceedings of the conference are 
confidential", he said. Mr Erie Lubbock reminded the 
minister that his predecessor had been forced to reveal 
the results of last year's conference by the Select 
Committee on Science and Technology. All Mr Mason 
would say, however, was that the discussions had not 
resulted in any revision of the forecasts of the fuel 
poliey White Paper, though his ministry had promised 
to have another look at the trends in coal. (Oral 
answers, November 5.) 


Generating Capacity 

Mr Roy Mason told Mr Arthur Palmer that the 
Central Electricity Generating Board expects to have. 
an excess capacity this winter of about 20 per cent over 
maximum demand. As new plants came into commis- 
sion, old plants were being taken out of service. (Oral 
answer, November 5.) 


Select Committee 
THERE is one change in the personnel of the Select 
Committee on Science and Technology. 


outspoken members, is no longer a member, and Mr 


Ray Dobson, MP for Bristol North East, is in. The 


committee was re-appointed without argument on. 
November 5. It is expected to spend the next few 
months writing its report on defence research. 


University Teachers 

By the end of the year, university teachers should 
know whether their pay claim has been approved by 
the Prices and Incomes Board. Mrs Shirley Williams, 
announcing this, said that when the report was pub- 
lished she would make a statement. (Written answer, 
November 6.) 


Agriculture 

THERE was angry argument when the Select Committee 
on Agriculture was re-appointed for the new session. 
The motion re-appointing the committee states that 
it is to produce a report by December 31, 1968, after 
which it will presumably cease to exist. Mr John Farr, 
a member of the committee, was angry that it was 
being given no longer than six weeks in which to write 
its report. Why was it being cut off in the middle of a 
very painstaking study and survey into the activities 
of the Ministry of Agriculture? Mr Brian O'Malley 
(Lord Commissioner of the Treasury) said that the 
House had as many specialist committees as it could 
handle. There was a variety of subjects which it 
would be worthwhile to discuss in specialist commit- 
tees, but this would not be possible until changes could 
be made. He said that he was sure that the committee 
could finish its work by the end of the year. Dr John 
Dunwoody, another committee member, doubted that 
this would give sufficient time. He added that it had 
been a mistake to increase the number on the com- 
mittee from fourteen to twenty-five; this was too 
many, and made the committee unwieldy. (Novem- 
ber 7.) 





Mr Tam 
Dalyell, MP for West Lothian, and one of the most  . 
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Still Going Strong in Tennessee 


from our Special Correspondent, 


Tue Oak Ridge National Laboratory, 30 miles or 
so away from this the nearest airport, remains one of 
the few places where it is possible to recapture that 
magie air of the forties when nuclear energy was still 
new, and when it seemed prudent to everybody con- 
cerned with it that nuclear research stations should be 
tucked comfortably away in isolated places. In the 
event, even after nearly a quarter of a century, the 
research station seems to have affected the surrounding 
country only in comparatively unimportant ways 
Indeed, AICOA remains the dominant industry in this 
town, with the University of Tennessee a close second. 
The Oak Ridge National Laboratory occupies a few of 
the most southerly undulations of the Appalachians. 
Nearby are the uranium-235 production plants. 

The Oak Ridge National Laboratory has retained not 
just its isolation but much of the old daring of the post- 
war years. In other words, it differs markedly from 
many other laboratories. How has this come about ? 
One obvious, if incomplete, answer is that the laboratory 
has somehow managed to retain its interest in and 
responsibility for a good deal of the straightforward 
reactor development which was the bread and butter of 
nuclear research establishments until comparatively 
recently. Of the $100 million spent at the laboratory 
each vear, the laboratory collects $40 million from the 
AEC for reactor development, undertakes some $5 
million of reactor work on contract for other parts of the 
AEC, and also spends about $5 million on thermo- 
nuclear research of various kinds. This means that the 
core of the laboratory’s work is a programme of reactor 
development which is not outrageously different in 
scale from what has been done at Oak Ridge in the 
past twenty years, and which is still the largest item on 
the budget. People are perpetually reminded that the 
laboratory has à continuing purpose. 

The director of the laboratory, Dr Alvin Weinberg, 
is quite explicit about the need for further develop- 
ments in nuclear power. He says that “in my book, 
nuclear power hasn’t got anywhere until there is an 
economical breeder reactor”. Pride of place at Oak 
Ridge these days goes to a reactor experiment using 
molten salt loaded with enriched uranium as both fuel 
and coolant, and this could yet turn out to be the 
principle for making Dr Weinberg's dream come true. 
But this, he makes plain, is only a first target. Beyond 
that is the objective of using really cheap energy—less 
than 2 mills a kWh—to distil water, produce steel from 
iron ore by direct reduction with hydrogen and, i 
general, to use cheap energy as a raw material, not a 
kind of lubricant for industrial processes. But really 
cheap energy will entail that somebody should exploit 
the economies which large scale makes possible, which 
implies aggregates of nuclear reactors turning out 
20,000 MW or more. This pieture is openly acknow- 
ledged to be Wellsian, as is the view that “we are just 
not prepared to give up", but it accounts quite simply 
for the way in which the laboratory's programme 
hangs together and, at the same time, it gives those 








Knoxville, Tennessee, November 


who work there a coherent target at which to aim. 
Even if Dr Weinberg turns out to be wrong about the 
future, he is probably right in his way of giving the 
laboratory a sense of purpose. 

The molten salt reactor experiment is a relic of the 
attempt to provide a power plant for the now aban- 
doned B70 nuclear aircraft. The "salt" is a eutectic 
mixture of lithium, beryllium and zirconium fluorides 
(with the lithium enriched in lithium-7 to reduce 
neutron absorption). One virtue of the reactor experi- 


ment now running is that it is possible to carry heat 
away from the reactor simply by pumping the salt, 


laden with enriched uranium fluoride, through the 
channels built into the stack of graphite plates used as a 
moderator. For this thermal neutron system to func- 
tion as a breeder, it would be necessary to operate on 
the uranium-233/thorium cycle, which is why the 
system is now being tried out with a charge of uranium- 
233. In real life. a reactor core constructed along the 
lines of the four-foot barrel now in use would have to be 
surrounded by a separate system containing fertile 
molten salt (loaded with thorium). A working reactor 
would probably have a core some sixteen feet across 
and a power output of some hundreds of MW. One 
great advantage would be that chemical processing, 
like the removal of fission products, could be carried 
out continuously. A snag is that the conversion ratio of 
such a reactor would probably not exceed something 
like 1-05. 

Experience so far with the reactor seems to have 
made everybody concerned with it extremely cheerful. 
Corrosion seems to have been less serious than at first 
feared—nickel alloys have helped to give the plumbing 
immunity, while the graphite has surprised everybody 
by its stoutness. It has turned out to be possible to 
keep the salt free from contaminants with which it 
would react, chiefly by a liberal use of helium for purg- 
ing the system. Those concerned with the project 
seem anxious to get on with the design of a more 
realistic embodiment of this design in hardware, and 
are impatient at the prospect that money may be even 
harder to come by in the next fiscal vear. There have 
been so many previous disappointments in similar 
fields that optimism is prudently discounted, vet there 
are also occasions when optimism has been justified. 

The thermonuclear research programme is also 
moving forward steadily, although those concerned 
have distant goals in view. The centrepiece of the 
present programme is a machine for creating a magnetic 
well of the kind now familiar in several thermonuclear 
research laboratories, and which owes much to the 
initiative of the Russian physicist Ioffe. The principle 
is that the well is filled with plasma which is then 
heated by microwaves, when neutral atoms of deu- 
terium or tritium are injected by means of an external 
molecular beam gun. One of the novelties of the new 
machine being built is the use of superconducting 
coils for supporting the magnetic well. Experience in 
the past few years has shown that this arrangement 
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makes possible a comparatively efficient means of 


ionizing the neutral atoms fired at the target plasma 
and thus trapping them as well. Even so, it seems to 
be acknowledged as unlikely that, with the arrange- 
ment now being built, a density of deuterium or tritium 
nuclei greater than 10" particles a cubic centimetre 
will be attained. This will be at least a couple of orders 
of magnitude below the density at which thermo- 
nuclear reactions produce more energy than the hot 
plasma consumes. 

Like many other nuclear energy 
Oak Ridge National Laboratory is in 
desalination research. This is a natural accompaniment 
of the laboratory’s view that ways of using nuclear 
energy are a natural part of its brief. The desalination 
programme, however, is less concerned with hardware 
than with the ways in which machinery may be used. 


laboratories, the 


The underlying philosophy is that improvements of 


agricultural practice in conjunction with irrigation 
offer the greatest likelihood of a dramatic improvement 


Is a PhD Worth Having ? 


A DETAILED sociological definition of the American 
PhD has been compiled by the Office of Scientific 
Personnel of the National Research Council in Wash- 
ington, acting for the National Institutes of Health 
(Careers of PhDs—Academic versus Non-Academic, 
National Academy of Sciences, $6). The report succeeds 
an earlier document, published in 1965, and is based on 
a survey among 10,000 people awarded PhD degrees 
between 1935 and 1960. One of the chief objectives 
has been to understand the forces which distribute 
PhDs between academic and other jobs, but the 
statistics which have been collected also provide a 
description of the salary pattern in the scientific 


the thick of 


The laboratory has 


in the productivity of farmland 
embarked on a programme of study in the Middle East 
and in the Ganges plain. Plans are being made for th 
establishment of a number of experimental farms each 
with perhaps 500 acres, a small distillation plant (not 
necessarily run by nuclear power) and a plentiful supply 
of agronomists. 

Dr Weinberg is proud of the way in 
laboratory can quickly redeploy its interests in ways 
like this. He says that this is one of the great benefits 
of a multidisciplinary laboratory sustained by a hard 
core of enduring activity and with enough people to 
be flexible. In other words, he is trying to establish 
the view that redeployment is not a sudden reaction 
to adversity but, rather, a natural state of affairs for 
a good laboratory. Even though some of the projects 
which the laboratory has undertaken in the past few 
years—in the life sciences in particular—have not been 
outstandingly successful, this principle seems to have 
worked out well. 


which his 


professions. Those in Britain who have been con- 
cerned about the large proportions of those with PhD 
degrees seeking to work in academic life—the Swann 


Committee, for example—may be surprised to be 





reminded of the academic proclivities of American 
PhDs. 
The PhD graduates in the survey were chosen from 


the names of some 250,000 graduates on the lists of the 
Office of Scientific Personnel of the National Research 
Council. For the purposes of the survey, six groups of 
PhDs graduating in 1935, 40, 45, 50, 55 and 60 were 
sent questionnaires, and the replies were suitably 
weighted to account for failures to respond. For the 
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group as a whole, the survey estimates that about half 
(4,908) had always been employed in academic work, 
and that a quarter (2,347) had always found work 
elsewhere. The amount of transfer between academic 
work and other forms of employment is small—about 
15 per cent of the sample (1,556) moved from academie 
life into the outside world while a smaller proportion 
(13 per cent) moved in the other direction. The table 
Shows how these proportions vary from one field to 
another. 

Physical scientists seem to leave academic life more 
readily than others, no doubt because of the competing 
claims of other occupations. In the past thirty years 
in the United States the proportion of PhD graduates 
staying on in academic life has been consistently less 
than a half in the physical sciences (between 41 per 
cent and 46 per cent) compared with a fraction of 
roughly two-thirds of biological scientists staying on 
in university life. Among the biologists, roughly 60 
per cent of all PhDs seem still to be working at univer- 
sities 20 years after graduation, compared with a 
proportion of the physical scientists which is roughly 
one-third. No doubt the explanation of these dif. 
ferences is to be sought in the way in which post- 
graduate teaching in the physical sciences became, in 
the thirties and forties, a necessary continuation of 
undergraduate work and not simply a training for an 
academic job, which suggests that the balance may be 
redressed 20 years or so from now. It is entirely 
consistent with this observation that physical scientists 
should seem to be the more ready (or able) to move 
into and out of academic life, although there is nothing 
in the figures to relate the different samples to each 
other quantitatively—indeed, the survey confesses that 
it has been addressed to unduly large numbers of people 
working in the biological sciences. 


Humani- 
Bio- Social Phvsical ties, arts, 
Group sciences sciences sciences profes- Total 
sions 
Always academic 1,940 1,189 749 1,030 4,908 
Always non- 
academic 892 349 871 235 2,347 
Non-academic 
to academic 465 338 305 203 1,31] 
Academie to 
non-academic 659 303 354 129 1,445 


In an attempt to discover what tempts PhD grad- 
uates into particular jobs, the survey has set out to 
compile statistics about various aspects of the career 
structure of professional scientists which have a gossip 
value of their own. According to the report, roughly 
half of those graduating with PhDs in the years up to 
1955 were likely to have won full professorships for 
themselves within 10 years. Promotions have been 
more rapid among the groups graduating more recently. 
Nobody will be quite certain what to make of the fact 
that 90 per cent of those with PhDs obtained in 1935 
had become full professors by 1960—patience brings 
its own rewards. All but 3 per cent of those with 
PhDs in the physical sciences in 1935 and electing for 
the academic life had become full professors by 1960. 

Salaries appear to vary very little, although such 
differences as there are between the various groups 
will do much to confirm popular prejudices of various 
kinds. 
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Thus it appears that salaries (for non-academies and 
the rest) were slightly greater for non-scientist PhDs 
than for scientists in the years before the war (by 
roughly $300 in $2,500), but that the balance was 
shifted in the other direction, with physical scientists 
well in the lead, by 1945. One striking feature of the 
salary statistics is that there seems to be very little 
variation in the pay of PhDs of different ages after 
they have been at work for 15 years or more. Thus 
by 1963 the group graduating in 1950 had an average 
salary of $14,136—only a little less than the average 
salary of $14,906 then being paid to those graduating 
in 1935. The moral seems to be that “you can’t get 
far ahead after forty”. 

The statistics which have been collected support 
the view that academic salaries in the sciences are 
usually less than those paid by employers other than 
universities. Thus in the physical sciences, academic 
salaries seem to start at something like 10 per cent 
less than salaries elsewhere; but in the social sciences 
there is a tendency towards parity. For all kinds of 
groups, the middle years are those in which academic 
salaries are the smallest proportion—sometimes as 
little as two-thirds—of those which can be earned 
elsewhere. In compensation, the sunset years bring 
comparative prosperity to academies (or penury to 
their contemporaries elsewhere). 

Changing jobs can often be a great monetary advant- 
age. By switching from academic to non-academic 
work, American PhDs enjoy a median increase in 
annual salary of 14:3 per cent, compared with only 
6-7 per cent for those switching in the opposite direc- 
tion. These figures contrast with the situation in the 
United Kingdom where physicists and chemists after 
the age of 30 are paid less in industry than are their 
counterparts in the academic world (Nature, 220, 211; 
1968). The general tendency seems to be that 
academics have spent progressively less time teaching 
in recent years, and slightly more time doing research. 
Nevertheless, PhDs switch from academic to other 
work in order to be able to concentrate on research. 
Thus it was found that people who started out in 
academic jobs and later switched to other work were 
spending more time on research than were those who 
remained in an academic environment. Similarly, 
those who started out in non-academic jobs were doing 
more teaching before they switched to academic 
work than is typical in the non-academic cate- 
gory; by switching they gained from 12 to 50 
per cent more teaching time. The report concludes 
that the wish to teach or not to teach is a factor, at 
least partly independent of salary, that affects career 
decisions. 

Although not directly correlated with career deci- 
sions, several other facts come to light. For example, 
those individuals who receive their support for graduate 
education from institutions are most likely to stay in 
an academic environment, and this is particularly 
evident in the field of humanities, arts and professions. 
Academics work a slightly longer week than non- 
academics, and individuals who change their employer 
are two or three times more likely to change their field 
of work. Instructorships are becoming more scarce 
at the bottom of the academic ladder, particularly in 
the physical sciences, and half of the PhDs are now 
reaching full professorships 10 to 12 years after their 
doctorate. 
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PATHOLOGY OF THE LUNG 

. (Excluding Pulmonary Tuberculosis) —Second Edition 

H. S. SPENCER, University of London B 

o. .8n enormous amount of painstaking work by the author, to whom pathologists, chest physicians . S. 
“cand surgeons will be greatly indebted.” Proceedings of the Royal Society of Medicine 

~ Since publication of this now established book, there have been advances in new techniques for examine T 
"ing lung structure and improved laboratory tests for assessing pulmonary function. This considerably. 

-expanded and updated second edition is intended as a further source of information. The text includes 

description of several new diseases, the action of new drugs, and electron micrographs. 


1120 pages £15 $38.00 


BLEACHING EARTHS 

K. HASNUDDIN SIDDIQUI, Regional Research Laboratory, Hyderabad, India : 

“The first book to review all known information on the occurrence, properties and action of fullers earths 
and bentonitic clays. Contents include: Classification and mineral composition of bleaching earths 

: mcus and absorption property of clays—Activation of bleaching earths—Distribution of bleaching 

earths. 


98 pages 42s. $5.50 
POLYTECHNICAL DICTIONARY 


Volume 1—English-German Volume 2—German-English 

Edited by RUDOLF WALTER with the co-operation of MARTIN STRAUSS 
Featuring some 100,000 terms and words this remarkable comprehensive dictionary bridges the gap 
between the general, non-technical and specialized subject dictionaries. invaluable for translation pur- i 4 
poses it contains material edited in accordance with proven principles and in a manner which ensures B 
high degree of accuracy in the definition of the concepts that the terms symbolize. 
1256 pages Volume 1 £10 $25.00 Volume 2 £10 $25.00 


PROGRESS IN OCEANOGRAPHY—Volume 5 
MARY SEARS, Woods Hole Oceanographic Institution, Mass. 
Contents include: ELIZABETH SCHROEDER and HENRY STOMMEL: How representative is the 
series of Panulirus stations of monthly mean conditions off Bermuda? A. DE MAIO and M. MOR 
On a statistical index of ocean variability; TOR KVINGE: Moored Oceanographic buoys. Reliabil j 
-= Representativity and Application; J. M. COLEBROOK: Variability in the Plankton: J. H. FRASER 
- Variability in the Oceanic content of plankton in the Scottish Area; S. G. SEGERSTRALE: Biological 
. > Fluetuations in the Baltic Sea. 
(7 202 pages 84s. $11.00 E 
D 9 
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Editor-in-Chief ALAN A. JOHNSON, Brooklyn, USA 
This is a new journal publishing original research and development work in the new and exciting field 
of exploring and making effective use of the oceans. The principal emphasis is on the design, construction 
and operation of submersible vehicles and laboratories, but work on the properties and fabrication of 
materials, the stress analysis and hydrodynamic properties of shells, underwater instrumentation, and 
power and propulsion systems is also included. 
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Simple 

high dispersion 
electron 
diffraction 
with 

the EM 300 





For the study of the regular struc- 
tures seen in all electron microscope 
specimens, high dispersion electron 
diffraction techniques have 
attracted considerable interest. 
Studies of the regularity of stress 

on plastic film and the structure of 
magnetic domains in thin magnetic 
foils have already been carried out. 
Regular biological structures such 
as muscle structure, myelin structure 
and regular sized particles, e.g., 
plastic latex, can also be examined 
with this method. 

Several techniques have been 
developed to obtain high dispersion 
diffraction patterns with the 
electron microscope 

The latest was devised by 

Dr. R. H. Wade of C.E.N. Grenoble, 


for use with magnetic materials. 
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When tested in the Philips Appli- 
cation Laboratory, it proved to be 
extremely simple and yielded good 
results. 


A Scientific and Analytical Equip- 
ment Bulletin is available which 
describes this new technique and 
gives a summary of another techni- 
que developed by Bassett and 
Keller when studying polymer films. 
Philips EM 300 Electron 
Microscope has an international 
reputation as an advanced high 
resolution instrument. In standard 
form it has a guaranteed point 
resolution of 5 A and combines 
ease of operation with unprece- 
dented versatility. 

Please ask for our descriptive 
brochure. 





Fig. 2 Diffraction pattern of a shadowed 
carbon replica of a single grating as in fig. 1. 
Spacing of the grating lines 0.88 x. Camera 
length on film appr. 47 meters, on screen 
appr. 94 meters. 


Fig.1 Diffraction pattern of a shadowed carbon replica of a crossed optical grating as used 
for electron microscope magnification calibration. Spacing of the grating lines 0.45 u. 
Picture taken on 35 mm film (EM 200). Camera length on film appr. 75 meters. Corres- 
ponding camera length on main viewing screen appr. 150 meters. 


N.V. Philips' Gloeilampenfabrieken 
Scientific and Analytical 
Equipment Department 

Eindhoven, The Netherlands 


PHILIPS 
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WATER CONSERVATION 


Plastic Conis on Plants 


from our Botany Correspondent 


THE idea of spraying leaves with plastic films to reduce 
water loss from plants, which scientists at the Univer- 
sity of California at Davis have recently tried out with 
success, isnot new. Early reports of the use of plastics 
appeared in 1961, but in 1937 nurserymen were using 
waxes in an attempt to prevent wilting during trans- 
plantation. The idea of reducing transpiration has been 
followed up. most thoroughly in countries such as the 
United States, Israel and Australia, where the need to 
limit irrigation is a high priority. British botanists have 
not ignored the possibility of using plastic coatings for 
this purpose, although none of them seems to be work- 
ing specifically on this problem now. 

At Davis, Drs D. C. Davenport, R. M. Hagan and 
P. E. Martin have reduced water loss by 30 per cent 
after spraying film-forming plastic on the leaves of the 
oleander. This plant is naturally equipped with features 
which help to reduce transpiration—sunken somata on 
the underside of the leaves and a covering of hairs. If 
the reduction of 30 per cent obtained with plastic 
sprays in the greenhouse can be repeated at the side of 
the Californian freeways, there is expected to be a con- 
siderable saving in the costs of irrigation. 

Work on the reduction of transpiration—long recog- 
nized as important—is now concentrated on two lines 
of attack. The first is to give plants a waterproof jacket 
by spraying with plastics: the second is to use chemi- 
cals, such as phenyl mercuric acetate, to induce the 


CANADIAN. POLICY 


Dividing to Rule 


Tur Canadian Government has made a small but 
significant change in the organizations responsible for 
providing scientific advice. There are two of them— 
the Seience Council, under the chairmanship of Dr 
O. M. Solandt, which is a broad policy-making body, 
and the Science Secretariat, directed by Dr J. R. Weir, 
which forms part of the Privy Council Office. Until 
now, the council has had to rely on the secretariat for 
supporting services such as the collection of informa- 
tion, but at the same time the secretariat has been 
giving direct advice to the Government. This arrange- 
ment has tended to blur the distinction between the 
two bodies, as well as calling into question the indepen- 
dence of the Science Council. The dangers of the 
arrangement were probably more apparent than real, 
but it has nevertheless come under criticism from 
members of the influential Senate Science Policy 
Committee. 

M. Pierre Trudeau has now achieved a Solomon-like 
solution by dividing the secretariat into two. The 
part responsible for supporting the Science Council will 
now be attached directly to the council, although for 


stomata to close. One of the difficulties of using either 
of these types of anti-transpiration agent is that they 
need to be replaced fairly regularly as the leav 
enlarge. Both methods have been tried in California 

and Israel, where the climate makes the problem of 
irrigation considerable, and where a reduction of 30 per 

cent in water loss no doubt represents good progress. In 

Britain, however, where there are also problems of 
irrigation, it seems to be the general impression. that 

greater reductions would have to be achieved before 

such methods would be worthwhile. The most likely use 
for the plastic sprays seems to be short term, and it is 

already standard practice in Britain to use water- 
soluble plasties to check transpiration for a few days 
while shrubs and trees are being transplanted. 

The obvious disadvantage of reducing transpiration 
is that the entry of carbon dioxide necessary for photo- 
synthesis would seem to be restricted. This may not 
be the problem it seems, for some plastic films will let 
through carbon dioxide but not water, and using a 
specific chemical it is possible to reduce transpiration 
more than photosynthesis until the stomata are very 
nearly closed. The team at Davis has suggested that 
plastics sprays, when they have passed the experi- 
mental stage, could be used to help protect plants from 
air pollutants or even from the entry of infectio 
organisms. Plastic coated plants, unnatural as they 
may seem, could be here to stay. 


















administrative convenience it will for the time being 
continue to work in the Privy Council office. The 
staff responsible exclusively to the Science Council 
will come under the direction of Dr P. D. MeTaggart- 
Cowan, who becomes executive-director of the Seienee 
Council. 

This is a solution which has been suggested before 
(see Nature, 220, 218; 1968), and its adoption now may 
do something to take the wind from the sails of the 
Senate Science Policy Committee, which is back at work 
in Ottawa and asking awkward questions. Both Dr 
Solandt and Dr Roger Gaudry, vice-chairman of the 
council, believe that the change will give the council 
“greater flexibility in tackling major problems”, and 
help it to achieve "free and open discussion of all its 
work with the scientific community and the publie at 
large". The effect of the change is likely to be to 
strengthen the council at the expense of the seere- 
tariat, although the secretariat retains most of its most 
senior staff. But in future it may tend to work more in 
the background, using its influence with government in 
a less public way than before. 
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ESRO's Public Reputation 


Tms week Nature has been talking to several scientists 
who, one way or another, have been involved in the 
affairs of the European Space Research Organization, 
and a broad picture has emerged of attitudes to the 
organization and to international cooperation in space 
research in general. Given that the Science Research 
Council spent £4-5 million on ESRO in 1967-68, which 
amounts to some 12 per cent of the funds which are 
the chief source of finance for basic research in Britain, 
scientists in other disciplines are likely to take a poor 
view of the debacles which have been a feature of 
European space projects almost since the idea of co- 
operation was first mooted at the beginning of the 
decade. Astronomers, for example, stand to gain as 
much from rocket and satellite experiments as scientists 
involved in studies of the near-Earth environment 
have done already, yet there is a lurking fear that 
whatever gains European space scientists have had out 
of ESRO have been at the cost of less support for 
astronomy. 

No one complained about the quality of the technical 
work carried out by ESRO. Rather the organization's 
faults are seen to have their origin in political and 
economie problems. One scientist pointed out that 
when the foundations of ESRO were laid in 1960, there 
was hardly any indigenous space research in Europe, 
only in France and the United Kingdom. European 
states joining the organization did so not so much to 
do scientific research but for other reasons—prestige, 
the politics of European collaboration, the contracts 
.. which might be obtained, the spin-off from space 
:^research. ESRO is much healthier now than it was 
then because these views are out in the open, and in 
fact. some of the conflicts have been reconciled by 
moves towards the applications of space research. 

Such a change of direction is hardly likely to resolve 
ESRO’s problems, however much it might please 
Italy and Belgium. For one thing, there is no obvious 
launcher for the type of communication satellite which 
would be a worthwhile investment and an obvious 
application of space technology. And the United 
Kingdom would have to be certain of a worthwhile 
return from any proposed application of the expertise 
in space techniques built up in Europe. 

A combination of scientific research and techno- 
logical applications would also please Professor H. 
Elliot of Imperial College, London, who has experi- 
ments on the satellite ESRO 2 now orbiting, and is 
heavily committed to the HEOS satellite project. This 
means using rocket and satellite experiments to train 
scientists who will eventually move into the applica- 
tions of space technology. 

Comparison is inevitable between ESRO and the 
European organization devoted to nuclear physics 
(CERN). Despite recent setbacks arising from the 
British refusal to help build a 300 GeV accelerator and 
the withdrawal of Spain from the organization at the 
end of this year because of foreign exchange problems, 
CERN is widely considered an example of successful 
European cooperation. The essential difference between 
CERN and ESRO, in Professor Elliot's view, is that 
the nations in CERN started out with the avowed 
intention of building the 300 GeV proton synchrotron, 
whereas ESRO only had a nebulous idea of doing some 
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space research. ESRO was right, all the same, to 
tackle ambitious projects; otherwise there would have 
been little incentive to join the organization. Professor 
Elliot supposed that perhaps ESRO should have agreed 
at the start what its aim was—to build and launch the 
large astronomical satellite, for example. On the other 
hand, Professor T. Kaiser of the University of Sheffield 
pointed out that any group with a legitimate claim is 
eventually able to use the accelerator at Geneva, but 
only a very limited number of states can participate 
with experiments in a satellite which represent a major 
investment for ESRO. 

How do scientists fare in day-to-day dealings with 
ESRO ? Professor F. G. Smith of the Nuffield Radio 
Astronomy Laboratories has a dismal story to tell 
which began four years ago with a proposal submitted 
to ESRO for a radio astronomy experiment. Apart 
from some diffieulty in deciding which of ESRO's ad 
hoc groups should examine the proposal (ESRO has 
no group unambiguously devoted to radio astronomy), 
Professor Smith heard nothing more of his proposal, 
and no one can be surprised if he now finds ground- 
based radio astronomy a sufficiently challenging 
field. At Leicester University, Dr K. A. Pounds 
talked of the frustrations experimenters have to 
endure because of the difficulties in which ESRO is 
enmeshed. The X-ray astronomy group at Leicester, 
for example, has built a major experiment which was 
to have flown in the TD 2 satellite cancelled earlier 
this year. Since then, ESRO has made a number of 
attempts to rescue the satellite, each of which has had 
to be examined in detail by the Leicester group, 
already committed to a heavy programme. Earlier this 
week, however, the outlook for TD 2 was less gloomy, 
and the hope is that the work put in by experimenters 
such as the Leicester group is not in vain. 

Most of the space scientists Nature contacted recog- 
nized that British scientists are not getting a fair 
return from ESRO. It seems true to say that the 
Science Research Council's investment in the organiza- 
tion is enough to double the British rocket research 
programme, with the bonus of a small satellite launched 
every two or three years. "That is, of course, if the 
ESRO subseription were to go entirely on the national 
programme, admittedly an unlikely prospect if Britain 
were to withdraw from the organization. 

Some say that cooperation with NASA is far easier 
than with ESRO, with virtually no risk that wholesale 
cancellation will be the outcome of years of develop- 
ment work. But nobody believes that inereased co- 
operation with NASA is an answer to their problems. 
For one thing. the feeling is that Britain, with its aim 
of closer ties with Europe, can hardly opt out of ESRO 
after rocking CERN's boat and delivering what may 
well turn out to be the coup de gráce to ELDO. Another 
fear is that mounting pressure on the American science 
budget means that NASA will not be so inclined to 
launch satellites for Britain as it has been in the past. 
This message may have been brought to London this 
week by NASA representatives dealing with forth- 
coming Ariel satellites. It seems clear enough that 
British scientists' interests are best served by inter- 
national cooperation involving some kind of revamped 
ESRO. 
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Bringing Back the Brains 
Wren the North American Joint Selection Board 
started recruiting in the United States and Canada ten 
years ago, it was well ahead of the fashion. Since then, 
the board has brought back more than 500 British 
scientists, the most effective effort to reverse the brain 
drain yet made, despite the arrival of other agencies 
in the field. The cost of the operation—about £500 
per man reeruited—is little more than it costs to 
recruit inside Britain. 

The chairman of the board, Mr H. S. Hoff, is an 
unexpected man to find in charge. Some of the scientists 
he has recruited have been surprised to be interviewed 
by a novelist (better known as William Cooper); 
others have been irritated at being interviewed at all. 
The Ministry of Technology's efforts to publicize 
the.brain drain have created the impression that 
British scientists abroad have only to ask in order to 
be weleomed back; in fact, the number of jobs avail- 
able is always likely to limit the process. 

The board is responsible for recruiting for the 
Scientific Civil Service, the Atomie Energy Authority 
and the Central Electricity Generating Board. This is 
done by a combination of advertisements (in such 
publications as Nature, the Guardian Weekly and the 
Observer) and letters from the chairman, followed up 
by a series of personal interviews. These are intensive 
and demanding, carried out by a board of four or five 
chaired by Mr Hoff, and scientists with several publica- 
tions to their credit sometimes find them rather an 

affront to their dignity. But the board is looking for 
- the sort of people who can generate ideas, who are more 
-. than mere technicians with a facility for doing experi- 
ments. The board recruits at the level of scientific 
officer, senior scientific officer and sometimes recom- 
mends appointments as research fellows. The board's 
reports, ruthlessly honest documents which assess 
eandidates on an alpha, beta, gamma scale, are sent 
to possible research establishments with the other 
doeumentation—enquiry form, list of publications, 
and professional references. For a recommendation 
as scientific officer or senior scientific officer, the 
candidate must score beta plus ; for a research fellow- 
ship, alpha. 

Over the years, the board has gathered a certain 
amount of folklore around it. One of the rumours 
in North America is that the board turns down 90 
per cent of those who apply—quite untrue, as last 
year 58 per cent were approved for the scientific 
officer or research fellowship classes. Something like 
one third of the total number recommended actually 
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accepted appointments in Britain. Although the. 
numbers are small, they make up a major part of the . 
annual recruitment in these classes for all three partici. | 
pants in the scheme. Unsuccessful candidates or . 
those who are successful in the interviews but cannot. 
be fitted into any of the establishments can, if they | 
wish, have their application form (but not the confiden- 
tial report) sent to Management Selection Ltd, which 
is employed by the Ministry of Technology to bring 
back scientists to Britain. 

Such evidence as there is suggests that people 
recruited by the board tend to stay in Britain once 
they get back. A survey of research fellows appointed 
at Harwell showed that the turnover of those recruited 
in the United States was lower than those recruited . 
locally. Mr Hoff is not surprised by this—people who . 
go to the trouble of getting in touch with the board 
are probably serious in their intentions. Naturally, 
the odd one or two who do decide to go back to the 
US get very much more publicity than the hundreds 
who decide to stay. 

The numbers wanting to come back have been grow- 
ing during the past few years. In 1966, 188 presented 
themselves for interview; last year it was 215, this 
year 249. Mr Hoff is wary of generalizing from this; 
it might simply be a reflexion of the rate at which | 
traffic in the other direction has been growing. Candi- 
dates themselves usually say that there is “no single. 
reason" for their wanting to come back. "It's 
of intangibles.” In any case, as Mr Hoff points o 
scientists trained to be analytical "are not given 
analysing their own motives". But there is evidence - 
that political developments in the United States have 
begun to worry some immigrant scientists. “They're 
dismayed by the general climate", Mr Hoff says. . 
The Vietnam war and violence in the streets have now 
been added to the standard clichés about materialism, 
the absence of eulture and the pressure to publish. 
Domestic reasons like aged parents or children's — 
education still count for a lot, of course. Britain's 
economie problems do not seem to put people off. 

The operation, of course, is on a very small seale 
compared with the problem. In 1966, when the Hoff 
mission brought back about 50 people, nearly 2,000 
scientists emigrated (though the quality of the return- =. 
ing group was higher). The chances are that the work 
of the board could not easily be extended and its results 
made available to industry—this would mean, Mr 
Hoff believes, that the mission would lose “the personal 
touch" on which it prides itself. 



























Slower Pace of Growth in France 


from our Paris Correspondent 


Paris, November 

THE new Research Minister, M. Robert Galley, is to 
outline his poliey and defend his budget before the 
House of Deputies on November 18. Nobody expects 


fiery exchanges of oratory. Out of 500 deputies, onlv 
15 or 20 at the most are usually present during this 
kind of debate. A few opposition members will each 
year offer some criticism, but their lack of knowledge 
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of the subject is usually such that the Government is 
never seriously embarrassed. Of course, a few members 
of parliament have tried, with greater or lesser con- 
vietion, to specialize in scientific policy. But the 
interest of the electorate in these matters remains, it 
seems, too unimportant to stimulate any real applica- 
tion on the part of the politicians. Moreover, there is 
no special commission in the House. (The Constitu- 
tion restricts the number of commissions to six, so 
that scientific matters are the province of the “Com- 
mission for cultural, domestic and social affairs’’.) 

Research and development in France does, however, 
deserve close scrutiny. M. Robert Galley has, admit- 
tedly, inherited some tricky problems. In nuclear 
energy, for example, the stubbornness of his predeces- 
sors, under the influence of powerful lobbies, has so far 
channelled French resources into a "national union" of 
graphite-plus-gas despite pressing economic pointers 
to the contrary. The new minister, who for some time 
belonged to the French Atomie Energy Commission 
and supervised the construction of the isotopic separa- 
tion plant at Pierrelatte, says he has decided to adopt 
a more realistic attitude and to work out a radical 
change of policy which will involve building water 
moderated plants under American licence and studying 
heavy water plants on the Canadian pattern. Thus the 
plan for a European isotope separation factory will 
effectively be re-launched. The French Government, 
one suspects, has no intention of being at the whim 
of the United States for the provision of enriched 
uranium, and the Pierrelatte complex could not, even 
if enlarged, assure sufficient production. 

Another project of considerable importance is the 
manufacture of colour television tubes. The delivery 
dates promised to the Russians when they decided to 
adopt the French SECAM process were, unwisely, a 
little optimistic, and for some time there had been 
expected a Russian delegation to Paris to demand 
explanations. When the emissaries came, however, 
the French were allowed a brief respite. The Russians 
received an assurance that the technical problems had 
been at last resolved and that manufacture would be 
put in hand. But it is said that things are not going as 
smoothly as they might and the Government is imposing 
stringent: financial conditions on the operation. No 
doubt we shall be seeing other, less patient, Soviet 
delegations in Paris. 

Apart from its technical quality, SECAM is com- 
mercially a disappointment. But is the Opposition 
sufficiently well informed on this complex matter to be 
able rigorously to criticize the Government’s conduct 
over the past few years ? Probably not. On the other 
hand, it is probable that the Plan Calcul, the execution 
of which M. Galley had supervised for two years until 
his appointment, will be the target for lively discussion. 
Since the opening of Parliament, many newspapers have 
severely criticized it. C21, the company formed 
specifically to be the driving force for the French 
computer industry, has not yet had time to prove 
itself and it would be unfair to judge it on its first 
meagre results. Even now, however, there is cause for 
alarm over the variety of machines the company is 
planning. These ambitious projects bear little relation 
to the resources available. Only cooperation on a 
European scale would have allowed the battle to be 
fought on more or less all fronts against the might of 
the American computer industry. Whatever happens, 
many equipment users (including public services) quite 
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openly prefer foreign products whose viability and 
delivery dates have already been tried and tested. 

As for the "Software Plan" which, even if it is not 
officially stated, completes the Plan Calcul, there is 
here a thorny problem of monopoly. The beneficiaries 
will probably be SEMA (the Researeh and Applied 
Mathematies Company), a firm whose power and 
influence are worrying the champions of free competi- 
tion as well as those who support nationalization of 
key sectors. 

The plans of CNEXO (the National Centre for 
Exploitation of Oceans) have recently been published. 
M. Galley considers them particularly important and 
intends to provide this organization, which coordinates 
French oceanographical work, with some 100 million 
francs in five years. This will give considerable stimu- 
lus to a field of research which in the past has often 
been badly coordinated and inadequately supported 
financially. It is, however, military preoccupations 
which largely explain this unexpected generosity, 
and the support given to research workers will be 
unequally shared out according to whether or not 
their work is related to the French Navy’s needs or 
according to certain economic requirements which, 
rightly or wrongly, have been adjudged to have 
priority (such as the use of protein derivatives for food- 
stuffs and the like). This policy of utilitarianism, 
while certainly based on solid arguments, sacrifices 
long-term progress for the short term and, moreover, 
looks like being applied in such a way as to provoke 
lively reactions in scientific circles. The minister 
hardly makes a secret of the fact that he has no 
particular fondness for fundamental research and he is 
determined to "get it into line". It is doubtless a 
good thing to instil a sense of practicality into certain 
French universities, but there is also a danger of throw- 
ing the baby away with the bath water. | 

A little diplomacy would be all the more desirable 
since, in many sections, the 1969 budget will be one of 
austerity, and those affected by it will by no means 
receive it with open arms. The steady rise of research 
development expenditure in recent years will clearly 
be slowed down. For example, the availability of new 
jobs will be eut by half (1.068 new posts as opposed to 
2,061 in 1968). This cut-back is even greater for 
research posts in the strict sense of the word, of 
which there are 175 in 1969 against 773 in 1968. This 
touch on the economie brake is a consequence of the 
events in May, which would have been diffieult to 
avoid. The general increases in wages and the priority 
given to expenditure in the teaching world involved 
some cuts from which even the armed services are not 
exempt. Thus it is more a matter of how reduced 
budgetary allowances are shared out than the fact 
that these reductions exist which is creating contro- 
versy among research workers. The latter are well 
placed to contend that they are not only championing 
their own narrow professional interests. Effectively 
it is French research and development poliey itself 
which is under fire as a result of current events. One 
can already foresee that the level of return on invest- 
ment of the Fifth Plan wil, at the end of 1969, be 
15 per cent below the forecast (calculated with the frane 
as eonstant) Now, the protagonists of research and 
development will not hesitate to point out, armed with 
statistics, that the plan did not aim to break any 
records but only to affirm the place of research and 
development in the eyes of France as a whole. 
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NEWS AND VIEWS 


RADIO ASTRONOMY 


Soviet Decametric Data 


Rapiro astronomers shun the decametric band chiefly 
because of the appalling effects of the ionosphere at 
these wavelengths in reflecting signals from distant radio 
stations into the telescope. An account of pioneering 
work at deeametrie wavelengths by Russian radio 
astronomers, sent to the Royal Astronomical Society, 
is therefore particularly noteworthy, the more so 
because the results described by the Russian astrono- 
mers seem quite remarkable. The Russians have been 
looking at radio sources at frequencies between 12 and 
25 MHz, and have discovered that at these frequencies 
the intensities of three of the sources they investigated 


vary by as much as 50 per cent during a matter of 


months. Besides this result, the Russians have made 
an important contribution by measuring the fluxes from 
eighty sources at five decametrie wavelengths. The only 
comparable work in this field has come from Clark 
Lake, Maryland, and from Penticton, British Columbia. 

The secret of the Russians’ success is a new 
radio telescope near Kharkov, coupled with careful 
detection techniques to avoid ionospheric effects. 
The telescope is made up of 208 massive, broadly 
tuned dipoles arranged in two arms, each 600 m long, 
in the shape of a T. The beam is formed by the 
technique used in the Mills cross—comparison of the 
signals from the two arms with a correlation detector— 
but the Kharkov instrument has the very valuable 
asset that the beam can be swung across the sky to 
follow radio sources for as long as 1 h. Although 
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the telescope has no reflecting sereen on the ground, 
the Russians claim they can calibrate the gain of the 
assembly to within 13 per cent from a study of the 
reflectivity of the ground under various conditions, 
and that measurements can be repeated to within 5 or 
10 per cent. After taking this care to eliminate iono- 
spheric influences, the authors of the research, S. Ya. 
Braude, O. M. Lebedeva, A. V. Megn, B. P. Ryaboy 
and I. N. Zhouck, believe the effects they have detected 
are real. 

Three sources show variations: 3C 84, which prob- 
ably corresponds to a Seyfert galaxy; 3€ 144 (the 
Crab nebula), and 3C 461 (Cassiopeia A). Presenting 
the Russian paper to the Royal Astronomical Society 
last week, in the absence of the authors, Professor F. G. 
Smith remarked that the significance of the 50 per 
cent variations now reported can be gauged by com- 
parison with the well-known variable quasar 3C 273, 
which changes by less than 5 per cent at decametrie 
wavelengths. 

Routine work at Kharkov of 
decametrie fluxes for a large number of radio sources, 
and has also produced surprises. The question is 
whether at decametrie wavelengths the flux is an 
extrapolation of higher frequency measurements corre- 
sponding to synchrotron radiation, or whether there 
is a drop in decametric flux representing self-absorption 
in sources of small angular diameters. No clear 
trend could be found for several sources, but of the 
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The Kharkov radio telescope. 
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80 measured about half followed the synchrotron law, 
six per cent showed the expected fall-off, but as many 
as 30 per cent had a flux increase at decametric wave- 
lengths. So far there is little explanation of this odd 
result, but one possibility is that the angular diameters 
of these sources at longer wavelengths are much larger 
than at short wavelengths. 


FRESHWATER BIOLOGY 


When Algae are a Nuisance 


from our Botany Correspondent 


‘THe unwelcome blooms of algae, which are becoming 
more prevalent on the surface of fresh water as human 
interference increases, were the subject of the Leeuwen- 
hoek Lecture, delivered by Professor G. E. Fogg at the 
Royal Society on November 7. Talking about “The 
Physiology of an Algal Nuisance”, he suggested how 
certain blue-green algae might become abundant 
enough to form the thick green coverings on lakes that 
have been on record in Britain since 1188. 

Blooms are formed by a single species, or by mixtures 
of blue-green algae, including species of Anabaena, 
Microcystis and Gleotrichia. Some of these algae fix 
nitrogen in heterocysts—special cells with thicker walls 
and more uniform contents than the ordinary vegeta- 
tive cells, But nitrogen fixation cannot be the principal 
reason for the abundance of the algae that form blooms, 
because they do not all possess heterocysts. 

Another characteristic of these algae is that they 
are usually abundant in water with a high content of 
organie matter. It seems possible that these blue-green 
algae could assimilate organie matter in the same way 
that the green algae Chlorella and Chlamydomonas have 
been shown to use light energy to build up into cell 
material an already reduced source of carbon—as 
opposed to carbon dioxide which is the starting mater- 
ial for photosynthesis. The algae could make more 
efficient use of the available light for photoassimilation 

` than for photosynthesis, and so would be able to thrive 
at a lower level in the water, where light intensity is 
less than at the top but where mineral nutrients are 
more abundant. 

Most planktonic algae depend on the turbulence of 
the water and their small size to prevent them settling 
on the bottom, and there is very little turbulence in 
intermediate levels. But many planktonic blue-green 
algae have gas vacuoles in the protoplasm, which could 
be significant by regulating buoyancy. These vacuoles, 
previously thought to contain a gas produced in meta- 
bolism, now seem to be spaces formed in the proto- 

plasm, which passively fill with gas. The suggestion is 
that if the algae sink in the water they produce gas 
-vacuoles—now known to be produced most abundantly 
“in low light intensities—and rise in the water. If the 
algae are too high in the water the gas vacuoles are 
diluted out, perhaps as a result of the increased erowth 
induced by a higher light intensity, so that the size 
of the algae inereases, but the number of gas vacuoles 
does not. Thus the algae sink to a lower level. 

If this suggestion is correct, blooms might form if 
light intensity became high enough to inhibit growth, 
in which case the'gas vacuoles would not be diluted out 
and the algae would remain at the surface, forming the 
well known dense scum. 
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Dating Submarine Rock 
from our Geophysics Correspondent 


THE sea floor spreading hypothesis lends itself to a 
conceptually simple test. If the sub-sedimentary 
oceanic layer has been drifting outwards from the 
mid-oceanic ridges for tens of millions of years, as 
analysis of the magnetic anomalies parallel to the 
ridges seems to indicate, the age of the layer should 
increase with distance from the ridges. Thus if well 
spaced samples from the layer were to be dated radio- 
metrically, a direct confirmation or refutation of the 
hypothesis would be obtained. 

Dalrymple and Moore (Science, 161, 1132; 1968) 
have now shown that the dating of submarine basalts 
by the potassium-argon method poses problems 
which are absent in the application of the technique to 
continental rocks.  Potassium-argon dating depends 
on the assumption that at the time of rock solidifica- 
tion all radiogenie argon-40, which is continuously 
generated by the decay of potassium-40, is removed—- 
or in other words, that the "potassium-argon clock is 
reset to zero". In the case of continental basalts all 
radiogenic argon-40 is usually removed during the 
melting which produces the magma, while the magma 
is rising to the Earth's surface, or as the pressure is 
released at eruption. Independent evidence (for 
example, the presence of vesicles in the rock) suggests 
that the last process is important, if not the most 
important. If this be the case, it follows that any 
condition which impedes the release of pressure is 
likely to prevent the complete removal of radiogenic 
argon-40. Such a condition in the case of submarine 
basalts might be the hydrostatic pressure at oceanic 
denths. 

In order to assess the reliability of submarine rocks 
for dating purposes, Dalrymple and Moore have 
measured the argon-40 contents (from which "apparent 
ages” can be deduced) of a set of submarine pillow 
basalts off the island of Hawaii. Ranging in depth 
from 550 metres to 5,000 metres, the pillows in question 
were produced by the Kilauea volcano, the only 
United States voleano currently active. From geo- 
logical evidence, they were known to be, at most, 
a few thousand years old, and so they should have 
contained no detectable radiogenic argon-40. 

Analysis of the outer glassy crusts of the pillows, 
however, did indicate the presence of excess argon-40 
for samnles at depths greater than 1,400 metres. Thus 
althorgh these samples were but. a few thousand years 
old, their annarent ages ranged from 4-3 t 1-6 million 
years to 42-0—4-2 million years (errors represent 
analytical precision at 95 per cent confidence level). 
Samnles from a depth of 550 metres showed barely 
detectable argon-40 although, because shallower 
samples were not available, it proved impossible to 
determine the precise level at which hydrostatic pres- 
sure becomes important. Furthermore, a sample from 
2,590 metres, examined in detail, indicated younger 
annarent ages with distance from the outer rim. 
This shows that a second factor in the retention of 
argon-40 is the rate of cooling. Towards the centre 
of the nillow where the rate of cooling is lower than at 
the quenched rim, argon retention is lower and the 
aprarent age closer to the true age. 

The important conclusion to be drawn from all this 
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is that, although there is no reason to doubt that reliable 
ages will ultimately be obtained from some deep sea 
samples, criteria for the recognition of reliable samples 
must be developed first. 


MYCOPLASMAS | 


Isolation of Mycoplasmas 
froma Correspondent 


Ax International Symposium on Mycoplasma Diseases 
of Man was held at Erfurt in East Germany on October 
2-5. About one third of the contributors were absent 
as a consequence of the problems associated with the 
political situation in Czechoslovakia. The papers 
presented were, however, a useful contribution to diag- 
nostic, biological and epidemiological studies of myco- 
plasmas in general and in particular those isolated 
from man. 
The symposium was reminded by Dr B. E. Andrews 
(London) of the need for mycoplasma reference centres 
and the difficulties encountered by them. There were 
several reports concerning improvements of isolation 
techniques and Dr E. Künzel (Berlin) said that he had 
increased his isolation rate by incorporating 8-proprio- 
«lactone into medium. Dr J. M. Inglis (London) had 

found that 10 per cent of specimens taken at broncho- 
scopy contained mycoplasmas commonly found in the 
upper respiratory tract. 

Dr R. Kundsin (Boston) reported the isolation of 
T-strain mycoplasmas from the products of conception 
and indicated that T-strains might be a factor in abor- 
tion. This contention provoked considerable discussion. 
 "T-strain mycoplasmas had been isolated also by Dr 

‘W. Witzleb (Erfurt) directly from the bladder. Atten- 
“tion was drawn by Dr F. Milazzo (Milan) to the anti- 

genie distinctiveness of Mycoplasma pneumoniae, and by 
Dr H. W. Clark (Washington) to quantitative variations 
of antigen composition of mycoplasmas grown in 
various media, Dr G. Schabinski (Berlin) had de- 
veloped an immunofluorescence technique for M. 
pneumoniae in which the antigen is attached to latex 
particles. Evidence was presented by Dr D. Taylor- 
Robinson (Salisbury) for the existence on cells, to 
which mycoplasmas attach, of at least two kinds of 
receptors, one being N-acetyl neuraminic acid in type. 
‘Dr M. Butler (London) discussed the growth of myco- 
plasmas in organ cultures of human embryo trachea, 
and Dr E. Stanbridge (London) suggested that the 
appearance of “leopard” cells in tissue cultures might 
be: used to diagnose mycoplasma contamination. Dr 
R. H. Leach (London) has shown that such contamina- 
tion occasionally interferes with multiplication of 
adenoviruses and herpes simplex virus. 


MOLECULAR BIOLOGY 


Control of Messenger Synthesis 


from our Cell Biology Correspondent 


Tuer RNA control gene in E. coli—the RC gene— 
regulates the synthesis of ribosomal and transfer RNA 
‘but not of messenger RNA, which is made equally well 
in strains containing either the RC relaxed or RC 
stringent alleles during starvation for required amino- 
acids. That is the conclusion reached independently 
by three groups, Forchhammer and Kjeldgaard in 
Denmark, Edlin, Stent, Baker and Yanofsky in 
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California and Lavalle and De Hauwer in Belgium, 
who report experiments on the synthesis of mRNA | 
during amino-acid starvation in the latest issue of . 
J. Mol. Biol. (87, 245, 257 and 269; 1968). Dc 

All these experiments boil down to tests of two closely: 
related theories of the control of RNA synthesis. 
First, there is Stent’s proposal that RNA synthesis is _ 
regulated through an obligatory coupling of translation — 
and transcription by which ribosomes moving along 
nascent mRNA molecules free the mRNA from the 
DNA template and so permit continued initiation of 
more mRNA synthesis. The second proposal is that 
the rate of synthesis of all classes of RN A messenger, 
ribosomal and transfer—is regulated in a coordinated 
way by the RC locus and that, in strains with the RC 
stringent allele, synthesis of all classes of RNA depends 
on the supply of a full complement of all the amino- 
acids. There is, of course, a long history of conflicting 
claims for and against both these hypotheses, but the 
agreement of the three groups seems to settle the 
issue once and for all. 


Stent’s model of coupled translation and transerip- 


tion makes two predictions—first, that a deerease in 
the overall rate of translation must result in à corre- 
sponding decrease in the rate of mRNA synthesis; 
and second, less obviously, that under all growth condi- 
tions, cells must contain a constant average amount of. 
mRNA per ribosome involved in protein synthesis. 
The three groups, by showing that mRNA synthesis 
continues in RC stringent strains starved for required 
amino-acids while RNA, rRNA and protein synthesis | 
are all greatly reduced, have shown that the first 

prediction of Stent’s model is not fulfilled and so the 

model is probably incorrect. As Lavalle and De | 
Hauwer say, “the presence of ribosomes on a growing 

messenger may just be circumstantial; messenger is 

being made and ribosomes begin to translate, instead 

of messenger is being made because ribosomes begin to 

translate". 

The fact that in the RC stringent strain (RNA and 
rRNA synthesis depends on a supply of a full comple- 
ment of amino-acids, whereas mRNA synthesis does not, 
means there are two separate control systems. Edin 
et al. offer three possible mechanisms. First, there 
could be two classes of RNA polymerase, one for (RNA 
and rRNA and another for mRNA which respond 
differently to conditions during amino-acid starvation | 
in RC stringent strains. Second, some part of the 
tRNA and rRNA genes might have signals, which, 






under the conditions of amino-acid starvation, reduce 


the ability of RNA polymerase to initiate or continue 
RNA synthesis. Third, in the prevailing conditions 
in starved RC stringent cells, £RNA and rRNA might 
in fact be synthesized but very rapidly degraded, 
perhaps because there is no protein synthesis. 
Although there is apparently no obligatory link 
between mRNA synthesis and protein synthesis, can 
anything be salvaged of Stent’s idea that ribosomes 
have some role in regulating messenger synthesis ? 
Forehhammer and Kjeldgaard suggest that mRNA 
synthesis may be regulated by the 305 ribosomal 
subunit and initiation factors in the absence of protein 
synthesis. They have in mind, of course, the role of- 
the 308 subunit in forming an initiation complex with 
mRNA. This might provide a mechanism for releasing 
mRNA from template DNA. The evidence for the 
suggestion is, essentially, that the amount of mRNA 
in a mutant strain of E. coli which makes 308 subunits 
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but not 50S subunits is the same as in wild type strains. 
In other words, it is the 30S subunits and other com- 
ponents necessary for initiation and not the 70S 
ribosome which affect mRNA synthesis. 


GENE CONTROL 


Histones—Animal and Vegetable 


from our Molecular Biology Correspondent 


THE biochemical world has long been divided on the 
question of whether the histones are actively involved 
in suppression and activation of genes, or whether they 
exist as essentially passive—and therefore, according to 
one view, slightly dreary— packaging materials. Among 
the indieations that the role of the histones is not 
purely passive are the many observations of the 
enzymie modification of certain of their side chains 
under cireumstances which suggest that this may 
somehow be involved in the control of transcription 
of the DNA. The attachment of acetyl groups to the 
N-termini of two of the histones, and of methyl and 
phosphoryl groups to side chains of others, has been 
demonstrated. Allfrey and his co-workers found that 
whereas some of these modifying groups remain more 
or less permanently bound, others are metabolically 
active, in the sense that a radioactive precursor is 
rapidly incorporated at these points. 

Gershey, Vidali and Allfrey (J. Biol. Chem., 248, 
5018; 1968) have now found, from experiments in- 
volving pulse-labelling of calf thymus nuclei with 
A C.acetate, that the histone component f2al exhibits 
this type of rapid turnover. Moreover, proteolytic 
digestion of the histone and separation of the fragments 
led to the identification of the label in a single c-acetyl- 
lysine residue. This is therefore the metabolically 
active site. Rapid labelling also occurs in the arginine- 
rich fraction, f3. 

Meanwhile, in E. L. Smith's laboratory in Los 
Angeles, the latter protein (also termed histone-IV 
in another system of nomenclature) has been completely 
sequenced, and the modified side chain located. This 
work, reported at the autumn meeting of the National 
Academy of Sciences, must surely be expected to 
stimulate a wide resurgence of interest in the histone 
field. The protein has 102 residues, the rapidly 
labelled site being lys-16. In the protein, as isolated, 
this residue is acetylated in half the molecules. There 
is also a fully methylated lysine at position 20, the 
remaining nine lysines being unmodified. The sequence 
shows some curious features—in particular a marked 
polarization of charge, such that the N-terminal end 
contains a predominance of the positive groups, and 
the other end most of the negative and hydrophobic 
side chains. This suggests that the attachment to 
DNA may primarily involve one end of the molecule, 
perhaps leaving the other free to engage in some 
function which is as yet unknown. 

The same workers (Delange, Fambrough, Smith and 
Bonner) also prepared the corresponding histone 
fraction from pea seedlings—an operation involving 
germination of no less than 20 tons of seeds—and now 
have the substantially complete sequence. An early 
report, in which the first 19 residues from the C-terminal 
end were found to be identical in the pea and calf 
thymus proteins, is borne out. Indeed, it appears 
that the chains are identical in length, and differ only 
by two replacements, one of arginine for lysine, the 
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other of isoleucine for valine; in addition lys-20 is 
not methylated in the pea protein. Apart from this 
astonishing evolutionary conservation of sequence— 
& phenomenon altogether unique among the very 
considerable number of known sequences in a range of 
proteins of the most diverse functions—this result 
points incluctably to some highly specific and precisely 
defined biochemical funetion for the histone. 


VIROLOGY 


Coronaviruses 


A NEW group of viruses with the name of coronaviruses 
has been recognized by an informal group of virologists 
who have sent their conclusions to Nature. (They are 
J. D. Almeida: D. M. Berry; C. H. Cunningham: 
D. Hamre; M. S. Hofstad; L. Mallueci; K. McIntosh; 
D. A. J. Tyrrell.) 

They point out that with negative staining, avian 
infectious bronchitis virus has a characteristic electron 
microscopic appearance resembling, but distinct from, 
that of myxoviruses. Particles are more or less rounded 
in profile; although there is a certain amount of poly- 
morphism, there is also a characteristic "fringe" of pro- 
jections 200 A long, which are rounded or petal shaped, 
rather than sharp or pointed, as in the myxoviruses, 
This appearance, recalling the solar corona, is shared 
by mouse hepatitis virus and several viruses recently 
recovered from man, namely strain B814, 229E and 
several others. These viruses also share a number of 
other properties as indicated in the table. (Anyone 
interested in the data on which the table is based may 
obtain a short bibliography on application to Dr 
D. A. J. Tyrrell at the Common Cold Research Unit, 
Salisbury, Wiltshire.) 


PROPERTIES OF THESE VIRUSES 
Avian 


infectious Mouse Human 
bronchitis hepatitis strains 
Size. Filtration 80-120mp — 89 my 
Electron microscopy* 80-120 mu 100 mp. 80-160 my 
Characteristic surface strueture -$ d ote 
Essential lipid (ether lability) ote 4d. 4 
Apparent ribonucleie acid content + ot 4 


(unsusceptibility to DNA inhibitors) 
Density of infectious unit 1-418 ? 1-19 
Replication in cytoplasmic vesicles -+ ote 4 

* Negative contrast technique— projections are included in 
the diameter of the particle. 


Some other relevant properties should be mentioned. 
There is an antigenie relationship between the human 
and murine strains, but none has been detected between 
avian strains and the others. A haemagglutinin has 
been detected by certain workers using avian infectious 
bronchitis virus and also antigens separable from the 
virus particle, but these have so far not been recorded 
for the human or murine strains. 

In the opinion of the eight virologists these viruses 
are members of a previously unrecognized group which 
they suggest should be called the coronaviruses, to 
recall the characteristic appearance by which these 
viruses are identified in the electron microscope. 

These suggestions have been received by members of 
the Myxovirus Study Group (chairman, Professor A. P. 
Waterson) under the International Committee for the 
Nomenclature of Viruses (ICNV). The suggestions 
were found acceptable and are now to be considered by 
the Vertebrate Virus Committee of the ICNV. 
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Thirteenth General Conference 


of Weights and Measures 


by 
H. BARRELL 


National Physical Laboratory, 
Teddington, Middlesex. 


Tas thirteenth General Conference of Weights and 
Measures (CGPM), held in Paris in October 1967, was 
attended by delegations from thirty-three of the forty 
member nations of the 1875 Convention du Métre. Dr 
J. V. Dunworth, Director of the National Physical Labora- 
tory and. a member of the International Committee of 
Weights and Measures (CIPM), led the delegation from 
the United Kingdom. The conference was successful in 
adopting several important resolutions concerning units 
and standards of measurement, of which a brief account 
is given. here. 

The proceedings of the conference are best communi- 
cated by reference to the eleven resolutions which were 
adopted; nine of these related to units and standards of 
measurement in the International System (SI) Of the 
remaining two resolutions, one fixed the minimum budget- 
ary provision to be made for the period 1969-72, and the 
other prorogued the conference until October 15, 1968, 
beeause of the need to review further how additional 
resources should be raised to provide new equipment for 
the International. Bureau of Weights and Measures 
(BIPM). Agreement has now been reached by the con- 
ference (resolution No. 12) on the total financial provision 
to be made for the BIPM from contributions by the 
member nations during the next four years. 

The most outstanding scientific decision made by the 
conference is embodied in resolution No. 1 which estab- 
lished an atomic definition of the second. This is revolu- 
tionary because the basic unit of time in the International 
System of Units, formerly identical with the astronomical 
second of ephemeris time!, is now based on a natural 
periodicity of the caesium atom and is defined in the 
following terms: "the second is the duration of 9 192 
631 770 periods of the radiation corresponding to the 
transition between the two hyperfine levels of the ground 
state of the caesium-133 atom". Although the ephemeris 
second no longer forms part of the SI units it is Important 
to emphasize that it remains a special unit of time for 
measurements in astronomy. 

An impressive step has been taken by discontinuing 
the use of astronomical events to define time in physies, 
for the change means that all physical laws in which 
time enters as a variable, and which have been tested 
experimentally by reference to periodic astronomical 
events, are assumed to be true if tested against periodic 
atomic events. The change in the definition of the SI 
unit of time represents a further step towards relating 
our basic units of measurement to atomic characteristics. 
The first was taken at the eleventh General Conference 
in 1960, when the platinum-iridium length standard 
known as the International Prototype Metre was replaced 
as the foundation of length measurements in the Inter- 
national System by the wavelength of a radiation cor- 
responding to a specified quantum transition in the atom 
of krypton 86. 

In resolution No. 2, the General Conference, recognizing 
that the caesium' standard (see Fig. 1) is capable of even 
further improvement and that current experimental work 


At the conference in Paris last year some important resolutions 
concerning units and standards of measurement were adopted. 


gives promise of realizing other standards having still better 
qualities for use in defining the second, strongly encourages 
continuation of such work to improve atomic standards 
of frequency. 

Resolutions Nos. 3, 4 and 8 deal respectively with the 
unit of thermodynamic temperature, a revised definition 
of this unit and the revision and extension of the Inter- 
national Practical Temperature Scale (IPTS). Resolution 
No. 3 changes the name of the "degree Kelvin" (symbol 
°K) simply to “kelvin”, with symbol K. Furthermore, it 
prescribes that this latter name and symbol shall be used 
to express a reading of temperature on a scale but also 
an interval of temperature, and that an interval of 
temperature can also be expressed in degrees Celsius 
(symbol °C). The resolution, however, states that usages . 
resulting from earlier decisions of the General Conference 
in these matters remain allowable for the time being, for 
example, the use of the symbol “deg” (and degk or. 
degC) to express an interval of temperature. The terms 
of the revised definition of the unit of thermodynami 
temperature are (resolution No. 4): "the kelvin, xut of 
thermodynamic temperature, is the fraction 1/273-16 of 
the thermodynamic temperature of the triple point of 
water". Resolution No. 8 emphasizes the need to revise 
and extend the International Practical Temperature Seule 
and notes that agreement has been reached among 
specialists in this field about the general principles on” 










which the revision of the scale, and its extension down 


to —259-34^C (13-81 K), should be based. It was reported. 
that a working group set up by the Consultative Coris 
mittee for Thermometry would complete its draft of the 
new specification of the IPTS by June 1968 for con- 
sideration by the CIPM, and the conference empowered . 
the CIPM to authorize use of the new scale as soon ag 

possible afterwards (this is discussed later). 

Photometry was the subject of resolutions Nos. 5 and 
9; the former revises the definition of the candela, the- 
basic SI unit of luminous intensity, in the following 
terms (the candela was formerly expressed in CGS unita): 
“The candela is the luminous intensity, in the perpendicu- 
lar direction, of a surface of 1/600 000 square metre of a. 
black body at the temperature of freezing platinum under 
a pressure of 101325 newtons per square metre". In 
resolution No. 9 the General Conference approved the 
inclusion of fundamental metrological aspects of colori- 
metry and radiometry in the photometric work of the 
organization. 

Six other units of measurement have been added to 
the list of coherent SI units by resolution No. 6 (Table 1). 
By resolution No. 7 the conference decided to proseribe 
further use of the name “micron”, with the symbol p 
attributed to this name, for the millionth part of the 
metre. The symbol y is now the recognized prefix for the: 
decimal sub- multiple 10-* and the appropriate name for 


the millionth part of the metre is "mierometre", with 
symbol um. Use of the name “bougie nouvelle" "as ar 


es 


alternative for ‘‘candela” is also discontinued. 
The CIPM, which is responsible for management of the 
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Fig. 1. 

National Physical Laboratory as the primary means of realizing the 

atomic definition of the second in the United Kingdom. The lower part 

of the five-metre beam tube illustrated terminates in a cubical portion 

containing an oven for generating the beam of caesium atoms; below 
this is a vacuum pump. (Crown copyright reserved.) 


The caesium beam standard of frequency established at the 


International Bureau of Weights and Measures as well as 
the organization of the General Conference, held meetings 
during October 1967 and October 1968. It is therefore 
convenient to mention certain relevant decisions taken 
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Table 1. 

Quantity Unit Symbol 
Wave number l per metre m= 
Entropy P per kelvin JJK 
Specific heat oule per kilogramme-kelvin J/kg K 
Thermal conductivity watt per metre-kelvin Wim K 
Radiant intensity watt per steradian Wisr 
Activity (of a radio- 1 per second st 


active source) 


by the committee on these occasions. In October 1967 a 
recommendation was accepted indicating how the names 
of the decimal multiples and sub-multiples of the unit of 
mass (the kilogramme) are to be formed by adding the 
appropriate prefixes to the word "gramme". Application 
of this rule avoids the need to use double prefixes in 
forming multiples and sub-multiples of the mass unit. In 
October 1968 the committee adopted the specification of 
the International Practical Temperature Scale of 1968, as 
empowered to do so by resolution No. 8 of the thirteenth 
General Conference which I have already mentioned, and 
authorized its publication as soon as possible. The com- 
mittee accepted the recommendations of its Consultative 
Committee for Electricity concerning the values of the 
ohm and the volt represented respectively by groups of 
l-ohm standard resistors and standard Weston cells pre- 
served at the BIPM. It was agreed that the BIPM ohm, 
which coincides very closely with the absolute ohm, 
should remain unchanged and that the BIPM volt should 
be changed to agree with the absolute volt. The national 
standards laboratories, which send representative groups 
of material standards of the ohm and the volt for inter- 
comparison at the BIPM every three years, have accord- 
ingly agreed to change (probably on January 1, 1969) the 
values assigned to their own standards, where necessary, 
to agree with the BIPM standards. The adjustment pro- 
posed for the NPL unit of the ohm is 4- 3-7 parts in 10* 
and for the NPL unit of the volt is — 13 parts in 10°. 
Under the authority given by resolution No. 11 of the 
eleventh General Conference (1960), the CIPM decided 
that, for metrological purposes, the value of the accelera- 
tion due to gravity at Potsdam (which is the reference 
base of the international gravimetric system) is equal to 
9-812 60 m/s*, thus replacing the less accurate value 
9-812 74 m/s* accepted several decades ago. 


! Nature, 205, 552 (1965). 


X-ray Moire Topography of Lattice 


Defects in Quartz 


by The X-ray moiré topograph displays a map of mismatch between 


A. R. LANG 


H. H. Wills Physics Laboratory, 
University of Bristol 


In 1874 Lord Rayleigh described how a system of parallel 
bars which modulates the intensity of transmitted light 
can be seen when one looks through two photographic 
copies of diffraction gratings of like periodicity, super- 
imposed so that the rulings of one grating are nearly 
parallel to those of the other’. Rayleigh commented: 
“When parallelism is very closely approached, the bars 
become irregular, in consequence of the imperfection of 
the ruling. This phenomenon might perhaps be made 
useful as a test." Relaxing the condition that two closely 
similar and carefully prepared diffraction gratings be 
directly superimposed, Rayleigh's experiment is generated 


the lattices of two crystals. From moiré fringe patterns the lattice 
displacements due to dislocations and other crystal defects can be 
measured to a fraction of an Angstrom unit. 


in the everyday observation of the varied '*moiré patterns” 
produced by the accidental overlap of modern, near- 
transparent fabrics such as nylon mesh. It was the 
observation by transmission electron microscopy of the 
overlap moiré patterns of real crystal lattices, however, 
that aroused the interest of those who study crystal 
defects, especially when it was realized that lattice dis- 
locations in the crystals can be revealed by dislocations 
in the overlap moiré pattern**. 


Properties of the Fringes 
In the ease of two slightly imperfect gratings with 
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very similar mean repeat, periods, the same simple geo- 
metrieal analysis describes the relationship of their over- 
lap moiré pattern to their difference in orientation and 
repeat period, whether one is considering superimposed 
optical diffraction gratings'or superimposed crystals which 
are simultaneously Bragg-réflecting an X-ray or electron 
beam. Let the grating repeat period (or the interplanar 
spacing of the erystal-lattice planes active in Bragg 
reflexion) be d, in the first periodic structure traversed by 
the radiation, and d, in the second. In the case of crystals 
the geometrie deseription is simplified by using the reci- 
procal vectors familiar in crystal diffraction. The reciprocal 
vectors concerned, g, and g,, have magnitudes respectively 
d, and dy’, and are directed normal to the respective 
Bragg-reflecting planes in the crystals. Then the moiré- 
fringe system is defined both in spacing and orientation 
by the reciprocal vector G = g, — g., so that the magnitude, 
D, of the moiré fringe spacing is |G/~. 

The properties of the fringe pattern can be readily 
visualized by considering two special cases, firstly, the 
pure rotation moiré pattern in which d, and d, are equal 
(and can be represented simply by d) but in which g, 
makes a small angle e with g,; and, secondly, the pure 
compression moiré in which g, and g, are parallel but 
d, differs slightly from d,. The rotation moiré has fringes 
of spacing D=d/e running parallel to the bisector of the 
small angle £ between g, and g,, whereas the compression 
moiré has a spacing D = did,/(d, — d,) and its fringes appear 
parallel to the grating rulings (or the traces of the Bragg- 
reflecting planes, in the case of crystal-lattice moiré 
patterns). 


X-ray and Electron Patterns 

Both formulae for D exhibit the inverse relationship 
between scale of moiré fringe system and scale of difference 
between the two periodic media under comparison, where- 
in lies the interest and utility of moiré-forming experiments. 
In this context, it is instructive to compare the potential 
sensitivity of measurement using moiré fringe patterns 
produced by X-rays and those produced by electrons, 
both observations using the basically similar geo- 
metric situation of superimposed, simultaneously Bragg- 
reflecting crystals. In the transmission electron micro- 
| graph moiré fringes with spacings up to a few hundred 
gstrom units, covering a field of a few microns square, 
y be produced by crystal lamellae 10?-10* A thick. 
the X-ray topograph, on the other hand. crystal 
typically 1 mm thick are used; the field of 
ation may be several square centimetres in area 
and the. moiré fringe spacing, D, may range up to a milli- 
metre or so. If, for example, the interplanar spacing 
appropriate to the operating Bragg reflexion is taken to be 
1 A, then the value D=1 mm corresponds to a mutual 
rotation angle of 10-’ radians in a pure rotation moiré, 
and a relative difference in interplanar spacing of one part 
in 107 in a pure compression moiré. The latter difference 
lies in the range of one tenth to one hundredth of the 
minimum difference usually considered detectable by 
conventional X-ray diffraction methods, and, in contrast 
to the less sensitive electron microseope experiment, it 
can be measured on crystals sufficiently large to be both 
easily handled and fully representative of the bulk 
material. 

In the description of crystal-lattice moiré pat- 
terns, the requirement of simultaneous Bragg diffrac- 
tion was explicitly stated. Texts on optical moiré 
fringes*-* emphasize that the case of superimposed optical 
diffraction gratings should be treated as one of simul- 
taneous diffraction by both gratings. Treatment by 
diffraction theory must apply all the more to moiré 
patterns formed by crystals diffracting X-rays or electrons. 
The detailed structure of crystal-lattice moiré patterns 
can be understood only by reference to the dynamical 
diffraction theory of X-rays and electrons*-*, and this 
theory has already been applied quite thoroughly to 
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moiré patterns observed in the electron mieroseope?. 
The geometrical situation for production of X-ray overlap 
moiré patterns is similar to the electron ease but with 
physical dimensions and diffraction angles appropriately 
scaled up. It is shown schematically in the plan view of 
Fig. 1. The rectangle A BCD outlines the section of a single- 
crystal plate standing normal to the plane of the diagram. 
A beam of monochromatic X-rays, SO, extended as a 
ribbon normal to the diagram, undergoes Bragg reflexion 
with glancing angle 0 at lattice planes normal both to 
AB and to the diagram (OP is the trace of one such plane). 
Multiple reflexion within the crystal ABCD, which is 
assumed to be perfect, or nearly so, causes rays to fan out 
within the triangle contained between the limiting rays 
OX (in line with SO) and OY (making the angle 20 with 
OX), so that a directly transmitted beam of width TT" 
and a diffracted beam of width RR’ leave the exit face 
CD, as shown. 





Fig. 1. Arrangement for observation of X-ray overlap moiré patterns 
formed by simultaneously Bragg-reflecting crystals (1) and (2), 


The region of overlap of these beams is confined within 
the triangle XY Z. If a crystal-lattice moiré pattern is to 
be produced by radiation which is successively Bragg 
reflected by the crystal (1). ABCD, and another erystai 
of the same species, (2), HFGH, standing parallel to (1), 
then crystal (2) must be placed to intercept as much as 
possible of the triangle XYZ. This is because it is in 
triangle XYZ that there exist stationary wave systems 
formed by interference between waves in beams T7” and 
RR’, and it is these stationary waves that carry the 
information on the position of the atomic planes in (1) at 
or close to the exit face CD. The manner in which the 
rays leaving (1) interact durmg their multiple reflexion 
within the Bragg-reflecting second crystal (2), and give 
rise to the observed intensity distributions across the 
widened beams TT” and RR” that issue from the final 
exit surface GH, is very sensitive to relative translation 
of atomic planes at or near CD with respect to those at or 
near EF. This translation sensitivity is indeed a diag- 
nostic characteristic of moiré fringes. The intensity 
profile across RR” (or across TT”) passes through a 
complete cycle of its variation during a translation of 
erystal (2) with respect to crystal (1) by a vector u such 
that g.u.=1, where |g] is the reciprocal of the interplanar 
spacing of the operating Bragg reflexion. 


The Measurement Technique 


A photographic plate placed to receive the beam RR” 
records the intensity profile of this beam as a section 
topograph!*. When crystal pair and photographie plate 


654 


are traversed together in such a way that the beam SO 
sweeps over an extensive area of crystal, then the image 
recorded is known as a projection topograph''. Figs. 2-5 
are projection topographs. X-ray experiments and 
appropriate adaptation of the electron diffraction theory 
show that if crystals (1) and (2) are of uniform thickness 
over the area scanned, and if the gap between (1) and (2) 
is but a small fraction of the total crystal thickness, then 
the interpretation of the moiré pattern may proceed 
straightforwardly according to the simple relationship 
for spacing and orientation of fringes already quoted. 
Fig. 2 shows a rotation moiré formed between two single 
erystals of silicon, one eut from a erystal grown in Britain 
and the other from a crystal grown in the United States. 
The fringe spacing is 25u and hence the angle ¢ is 1-5 sec- 
onds of are, the interplanar spacing, d, being 1-92 A for 
the 220 Bragg reflexion used in recording the pattern. 
This moiré topograph, and the others shown in the figures 
following, were taken under conditions of fairly low X-ray 
absorption (Mo Kx radiation was used). In such condi- 
tions the lines of maximum diffraeted intensity (that is, 


of greatest blackness on the prints) correspond to loci of 


points where the Bragg planes in crystals (1) and (2), as 
they face each other across the narrow gap CDEF, are 
exactly out of step. In general one may say that in passing 
from a point on one dark fringe to a point on the next, n 
Bragg planes are crossed in one crystal and n+1 in the 
other crystal. In all the figures the direction of the 
reciprocal lattice vector is horizontal on the print, so that 
a pure rotation moiré pattern would appear as a set of 
horizontal fringes; the addition to this of a local difference 
between the crystals in interplanar spacing causes the 
fringes to slope. 


Crystal Uniformity 


The man-made silicon crystals with which the moiré 
pattern of Fig. 2 was formed were probably more pure and 
perfect than crystals of any species found in nature. It 
is of interest to discover whether natural crystals can 
be suffieiently homogeneous and uniform in periodicity 
to produce moiré patterns covering at least square milli- 
metres in area, such as would be recorded in X-ray 
moiré topographs. A good candidate for study is natural 
quartz. Old established X-ray techniques have shown 
quartz crystals to vary widely in quality, but are some- 
times of high perfection. 

Occasional high perfection has been confirmed by 
X-ray topographic studies'?:"* which have also revealed 
that quartz crystals are prone to a variety of curious 
lattice defects'-*, Fig. 3a shows a moiré fringe system, 
of fair regularity and visibility, formed by two slices eut 





Explanation in 


“Anglo-American” X-ray moiré topograph. 
text. 
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from adjacent regions of a large, clear crystal of natural 
quartz. The first crystal slice Showed no obvious lattice 
defects in X-ray topographie examination. The second 
slice contained bundles and groups of dislocations; the 
X-ray topographic images of these can be seen extending 
inwards from the right-hand margin of the figure towards 
their outerops in the lower central parts of the field. Why 
do these outcrops not give rise to dislocations in the 
moiré pattern? Because in this moiré topograph the 
disloeations outerop at the final exit surface GH rather than 
at the face E F opposed to the “perfect” crystal (1) (see Fig. 
1). When crystal (2) is turned about face, and matehed 
again with erystal (1) to produce a moiré pattern, the 
dislocations this time outcrop on EF and a very different 
fringe pattern appears, as is shown in Fig. 35 (printed 
left-to-right for easier comparison with Fig. 3a). 

It should be remembered that at any disloeation out- 
erop between erystals (1) and (2) the number of half-lines 
produced in the moiré pattern is g.b. where b is the 
Burgers vector of the dislocation and g (as previously 
defined) is the reciprocal lattice vector of the Bragg 
reflexion active. If one makes a circuit around n dis- 
location outerops. then the extra number of half-lines 

n 
crossed on the moiré pattern is XEg.b;. The lower, very 

j=1 
intense line in Figs. 3a and 36 is the image of a dislocation 
bundle containing so many dislocations that the number 
of extra moiré half-lines it generates cannot be counted. 
This is in part because the local distortion in erystal (2) 
produced by the bundle disturbs the condition for simul- 
taneous Bragg reflexion by crystals (1) and (2) to such 
an extent that moiré fringe visibility is much reduced. 
A circuit taken around the group of outcrops appearing 
higher in Fig. 35 gives a count Xg.b — 10. (Markings have 
been applied to Fig. 35 to facilitate this counting.) The 
number of dislocation images clearly resolved in this 
group is never more than 5 when examined in topographs 
of different Bragg reflexions, and with the crystal in 
various orientations. 

These observations agree with the findings of the 
complementary study of variation of dislocation visibility 
with index of Bragg reflexion: that there are in this 
group five dislocations, with Burgers vectors of the same 
sign and magnitude such that for each g.b=2. The 
crystal slices used in this experiment were each 1-5 
thick and the dislocation lines made a fairly gentle ar 
about 15°, with the surface HF. There is an exte 
region of surface deformation of crystal (2) ex 
the right of the dislocation outcrops, and evidenc 
the curvature of the moiré fringes. MS 











Experimental Conditions 


In order to produce satisfactory X-ray moiré topographs 
according to the arrangement shown schematically in 
Fig. 1, stringent orientational and translational control 
and stability of crystal (2) relative to crystal (1)are essential 
during the X-ray exposure. The angular range of Bragg 
reflexion by the more perfect parts of the crystals is only 
two seconds of are at half-maximum intensity: a difference 
between crystals (1) and (2) of a quarter of this angular 
range in satisfying the Bragg condition for a given incident 
ray is sufficient to impair moiré fringe visibility appreci- 
ably. A similar restriction applies to the mutual mis- 
orientation of crystal slices (1) and (2) about an axis 
perpendicular to their faces, because the angle e must be 
kept very small and constant during the X-ray exposure. 
Again, a relative translation of crystal (2) with respect to 
crystal (1) by more than a quarter of an interplanar 
spacing, in a direction normal to the Bragg planes, will 
markedly weaken the fringes if it occurs during the course 
of recording the moiré topograph. 

It has been found that the required conditions of 
alignment and stability sometimes occur naturally in 
X-ray overlap moiré patterns formed at cracks in nearly 


 ———— —À 
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perfect crystals" or between superposed nearly parallel 
growths of platelet crystals!*:*. The deliberate production 
of X-ray moiré fringes was first achieved, however, with 
the X-ray interferometer of Bonse and Hart**. This 
ingenious device, of which several variants have been 
described, has been used to display small dilations and 
rotations and the strain fields of dislocations*'-**. It is 
constructed from a block of highly perfect single crystal 
by milling away parts of it so as to leave upstanding a 
set of plates which, through Bragg reflexion, first split the 
X-ray beam and then recombine it coherently to form 
a stationary wave pattern at the entrance surface of a 
final plate. The moiré fringes are formed by interference 
between the crystal lattice of the final plate and this 
stationary wave pattern. Such a construction both satis- 
fies the conditions for orientational and translation 
alignment and stability, and obviates the need for close 
superposition of two crystal elements as in Fig. 1. Not 
only silicon but also germanium and low dislocation- 
density synthetic quartz have been successfully used by 
Hart for the construction of interferometers**. 


Crystal Slices 

But, for the systematic survey of lattice defects as they 
develop during the course of growth of a given erystal, or 
for comparison of distantly separated parts of a single erys- 
tal, and indeed for comparison of entirely separate crystal 
individuals (as exemplified in the “Anglo-American” 
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range strains. A moderate degree of thermal and mechanic- 
al isolation, however, combined with some modifiea- 
tion of the present experimental procedure, should allow 
erystals to be compared in sufficiently strain-free condi- 
tion for precise measurement of their differences in 
lattice-parameter. Meanwhile, for study of local effects 
such as strain fields around dislocation outerops and 
lattice displacements at fault surfaces, the present tech- 
nique is quite adequate. 


A Quartz Experiment 


The hexagonal unit cell of alpha quartz has a=4-9 A 
and c= 5-4 ke X-ray topography!*:!* has shown that dis- 
location Burgers vectors parallel to a lattice vector a are 
common. Burgers vectors parallel to (a+c) and, possibly 
more rarely, parallel to c, also occur. In highly perfect 
quartz crystals the standard mode of generation of 
dislocations is by lattice closure error around an impurity 
particle enveloped by the growing crystal. The dislocations 
so produced generally take a course which makes a small 
angle with the local direction of crystal growth, so that they 
occur as slightly divergent bundles fanning out from a 
"radiant". Hence in a region in which crystallization 
has proceeded by deposition of material on a given face, 
the dislocations will generally be found running nearly 
normal to that face. Such orientation can in fact identify 
the several growth sectors" of a crystal, that is, the regions 
which have grown on particular faces. 





a 


Fig. 3. 


Natural quartz lattice moiré patterns; Bragg reflexion 1011, field width 2-5 mm. 


b 


(a) Dislocations rot outcropping between crystals; 


(b) dislocations outcropping between crystals; note that ten more fringes are crossed in top leg than in bottom leg of cireuit around upper 
group of dislocation outcrops. 


moiré pattern of Fig. 2), one really does require freedom 
to cut slices from any part of the parent crystal(s). and 
form moiré fringe patterns between them. To perform 
such experiments with independent crystal slices required 
development of a technique for their mutual alignment 
according to the stringent conditions already noted. 
Fortunately, this problem has been simply and satis- 
factorily solved by exploitation of some standard features 
of X-ray diffraction geometry*’, but the matter of stability 
has so far been dealt with by applying mechanical con- 
straints to the crystal pair after alignment. All the moiré- 
producing experiments whose results are here reproduced 
were conducted in a busy laboratory, subject to much 
thermal and mechanical disturbance. Consequently, 
firm constraints on the crystals had to be applied, to the 
extent of introducing in them some appreciable long- 


In one part of a major rhombohedral growth sector of 
a large, rather perfect quartz crystal dislocations making 
moderately small angles with the face normal were found 
in some abundance, whereas another part of the same 
growth sector was found to be almost free of dislocations. 
Slices about 1-5 mm thick were cut from each part, normal 
to the major rhombohedral face, and a moiré pattern 
(Fig. 4a) was formed with them, the more perfect slice 
acting as crystal (1) and the dislocation-containing slice 
as crystal (2). A topograph of crystal (2) alone (Fig. 46) 
makes clear the dislocation configuration. The direction 
of erystal growth was from left to right. Dislocations which 
run nearly normal to the growing face carry on straight 
through the plate from left edge to right edge; others 
intersect faces EF or GH. The dislocation groups inter- 
secting the face EF, and which consequently produce 
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Fig. 4. 


dislocations in the moiré pattern, are lettered A to E on 
Fig. 4^. The information presented on the moiré topo- 
graph agrees well with the conclusions drawn from 
examination of the dislocation diffraction contrast in 
topographs of various Bragg reflexions. The two similar 
dislocations which outcrop at A, and whose images are 
moderately strong in the 1011 reflexion used in Figs. 4a 
and b, have Burgers vectors parallel to an a lattice vector 
not parallel to (1011). The two dislocations outeropping 
at B, which each show very strong images in the 1011 
reflexion, have Burgers vectors a + c, the a vector being 
not parallel to (10T1). This analysis of direction and 
relative magnitude of Burgers vectors agrees with the 
count of extra half-lines in the moiré pattern, which shows 
that for the pair A, X$.b —2, and for the pair B, X$.b-— 4. 
It is concluded that for each dislocation of pair A, g.b= 1, 
and for each of pair B, g.b=2. For the other outcrops 
C, D and E, one finds X$.b values of 6, 3 and 4 respectively 
(disregarding the sign of g.b). 


Lattice Deformation 

In the upper right-hand corner of Fig. 4a one sees 
intense diffraction contrast from an imperfect region 
in erystal (1). This is interpreted as an overgrowth parallel 
to a minor rhombohedral facet. Deformation caused by 
this imperfection perturbs the moiré fringe pattern at long 
range, and, close to, impairs its visibility. In many erystals 
of quartz there is diffraction contrast generated at growth 
stratifications and growth sector boundaries, and at other 
fault surfaces of unknown origin whieh bear no obvious 
relation to the morphological development of the erystal'*. 


The lattice deformation introduced by fault surfaces of 


various types can often be estimated from the intensity 
of diffraction contrast, especially when the lattice dis- 
placements u are small so that the condition g.u<1 is 
well satisfied. Both for such small displacements and for 
the larger ones that can occur, however, the moiré topo- 
graph offers a direct method of measuring displacement, 
simply by counting fringes. 


(a) X-ray moiré topograph of quartz with dislocations; (+) conventional X-ray topograph of same region shown for comparison with (a. 
Dislocation outerops A to E produce dislocations in the moiré pattern. 


Field width 4 mm. 


Fig. 5 shows a moiré topograph of a small region of a 
quartz erystal plate containing a set of growth stratifica- 
tions and also a sheet defect which produces especially 
strong local diffraction contrast. When this crystal is 
matched with a slice of perfect quartz. the lattice dis- 





Reflexion 


Moiré fringe pattern due to local defect in quartz. 
1071, field width 2 mm. 
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placement associated with the sheet becomes apparent. 
Gross distortion of the crystal prevents moiré fringes 
being observed on the upper right hand of the sheet, but 
in the field shown on the left of the sheet thirteen fringes 
are counted, corresponding to a component of displace- 
ment of the imperfect erystal relative to the more perfect. 
one of about 40 A parallel to g, the interplanar spacing 
of the 10T1 reflexion used being 3-34 A. Knowledge of the 
displacement produced by the sheet defect does not, of 
course, explain this defect, but it does rule out some 
possible interpretations, for example that it is simply 
one or more Brazil twin lamellae. The defect probably 
originates at occluded impurity, and the displacement 
may have been augmented by precipitation on the im- 
purity subsequent to growth of the crystal. 

I thank Mr J. Brádler for his assistance in some of the 
experiments, and the Science Research Council for finan- 
cial support. 
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Yur living Cercopithecoidea are relatively a very suc- 
cessful primate superfamily, and they first became 
diverse in the Pliocene, some 10 million years ago. "Their 
origins are more ancient than this, although pre-Phocene 
eereopitheeoids have been extremely scarce. The two 
specimens from the early Miocene of Uganda described 
here are the earliest well preserved undoubted cereopi- 
theeoid monkeys known, and document the subdivision 
of the group into two families as long ago as the early 
Miocene. 


1. A Cercopithecoid Molar (D.P.) 


This specimen, UMP 62-21, was recovered by Dr 
W. W. Bishop in 1961 from Site V at Napak, Karamoja, 
Ugandai’. An estimated K/Ar age of 19+2 million 
years has been obtained for the Napak sites. 

The tooth, which consists of most of the crown, has a 
single lingual root and it is therefore readily identifiable 
as an upper molar. A small distal wear facet shows 
that it is not M3. The four cusps are well preserved, 
and the crown is intact to the cervical border lingually 
and distally. The mesial margin is damaged, as is the buccal 
face, although the metacone is intact to the cervix. 
The cusps are arranged in two pairs, both mesial and 
distal sets being united by low crests which are them- 


The Napak specimens, a molar tooth and a frontal bone, from early 
Miocene deposits, are the earliest known well preserved fossil 
cercopithecoids. The discoveries suggest that the subdivision of the 
Cercopithecoidea into two subfamilies, the Colobinae and the 
Cercopithecinae, took place at least 19 million years ago. 


selves crossed by small sulci running mesio-distally. A 
low, rounded loph unites protocone and hypocone. The 
mesial and distal moieties are separated by a moderate 
constriction, not as marked as in Recent Cercopithecoidea. 
There is a small pit mesio-lingually, presumably the 
No such cingulum is in 


lineage. The buceal surface is also characterized by 
a marked slope. Mesial and distal foveas are clearly 
developed. 


The length/breadth index of the fossil is 88-9; the 
tooth is broader than it is long. The value of this index 
for M1 in a small sample of colobines varied between 
92-1 and 118-8, and for cercopithecines from 100-0 to 
120-5. The lowest mean, 98:8, was obtained for Preshytis 
melalophos (an Asiatic colobine). Considering M2, the 
colobines ranged from 91-9 to 134-3 and the cercopithe- 
cines from 100-0 to 118-8. The Ugandan specimen is 
relatively broader than any of the cercopithecoids, and 
although the samples of living forms are small (M-, 24; 
M?, 24) the most reasonable conclusion is that, at least 
in this lineage, molars were relatively broader than in 
living forms This could well be a primitive feature, 
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but also may indicate orthognathy. The lowest index 
among living monkeys was found in Presbytis melalophos, 
a very short-faced form. 

Both buccal and lingual borders slope markedly in 
UMP 62-21, and the occlusal surface is relatively con- 
stricted. An estimate has been made of the minimum 
buceo-lingual breadth across the talon, between the 
reconstructed tips of metacone and hypocone. This 
minimum breadth has been expressed as a percentage 
of overall talon breadth. The ratio is 49:4 in UMP 
62-21, reflecting the fact that the buecal and lingual 
cusp tips are strikingly approximated. In colobine 
upper first molars this ratio varies between 554 and 
75-0, the lowest mean (of Presbytis melalophos) being 
59-0. For M. the range of values is from 60-4 to 78-0, 
the lowest mean (again of P. melalophos) being 63:5. 
The cercopithecines have more markedly constricted 
occlusal surfaces. For M! the ratio range is 50-7 to 
70-8, with the lowest mean (of Cercocebos torquatus) at 
52-6, while MŽ varies from 36-6 to 65-9, with a lowest 
mean (C. torquatus) of 50-1. The fossil resembles 
the cercopithecines rather than the colobines. It is 
possible that this characteristic is primitive, as it is among 
hominoids, Cercopithecines in general, however, have 
more approximated cusps than colobines, and this may 
well be correlated with diet. 

For convenience the projective height of the metacone 
above the cervix and at right angles to it has been used 
as an indicator of crown height. Fig. 1 shows the re- 
lationship between metacone height and talon breadth. 
There is little or no discernible separation between 
Colobinae and Cercopithecinae for this character (although 
larger samples might well show separation). 
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Fig. 1. Cercopithecoid molars. 


Metacone height 


Metacone relief 


NATURE. VOL. 220, NOVEMBER 16, 1968 


Table 1. MEASUREMENTS OF UAM P 62-21 (IN MM) 


Mesio-distal length 7.2 
Talon breadth 8-1 
Minimum talon breadth *4-0 
Metacone height *4-0 
Metacone length 38 
Metacone relief *p5 
Angle of lingual root 105° 


* Estimate. 


One of the most distinctive features of colobine cheek 
teeth is the relative height of the cusps above the occlusal 
fovea; compared with cercopithecines, the colobines have 
high, sharp cusps and interconnecting lophs. The dif- 
ferences are probably correlated with diet, colobines 
being herbivorous leaf-eaters. Fig. 1 shows the relation- 
ship between the metacone relief (the height of this 
cusp above the central fovea) and rmetacone length. 
Colobines and cercopithecines are quite clearly separated 
here, and the fossil falls squarely with the cercopithecines. 

I have not given this important specimen a new name, 
nor referred it to any known species, because it is far 
too small a piece for anything but the most general 
description. It can be assigned with some probability 
to Cereopithecinae rather than Colobinae. 






2. A Cercopithecoid Frontal (A.W.) 

A fused frontal of a cercopithecoid primate was recovered 
from the site of Napak IX (ref. 3) by Mr D. Williams of 
Moroto, Uganda. The specimen (Fig. 2) was probably 
a surface find. It consists of the greater part of a fused 
frontal comparable in size with that of Cercopithecus tala- 
poin, and it has a maximum width between the zygomatic 
processes of 43 mm and a maximum length of 38:5 mm. 
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NATURE. VOL. 220. NOVEMBER 16, 1968 





cms 
—ác — —— À—  3Br——À 


Fig. 2. 


Almost the whole of the eoronal suture and portions of 
the zygomatie and nasofrontal sutures are preserved. 
The metopie suture had fused and an irregular crack in 
the sagittal plane was made after fossilization. 

The bone is remarkable for the great lateral expansion 
that bears only a trace of the temporal line. The coronal 
suture is regular and gives a semicireular outline to the 
bone. The orbits are small and suboval as indicated by 
the forwardly swinging zygomatie processes and the 
laterally swinging maxillary processes; there is a distinet 
supraorbital notch. The orbital margins are sharp, they 
are set at about 80° to the sagittal plane (in dorsal view) 
and they bear hardly a trace of superciliary ridges. 

The expansion of the frontal lobes of the cerebral 
hemispheres in the Anthropoidea has led to an increase 
in width of the frontal bone and a reduction in size of 
the temporal fossa. This reduction has in turn led to 
the temporal fossa being closed anteriorly by a post- 
orbital plate. In the Prosimii, in which the postorbital 
plate is not developed, the zygomatie process of the 
frontal bone makes contact with the zygomatic, and the 
sphenoid is not involved in this contact, there being a 
separate suture (that is, the parietosphenoidal suture is 
distinct from the fronto-zygomatie suture). In the 
Anthropoidea the postorbital plate results in the con- 
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Fig. 3. Diagram showing features of endocranial impression. AS, 


A cuate sulcus; SR, sulcus rectus, 
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Dorsal, anterior and right lateral views of Napak frontal, 


tinuity of the two sutures, the suture being composed of 
various combinations of contacts between parietal, 
frontal, temporal, sphenoid and zygomatic bones. The 
continuity of this suture is therefore the criterion by 
which we can assess whether or not postorbital closure 
had occurred. In the Fayum frontalt the contact must 
also have been small, but it is quite clear that the con- 
tinuous suture, indicating postorbital closure, was present. 

The nasomaxillary processes are wide relative to the 
orbital width—a condition seen in certain of the smaller 
New World monkeys and in the Old World colobines. 
There is no clear frontal eminence and the smooth profile 
of the bone is eontinuous with the surface of the naso- 
maxillary process. 

The ventral surface (Fig. 3) of the bone reflects some 
features of the brain surface. There was, apparently, à 
strong sulcus rectus delimiting a conspicuous gyrus lying 
immediately behind the superior orbital margin. In the 
impression a trace of the groove representing the arcuate 
sulcus can be seen posterior to the sulcus rectus. The 
part of the endocranial impression obtainable is remark- 
able in that it reflects very flat frontal lobes and shows 
that the olfactory extension was in continuation with 
the profile, with no constriction in the interorbital region. 

The complete postorbital plate and the trace of the 
arcuate sulcus are clear indicators of the anthropoid nature 
of the specimen. The general size and form of the bone 
resemble most closely that of some of the extant New 
World monkeys or immature colobines; it is therefore 
tentatively referred to the Colobinae. 

The only primates recorded so far from this locality 
are Dryopithecus (Proconsul) major and Limnopithecus sp. 
A consideration of size rules out an association with the 
former and, by comparison with the closely related and 
better known Pliopithecus of Austria, it does not seem 
possible that the frontal could belong to a member of 
the latter genus. Some features of the brain were only 
partly developed towards the condition seen in modern 
Cercopithecoidea. These are the indications that the 
frontal lobes were laterally but not dorsally expanded, 
the simple pattern of sulci on these lobes and the forward 
projection of the olfactory eminences. 


3. Subdivision of the Cercopithecoidea (D.P. and A.W.) 

The Napak specimens are the earliest known fossil 
cercopithecoids; the molar tooth is very probably the 
oldest cercopithecine specimen yet known. The frontal 
bone is most probably colobine in affinities and is important 
not only because of the paucity of cercopithecoid cranial 
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remains but also beeause it has a number of cercopithecoid 
features which are relatively poorly developed. 

Other Miocene cercopithecoid specimens are as follows: 
Two specimens from Egypt, Dryopithecus *mogharensis 
and  Prohylobates tandyi, represent—in spite of their 
nomina-—cercopithecoid primates*. The Wadi Moghara 
beds from which they come are supposed to be of early 
Miocene age, but there are some doubts about the age 
of the continental fauna. Unfortunately, the specimens 
are worn and fragmentary and very little can be said 
about them. 

Hooijer has described a cercopithecoid M, from the 
Sinda Valley at Ongoliba in the Congo*. The deposits 
are said by Hooijer to be younger than early Miocene; 
Leakey considers them to be not older than late Miocene’. 
Hooijer has described this tooth as “ef. Macaca eq. 
Mesopithecus spec.". The description and figure suggest 
cercopithecine rather than colobine affinities  (Meso- 
pithecus is generally regarded as a colobine*). 





Duriug the war, MacInnes described a small sample of 


cercopithecoid teeth from Miocene deposits in East 
Africa’. According to him, the specimens came from 
Rusinga and Kiboko (Maboko) Islands in the Kavirondo 
Gulf of Lake Vietoria. Le Gros Clark and Leakey list 
nine cereopithecoid specimens from Rusinga, three from 
Maboko and one from Ombo™, Recently, however, 
Leakey has stated that the known Kenyan cercopithecoid 
material comes only from Maboko, now believed to be 
late Miocene*. MacInnes’ description? suggests that 
these teeth (originally described as Mesopithecus sp. but 
now considered to represent another genus?) are colobine 
rather than cercopithecine. 

Very little is known therefore of early cercopithecoid 
evolution, and the superfamily only becomes abundant 
in the fossil record during the Pliocene. The very few 
remains of pre-Pliocene monkeys known until now were 
thought to have been colobines. ‘This pattern has led 
Jolly* and Napier and Napier!! to suggest that the earliest 
Old World monkeys would in fact be classified in Colobinae. 
According to Jolly, “the cercopithecine branch of the 
Cercopithecoidea probably underwent a rather recent 


Through the Looking 
Zealand and California 


Glass : 


by 
TREVOR HATHERTON 


Geophysics Division, 
Department of Scientific and Industrial Research, 
Wellington, New Zealand 


DunixG the past few years I have been examining gravity 
and magnetie anomalies over the New Zealand geosyn- 
cline and its associated marginal syncline and ultramafic 
belt'-; also over the Alpine Fault‘. This has led me to 
make comparisons with anomalies over similar geological 
features in California; that is, with the geosynelinal 
Franeisean formation and its associated Great Valley 
facies and ultramafic belt^*, and with the San Andreas 
Fault’. Because these two provinces face opposite sides 
of the Pacifie Ocean, to compare their geophysical 
anomalies I have had to reverse, or mirror image, the 
anomalies from one of them; similarly, I have reversed 
the geological eross-seetions when discussing models which 
fit the geophysieal anomalies. 
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radiation, reaching its maximum variety in the Early 
Pleistocene”. The two subfamilies were thought to split 
no earlier than in the latest Miocene. The new evidence 
from Uganda suggests that the Colobinae and Cereopithe- 
einae had already split 19 million years ago. 

The exact age for the subfamilial division remains 
unknown, as does that of the entire superfamily Cerco- 
pithecoidea. Recently Simons! has suggested a possible 
relationship between Old World monkeys and Parapithe- 
cus from Oligocene deposits in the Fayum beds of Egypt. 
Certainly the molar resemblances between the larger 
Parapithecus and the small cereopitheeine Miopithecus 
talapoin are marked. This similarity suggests that 
Cercopithecoida were already differentiated from Prosimii 
and Hominoidea some 30 million years ago. Aegypto- 
thecus zeuxis, from Fayum beds of this age, is an excellent 
candidate for the ancestry of the great apes, if not of 
all hominoids, and it is unlikely that such a form gave 
rise to Cercopithecoidea. In all probability the divergence 
of hominoids and cercopitheeoids is to be sought in the 
early Oligocene or even in the Eocene. 

We wish to thank the curator, Mr Charles Sekintu, and 
the trustees of the Uganda Museum for permission to 
study the specimens. We also thank Dr W. W. Bishop. 
One of us (D. P.) received finaneial support for his part 
of this study from the Wenner-Gren Foundation, New 
York. 
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a Comparative Study of New 


By reversing the two-dimensional geological map of California 
and comparing it with New Zealand, the similarity in absolute size 
as well as in geometry of some of the structuralprovinces is ev ident. 


Only recently, however, did I reverse the full two- 
dimensional geological map of California and compare it 
with New Zealand. Fig. ! shows partial geological maps 
of New Zealand and California. The features included in 
these maps are: (1) outerops of eu- and miogeosynelinal 
sediments; (2) ultramafie rocks; (3) Alpine and San 
Andreas Faults ; (4) Late Caenozoic-Recent acid-inter- 
mediate voleanies; (5) geothermal power stations at 
Wairakei, New Zealand, and The Geysers, California. 


Mirror Image Comparison 


Fig. 2 shows the basie geological features of New 
Zealand, as in Fig. 1, but the geological map of western 
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California is now , presented as a mirror image. The direc- 
tions of linear features immediately begin to look familiar. 
In Fig. 31 have tried to superimpos e the essential elements 
of the two diagrams of Fig. 2, though the results are best 
seen by using transparencies. I have moved the San 
Andreas Fault along the Alpine Fault until the points of 
departure of the ultramafic belts from the faults approxi- 
mately coincide. The apparently diapirie Diablo Range 
interferes with the Californian ultramafie belt near the 
San Andreas Fault. but the pattern becomes clear again 
north of the Diablo Range. A comparison of the principal 
elements of the maps now follows. 


Geosynclinal Sediments, Ultramafic Belts and Trans- 
current Faults 


The Californian ultramafic belt which separates Fran- 
-eisean and Great Valley sediments, follows the New 
Zealand ultramafic belt for a distance of 500 km north of 
the “take-off” points of the ultramafics from the faults. 
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Conversely, the Alpine Fault at its most southerly 


exposure follows the trace of the Elsinore Fault in southern 


California. No conclusion is drawn about this coincidence, 
however; a later section will deal with the southern part 
of these two areas. At this point it should be noted that 
the displacements of the two faults are, in a mirror image 
comparison, in opposite senses. li 





Late Caenozoic and Recent Acid-intermediate Volcanics 

Characteristic hornblende andesites occur over the 
continental flanks of the miogeosynclines. I have pre- 
viously discussed these? and termed them “‘miogeosyn- 
clinal andesites". They include the Sutter Buttes 
California and the late Tertiary volcanoes Paritutu. 
Whareorino and Orangiwhao on the west coast of the 
North Island of New Zealand. With mirror image corm 
parison the Sutter Buttes are seen to lie virtually ¢o- 
incident with the hornblende andesite voleanoes of 
Whareorino and Orangiwhao, 




















91 
170 E { 
| 
. 
36 5-- 
38 — ORANGIWHAO 
WHAREORINO (Kf! i 
* PARITUTU 
. 
40 — 
NW. NELSON 


GRANITE. GNEISS 


LEGEND 
de 
FIORDLAND Eugeosynclinal Facies. 
RANITE, Miogeosynclinal Facies. 
NES -— Ukramafic Beir, 

—— Ultramafic Belt inferred from Geophysical 
Anomalies. 

4677 Caenozoic Volcanics- 





Miogeosynclinal" Andesite Voicanoes. 
Post Miocene Andesite Volcanoes, 
O Geothermal Power Stations, 


SCALE 
100 Km] 






THE GEYSERS 








Fig. 1. 


Much speculation has taken place regarding the extra- 
polation of the Alpine Fault from its inferred extension 
as the Wairau Fault*. Most geologists at the present 
time! extend the fault immediately to the west of Welling- 
ton and under Palmerston North (W and PN in Fig. 3). 
This could take the fault across the axial greywacke range 
to the south-west of Hawkes Bay (HB) or up the western 
side of this range, separating the present volcanic area 
from the old sediments; the latter appears to be generaily 
favoured. If the Alpine Fault is presumed to follow 
(grossly) the same trace as the San Andreas, Fig. 3 shows 
that it does indeed separate the voleanie province from 
the undifferentiated Permian—Jurassic sediments as 
originally suggested by Grindley’. 


Partial geological maps of New Zealand and California, Sources!'"'!*, 


Caenozoic and Recent voleanism has occurred in the 
centre and north-western part of the North Island of New 
Zealand and also in northern California. The Pliocene 
Sonoma Voleanies of California lie just to the south-west 
of the currently exposed southernmost voleanies of the 
Central Voleanie Region of New Zealand. North of the 
Sonoma Voleanies are the Clear Lake Voleanic Series 
These lie within the Central Voleanie Zone of New Zealand 
in the angle formed by the chief transeurrent fault and 
the ultramafic belt. In Fig. 3 are also shown the post. 
Mioeene andesite voleanoes. New Zealand has two belts 
of these volcanoes. One belt trends north-north-east and | 
is commonly associated with the active margin of the 
North Island; the other, an arcuate line of older voleanoes, 
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trends from north to north-north-west and seems to have 
no present geophysical associations. The latter belt is 
almost parallel to the ultramafie belt on the eugeosynclinal 
side. In California, Lassen Peak and Mount Shasta are 
the southernmost of a zone of active andesite volcanoes 
which parallels the Pacific Coast to Washington. In 
Fig. 3 Mount Shasta lies close to one New Zealand andesite 
voleano of the western arc, Little Barrier Island. Lassen 
Peak lies to the west of the North Island. 


Geothermal Power Stations and Geysers 


New Zealand has a geothermal electrical generating 
station of 175 MW at Wairakei in the centre of the North 
Island. At The Geysers in California is a geothermal 
electrical generating station of 55 MW (133 MW pro- 
jected by 1971). The mirror image comparison shows the 
two power stations to be within 50 km of each other 
although presumably the Wairakei source of steam is 
related to the linear north-north-east active margin and 
The Geysers source is within the arcuate system. In New 
Zealand hot springs also accompany the western arc 
(unpublished report of J. Healy) and one area, Ngawha 
(see Fig. 3), has been extensively prospected as a heat 
source. for a power station; indeed. one geologist? has 
suggested that the thermal aetivity of the Rotorua area 
is associated with this arc. 





Contiguous Areas 


Mirror image comparison of California and New Zealand 
produces only one disagreement—the alleged transcur- 
rencies of the San Andreas and Alpine Faults are in the 
opposite sense. The intimacy of the relationships of the 
faults with all the other features, some of whieh are 
Recent and some, in New Zealand, reaching back at least 
to the Carboniferous, suggests that the nature and 
attitudes of the faults are determined by long-persisting 
geodynamie forces. 'lhe present tendency is to associate 
the faults with ocean spreading, but this may be too 


| 











Partial geological maps of New Zealand (normal) and California (mirror image). 


facile an explanation for features the origins of which 
possibly go far back into geological time. Perhaps some 
clue may be given by examining the contiguous areas. 
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Fig. 3. Superimposed geological features of New Zealand (normal) 


and California (mirror imege). 
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Fig.4. Morphological characteristics of Tasman-Macquarie-Solander-Campbell Plateau system and Pacifle-Baja California—Gulf of California 


Mexico system, Both rotated about 25? in opposite senses. 


Sourcesg!*.*0, 


Depths in metres on New Zealand map, in fathoms on California 


map. 


To the north of New Zealand lies the eastward facing 
island are system of Kermadec-Tonga, of which the 
North Island of New Zealand is considered to be the 
southern termination. To the north of California lie the 
westward facing andesitic voleanoes of the Cascade 
Range. 

South of California lie lower (Baja) California and the 
Gulf of California. South of New Zealand lie the Tasman 
Basin ~ Macquarie Ridge - Solander Trough — Campbell 
Plateau system. This has previously been considered to 
be an offshoot of the mid-ocean ridge’, but recently 
opinion"? has swung in favour of an active margin-island 
arc hypothesis—at least for that part of the ridge north 
of latitude 52° S. A cross-section across this region would 
show the deep Tasman Basin, with marginal trenches, 
separated by the north Macquarie Ridge from the shallow 
Solander Trough which is bordered on the east by the 
subcontinental Campbell Plateau’’. I have demonstrated 
the presence of a single-peaked magnetic anomaly running 
along the length of the north Macquarie Ridge™, and have 
inferred? that this is ultramafic in origin. At the north end 
of the Solander Trough is the Quaternary hornblende 
andesite volcano of Solander Island which I have pre- 
viously classed’ with the ‘‘miogeosynclinal andesites" 
(including Sutter Buttes). 

Fig. 4 shows the morphology of the Baja California and 
Macquarie systems brought into parallelism by rotation of 
about 45? added to simple translation and not mirror- 
imaging. A complete match of the prineipal features of 
the two areas, neglecting absolute sea level, is obtained. 
The San Andreas and Alpine Faults, though not parallel 
(beeause they join reversed systems to the north ?), are 
in the same sense with respect to the two southern 
systems. 

We have, then, two strikingly similar pairs of structural 
provinces on either side of the Pacific. Both the American 
provinces face the Pacific Ocean, that is, to the west. On 
the other hand, both the New Zealand provinees face 


oceans but in opposite direetions—the northern province. 


faces the Pacific and the southern one the Tasman. This _ 


latter point emphasizes the essentially continental nature 
of the Campbell Plateau. The similarity in the absolute 
size as well as in the geometry suggests that simple, 
regular physical forces are at work at the edges of con- 
tinents. : 
These comparisons are offered as an aid in the investiga- 
tion of the geological and geophysical problems of the two 
areas ranging from local to regional in scale. In particular. 
it should be pointed out that models explaining the recent 
tectonic history of the western United States!5"5 should > 
also be tested against the New Zealand—Macquarie system. 
I wish to thank my wife who, while tidying some 
transparencies for a previous paper®, brought the results 
of accidental mirror image superposition to my notice. 
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OUR previous studies of haemoglobin synthesis in « and 
B-thalassaemia have established in each case a reduced 
amount of synthesis of the affected chains!. These results 
have subsequently been confirmed and extended by us? 
and others*-*, None of these experiments, however, 
provided evidence about the way in which this reduced 
synthesis had occurred, and tentative conclusions sug- 
gesting that defective ribosomal assembly was involved 
in B-thalassaemia! proved to be invalid when it was 
discovered that intermolecular exchange of x and B-chains 
can occur in retieuloeytes?:*, 

In general terms, the reduced rate of &-chain synthesis 
which characterizes -thalassaemia might result from 
either a quantitative reduction in mRNA production, or 
from the presence of a functionally defective mRNA 
such that the process of assembly of the B-chains on 
the ribosomes is slowed. So far, there is no real evidence 
as to which of these two alternatives is involved in the 
pathogenesis of this disorder. 

We have attempted to measure the efficiency of ribo- 
somal assembly of B-chains in 8-thalassaemia by means of 
pulse-labelling experiments of the kind used by Dintzis 
to establish the kinetics of « and 8-chain assembly in rabbit 
haemoglobin. 

If reticulocytes are allowed to synthesize haemoglobin 
for a short time in the presence of a radioactive amino- 
acid, a gradient of radioactivity is found in the finished 
haemoglobin chains, the C-terminal ends being the most 
radioactive and the N-terminal ends the least radioactive. 
This is because peptide chains are synthesized on the 
ribosomes sequentially from the N-terminal end. At any 
instant a complete range of chain lengths is found on the 
ribosomes and after addition of isotope these nascent 
ribosomal ehains are completed with labelled amino-acids. 
Thus at short times the first chains released (those which 
were nearest to completion before the label was added) 
have only their C-terminal ends labelled. With increasing 
time the radioactivity is found closer to the N-terminal 
end of the completed chains, until finaily the N-terminal 
residue is also labelled. This represents the point where 
all the chains growing on the ribosomes before the label 
was added have been released. From this point on in 
time, the gradient of radioactivity from N to C-terminus 
gets progressively less steep as more completely labelled 
chains are synthesized and released into the cell. 

The time taken to label the N-terminal amino-acid and 
the rate at which the slope of the radioactivity gradient 
decreases are both dependent on the rate of translation of 
mRNA (and independent of the rate of chain initiation 
and the number of mRNA molecules). Thus, if all other 
faetors are equal, variations in the rate of translation 
of mRNA should be reflected in the slopes of the pulse- 
labelling curves. 

‘The experiments described later show that the assembly 
kinetics of normal and thalassaemic 5-chains are identical 
within the limits of the experimental error, suggesting 


In -thalassaemia translation of haemoglobin $-chain mRNA appears 
to be normal. This suggests that defective regulation of mRNA 
production is probably responsible for the reduced rate of &-chain 
synthesis in this disorder. 


that the processes of mRNA translation and chain termina- 
tion are normal in &-thalassaemia. Thus, apart from the 
possible involvement of chain initiation, defective ribo- 
somal assembly does not seem to be an explanation for 
defeetive chain synthesis in the cases of 8-thalassaemia 
studied here. 

Blood rich in reticulocytes was obtained from splenec- 
tomized patients with Q-thalassaemia in the Siriraj 
Hospital, Bangkok, and from non-thalassaemie persons 
with raised reticulocyte counts in Liverpool and Bangkok. 
The red cells were washed four times with saline and then 
incubated at 37° O for 15 min in the leucine-free medium 
of Lingrel and Borsook® to allow time to regenerate 
metabolites. At the end of the preincubation period 250 
uCi of *H-leucine (about 1 umole) was added for each milli- 
litre of packed cells and the incubation continued. 
Aliquots were removed after 3, 6 and 9 min, and synthesis 
stopped by immediately pipetting the incubation mixtures 
into a large excess of ice-cold water. The lysates were then 
frozen, packed in dry ice in an insulated container and 
flown to Liverpool. The samples were invariably still 
frozen at the end of the journey. Subsequent purification 
and isolation of the G-chains were then carried out as 
follows. 

The lysates of the thalassaemie reticulocytes were 
thawed and the stroma and red cell debris were removed 
by centrifugation. The solutions were then exhaustively 
dialysed in the cold against the developer No. 9 of Allen 
et al.® before applying to a column of *'Z RC-50' equilibrated 
with the same buffer in the cold. In these conditions 
non-haem proteins and haemoglobin F were not retained 
by the column. After washing exhaustively with buffer 
in the cold, the haemoglobin A was then recovered by 
elution with developer No. 2 after allowing the column 
to warm to room temperature. The Hb A prepared in 
this way was free of Hb F on starch gel electrophoresis 
at pH 8-6 and the small proportion of haemoglobin A, 
still present was neglected, for the 8-chains of Hb A, 
were subsequently separated from the g-chains of Hb A 
by chromatography on ‘CM-Cellulose’. After concentra- 
tion of the dilute Hb A solution and conversion to globin, 
the « and fg-cehains were separated by ‘CM-Cellulose’ 
chromatography”. 

Lysates of the non-thalassaemic reticulocytes, including 
the stroma and cell debris, were converted directly into 
“globin” by the acid-acetone method, and the x and 
B-chains were separated by chromatography!*. The 
fractions from the columns of ‘CM-Cellulose’ corresponding 
to the « and f-chains were pooled and the total volumes 
of each fraction noted. A sample (1 ml.) of each fraction 
was dialysed overnight against a large volume of 0-5 per 
cent formic acid and then 0-5 ml. of the dialysed solution 
was counted in 10 ml. of Bray's scintillator" in a Packard 
Tri-Carb liquid scintillation counter with the red and 
green channel settings adjusted for double-label operation. 
From this preliminary counting the total activities 
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Fig. 1. Specific activity curves of 8-chains isolated from normal reticu- 
locytes after incubation with *H-leucine for 3 (@), 6 (6) and 9(A) min. 


present in the « and f-chain peaks were determined. To 
the original pooled « and $-chains (still in the 8 M urea/2 
mercaptoethanol buffer) was then added enough uniformly 
labelled « and g-chains labelled with “C (prepared by 
incubation of reticulocytes from a normal individual with 
uC-leucine for 16 h at 37° C) to give a final ratio of *H to 
1C of approximately 3: 1. 

The double labelled « and 8-chains were then converted 
to their aminoethyl (AE) derivatives as described earlier!^, 
except that after the reaction was complete, salts, excess 
ethyleneimine and so on were removed by dialysis against 
H,Ó, pH 8. (This modification was used because in the 
prolonged acid conditions of desalting on 'Sephadex' in 
0-5 per cent. formie acid'’, some of the methionine of pep- 
tide «9 can react with ethyleneimine to give a basic 
derivative which sometimes contaminates peptide «l-2 
in the fingerprinting system used.) The desalted AE 
derivatives were freeze-dried, digested with trypsin and 
fingerprinted as described previously’®. After locating 
the peptides with 0-02 per cent ninhydrin in acetone the 
peptide spots were cut from the papers, placed in 20 ml. 
polyethylene counting vials and 3 ml. of 0-001 N HCl was 
added to each. The vials were tightly capped and incu- 
bated overnight at 37° C during which time the initially 
blue solutions turned colourless. The pieces of paper were 
removed from the vials after squeezing out as much 
trapped liquid as possible and the peptide solutions in 
the vials were dried down overnight at 65° C to leave a 
blue residue. To this was added an accurately measured 
0-5 ml. of 0-001 N HCl; the vials were again tightly capped 
and heated at 37° C until all the residues had dissolved 
and the blue solutions had turned colourless. Finally, 
10 ml. of Bray's scintillation fluid!! was added to each 
and the vials counted for *H and "C for a minimum of 
100 min, and usually for 300 min. Any variation in the 
amount of quenching from vial to vial was checked by the 
addition of internal standards. 

Measurements of the relative amounts of « and 8-chains 
synthesized in f-thalassaemia retieulocytes were made 
essentially as described previously'; after incubation with 
3H-leucine for various periods the cells were washed three 
times in saline and then lysed in H,O. The whole lysate. 
including tbe insoluble cell debris, was then converted 
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into "globin" (referred to in the text as “whole-cell 
globin”) by the acid-acetone method, the « and S-chains 
separated and the total amount of radioactivity in each 
chain determined. í 


Normal Reticulocytes 

A series of experiments was carried out using retieulo- 
eytes from normal individuals in both Liverpool and 
Bangkok to establish the normal pulse-labelling patterns 
of « and §-chains after incubation with *H-leucine at 
37^ C for periods of 3, 6 and 9 min. These experiments 
showed that reproducible curves were obtained using cells 
from many different persons on different occasions. Some 
typical specific activity curves of 8-chains isolated from 
normal reticulocytes after incubation for these periods 
are shown in Fig. 1, while a more complete set of results 
from a. series of experiments, including some in which the 
experimental conditions were varied, is illustrated in: 
Fig. 2. For each curve, the specific activities of the - 
peptides in terms of the actual ratio of e.p.m. of *H to “G 
(as in Table 1) were first plotted out and extrapolated to 
residue 146, The value thus obtained for the C-terminal 
residue was then taken as 100 per cent, and the data were ` 
replotted on this basis. 

The scatter in the curves varied from one experiment 
to another, but in general was least when the counts were 
highest. This was probably because with high specific 
activity material, smaller pieces of paper were eut from 
the fingerprints for counting. The possibilities of con- 
tamination from neighbouring peptides (and perhaps 
also from trace chymotryptie peptide impurities) were 
thus less than when larger pieces of paper were used in an 
effort to recover the maximum number of counts from 
low activity material. : 

Backgrounds were obtained from blanks and peptides 
known to contain no leucine. They were low and repro- 
ducible (Table 1), indicating no gross contamination with 
non-tryptic peptides or other material. i 
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Fig. 2. Specific activity curves of f-chains isolated from normal retien- 
locytes after incubation with *H-leucine for 3 ( 3, 6 (--) and 
9 (-—-—+—) min. For the sake of clarity only the lines j ining the 
experimental values are shown, The scatter in the individual points was. 
similar to that shown in Fig. 1. These lines represent nine separate... 
experiments. With the exception of the two pairs of lines, 4 and Ball 
the data were derived from experiments done in the standard tonr 
ditions described in the text. The upper line of pair A was obtained from 
an experiment in which !*C-leucine was included in the pre-ineuhation 
mixture. The lower line of pair B was from an experiment in whieh the 
ribosomes were removed from the cell lysate before isolating the 8-chain. 
The remaining lines of pairs 4 and B were derived in the standard way 
from a parallel experiment performed on the same batch of celis at the 
same time. 
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Table 1. RADIOACTIVITY INCORPORATED INTO J-CHAIN PEPTIDES AFTER INCUBATIONS OF RETICULOCYTES WITH "H-LEUOINE FOR VARIOUS TIMES 


Normal reticulocytes 


B-'Phalassaemia reticulocytes 





i min 3 min 6 min 9 min 
Peptide ape SHE sgpic ln H/E mee 3Hjsc aH BRE 3HjÁSC SAC ?HISC SHC SEC 
` opm, ratio e,p.m. ratio opm. ratio c.p.m. ratio e.p.m. ratio e.p.m. ratio 
1 1606/752 213 44-4/27-5 161 242-4/78-7 3-09 15 7[0.7 2-84 32-4/11-0 2-94 312/35 231 
s 3518578 2-64 19-988 1-73 LU A s5 20-3/8-2 2:47 398/1101 3:58 8612/258 2:37 
pa 200-7/164-8 2-54 55-4/33°7 1-64 372-6/113- 3 i c : 
En 342-0/128-1 2-67 62-0/37:1 1-70 261-4/76-8 3-40 31-0/11-8 2.62 69-5/19-6 3-54 2:36 
85 188-7/65-8 2-86 39-4/22-0 179 241:2/72-0 9:55 185/7.3 2-58 35:3/9-8 3-60 2-07 
86 6-9/0-0 — 6:3/0-0 — 1:6/0-8 0-0/0-0 — 0-0/0-1 me Dem 
BT 00/00 — 0-0/0-0 — 0-0/0-3 0-1/0.3 — 0-0/0-0 — ) — 
B8 0-0/0-2 — 0-3/0-6 — 0-270-0 — 0-6/0-5 — 90/00. — CNOI — 
88-9 4360/138-68 3-15 78-9/44-0 1:80 486-3/140-5 9:4 47-6/16:1 2:06 7 9/218 3-48 94:3/38:5 9-45 
59 660-1/192.0 311 115°3/63-2 1-82 612-6/174-2 3:51 55-7/18-4 33 101:3/27.8 3-64 121:2/48-5 249 
#10 249°7/70-7 3°53 50:2/28-0 1-80 290-0/82+4 3:51 25-2/8-1 3:11 48-4/12-5 ET 426/173 2:46 
gil 209-6/56-0 3°61 43°7/23-2 1-81 28-0/7-3 3-83 42-4/10-6 4-60 42-5/16-9 241 
812a 6 18-6/181-0 8-84 107-2/55-0 1:94 607-9/158-7 3-80 56-0/17-6 9:21 84.7/21.0 4:03 116-3/43-0 2-63 
812b 2242/558 4:03 31:7/17-0 1:88 242-1/61-6 3-90 2031/55 3-65 314/75 4-19 36-7/13-9 2:64 
#813 LIER — 0-0/1-2 — 01/18 — 2-0/0-1 — 15/09 — 17/03 d 
fls 258-0/59-5 4-34 45-8/23-0 2:00 274-7/69-0 3-98 28-4/6-5 326 43-9/10-4 422 39-5/14 8 2-68 
' BIS 0-9/0-5 — 1:5/0-8 — 0-8/2-0 1-6/0-2 — 2-9/0-4 — 0:702 — 


Details of the experiments are in the text. 
from these data, All the peptides were counted for 
B-thalassaemia incubations which were from one experiment. 


The overall recoveries of counts from peptides eluted 
from paper varied in general from about 20 per cent to 
60 per cent. This meant that for the lowest activity 
material (that from the 3 min 8-thalassaemia reticulocyte 
incubations), the final counts were of the order of 20-60 
c.p.m. for *H (Table 1). These peptides were all counted 
for à minimum of 300 min. 

In a further set of experiments to look at the effects of 
variations in experimental technique it was shown that 
the addition of '*C-Jeucine to the pre-ineubation mixture 
had no effect on the final pulse-labelling patterns (Fig. 2, 
lines 4); likewise, the removal of ribosomes from the 
lysates before purifying the haemoglobin chains did not 
influence the shape or slope of the pulse-labelling curves 
(Fig. 2, lines B), showing that the isolated 8-chains were 
free of any nascent chains from the ribosomes. (Practical 
difficulties in making ribosome-free lysates in Bangkok 
led us to use whole lysates as the starting material for 
8-chain isolation.) Finally, because we anticipated dealing 
with a heterogeneous cell population in the 8-thalassaemia 
experiments, some  pulse-labelling experiments were 
performed with a normal bone marrow sample. The 
preliminary results of these have been identical to those 
obtained with normal reticulocytes. 

The results from the reticulocyte experiments are 
broadly similar to those obtained by others working with 
human reticulocytes except that we did not find non- 
uniform f-chain gradients in our experiments. (Our 
x-chain gradients did show this characteristic, however. 
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Backgrounds obtained from blanks were 3 c.p.m. for *H and 8 c.p.m. for “C, and have been subtracted 
a minimum of 300 min. The data are from separate experiments except those from the 3 and 6 min 


The reasons for this are not obvious, but they may be 
related to differences in experimental technique. As 
has been pointed out!5, the position of the so-called “kink” 
in pulse-labelling curves from retieulocyte ineubations is 
dependent on experimental conditions, and in some cases 
it can be eliminated altogether.) 

Winslow and Ingram}! estimated from their experiments 
a translation time of between 1:5 and 3 min for 8-chain 
mRNA at 37° C. We have not measured translation times 
directly, but from the rate of change of slope of the curves 
in Fig. 2 it seems that a translation time close to 1-5 min 
is probable for 8-chain mRNA. 


-Thalassaemia Reticulocytes 


The 8-thalassaemia samples studied were typical in 
that they contained large quantities of Hb F as well as 
Hb A and Hb A, Fig. 3 shows a typical fractionation 
of the a, B and y-chains of the whole cell globin prepared 
from thalassaemic reticulocytes from one of these patients 
after 45 min of incubation with *H-leucine. It can be 
seen that there is a considerable excess of a-chain radio- 
activity over that in the combined B-chains of Hb A and 
y-chains of Hb F. We found the ratios «/8+y varied 
from about 2 to 5 in the patients studied here, indicating a 
gross reduction in B-ehain synthesis, insufficient y-chains 
being produced to compensate for this deficit. 

The specific activity curves of f-chains isolated from 
8-thalassaemia reticulocytes after incubation for periods 
of 3, 6 and 9 min are shown in Fig. 4. They fall in the 


—— 


x i 
: 900 
| 200 
| 1 
R | d 
l = 
o 


Fraction No. 


Fig. 3. Fractionation on ‘CM-Cellulose’ of the a, B and y-chains of "whole cell globin” 
prepared from f-thalassaemia reticulocytes after 45 min incubation with ?H-leucine. 
————, Absorbance 280 mg; © --- ©, radioactivity. 
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range of values obtained from incubations of normal 


reticulocytes in similar conditions. «-Chains from the 
purified Hb A isolated from the 9 min 6-thalassaemia 
ineubations also gave eurves which fell within the range 
of those from normal cells. (After 9 min of incubation the 
specific activity of the N-terminal end of the a-chain 
isolated from normal reticulocytes was always significantly 
higher than that of the B-chain, suggesting that the transla- 
tion time for «chain mRNA is somewhat shorter than 
that for the §-chain.. This was also the case with «-chains 
isolated from 8-thalassaemia reticulocytes.) 

Thus the labelling kinetics of thalassaemie §-chains 
are identical to those of normal 8-chains, and are also 
normal: when compared with the labelling kinetics of 
normal and B-thalassaemia «-chains, the latter acting as 
an internal control. 
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fig. 4, Specife activity curves of 8-chains isolated from -thalassaemia 
reticulocytes after incubation with *H-leucine for 3, 6 and 9 min (with the 
exception of the uppermost eurve, which wasfrom a 10 min incubation). 
The shaded areas represent the range of curves obtained from normal 
reticulocytes as shown in Fig. 2. The data for the B-thalassaemia eurves 
were obtained from four separate experiments. Bottom shaded area, 
3 minrange; middle shaded area, 6 min range: top shaded area, 9 min 
range. 


Measurements of the total x and 8-chain synthesis in 
thalassaemie reticulocytes indicate a drastie reduction 
in the amounts of ®-chain synthesized'-*. Depending on 
the particular type of f-thalassaemía, the amounts of 
8-chain produced can range from none at all to about 
half the «-chain level. In the patients studied here, the 
level of B-chain synthesis was about a quarter of that 
of the a-chain. 

On the basis of current knowledge of haemoglobin 
synthesis, this reduction in $-chain synthesis could have 
two principal causes: either a defective mechanism of 
ribosomal assembly of @-chains caused by an abnormal 
mRNA, in whieh one of the steps of chain initiation, 
mRNA translation, or chain termination and release, is 
rate-limiting; or the amounts of a normal mRNA are 
reduced, presumably because of a defective regulatory 
mechanism involved in mRNA production. This might 
occur at the level of DNA replication or transcription. 

These experiments suggest that in f-thalassaemia, 
mRNA translation and chain termination are not rate 
limiting, at least within the limits of experimental error, 
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for the rate of change of slope of the pulse-labelling curves, 
which is directly related to the rate of translation of 
mRNA, is identical in both normal and f-thalassaemia 
reticulocytes. 

Although the variations from experiment to experiment 
are appreciable, it is likely that some of this is a result of 
slight differences in experimental conditions, for whenever 
experiments were performed in duplieate, as for the pairs 
of curves A and B in Fig. 2, identical results were obtained. 
But a +7-5 per cent variation in the specific aetivity of 
the N-terminal residue after 3 min must be compared 
with the three to four-fold overall reduction of 8-chain 
synthesis in $-thalassaemia. If the rate of translation of 
mRNA was rate limiting to this extent, we would have 
expected to detect it. 

This argument assumes, of course, that the basic defect 
in B-chain production is not exaggerated by the secondary 
results of imbalanced globin chain production. Thus there 
is evidence that the excess a-chains precipitate to form 
inelusion bodies which may damage the erythrocyte 
membrane’. This causes increased membrane permea- 
bility resulting in an abnormal cation flax which, in turn, 
affects the capacity of the red cells to regenerate ATP. 
These secondary defects might modify the synthe of 
the 8-chains if a defective mRNA was involved. Specific 
differential effects can occur in reticulocytes; synthesis 
of the 3-chain of Hb A., for example, is much less efficient 
relative to « and B-chain synthesis in reticulocytes than 
in nucleated cells!?-15. 

The data seem to show therefore that mRNA transla- 
tion and chain termination are not rate limiting or 
abnormal in 8-thalassaemia and thus these processes are 
not responsible for the reduction in B-chain synthesis in 
this disorder. These experiments, however, do not throw: 
any light on the efficiency of chain initiation in 6-thalas- 
saemia. If this step were rate limiting, reduced f-ehain 
synthesis could occur without affecting the specific 
activity curves in a Dintzis-type experiment. Experi- 
ments to look at the chain initiation phase of B-ehain 
synthesis in §-thalassaemia are obviously necessary. 

The difficulties inherent in the type of experiment 
deseribed here are considerable, particularly in achieving 
sufficient incorporation of isotope at short times in thalas- 
saemie reticulocytes to ensure enough counts to be useful 
in the subsequent manipulations. Furthermore. there are 
theoretical reservations about many aspects of these 
experiments. 
omit any purifieation steps before isolating the B-chain 
to avoid losing any “pools”, but contamination with 
Hb F and non-haem proteins was too great to allow this. 
(There is no evidence as yet that a free G-chain pool cont- 
parable with the «-chain pool exists in reticulocytes (ref. 16 
and unpublished results of D. J. W., J. B. C, S. Na-Nakorn 
and P. Wasi). But experiments which do not rely ona 
presumption of its absence are obviously preferable.) Also, 
the heterogeneity of the cells used may introduce corm- 
plications. mRNA translation times in nucleated cells: 
may be different from those in reticulocytes (although our 
preliminary experiments with bone marrow suggest that 
this is not the case), and the relative contributions of 
nucleated cells and reticulocytes to the overall synthesis 
are unknown. For the purposes of these experiments we 
have had to assume that the contributions of the few 
nucleated cells present in the B-thalassaemia cell popula- 
tion did not mask the synthesis occurring in the bulk of 
the reticulocytes. None of our normal controls had any 
nucleated cells. 

The experiments reported here have been limited to 
only a few cases of §-thalassaemia drawn from one ethnic 
group and having similar clinical symptoms. Clearly, 











more experiments are needed, both to confirm these — m 
findings and to relate them to other types of p-thalas- — 


saemia, before any general conclusions can be drawn. © 
It is now also obvious that more solid genetic évidence 
about the relation of the 8-thalassaemia locus to the B-chain 





In particular, we would have preferred. to: vs 
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structural locus is essential; this cannot be overstressed. 
Confirmation of the evidence suggesting crossovers between 
the f-thalassaemia locus and the 8-ehain locus (review 
in ref. 17) would lend support to the tentative conclusions 
drawn here—-that unless chain initiation is involved, 
ribosomal assembly of 8-chains is normal and defective 
regulation of mRNA production seems to be responsible 
for the reduced B-chain synthesis in these cases of 8- 
thalassaemia. 

We thank Dr M. Pornpatkul for her help with the 
incubations in Bangkok, Miss Christine Eunson for 
technical assistance and the World Health Organization 
for a grant. 
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One of the chief functions of the nuclei of cells of higher 
organisms—the synthesis of RNA-—is mediated by the 
DNA-dependent RNA polymerase’. Studies of the 
regulation of this enzyme in tissues such as rat liver 
are hampered because conventional techniques for the 
isolation of nuclei yield a complex mixture of stromal 
and parenchymal nuclei. In adult rats, the former are 
diploid, while the parenchymal nuclei are predominantly 
tetraploid’. In mice, octaploid and hexadecaploid paren- 
chymal nuclei are found. We have developed a method 
for the fractionation of nuclei in a zonal centrifuge 
using the type A rotor in an MSE ‘Mistral’ centrifuge, 
which provides adequate amounts of material for detailed 
biochemical investigations’. We have studied the dis- 
tribution of RNA polymerase in the various classes 
of nuelei. In most of the experiments reported here, 
the assay in the presence of Mg^* was used with *H-UTP 
as the precursor’, Similar results were obtained when 
the activity was measured with Mn++ and (NH a)eSO,. 

In the zonal centrifuge, rat liver nuclei may be separ- 
ated into two zones, one containing diploid nuclei, the 
other predominantly tetraploids (Fig. la). Table 1 shows 
that in animals weighing 200 g the specific activity of 
the RNA polymerase of the tetraploid nuclei (peak II, 
Fig. le) is nine times greater than that of the diploid 
nuclei (peak I). In rats weighing 25 g in which only 
diploid nuclei are found, the specific activity was several 
times higher than that of the diploid peak from adult 


Table 1. DISTRIBUTION OF RNA POLYMERASE ACTIVITY IN THE DIPLOID AND 
TETRAPLOID PEAKS OF RAT LIVER NUCLEI 


Experiment No. Weight of rats Diploid peak Tetraploid peak 
H 25 g 2,295* ed 
2 190-200 g 424 3,987 


* The activity is expressed as uumoles of *H-UMP incorporated per 10* 
nuclei. The activity of the *H-UTP was 100 uCi/eM. For incubation 2 HCI 
was used, 


Using the zonal centrifuge, it has been shown that the several 
classes of nuclei in the adult liver of rat and mouse contain varying 
amounts of RNA polymerase. 


rats. Thus there is a considerable shift of enzyme activity 
from the diploid to the tetraploid nuclei during growth. 

The distribution of RNA polymerase was analysed 
in more detail by collecting the nuclei from the diploid 
and tetraploid peaks in eight to ten fractions, each of 
approximately 30 ml. The nuclei were recovered from 
each fraction, the RNA polymerase activity was assayed, 
the nuclei were counted (Coulter counter) and the relative 
proportions of diploid and tetraploid nuclei were estimated. 
The specific activity was not constant across the diploid 
peak (Fig. 2a). It was low in the slower moving fractions 
and increased towards the leading edge. This variation 
is correlated with the changing proportion of stromal 
and parenchymal nuclei (Fig. 25). There is little or no 
activity of RNA polymerase in stromal nuclei. The 
decrease in the specific activity of the faster moving 
fractions of the tetraploid peak (Fig. 26, fractions 9 
and 10) can be attributed to the presence of aggregates 
of nuclei which occur in this region of the gradient. 

Another feature of these and other experiments was 
the small decrease in specifie activity between the diploid 
and tetraploid peaks (fraction 5, Fig. 2a and b). This is 
unexpected because at this point in the gradient tetra- 
ploid nuclei of higher specific activity are beginning to 
appear. It was thought that the explanation might 
lie in the possibility that the small numbers of paren- 
chymal diploid nuclei engaged in the replication of their 
DNA were concentrated. in this region of the gradient. 
The experiments on synchronized cultures of CM P human 
epithelial adenocarcinoma cells demonstrated the switehing 
off of RNA synthesis during the early S phase of DNA 
replication®. If, in rat liver too, replication and trans- 
cription are exclusive processes, as the work of Welling 
and Cohen® suggests, the specific activity of RNA poly- 
merase would be lowered in this region. 
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To test this hypothesis we have examined the synthesis 
of RNA and DNA in rather younger rats (150 g) in which 
the rate of synthesis of DNA is appreciably faster than 
in rats weighing 200 g. The animals were injected with 
3H-thymidine and !C.orotie acid and the nuclei isolated 
and examined in the zonal centrifuge. In Fig. 3a it is 
clearly. seen that the incorporation of *H-thymidine 
reaches a maximum at the point of intersection of the 
diploid and tetraploid peaks. A plot of specific activities 
of incorporation reveals (Fig. 3b) that RNA synthesis 
per nucleus plateaus in the region of maximum synthesis 
of DNA. This is in contrast to the measurements of RNA 
polymerase activity (Fig. 2a and b) where a slight drop is 
evident at this point. The assay dependent on Mg++ may 
reflect. the synthesis of RNA species which are directly 
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Fig.1. a, Rat liver nuclei isolated by the method of Widnell and Tata* 
from Norwegian hooded rats weighing 200 g were centrifuged for 1 h at 
600 r.p.m. at 5° in the MSE A rotor containing a gradient of sucrose from 
20 er cent to 50 per cent (w/w, 1,000 ml.). Sucrose solutions were adjus- 
ted to pH 7-4 with NaHCO,, and contained 1 mM MgCl,. After centri- 
fugation the rotor contents were pumped through a flow cell (1 cm path 
length) producing the chart shown and collected in fraetions (13 ml.). 
The fractions were bulked as indicated and the nuclei were recovered by 
centrifugation at 1,5009 for 5 min at 4° C, The peak at 100 ml. representa 
debris which remains at the position of the sample zone. b, Histograms 
of nuclear volumes caleulated from measurement of nuclear diameters 
measured with a phase contrast microscope fitted with a micrometer 
eyepiece. The bar on the ordinate represents ten nuclei. 
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Fig.2. a, Activity of RNA polymerase in dipicid and tetraplotd. nuclei 


200 g rats). (©) Number of diploid nuclei in fraction; (@) number of 
owl Rin nuclei in fractions; (BM) specific activity of RNA | polyenes nee: a 
In this experiment nuclear sizes were: diploid, less than 270 i^; tetra. 
ploid, more than 270 u3. b, Activity of RNA polymerase in stromal a 
parenchymal nuclei (190 g rats). (A) Number of stromal diploid m de 
infractions; (O) number of parenchymal diploid nuclei; ( number 
parenchymal tetraploid nuclei. The stromal and parenc mal Hach i 
were differentiated on the basis of the nuclear volumes given in Table 2. 
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Fig.3. a, The synthesis of RNA and DNA in vivo by various classes af yat 
liver nuclei. Three animals each received 10 #Ci of 6-C-orotie acid - 
(60 uCi/umole) and 50 uCi of *H-thymidine (18-6 mCi/jmole) by intra- 
venous injection 1 h before death. (A) Stromal diploid nuclei; 16) 
parenchymal diploid nuclei; (@) parenchymal tetraploid nuclei; (M5 
incorporation of C-orotie acid used as an index of RNA synthesis; 
(&) incorporation of *H-thymidine, used as a measure of DNA synthesis. 
b, Specific activities, expressed as c.p.m./10* nuclei, of incorporation of 
4C-orotic acid (fli) and *H-thymidine (A). 
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inhibited during DNA synthesis. It is interesting that 
the number of nuclei involved in synthesis of DNA is 
less than 10 per cent of the nuclear population and these 
may be concentrated by zonal centrifugation. 

In rats weighing 25 g, the specific activity of the 
RNA polymerase reaches a peak in fractions 3-4 (Fig. 4a) 
which is only slightly displaced from the peak of the 
gradient elution profile. It then falls sharply to a value 
which is half that at the peak. From a separate double 
labelling experiment (Fig. 4b) it is apparent that this 
decrease in the activity of RNA polymerase coincides 
with a fast rate cf DNA synthesis. 

We have also examined mouse liver nuclei (25 g body 
weight) which we had previously shown gave a peak 
of oetaploids in the zonal centrifuge in addition to tetra- 
ploids and diploids’. From Fig. 5 (@ and b) it may be 
seen that there are two regions of active DNA synthesis, 
one between the diploid and tetraploid zones, the other 
between the tetraploids and octaploids. The inverse 
relationship between the synthesis of RNA and DNA 
observed in rat liver (Fig. 3a) is again apparent. The 
kidney nuclei were recovered from the same animals. 
"They form a single diploid peak in the zonal centrifuge. 
The incorporation of “C-orotie acid into RNA closely 
parallels the profile of the numbers of nuclei. DNA 
synthesis, however, is confined to a region of the gradient 
running ahead of most of the nuclei. 

We have investigated the relationship between the 
specific activity of parenchymal diploid and tetraploid 
nuclei in rats. Nuclei were run on a zonal gradient and 
the diploid peak divided, as Fig. la shows, into the 
slower zone (1A) and faster (1B) and these together 
with tetraploid peak (II) were assayed for RNA poly- 
merase activity. The total number of nuclei and the 
distribution of nuclear sizes were measured in each fraction 
and used to caleulate the numbers of stromal, paren- 
chymal diploid and tetraploid nuclei in the three fractions 
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Fig. 4. a, Activity of RNA polymerase in nuclei from rats weighing 25 g. 
(O) Number of nuclei; (B) specific activity of polymerase. b, Synthesis 
of RNA and DNA £n vivo in liver of rats weighing 25 g. Five animals 
each received 1 «Ci of 6-C-orotic acid and 30 “Ci of *H-thymidine intra- 
peritoneally 70 min before death. (©) Number of nuclei; (M incor- 
poration of 4C-orotic acid; (A) incorporation of *H-thymidine. 
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Fig. 5. a, Numbers of nuclei of various classes in each fraction. The 


nuclei were collected in fractions of unequal volume, the size of which is 
indicated on the abscissa. (4) Stromal diploid nuclei; (©) parenchymal 
diploid nuclei; (@) parenchymal tetraploid nuclei; (CP) parenchymal 
octaploid nuclei. 6, Synthesis of RNA and DNA in vivo in various classes 
of mouse liver nuclei. Twelve male mice each received 2 aCi of 6-¢C- 
orotic acid (60 uCijumole) and 20 “Ci of *H-thymidine (18 mCi/umole) by 
intraperitoneal injection, 75 min before death, The specific activities are 
expressed as c.p.m./10* nuclei of incorporation of “C-orotie acid (BD 
and *H-thymidine (A). 


(Fig. 15). A linear relationship exists between incor- 
poration of *H-UMP and increasing numbers of nuclei 
for each of the three fractions (Fig. 6). In subsequent 
experiments the total number of nuclei in any incubation 
was within this linear range. The results for two experi- 
ments are shown in Table 2. Normal rats were used in 
experiment 1, but in experiment 2 the weaker rats from 
a litter (runts) were examined. These are rats whose 
development is retarded. Although the stromal nuelei 
of these rats were in the normal range of size, the paren- 
chymal diploids and tetraploids were smaller (see footnote 
to Table 2). It is evident that for runts the RNA poly- 
merase activity in tetraploids is about twice that found 
in diploids, while for normal rats the ratio is more 
than two (28:10). The ratio of activity of tetraploid 
to diploid parenehymal nuclei ean also be calculated 
from the values given in Fig. 6, which refers to rats 
weighing 250-280 g. The ratio is 39:10. Thus the 
activity of RNA polymerase per nucleus in parenchymal 
tetraploids is more than twice that found in diploids. 
The data concerning relative RNA polymerase activities, 
however, should be compared with those obtained from 
the incorporation of *C-orotie acid into nuclear RNA of 
rats weighing 150 g (Fig. 3a). In the region of the paren- 
chymal diploid peak, 340,000 e.p.m./10? nuclei were 
incorporated. When this value is corrected for the 
presence of stromal nuclei, whieh appear to have negligible 
RNA synthesis, a value of 430,000 c.p.m./10? parenchymal 
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DISTRIBUTION OF RNA POLYMERASE ACTIVITY AMONG DIPLOID 


Table 2. 
STROMAL AND: DIPLOID AND TETRAPLOID PARENCHYMAL NUCLEI FROM RAT 
: LIVER 
Experi- D ! uumoles 
ment. Fraction- ‘Distribution of nuclear classes* — *H-UMP 
No. E 2n8 2nP 4nP incorporated 
1 IA KA 15-88 2:38 — 42 
1B Aie 11-6 13-7 07 48-2 
i È : 186 3-08 143 140-0 
Specific activity t 0$ 3,260 9,100 
Relative activities 1 0 1-0 28 
2 TA RAUS ; 22-75 3-55 — 4-4 
iB Ans 30-0 12-55 0-67 44-9 
Hi 6-45 8-95 342 300-0 
Specific activities o 4,180 7,540 
Relative activities + 0 1 18 


208, Stromal diploid; ZnP, parenchymal diploid; 4nP, parenchymal 
tetraploid, 

Tn experiment 1 with normal rats (175-190 g) nuclear sizes were: stromal, 
up to iM yey parenchymal diploid, 120-250 4&5; tetraploid, more than 250 4e 
(Fig. 15), d 

Inexperiment 2 with runts (200-220 g) nuclear sizes were: stromal, up to 
120 a; parenchymal diploid, 120-190 x°; tetraploid, more than 190 4°. 
Diploid nuclei, both stromal and parenchymal, contained 7-5+0-1 neg of 
DNA per nucleus and tetraploid nuclei contained 15-7 + 0-5 pug of DNA per 
nucleus. 

* Nos. of nuclei in. millions in each of the nuclear classes present in the 


incubation tube. Between 200 and 400 nuclei were sized to determine the 


distributions in each fraction. 

+ Expressed as ujanoles *H-UMP incorporated per 10° nuclei of the relevant 
class, These values were obtained by writing three simultaneous equations 
containing the data in the table and solving the three unknowns, namely the 
specifie activities of each of the three nuclear classes. 


{t Taking 2nP value as 10. 
§ The specific activity for stromal nuclei was a very small negative value. 
It was taken to indicate zero activity. 


diploid nuelei is obtained. Similarly the tetraploid peak, 
eorrected for the contribution due to parenchymal 
diploids, has a specific activity of 850,000/10? nuclei, 
giving a ratio of almost 2:1 for the tetraploids in com- 
parison with the diploids. In part this discrepancy may 
be a consequence of differences in age (that is, elevation 
of the specific activity of tetraploids with increasing 
age); in part to the comparison of total nuclear RNA 
synthesis, as measured by the incorporation of !*C-orotie 
acid, with in vitro synthesis of a particular type of RNA 
in the RNA polymerase assay. A recent report appears 
to be in agreement with our conclusions’. These experi- 
ments demonstrate the desirability of comparing measure- 
ments in vitro of levels of an enzyme with the activity 
in the intact organism. 

The studies of the various classes of liver nuclei were 
extended to inelude the octaploid nuclei of mice. Mouse 
liver nuclei were collected as fractions L4 and IB (diploid), 
fraction II (tetraploid) and fraction III (octaploid). 
The peaks were analysed as in Table 2 and the results 
are shown in Table 3. The stromal nuclei had little 
activity.. The tetraploid parenchymal nuclei were approx- 


LUAM *H-UMP incorporated 








i 
10 20 30 40 50 
Nuclei/incubation x 10-* 





Fig. 6. Relationship between numbers of nuclei and RNA polymerase 
activity in rats weighing 250-280 g. (A) Peak L4 contained 81-5 per 
cent stromal and 18-5 per cent parenchymal diploid nuclei; (©) peak 
IB contained 30-4 per cent stromal and 69-6 per cent parenchyma! diploid 
nuclei; (@) peak IT contained 2-8 per cent stromal and 25-6 per cent 
parenchymal! diploids and 71-6 per cent parenchymal tetraploids. 
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imately twice as active as the diploids. A notable 
feature was the greatly increased activity of the octaploid 
nuclei. This is being further investigated. Table 3 shows 
that apart from the octaploid nuclei the relative poly- 
merase activities do not differ greatly in the Mg** and 
the Mn++/NH,SO, assays. It has been suggested that. 
the activity dependent on Mg++ resides in the nucleolus 
and that dependent on Mn*+/(NH,),SO, resides in the 
nucleoplasm*-*, although recent evidence casts doubt on 
this distinetion'?*. The measurements in vitro of the RNA 
polymerase activities can be contrasted with the ineor- 
poration of 4C-orotic acid into nuclear RNA in vivo. 
The results in Fig. 5b can be used to calculate that the 
relative incorporations into the stromal, parenchymal 
diploid, tetraploid and octaploid nuclei are in the ratio 
of 0-25:1-0:2-1:4-2 in the fractions corresponding. to 
the peaks of each class of nuclei. 





Table 3. DISTRIBUTION OF RNA POLYMERASE ACTIVITY AMONG DIPLOID 
STROMAL AND DIPLOID, TETRAPLOID AND OCTAPLOID PARENCHYMAL NUCLET 
FROM MOUSE LIVER 


npiaoles of 
Distribution of nuclear classes* "HUMP c 
Fraction incorporated. 
Matt Mat JAS 
2n8  2nP nP nP assay ABRY 
L4 16-55 322 — — 4B dam 
IB 1L85 1712  — — 3955. 870-0. 
H 5-50 1475 344 — 830-0 1,3080 
IH 1660 301 9:1 55 BOBO LOO 
Specific Mg** 1,430 6,980 15,380 40,000 
5. 55 200 


aetivity t Mn^*/(NH,,80, 5,260 17,960 30,020 1 
Relative ac- Mg** 0-2 1-0 2:2 9 
tivitiest  Mn*^/(NHj,SO0, 0-3 1:0 17 86 


The mice were of NIH strain and weighed 25 g. m 
The assays in this experiment were performed as In ref, 4 exeept that the 
final concentration of all four triphosphates was 0-64 mM. DEM a 

4 pCi of *H-UTP was used in each incubation. Ind 

QnS, Stromal diploid; 2nP, parenchymal diploid; 4nP, tetraploid; 
octaploid; AS, (NH,),S0,. ; 

* Nos. of nuclei in millions in each of the nuclear classes present 
incubation. Between 200 and 270 nuclei were used in the sizin j 
distributions. Nuclear sizes were: stromal, up to 120 x°; 
diploid, 120-220 u*; tetraploid, 9220-5005; octaploid, more than. 

t Specific activity is expressed as zumoles of *H-UMP incorporated/10* .- 
nuclei of the relevant class. : 


t Taking 2nP value as 1-0. 









‘oop 











The sifinificance of ployploidy in parenchymal cells 
of the liver is not easy to assess. Compared with a purely 
diploid tissue containing an identical number of cells, 
the presence of a high proportion of tetraploids confers 
a much greater capacity for RNA synthesis. This feature 
may be important in liver which is the site of plasma 
protein synthesis. Alternatively, the occurrence of tetra- 
ploids may have no functional significance, because 
it can be argued that binucleate diploid cells or twice: 
the number of diploid cells would achieve the same end, ^ 
without substantially increasing liver volume". In. rats 
the critical question is the reason for the arrest of the oo 
mitotic cycle in the tetraploid condition in the pre- 
mitotic (G,) gap. Our results on the incorporation of 
3H-thymidine are consistent with the view that a poly- 
ploid nucleus may arise simply by the doubling of its 
DNA content, as opposed to the fusion of nuclei of lower 
ploidy". 

Our experiments demonstrate the resolving power of 
the zonal centrifuge. The nuclei of adult rat liver can 
be separated into four categories: the stromal diploids, 
which possess very low levels of RNA polymerase; the 
parenchymal diploids; the parenchymal tetraploids: 
and finally a class of diploid nuclei, representing less 
than 10 per cent of the total, which are engaged in the. 
synthesis of DNA and have a diminished capacity for. 
the synthesis of RNA. In mice the position is further 
complicated by the presence of an oetaploid zone. These . 
investigations have shown marked differences in the. 
distribution of RNA polymerase and it will be interesting: 
to compare this pattern with the distribution of other 
nuclear enzymes. Evidently isolated liver nuclei are 
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not biochemieally homogeneous, and this must be taken 
into aceount in studying the mode of action of hormones 
and carcinogens in this tissue. 
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Glaciation and Solar Activity since the Fifth Century BC 


and the Solar Cycle 


by 


J. R. BRAY 


PO Box 494, 
Nelson, New Zealand 


Recent studies'-* of solar-climate relationships during 
the past 300 yr have shown that lower temperatures and 
glacial advance tend to be associated with below average 
sunspot activity, while higher temperatures and glacial 
retreat or stagnation are associated with above average 
activity. Since ap 1699, the first time for which exact 
sunspot data are available, there was a statistically sig- 
nificant tendency for glacial advance in north-west North 
America to occur at the close of and following periods of 
low solar activity’. The construction of a solar activity 
index® based on sunspot? and auroral’ observations since 
the fifth century Bc makes possible a longer term com- 
parison of glaciation and solar activity. 

The interval from 527 5c to the present was divided 
into thirteen parts by combining the solar activity periods 
in ref. 5 as follows: starting with the most recent period 
(AD 1915-1964), intervals of two periods each were com- 
bined baek to Ap 349-380. From this period back to 
334 Bo there was a series of eight short periods which 
were combined into two intervals of four periods each to 
make them roughly comparable in length with preceding 
intervals. This left three remaining periods from 527— 
334 Bc and these were combined into one interval. The 
interval from 700 to 527 Bc was included because it 
encompassed a period of active glaciation. The results 
of this compilation (Table 1) show a fairly uniform mean 
solar activity level of 100 to 110 for most of the time 
from 527 Be to the present except for lower levels from 
the thirteenth to nineteenth centuries. The reliability of 
this pattern of solar behaviour was demonstrated’ by a 
highly significant correlation of the solar activity index 
with an independent compilation of oriental sunspot and 
auroral observations by Kanda*. Another indication of 
the reliability of the solar index was the highly significant 
negative correlation between the index and sunspot cycle 
length during the period 527 Bc-AD 1964. This correlation 
is important because of the significant correlation* 
between the mean yearly sunspot number per cycle and 
the sunspot cycle length for the period ap 1699-1964. It 
is evident from his statements (ref. 6, pp. 127-128) that 
Sehove was not using sunspot cycle length as a possible 
guide to his assessment of sunspot (or auroral) activity 
and that the correlation noted between the solar index 
and sunspot cycle length was based on two independently 
assessed solar attributes. Verification of the relative 


A combination of geophysical, biological and glaciological information 
supports the idea of a 2,600 year solar cycle. 


magnitude of part of the pre-ap 1700 solar index can be 
found in the observations of a sunspot-auroral dearth 
during the mid-seventeenth to early eighteenth century!. 


Table 1. SOLAR ACTIVITY, GLACIAL ACTIVITY AND "C, 700 BC-AD 1064 
Maximumice Preceding Maximum 
Solar advances, major column, ice Ice off 
Period activity readvances, corrected advances, Iceland — 4 
index recessions as in major weeks; "C 
from maxima text readvances — yr 
1880-1964 AD 109 21 6 5 13:9  -602 
1799-1870 ,, 91 34 23 20 407 «01 
1587-1798 ,, 81 57 56 36 22:6 +08 
1388-1586 , 91 7 7 6 32 +09 
1212-1387 ,, 95 3 3 2 6-9 -03 
1011-1211 ,, 105 4 1 3 0-5 -0:8 
881-1010 . 101 1 1 0 0-4 ~ 0-6 
592- 880 ,, 100 3 3 3 — 07 
381- 591 , 103 2 2 2 ~0-9 
203- 380 ,, «105 2 2 2 — 10 
20 80- 

202 AÐ 84 2 2 2 —0-9 
333- 21BC «106 1 l 1 -10 
527- 334 ,, «112 2 2 2 +04 
700- 528 ,, (low ?} 9 9 8 406 


'To determine the pattern of world glacial advance since 
about 700 Be, I have summarized dates of maximum 
glacial advance, major readvance and of recession from 
the maximum. A maximum ice advance was defined as 
one which had reached a maximum distance from the ice 
field during the post Pleistocene. A major readvance was 
one which reached the near vicinity of the maximum 
advance, in some cases leaving a moraine touching it. By 
these definitions, the minor ice advances which occur from 
time to time, even during periods of overall general ice 
retreat, were not included, for they have little climatic 
significance. North American data comprised dates from 
Washington and Oregon, USA, and British Columbia 
and Alberta, Canada?-4-?-11, and from Alaska*?-?1, Arctic 
dates were from Baffin Island? Axel Heiberg”, West 
Greenland*:*5, Northern Greenland**, Iceland? and Jan 
Mayen?*. Eurasian dates were from Norway**/?», Sweden?!, 
Switzerland?*3?, the Austro-Italian Alps?, USSR” and 
Karakorum**. Southern hemisphere dates were from 
Ruwenzori* (just north of the equator, but included here), 
New Zealand" and South Ameriea!?.25-37, 

The results of the compilations of glacial advance are 
shown in the second column of Table 1. The paucity of 
ice advance dates before about Ap 1600 may be partly a 
matter of chronological method. Most of the ice advance 
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dates in Table 1 were obtained by three methods—tree 
ring dating, liehenometry and radiocarbon dating. Of 
these, the first is the most accurate, but it contributes 
data only for the lifetime of presently living trees (about 
500 yr) In many of these studies? 11.19-20,25-19, however, 
the use of various botanical and geological techniques 
showed that greater ice advances had not occurred for 
prior intervals of several hundred to several thousands of 
years and, in some cases, since the Pleistocene. A separate 
compilation was therefore made by including only those 
tree ring studies which had demonstrated that greater ice 
advances had not occurred during at least the preceding 
300 yr (Table 1, third column). A further summary was 
made (Table 1, fourth column) by eliminating dates based 
on iee recession, which may occur up to 50 years or more 
after the time of maximum ice advance. 

'The three compilations of ice advance data in Table 1 
(second to fourth columns) have the same chronological 
pattern. Their reliability is shown by their close similarity 
to observations of sea ice off Iceland‘! since ap 865. 
There is a remarkable similarity between the ice advance 
patterns and variation in activity of carbon-14 (from 
data summarized in ref. 5). The basis of this similarity 
may be the relationship of both glaciation and “C varia- 
tion to solar activity. A tendency has been noted5:42:43 for 
positive “C variation during periods of lower solar activity 
and for negative variation during periods of higher solar 
activity. The significance of this is not established, for 
variation in the activity of “C is apparently increasingly 
positive from 2,000 years BP to at least 5,000 years BP 
(refs. 43 and 44). The chronological reliability of the 
glaciation patterns is also illustrated by the data for 
three world regions shown in Table 2. The fourteen 
temporal intervals of Table 1 (second column) were com- 
bined into five periods to provide sufficient data for 
calculation of a summation y? test. This test showed that 
the three distributions were not significantly different from 
each other (y2=6:7, P>0-5) and that patterns of 
glaciation in the three regions could be considered 
historically synchronous. 


Table 2. NUMBER OF GLACIAL eo THREE WORLD REGIONS, 700 BC- 
AD 
Southern 


Period North America — Arctic-Eurasia hemisphere 
700 BC-AD 591 5 9 4 
599-1586 8 7 3 
1587-1708 28 28 11 
1799-1870 18 11 5 
1880-1964 14 4 3 


Table 1 reveals the same tendency for glacial advance 
to be associated with low solar activity as previously 
noted for the period Ap 1600 to the present‘. Most of the 
glacial advances (68 per cent) occurred in the solar activity 
minimum which extended from ap 1388-1879. If glacia- 
tion had occurred at random throughout the time from 
700 Bc to AD 1964 the period ap 1388-1879 should have 
contained only 18 per cent of the total ice advances. 

The extension of data to the fifth century AD sub- 
stantiates the solar-climate relationships previously 
noted!-* for the past three centuries with one modification: 
glaciation seems to be associated with periods of lower 
solar activity and deglaciation with periods of higher solar 
activity if these periods are long enough and are not 
preceded by long intervals of greatly differing intensity. 
There were widespread ice advances towards the close of 
and following the minimum solar periods’ of ap 1587- 
1723 (solar index = 68) and 1799-1834 (solar index = 60). 
Both these periods were preceded by several centuries of 
lower than average solar activity (Table 1). There was, 
however, apparently little inerease in glaciation during 
AD 1388-1524 (solar index = 69) which occurred after many 
centuries with a mean solar index greater than 100. 
Similarly, there was no increase in glaciation during the 
low intensity period from ap 20 to 169 (solar index = 79) 
which was preceded by two centuries with a mean solar 
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index greater than 104. The higher temperatures of the 
little climatic optimum (ap 1000-1300) occurred during 
and following the higher solar activity of the period 
AD 1084-1211 (solar index=116) which was preceded by 
several centuries with a mean solar index of about 95. 
There was little increase in temperature or deglaciation 
during the short interval of high solar activity frora 
AD 1525 to 1586 (solar index = 137) which followed the 
low activity intervals from 1388-1524 (solar index = 69). 
There was, however, some evidence of a partial climatic 
recovery in Greenland and Iceland at about 1500-1550 
(ref. 45) which may reflect the influence of the 1528-1586 
high solar period. The apparent influence of preceding 
solar activity on climate noted here may be related to 
the thermal inertia of the oceans!*. An analysis of this 
lag effect is in progress. 

If the evidence presented here linking recent glaciation 
with solar activity is correct, then it is possible that the 
sub-Atlantic minimum (1500-500 Be peak at about 600 
BC) also had a low solar output, for this period was one 
of notable glacial advance?*5555*:* and temperature. 
decline!?:5-5:, Proceeding back from the sub-Atlantie 
minimum, the next period of extensive glaciation occurred 
during the Atlantic/sub-Boreal transition from about 4600 
to 5200 radiocarbon years BP (ref. 55). If this interval 
of ice advance was similarly associated with low solar 
activity, then it is noteworthy that the three glacial 
periods were separated by about 2,300-2,500 yr and 
may reflect a solar cycle of about this duration, The 
existence of a solar cycle of this length is supported by 
analyses of solar cycles of 400 yr?* based on a “careful 
statistical analysis" (ref. 47, p. 89), 410 yr" (nocturnal 
haze) and 450 yr?*, six of which would equal one cyclo |. 
of 2,400-2,700 yr. A cycle of about 400 yr is apparen Su 
in the solar index values summarized in Table.3. There 
is indication of a cycle of 2,000-3,000 yr in varves of the. 
Monterey formation?" and of 5,800 yr (about twice the 
proposed cycle) in sediment beds of Todilto limestone. 










Table 3. SOLAR ACTIVITY INDEX SINCE 565 nC, SUMMARIZED BY INTERVALS 
OF ABOUT 400 YR 


Period Solar index 
1835-1964 AD 116 
1388-1834 85 

958-1387 105 
592- 957 98 
203- 591 103 
186 nc-202 AD «91 
565- 187 x 115 
965- 566 (low ?) 


The proposed 2,400-2,700 yr solar cycle was tested 
against late Pleistocene chronology by projecting periods... 
back from the Little Ice Age of from 2,400 to 2,700. vr: 
at 50 yr intervals. Each period was presumed to contain 
six roughly 400 yr cycles of alternating lower and higher. 
solar intensity and was divided into two parts: a lower 
activity phase containing a lower, higher and lower 
activity cycle and a higher phase containing a higher, 
lower and higher activity cycle. All climatic data which 
clearly indicated a trend of warming and deglaciation or 
of cooling and glaciation were compiled from the following 
sources: Table 1 of this article; Tables 23-B and 23.C 
of ref. 60, pages 180—187 and 194-195 of ref. 61; pages 
39-40, 57, 69, 72-73, 94, 108, 120, 122, 353 and 360-361 
of ref. 47; pages 386-388 of ref. 45; page 190 of ref. 62; 
page 148 of ref. 48: page 362 of ref. 54; with incidental 
dates from the following refs., 24, 33, 49-53 and 63, No 
dates used were before the Port Huron period (about 
13000 sP), for there is disagreement about the number and 
correlation of glacial advances before that time. For the 
Little Ice Age period only four summary studies were 
included (refs. 45, 54, 64 and the work reported here) 

The results of the projected solar activity periods showed 
that an interval of 2,600 yr gave the bos fit with the 
compiled climatic data (Table 4). The closeness of the 
relationship between climate and predicted solar activity 
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Table 4. PREDIOTED SOLAR ACTIVITY AND CLIMATE, 13,700 BP TO THE PRESENT 


No. of 
eventsof No. of 
Solar tempera- events of 
activity ture tempera- 
Izslow increase ture 
h=high and decrease 
degla- and 
elation glaciation 


0-700 i 0 4 


Year BP Period and general climate 


Little Ice Age, post Hypsithermal 
temperature and sea level mini- 
mum, increased mountain glacia- 
tion 


Sub Atlantie climatie recovery cul- 
minating in Little Climatic 
Optimum, post Hypsithermal 
temperature maximum, greatly 
reduced mountain glaciation 


Sub Atlantic minimum, tempera- 
ture decline to near post Hypsi- 
thermal minimum, increased 
mountain glaciation, bog regener- 
ation 

Late  Hypsithermal- sub - Boreal, 
near maximum post Wisconsin 
temperature, maximum sea level, 
reduced mountain glaciation 


Atlantic/sub-Boreal transition, brief 
temperature decline, minor sea 
level fall, increased mountain 
glaciation, Piora cool phase 


Peak Hypsithermal-Atlantic, post 
Wisconsin temperature maxi- 
mum, near disappearance conti- 
nental glaciers, reduced moun- 
tain glaciation 


Cochrane-Ragunda very minor con- 
tinental glacier readvance, brief 
temperature decline, minor sea 
level decline, increased mountain 
glaciation 

Post glacial-early Hypsithermal 
pre- Boreal, temperature increase, 
major continental glacier reces- 
sion, Lake Agassiz II withdrew 


Valders, Fraser, Fennoscandian, 
Moraine, Windermere, Cwm 
Idwal minor continental read- 
vance, temperature decline, Post- 
Alleréd climatic recession 

Two Creeks-Alleród minor conti- 
nential glacier recession, tem- 
perature increase, Lake Agassiz I 
withdrew 

Port Huron, Fraser, Alaskan, High- 
land-Athdown Mt. major conti- 
nental glacier readvance 


700-2000 h 8 4 


2000-3300 3 13 


3300-4600 h 4 6 


4600-5900 l i 10 


5900-7200 h 4 3 


7200-8500 1 2 


v 


8500-9800 h 4 0 


9800-11100} 1 6 


11100-12400 h 9 3 


12400-13700 | 1 12 


is shown by the occurrence of fifty of sixty-six events 
indicating temperature decline in periods of lower than 
average solar activity and of twenty-nine of thirty-seven 
events indicating temperature increase in periods of higher 
activity (y?= 28-6, P<0-001). The predicted low solar 
activity periods from 9800-11100 and from 12400-13700 
BP bracket the two glacial intervals for which the most 
reliable late Wisconsin dates are available, the Valders 
and the Port Huron. There was considerable difference 
in the degree of warming or cooling in the predicted solar 
activity periods; it is the symmetry of their alternation 
which is significant. There was a steady decline in the 
length and severity of glaciation from the Port Huron to 
Valders to Cochrane to Atlantic/sub-Boreal transition 
and a subsequent increase to the sub-Atlantic minimum 
and Little Ice Age. The Atlantic/sub-Boreal transition, 
for example, only briefly interrupted the warmth of the 
Hypsithermal®. Similarly, the periods of warming in- 
creased in length and intensity to the Hypsithermal peak 
before declining to the present. The summary of climatic 
events in Table 4 indicates the predominant trends in 
each interval and gives some assessment of their relative 
duration and intensity. 

Most of the dates in Table 4 are based on “C measure- 
ments the ultimate conversion of which to calender time 
may result in a different absolute scale to the chronology 
presented. Regardless of the results of this conversion, 
the uniform intervals between periods of warming and 
cooling outlined in Table 4 suggest some sort of recurrent 
happening on the fairly small temporal scale of 2,000— 
3,000 radiocarbon years. A cyclic variation in solar output 
on this scale is a possibility, considering the 400-450 yr 
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solar periods already demonstrated. Larger scales of 
eyclic solar variation are conceivable: the apparent steady 
decline in world glaciation from the late Wisconsin 
maximum to the minimum Atlantic/sub-Boreal transition 
period which lasted from about 13,000 to 16,000 yr may 
reflect part of such a cycle. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Isotropic Gamma Radiation and the 
Metagalactic Cosmic Ray Intensity 

Dara from the OSO.3 high energy gamma ray experiment 
have indieated an apparent isotropic background flux of 
gamma rays with energies greater than 100 MeV (ref. 1). 
The intensity of this flux has been found to be less than 
or equal to (1-1: 0-2) x 10-5 cem s! sr. Clark et al.! 
have pointed out that this flux may be compatible with 
an extrapolation of the observed X-ray spectrum below 
1 MeV if the isotropic X-rays continue to follow a power- 
law spectral form. The explanation most usually con- 
sidered for this power-law speetrum is that the X-rays 
may be generated by the interaction of metagalactic 
eosmie ray electrons with the universal thermal radia- 
tion?, (While the OSO-3 data are compatible with an 
extrapolation of the X-ray spectrum, they may indicate 
a gamma ray flux greater than this extrapolation. Above 
100 keV, the differential X-ray spectrum is of the form* 
I(E,)m |5x 1073 Ej,9 em- MeV- s- sr- with E, in 
MeV. Such a power law would predict an integral flux 
above 100 MeV of 2.9 x 10-5 em-? s-! sr-!, a factor of 4 
below the OSO-3 value.) 

'There is, however, another possible source of meta- 
galactic gamma rays. They may be produced by the 
decay of neutral pi-mesons generated in metagalactic 
cosmic ray interactions. According to various assump- 
tions as to the time dependence of the metagalactic 
cosmic ray flux and the proper cosmological model 
describing our universe, it is possible to use the OSO-3 data 
to place upper limits on the present metagalactie cosmic 
ray intensity. 

The differential metagalactic gamma ray flux in a 
Friedmann-type expanding universe with a Robertson-- 
Walker metric is given by 

2 max 


I(E, = | dz n(z) 
o 

where n(z) is the metagalaetie gas density at red-shift z 
and J(z) is the integral flux of metagalactic cosmic rays 
above the threshold energy for the production of the 
pi-mesons. (The absolute threshold kinetic energy is 
~ 300 MeV but most pi-mesons are produced by cosmic 
rays of energies between 1 and 10 GeV (ref. 5).) The 
quantity, G,(E,), is defined as the local (non-red-shifted) 
gamma ray spectrum generated by the galactic cosmic ray 
flux, I,, in travelling 1 cm- through the intergalactic 
medium. (This generating spectrum is the same as the 
quantity J(E,)/nL which I calculated earlier*.) The local 
generating spectrum, G,(E,), is based on the results of 
detailed calculations which make use of recent accelerator 
data*^*. The factor (1--z)? takes into account the reduc- 
tion in flux due to time-dilation, volume-diminution, and 
proper normalization of the red-shifted differential 
generating spectrum. 

Equation (1) is valid on the following assumptions. 
(a) Absorption is negligible. It will be shown elsewhere 
that this is the case. (6) The cosmic ray spectrum in the 
metagalaxy has the same form as the galactic cosmic ray 
spectrum. This would be the case if cosmic rays were 


A(z) Gol 7 2E,] d? 


I, (itz)? de “a 





generated in extragalactic sources by the same mechanism. 
as in our own galaxy. There is evidence that in radio 
sources this may be the case at least for the cosmic ray 
electrons’. 

The curvature factor, d//dz, is given by* 

di eH, 

dz  (Lc2)(1 2g)! 
where e is the speed of light, H, is the present value of 
the Hubble parameter, and gẹ is the deceleration pars- 
meter. We consider here two model universes. First, an 
Einstein-de Sitter universe with a present gas density of 
n, 10-5 cm and gy=}. This model is compatible with 
the most probable value of gy as discussed by Sandage’ 
and is consistent with the present X-ray observations by 
Henry et al. Second, a low density model with a,= 
10-5 em~ and gp 0. 

The gas density in both models is given by 
n(z) =n l +z (3) 

To determine the z dependence of the metagalaetie 
cosmic ray intensity, three ideal cases were considered. . 
(These will be deseribed elsewhere in full.) 

Case I: In this model, all the metagalactic cosmic. rays 
are produced in a burst at some red-shift, maxs which 
might represent some early epoch of galactic evolution. 

Case II: In the model we assume that the cosmic ray: 
sources have evolved and were much stronger in the past. 


We assume a cosmic ray production rate proportional to... 


(1--z) in accordance with the results of Longair™. ft. 
should be noted, however, that his cutoff at zmax 4 does- 


not necessarily apply here, because the radio data reflect. 


only a cutoff in the cosmie ray electrons which may be. 
due to Compton interaetions with the universal thermal 
radiation and such interactions would have little effect: 
on the cosmic ray nuclei. TEMUAES 

Case III: For this we assume that metagalaetie eosmie . 
rays are due to a constant leakage from the various 
cosmic ray sources in the universe, starting at some Smax 
(which may correspond to the epoch of galaxy formation). : 

All these models include the density factor (1--z)* amd - 
a factor of (1 +2)" because, as the universe expands, some _ 
of the cosmic rays (above 1 GeV energy, where we are. 
assuming an integral power-law spectrum with an index | 
of 1-5) are red-shifted below the threshold energy for the 
production of the pi-mesons. 

Equation (1) was solved numerically for the various 
models, to determine the present metagalactic cosmic ray 
intensity, I, needed to produce a gamma ray flux above | 
100 MeV of 1-1 x 10-4 cm s srt, The flux, Zo, is given 
in Tables 1 and 2 as a fraction of the galactic cosmic ‘ray 
flux, Jy. 


Table 1. VALUE OF J,/7g FOR mo = 10% Cu? 
Model Zmax 22 4 9 100 
(I) Burst model 47x10 23x10 10x104 Behe Te 
(II) Evolving sources 44x10?  L6x102  25x1095  20x10* 
(ILD Constant leakage 24x107 — Zz0x107 186x107 — L5x107 
Table 2. VALUES OF f,/Ig FOR 5, 10-* cx? 
Model Zmax 2:2 4 9 100 
(I) Burst model 82x107  r3x107  46x10*  D06x107 
(II) Evolving sources 2-0x10-  6.9x10* 55x10?  T6x10* 
(ID Constant leakage 19 P4 80x107 22x10 


The results indicate that a constant leakage model 
would require very high fluxes of metagalactie cosmie 
rays to explain the OSO-3 data. It would be more reason- 
able to consider some evolving source or burst model 
implying high cosmic ray production in the past when 
the gas density was greater and interactions were corre- 
spondingly more frequent. A present gas density of 
10-5 em- would also allow a more easily acceptable 
explanation of the OSO.3 data in terms of secondary 
meson production. 

Although previous estimates have been made of the 
metagalactic gamma ray flux from secondary pi-meson 
decay? none of these estimates has taken into account 





ay 
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cosmological factors as has been done in calculating 
Compton gamma ray spectra!?-*, When these factors 
are takén into account, it may be shown that the meta- 
galactie speetrum will differ from the galactie (or local) 
spectrum because of contributions at large red-shifts. In 
particular, a more detailed treatment (to be given else- 
where) indicates that the differential gamma ray spectrum 
from pi-meson production in the metagalaxy will peak 
near 67.5 (1--2msx)! MeV instead of at 67-5 MeV. Thus 
more information on metagalactic cosmic rays may be 
gained by studying the isotropie gamma ray spectrum 
between 1 and 100 MeV than by studying those greater 
than 100 MeV (provided the peak is observable). If pi- 
meson production is the dominant souree of metagalactic 
gamma rays in the 1-100 MeV energy range, a study of 
these gamma rays may provide an important clue to 
eosmology and the origin of cosmic ray sources. 

I thank Dr Joseph Silk, Dr Richard C. Henry and 
Dr Frank C. Jones for comments and stimulating 
discussion, and Mr Joseph Bredekamp for programming 
the numerical calculations. 

F. W. STECKER 
NASA Goddard Space Flight Center, 
Greenbelt, Maryland. 
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Frequency Dependent Pulse Widths 
for CP 1133 


MEASUREMENTS of average pulse shape made at the 
Arecibo Ionospheric Observatory have shown that the 
duration of an average pulse from the pulsar CP 1133 
increases progressively with decreasing radio frequency. 
The effect results in a pulse duration at 40 MHz roughly 
twice that at 430 MHz. We give here the observational 
results for CP 1133. Other Arecibo observations show 
that CP 0834 behaves in a similar way, and the effect 
may well be common to all pulsars. 

All measurements were made with the 1,000 ft diameter 
radio telescope at the Arecibo Ionospheric Observatory. 
'The pulsar was observed on radio f. requencies of 430, 230, 
111-5, 73-8 and 40-12 MHz. For each frequency the 
intermediate frequeney bandwidths were chosen to cause 
bandwidth smearing of the pulse structure! of less than 
about 1 ms,  Post-detection time constants were then 
chosen to be about 1 ms also. The detected signal was 
sampled at a rate of 1,000 samples s and recorded 
digitally. For the measurement of mean pulse parameters 
over long periods, the digital data were used to produce 
an average pulse shape by averaging together many 
consecutive pulses. Fig. 1 shows the results of three of 
these averages. The pulses shown are the results of an 
average over 1,275, 106 and 3,590 pulses at 430, 111-5 
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Table 1, PULSE DURATION AGAINST FREQUENCY FOR CP 1133 
Frequeney Interval between Pulse width at 
(MHz) subpulse maxima (ms) base (ms) 
430-0 22-040-°5 40+1-0 
230-0 25-5405 4741-0 
111-5 80-0 + 0-5 5641-0 
73-8 36-0 1.0 59r10 
40-12 4r0rzr5 72x10 


and 40.12 MHz respectively. In preparing Fig. 1, the 
pulses were placed so that the peaks of the first subpulse 
were aligned. The time scale at the bottom of the figure 
applies to all three pulses shown. 

It is clear that the 40 MHz pulse is substantially wider 
than that at 430 MHz, with the 1115 MHz pulse some- 
where between. Quantitatively this is shown in Table 1 
and Fig. 2. The two measurements listed for the pulses 
at each frequency are the intervals between maxima of 
the two subpulses (called “peak-peak” in Fig. 2) and the 
width of the total pulse as measured at the base. An 
estimated r.m.s. error is also listed. The pulse widths 
given here are, for the most part, averages of measure- 
ments made on several different days separated usually 
by weeks or months. Pulse widths derived from data 
from different days never differed by more than the 
amount allowed by the errors of measurement. Measure- 
ments of the peak-peak widths were usually more stable 
than those made at the base of the pulse due, as expected, 
to the difficulty in determining the true extent of the 
pulse at the base. Unfortunately, only one good measure- 
ment has been made of the average 40-12 MHz pulse of 
CP 1133 because of the low signal/noise ratio at that 
frequency. If one anticipates variations in pulse width 
and shape with time due to plasma effects, the effects 
would be most pronounced on the lower frequencies 
where the present data are most scanty. 

The straight lines on Fig. 2 were fitted to the data by 
eye and have slopes of — 3-7 and — 4-0 for the peak-peak 
and base width measurements respectively. That is, 


peak-to-peak pulse width X (frequency)~?? 
while 
base pulse width « (frequency)-%*5 
(40 MHz < f< 430 MHz) (1) 


Measurements were also made of the widths, between 
half-power points, of the two subpulses within the average 
CP 1133 main pulse. Table 2 and Fig. 3 show the results. 
As in Table 1, the errors shown are r.m.s. errors. On Fig. 3 
à straight line with a slope of — 4 was arbitrarily fitted to 






24 AUGUST 68 430 MHZ 






25 APRIL 68 


20 JUNE 68 40.12 MHZ 








10 ms 


Fig.1. Average pulse shapes from CP 1133 as measured at three fre- 
quencies. The time scale at the base applies to all three pulses shown. 
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Table 2, HALF-POWER WIDTH OF SUBPULSE AGAINST FREQUENCY 
FOR CP 1133 
Frequency Leading subpulse Trailing subpulse 
(MHz) width (ms) width (ms) 
430-0 8021 13-042 
230-0 8-541 10-521 
1115 9541 11-041 
738 12-041 11041 
4012 145-15 12:00:15 


the data for the leading subpulse. The data fit this line 
well within the measurement errors and hence the width 
of the leading subpulse seems to depend on frequency in 
about the same way as does the overall main pulse. The 
data for the seeond subpulse show no obvious trend and 
the points on Fig. 3 can be fitted, within measurement 
errors, by a vertical line; that is, the width of the second 
subpulse seems to be frequency independent. This result 
seems to indicate that the two subpulses are not generated 
in sequence by the same structure and mechanism, but 
are independently produced. 

The frequency range over which the curves of Figs. 
2 and 3 apply is not clear. Pulse measurements of CP 1133 
have been made at 2,295 MHz by Moffett and Ekers 
(reported at the New York conference on pulsars, May 
1968) and as high as 922 MHz by Lyne and Riekett?. For 
the higher frequency, Fig. 2 predicts a pulse width 
between subpulse maxima of about 14 ms, and a base 
width of 25 ms. These values are sufficiently smaller than 
published pulse widths for this source** for the dis- 
crepancy to have been noticed. We are unaware of any 
such published report. Lyne and Rickett make no 
comment of an unexpectedly narrow pulse at 922 MHz, 
although it is possible that their time resolution or signal/ 
noise ratio was insufficient to see what is still a relatively 
small effect at that frequency. It is interesting to note 
that Fig. 4b of this reference’, showing average pulse 
shapes at 408 MHz and 151 MHz, shows the lower fre- 
quency pulse to be noticeably wider than that for the 
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Fig. 2. Average pulse widths versus radio frequency for CP 1133. The 
width noted as '*peak-peak" is that measured between subpulse maxima. 
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Fig. 3. Average subpulse half-power width as a function of radio 
quency. The line with slope of —4 waa fitted by eye to the di 
leading subpulse. @, Leading subpulse; x, trailing subpu 


higher frequency, and about of the magnitude expeeted 
from the Arecibo data. = 

Average pulse shapes and the different frequency 
dependent behaviour of the two subpulses suggest 
CP 1133 may consist of two sources. Assuming t 
be the case, it is conceivable that the pulses recei 
from each source might follow slightly different dispersi 
relations resulting from additional intervening plasm 
located near one of the two sources. This effeot would 
then account for a frequency dependent overall pulse 
width. In this case, however, the first order plasm 
dispersion relation predicts a pulse width proportion 
to f-:. Inclusion of first order corrections for dense: 
plasma and magnetic fields adds terms proportional to. 
f^ and f- respectively, far different from the observed 
relation (1), and much too frequency sensitive to explain «| 
the observed pulse behaviour. E 

Some recent measurements at Arecibo’ suggest that the ~ 
average pulse shown in Fig. 1 may result from a beaming _ 
mechanism at the source. Ín this case it is clear that the 
observed dependence of pulse width on frequency rules 
out the possibility of a simple beamwidth proportional 
to wavelength such as for a souree of constant size. 

A beaming possibility which is qualitatively attractive 
is that of Cerenkov radiation from charged particles 
spiralling in a magnetoplasma as deseribed by Mansfield? 
and by Eastlund at the New York conference on pulsars, 
This situation is attractive in that different frequencies 
are radiated at different angles to the magnetic field, with 
the highest frequencies being emitted at the smallest 
angles. No radiation is emitted parallel to the magr 
field. If the source is assumed to be a rotating star 
a magnetic axis oblique to the rotational axis, then proper 
conditions of geometry can produce qualitatively the 
pulse shape of CP 1133 with a pulse width which increases : 
with decreasing frequency. But preliminary calculations: — 
using the work of Mansfield show that the pulse width will - 
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again be much too strongly frequency dependent to fit the 
observations. 

The Arecibo Ionospheric Observatory is operated by 
Cornell University with the support of the Advanced 
Research Projects Agency. 

H. D. Crart, jun. 
J. M. CowELLA 
Arecibo Tonospherie Observatory, 
Arecibo, Puerto Rico. 
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Identity of Sporopollenin with Older 
Kerogen and New Evidence for the 

Possible Biological Source of Chemicals 
in Sedimentary Rocks 


ATTEMPTS to find evidence for the existence of life in extra- 
terrestrial bodies (confined at present to meteorites) have 
led (in the absence of morphologically intact biological 
material) to an increasing search for "biological markers" 
which will relate the spectrum of organic compounds in 
such materials with biological precursors'. The geological 
formations on Earth provide the only material currently 
available for the study of any correlations which might 
exist between organic matter (possibly degraded and 
amorphous) produced from known biological sources and a 
spectrum of organic compounds which results from its 
further geochemical degradation. 
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Organie matter occurs in rocks in three major forms: 
(a) morphologically intact insoluble material of known 
biological origin; (b) amorphous insoluble material; and 
(c) simple and relatively soluble organic chemicals. These 
occur in combinations (a 4- b -- c), (b-- c) and (c). 

The organic insoluble amorphous material which is 
known to occur in sediments up to 1,000 million yr old has 
been called kerogen?. However, as rocks become older 
and the more readily degraded organic material is lost, 
then the nature of the kerogen will change and at some 
point in time assume a constaney of chemical structure 
which will be representative of the most stable (under the 
geochemical processes considered) material present in 
living matter. 

It would be reasonable to assume that the pattern of 
simple organic chemicals present alone in very old rocks 
and shales (at least 3,100 million yr old) is derived from 
this constant kerogen fraction, especially because it has 
been shown that kerogen occurs in association with such 
chemicals (combination b--c) and that simple oxidative 
and alkali degradation of kerogen leads to a similar 
mixture of organie compounds?. 

The oldest known forms of morphologically intact 
matter present on the Earth are the residual exines of the 
resistant and chemically inert pollen and related spore 
walls. The inert exine is composed of the substance 
sporopollenin‘*, and it is because of the stability of this 
substance both to mierobiologieal! and non-oxidative 
chemical attack that pollen exine persists and the 
methods of fossil pollen analysis are possible. It is not 
generally realized, however, as we have shown in pre- 
liminary experiments, that many pollen grains give rise, 
after the usual treatment to remove contents and cellulosie 
intine, to a sporopollenin with typical and characteristic 
chemical properties, but structurally amorphous and 
bearing no obvious histological relationship to the pollen 
source. 


Table 1. COMPARISON OF SOME SPOROPOLLENINS AND KEROGENS 


* The figures are for walls from which cellulose has been removed. 


Geological age Molecular Compounds formed 
Material Source (million yr) formulae f Compounds formed by oxidation by alkali treatment — Refs. 
Sporo- Pollen and spore Present , Examples —Straight-chain, Di-carboxylie acids Branched- 
pollenin* walls CeoH rasp 1 iso and ante- acids 
Cu H0 iso-acids 
Coo His2035 4) C4 5,7,8 
C, Ha Ozali Ci- Cio (33-3895) Ce, 7; 8 
Small amounts of: Hexa- 7,8 
decandioic acid, 7-hyd- 
roxy-hexadecandioic acid, 
6 : 11 dioxohexadecandivic 
acid 5 
p- Hydroxy benzoic acid 
m-Hydroxybenzoie acid 
Protocatechuic acid 
Vanillie acid 5,7,8 
Fossil spo-  Tasmanin 200 Cas H 50,; 
ropollenin Geiseltal pollenin C,,H4, 04,8S,N 4 
Kerogen Green River 60 (Eocene) C,oH 140, CC, C67, 15.16 
formation (0-669, N) Cy, 
(90% 8) (Cys, Cag) 3 
C.-C, 8,18 
Dodecandioic acid 
Hexadecandioie acid 15 
10-Oxoundecanoic acid 
13-Oxotetradecanoic acid 13 
Aromatic and eyeloaro- 
matie compounds 14 
Cu-C€5 12 
Kerogen Gdovsk shale Phthalie acid, C,-C,,, 3895 22 
Kerogen Baltie shale 360 (7) Presence of phenols and 
hydrocarbons (up to 
4%) from secondary 
formation; KMnO, oxi- 
dation showed aroma- 
tie ring is absent 18 
= Kerogen Dictyonema shale 400 (9) Sueeinic acid and higher 
homologues, 20% W 
Kerogen Kukersite shale 360-440 CHO: Ketonic and — C,-C, 20 
(Ordovician) lactonic acids 21 


t Moleenlar formulae are arbitrarily recorded on a C,, basis to facilitate comparison with earlier references, 


t From Secale cereale*. 

§ From Lucopodium clavatum*§. 
€ From Lilium henryti^*, 

li From Chenopodium album’. 
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Clay in Engineering Geology. J. E. Gillot 


Division of Building Research, National Research Council of Canada, Ottawa, Canada 
CONTENTS: Foreword; preface; the nature and classification of clays and soils; physical geology: 
the origin and evolution of clay minerals and clay; composition and fabric of clays; physical chiemis 
of clays; moisture interaction with clays and clay minerals; strength and rheology of claysi 

stabilization; clay as materials; the mineralogical analysis of clay; physical analysis ofclays; engineeriri 
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Migmatites and the Origin of Granitic Rocks. K. R. Mehnert 
Professor of Mineralogy, Freie Universitat, Berlin 
CONTENTS: Preface; system and nomenclature; megascopic structures of migmatites; microfabric 
of migmatites; experimental results; temperature of formation (geological thermometry); migration 
of mobile components within the earth's crust; geochemistry of granite rocks; migmatic formation of 
granitic rocks; anatectic formation of granitic rocks; metasomatic formation of granitic rocks; summary 

and conclusions; appendix; nomenclature of migmatites; references; index. 1905; 


Introduction to Paleolimnology. C. C. Reeves, Jr. 
Department of Geosciences, Texas Technological C. ollege, Lubbock, Texas, U.S.A. s 
CONTENTS: Introduction; Part |. The lake basin; formation of lake basins; quantitative descri 
of lake basins; shape and development of lake basins; Part H. The lake; the lacustrine environment; 
lacustrine sediments; chemical precipitates; lacustrine sediments; clastic; lacustrine structures; 
depositional and erosional; Part Ill. The paleolake basin; pleistocene chronology; distribution, cause 
and recognition of paleobasins: paleoclimatic methods; sampling methods; future paleolimnologic 
applications; references; index. : 


Atlas of the Great Barrier Reef. W. H. G. Maxwell 
Associate Professor of Geology, University of Sydney, Sydney, Australia i 
CONTENTS: Introduction; regional setting of the great barrier reef; geological framework; bathy«. 


metry and hydrology of the great barrier reef province; climate and weather; morphology and = 
distribution of reefs; biological observations: sediments; conclusions; references; index. 2158. 0° 


Optical Oceanography. N. G. Jerlov 

Professor of Physical Oceanography, University of C openhagen, Copenhagen, Denmark 
CONTENTS: introduction; Parti: Inherent optical properties of sea water; scattering; beam attenua 
tion: Part |l: Underwater radiant energy; global radiation incident on the sea surface; reflection at 
the sea surface; refraction at the sea surface; theory of radiative transfer in the sea; techniques of 

underwater light measurement; radiance; irradiance; polarization of underwater radiant energy; 
visibility; colour of the sea; Part ll: Applications of optical methods; applications to physical oceano- 
graphy; applications to marine biology; reference; index 755; 


Ocean Currents. Gerhard Neumann 
Professor of Oceanography, New York University, New York, U.S.A. 
CONTENTS: Observations and methods of current measurements; presentation of oceans currents 
and water mass transport; basic hydrodynamical background; major types of ocean currents; the 
general circulation of the oceans; references; index. 150s, 


Seils of the World. Juan Papadakis 
Research Associate, Institute of Soil and Agrotechnics, Buenos Aires, Argentina 
CONTENTS: Soil formation; soil diagnostics; soil classification; introduction; soils with degree of 
leaching 1-2; soil classification—soils with degree of leaching 3-6; holomorphic, gleisoloc and organic. 
soils; fundamental patterns of soil distribution; broad soil regions of the world: soils of the world 
(country by country); agricultural potentialities; soll survey; addendum; references; index. 100s, 
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Lymphocyte Stimulation* 
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We have presented evidence", degradative, bio- 
chemical, struetural and synthetic, which shows that 
sporopollenin is an oxidative polymer of the carotenoids 
and carotenoid esters present in plants. 

We now suggest that the older forms of kerogen are 
identical with an amorphous sporopollenin derived from 
many spore grains. This suggestion is based especially 
on a eomparison of the "spectrum" of organie com- 
pounds produced from sporopollenin by oxidative and 
other processes with those obtained by several workers by 
similar degradation of kerogen from Green River Forma- 
tion Shale (60 million yr old, see Table 1) which has been 
studied in greatest detail! and appears representative of 
kerogens of this and later types. The results show the 
considerable similarity between both the molecular 
formulae and the pattern of mono and dicarboxylie acids 
and aromatie compounds produced by oxidation or alkali 
treatment of these materials. The "isoprenoid" nature of 
many. of the degradation products is now readily under- 
stood in terms of the poly-earotenoid-carotenoid ester 
nature of sporopollenin. The presence of elements such 
as nitrogen and sulphur in kerogen is echoed in similar 
occurrences in fossil pollen‘. The unsaturated nature of 
the sporopollenin makes addition of simple nitrogenous 
or sulphur compounds (amines, hydrogen sulphide, free 
sulphur and so on) a process entirely to be expected. 

Because of the similarity of the "spectra" of organic 
compounds alone or in association with kerogen in Green 
River Shale? (60 million yr), Nonesuch Shale? (10°), 
Soudan Iron Formation of Minnesota’? (2-7 x 10°) and 
possibly the Fig Tree System of Swaziland! (3-1 x 10°) 
with those from sporopollenin degradation, we also suggest 
that such a spectrum of compounds is characteristic of 
the former presence of sporopollenin and is usable as a 
“biological marker". 

We are currently investigating the degradation of 
sporopollenin in rocks, and our preliminary results fully 
support our conclusion and indicate the formation of not 
only the fatty acids which also arise by chemical oxidation, 
but also the presence of aromatic and aliphatic hydro- 
carbon derivatives which are known to be present in 
rocks but could be destroyed by oxidative degradation. 

Our results indicate that species that produce sporo- 
pollenin, possibly primitive precursors of modern plants, 
occurred in the oldest rocks studied and point to an even 
shorter period during which life could have evolved and 
perhaps cast doubt on the whole concept of chemical and 
molecular evolution as currently understood. 


J. BROOKS 
G. SHaw 
School of Chemistry, 
University of Bradford. 
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Trace Elements in Carbonatites 
and Limestones 


Some of the conclusions which Bowden! has drawn 
from the article? on carbonatites in India and Pakistan 
are very different from those I intended to convey. My 
data showed that seven elements are generally more abun- 
dant in carbonatites than in limestones and marbles, and 
that collective enrichment in several of them provides a 
useful criterion by which carbonatites can be recognized. 
Bowden, however, claims that only two of these elements, 
lanthanum and/or cerium, need be considered, and that 
determinations of strontium, barium and niobium serve 
no useful purpose. Here, of course, we are referring ^ 
only to identification of carbonatites in the laboratory. 
Carbonatites are being sought throughout the world 
because of their association with a wide variety of mineral 
deposits, including the biggest niobium and rare earth 
mines in operation, and important copper, apatite and 
fluorite deposits. New occurrences must therefore” be 
analysed for a wide range of elements for economic 
reasons, not merely to confirm identifications. 

I regard it as inadvisable to rely solely on determina- 
tions of lanthanum and/or cerium for two reasons. First, 
because lanthanum or cerium may be significant in 
carbonatites in amounts as low as 0:01 per cent—levels 
at which analytical uncertainties sometimes arise-—it is 
prudent to seek corroboration by strontium and niobium 
determinations. Second, lanthanum and cerium. a 
present in earbonate rocks which are not carbonatit 
for example, in dolomite in the Binnen Tal and Grimse 
areas of Switzerland, and at Shinkolobwe, Congo, as wel 
as in occurrences where relations with earbonatites are . 
disputed, such as Bancroft, Ontario and Keshya, Zambia. 

Although the abundance of niobium in individual 
earbonatite specimens may be very capricious, it is note- 
worthy that this element was found in all five of the. 
complexes at a very early stage in this investigation. = 
Capricious tendencies necessitate examination of a bateh 
of varied samples, rather than single specimens, from 
each occurrence. At Sevathur, Madras, for example, in 
the first batch of six samples, four contained < 10 p.p.m, 
Nb, one 20 p.p.m., and one 2-2 per cent or 22,000 p.p.m. 
Nb. Geochemists must accept the vagaries of the elements, 
and not disparage those like niobium, which are rather 
fickle. Bowden's contention that “the presence of mio- 
bium only shows that the carbonatite is mineralized” 
might be debated at length. Carbonatites are, however, 
particularly prone to mineralization of various kinds’, 
and because the niobium mineralization in my opinion is 
an intrinsic feature and not of extraneous origin, its signi- 
ficance in carbonatite studies should not be underrated. 





T. Deans 
Geochemical Division, 
Institute of Geological Sciences, 
London WCIl. 
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Fossils found in the Pre-Cambrian 
Conception Group of South-eastern 
Newfoundland 


Tux Biscay Bay-Cape Race area of the southern end 
of the Avalon Peninsula, south-eastern Newfoundland 
(Figs. 1 and 2), was mapped by one of us (S. B. M.) 
during the summer of 1967; it was found to be underlain 
by rocks belonging to the Conception Group and the 
overlying St John's Formation of the Cabot Group, 
largely hidden beneath a cover of glacial drift except 
along the coast where the strata are well exposed in cliff 
sections. It has been found possible on a lithological basis 
to subdivide locally that part of the Conception Group 
which is present in this area into lower, middle and upper 
divisions. The lower division is chiefly cherts, the middle 
dominantly siliceous mudstones occasionally interbedded 
with sandstones, and the upper of green and red shaly 
mudstones, more massive siliceous mudstones and graded 
sandstones (turbidites). These strata have a combined 
thickness of some 5,000 feet which is less than Rose's! 
estimate of 7,000 feet for the thickness of the Group as à 
whole (a figure which Brueckner, personal communication, 
regards as probably an underestimate). The beds of the 
Conception Group and of the conformable St John’s 
Formation are thrown into folds which trend north-east. 
Although the basal part of the Conception Group is 
apparently absent from the sequence in this area, the local 
upper division, which is the one that particularly concerns 
us here, undoubtedly lies within the actual upper part of 
the Conception Group as a whole, for the transition from 
Conception to Cabot Group takes place, only a little higher 
stratigraphically in the sequence, between Mistaken Point 
and Cape Race. 

The Conception Group lies above, or is partly contem- 
poraneous with (discussed later), the Harbour Main Group 
and it underlies the Cabot Group (or Hodgewater Group, 
its time equivalent in some western parts of the Avalon 
Peninsula) in a generally conformable sequence, and the 
latter is overlain unconformably by fossiliferous Lower 
Cambrian strata including the lowest recognized division 
of the Cambrian in the Atlantic Province, a pre-trilobite 
faunal zone characterized by hyolithids and inarticulate 
brachiopods (Hutchinson?). Lower Cambrian strata also 





o x 
MN S 


d 
h y 
E 





AST LOMAS | 





W CAPE RACE 
Trepossey Bap ^ 

















Fig.1. Map of Newfoundland showing position of the Avalon Peninsula. 
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ru corner of the Avalon Peninsula 
ce. The fossil locality occurs in the 
cliffs just west of Mistaken Point. 


overlap the Conception Group at several localities within 
the Peninsula. Stratigraphic relations thus indicate a 
Pre-Cambrian age for the Conception Group. Rose! con- 
sidered the Conception Group as possibly mid-Proterozoic, 
apparently using the term Proterozoie to cover the younger 
post-Archaean part of the Pre-Cambrian. More recently an 
Rb/Sr isochron age of 574+ 11 million yr has been determ- 
ined by McCartney et al.* for the Holyrood granite which 
intrudes the Harbour Main Group of acid and basie vol- 
canie rocks and associated sediments in the north-eastern 
part of the Avalon Peninsula. It should therefore be 
possible on the basis of the relationship between the 
Harbour Main and Conception Groups to give à more 
definite age for the latter. Unfortunately the relationship 
of the Conception Group to the Harbour Main volcanics 
and to the Holyrood granite is still controversial. 

Some authors like McCartney et al.* regard the Concep- 
tion Group as succeeding the Harbour Main Group and 
therefore definitely post-Holyrood granite in age, whereas 
others like Rose! and Brueckner* believe the two groups are 
partly contemporaneous and interfingering, which would 
make the lower part of the Conception Group pre- 
Holyrood granite in age, the middle part roughly contem- 
poraneous with emplacement and consolidation of the 
Holyrood granite, and the upper part post-Holyrood 
granite in age. In either case the upper part of the Con- 
ception Group would have been laid down. assuming the 
isochron age is correct, less than 574 11 million yr ago, 
which places its time of sedimentation very close to that 
for the transgression of the Cambrian sea if the figure 
of 570 million yr estimated for the base of the Cambrian 
by Cowie’ is used. McCartney et al.? proposed a tentative 
maximum age of 560+ 11 million yr for the base of the 
Cambrian in this region, a figure which is in reasonable 
aceord with that of Cowie* and the figures given in the 
time scales of several other authors reviewed by Glaessner*. 
Taking the margin of error of +11 million yr for each 
figure, there would be, as Rose? has pointed out, a severe 
foreshortening of Pre-Cambrian time in the area, for the 
following events must have taken place in the time inter- 
val between emplacement of the Holyrood granite and the 
transgression of the Cambrian sea: unroofing and erosion 
of the Holyrood granite, the deposition and preservation 
of some 17,000 feet of sediments including at least the 
upper part of the Conception Group and the whole of the 
Cabot Group (within which there are disconformities), 
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Fig. 3. Several specimens of the commonest fossil form including a 

“juvenile” which lies next to, and is partly obscured by, the most con- 

spicuous specimen which is 19 cm long and has a maximum width of 
3-8 cm. The coin for scale has a diameter of 1:0 em. 


the folding and faulting of this assemblage followed by its 
uplift and erosion prior to the gradual subsidence which 
enabled the Cambrian sea to transgress over the eroded 
surface of all these Pre-Cambrian rocks. McCartney et al.® 
allowed 15 million yr for these events, a period which 
seems to be quite insufficient. and the authors therefore 
question the validity of the isochron age. Consequently 
until more absolute dates are available to enable a 
reassessment of the age of the Conception Group to be 
carried out, it ean only be said that the group is definitely 
late Pre-Cambrian. 

The upper Conception mudstones in the cliffs west of 
Mistaken Point were found to be fossiliferous. This is 
the first record of Pre-Cambrian fossils within the Concep- 
tion Group, and excluding the doubtful Aspidella terrano- 
vica Billings of the St John's Formation, which Matthew* 
believed to be a *'slicken-sided mud concretion striated by 
pressure", it is the first definite evidence of Pre-Cambrian 
animal life in the rocks of Newfoundland. It is also an 
important addition to the small number of world localities 
at which undoubted Pre-Cambrian invertebrates, as 
distinct from Pre-Cambrian plants and ichnofossils, have 
been found, and represents only the second such locality 
on the North American continent, the other being in 
Arizona where a single medusa imprint is known from the 
Late Pre-Cambrian Nankoweap Formation (Bassler*, Van 
Grundy"). Medusa-like impressions have been found at 
another horizon in the Grand Canyon by Alf“, and worm- 
like bodies from the Huronian Lorrain Formation of 
the Canadian Shield have been described as possible 
metazoa by Frarey and McLaren", but the organic origin 
of these "fossils" is questionable. Glaessner'* considers 
that the former could be impressions of gelatinous sheaths 
of colonies of Cyanophyta on bedding planes, while Barnes 
and Smith™ believe the latter are probably mud-crack 
infills on ripple-marked surfaces even though the authors 
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had dismissed such an origin. It is, however, most 
unlikely that such highly developed organisms as worms" 
existed 1,600 or more million yr ago. The Pre-Cambrian 
age of thin shelled brachiopods and other fossil remains 
found in the Shaler Group on Victoria Island in aretie 
Canada by McNair" remains to be substantiated. Fossil 
Protozoa have been recorded from Pre-Cambrian localities 
in North America, but whether any of these microscopie 
bodies actually represent one-celled animals is still 
uncertain. 

The fossils of the Conception Group, which are soft- 
bodied representatives of the Metazoa, oceur as impres- 
sions on"ripple-marked bedding surfaces and have been 
observed so far at five horizons within a relatively small 
thiekness of Conception beds; the lateral extension inland 
of these fossiliferous beds is not known. The impressions 
on the bedding surfaces of the lower part of the cliffs have 
become worn and indistinct as a result of wave action, but 
higher in the cliff where they are less exposed many of 
them are still quite sharp and detailed. The assemblage 
is a small one as far as the number of different. forms 
present is concerned. but judging from the large numbers 
of individuals of each type preserved in the small area 
available for study these forms were all extremely abun- 
dant, and one form in particular is very common (Fig. 3) 
and represented by hundreds of individuals ranging in 
size from juveniles about 6 em long to adults 30 em or 
more long. This obviously once flourishing fauna appears 
to be unlike any known fauna. Whether it is related to 
the Pre-Cambrian Ediacara fauna of South Australia 
and its extensions in other parts of the world described 
by Glaessner!**", or is a distinct and possibly slightly older 
fauna, remains to be determined. 

Unfortunately the hardness of the siliceous mudstone 
beds bearing the fossil impressions, their thickness and 
the fact that they are partly cleaved and highly fractured 
makes it virtually impossible to collect these fossils intact 
so that work on them has to be done in situ or using casts 
and peels. The work of describing the fauna is in progress 
and the details will be reported elsewhere. 

M. M. ANDERSON 
S. B. Misra 
Department of Geology, 
Memorial University of Newfoundland, 
St John's, 
Newfoundland, Canada. 
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Transport of the Alaskan Stream 


Tue Alaskan Stream, a westward flow along the south 
side of the Alaska Peninsula and Aleutian Islands, has 
been known to exist for decades, but its westward extent, 
true speeds and other details were not generally recog- 
nized until much later. Based on observations made in 
the summer of 1959, Favorite! deseribed the system and 
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concluded that the Alaskan Stream is à narrow, western 
boundary current with peak surface speeds exceeding 
50 em/s. An analysis of data obtained by the Scripps 
Institution of Oceanography in January 1966 and by the 
Pacific Oceanographie Research Laboratory in September 
1966 and 1967 shows that appreciable changes occur in 
volume transport and width of the Stream. 

I wish to discuss here the volume transport in the upper 
1,000 m only, because the more sparse deeper data indicate 
that variations in relative transport (assuming zero speed 
at 1,000 m) imply real changes in the system. 

At 165? W the relative volume transport of the Stream 
in January 1966 was computed to be 8x 10* m? s-!. 
Results from a section very near 165° W in September 
1966 indieate that the relative volume transport was 
5x105 m? s'. The transports computed for September 
1966 and September 1967 for an adjacent section differed 
by only 04x 10° m? s. These data also indicate that 
near 165? W the Stream was approximately twice as wide 
in winter as in summer. Farther west, Bureau of Commer- 
cial Fisheries data for 1965 and 1966 show winter and 
summer differences in transport and width very similar to 
these. 

Uda? concluded that northward transport into the Gult 
of Alaska varies directly with the difference in atmospheric 
pressure in the Aleutian Low and North American Arctic 
High. This difference is large in winter and much smaller 
in summer*. The winter and summer differences in volume 
transport reported here are consistent with Uda's hypothe- 
sis, and the results imply that flow of the Alaskan Stream 
west of the Gulf of Alaska is correlated with the seasonal 
pressure systems. 

I thank Dr Donald V. Hansen and Mr T. V. Ryan of the 
Environmental Science Services Administration for helpful 
suggestions. 

R. K. REED 
Pacific Oceanographie Research Laboratory, 
Environmental Science Services Administration, 
Seattle. Washington. 
Received September 23, 1908. 
1 Favorite, F., Intern. North Pac. Fish. Comm. Bull., 21 (1967). 
* Uda, M., Abst. Symp. Pap. Tenth Pacific Science Congress, 345 (1961). 
3 Uda, M., J. Fish. Res. Bd. Canada, 20, 119 (1903). 


* Dodimead, A. J., Favorite, F., and Hirano, T., Intern. North Pae. Fish. 
Comm. Bull., 18 (1963). 


Irrigation of Submerged Marine 
Sands through Wave Action 


PRELIMINARY tests carried out on the permanently sub- 
merged amphioxus sands at Le Racou (Roussillon) on the 
Mediterranean coast of France on August 27, 1968, have 
shown that turbulence and differences in hydrostatic 
pressure at the seabed caused by the passage of surface 
waves produce water movements in permeable deposits. 
These chiefly quartz sands were at a depth of 3 m and 
had the approximate grain size distribution, determined 
from samples taken from the area at this depth, shown in 
Table 1. Sand ripples ran north to south across the line 
of approach of the waves of maximum fetch from the east 
and were approximately parallel to the shore. The crests 
of the ripples were 75 em apart and separated by a more 
or less flat trough 30 em broad. The height from trough 
to erest of the ripple was 12-15 cm. The hand could be 
thrust into the sand without excessive resistance to a 
depth of about 7-5 em on the crest of the ripple and 5 em 


Table 1. APPROXIMATE GRAIN SIZE DISTRIBUTION OF LE RACOU SAND AT 3 M 
Diameter of grains (mm) Per cent by dry weight 


2-55-1:66 2-0 
1:66-1-16 140 
1-16-0-76 73-0 
0:76-0-50 9-0 


«0:50 2-0 
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in the trough, indicating unconsolidated conditions to 
these depths. It was relatively calm at the time of the 
test, the wave direction being from the east, that is across 
the sand ripples, and the wave height from trough to 
erest about 50 em. 

‘ests at the seabed were made by one of us (J. T.) 
using an aqualung. Seawater at the same temperature 
as the sea and containing the marker dye fluorescein was 
injected into the sand using a modified 20 ml. hypodermic 
syringe. A fine graduated brass tube 30 em long and of 
3:175 mm external and 1:75 mm internal diameter was 
slipped over a coarse hypodermic needle and sealed to its 
base with ‘Araldite’. to give a firm watertight joint. The 
free end of the brass tube was ground to a chisel edge 
angled to about 30° for ease of penetration into the sand 
and to minimize the risk of blockage of the tube by sand 
grains. Tests with this syringe in the laboratory showed 
that seawater dyed with fluorescein could be injected 
into submerged sand in a large ‘Perspex’ aquarium with 
precision to any required depth. A small volume of 
1-2 ml. injected into the sand against the side of the 
tank at different depths down to 15 em was highly visible, 
particularly at low light intensities. There was no signifi- 
cant diffusion of the fluorescein over a 24 h period. Con- 
tinuously circulating seawater above the sand had little 
effect on the position of the patch of dye which moved 
upward as a whole about 1 cm in 24 h without any 
appreciable increase in dimensions. Interstitial currents 
induced by burying the seawater inlet pipe beneath 
the sand some 20 em from the site of the injection, 
however, caused the dye to stream upward compara- 
tively rapidly and appear at the surface of the sand, 
when it was carried away by water currents in the tank, 
again as a coherent and highly visible stream. 





Table 2. TIMES OF APPEARANCE AT THE SAND SURFACE OF FLUORESCEIN 
INJECTED AT DIFFERENT DEPTHS INTO THE CREST AND THE TROUGH OF SAND 
RIPPLES AT 3 M 


Depth of Time in seconds of appearance of marker dye at sand surface 


injeetion (cm) Ripple crest Ripple trough 
Test A Test E Test A Test B 
25 60 90 TT 137 
50 94 154 i41 201 
T5 368 188 a =e 
10-0 E: "e is — 


At the seabed, under 3 m of water, about 2 ml. of sea- 
water containing fluorescein was injected into the sand 
at each of four depths from 2-5 to 10-0 em on the crest 
of the ripple and again in the trough. Each of the eight 
injection sites was marked with a nail inserted into the 
sand and the time of injeetion noted. The experimental 
area was observed for 20 min and the times of appearance 
of fluorescein were noted at the sites where this occurred. 
The results of two such tests on adjacent areas are given 
in Table 2. As the fluorescein appeared at the surface of 
the sand, it was carried away by the ground swell and 
moved back and forth horizontally a distance of 40 cm. 
This degree of water movement was insufficient to cause 
visible disturbanee of the surface sand grains. These 
results. in conjunction with the laboratory tests reported, 
show that even in relatively calm conditions there was 
comparatively rapid upward movement of water from 
depths of 7-5 em at the crest and 5-0 em in the trough of 
the sand ripple and therefore evidently a flow of water 
through the sand. Such a flow could have been due to 
convection if the interstitial temperature was appreciably 
higher than that of the sea. The bottom temperature of 
the sea and the temperature at different depths in the 
sand were taken at a third site (Table 3). Minor differences 
in temperature of a fraction of a degree were noted, but. 
these did not form a continuous gradient. Similar differ- 
ences in temperature in the laboratory did not seem to 
cause other than very slow movement of dyed water 
through sand. We therefore considered that convection 
could not have been responsible for the circulation 
observed at the seabed and we concluded that the irriga- 
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Table 3. TEMPERATURE AT DIFFERENT DEPTHS IN THE SAND AT LE RACOU 
ON AUGUST 27, 1968 


Sea bottom temperature 21° C 


Depth in Temperature (? C) 
sand (em) Ripple crest Ripple trough 
1 21-1 21-2 
5 20-8 21-0 
10 20:0 20-9 


tion of these sands was induced by the action of surface 
waves. 

These observations may be important with regard to 
the productivity of the benthic community of permanently 
submerged sands in shallow waters. If the upper layer of 
such sands is continuously irrigated through wave action, 
then it should act as a filter for suspended organic par- 
ticles. The micro-organisms forming films on the surface 
of the sand grains'-* and interstitial organisms should 
utilize both particulate and dissolved organic substances 
in the water. On the other hand, nutrients released by 
the micro-organisms would be returned to the sea by this 
circulation. Estimations of organic carbon and nitrogen 
in coarse grained marine deposits are almost always very 
low* and this has led to the view that productivity in 
such deposits is also low. But it is equally possible that 
low values for carbon and nitrogen are the result of a 
high rate of turnover and that these sands are in fact an 
important source of nutrients in shallow seas. Some 
evidence for this can be gained from the action of the 
Le Raeou sands on potassium permanganate, which is 
rapidly reduced when mixed in a closed container with 
sand taken directly from the amphioxus ground but not 
by similar sand from this region kept in an aquarium 
under circulating seawater. This suggests a high organic 
content in the fresh sand that is rapidly lost in the 
aquarium and thus may indicate a high rate of turnover. 
1t would be expeeted that wave height, water depth and 
permeability of the deposit would be major factors 
influencing the irrigation of submerged sands and possibly 
their productivity. 

We thank Professor P. Drach for facilities afforded by 
the Laboratoire Arago, Banyuls-sur-Mer and the Natural 
Environment Research Council for a grant in support of 
this work. 
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Are Ocean Floor Basalts 
Primary Magma ? 
Tue typical basalt of the ocean floor and mid-ocean ridges 
seems to be chemically variable, within a somewhat 
restricted range!-*, but most contain olivine and hypers- 
thene in the CIPW norm, and carry sparse phenocrysts 
of olivine, more frequently accompanied by plagioclase 
than by elinopyroxene'-*. They are olivine-tholeiites’ and 
their tendency towards high alumina characteristics is 
reflected in the predominance of olivine + plagioclase 
phenocryst assemblages. 

Figs. 1-3 show projections of bulk chemical analyses 
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of oceanic basalts in relation to the boundaries at different 
pressures between the primary phase volumes of erystal- 
lization of olivine, the two pyroxenes and an alumina-rich 
phase (plagioclase, spinel or garnet according to the 
pressure). The pseudoquaternary system and the ternary 
projections within that system to which the analyses have 
been reduced, and the experimentally studied natural 
compositions on the basis of which the positions of the 
phase boundaries were deduced, are explained or identi- 
fied elsewhere’. The restricted composition range, the 
low pressure crystallization sequence of olivine jomed by 
plagioclase or clinopyroxene and the presence of olivine + 
hypersthene in the CIPW norm are all clearly demon- 
strated in the three figures. Figs. | and 2 show that the 
oceanic basalts have compositions lying to the silica-rich 
side of the “eclogite” plane diopside-garnet-enstatite and 
would erystallize to quartz-eclogite at high pressures and 
low temperatures. Such quartz-eclogites would be a suit- 
able starting material for one suggested mechanism of. 
andesite origin®, but they are not a possible primary 
product of partial melting of bimineralic eclogite in the 
upper mantle! because such liquids should lie close to 
the “eclogite” plane. Subsequent olivine fractionation 
during the ascent of such liquids could, however, account 
for their compositions. 

Figs. 1 and 2 in combination show that the restricted 
field of oceanic basalt compositions would be on the 
boundary of or within the primary phase volume of 
olivine crystallization at pressures below about 5 kbar: 
virtually all the compositions would fall outside the 
primary phase volume of olivine at pressures greater than ^ 
about 7 kbar. Unmodified primary magmas produced by 
partial melting of a peridotite mantle must be in equi- 
librium with olivine at the pressure of their formation t 
so the oceanie basalts cannot be unmodified. p: 
magmas produced from a peridotite mantle except 
pressures less than 5 kbar, which implies depths of less 
than 15 km and geothermal gradients greater than 
80° C km~. If they are produced at such shallow depths, : 
oceanie basalts certainly cannot be the primary i : 
of continental voleanie processes because this would eall 
for an origin within the crust, not the mantle. 

Figs. 2 and 3 suggest that some oceanic tholeiites - 
cluster around the locus (cotectic line) of liquids in equi- 
librium with olivine, clinopyroxene and plagioclase at. 
atmospheric pressure, indicating well advanced control 
of composition by low pressure fractionation. Careful 
comparison of Figs. 2 and 3 shows that the apparent 
spread beyond the primary phase volume of olivine at 
atmospheric pressure is chiefly a product of perspectiv 
when projecting more aluminous compositions from 
diopside. 

Fig. 2 shows that the primary phase volume of ortho- 
pyroxene never touches the majority of oceanic basalt 
compositions at any pressure, and it does not seem in the 
least likely that their compositions could be generated 
directly on the surface of liquids in equilibrium with 
olivine and orthopyroxene in the pressure range 1 atmo- 
sphere-5 kbar. If true, this observation preeludes 
oceanie tholeiites being the primary partial melting 
products of any peridotite with orthopyroxene/olivine 
ratios comparable with those of garnet lherzolites in 
kimberlite, or three analyses of St Paul's Rocks perido- 
tites!*, which are also shared by lherzolite nodules in 
alkali basalts and nephelinites, and by some hypothetieal 
upper mantle compositions (see Fig. 11 of ref. 8). 

The compositions of the oceanic tholeiites as seen in 
Fig. 2 ean be generated only from an olivine and ortho: 
pyroxene-rich peridotite mantle by partial meking to 
yield a primary magma on the surface of liquids in equi 
librium with olivine--orthopyroxene; for example, à 
liquid such as Z formed at 30 kbar (Fig. 2), followed by 
olivine loss by fractionation during or after the ascent 
of the liquid to low pressure eonditions. Pressures much 
greater than 30 kbar probably cause the continued move- 
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boundaries drawn apply to the situation on the boundaries of the primary phase volume of orthopyroxene, and show the nature of the second 
crystalline phase to precipitate from a liquid after orthopyroxene has begun to precipitate. Here and in Figs. 2 and 3 these boundaries are taken 


from ref. 8, Figs. 4-6. 


These boundaries do not apply exactly to the basalts under consideration because they lie in the main just outside the 
primary phase volume of orthopyroxene at all pressures (see Fig. 2 especially). 


x , Analyses from papers in refs, 1-3; @, analyses from refs. 4-0; 


Á , peridotites including three from St Paul's Rocks". 


ment of liquid B towards the olivine-orthopyroxene join 
(see Fig. 2 of ref. 8) and no liquid such as Z could then 
be obtained which would fractionate to oceanic tholeiite 
compositions by olivine loss alone. At pressures lower 
than 20 kbar initial partial melt liquids tend to be 
nepheline-normative, and to have considerably higher 
plagioclase/elinopyroxene ratios than oceanic tholeiites®, 
Although oceanic tholeiites could be generated by appro- 
priate fractionations from higher or lower pressure partial 
melts, minor and trace element data clearly point to the 
need for the minimum amount of fractionation in any 
satisfactory hypothesis. 

The alternative to very shallow origin might be an 
origin from picritic magmas formed at pressures of about 
25-30 kbar, implying depths of 70-100 km and geothermal 
gradients of 200-14? C km~. The magmas so produced 
would have compositions very similar to those of the 
oceanic basalts except for a higher content of potential 
olivine. This is shown in Figs. 1 and 2 by the fact. that 
oceanic basalt: compositions, the liquid B formed at initial 
partial melting at 30 kbar and the olivine composition 
point are collinear, and in Fig. 3, which is an olivine 
projection, by the fact that liquid B at 30 kbar projects 
into the middle of the field of oceanic basalt compositions. 
The expansion of the primary phase volume of olivine 
erystallization with falling pressure ensures that any 
magma such as B ascending at a suitable, relatively rapid 
rate, will crystallize and lose olivine only, and hence can 
attain the compositions of the oceanic tholeiites by loss 
of olivine throughout its ascent. Final eruption from 
pressures of 5 kbar or less must have been rapid for this 
model to fit the observations, because adjustment of the 
bulk rock composition to the atmospheric pressure equi- 
libria is incomplete. Final eruption has, however, been 


slow enough for most of these magmas to have been able 
to acquire plagioclase or clinopyroxene phenocrysts, 
although these may be inherited from a pressure higher 
than that of eruption because of the reported evidence of 
resorption**. 

In Fig. 1 the field of oceanic basalt bulk compositions 
apparently lies a long way from the cotectic point where 
the two pyroxenes, olivine and plagioclase, coexist with 
the liquid, but from Figs. 2 and 3 it is seen that this is 
partly an effect of projection beeause the eompositions 
lie cutside the orthopyroxene primary phase volume, but 
close to the cotectic line where olivine, clinopyroxene and 
plagioclase coexist with liquid at low pressure!?; this line 
dips into the silica undersaturated region as it runs away 
from orthopyroxene towards the low pressure olivine- 
gabbro thermal divide which inhibits evolution. between 
hypersthene and nepheline normative liquids (Figs. 2 
and 3) at pressures below about 8 kbar (ref. 14). 

The rarity of quartz normative magmas among the 
oceanic basalts is perhaps explained by the inference that 
little adjustment of the bulk chemical compositions has 
occurred since pressures of 5 kbar were passed. The 
existence of a "hypersthene-gabbro" thermal divide 
(Figs. 1 and 2j, inhibiting development of quartz-norma- 
tive from olivine-normative compositions until pressures 
less than 5 kbar (ref. 14), effectively traps the oceanic 
basalt compositions between the two thermal divides in 
the pressure zone at 7-5 kbar or less, where they seem to 
have equilibrated suecessfully to the boundary of the olivine 
primary phase volume. The presence of resorbed olivine 
and plagioclase phenocrysts in some of these basalts 
raises the question whether there may also have been 
some evolution below 5 kbar by fractionation across the 
surface of liquids in equilibrium with olivine and plagio- 
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conditions exclusively beneath the mid-ocean rises, but 
this same model predicts that any mantle subject to: 
melting under the low pressure conditions must earlier 
have undergone partial melting at much higher pressure 
where the initial products would be picritie.  Pieritie 
eruption produets are not yet established as common in 
the environment of the ocean floor. If the pierites are 
supposed to have undergone olivine loss during their 
ascent, then the second model for the oceanic basalts has 
been reached, which proposes a non-primary origin, 
initial high pressure partial melt produets undergoing 
olivine fractionation at least on the way to the surface. 
This model creates no geochemical problems with regard 
to the minor elements". 

The evidence available from petrological and phase 
equilibria considerations is consistent with the view that. 
oceanic basalts are either primary magma derived from 
very shallow depths in regions of exceptionally high geo- 
thermal gradient, or evolved liquids from a pieritie 
partial melt formed at greater depths which has under: 
gone olivine fractionation during its ascent. The searcibv 
of the voluminous accompanying picritio magmas pre- 
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dieted by the first alternative points to the non-primary 
hypothesis as a better explanation of the facts. 

The low pressure necessary to suppress olivine as 
liquidus phase in most oceanie tholeiites which is implied 
in Figs. 1 and 2, and the impossibility of having these 
liquids derived directly from an equilibrium with olivine 
and orthopyroxene at any pressure, are totally incom- 
patible with the hypothesis? that such magmas are 
primary magmas which have formed by advanced partial 
melting from residual crystalline peridotite consisting of 
olivine and enstatite at depths of 30 km (pressures of 
about 10 kbar). 


M. J. O'Hara 
srant Institute of Geology, 
University of Edinburgh. 


Received August 15, 1968. 


t Engel, A. E. J., and Engel, C. G., Science, 144, 1330 (1964), 

* Engel, A. E, J., Engel, C. G., and Havens, R. G., Bull. Geol, Soc, Amer., 76, 
719 (1965). 

3 Engel, C. G., Fisher, R. L., and Engel, A. E. J., Science, 150, 605 (1965). 

* Nicholls, G. D., Mineral. Mag., 84, 373 (1965). 

* Muir, I. D., and Tilley, C. E., J. Petrol., 8, 409 (1964). 

* Muir, I. D., Tilley, C. E., and Scoon, J. H., J. Petrol., 7, 193 (1966). 

? Yoder, jun., H. 8., and Tilley, C. E., J. Petrol., 9, 342 (1962), 

* O'Hara, M, J., Earth Sci. Rev., 4, Figs. 4-6, 86 (1968). 

e Greens i H., and Ringwood, A, E., Contrib. Mineral. Petrol., 18, 105 


1? O'Hara, M. J., Earth Sci. Rev., 4, 125 (1968). 

1 O'Hara, M. J., Earth Sei. Rer., 4, 79 (1968). 

1? O'Hara, M. J., Earth Sci, Rev., 4, 95 and Fig. 7 (1968). 

55 O'Hara, M. J., Earth Sei. Rev., 4, 122 (1968). 

^ O'Hara, M. J., Earth Sci. Rev., 4, 70 (1968). 

*5 Cohen, L, H., Ito, K., and Kennedy, G. C., Amer. J. Sci., 265, 475 (1907). 
** Oxburgh, E. R., and Turcotte, D. L., J. Geophys. Res., 78, 2643 (1968). 
” O'Hara, M. J., Earth Set. Rev., 4, 116 (1968). 


18 Melson, W, G., Jarosewich, E., Bowen, V. T., and Thomson, G., Science, 
155, 1532 (1967). 
1? Green, D. H., and Ringwood, E. A., Contrib. Minl. Petrol., 15, 103 (1967). 


Ground to Air Coupled Waves 
from a Distant Earthquake 


Ow May 16, 1968, at 00 h 48 min 55 s, there was a strong 
earthquake off the east coast of Honshu, Japan. Accord- 
ing to the US Coast and Geodetie Survey (USCGS) large 
tsunami tidal waves were set up which caused the loss 
of ninety-five vessels and reached a height of 4-5 m at 
Mikayo. On land, 18,500 houses were reported destroyed 
or damaged. Although the resultant casualties, forty- 
seven killed and 281 injured, were relatively light, the mean 
surface wave magnitude M.S — 7-9 assigned to the earth- 
quake by the USCGS classifies it as an important seismic 
event. 

The seismic waves from this earthquake were registered 
at UKAEA, Blacknest, by a long period vertical compon- 
ent seismometer and were recorded on one track of a 
multi-channel magnetic tape system. Other channels of 
this systern were recording the outputs of a number of 
microbarographs spaced several kilometres apart in an 
experimental array around Blacknest. 

A sharp onset of seismic body waves began at 01 h 01 
min 23 s, the amplitude of these waves being large enough 
to eause the seismometer output to overload the tape 
system continuously after the first few cycles. There- 
after the tape recording remained completely overloaded 
for several hours, but it was nevertheless possible to 
observe the onset of seismic surface waves at about 
0133 h. These waves lasted until approximately 0148 h 
and were distinguishable as a well defined pattern with 
characteristically dispersed periodicity. Thus the periods 
observed in this wave train were dispersed sequentially 
from 40 s through 36, 24, 20 and 15 s. The 24 s wave 
period seemed to be the most dominant and persisted for 
5-5 min. 
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Fig. 1. Trace 1 (top), filtered output of microbarograph with short time 





constant; traces 2-6, filtered output of microbarographs with normal 
time constants; trace 7, long period vertical scismometer output; 
trace 8, timing, coded groups at 1 niin intervals, 


The general appearance of the waveforms seen on the 
mierobarographie data channels did not change when the 
onset of body waves took place. Some 30 min later, 
however, when the first surface wave arrivals became 
evident on the seismic channel, the microbarograph 
traces began to exhibit a wave pattern of unusual regular- 
ity. Measurements of the periods of these waves showed 
that they corresponded closely to the periods prevailing 
at related times in the seismic record. From this it was 
concluded that the microbarographs had recorded atmo- 
spheric pressure waves coupled to the continental path 
Rayleigh wave component of ground motion which had 
been registered by the vertical component seismometer. 

The high natural frequency of the microbarograph 
mechanism prevents spurious outputs being produced by 
resonance from low frequency ground movements, whereas 
the normal acoustie response setting of the instrument is 
designed to make it receptive to atmospheric pressure 
fluctuations with periods of tens of seconds. This was 
demonstrated by the output of one instrument operating, 
for experimental reasons, with a much shorter pneumatic 
time constant than the other elements of the array and 
therefore responsive only to pressure variations with 
periods of a few seconds. This instrument, mechanically 
identical to the others, did not record the coupled air 
waves (Fig. 1). 

Air waves coupled to ground motion would be expected 
to traverse the array at the Rayleigh wave velocity of 
seismic surface waves, an order of magnitude faster than 
normal acoustic wave velocity. To test the validity of 
this assumption, the microbarographic data were processed 
by the array computer (SADA). This machine displays 
simultaneously the outputs derived from data channels 
cross correlated for twenty different combinations of 
signal velocity and direction. Its design and use are 
described elsewhere*?. The mierobarograph waveforms 
were coherent across the array during the time of surface 
wave arrivals and the computer phasing conditions 
necessary to produce optimum correlation corresponded 
to a wave with velocity of 3-7 km s~ coming from an 
azimuth of 29°. Honshu bears 26° from Blacknest. The 
correlogram output traces (Fig. 2) indicated that there 
was no significant correlation between the microbarograph 
waveforms except at the time of surface wave arrival. 

The waveform envelope or “coda” characteristic of 
surface wave records could not be observed from the over- 
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Fig.2. Trace 1 (top), timing, coded groups at 1 min intervals; trace 2, 

long-period vertical ssismometer output; traces 3-6, unfiltered micro- 

barograph outputs; trace 7, cross correlation products of microbarograph 
outputs; trace 8, correlogram—smoothed version of trace 7. 


loaded seismic trace but it was noted that the micro- 
barographic traces of the coupled air waves possessed 
a waveform envelope typical of surface wave codas 
recorded from previous smaller earthquakes from the 
Honshu region. This was most apparent when the tape 
recorded microbarograph outputs were replayed through 
bandpass filters to remove as much atmospheric back- 
ground noise as possible (Fig. 1). The amplitude variations 
of the microbarographic waves might therefore reasonably 
be supposed to follow those of the surface waves. 

The average maximum of the pressure oscillations 
recorded by the microbarograph array was 9 ubar peak to 
peak at 24 s period. Because of overloading, no direct 
measurement of the amplitude of ground motion could 
be obtained from the Blacknest long period seismometer 
record. At the Eskdalemuir UKAEA Seismic Observa- 
tory, however, good records of the Rayleigh waves were 
obtained by the short period seismometer array, where the 
instrument responses provided sufficient attenuation to 
prevent the recording system from overloading. The 
average peak to peak vertical ground motion registered 
by the array was 0:7 cm at 23 s period. In the absence of 
other data we have assumed the amplitudes at Blacknest 
to be similar, because the distances to the epicentre are 
comparable. 

Similar ground wave-atmospheric interaction was 
recorded by Lamont Geological Observatory at the time 
of the Great Alaskan Earthquake in March 1964°. A 
relationship between estimated Rayleigh wave amplitudes 
and atmospherie pressure perturbations was given by 
these authors as 

p= 24Tajt 


where p is the peak to peak pressure in microbars, a the 
double amplitude of ground motion in centimetres and 
t the period of the motion in seconds. 

If the value of amplitude for the 23 s period derived 
from the Eskdalemuir record is substituted for a in this 
expression, the resulting value of pressure perturbation. 
p, becomes 7:5 ubar compared with the average observed 
value of 9 ubar at 24 s period. 

This is in reasonable agreement with the Lamont 
findings, bearing in mind that the two events concerned 
were recorded over different transmission paths. In the 
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ease of the Alaskan event atmospheric waves generated 
in the epicentral region and travelling at acoustic velort- 
ties were also observed. A search for waves of this kind 
was made in the appropriate time bracket of the Blacknest 
infrasonic recordings but none were identified from the 
prevailing noise background. 

F. H. Grover 

P. D. MARSHALL 
UKAEA, 
Blacknest, 
Brimpton, Berkshire. 
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Freezing and Shattering of Water 
Droplets in Free Fall 


THE shattering of freezing water droplets has been sug- 
gested as a source of the large concentrations of ice erystala 
found in relatively warm supercooled clouds by a number 
of workers (ref. 1, for example). But recent work by Dye 
and Hobbs?? and Johnson and Hallett’, using droplets 
approximately 1 mm in diameter suspended on thin 
insulating fibres, has shown that nearly all the shattering 
observed in earlier experiments can be attributed to con. 


tamination with carbon dioxide or to the droplets not : 
being in thermal and solution equilibrium with the sur 


rounding air. Johnson’ found that suspended droplets 
ventilated at their terminal velocity shattered very . 
frequently if they were rotated during freezing but not 
at all if they were not rotated. Because it is difficult 
to decide if freezing water droplets do rotate as they fall, 
the experiments reported here were undertaken as a direct 
test of the shattering of water droplets freezing in free 
fall. 

A schematic diagram of the experimental arrangement 
is shown in Fig. 1. The experiments were performed in & 
cold room at temperatures of — 5° C, — 10° C and — 15? €, 
The dimensions of the cooling and observation chambers. 
shown in Fig. 1, were calculated to allow sufficient time 
for droplets up to 120p in radius to cool within 1° C of the 
ambient temperature before nucleation and to freeze 
completely in the observation chamber at — 15" C and 
—10? C. Negatively charged droplets between 50 and 
120u radius were produced by a spray at a potential of 
— 300 V enclosed in a box heated just above 0^ C. A few 
droplets at a time were produced and allowed to fall 
through the cooling chamber, which was at the terapers- 
ture of the cold room, before being nucleated while falling 
through a cloud of positively charged ice crystals. The 
charge on the droplets and ice crystals was used to enhance 
the collision efficiency. The ice crystals were produced by 
passing moist air over a brass rod cooled with liquid 
nitrogen and charged by exposure to a high concentration 
of positive ions in an alternating field of 3 kV om. 
After nucleation the droplets fell through a chamber in 
which a streak photograph was taken using a mercury 
lamp flashing 100 times a second. From the lengths of the 
streaks the fall speeds and hence the radii of the droplets 
were computed. The droplets then fell into the observa- 
tion chamber, also t cold room temperature, where they 
fell 150 em in a beam of polarized light from a mereury 
lamp. Using crossed polaroids, an observer was able to 
distinguish between frozen and unfrozen droplets. The 
latter looked very faint and a deep purple colour, and the 
former white and much brighter. Another observer looked 
through a glass side of the observation box and was able 
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Fig. 1. Sketch (not to scale) of apparatus used for studying freezing and 
shattering of freely falling droplets. 





POLAROID” Hg ARC 


to eount the total number of droplets and observe the 
number and nature of shattering events. A summary 
of the results obtained is listed in Table 1. 


Table 1, SUMMARY OF THE RESULTS 


Larger droplets 


Smaller droplets 
(80-1204 radius) 


(50-904 radius) 





Tempera- No, of No. of Percent- No. of No. of Percent- 
ture frozen — droplets age shat- t droplets age shat- 
droplets shattering tering s shattering tering 
-5C 288 17 8 80 9 
-10E 507 79 13 46 7 
-15*€ 253 36 i4 36 6 
At — 57 C all the droplets which shattered did so below 








the photographie chamber, but at ~ 10° C and —15* C a 
few droplets shattered in the photographie chamber and 
these events were recorded on film. At —10° C and 
— 15? C all the shattering events occurred well above the 
bottom of the observation chamber. At all three tempera- 
tures some droplets shattered very violently but the 
majority produced only two or three visible particles, 
of which two were usually of nearly equal size. More than 
five visible particles were produced only five times, the 
maximum number observed being twelve. Photographs 
of two of the droplets which shattered at — 15? C are shown 
in Fig. 2. The violence of some of the shattering events is 
Hlustrated particularly by Fig. 2b. Some experiments 
were also carried out at — 10° C, using droplets in the larger 
size range (90-120u radius) consisting of 10-* and 10-* M 
solutions of sodium chloride. Approximately 200 drop- 
lets of each solution were frozen and the percentage 
shattering was 7 per cent for the 10-* M solution and 1 
per cent for the 10-* M solution. 
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From a previous experiments we concluded that very 
little droplet splintering oeeurred. The experiment was 
design: t small ice splinters by growing them in 
a supercooled cloud, but was only capable of detecting a 
concentration of ice crystals equivalent to at least two 
particles from each frozen droplet. In the present experi- 
ment the ratio of solid particles produced to droplets 
frozen was about 1-15. Therefore. taken together, the 
two experiments suggest that only a small number of 
fragments too tiny to be observed in the present experi- 
ment were produced. 

Table 1 shows that at — 10^ C and — 15? C the larger 
droplets shatter more frequently than the smaller ones. 
(At —57 C the larger droplets may not freeze completely 
before reaching the bottom of the observation chamber.) 
Inereasing the cooling distance by 50 em did not change 
the percentage of droplets shattering. We therefore feel 
that the difference is due to the enhanced ventilation of 
the larger droplets rather than to a lack of thermal or 
solution equilibrium of the drops with their surroundings. 

To sum up, we have shown that roughly 10 per cent of 
droplets between 50 and 1204 radius shatter when 
nucleated with ice crystals at temperatures between 
—5? Cand — 15° C and allowed to freeze in free fall. The 
percentage shattering increases with size and this is 
attributed to the enhanced ventilation produced. It is 
therefore possible that even larger droplets will shatter 
more frequently. 

The concentration of sodium chloride solution necessary 
to reduce the percentage of droplets shattering from 
l4 per cent to 1 per cent is equivalent to a salt particle 
of radius 3u dissolved in a 100u radius droplet. Although 
particles of this size are not common in the atmosphere, 
the possibility of a reduction in the percentage of droplets 
shattering because of contamination with sodium chloride 
cannot be entirely dismissed. 

We thank the Department of Physics, University of 
Western Australia, in particular Dr W. C. Macklin, for 
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Fig.2. Photographs of tracks of falling drops illuminated by H 
illustrated. 


at 100 Hz. Two cases of fragmentation of frozen drops ar 
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Melting Point Behaviour of 
Glacier Ice 


Iw their communication!, Radd and Oertle draw atten- 
tion to the modified Clapeyron equation 


ST 0T) 
dP AH fusion (1) 


in connexion with the depression of the freezing point of 
glacier ice. Their account, however, is too general. Their 
use of the term “unconfined” in relation to the liquid 
phase ean be misunderstood by glaciologists and geologists. 

The essential point in equation (1) is that it gives the 
freezing point depression AT' when the ice and water are 
under different pressures. A more appropriate general 
form of the equation is* 


oe (Vice APice — Vwater APwater) T 
AH tusion 


Equally. important. are the cireumstances making an 
equation of this type relevant. For the present case of 
glacier ice in contact with unfrozen saturated soils, it is 
the restrietion of size (which can be considered a curvature) 
imposed on the ice-water interfaces by the walls of soil 
pores, together with the effect of interfacial tension, that 
is important. If the ice-water interfaces have a radius r 


AT = 





(2) 


2 Gice-water 
m HUE REE 3 
a (3) 


P dee — Pwater = 
For an iee mass in contact with unfrozen soil, r may have 
a value between infinity and rpore (the equivalent radius 
of soil pores), depending on the extent to which the ice- 
water interfaces intrude into surface pores. The depression 
of the freezing point AT is given? by (for simplicity taking 
the case of constant Pwater) 


AT = sire une HE (4) 


The temperature at the base of the glacier on a bed of un- 
frozen soil may, aecording to this equation, have a range 
of values, the lowest depending on rpor. Thus AT is 
limited by the type of soil in question. It was through 
overlooking this fact that Poynting’ failed to establish 
equation (1) experimentally. 

The soil below the glacier freezes when r rpore. Using 
appropriate values in equation (3) for, say, a silty clay 
with rpore = 0-34 one finds that Piece — Pwater > 2 kg em? 
is à condition for freezing of the soil. If this is not already 
satisfied, with the groundwater pressure being Pwater. 
freezing temperatures at the base of the glacier will cause 
a fall in water pressure at this point. There may be an 
associated migration of water to give an additional layer 
of basal ice, as in the frost heave process. Pice— Pwater is 
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an effective stress (in soil mechanies terminology) and 
of importance for the subsequent post-glacial, mechanical 
properties of the soil. 

On the other hand, if the glacier rests on a rock bed 
containing water only in cracks (larger than pore size), 
there is no significant difference in pressure according 
to equation (3). Thus the freezing point depression is then 
given by the “normal” relation 





ar 
dP 


_ TOV water — Vice) (3 
AH fusion m 


Detailed experimental studies of the matters diseussed 
with referenee to soils have been made by me* and by 
other authors. Only secant attention has been given, 
however, to the significance of these relations in glaciology, 
where movement of the ice is a further complication. They 
seem important for questions not only of glacier regime 
but also of geotechnical properties of soils at some time 
overlain by glaciers. 

A slip is noted in Radd and Oertle's reference to Hud- 
son's paper, which is given below®. 
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Dynamics of the Disintegration of a 
Drop by Electrical Forces 


TECHNIQUES have recently been developed for modelling 
the dynamics of the flow of incompressible fluids using a 
high-speed eomputer'?. The dynamical equations were 
solved by representing the fluid by a series of marker . 
particles moving in a cartesian mesh, and assuming that _ 
each particle experiences a linear acceleration during a 
selected short interval of time. By computing the new. 
positions and velocities of the marker particles at the end 
of successive time intervals, accurate calculations ean be 
made of the motion of the fluid throughout the period of 
interest. This marker-and-cell technique has been applied 
to a study of the instability of an uncharged liquid drop 
of radius R and surface tension T situated in an electric 
field strength E. This problem, which is important iu 
certain situations in cloud physies?, has previously been 
treated analytically* by assuming that the drop retains a 
spheroidal shape throughout the period of deformation 
until the instability point is attained. The calculated 
instability criteria, namely, the E(R/T)! = 1-626 when the 
ratio of the semi-major to semi-minor axes a/b = 1-9, agree 
well with experimental measurements. The present 
numerical caleulations permit a quantitative assessment 
to be made of the validity of the spheroidal assumption 
and, of greater importance, provide a description of the 
dynamics of the disintegration of a drop subjeeted to 
intense electrical forces. In order to save computer time 
the initial condition was assumed to be that a spheroidal 
drop of undistorted radius 0-2 em and surface, tension 
70 dynes em-!, possessing a degree of deformation repre- 
sented by a/b — 1-9, was introduced into a field of strength 
E=9,500 V cm~, which is 4 per cent greater than the 
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Fig. 1. Drop profiles at zero time C4) and at 6-21 ms after introduction 
into the field (B). E-9,500 V em^, R=0-2 em, F=70 dyne em?. 


critical value deduced on the basis of the spheroidal 
assumption. 

Fig. 1 presents cross-sections through the axis of the 
drop at zero time and at 6-21 ms after its introduction 


into the electric field. This figure illustrates the onset of 


instability at the poles of the drop and demonstrates that 
the spheroidal assumption provides an extremely accurate 
representation of the shape of a drop situated in an elec- 
tric field. This latter conclusion is reinforeed by the 
ealeulated distribution of pressure over the surface of a 
spheroidal drop. 

Predicted values of the outward velocity of the fluid at 
the poles of the disintegrating drop, presented in Fig. 2, 
suggest that capillary waves are generated on the surface 
of the drop which increase in amplitude until the final 
stage of instability is initiated, after which time the 
velocity is seen to increase extremely rapidly, culminating 
in the ejection of fluid from each pole of the drop, prob- 
ably in the form of a jet which subsequently breaks up 
to produce a number of droplets. Subsequent publications 
will deseribe this study in greater detail and will illustrate 
the application of the marker-and-cell technique to other 
problems of interest in cloud physies and fluid mechanics. 

We thank Dr M. H. Davis and Dr J. D. Sartor of the 
National Center for Atmospherie Research, Boulder, 
Colorado, for helpful diseussions and for providing the 





P 
8 
fe 4 
t Gms) 
Fig. 2. The calculated variations of polar velocity V with time t after 
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Initiation of Explosion in AgN, and 
G-PbN, Single Crystals by a Collapsing 
Bubble 


RecENTLY Bowden and MeOnie! described the part played 
by cavities in a confined liquid nitroglycerine film in 
transforming slow burning into an explosion. They 
suggested that the formation of the cavities in the 
initially homogenous explosive film ahead of the burning 
zone was connected with the precursor waves in the 
solid eonfining the film which moved faster than the 
subsonie burning in the film itself. They further suggested 
that the low velocity detonation in a confined liquid 
explosive film is sustained by the formation of eavities 
ahead of the reaction zone. A similar model has been 
given by Watson et al.* for the propagation of a stable 
low velocity detonation in a liquid explosive confined 
in a cylindrical tube. The mechanism of formation of 
cavities is still not clearly understood, however. 

During the high velocity (8,000 m s^!) detonation of 
a homogenous liquid explosive the shocks generated in 
the liquid (60-100 kbar; are sufficiently intense to raise 
the temperature to the initiation temperature and in this 
way the fast reaction is sustained. On the other hand, for 
a low velocity detonation the transient pressures pro- 
duced are only of the order of a few kbars, and this is 
not sufficient to compress the homogenous explosive to 
the temperature required for initiation. 











Water level 
S 

M 

B | | 
c [econ T 

D 
Electrical leads 

Fig. 1. Apparatus for studying the initiation of explosion in a single 


crystal of AgN, by a collapsing bubble. C, Single crystal of AgN,; B, air 

bubble; R, tungsten rod 1 mm in diameter; D, small fast acting detona- 

tor; M, 1/64 inch thick one inch square phosphor bronze sheet; S. 

shock wave: T, 10 inch square water tank, 8 inch deep, with two 
transparent walls. 
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AGN, Crystal— 
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Air bubble—- Ml 


Fig. 2. 
its minimum volume (frame 10). 


Campbell et al. have reported that for initiating 


homogenous liquid explosives and single crystals of 


PETN, shocks of 80-86 kbar and 112 kbar, respectively, 
were required. 
density discontinuities in the form of bubbles or metallic 
particles were introduced into the homogenous explosive 
then it became more sensitive to shock. —Boddington* 
has shown that precursor shock waves in single crystals 
of AgN, could produce discontinuities which, when 
encountered by the shock (only a few kbar) in the water 
confining it, could initiate fast decomposition. 

Different mechanisms have been suggested by which 
the cavities and bubbles can influence initiation. Bowden 
and Yoffe* have suggested that in mechanical impact 
(low or moderate energy) experiments the compressive 
adiabatic heating of the gas in the bubble or cavity is 
responsible for the initiation of explosion. In the case 
of liquid high explosives the role of the bubbles is to 
disperse the explosive in the form of fine droplets into 
the heated gas, producing favourable conditions for 
ignition*. It was also shown by Bowden and McOnie! 
that microjets were formed when a cavity was pressed 
between two impacting surfaces. They suggested that 
microjets could influence the initiation process by in- 
creasing the velocity of impact by dispersing the explosive 
in small droplets into the cavity. Watson and Gibson’ 
have shown clearly the formation of high velocity jets 
when hit by shocks of moderate strength. They also 
believe that these high velocity jets can cause initiation 
by impact. 

We have made a photographic study of the effect of 
the collapse of an air bubble on the surface of a single 
crystal of silver azide and G-lead azide. These experiments 
were performed using a Beckman and Whitely rotating 
mirror framing camera, model 189. An auxiliary objec- 
tive lens was used to give a magnification of about x 1. 
The system was “back lit" using a Mullard FA5 xenon- 
filled flash tube. A schematic drawing of the experimental 


Initiation of explosion in a single crystal of AgN, at a bubble collapsing on the surface 


The time interval between consecutive frames is 1 4s. 


Their experiments indicated that if 
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Initiation takes place when the bubble is near 
Length of the crystal is 7-3 mm and its diameter 123%. 


set-up is shown in Fig 1. The camera and light 
are not A good crystal of AgN,, C, typically 
7-8 mm in length and 110-1404 in diameter 
was fixed with an adhesive on one end of a tungsten rod, 
R, 1 mm in diameter and 8 em long. This assembly was 
placed in the centre of the water tank, T. To place the 
bubble, B, on the surface of the crystal, a very small 
amount of Edwards High Vacuum silicone grease was 
smeared on the crystal. A fine syringe of glass was then 
brought very close to the crystal and air blown slowly 
through it, producing a stream of uniformly sized bubbles. 
The process was continued until a bubble was attached 
to the erystal in the desired position. Different sized bubbles 
were produced by using different sized syringes. Having 
fixed the bubble, the detonator, D, which was mounted 
on a one inch square phosphor bronze sheet, M, 1/64 inch 
in thickness (to hold the explosion products of the deton- 
ators), was placed near the crystal in such a way that the 
bubble was pressed on the crystal by the moving shock, 
S, from the detonator. The typical process of collapse 
of a bubble by the shock and the initiation of an AgN, 
erystal is shown in Fig. 2. The time interval between 
consecutive frames 1s l us. 

The first frame shows an AgN, crystal with a 1 mm 
diameter air bubble sitting on it. The bubble looks opaque 
due to refraction of light. The next frame shows the emer- 
gence of a shock of about 1 kbar from the detonator. 
In frame 6 the shock wave has just hit the bubble and the 
next four frames the asymmetrical collapse of 
the bubble. In frame 8 it looks ellipsoidal in shape. 
Up to this frame there is no significant reduction in the 
volume of the bubble. After frame 8 the collapse becomes 
faster and in frame 9 the bubble is approximately half 
its original diameter. It is clear from this frame that the 
spherical wall of the bubble becomes flat on the side 
from which the shock came. The bubble must reach its 
minimum volume between frames 9 and 10, for in frame 10 


we see the 


source 
shown. 
about 


show 


shock wave, S, generated by the expansion 
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Fig. 3. The collapse of a bubble away from the erystal, The shock from the expanding bubble does not initiate an explosion (frame 6), The 
bubble itself breaks into parts (frame 18). The crystal has also broken at the point where the bubble was initially resting (frame 16), The time 
interval between consecutive frames is 1 us, Length of the crystal is 7:3 mm and its diameter 1 12g. 





Fig. 4. The shock wave from the detonator goes along the length of the crystal and collapses the air bubble within 2005 of the surface of the 

crystal (frame 8). Even in this case when the bubble collapses so close to the crystal, the crystal does not explode as a result of the shock from the 

expansion of the bubble (frame 8). In the later frames (11-20) the jet, moving at about 120 m s~, appears, The time interval between consecutive 
frames is 1 ws. Length of the crystal is 7-4 mm and Its diameter 1404. 
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of the collapsed bubble. Because the 
spherical pressure wave is still very close 
to the expanding bubble, we assume that 
the minimum volume will be close to the 
volume of the bubble in this frame. We 
cannot say with certainty whether or not 
a fast reaction has started in this frame. 
In the next frame the fast decomposition 
has already propagated about 1-2 mm on 
either side of the point of contact of the 
bubble on the erystal. The last four frames 
show the propagation of burning down the 
whole length of the erystal. 

Different phenomena which can take 
place as a cavity collapses are: (i) Jet 
formation (ref. 8 and J. H. Brunton 
at the Forschungskonferenz Regenerosion, 
Meersburg, August 16-18, 1967); (ii) local- 
ized shocks produced when a cavity re- 
bounds’; and (iii) adiabatie collapse of 
the cavity giving rise to high temperatures 
inside’. Many investigators (refs. 8, 11 
and 12, and J. H. Brunton and F. G. 
Hammit et al. reporting at the Forschungs- 
konferenz Regenerosion) have observed 
damage caused by the collapse of cavities 
on the surface of solids and some believe 
that the damage is due to the impact 
of the collapsing cavity. Shutler™, how- 
ever, considers that this damage is due 
to the shock wave created as the cavity 
rebounds. 

We have tried to determine which of 
these phenomena is important for the 
initiation of an AgN, crystal by a col- 
lapsing air bubble. In another 
of experiments a shock wave was sent 
in a direction such that the crystal was 
between the bubble and the shock. Be- 
cause the jetting occurred in the direc- 
tion of the shock (that is, away from 
the crystal, see Fig. 5), and the bubble collapsed to 
minimum volume away from the surface of the crystal, 
this showed the effect of the localized shock produced 
by rebound of the cavity alone. A typical sequence 
is shown in Fig. 3. Frame 1 shows a shock wave of 
approximately one kbar approaching the crystal and in 
frame 3 the bubble has begun to collapse. This bubble, 
as in Fig. 2, again becomes ellipsoidal in shape in frame 
4 after the shock wave has passed over it. In frame 6 
the bubble suddenly collapses to approximately 1/64 
of its original volume. Then the bubble reduces to its 


series Fig. 5. 


minimum volume between frames 5 and 6; in frame 
6 we can can see the spherical shock wave generated 
from its expansion. The crystal, however, does not 


explode. A notable factor is that the cavity is moving 
away from the crystal at a speed of approximately 
200 ms-! (from frames 4. 5, 6 and 7). It is clear from this 
sequence that this bubble goes through a series of rapid 
cycles of eoliapse and expansion and in frame 18 it has 
broken into several parts. Another interesting effect 
is that the crystal breaks at the point where the bubble 
was initially resting. lt seems that as the bubble leaves 
the surface of the crystal some "pull" occurs and this 
breaks the erystal at the point where the bubble was 
initially resting. The black spots at the bottom of this 
frame are the cavities formed in the water. 

To collapse the air bubble still closer to, but not 
touching, the surface of the erystal when at its minimum 
volume, à shoek wave was sent along the length of the 
crystal; see Fig. 4. The shock wave meets the bubble 
in frame 5 and the bubble begins to collapse. The bubble 
approaches its minimum volume between frames 7 and 8 
and it is then only 200u from the surface of the crystal. 
Frames 8 and 9 clearly show the shock wave which is 





one collapses on the surface of the crystal (frame 5). 
point of collapse of the lowest bubble (frame 6). 
of the fast reaction. 
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Three small air bubbles on the AgN; crystal, one at the top, the next near the 
centre, and the third just above the tungsten rod and crystal interface, are hit by the 
shock wave in a direction such that the two upper bubbles leave the surface and the bottom 


The initiation takes place at the 
The later frames show the propagation 


The time interval between consecutive frames is 1 vs. Length of the 


crystal is 7:6 mm and its diameter 140x. 


produced by the expansion of the collapsed bubble. 
It is evident that even when the rebounding bubble 
is only 200 from the crystal surface the shock produced 
by it is not able to initiate the crystal. Later frames show 
the very interesting phenomena of jetting from this 
bubble. The jet appears distinctly as the bubble expands. 
The velocity of this jet is about 120 m s~ and it is in the 
direction of the shock wave. The jet itself gets sharper 
in the direction of the original shock wave as can be 
seen in frame 16. 

Because the initial collapse of the bubble oceurs 
within a few microseconds, we assume it is an adiabatic 
Simple calculation shows that the temperature 
inside the bubble could reach about 1,500° K for a radius 
ratio (initial volume to minimum volume) of 4. If we 
consider that as the bubble collapses on the surface of the 
crystal the thermal contact of the hot air inside the bubble 
with the erystal surface is good (a reasonable assumption, 
for the bubble is being pushed against the surface of the 
crystal) then we expect the initiation of AgN, to occur 
within about microsecond after the bubble has 
reached its minimum volume. 

In order to examine whether the heat produced inside 
the bubble during the adiabatic compression was suffi- 
cient to initiate explosion in the crystal another series 
of experiments was performed. In these experiments 
very small bubbles 125-1504 in diameter used. 
The advantages of using such small bubbles are: (i) The 
shoeks produced due to their rebound are relatively 
smaller and (ii) the impact of any jets produced would 
be very much reduced. A typical sequence is shown in 
Fig. 5. In frame 1, three small bubbles, b. can be seen 
sticking to the surface of an AgN, erystal. The shock 
wave was sent in such a direction that the lowest bubble, 


process. 


one 


were 
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Fig. 6. 
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Initiation of explosion in a single crystal of 6-PbN, at a bubble collapsing at the 
surface, The time interval between consecutive frames is 1 #3. 


Length of the crystal is 


5-8 mm, its thickness 17-394, and its width 250x. 


instead of hitting the erystal directly, merely collapsed 
on to the surface while the other two bubbles left the 
surface of the crystal (frame 6). The collapse of these 
smaller bubbles was much faster compared with the 1-0 
mm bubbles described earlier and it is clear from frame 6 
that initiation starts at the point of collapse of the lowest 
bubble. This sequence also demonstrates that smaller 
bubbles can initiate an explosion faster than larger 
bubbles as they collapse faster. 

Experiments with 8-PbN, single crystals showed 
similar behaviour to that described above for AgN; 
crystals. A typical sequence is shown in Fig. 6. This 
crystal is 5-8 mm long, 17-394 thick and 250u wide. 
The air bubble is 0-5 mm in diameter. As in the case 
of AgN;, the initiation takes place when the bubble is 
near its minimum volume (frame 4). It is interesting to 
note that the reaction propagates at about 800 m s-! 
whieh is smaller than the velocity of sound in this 
crystal. This corresponds to rapid burning rather than 
detonation. 

We have shown that an air bubble, which may be as 
small as a few mierons in diameter, collapsing on the sur- 
face of an AgN, or a 8-PbN, single crystal can initiate an 
explosion. The mechanism of initiation seems to be due to 
the adiabatie heating of the gas inside the collapsing 
bubble. We have also shown that quite high pressures 
are produced when a collapsing bubble rebounds. Fast 
jets are also produced. These shocks alone are not suffi- 
ciently strong to cause initiation even when they are 
localized within a few microns of the surface of the 
crystal. Another important factor is the break-up of a 


bubble into two or more parts during a series of cycles of 


collapse and rebound. This is possibly one of the mechan- 
isms which facilitates the break-up of a liquid explosive 


(containing bubbles and cavities) into fine droplets 
when subjected to mechanical shock. Another interesting 
observation is that very thin needles of B-lead azide 
can be made to burn rather than detonate. 
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Dielectrophoresis in Lossy 
Dielectric Media 


DIELECTROPHORESIS. is the unidirectional motion of 
neutral, polarizable material which results from the 
presence of a non-uniform d.c. or a.c. electric field. It is 
one of a variety of aligning, rotating and translating 
effects produced by the action of electrical fields on par- 
ticles suspended. in a fluid'. Dieleetrophoresis has been 
discussed and tested for a variety of uses'-*, but only 
recently has it been applied to biological investigations’. 
Because of the universality and potential for research in 
the life sciences of the dielectrophoretic effect, it is desir- 
able to have a quantitative theory for the dielectrophoretic 
force in lossy dielectric media. 
I denote here the electric field by 


C-E exp 2 (ot 4- 2). 


where E is a simple spatial vector, i= 4/(— 1), o is the 
angular frequency, t is time, and ¢ is the phase angle with 
respect to an arbitrary phase reference. The complex 
dielectric constant is given by s—s'— ic^, where ¢’ is the 
real dielectric constant and e” is the dielectric loss. In 
general, ¢”=o/@, where s is the electrical conductivity. 
A small homogeneous particle of complex dielectric 
constant s, is suspended in a medium s, and is exposed 
to an alternating electric field whose cffective (r.m.s.) 
value at the site of the particle, prior to its insertion, is 


E, E, exp ig. 


The time mean of the potential energy U associated with 
the presence of the particle in the field is given by® 


ENEL, Etay 0) 


2 E37 


where 4^; is the effective field inside the particle, and the 
symbols Re, ^, and * denote the real part of, time mean, 
‘and complex conjugate, respectively. The integration is 
to be performed over the volume of the particle, V. 
Assuming that (a) the media are homogeneous and iso- 
tropie and (b) the partiele is a sphere the size of which is 
_ sufficiently small so that over its extent the impressed field 
„is uniform to a first approximation, then the internal field 
is also uniform to a first approximation. Its value is 


Eo (2) 


by analogy with the case of loss-free dielectrics’. Stratton? 
treated the case of loss-free dielectric materials only. 
The validity of replacing the real by the complex dielectric 
constant is discussed for a particular case in ref. 8. In 
general, it can be done in any solution of Maxwell's 
equations for the sinusoidal steady state in a source-free 
region.) Combining (1) with (2), and noting that 


U = i Ref a ü — 


e's . Et=E, QEQSIEQÉÀ 


(3) 





The symbol E, is used here to denote |E,], the r.m.s. 
value of electric field strength. The particle will ex- 
perience a force F in this ficld, where F = — grad U. Thus 


£i — 


£s 
S.) grad (Ej) (4) 
1 Es 


In the case of loss-free dielectrie materials, equation (4) 
reduces to a well known relation? 





3 
F => V, Re (st 





3 p/o BTE T 
Sez (si i =) grad (E? (8) 
1 — 
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In equation (5), the direction of the force ean be seen, 
easily from the term in parentheses which can have either 
sign, depending on the relative sizes of the dielectric 
constants. Thus particles with a lower dielectric constant 
(at the frequency used) than that of their suspending 
medium will move toward regions of weakest field strength. 
This observation contradicts the statement often made 
that any particle will move toward regions of greatest 
field strength®:*. Properly, one could say that any material 
particle is acted on by a force directed toward regions 
of greatest field strength. An analogy with gravitation 
may be illuminating: terrestrial gravity pulls all matter 
downward. But the net effect of the gravitational force 
may be movement upward, as in the case of a particle 
suspended in a fluid medium denser than itself. Similarly, 
dielectrophoresis pulls all matter towards greatest field 
strength. But the net effect of the dielectrophoretic 
foree may be movement toward weaker field strength, 
as in the case of a partiele suspended in a fluid medium 
with a greater dielectrie constant than itself. One eould 
speak of a “dielectrophoretic buoyaney" : it would be 
positive for e; <z; or negative for e; > €z 





To apply equation (4) to biological cells in a suspending 


fluid, one must supply the values for e, and e, Beeause a 
biological cell is not a homogeneous particle, the value 
for e, must be that for an "equivalent homogeneous 
particle"—equivalent in the sense that it perturbs the 
existing electrical field in the suspending medium exactly 
as the real cell would. 

A suitable expression can be found to be? 


l 1 
e, = — Im (Y) - i— Re (Y) (6) 
e c 
where 
d 
Ki + 2 R K, 
Y= —— K, 
E 
K: + R Ki 


Ki = oj + toci 
Ks = os + itos; 


The subscripts i and s refer to the interior and the shell, 
respectively, of a biological particle assumed here to bea. 
sphere with a shell; d/R is the ratio of the thiekness of - 
the shell to the radius of the sphere; and Im( ) and 
Re ( ) indicate the imaginary and real parts of, respee- 
tively. Typical biological values for K; and 2(d/R) Ks 
are such that for c « 107, Y can be simplified to 


Ks + R K; 


1 1 1 


Ki ii R Gs + iol; 

where o;/d and ¢;/d have been replaced by Gs and Cs, the 
conductance and capacitance of the shell per unit area. 
A final simplification results from noting that 1/K, 
(1 /oi~10? ohm-em) is usually much smaller than 
1/{R(Gs+iwCs)]. Typical values are Rx 10-* em, Gaw 107? 
to 1 mho/em?, Cs 10-8 f/em?. Hence 


Y ~ R (Gs + ioC;) (7) 


Equations (6) and (7) can now easily be evaluated for z,. 
A typical value for e, for an erythrocyte, for example, 
is 3,000 e, 2- 2(1/0) 3 x 107, where e — 8-85 x 10- fjem. is 
the dielectric constant of free space. (The units used here 
are farad/em for the dielectric constant and mhojerm for 
the conductivity.) A typical value for e, is 50e, + ¢(L/@) 10? 
(-i[l1/jo] 10- for o « 10-5), assuming that no measures 
have been taken to lower the conductivity of the xnedium. 


x 
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With values for e, and s, and so for zj, sj &j and ej, 
the function of 2, and e, in equation (4j can be shown to 
sunplify. For inedia with conductivities in the range of 
10-3 to 10-? mho/em and for e < 105, one can safely assume 
that e; Ce, and e; <e. One can also assume that Sey 
for cells other than bacteria and 0-1 « eife; < 1-0 for bac- 
teria’, Then it is straightforward to show that 


2 fi» 81 — £s 3 ,. ae 
Rel s3 ———— S) SRL for cells other than bacteria 


1 
3 g; for bacteria (8) 


Substituting the results of equation (8) into equation (4), 
F = A V, ej grad (E2, =LI < A< -05 (9) 


When it is realized that the real dieleetric constant e, of 
biological particles with a surrounding membrane or shell 
has values of »1605e, or even >10%¢,, for frequencies 
below about 1 MHz (refs. 10 and 11), the dieleetrophoretic 
effect can be seen to have particular promise for biological 
applications. 

The biological usefulness of dielectrophoresis will hinge 
on the choice of the particles, the fluid medium and the 
frequency of the electric field: 

(1) The particles should be large and have a surround- 
ing membrane or shell. 

(2) The fluid medium should have a low value of elec- 
trical conductivity in order to minimize the development 
of heat and reduce electrode polarization. When using 
relatively fragile cells, this requirement. often will lead to 
a problem of maintaining tonicity, although conductivity 
and tonicity are not necessarily interdependent. For 
example, one might maintain tonicity by adding com- 
patible organie molecules to which the cell’s membrane 
is impermeable. 

(3) The frequency must be low enough to capitalize on 
the very high dielectric constants often characterizing 
biological particles at low frequencies. Also, it must be 
high enough to take advantage of the disappearance of 
eleetrode polarization with increasing frequency™. In 
media of low conductivity, this compromise should not be 
difficult, for eleetrode polarization drops quickly with 
inereasing frequeney. Finally it should be noted that a 
pulsed a.c. electric field will be no less thermogenic than 
a continuous one, since heating and dielectrophoretic 
movement are both functions of the average value of E?. 
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Relativistic Theories of Gravitation 


THE results which general relativity predicts for the three 
well known tests (the motion of the perihelion, the deflexion 
of light rays and the gravitational red-shift) and for new 
tests which we have proposed'? in the one-body problem 
are also obtained in certain Lorentz-invariant theories of 
gravitation. Whitrow and Morduch** have examined the 
Lorentz-invariant theories of gravitation developed earlier 
and have caleulated most of the known empirical tests for 
these theories in order to analyse the possibility of deciding 
experimentally between them and Einstein's general 
theory of relativity. We have continued the work of 
Whitrow and Morduch by classifying all possible Lorentz- 
invariant theories of gravitation that satisfy certain 
general axioms and by analysing the one-body problem 
in all these theories. 

The axioms are: (i) Lorentz invariance; (ii) Galilean 
principle of equivalence; (iii) principle of linear super- 
position; (iv) freedom from singularities; (v) principle of 
dimensionless universal constants; (vi) the gravitational 
interaction is propagated with the velocity of light; (vii) 
the velocity of light is limiting velocity never attained by 
a mass point; (vii) the first approximation for slow 
relative motions should coincide with Newton's theory. 

Axiom (ii), the Galilean principle of equivalence, states 
that "all bodies fall equally fast" or that the acceleration 
of a particle in a gravitational field is independent of its 
mass. More specifically, the Einsteinian principle of equi- 
valence implies the possibility of eliminating acceleration 
locally by the introduction of suitable curvilinear co- 
ordinates. From axiom (ii) it follows that the law of force 
expressing the 4-acceleration in terms of position and of 
the 4-velocity must not depend on the mass. From the 
Einsteinian principle of equivalence it follows that the 
acceleration must be a homogeneous polynomial of second 
degree in the 4-velocity. 

Axiom (iii) implies the linear superposition of the 
dynamical quantity. In theories where we have a poten- 
tial. linear superposition means the summing of this 
quantity: ptota| = X par; in the theories without poten- 

M 
tial', it is the force which is summed: 








rota = X Fu 
M 

(pm and Fs; denote the potential and the force due to a 
single particle M). The infinite self-influence of the 
particle on itself is to be omitted in the sums. 

Axiom (v) fixes the inverse square law for the force. 
Axiom (vii) limits the structure of the law of motion so 
that the acceleration becomes perpendicular to the 
4-velocity if the velocity approaches the speed of light 
c= |. This axiom is a generalization of the more specific 
axiom that the 4-acceleration and the 4-velocity are 
always perpendicular and that the rest mass is thus a 
constant. 

From axioms (i)-(viii) it follows that the 4-acceleration 
of a particle m caused by another particle M is either a 
function of the 4-velocity of m, a linear function of the 
rest mass |M| of M. and depends on the "distance" of the 
two particles through a retarded Liénard-Wiechert 
potential (of rank 0, 1 or 2: p. p* or p%!), or it depends 
directly (without any potential!) on the 4-momenta 
m* and M* and on the distance-vector z% along the light 
cone between the world lines (zza — 0). 

When calculating the one-body motion of all these 
theories, one finds that the cial Lorentz-invariant 
structure of the theory considered has no great influence 
on the observable relativistic effects of the one-body 
motion (that is. on the red-shifts of spectral lines in the 
Sun and on the Earth, on the deflexion of light rays. on 
the advance of the perihelion, and on the dilatation of 
the sidereal period in elliptical orbits). 

Our main conclusions are (see ref. 2, pages 65-66): (a) 
The one-body motion in any Lorentz-invariant theory 
must satisfy the differential equations 
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dac |M ir(r- eae + èb) (1) 
mt = LM [r-?mte (2) 


where r= (sīga)? is the spatial distance. m! the kinetic 
energy, and b, ¢ and e are three arbitrary functions of 
the three dimensionless invariants p-|M|r?, 7, and 
v= (@@¢2))'2, Equations (1) and (2) are the most common 
equations of motion in the physical 3-space that satisfy 
the symmetry conditions of this space. Conversely, we 
have explicitly given a veetor potential theory 
(F3 Im[d*xe[ds* + im] (djm|[ds)dae/ds, m= |midxe/ds, s= 
proper time): Fe=¢(ybmg)*wrdp, — ((b + ejuPmgme + b(u? 
mpu] (w*u40,p,0*ps)! * with 

p(-ptpa) ^, ua pps 

iz — (UMa y mbu gp (utup sape) 

v= — (UMa) [(uPmg)? + mem, |b? 
that leads to any given three-dimensional motion of the 
type of the equations (1) and (2). For example, the 
motion along the geodesics d*r"/ds? = ['33(da8/ds)(dav/ds) of 
the isotropic form of the exterior Schwarzschild metrics 
ds? = C(dat 4 datdxt corresponds to the following 
vector potential theory 


Fax — I'ptmimy + H (p) ufmomYoypg = 
(— C30, + A714 p)utuburmgmd spy + AA puimemd,pz 
+ EA2O(C, — A pyufuruómgn,0eps — $A A pub my epg 
+ Hy(p) ufmoemYOypg 


where H(p) is an arbitrary function of p, and the sub- 
script p means differentiation with respect to p. 

(b) No scalar potential theory admits the deflexion of 
light rays. These theories are thus excluded by empirical 
evidence. 

(c) In the general vector and tensor potential theories, 
as well as in the theories without potential, the red-shift 
depends on the route taken by the photon from one 
potential level to another. 

(d) The observations of the one-body motion cannot 
differentiate between Einstein's theory and the general 
veetor potential theory or a general theory without 
potential. 

We are preparing an examination of the empirical tests 
so far known in the two-body problem (the acceleration 
of the mass centre, the displacement of the periastron, 
the dilatation of the period). 
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Mechanism of Oxidation of 
Ammonia on Platinum 


Tue oxidation of ammonia on platinum metals has 
been the subject of considerable experimental study 
since long before the first commercial application of the 
process more than 60 yr ago, yet the detailed mechanism 
of the oxidation reaction still remains the subject of 
discussion and unresolved controversy. Various theories 
for the mechanism have been put forward'?, involving 
various stable and unstable species (for example, NH,OH, 
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TO PUMPS 


ON PEAM m 





Schematic illustration of the apparatus used for the colliston-free 


Fig. 1. 
sampling of the species from the catalyst surface, A. Platinum catalyst 






filament: B, gas inlet capillaries; C and D, molecular beam apertures; 
E, mass spectrometer ion source; F, molecular beam shutter, (Not fo 
seale.) 


NH, HNO, HNO,, N,O as well as NO and H,0) as inter- 
mediate products in simultaneous or consecutive reactions 
on or near the surface of the catalyst. 

We are investigating the reaction by sampling the 
species which evaporate from the surface of the catalyst, 
in collision-free conditions, for mass spectrometric analysis... 
The technique is similar to that used previously to study. 
pyrolytic processes?, and is illustrated schematically im 
Fig. 1. The catalyst A, in Fig. 1, was an electrically heated 
platinum ribbon, about 40 mm long, 3 mm wide ando. 





0-002 inch thick. The temperature of the catalyst was  - 


monitored by measuring the heating current. At high 

temperatures the temperature was estimated directly by - 
optieal pyrometry, while at low temperatures it was 

estimated by extrapolation of the eurrent-temperature 

eurve derived from the pyrometrie observations. 

The reactant gases were introduced through three 
capillary tubes (B in Fig. 1) about 5 em long and 1 mm 
internal diameter which terminated about 5 mm from the 
centre of the catalyst ribbon. The highest rates of gas 
flow used were such that the rate of molecular impacts 
with the surface was equivalent to a partial pressure of 
about 0-01 mm of mercury. The pumping speed for the 
chamber was such that the background pressure of sample 
gas in these conditions was 10-100-fold less. 

Species from the surface could pass in collision-free 
conditions directly to the first molecular beam aperture, 
C, located about 10 mm from the surface, and thenee 
across a collimating chamber, through a second aperture, 
D, into the ion source, Æ, of a 90° sector mass spectro- 
meter equipped with an electron multiplier detector. A 
shutter, F, magnetically operated from outside, could be 
interposed between the filament and the first aperture to 
intercept molecules moving along the rectilinear path from 
the filament surface to the ionization region of the mass 
spectrometer yet still permit the background gas from 
the filament chamber to effuse through the aperture. 
Application of this technique indicated that at least 60 
per cent of the stable species ionized in the mass spectro- 
meter arrived there by collision-free transit from the 
filament surface. 

The filament was activated by heating it in oxygen at 
1300? K for about 2 h and then in a mixture of ammonia 
and oxygen for 0-5 h. The mass spectra of the species from 
the surface were then studied at various filament tempera- 
tures, from room temperature up to about 1,600° K. 
Reaetion produets from the hot filament were found to 
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give peaks at m/e= 18, 28 and 30. No product peaks could 
be detected at m/e= 1 (H), 31 (HNO, N,H,). 33 (H,NOH). 
44 (N,O), 46 (NO,) or 47 (HNO,). 

‘urves 1 and 2 in Fig. 2 show how the peak sizes at 
mje=28 and 30 varied with filament temperature. That 
the products originated directly from the filament surface 
was demonstrated by the observation that when the 
shutter was inserted between the filament and the first 
aperture both peaks were reduced to less than 50 per cent 
of their respective values. When N, or NO were intro- 
duced through another inlet. (off the molecular beam axis) 
into the pyrolysis filament chamber, to give peaks of about 
the same magnitude, then introduction of the shutter 
reduced the peak height by only a few per cent. Thus we 
concluded that the N, and NO products were sampled 
directly from the surface and were not formed by evapora- 
tion of some other species which subsequently experienced 
a wall or gas phase reaction to form these substances. 

Fig. 2 also shows how the peaks at m/e=17 and 18 
were influenced by catalyst temperature. The form of 
the curve of the peak at m/e=17 clearly indicates that 
NH, was decomposed or reacted only over a limited range 
of temperature. The decrease in the production of NO at 
high temperatures must be attributed to lack of reaction 
rather than reaction to alternative products. 

The importance of the partial pressure of oxygen, other 
conditions being invariant, is illustrated by Fig. 3, which 
shows how the formation of NO, at the optimum tempera- 
ture of 890° K, increases rapidly to a maximum saturation 
value as the partial pressure of oxygen is raised. Values 
of partial pressures quoted in Fig. 3 are those measured 
at the wall of the catalyst chamber, and are not those 
values applicable at the catalyst surface. 

These results clearly show that the reaction to NO 
proceeds to completion wholly on the catalyst surface, 
and that the reaction mechanism does not involve the 
intermediate formation of a gaseous radical. The simplest 
explanation of the rise and subsequent fall in the prob- 
ability of reaction with increase of temperature might be 
based on the postulate that the reaction proceeds at a 
rate determined by the rate which increases with tempera- 
ture, of a surface reaction involving an absorbed reactant 
of whieh the steady state concentration on the surface 
decreases with increase of temperature. 


Yon current (arbitrary units) 





Filament temperature (° K) 


Fig. 2. Influence of catalyst temperature on the mass spectral peaks of 

the species from the surface. (Pxgpga cz L0 x 1075 torr, Psp Po 1/3— 

that is, oxygen excess.) Curve 1, NO*(OY curve 2, Not (x): curve 3, 
HOt (+); curve 4, NH,* (7); curve 5, 02° (M. 
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Fig.3. Influence of partial pressure of oxygen on the formation of NO 
at 890? K. (Pug s L0 x 1075 torr.) 
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Infrared Frequency and 
Dissociation Constant of the 
Carboxylate Group 


Tue hexuronic acids of polyuronides such as the alginates 
and chondroitin sulphates vary in their acid dissociation 
constants (pKa) and in their abilities to react with per- 
iodate!. Both phenomena could be explained by the forma- 
tion of a hydrogen bond between the carboxylate group 
and a hydroxyl group at C, or C, of the uronic acid’. Han- 
rahan? inferred that the increase in frequency (v) of the 
antisymmetric stretching vibration of the ionized carboxyl- 
ate group in the mono-ions of dicarboxylic acids is due to 
the formation of CO; ... HO hydrogen bonds. A similar 
increase in v was found by Nakamoto? when the carboxyl- 
ate group underwent monodentate coordination by metal 
ions. 

The formation of a hydrogen bond between the carb- 
oxylate group and a suitably placed hydroxyl group of a 
hexuronie acid might also be expected to lead to an 
increase in frequency, so that v has been measured fora 
series of polyuronides and also for a number of earboxylic 
acids. Infrared spectra of solutions of the appropriate 
sodium or lithium salts in deuterium oxide solution were 
recorded with a grating spectrometer. The accuracy of 
measurement. was limited by the width of the band to 
about +3 cm~. Inclusion of the salts of a wide range of 
carboxylic acids of known pKa enabled the effects of 
electron withdrawal from the carboxyl group to be 
investigated. 

The relationship between pK« and v shown in Fig. 1 is 
analogous to that already observed by one of us* between 
pKa and the hydroxyl stretching frequency of carboxylie 
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acids in carbon tetrachloride solution. Because the effect 
of electron withdrawing substituents on v is so pronounced? 
small changes in v may not be due wholly to hydrogen 
bonding. . Furthermore, the results shown in Fig. 1 
indicate that the type of acid (aromatic, dibasic, «-oxy €) 
may also affect v. "Phus, although hexuronie acids in 
polyuronides all show slightly higher frequencies than 
would be expected from their measured pK, values, factors 
other than the presence of CO, ... HO hydrogen bonds 
could aecount for the observed frequencies. 


1,650 








pk a 


Fig. 1. Relationship. between acid dissociation constant (pKa) and 
frequency (v) of the antisymmetric stretching vibration of salts of carb- 
oxylic acids in D,O solution, 1, Trifluoroacetic; 2, trichloracetic; 3. 
dichloracetic; 4, cyanoacetic; 5, chloracetic; 6, 2-phenoxypropionic: 
7, methoxyacetie; 8, formic; 9, glycollic; 10, lactic; 11, 3-hydroxy- 
butyric; 12, acetic; 13, propionic; 14, eyelohexane carboxylic; 15, 
polyacrylic; 16, malonie; 17, phthalic; 18, benzoic; 19, salicylic; 
0, polyguluronie, polygalacturonic, galacturonic, alginic, hyaluronic, 
chondroitin sulphates 4, B and C. (ec ) This work; (©), from ref. 5. 
p Ka values from refs. 1, 4, 6 and 7. 


This correlation should prove of interest not only to 
speetroscopists and workers in the field of eleetrochemistry, 
but also to biochemists and others interested in polyanions 
containing carboxylate groups. 

We thank Dr J: E. Prue for helpful discussions on this 
problera. 
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A Curious Relationship 


WHILE collecting together crystallographic data on the 
alkali metals, I noticed that the lattiee constants for 
lithium, sodium, potassium, rubidium and eaesium had 
all been determined at 5? K as well as at room tempera- 
ture. These metals are isostructural, having the A2 
structure; in other words, they are body centred cubic 
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2 3 4 5 8 
Principal quantum No. of outermost occupied shell 


Fig. 1. The change in atomic volume between room temperature and 
5° K for five group I metals, 


with two atoms per unit cell. The changes in atomie 
volume on cooling from room temperature to 5° EK are 
plotted against the principal quantum number, 9, of the 
outermost occupied shell in Fig. 1. It is seen that the 
relationship is linear. The volume changes, in AS’. are 
closely reproduced by the equaticn i 


5 11 
Sopp alee 
3 4 


AV = 
Varicus speculators have failed to bring forth a theoretical 
reason for this linearity. 
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BIOLOGICAL SCIENCES 


Function of Mitochondrial DNA 
in Yeast 


MITOCHONDRIA contain small amounts of DNA which differ 
in several chemical and physical properties from nuclear 
DNA (reviewed in ref. 1). Mitochondrial DNA (MDNA) 
of yeast?-* is replicated by a mitochondrial DNA. poly- 
merase’? which is different from the nuclear enzyrné. 
(unpublished results of U. Wintersberger and E. W.). 
A genetic function of MDNA is indicated because it 
serves as a template for a mitochondrial RNA poly- 
merase??. Mitochondrial RNA (MRNA) has been iso- 
lated and characterized using highly purified yeast 
mitochondria. MRNA of yeast separates into three 
species when subjected to sucrose gradient centrifugation, 
one with a sedimentation coefficient of about 45, the other 
two sedimenting faster. The 49 RNA accepts amino- 
acids in a manner similar to cytoplasmic URNA: the 
other two RNA components were assumed to be derived 
from mitochondrial ribosomes*. The two ribosomal 
RNA (rRNA) components of the mitochondria differ 
in their sedimentation properties from 255 and 175 RNA 
of the eytoplasmie 80S ribosomes of yeast, and, in contrast, 
closely resemble the 23S and 168 RNA species of bacterial 
708 ribosomes!*:!!, Hybridization experiments show that 
yeast MRNA hybridizes readily with MDNA, in sharp — 
contrast to cytoplasmic rRNA which forms hybrids with- 
MDNA very poorly but anneals extensively to nuclear 
DNA, 
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Fig. 1. CsCl-gradient centrifugation of whole cell DNA of yeast, Cells of 


the haploid strain D 273-10 B of the yeast Saccharomyces cerevisiae were 
grown in a medium containing 0-3 per cent yeast extract, 0-5 per cent 
peptone and 2 per cent glucose for 10 hat 26°C. They were then collected 
by centrifugation and converted to spheroplasts according to Duell 
etal. Whole cell DNA was extracted from the spheroplasts using the 
method of Marmur?, The DNA was finally dissolved in 0-01 M tris, 
pH 8-2, containing 0-001 M EDTA, and CC] was added to the solution 
to give a density of 1-71. Centrifugation was carried out at 10° C for 60h 
at 35,000 r.p.m. in the No. 40 rotor of the Spinco ultracentrifuge!*. 
The contents of the tubes were pumped through a flow cell to monitor 
the optical density at 254 nm and collected in about seventy fractions. 
Only that part of the gradient is shown here, where the DNA equilibrated, 
The fractions containing the nuclear DNA (hatched area) were collected 
and dialysed against 1/10 88C (1 x SSC = 0-015 M sodium citrate, pH 7-0, 


containing 0-15 MNaCl), The DNA concentration of the solut ion was 
i " p ; A r 
calculated from the optical density at 260 nm assuming E paT 185. 





We have tried to determine whether (1) MDNA carries 
nucleotide sequences complementary to all three of the 
stable MRNA species, (2) MDNA from mitochondria 
isolated from a “petite” mutant forms hybrids with 
RNA from wild type yeast mitochondria. (3) MRNA 
hybridizes with nuclear DNA. 

We obtained the necessary pure MDNA from yeast 
mitochondria purified by flotation in ‘Urografin’ gradients 
to avoid contamination with nuclear DNA**. Mito- 
chondria, suspended in an isotonie solution, were lysed 
by the addition of sodium dodeeyl-sulphate to a concen- 
tration of 3 per cent. After dialysis against 0-02 M tris 
pH 82 containing 0-001 M EDTA, CsCl was added to 
increase the density of the solution to about L7. The 
precipitated proteins were removed by brief centri- 
fugation and the clear solution was spun for 60 h at 
35,000 r.p.m. in the No. 40 angle head rotor of the 
Spinco centrifuge. After centrifugation, the contents 
of the tubes were pumped through a flow cell to monitor 
the optical density at 254 nm, and collected in seventy 
to eighty fractions. Fractions containing MDNA (buoyant 
density 1-685) were pooled. MDNA from the petite 
mutant (buoyant density 1-682) was obtained in the 
same way. 

Nuclear DNA (buoyant density 1-700) was prepared 
from whole cell DNA by removing the contaminating 
MDNA by CsCl gradient centrifugation. To reduce the 
amount of MDNA in the cells, these were grown to mid- 
log phase in a medium containing 2 per cent glucose!’ 
After cells had been converted to spheroplasts!*, the 
DNA was isolated by the method of Marmur'*. Centri- 
fugation in CsCl gradients was carried out as deseribed 
for MDNA. A typical profile is shown in Fig. 1. The 
fractions within the hatched area were combined and 
used as nuclear DNA. 

The extraction of purified mitochondria with phenol 
yielded MRNA, which was separated into the three 
stable components by centrifugation in sucrose gradients. 
The fractionation is shown in Fig. 2. The fractions within 
the hatched area were pooled and used for hybridization. 

Cytoplasmic ribosomes were obtained by high speed 
centrifagation of the mitochondria-free supernatant of 
the cell homogenate. rRNA was extracted, again using 
the phenol method, and separated into the 258 and the 
17S components by centrifugation in sucrose gradients. 
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Hybridizations between RNA and DNA were carried 
out according to Gillespie and Spiegelman'’. All three 
MRNA fractions hybridized with MDNA (Fig. 3. The 
168 RNA hybridizes more efficiently than the 228 RNA, 
although the reverse should be true, because the 238 
RNA has almost twice the molecular weight of the 
168 RNA and should be complementary to a larger 
fraction of MDNA. This unexpected result was obtained 
repeatedly with different preparations of MRNA. It 
cannot arise simply from a difference in the rate of 
hybrid formation of the two RNA components because 
this was found to be the same for both. RNAs (Fig. 4). 
but it may be a consequence of a contamination of the 
168 RNA with a small amount of mitoehondrial mRN 
(which sediments between 10S and 14$*) although the 
profiles for the optical density and the radioactivity in 
Fig. 2 coincide well and do not indicate that larger 
amounts of mRNA are present. 

The results in Fig. 3 also suggest that yeast MDNA 
contains nucleotide sequences complementary to the 
4S RNA fraction. In addition to mitochondrial (RNA, 
this fraction may contain breakdown products of the 
mitochondrial rRNAs and of mRNA as well as the 
ribosomal 5S RNA (if such an RNA exists in mito- 
chondria). The hybridization values therefore do not 
necessarily reflect. the true sequence homology between 
MDNA and mitochondrial (RNA and further studies 
are required to test this point, These should be of interest 
as parts of the {RNAs of mitochondria differ from their 
eytoplasmie counterparts" and may be coded for 
by MDNA. 

Yeast cells, treated with aeriflavime or some other 
mutagen, frequently give rise to petite mutants. These 
display cytoplasmie inheritance, are unable to respire 
and produce abnormal mitochondria?"-??, Their MDNA 
differs in buoyant density from the MDNA of wild type 
cells, The petite mutant strain we used lacks the normal 
RNA components typical of wild type yeast mito- 
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Fig. 2. Sucrose gradient centrifugation of MRNA. Strain D 273-10 B 
of S. cerevisiae was grown for 20 h at 26° C in 300 ml. of 0-3 per cent yeast 
extract, 0-5 per cent peptone and 0-8 per cent glucose to which 20 mCi of 
3:p-orthophospbate (Radiochemical Centre, Amersham, 50 to 80 Cilug) 
had been added. ‘The ??P-labelled cells were diluted about ten-fold with 
cells grown in semisynthetic medium’, without “P. Mitochondria were 
isolated and purified by flotation in "Urografin' gradients as described 
earlier*. The procedures used for the isolation of mitochondrial RNA 
and for the sucrose gradient centrifugation were those used in the 
previous work**, After centrifugation the tubes were punetured and 
the contents were pumped through a flow cell which automatically 
recorded the optical density at 254 nm. About thirty fractions were 
collected, The radioactivity in the fractions was determined on 5 441. 
aliquots. The fractions within the hatched areas were combined and the 
RNA concentration calculated from the optical density at 260 nm 


assuming E 200. For some hybridization experiments the RNA 


fractions were dialysed against 2 x SSC to remove sucrose; however, no 

difference in the hy bridizability was observed in these cases as compared 

with undialysed RNA. Specific radioactivities of the three RNA species 

were measured by plotting a known amount of RNA on to membrane 

filters and counting the dried filters in a liquid seintillation spectrometer 

using 0-4 per cent PPO and 0-02 per cent POPOP in toluene as 
scintillator. 
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Table 1. HYBRIDIZATION BY RNA COMPONENTS WITH MDNA DERIVED 


FROM WILD TYPE CELLS OR FROM A PETITE MUTANT 
RNA bound 95 RNA! 
Nj 


DNA on filter SP-RNA to filter* DNA 
Wild type MDNA mit. 238 1,508 3°92 
Wild type MDNA mit. 168 1,833 473 
Wild type MBNA mit, 4$ 1,291 3.64 
Mutant MDNA mit. 23.5 105 09:27 
Mutant MDNA mit. 165 172 0:45 
Mutant MDNA. amit. 48 306 0-86 


* C.p.m., corrected for "background adsorption on to blank filters. 


DNA was prepared from the wild type strain D 273-10 B and from the 
corresponding petite mutant D 273-10 B1 by CsCÍ gradient centrifugation 
of the mitochondrial lysates. It was denatured and hybridized with 10 pg/ml. 
of the respective labelled mitochondrial RNA fractions as described in Fig. 3. 
Specifle radioactivities: 285 RNA: 7,730 e.p.m./ug; 165 RNA: 7,700 
c.p.m./pg; 48 RNA‘ 7,100 c. p.m.jug. 





mutant and the different RNA components of wild type 
mitochondria confirm this (Table 1). The values obtained 
with wild type MDNA in identical conditions are given for 
comparison. "Table 1 shows that the 16S and 235 RNA 
hardly hybridize with petite MDNA and that only the 
4S RNA ean be annealed, although to a much lesser 
extent than to normal MDNA. 

Treatment with aeriflavine apparently caused a loss 
or major alteration of the nucleotide sequences in the 
MDNA that are complementary to the two 7RNAs. 
Because MDNAs from different petite mutants vary in 
their buoyant densities**, different regions of MDNA may 
be altered or missing in different mutant strains. Altern- 
atively MDNA could eode for mitochondrial RNA poly- 
merase and treatment with acriflavine could affect the 
structural gene for this enzyme, so that the mutant 
mitochondria could not synthesize RNA. 


6 


x 100 per cent 
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Fig. 3. Hybridization of mitochondrial RNA components with MDNA. 
DNA was denatured in 0-1 N NaOH (15 min at room temperature), 
neutralized and 5 ug each was immobilized on ‘Sartorius MF 50' nitro- 
cellulose filters (25 mm diameter) in the presence of 6x SSC". The 
filters were incubated for 16 h at 60° C in vials containing 2 ml. of 2 x SSC 
and various concentrations of labelled RNA. A blank filter was added 
to each vial to correct for background adsorption. After incubation, the 
filters were washed on both sides with 50 ml. of 2 x SSC each, incubated 
for 2 h at room temperature in 5 ml. of 2 x SSC containing 100 ug of pan- 
creatie ribonuclease and washed again as before. They were finally dried 
and counted in a liquid scintillation spectrometer. The values are cor- 
rected for the background adsorption of RNA on to blank filters (0-03— 





0-3 per cent of the input RNA). Specific radioactivities: 235 RNA: 
7,600 c.p.m./ug; 168 RNA: 8,180 ¢.p.m./ug; 48 RNA: 7,100 ¢.p.m./ag. 


A---A, 16S RNA; BM—ML 235 RNA; ©... @ 4S RNA. 


Ever since the existence of MDNA was firmly estab- 
lished, one has wondered whether the nuclear genome 
contains nucleotide sequences identical with those of 
MDNA (reviewed in ref. 25). With nucleic acid prep- 
arations virtually free of cross-contamination, we tried 
to answer this question by RNA-DNA-hybridization. 

Table 2 summarizes our hybridization experiments 
with nuclear DNA or MDNA and cytoplasmic or mito- 
chondrial RNA. As before'-12, no sequence complemen- 
tarity between MDNA and cytoplasmic rRNA was found. 
Mitochondrial rRNA, on the other hand, can be annealed 
to nuclear DNA. Nuclear DNA therefore appears to 
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Fig. 4. Kinetics of hybridization. Filters containing 6 ug of MONA 


were incubated at 60° C for different lengths of time with 10 ugiml, of 
either 238 (BI— WD or 165 RNA (A - - - A) and processed further a8 
described in Fig. 3. 

















contain nucleotide sequences complementary to eytoplas 
mie as well as to mitochondrial rRNA. 

This result is not likely to be caused by contamination 
of nuclear DNA by MDNA or by contamination of miito 
chondrial rRNA by cytoplasmic rRNA because (1) the 
same result was obtained with nuclear DNA from wild type 
or petite mutant cells. Mutant MDNA, however, hybrid- 
izes very poorly with MRNA; an interference of MDNA in 
these experiments is therefore most improbable. (2) RNA 
preparations from mitochondria of our petite mutant: 
contain no component with definite sedimentation . 
properties in sucrose gradients", that is, no peak is 
found at positions where mitochondrial or cytoplasmic: 
rRNAs sediment. Because the cytoplasmic rRNA of the. 
petite mutant is the same as that of the wild type cells, - 
our mitochondrial preparations must be free from eytos | 
plasmie ribosomes, and our mitochondrial rRNA free 
from eytoplasmie rRNA. 

We carried out competition experiments to determine 
whether the base sequences for both kinds of RNA 
overlap or whether they occupy different regions on the 
nuclear genome. Filters containing nuclear DNA were 
incubated with labelled cytoplasmic rRNA in the absence 
or presence of cold cytoplasmic or mitochondrial rRNA 
(Table 3). Only the homologous species of cold RNA was 
capable of competing with the respective labelled RNA. 
So mitochondrial rRNA does not compete with eyto- 
plasmie rRNA for the sites on the nuclear genome speci- 
fying the sequence of cytoplasmic rRNA, which shows 
that the nucleotide sequences that are complementary to 
cytoplasmic or mitochondrial rRNA occupy different 
regions on the nuelear genome. We are now studying the 
regions of nuclear DNA that are complementary to mito- 
chondrial rRNA. It is an intriguing question whether or 
not these cistrons are functional. In this connexion 








Table 2. HYBRIDIZATION OF NUCLEAR OR MITOCHONDRIAL DNA WITH CYTO- 
PLASMIC OR MITOCHONDRIAL TRNA 


RNA bound to filter* ARNAI DNA 


DNA on filter 2P-RNA Exp.i  Exp.2 Exp. i Exp. 2 
Nuclear DNA eyt. 258 911 139 

Nuclear DNA eyt. 178 952 144 

Nuclear DNA mit. 23.5 382 591 1:13 r24 

Nuclear DNA mit. 165 486 613 1:32 121 

MDNA cyt. 258 14 0-02 

MDNA cyt. 178 5 «01 

MDNA mit. 238 1,470 +33 

MDNA mit. 165 1,627 4-42 


* C.p.m., eorrected for background adsorption on to blank filters, 


Filters containing 5 pg of either nuclear or mitochondrial DNA were 
hybridized with 5 ug/ml. of the various labelled RNA fractions indicated. 
Specific radioactivities: mitochondrial 238 RNA: 6,770 c.p.m.jag (9,610 
e.p.m./ug in experiment 2); mitochondrial 168 RNA: 7,380 t.p It 
(10,080 c.p.m./ug in experiment 2); cytoplasmic 258 RNA: 13,1006. paning; 
eytoplasmie 173 RNA: 13,250 c.p.m./gg. 
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Table 3. COMPETITION EXPERIMENT 
Unlabelled RNA bound 
DNA on filter 8p.RNA RNA to filter* 
Nuclear DNA cyt, 255 932 
Nuclear DNA cyt. 255 647 
Nuclear DNA. eyt, 258 912 
Nuclear DNA eyt. 178 — 971 
Nuclear DNA eyt. 178 eyt. 178 507 
Nuclear DNA cyt. 178 mit. 165 885 


* C.p.m., corrected for background adsorption on to blank filters, 


Filters containing 5 wg of nuclear DNA were incubated with 5 ugiml. of 
labelled RNA to which 5 ug/ml. of unlabelled RNA was added as indicated. 
Specife radioactivities: cytoplasmic 255 RNA; 10,020 c.p.m.jug; cyto- 
plasmic 178 RNA: 11,010 c,p.m./ug. 


it is interesting that nucleotide sequences complementary 
to chloroplast rRNA were found on nuclear as well as on 
chloroplast DNA of tobacco plants?*, 
This work was supported by a grant from the US 
Publie Health Service. 
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Chemical and Toxicological Evaluations 
of Isolated and Synthetic Chloro 
Derivatives of Dibenzo-p-dioxin 


One of the toxie compounds known as hydropericardium 
factor (chick oedema factor) is 1,2,3,7,8,9-hexachlorodi- 
benzo-p-dioxin'. Because it is highly improbable that 
these very toxic compounds are naturally oecurring com- 
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ponents of the fats from which they have been isolated, 
the question of their origin has aroused speculation. 

A clue to the possible origin of hydropericardium factor 
is found in a report by Tomita et al.? of the synthesis of 
polyhalodibenzo-p-dioxins: chlorophenols and their salts, 
when heated, undergo condensation reactions and form 
chlorinated derivatives of dibenzo-p-dioxin. Because of 
this observation, we studied the pyrolysis of a number of 
commercially available chlorophenols which are widely 
used in agriculture and industry, and present results of 
some preliminary experiments which suggest that hydro- 
perieardium factor could arise from certain chlorophenols. 

The commercial ehlorophenols used in this work were 
pyrolysed in accordance with the general procedures 
described? Benzene extracts of the reaction mixtures 
were fractionated by passing them through an alumina 
column. Residues of the benzene effluents were extracted 
with petroleum ether at room temperature, and the 
petroleum ether was then removed. The resulting pro- 
duets were sufficiently pure in most cases for examination 
by electron capture gas-liquid chromatography (GLC) 
and biological testing by the chicken embryo assay’. 
Table 1 shows retention times of the GLC peaks on a 
7 foot, 2-5 per cent "SE-52^ column at 200° C and the 
results of the chicken embryo assay. Individually isolated 
hydropericardium factors of known chemical structures 
were not available for use as standards; consequently, 
a concentrate from the unsaponifiable fraction of a certain 
commercial toxic fatty acid material was used as a GLC 
reference. The unsaponifiable fraction of the fatty acid 
material was known to contain trace amounts of the 
hydropericardium factor. The toxic fatty acid material, 
a by-product obtained from the manufacture of oleic and 
stearic acids, has been used as a reference in all our pre- 
vious chemical and biological work?. 


Table 1. EXAMINATION OF CHLOROPHENOL PYROLYSATES 


Chicken embryo 


Ra at 200° € of com- bioassay 
Sample pyrolysed* ponents t in pyrolysate Per cent 
egieget mortality§ 
2,4-Dichlorophenol (R) 1-0 500-0 70 
2,4,5- Triehlorophenol (T) 8-5, 6-5 0:25 100 
2,4,6-Triehlorophenol (R) 2-6 50 50 
2,3,4,6-Tetrachlorophenol (T) 89,100, 119, 17-4, 
20:0, 35-0 1-0 100 
Pentachlorophenol (R) 35-0 50 27 
Chlorinated dibenzo-p-dioxin — 1:0, LS, 3:5, 6:5 0:05 100 
Reference toxic fat eom- 
ponents 1-0, 1-8, 3-5, 6-5, 8:9, 
10-0, 1L2, 174, 
20-0, 35-0 3-0 100 


*(R) «reagent grade; (T)- technical grade. 

T Ra= retention times of peaks relative to the retention time of aldrin. 

l1 «g=20 p.p.b. in the egg. Sample injected into the alr cell of fresh 
coe eggs before incubation. Solvents used: ethanol, acetone and chloro- 
orm, 

$ Embryonic mortality at 21 days. The mortality of non-injected and 
solvent-injected controls was 10-15 per cent. 


The chromatogram of components from the toxic fatty 
acid material contained a number of peaks of widely 
varying retention times; four of these peaks had Re 
values greater than 10. According to a current electron 
capture GLC test‘, the presence of one or more GLC 
peaks with Ra values of 10 or more indicates that hydro- 
pericardium factor is present in a fat. The pyrolysate 
from technical grade 2,3,4,6-tetrachlorophenol was the 
only product that showed & peak pattern indieating the 
presence of hydropericardium factor; the peak pattern 
resembled that displayed by the long retention time com- 
ponents of the reference toxic fat. When tested by the 
official chick bioassay* for hydropericardium faetor, the 
mixture produced the disease at a dietary level of 0-1 p.p.m. 

In addition, dibenzo-p-dioxin was chlorinated directly 
in order to prepare 2,3,7,8-tetrachlorodibenzo-p-dioxin?. 
This material proved to be extremely toxic in the chicken 
embryo assay (Table 1), and provided a source for isolation 
of a trichloro as well as the tetrachlorodibenzo-p-dioxin. 

The technical grade 2,3,4,6-tetrachlorophenol pyrolys- 
ate, chlorinated dibenzo-p-dioxin, and components from 


| NATURE, VOL. 220, NOVEMBER 16. 1968 


the reference toxic fat were each fractionated by prepara- 
tive GLC (thermal conductivity detection), using a 
12 foot x 4 mm column at 250° C packed with 10 per cent 
*DO-200' on 60/80 mesh ‘Gas Chrom Q'. Isolated com- 
ponents from the 2,3,4,6-tetrachlorophenol pyrolysate and 
from the ehlorinated dibenzo-p-dioxin were examined by 
electron capture GLC and infrared spectroscopy, and were 
also analysed by mass spectrometry to determine molecu- 
lar weight and number of chlorine atoms per molecule. 
Results are recorded in Table 2. The components isolated 
from the reference toxie fat have not yet been examined 
spectroscopically. 


Table 2. COMPONENTS ISOLATED FROM CHLORINATED DIBENZO-p-DIOXIN 


AND 2,3,4,6-TETRACHLOROPHENOL PYROLYSATE 


GLC peak Ra at Molecular No. of Ci 
Mixture No. 200° € weight atoms 
Chlorinated dibenzo-p-dioxin 1 18 286 3 
ES 35 320 4 
2,3,4,0-Tetrachlorophenol d 
pyrolysate 1 aa 388 6 
2 10-0 388 6 
3 11-2 388 6 
4 11:6 388 6 
5 i74 422 7 
6 20:0 422 7 


Infrared spectra of individual components exhibited 
characteristic absorption bands in the region of 1,330- 
1,280 em-! attributed to asymmetrie stretching vibration 
of C--O-—C in the dibenzo-p-dioxin ring. The two prin- 
cipal compounds isolated from the chlorinated eros 

` dioxin were 2,3,7-trichlorodibenzo-p-dioxin and 2,3,7 
tetrachlorodibenzo-p-dioxin. The infrared spectrum p 
the trichloro compound has bands at 870 cm~ and 805 
em~! (1,2,4-substituted benzene), and 860 em-! (1,2,4,5- 
substituted benzene). The infrared spectrum of the 
tetrachloro compound has a strong band at 868 cm- 
(1,2,4,5-substituted benzene). The infrared spectrum of 
the tetrachloro compound matched the spectrum of 
2,3,7,8-tetrachlorodibenzo-p-dioxin published by Tomita 
et alt. Chicken embryo assay showed that the tetrachloro 
compound was more toxie than the trichloro compound. 

The first four peaks in the chromatogram from the 
tetrachlorophenol pyrolysate were caused by positional 
isomers, each containing six chlorine atoms; the fifth 
and sixth peaks were caused by positional isomers, each 

ontaining seven ehlorine atoms. A seventh peak in the 

'omatogram, observed when the sample injection was 

eww loaded, had a retention time identical to that of a 

s .-eple of octachlorodibenzo-p-dioxin prepared by pyro- 

Wsis of pentachlorophenol. The presence of penta- 

chlorophenol in technical grade 2.3,4,6-tetrachlorophenol 
accounts for the formation of the two heptachloro isomers 
and the octachlorodibenzo-p-dioxin. 

A fourth hexachloro isomer, in addition to the three 
expected from pure 2,3,4,6-tetrachlorophenol, is probably 
caused by the presence of a tetrachlorophenol other than 
the 2,3,4,6-isomer in the starting material. Infrared 
spectra of peaks 3 and 4 from the 2,3,4,6-tetrachlorophenol 
pyrolysate were very similar to published spectra of two 
hydropericardium factors isolated from a contaminated 
fat’, 

The components isolated by preparative GLC from the 
reference toxie fat, the chlorinated dibenzo-p-dioxin, and 
the 2,3,4,6- tetrachlorophenol pyrolysate were analysed by 
electron capture GLC at 200° C and by the chicken embryo 
assay. These results are shown in Table 3. The quantity 
of material in each fraction from the reference toxic fat 
was estimated on the basis of the weight of sample 
injected into the preparative gas chromatograph and the 
number of fractions collected. The amounts of material 
isolated from the chlorinated dibenzo-p-dioxin and 2,3,4.6- 
tetrachlorophenol pyrolysate were rough estimates based 
on comparison of GLC peak areas of isolated components 
and the starting mixtures. Amounts of individual com- 
ponents in the mixtures were estimated from normalized 
peak area calculations. The data suggest that one hexa 










703 


Table 3. 


GLC ANALYSIS AND EGG EMBRYO ASSAY OF ISOLATED COMPONENTS 


Components from chlorinated 
dibenzo-p-dioxin ami 
2,3,4,6-tetrachloroghenol pyroiyaste, 

Chicken embryo assay T 


Reference toxic fat components 


Chicken embryo 





Ra at 200° C assay* percent Ha at 200° C Percent 
mortality nsgiegg mortality 
1-0 20 
1-8 20 Pst 05 i5 
3:3 100 $51 pz 100 
51 46 
6-5 100 
ga 80 RO a6 
10-0 80 10-0 100 
11-2 100 
11-6 100 11-6 108 
174 8&0 i74 15 
26-0 100 20-0 5 160 
350 40 


* It was estimated that about 20 ug of material was injected into cach egg. 
t See footnotes 3 and 4, Table 1. _ n 
1 Components from chlorinated dibenzo-p-dioxin. 


and one hepta-isomer are less toxic than the other isomers. 
Work is now under way to prepare individual compounds 
of high purity in sufficient quantities for additional 
chemical and biological testing. 

Reference toxic fat components with low Ra values 
(less than Re 8-9) could be due to ehloro-organie pesti- 
cides and/or lower chlorodibenzo-p-dioxins. Addi- 
tional work is required to identify the compounds respon- 
sible for the peaks with low Ra values, The peaks with 
high Ra values (those equal to or greater than 8-9) cor- 
respond to those of the hexachloro and heptachloro 
positional isomers isolated from the pyrolysate of 2,3,4.6- 
tetrachlorophenol. The overall results of this work 
suggest that chlorophenols could be precursors of hydro- 
pericardium factor. Commercial chlorophenols are widely 
used for such diverse applications as contact herbicides, 
defoliants and termite control agents, as well as for 
control of microbial attack in the manufacture of a 
number of products. There are many opportunities for 
fats and fatty acids. the only products in which hydro- 
pericardium factor has been found, to beeome con- 
taminated. When crude fats and tallows are subjected 
to heating operations (hydrolysis, distillation) in the 
production of commercial fatty acids, residues of eom. 
mercial chlorophenols present in the fat might be con: 
verted in part to chick oedema factors. Additional work 
is required to determine whether hydropericardium 
factors are formed from residual chlorinated phenols 
during production of commercial fatty acids. This labora- 


-tory is developing methods for detecting chlorophenols in 


fats and fatty acids. 
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Recovery of Memory following Amnesia 


Tu possible recovery of a memory which has disappeared 
as the result of an eleetroconvulsive shock (ECS) or some 
other amnesie agent is of considerable theoretical import- 
ance to the understanding of the process by which 
memories are laid down. Consolidation theory! assumes 
that the engram remains susceptible to disruption for a 
period after its formation and that interference with its 
consolidation results in its permanent disruption. Evidence 
suggesting that memories can be recovered? is rebutted by 
those who hold to consolidation®. If memories are not 
permanently destroyed by the administration of amnesi 
agents, a revision of eonsolidation theory will be necessary. 

Memories may be laid down within a few seconds of 
the penetration of information. although there may be 
interference with their retrieval’, If this is true, it should 
be possible to devise procedures which will result in the 
return of a memory, following amnesia produced by an 
ECS, 

A simple stepdown platform is often used in studying 
memory formation and amnesia. A rat is placed on a 
platform raised a few inches above a grid floor and when 
it steps down it receives a foot shock followed by ECS. 
The ECS produ a deficit for the memory of the foot 
shock: the rat steps rapidly off the platform the next 
time it is put there. Control rats which do not receive 
ECS after the foot shock usually remain on the platform. 
If the memory is not thoroughly destroyed by the ECS, 
it should be possible to remind the animal that it has been 
punished and thus produce a memory return. In four 
experiments we have given a reminder by administering 
another foot shock several hours after the rats had 
recovered from the effects of the convulsion. 

In our first experiment we randomly assigned forty 
albino rats to four types of treatment. After three adapta- 
tion trials, on stepping off the raised platform one group 
received approximately 1-6 mA of current through the 
feet for 5 s, followed immediately by ECS administered 
through alligator clips attached to the ears. The second 
group did not receive foot shock but were convulsed for 
5 s after stepping off the platform. The third group re- 
ceived the foot shock but not the convulsive current, and 
the fourth group received neither foot shock nor ECS. 
























1:60 
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1-00 


Mean log latency 


0-80 
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Reminder 
shock 


No reminder 
shock 


Fig. 1. Mean log latency (s) for test trial stepdown with and without 

reminder shock, illustrating the source of the three way interaetion. 

Individual two-tailed z tests between groups receiving and not receiving 

reminder shock yield P (foot shock+ ECS) «0-005 (©), P (foot 

shock no ECS) > 0-30 (4), P (no foot shock + ECS) » 0:30 (£73) and 
P (no foot shock + no ECS) «0-02 (B). 
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Reminder 
shock 


No reminder 
shock 


Fig. 2. Mean log latency (s) for test trial stepdown with and without 

weak reminder shock, illustrating the source of the three way interaction. 

Individual two-tailed ¢ tests between groups receiving and not receiving 

reminder shock yield P (foot shock + EC < 0-005 (OY P (foot 

Shock 4 no ECS) »0-70 (@), P (no foot shock + ECS) » 0-00 (7D and 
P (no foot shock -- no ECS) > 6-30 (Mp. 





All rats were returned to the apparatus 20 h later to 
determine whether amnesia had been produced. Bub- 
sequent analysis showed that it had. 

Four hours after this test all rats were placed in à small 
compartment, quite different from the one in which the 
experimental treatment had been administered, and given 
another 5 s 1-6 mA foot shock, They were returned to the 
stepdown apparatus 20 h later to see if a reminder effect 
had been produced. The measure of response was the 
time it took each rat to step off the platform on the 
second test trial compared with the first. Analysis showed 
there was no significant change in the group which 
received ECS alone or in the group given no treatmer, 
The group receiving initial foot shock alone st 
increase in suppression significant at the 0-05 level, and. 
group receiving initial foot shock followed by ECS (the ~ 
amnesie group) showed an increase in suppression sig- 
nificant at the 0-01 level (two tailed). These results show 
that foot shoek followed by ECS produces an amnesia 
from which partial recovery occurs after a reminder shock. 

A second experiment entailed a 2 x 2 x 2 factorial design 
in which the presence and absence of ECS, foot shock and 
reminder shock were varied in groups each of twenty 
animals. An analysis of variance showed a significant 
foot shock effect ( P « 0-001), a significant reminder shock 
effect (P< 0-061), and a significant foot shock by ECS 
interaction (P « 0-003). The reminder effect should show 
up in the triple interaction. This interaction just fails 
(P=0-08) to be significant by a traditional two-tailed 
eriterion; but the fact that it is repeatable in successive 
experiments testifies to its reliability. 

Fig. 1 shows the results with the triple interaction. We 
interpret this to mean that foot shock produces a response 
suppression if it is not followed by ECS, and if it is followed 
by ECS the suppression occurs only if a reminder shock is 
given. The ECS blocks the memory of the initial foot shock 
unless a reminder shoek is given later. This interpretation 
is supported by £ tests between individual groups. The 
P values of these tests are shown in the eaption to Fig. 1. 
The smallest P value is associated with the foot shock 
and ECS group, which indicates a reliable memory return. 

Perhaps cne reason why there is such a strong reminder 
shock effect is that we used a fairly intensive current. 
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We therefore set up a small control experiment using a 
reminder shock with an intensity setting at 0-6 mA 
instead of the 1-6 mA used before, but then we did not 
obtain a significant effect of the reminder shock alone. 
Again the reminder shock significantly reduced the amount 
of amnesia that had been produced by the previous ECS— 
a third replication of memory return. 

In the final experiment, design and procedure were 
identical to those of the second experiment, and an analysis 
of variance of logarithmetically transformed data revealed 
similar results. Further, there was no significant difference 
(P > 0-30) between the group receiving only the original 
learning foot shock and the group that was made amnesic 
and then reminded of the first foot shock. In this case 
memory return was almost complete. In this experiment, 
the memory shock alone had no significant effect (P > 0-30) 
compared with a group that received no treatment. Fig. 2 
is a graph of these data. 

Our experiments indicate that a post-amnesie foot shock 
can serve as a reminder for the return of a memory which 
had been inhibited by ECS. This indicates that at least 
part of the memory remained, but that its retrieval was 
prevented by ECS. 

This research was supported by a grant from the US 
National Institutes of Health. We thank Mr Norman 
Richter for assistance. 
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Tissue Culture of the Mandible 
and Mandibular Joint of Mouse Embryos 


THERE have already been several embryological studies 
of the development of isolated teeth in tissue culture. 
More recently I have shown that segments of jaws main- 
tain their viability when grown in vitro'. Incisors and 
molars of normal shape developed, odontoblasts and 
ameloblasts differentiated, and dentine and enamel 
formed. The mouth epithelium and the connective tissue 
continued to develop and both cartilage and bone differ- 
entiated. 

In these experiments a biological medium was used 
although isolated tooth germs have been shown? to survive 
equally well in a chemically defined medium. The 
medium used was BLI (ref. 3); there was no gas phase. 

With a view to studying the development of the man- 
dibular joint in the mouse, I have explanted segments of 
maxilla and mandible, as well as whole jaws of 13 day 
embryos. At this stage of development there is very little 
differentiation of the mesenchyme, although there is 
an area of condensed mesenchyme which is the future 
Meckel's cartilage, and the incisor and molar tooth anlagen 
are present (Fig. 1). 

The tissues were grown in a chemically defined medium, 
BLI or 199 (ref. 4), with 10 per cent calf serum added; a 
gas phase of 95 per cent air, 5 per cent CO, or 95 per cent 
O, and 5 per cent CO,. During cultivation differentiation 
was similar in complexity to that occurring in like tissues 
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grown in a biological medium. Teeth developed normally, 
Meckel's cartilage differentiated and grew, and formed the 
anlagen of malleus and incus, and, intramembranous bone 
developed in the body of the mandible. The submandibular 
gland and the otic capsule were also present. The 

and condylar cartilages differentiated from explanted 
original mesenchyme and both cartilages became enveloped 
by membranous bone. Furthermore, both these perichon- 
dral envelopes were united by a bar of further new mem- 
branous bone. 

In the condylar process the zones of progressively 
enlarging cartilage cells developed in vitro as they would 
in vivo and there was endochondral ossification. The 
presence of osteoclasts indicated that remodelling of bone 
was in progress. The process of chondrification and 
ossification in vitro on a chemically defined medium has 
been described before’. 

The cultured condylar cartilage formed a joint with the 
ossifying squamosal and zygomatic bones (Figs. 2 and 3). 

The formation of a mandibular joint in tissue culture 
indicates that the factors promoting joint formation are 
not necessarily a function of those operating in the intact 
developing embryo, but are intrinsic to a particular region 
of maxillary and mandibular mesenchyme explanted from 
a 13 day embryo. 

Recently Melcher and Hodges‘ reported similar experi- 
ments. But they used explants of much older (18 day) 
mouse embryonic mandibles only, and concluded that 
these results “. .. show that a number of different epi- 
thelial and connective tissues, contained in a single 
organ, can be maintained in vitro in a chemically defined 
medium... ”. They remarked that they found evidence 
of “... active osteogenesis and remodelling . ..". It is 
possible, however, that these features were alread 
present in the 18 day embryonic mandibles explanted 
by them, but that is a possibility not apparent from their 
paper. They also stated “. . . many of the cartilage cells 
did not survive...” and “The explanted half mandibles 





Fig. 1. The upper and lower jaws of a 13 day mouse embryo, The anlage 
incisor tooth can be seen and the mesenchymal condensation of 
Meckel's cartilage. (Stained haematoxylin and eosin. x 51.) 





Fig. 2. Section of a 12 day tissue culture showing the incisor and molar 
formed during cultivation. There is dentine presen! 


a 


| 








Fig. 3. section of a 13 day tissue culture showing ossification of the 

squameosal bone, formation of the condylar cartilage (arrow) and an 

articular disk. Mandibular bone (b) is present, Malleus and incus can 

be seen on the right and the submandibular gland on the left. Meckel's 

cartilage developed fully but cannot be seen in this section. (Stained 
Van Gieson, x 52.) 


were greatly distorted after culture and this was exempli- 
fied by the deformity of the developing teeth". They 
conclude that *...the system promises to be of value in 
determining the different reactions of the constituent 
tissues to various stimuli and changes in environment”. 
These conclusions provide, in my view, too limited an 
objective for dental tissue culture studies, especially 
because, as Figs. 2 and 3 show, the tissues from a 13 day 
embryo survive in a chemically defined medium. In 
appropriate conditions these cultures actively differentiate 
giving a far more dynamic system promising greater 
opportunities for analysing i» vitro many aspects of 
development of fundamental dental interest. 
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Hormonal Inhibition of the 
Prothoracic Gland by the 
Brain in Locusts 


MovrriNG and its control are similar in all arthropods 
and the mechanisms presumably have a common origin. 
The final hormone responsible for bringing about the 
moult itself is, in all groups, a sterol the configuration of 
which is similar to that of alpha-ecdysone!-*. The moulting 
hormones of insects and crustaceans act on the alternate 

ups*-. The Y organ of Crustacea and the prothoracie 
gland (PTG) of insects, which produce the moulting 
hormones in these two groups, have many anatomical 
and morphological similarities and are believed to be 
homologous*-'?, The Y organ of crabs secretes crust- 
eedysone, which has tentatively been identified as 20- 
hydroxy-eedysone!, while the moulting hormone secreted 
by the prothoracie gland of locusts appears also to be an 
hydroxylated eedysone!*, 

Both the PTG and the Y organ are stimulated to secrete 
their eedysones by an activation hormone derived from 
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the neurosecretory cells (NSC) of the brain'?-5, In 
Crustacea this “moult stimulating’ hormone is opposed 
by a “moult inhibiting" hormone, secreted by NSC in the 
eyestalk (anatomically a lateral extension of the proto- 
cerebrum"), which acts to prevent the secretion of 
crustecdysone by the Y organ. In inseets no such hormone 
has ever been demonstrated. We now have evidence that 
the lateral part of the protocerebrum of locusts produces 
such a hormone. 

Oberlander et al.'5 have shown that the first effect of 
“activation” hormone of the brain on the PTG of silk- 
moths is an increase in RNA synthesis by the nuclei. 
This is associated with nuclear enlargement and we have 
found that the same is true of locusts (unpublished results). 
The secretory activity of the gland can thus be correlated 
with the diameter of the nuclei: the larger the nuclei the 
greater the synthesis of mRNA and the greater the produc- 
tion of secretory material. The cycle of nuclear diameter 
in the PTG of Locusta migratoria migratorioides R and F 
and of Schistocerca gregaria (ForskAl) are shown in Fig. 1, 
in each species for the fourth instar. Immediately after 
the moult the nuclei of the PTG rapidly diminish in size 
(earlier in Schistocerca than in Locusta) reaching a minimum 
within a few hours. They then enlarge to a maximum by 
about 4 days after the moult and then slowly diminislr 
in size in the latter part of the instar. A band of peripheral 
cells, in a discrete loeation, does not participate in the 
peak of secretory activity; these are the only cells in the 
gland which divide. These nuclei remain small and mitosis 
can be observed in this part alone of the gland on about 
the fourth day, after which they enlarge to take part in 
the secretory activity. The precise details of this cycle 
vary with temperature and other conditions of rearing 
(compare ref. 19) and similar cycles are found in other 
insects!9.17, 
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Days from moult to fourth instar 


Fig. 1. Mean diameter of nuclei of cells of the prothoracie gland during 
the fourth nymphal instar of locusts; measurements were e on 
unfixed unstained glands by interference ema Lh Small circles 
represent normal locusts; triangles represent locusts sham-operated 24 h 
earlier; large circles represent locusts the brains and corpora cardica of 
which had been removed 24 h previously; solid symbols represent nuclei 
from the actively secreting part of the gland; open symbols represent 
nuclei from the peripheral region of the gland, where cell division takes 
place. Each point is based on measurements from six to twelve animals, 
with ten nuclei measured in each animal. The arrows indicate the time 
of moulting. a, Locusta; b, Schistocerca. 
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The brain of locusts contains two diserete groups of 
NSC, In other insects the median NSC (in the pars 
intercerebralis) have been shown to secrete the hormone 
responsible for activating the PTG!**. Correspondingly, 
in locusts we find that injection of homogenates of the 
median part of the brain leads at any stage in the cycle to 
an enlargement of the nuclei of the PTG (Tables 1 and 2), 
though this is more marked when the nuclei are normally 
small, early in the instar (Table 1). The opposite effect is 
sometimes (though not always) obtained when we inject 
homogenates of the lateral part of the brain in the same 
dose. This effect is more marked when the nuclei are 
large: in the middle of the instar, and at this stage is an 
invariable response (Table 2). 


Table 1, WEAN NUCLEAR DIAMETER AND STANDARD ERROR OF THE MEAN IN 
Schistocerca. gregaria OPERATED WITHIN 3 H OF THE BEGINNING OF THE 
FOURTH INSTAR AND THEN IMMEDIATELY INJECTED WITH HOMOGENATES OF 
THE MEDIAN OR OF THE LATERAL PARTS OF THE BRAIN OF FIFTH INSTAR S. 


gregaria 
Injection Operation 
Sham Removal of brain 
Saline 11-00 + 0-134 15-50 + 0-211 
Median brain 15:55 + 0-154 17-60 + 0-357 
Lateral brain 9-00 + 0-177 9-50 + 0-169 


The dose was 0-2 brains per animal in 10 wl. of chilled saline. Unfixed un- 
stained nuclei were measured with a Zeiss interference microscope 24 h after 
injection. There were six animals per group and ten nuclei per animal. 
Measurements are in micrometres. 

Differenees greater than 0-486 are significant at P=0-05; differences 
greater than 0-640 are significant at P = 0-01. 


Table 2, MEAN NUCLEAR DIAMETER AND STANDARD ERROR OF THE MEAN IN 
Locusta migratoria OPERATED IN MID-FOURTH INSTAR (3:5 DAYS AFTER 
THE MOULT) AND THEN IMMEDIATELY INJECTED 


Injection Operation 
Sham Removal of brain 
Saline 15:53 x 0-168 13-30 + 0-174 


Median brain 16-03 + 0-145 17-00 + 0-164 
Lateral brain 14-55 + 0:147 11:20 + 0-165 


Conditions were as described in Table 1. Measurements are in micrometres. 
Differences greater than 0-450 are significant at P -: 0-01. 


Twenty-four hours after removal of the brain from 
fourth instar locusts (the corpora cardiaca are removed 
with the brain, but the corpora allata are left in situ) the 
seeretory picture of the PTG is greatly changed. When 
the operation is performed at the very beginning of the 
instar (Fig. 1 and first line of Table 1) the nuclei of the 
PTG enlarge by about 50 per cent in diameter. This can 
only be a result of removing an inhibitory influence. 
Removal of the brain on the third or fourth day has the 
opposite effect, the nuclei diminishing slightly (but 
significantly) in size (Fig. 1 and first line of Table 2). 

Presumably at this stage of the instar the inhibitory 
influence of the brain is subordinated to the stimulatory 
effect of the activation hormone which is being secreted 
and released in full flood at this time. In such operated 
animals the effect of injections of homogenates of parts 
of the brain are enhanced: the homoeostatic mechanism 
has been removed. The inhibitory effects of injections of 
the lateral part of the brain in particular are more marked. 
The PTG, like the Y organ, thus appears to be regulated 
by an antagonistic pair of hormones which between them 
provide both homoeostasis and a measure of fine control 
of the mechanism. 

'The most likely source of the inhibitory factor seems to 
us to be the lateral group of NSC of the protocerebrum. 
Although these are clearly visible near the base of the 
optic lobe in freshly dissected tissue they seem to have 
received little attention. The best description of these 
lateral cells is that of Watson", but he could ascribe no 
function to them; he worked on Apterygota. From their 
position they could well be homologous with the NSC of 
the eyestalk of Crustacea which secrete the moult inhibit- 
ing hormone in this class. 

D. B. CARLISLE 
P. E. Erus 
Anti-Locust Research Centre, 
College House, Wrights Lane, 
London W8. 
Received September 24, 1968. 
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Physiologically Active Substance in 
Capsella bursa-pastoris 


Numerous physiologically active polypeptides have. been 
found in animals and bacteria, but little has been reported 
about such substances in plants. A purified substance 
from an alcohol extract of the herb Capsella burso-pastoris. 
(Cruciferae), however, exerted contractile activity on the 


rat uterus which was similar to that of oxytocin and had — 
some characteristics of a polypeptide. Few studies have => 


been made of the chemical composition and pharma 
of this herb, although it has been eaten and used me 
ally for haemostasis, diuresis and as an antipyretic in 
China and Japan for many centuries. 2 


BtOH extract solution 
i 
Charcoal, EtOH- -eluate 
| 
| Dry 


i 
Residue 
| H,O 
* 
Charcoal, H,O-elnate-+K, 
| Concentrate 
Y 
‘Sephadex G-25' column 
H,O eluate (ninhyd. +) 
| Lyophilizate 
| 
Residue K, 
| EtOH. 


71 
e Soluble 
K, Ky 








Fig.1. Purification of the extract of Capsella bursa-pastoris, 


The alcohol extract from Capsella bursa-pastoris was 
purified by column chromatography (Fig. 1), and Ky a 
substance which was soluble in water but not in abselute 
alcohol, was obtained. ary 


The dose-response curve of K, was determined on the Ue 


isolated rat uterus and the slope of this curve was very 
similar to that of oxytocin. The contraetile activity was 


specifically inhibited by 6x 10-5 g/ml. of ethyl-carbo- 
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Fig. 2. Dose-response curve of oxytocin and K, in rat uterus (above), 
and effects of some Inhibitors on the contraction by Ka. 


benzoxytyrosyltyrosinate and 2 x 10-* g/ml. of picric acid, 
both of which are competitive inhibitors of oxytocin 
(Fig. 2), but not by 9 x 10-? g/ml. of atropine, a competitive 
inhibitor of acetylcholine, In in vivo experiments, Kẹ in- 
creased the spontancous activity of the rat'suterus. K, was 
further purified by paper chromatography with butanol: 
acetic acid: water (4: 1:5). "Two ninhydrin positive 
substances were found. The first, which had the lower Rp 
value of about 0-26, was eluted with water and the eluate 
dried. The residue, K’,, which had about twenty times the 
activity of K, on rat uterus, was used for the chemical 
analysis of the active component: K’, was also positive 
in the biuret reaction, and quantitative analysis showed 
that it contained 350 ug as polypeptide in 1 mg of K’, 
Bovine serum albumin was used as the standard substance. 
Potassium and calcium were analysed by atomic flame 
photometry and about 127 ug potassium chloride and 
507 ug calcium chloride were found in 20 mg of K’, 
Amino sugars were analysed by the Elson Morgan method 
using D-glucosamine as the standard substance. The 
quantities of potassium, calcium and amino sugars in K’, 
were too low to account even partially for the activity on 
the isolated uterus. Tests with Dragendorf's reagent 
showed there were no quaternary ammonium compounds, 
or at least less than 5 ug in 20 mg of K',. The fact that 
atropine did not affect the activity of K’, might suggest 
that quaternary compounds related to acetylcholine 
cannot be the active eomponent of K',. Further chemical 
and pharmacological studies on K', are in progress. 
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Water Relations of Crocodiles 

Untix recently, it was thought that reptiles possessed an 
impervious integument. This is now known not to be 
the case. Cutaneous water loss has been shown to re- 
present two-thirds or more of the total transpiration from 
a wide variety of reptile species!. Experiments at Khar- 
toum on young Nile crocodiles (Crocodilus nilcticus L.) 
have recently shown that in dry air at temperatures from 
25? to 40? C, water loss varies from about 5 to 20 per cent 
of initial body weight in 24 h. The lethal limit of water 
loss is about 40 per cent of initial body weight. Cutaneous 
transpiration was estimated by weighing the crocodiles 
and placing them in plastic bags containing anhydrous 
calcium chloride, to prevent possible water loss by diffusion, 
and sealing these around the necks of the animals with 
adhesive tape. The crocodiles were then placed in desie- 
eators at the required temperatures for 24 h before being 
reweighed both in and out of the bags. In this way total 
and respiratory water loss were determined and a measure 
of the cutaneous loss was obtained by subtraction. At 
the temperature range mentioned, cutaneous water loss 
represented an amount varying from about 10 to 75 per 
cent of the total. 

The rate of transpiration increases sharply when croco- 
diles thermoregulate by mouth gaping. During exposure 
to 50? C in dry air, a control animal (weighing 68-45 g) 
lost 1-25 g in 15 min, while an animal of comparable size 
(64-40 g) but with its jaws tied firmly together lost only 
0-25 g in 15 min. Desiceated crocodiles do not take up 
water through the skin from damp sand. Rehydration is 
achieved only by drinking. Experiments in which the 
bodies of partly dehydrated animals were immersed in 
water, except for the heads, and drinking was prevented, 
failed to disclose any increase in weight. The suggestion? 
that water is absorbed through the cloaca or submerged 
surfaces and evaporated through the gaping mouth as a 
form of thermoregulation is therefore disproved. 
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Evidence for Longevity 
of Seeds 


EvipENCE for the longevity of seeds is strongest where 
there is documentary evidence, as with Albizzia julibrissin 
collected in 1793 and germinated on a herbarium sheet 
soaked in the British Museum air raid fire of 1940, or the 
seed of Nehunbium sp. collected in 1705 and then kept 
in the Hans Sloane collection at the British Museum 
until 1942!. Evidence of age is weaker when it comes from 
association with archaeological or geological material, for 
the absolute age of the culture or geological event may be 
uncertain and the seeds sometimes are not of the same 
age as the deposit in which they are found. Thus viable 
seeds of Nelumbium nucifera were recovered from a drained 
lake at Pulantien, Southern Manchuria, from beneath some 
feet of loessic silt that were said to indicate an age of 
many thousands of years*-?, whereas radiocarbon dating 
of the seeds gave an age not certainly separable from 
modern, and the alternative view could be held that the 
silts were recently redistributed by flood*.1*. 

When radiocarbon dating of a cance at Henisgawa, near 
Tokyo, was used to attribute an age of over 3,000 yr 
to viable seeds of water-lily found “associated with the 
canoe", there was clear opportunity for error in the 
assumed association’-*. The same holds for viable seeds 


NATURE. VOL. 220, NOVEMBER 16, 1968 _ 


of Lupinus arcticus found in the Yukon in a rodent burt 
10-20 feet below the present surface". The age attr 

jon depends in part on the identification of a rodent 
ikull from the burrow as that of Dicrostonyx groen- 
andicus, now apparently restricted to cooler regions, and 
in part on the assumption that the overlying “muck” was 
frozen during the last glaciation. Alternative geological 
explanations are not considered, and the supporting 
radiocarbon date of 14,860 + 840 is for a "nest and remains 
of the arctic ground squirrel" from rodent burrows 
similarly buried under permafrost in central Alaska. The 
evidence is thus circumstantial and indirect. 

'The attributed age of the viable Canna seeds now 
reported from north-west Argentina!! depends on a 
radiocarbon date of a camelloid bone from a rubbish heap 
said to be of similar age to the tomb that yielded the seeds. 
In all such situations one lacks unequivocal evidence 
of the contemporaneity of the seeds and the material 
taken for radiocarbon or other dating. 

Evidence one would particularly like to have is that of a 
substantial number of ancient seeds, collected and dried 
individually immediately after germination but before 
ehlorophyll formation, in quantity enough for the dried 
seedlings themselves to yield a radiocarbon assay. There 
would, of course, remain possible ambiguities in the inter- 
pretation of the age from the measured activity of the 
sample, ambiguitics arising from past fluctuation in 
aoncentration of atmospheric radiocarbon, so that a given 
€etivity may provide two or more equally valid dates!?, 
Strict consideration thus seems still to leave in doubt 
the evidence of the very ancient age attributed to Nelum- 
bium nucifera (3,000 years), Lupinus arcticus (over 10,000 
years) and Canna sp. (about 530 years). 
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Role of Interferon in Experimental 
Mouse Malaria 


IwrERFERENCE with experimental plasmodial infections 
by associated infectious agents has been previously 
described (West Nile virus!; Chlamydia psittaci, an 
ornithosis strain?; bacterial endotoxin?), but observations 
were not made to determine whether the effects observed 
were mediated by interferon. These reports and our own 
findings‘ of induction of interferon by P. berghei infection 
in mice led us to further investigation of mouse malaria 
in relation to interferon. 

Interferon was induced in N MEI Swiss albino mice 
weighing 18-20 g by the intravenous injection of New- 
castle disease virus (NDV) contained in infected allantoic 
fluid. Concentrations of serum interferon induced in 
mice by NDV rapidly increase to a maximum at 12 h and 
sharply decline by 20 h (ref. 5 and unpublished work of 
K-Y. H. and F. B. G.). P. berghei, strain NY U-2, was 
maintained in mice by intraperitoneal passage of infected 
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Fig. 1. Efeetofinaeulation of NDV at various intervals in relation to 

injection of P. berahm, Groups of ten mice were used. o CQ, Parasite - 

only; Q -- O, normal ailantoie fluid, ~ 14 h: Ae, NDV, —10 hy 
@—@, DV, -21; x—x, NDV, +12 h 











blood. (This strain was obtained from B. T. Wellde, of — 
the Department of Medical Zoology, Walter Reed Army | 
Institute of Research.) 
Inoculations of NDV were made at 0 h to induce inter 
foron, and challenge injections of red blood cells para: 
sitized with P. berghei (2-0 x 107 [mouse) were given 14 ho. 
later (Table 1). The difference in mean survival time o) 
between groups l and 2 implies a protective action of the. = 
NDV inoculations (P< 0-05, £ test). The serum from 
the five mice of group 3, which was collected 4 h before. 
the inoculation of plasmodium, was assayed by the 
plaque reduction technique in mouse L-929 cells and. 
found to have a titre of 10** u/ml., indicating the presence. 
of a significant concentration of interferon at the time of 
challenge. 


Table 1. DELAYING EFFECT ON P, berghei INFECTION IN WIPE BY AN INTER- 


FERON-INDUCING INJECTION OF NEWCASTLE DISEASE VIRUS 








Group No. of Inoculation Meansurvival . 
No. mice atOh Inoculation at 15 h time (dayay 7 
1 23 0 P. herahei infected red Moodgella POOIER. 
2 21 NDV, iv. P.hergheiinferted red blood eella — (24 p 
3 25* NDV,iv. Normal red blood cells (o deaths). 


ht Five of these mice were bled at 10 h. Serum assay for interferon: qoe i 
v/ml. ea 


A similar experiment, using ten mice in each group, 
was carried out to determine whether the time of indeula- | 
tion with NDV would influence the protective effect. . 
NDV was administered to one group at 10 h before, and 
to other groups 2 h before and 12 h after challenge with. 
P. berghei. Controls received normal allantoie fluid 14 h 
before challenge or P. berghei only. The results shown in 
Fig. 1 confirm those of the first experiment but indicate ^ 
also that essentially the same degree of delay in death o 
was produced by the later injections of NDV. The group - 
injected with normal allantoic fluid showed about. the 
same mortality rate as the groups recoiving only parasites, 
indieating that the factor responsible for the delay in 
death was virus dependent. 

After the experiments described here had been per- 
formed, we learned (personal cemmunieation from R. 
Jahiel, J. Viléek, R. Nussenzweig and J. Vanderberg) that 
injeetion of statolon, an aetive inducer of interferon, will 
also give protection to mice against P. berghei infection. 
There is strong circumstantial evidence that these pro- 
tective effects are mediated by iuterferon, but additional 
evidence is needed before a final conclusion ean be. drawn. 

Further evidence for the role of interferon in the. vocis 
observed is provided by another type of experimen 
mouse serum which contained interferon induced by N : 
and normal mouse serum, were each subjeeted to the usual 
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method for making standard preparations of serum inter- 
feron (acidification, storage at 4^ C, clarification by cen- 
trifugation as needed and readjustment to pH 7-0). 
Stored samples were found to possess interferon titres of 
10** v and «30 v/mL, respectively, for the interferon 
and control preparations. Samples of each were mixed 
in equal volume with infected blood (66 per cent red 
blood eells infected with P. berghei), and the mixtures 
were held at room temperature for 2-5 h. The red blood 
cells were then washed twice with phosphate-buffered 
saline, resuspended and 2x10! parasitized red blood 
cells were injected intraperitoneally into groups of eleven 
mice each. 

In the first of two similar experiments a significant 
(P « 0-01) difference in mean survival time was observed 
between the group of mice that received cells treated with 
interferon (13-8+0:89 days) compared with those that 
received mouse cells treated with normal serum (10-54 
0-59 days) In a second experiment in which time of 
contact between parasitized cells and interferon was 6 h, 
there was 100 per cent survival (z 5 weeks) in the mice 
that received cells treated with interferon compared with 
100 per cent death (day 10) in the control group (sixteen 
mice in each group). 

In these experiments, passive transfer of interferon in 
the fluid phase of the inoculum could not have occurred 
because the red blood cells were washed twice and resus- 
pended in phosphate buffered saline. A direct action on 
the parasite or the parasitized cell must therefore be con- 
sidered. Exposure to serum containing interferon may 
render the parasitized cell unsuitable as a host for the 
plasmodium, or its surface may be modified making it 
more susceptible to phagocytosis. The precise mechanism 
of the observed effect has yet to be determined. 

In addition to infections with viruses, obligate in- 
tracellular micro-organisms of the genera Rickettsia 
and Chlamydia are known to induce and/or to be 
affected by interferon*-*. Our observation! that P. 
berghei infection induces interferon has already been cited, 
and infection with Toxoplasma gondii, another intra- 
cellular protozoan, was also found to induce an antiviral 
substance with the characteristics of interferon!**, More 
recently interferon was reported to inhibit T. gondii in 
cell cultures (personal communication from J. S. Reming- 
ton and T. C. Merigan). The accumulating evidence that 
interferon is active in these various types of intracellular 
infections indicates that the concepts of its action, as 
derived from viral studies, may be insufficient to explain 
all its manifestations. 

We thank Charles R. Clayton for technical assistance. 
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Anti-malarial Effect of Interferon 
Inducers at Different Stages of 
Development of Plasmodium berghei 
in the Mouse 


THREE interferon inducers, statolon!, Neweastle disease 
virus? (NDV) and a double stranded copolymer of poly- 
riboinosinie acid and polyribocytidylic acid*, protect mice 
against a protozoal infection, Plasmodium berghei malaria}. 
Our object has been to study the protective effect of 
interferon inducers at different stages of development of 
P. berghei in mice. 

Four week old CF1 mice (Carworth Farms) weighing 
12-15 g were inoculated intravenously with 5,000 P. 
berghet sporozoites or with 1,000 red blood cells (RBC) 
infected with P. berghei. These doses were chosen so as 
to be small and thus inerease the sensitivity of the assay 
of anti-malarial effect and yet sufficient to give patent 
infeetions in close to 100 per cent of control mice; the dose 
of 1,000 infected RBC gave a detectable parasitaemia 
(21 parasitized RBC/10,000 RBC) after about the same 
time interval as did the dose of 5,000 sporozoites. The 
sporozoites were collected by dissection of the salivary 
glands of Anopheles stephensi, 12 to 16 days after à blood 
meal on an infected rodent. and were diluted in a mixture 
of 50 per cent physiological saline and 50 per cent human 
serum at 0° C. After the injection of sporozoites, pre- 
erythrocytic forms develop in liver cells; most merozoites 
are released after 42-48 h and detectable parasitaemia 
(patency) develops in 70 to 100 per cent of the mice**. For 
infection with blood forms, the number of infected RBC in 
heparinized blood from a patent mouse was counted and 
the blood was diluted in saline. Pateney developed in 100 
per cent of mice inoculated with 1,000 blood forms. Mice 
were given a single intraperitoneal injection of 8 mg of 
statolon in 1 per cent NaH, or a single intravenous injec- 
tion of 108% to 10** plaque forming units? of NDV in chick 
allantoic fluid. The time of the injection varied from 4 h 
before to 48 h after sporozoite inoculation or from 3 h 
before to 18 h after inoculation of blood forms. Normal 
allantoic fluid (NAF) from 13 day old chick embryos was 
used as control for NDV. The number of parasitized RBC 
per 10,000 RBC was determined daily 4-9 days after 
P. berghei inoculation and at weekly intervals thereafter. 
The number of mice with patent infection and the mean 
pre-patent period were derived from these data. The 
survival time of inoculated mice was also recorded. 
Mice with patent infeetion were kept till they died. Mice 
without patent infection were observed for 3 weeks. All 
but one of the mice with parasitaemia died and none of the 
mice which remained free from parasitaemia died. 

The greatest degree of protection was attained when the 
interferon inducers were injected 16-24 h after inoculation 
with sporozoites (Table 1): fewer mice developed para- 
sitaemia and died and the mice which developed parasit- 
aemia had longer pre-patent periods than the controls 
(P «0-01 with the t test). When NDV or statolon was 
given at other times in relation to the inoculation. of 
sporozoites, the incidence of parasitaemia and the death 
rate were usually not decreased, but the pre-patent period 
was longer than in the controls (P <0-01-< 0-02). 

The incidence of parasitaemia and the death rate ol 
mice inoculated with blood forms (Table 2) were not affec- 
ted by the injection of NDV or of statolon. Mice injected 
with NDV or statolon had longer pre-patent periods anc 
fewer infected RBC per 10,000 RBC than the controls 
but the differences were usually less marked than in the 
infections induced by sporozoites. 

Comparative measurements of the numbers of parasit 
ized RBC per 10,000 RBC during the first 9 days after 
inoculation and of the interval between inoculation anc 

2 per cent parasitaemia* led to the same conclusions ai 
measurements of the pre-patent period. The mea: 
survival of miee inoculated with both sporozoites anc 
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Table 1, EFFRCT OF NDV AND STATOLON ON SPOROZOITE-INDUCED P. berghei 


MALARIA 
Time of injec- No. of " 
Experi Mat- tion in mice with Pre-patent period 
ment erial relation parasitaemia (days) 
No, injec- to inocu- No. of - ! ; 
ted* lation (10 * mice f T S.D. £ 
1 None 9/9 5:11 0:34 
V —d 10/10 6-00 115 «01 
TN +16 6/10 TAT 09:75 «(0:001 
+24 1/10 1:00 ND « 0-001 
+40 9/10 6-00 071 «60-01 
+45 10/10 5.90 074 «0-01 
Statolon -4 7/10 6-14 177 «02 
+18 6/10 6-50 122 «0:01 
+ 24 3/10 7-00 173 «0:01 
+46 10/10 5:90 0:57 «0-01 
+48 10/10 5-80 0-63 «0-02 
2 None 8/10 5:13 0-34 
NDY +4 8/10 6-25 117 < 0-05 
+15 3/10 TOT 0-51 < 0-001 
+24 3/10 7-67 153 «0:01 
+42 10/10 5-80 0-63 < 0-05 
NAF +1 9/10 5:11 0-60 209 
+18 7/0 5:29 O75 «07 
+Ë 9/10 5:56 1-01 <04 
+42 9/10 5:33 1-00 x07 


* NDV, Newcastle disease virus; NAF, normal allantoic fluid. 

t+ Injection before ( —) and after (+) inoculation of sporozoites. 
5 i'The mice which developed parasitaemia all died except for one mouse 
 dnjeeted with statolon in experiment 1 at 48 h, which survived for at least 
n a months. None of the mice without parasitaemia died. 
^ & Interval between the inoculation of P. berghei and the first blood smear 
with one or more parasitized RBC per 10,000 RBC. 7, mean pre-patent 

period; S.D., standard deviation; P, from t test. 


Table 2, EFFECT OF NDV AND STATOLON ON P. berghei MALARIA INDUCED 
BY BLOOD FORMS 
Infected RBC/10,000 
Experi- Mat- Time of Pre-patent RBC 6 days after 
ment erial injec- period (days)* f -inoculation$ 
No. injected* tion (h)t & SD. P a SD. 
8 Nene 460 0°52 215-5 118-0 
NAF +18 420 0313 01 155-0 778 05 
DV 18 500 047 01 70-0 72-8. <0001 
Btatolon +18 520 0-79 0-05 1255 1165 05 
4 None 5-20 0-42 41-0 25-7 
NDV -$ 570 O48 01 10-9 138 «001 
NDV +17 5.70 0-68 O1 43 29 «0-001 
Statolon -8 520 0-18 32-6 95:6 <06 
Statolon +17 8-00 0-82 -05 a3 175 «001 


* Abbreviations as in Table 1. 
—, Injection before and +, injection after inoculation of blood forms. 
d Each group consisted of ten mice, All the mice in each group developed 
parasitaemia and died. p 
$2, Mean number of infected RBC; S.D., standard deviation; P from t 
st. 


_ blood forms tended to be longer in the groups injected with 
CNDV or statolon than in controls. This was a less sensi- 
tive indicator of protection than the mean pre-patent 
period. 
Phe results show that the protective effect of NDV and 
statolon is most marked late in the pre-erythrocytic phase 
iof development of P. berghei. Evidence supporting the 
hypothesis that the protective effect observed at that time 
may be mediated by interferon has been presented else- 
where’, The less significant and less pronounced protective 
z effect observed at other stages of development of P. 
berghei could be caused by a low sensitivity of the host 
cell-parasite complex to the action of interferon during 
those stages. Alternatively, the protective effect could 
be mediated by another property shared by NDV and 
statolon but distinet from their interferon inducing 
activity. The relation of the serum interferon level to the 
anti-malarial effect of the interferon inducers at different 
times in the development of P. berghei is under study. 
The choice of sporozoites as infecting agents and of a 
period about 16-24 h after inoculation appears to provide 
the best conditions to study the mechanism of action and 
potential applications of NDV, statolon and, possibly, 
‘other interferon inducers in experimental murine malaria. 
We thank Dr H. Most for support and encouragement, 
Dr W. J. Kleinschmidt for samples of statolon, and 
“J. Barber, D. Nawrot, F. Richmond and Y. Sanabria for 
technical assistance. This work was sponsored by the 
Commission on Malaria, Armed Forces Epidemiological 
Board, and was supported in part by a US Army Medical 
Research and Development Command contract, in part 





711 


by a US Publie Health Service career development 
award to J. V. and in part by a US Public Health Service 
grant. 
Reneé Į. Janren 
Rora S. NUSSENZWEIO 
JEROME DERBERG 
Jaw ViLCEK 
Departments of Preventive Medieine 
and Microbiology, 
New York University School of Medicine 
New York. 


Received August 3; revised September 10, 1968. 





? Kleinschmidt, W. J., Cline, J. C., and Murphy, E. B., Proc. US Nut. dead. 
Sei., 62, 741 (1964). 

? Baron, S., and Buckler, C. E., Seience, 141, 1061 (1963). 

? Field, A. K., Tytell, A. A., Lampson, G. P., and Hileman, M. R., Proe. CS 
Nat. Acad. Sei., B8, 1004 (1967). 

1 Jahiel, R. I., Viléek, J., Nussenzweig, R. 8., and Vanderberg, J., Setenee, 
161, 802 (1968). 

* Yoeli, M., and Most, H., Amer. J. Trop. Med. Hyg., 14, 701 (1905). 

* Vanderberg, J., Nussenzweig, R. S., and Most, H., J. Parasitol. (in the 
press). 

* Vilček, J., and Freer, J, H., J. Bact., 92, 1716 (1966), 

ë Warhurst, D. C., Trans. Roy. Soc. Trop. Med. Hyg., 60, 6 (1060). 


IgG Myeloma Cryoglobulin with 
Antistreptolysin Activity 


ANTIBODY activity has been reported to be associated 
with several Waldenstróm macroglobulins and a few 
myeloma proteins. Convincing quantitative data have 
been presented both for a Waldenstróm macroglobulin 
with anti-human IgG antibody activity’ and for an IgG 
myeloma protein with antidinitrophenyl activity*. 

During systematic screening of myeloma sera for several 
serological reactions, we have found a serum with a titre 
of 400,000 antistreptolysin O (AST) v/ml. The standard 
preparation used for titration was that of the Danish 
State Serum Institute. The patient (CA) was a 38 year 
old man who between 1938 and 1944 suffered three attacks 
of acute rheumatic fever. The serum contains a myeloma. 
globulin with very slow electrophoretic mobility at ‘an 
approximative concentration of 35 g/100 ml. This 
myeloma globulin has y, heavy chains and x light chains. 
It is a eryoglobulin and eryoprecipitation oecurs at còns- 
centrations higher than 1 2/100 ml. at pH 7. There is no 
Bence Jones proteinuria. The serum levels of IgM, IgA, 
as well as of IgG with à chains, are depressed. Serum lipid 
spectrum and lipoprotein pattern are normal. 

Preheated serum was submitted to preparative electro: 
phoresis on ‘Pevikon’ blocks followed by serial sections. 
All the eluted fractions were tested for AST at a constant 
protein concentration. The highest AST activity. was 
present in the fractions of slowest electrophoretic mobility 
corresponding to the narrow band, whereas the more 
anodal fractions, containing normal IgG globulins: with 
à chains, showed much lower aetivity. The eryoglobulin 
was purified by repeated cryoprecipitation and washings 
in a warm solvent. The purified protein gave a single, 
symmetrical 75 peak at ultracentrifugal analysis. Only 
traces of serum albumin were detected at high protein 
concentraticns by double diffusion techniques. This eryo- 
globulin was free of lipids when the extraet was tested by 
thin-layer chromatography on silica gel. The AST activity 
of this purified eryoglobulin was 11,000 v/ml. at a 1 mg/ml. 
protein concentration. We therefore conclude that the 
AST activity is associated with the CA myeloma globulin 
itself. This activity is presumably related to all the CA 
globulin molecules. E 

If the CA globulin can be regarded as an antibody, its. 
AST activity should be associated with Fab and Fob 
fragments and not with the Fe fragment. Studies by 
Sjoquist? on the precipitin reactions between IgG globulins 
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and a staphylococcal protein underline the importance of 
this criterion. CA globulin was digested with papain‘ and 
Fab and Fe fragments were separated by zone electro- 
phoresis. AST activity was found in Fab (5.000 ujmi. at 
a 1 mg/ml. protein concentration) but it was negligible 
(10 v/ml. at the same concentration) in the Fe preparation. 
The F(ab’)2 fragment obtained by pepsin digestion? fol- 
lowed by ‘Sephadex G-200' gel filtration exhibited AST 
activity (10,000 v/ml. at à 1 mg/ml. protein concentration). 
A quantitative study of the antigen binding activity of 
the polypeptide chains and of the affinity of CA globulin 
and its proteolytic fragments for purified streptolysin is 
under way. 

Myeloma proteins contain antigenic determinants 
located on the Fab fragment*:? which seem to be charac- 
teristic of each myeloma globulin, although most of these 
structural features are shared by minor populations of 
normal immunoglobulins*. ‘Individual’ antigenic speci- 
ficity is a characteristic of myeloma globulins, as well as of 
isolated antibodies against limited antigenic determin- 
ants?-M, Although it may not be directly related to the 
antigen combining site of these antibodies, individual 
antigenic specificity might be the reflexion of the structure 
of this specific combining site. We therefore searched for 
individual antigenic determinants shared by globulin CA 
and the four other IgG myeloma globulins shown to possess 
AST activity in their Fab fragments'?-*. Rabbits were 
immunized with the purified CA eryoglobulin and two 
antisera were absorbed? in order to remove all antibodies 
except those precipitating with the “individual” antigenic 
determinants of globulin CA, which were located on the 
Fd piece of the globulin. Myeloma globulins EN and 
AO (ref. 12), MP and NP (ref. 14) did not precipitate with 
these absorbed antisera and did not inhibit the precipitin 
reaction between globulin CA and its individually specific 
antibodies. Sequence studies of these myeloma proteins 
with antistreptolysin activity would be useful to find if 
primary structure is or is not the sole basis of antibody 
specificity. 

We thank Dr O. Zettervall and Dr G. Kronvall for 
sending their myeloma sera with antistreptolysin activity, 
Dr R. Wahl for checking the AST titres at the Pasteur 
Institute, Dr Maitrot for the lipid analysis of the cryo- 
globulin and Miss Y. Signoret and Miss A. Chevalier for 
technical assistance. This work was supported in part by 
the French National Institute of Health and Medical 
Research. 
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Amino-acid Sequence at the C-terminus 
of Guinea-pig k Chains obtained from 
anti-DNP Antibodies 


THERE are two types of guinea-pig light chains, originally 
identified by their different antigenic determinants!. By 
means of specific precipitation with appropriate antisera 
the major type was found to acecunt for two-thirds of 
normal light chains, and the minor type for the rest. But 
the ratio of major to minor differed from the normal in 
several purified antibodies, the extreme case being anti- 
dinitrophenyl-bovine gamma globulin (DNP-BGG) anti- 
bodies which contained almost exclusively the major type 
of light chains?*-?. The major and minor types of guinea- 
pig light chains were provisionally termed x and ìà pending 
chemical evidence of homologies to human x and 3 chains. 
Recently, Hood et al.* reported the sequences of the 
C-terminal tryptic peptides obtained from the normal 
light chains of several vertebrate species. Their data alsc 
showed that the two types of guinea-pig light ehains were 
normally present in a ratio of about 2:1, and, further- 
more, that the major type (C-terminal sequence Ser-Glu- 
Cys) was homologous to human x and the minor type to 
A chains. 

With the possibility of studying guinea-pig light chains 
composed almost entirely of the major type, that is, 
derived from anti-DNP-BGG antibodies, it was con- 
sidered worth while to confirm these studies and to 
attempt to extend the C-terminal sequence. Guinea-pigs 
were immunized with highly conjugated DNP-BGG in 
complete Freund's adjuvant. The anti-DNP antibodies 
were isolated from the immune sera one month later, 
and their light chains were shown to be almost exclusively 
the major type according to immunological criteria. The 
light chains of anti-DNP antibodies were isolated after 
partial reduction with 0-01 M dithioerythritol in tris-HCl 
buffer, pH 8-2, alkylation with 1-2-fold excess (on an 
equivalent basis) of 'C-iodoacetic acid, and filtration 
through ‘Sephadex G-200' in 4 M guanidine-HCI (ref. 6) 
Three micromoles of partially reduced and alkylated 
light chains (45x 10% c.p.m./umole) was extensively 
reduced with 0-1 M dithioerythritol in 7 M guanidine-HC) 
and alkylated with cold iodoacetic acid. The light chains 
were then digested with 5 per cent of «-chymotrypsin in 
a pH-stat at pH 8:2, 37°, for 2-5 h, and passed througk 
a 145 x 2 em column of ‘Sephadex G-50' in 0-05 N NH,OH 
Sixty-five per cent of the radioactivity emerged in a peak 
at 2:3 times the void volume, while the remainder of the 
radioactivity was spread among several other peaks. The 
principal radioactive peptide was purified by paper 
electrophoresis at pH 6-5 and then at pH 1-9. Amino 
acid analysis? showed the peptide to contain one residue 
each of Arg, Asx, Thr, Ser, Glx and lle. The yield ol 
S-carboxymethyleysteine (SCMC) was poor, probably 
because of its destruction during acid hydrolysis, but the 
radioactivity of the peptide indicated that it also con- 
tained a residue of SCMC. The amino-acid sequence wat 
determined by the dansyl-Edman technique* (Table 1) 
Thin-layer chromatography on silica gel G was carriec 
out to identify each dansyl amino-acid®. Proof that the 
peptide was derived from the C-terminus was obtainec 
by hydrazinolysis!! in vacuo, which showed radioactivt 
SCMC to be C-terminal in the whole light chain. SCMC 
was also shown by hydrazinolysis to be C-terminal in € 
radioactive peptide of composition Ser,Glu,SCMC ob 
tained from a tryptic digest of the whole light chain. 

The chymotryptic heptapeptide was anionie at pH 6-t 
with a mobility of 0-32 relative to aspartic acid (indicative 
Table 1. AMINO-ACID SEQUENCES AT THE C-TERMINI OF GUINEA-PIG, HUMAN 

RABBIT AND MOUSE X CHAINS 
Guinea-pig — Thr-Tle-Asn-Arg-Ser-Glu-Cys 


Human Ser-Phe-Asn-Arg-Gly-Glu-Cys 
Mouse Ser-Phe-Asn-Arg-Asn-Glu-Cys 
Rabbit Ser-Phe-Asn-Arg-Gly-Asp-Cys 


Data for guinea-pig are from the work reported here, those for humans ar 
from ref. t those for mouse are from ref. 13, and those for rabbit are fror 


refs, 4 and 14, 
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of a charge of — 1); therefore, it must have contained one 
amide group". The location of the amide group was 
determined by. digesting the heptapeptide with trypsin, 
and then electrophoresing at pH 6-5, which revealed an 
acidic, radioactive ninhydrin-yellow peptide with a 
mobility of 1-0 and a basic, non-radioactive ninhydrin-tan 
peptide with a mobility of 0-39. These mobilities are con- 
sistent with a tryptic split between Arg and Ser, as 
expected, and with a glutamyl and an asparaginyl residue 
in the original heptapeptide. 

The N-terminus of guinea-pig light chains (anti-DNP) 
was investigated by dansylation of extensively reduced 
light chains in 8 M urea*. Asx and Glx were found in 
agreement with Doolittle (quoted in ref. 4), and also Ser. 

Also shown in Table 1 are the C-terminal sequences of 
human!*, mouse’? and rabbit*:! x chains which correspond 
to the guinea-pig sequence reported here. The homologies 
confirm that guinea-pig light chains from anti-DNP-BGG 
antibodies are indeed predominantly x. All differences 
“between the guinea-pig sequence and either the mouse, 
human or rabbit can be related by single base changes in 
the genetic code. 

We thank Professor R. R. Porter for advice. This work 
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Increased DNA Polymerase Activity 
in Human Leukaemic Cells 


We recently repcrted an increased incorporation of 
?H-thymidine into DNA of leukaemic granulocytes 
from human chronic granulocytic leukaemia (CGL) as 
compared with normal granulocytes!. There is evidence 
to the effect that this increased incorporation is a result 
of de novo synthesis of DNA by a semi-conservative 
mechanism?*. We have investigated an in vitro DNA 
polymerase system in searching for enhanced priming 
activity of isolated leukaemic DNA, or for a difference in 
the activity of DNA polymerase (DNA nucleotidyl- 
transferase (EC 2.7.7.7). Bardos et al.* have reported 
increased priming activity of DNA isolated from a 
variety of malignant tissues compared with DNA isolated 
from normal tissue. An example of increased DNA 
polymerase activity has been demonstrated after partial 
hepatectomy in rats‘. 

Leucocyte DNA polymerase was prepared by the 
method described for rat liver enzymes by Mantsavinos*. 
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Table 1. DNA PRIMING ACTIVITY 
Triphosphate nucleotides incorporated 
(ugimg enzyme/h) 
Denatured DNA Native DNA 
Source of DNA Granu- Rat Regenerat- 
loeytic CGL fiver ^ ingratiiver 
enzyme enzyme enzyme enzyme. 
Normal granulocytes 0148 2114 0278 0.080 
Chronic granulocytic lenkaemia 0147 ) 9270 6287 $985 
Chronic lymphocytic leukaemia 0145 2081 0311 0:967 
Calf thymus 0151 2160 0310 1121 
Normal rat liver 0:148 2.150 0 306 1075 
Regenerating rat liver (24 h) 0147 1892 0:207 Og? 


The incubation mixture contained 0-02 zmoles of thymidine *H-triphos- 
phate (5 uCilumole), 005 «moles each of deoxyadenosine triphosphate, 
deoxyguanosine triphosphate, and deoxyeytidine triphosphate, 5 moles of 
MgCl, 20 p moles of glycine buffer, pH 80, 05 umoles of 2-mercaptoethanol, 
65 ug of DNA, and 0-2 mg of pH 5-0 enzyme in a total volume of 05 mi. 
The reaction is linear up to 0-4 mg of pH 5-0 enzyme. The amount of DNA 
added was calculated from the absorbance at 260 my of native DNA, DNA 
was denatured hy heating at 90° for 5 min in the reaction tabes before enzyme 
and triphosphate nucleotides were added. Denaturation regulte in a 34 per 
Cent increase in optical density. For calculating the amnnnt of tri hosphnte 
nucleotides incorporated (ug), all four nucleotides were assumed to be equally 
incorporated. Denatured DNA was used as a primer for leucocyte enzyme 
and native DNA for rat liver enzyme. In these conditions there Is minimal 
Interference by DNase. 


Leucocytes were disrupted by sonication rather than 
by homogenization because leucocytes are not readily 
disrupted by the latter method. Purification of DNA 
polymerase was carried to the stage of precipitation 
at pH 5 because the specific activity of this prepara- 
tion was sufficiently high to permit satisfactory enzyme 
determination and the activity was linear for 60 min. The 
assay conditions for polymerase were similar to those 
described by Mantsavinos? with thymidine *H-triphos- 
phate as the radioactive substrate. Radioactivity was 
determined in a Beckman scintillation spectrometer. 

Table 1 shows that there was no enhanced priming 
activity of DNA from leukaemic granulocytes or from 
regenerating rat liver, the latter finding confirming an 
earlier report*. Furthermore, there seemed to be no 
difference in template activity of DNA isolated from 
different mammalian cells. This does not exelude the 
possibility that there are differences in vivo, but this 
property may have been lost during the extraction of 
DNA 


Table 2 shows the activity of DNA polymerase prepared 
from normal immature granulocytes taken from the 
peripheral blood or bone marrow of patients with leuco- 
cytosis of infection, or from the peripheral blood of 


Table 2, DNA POLYMERASE ACTIVITY 
Triphosphate nucleatides In- 


Source of WEC/emm eorporated (ighing enzymert). 
DNA polymerase Subject x 10? Denatu 
Native DNA DNA 
Normal granulocytes I 146 0:127 Ogg 
It 14-9 0-084 Q8 
iit 26:5 0-109 0-151 
IV 18- 0-078 0:140 
Average 0-100 0185 
Normal bone marrow I 0-054 (naa 
granulocytes Hi 0-004 GORD 
Average 0-074 0-070 
Chronic granulocytic TA 41-3 0-133 OP 284 
leukaemia IB 888 0725 1320 
Tt 2955-0 6821 4562 
IIIA TO (819 427 
HIB 70-0 0-853 3-840 
Iv 160-7 0-87 74098 
VA $08-0 0-585 TORA 
YB 88-5 41 2078 
Average 0-731 24312 


The conditions of DNA polymerase assay were identical to those described 
in Table 1. Studies IA and TB, VA and V B were performed on cells taken from 
two patients at different phasce of their Hlness; HHA and HITR were from one 
patient as prepared on suecessive days. Representative differential counts 
were (percentages): normal granulocytes (subject D, segmented neutrophils 
79-5, bands 4-0, metamyeloeytes 1:0, myelocytes 0:5, eosinophils 0-5, baso- 
phils 1-0, lymphocytes 6-0, monocytes 7:5; normal marrow (subject IT), 
segmented neutrophils 31-0, bands E30, metamyelocytes 11-0, myeloevteg 
17-0, promyelocytes 8:0, myeloblasts 0-5, eosinophils 3-0, basephils 1-0. Eeri 
phocytes 3-5, monocytes 1-0, CGL cells (subject 1B), segmented neutrophils 
57-0, bands 12-0, metamyelocytes 8-5, myeloeytes 12-0, eosinophib i, 
lymphs 4-0 and monocytes 5-5. : 

In all cases blood was drawn into heparinized containers and red rens 
were gettled ont by gravity. White cells were centrifuged out. of the plasma; = 
washed with saline and residual red cells lysed by a $04 exposure to Of per. 
cent NaCl. Leucoevrtes were disrupted by sonieation (2 min. at 4 2 
amount of pH 5-0 enzyme recovered from 1 mi. of packed cella wae the same 
for normal granulocytes and leukaemic granulocytes, 
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patients with chronic granulocytic leukaemia in an 
active phase of the disease. Calf thymus DNA was 
used as primer for these determinations. DNA poly- 
merase activity was much higher in leukaemic cells 
than in normal cells. This increased polymerase activity 
was not a result of the presence of a more immature cell 
population among leukaemic cells; the results obtained 
with bone marrow of patients w ith benign granuloeytie 
hyperplasia show this. These preparations were of 
comparable immaturity or even slightly more immature 
than the peripheral ‘blood from chronie granulocytic 
leukaemia. Bone marrow preparations, however, had a low 
enzyme content similar to that of normal peripheral 
blood granulocytes. Rabinowitz has reported elevated 
DNA polymerase activity in chronic granuloeytie leuk- 
aemia (CGL) cellss. Our findings differ in that Rabinowitz 
concludes that enzyme activity is merely a function of 
cell maturity, rather than a difference between normal 
and leukaemie granulocytes. 

As far as we could determine there was no qualitative 
difference between the polymerase from normal immature 
granulocytes and from leukaemic granulocytes Approx- 
imately 10? cells yielded 10 mg of protein in the pH 5-0 
fraction for both types of cells. The optima of Mg 
concentration (16 mM) and pH (7-0) were identical and 
the reaction was dependent on the presence of all four 
nucleotide triphosphates. Enzymes prepared from 
granulocytes prefer denatured DNA rather than native 
DNA (Table 2). This finding is in agreement with pub- 
lished reports about DNA polymerase from some other 
mammalian cells". This preference of leucocyte poly- 
merase for denatured primer differs from the preference 
of rat liver DNA polymerase for native DNA as reported 
by Mantsavinos* and confirmed in our laboratory. 

During our work on polymerase we also measured 
the DNase (DNase (EC 3.1.4-)) of each enzyme prep- 
aration. Whereas the polymerase from granuloeytes 
worked better with denatured DNA, the DNase was 
preferentially active on native DNA. Rat liver enzymes, 
however, had the opposite affinities; polymerase preferred 
native DNA, and DNase used denatured DNA. Rough 
corrections would indicate that DNA polymerase was 
equally active on native and denatured DNA primer, 
the observed difference being due to the characteristic 
DNase activity associated with each polymerase. Work 
is now in progress to determine whether this is a general 
phenomenon. 

Increased DNA synthesis seems to be a characteristic 
biochemical abnormality of cells from human chronic 
granulocytic leukaemia when compared with normal 
granulocytes. The only pertinent enzyme difference 
which we have detected between these cell types so far 
is the marked increase in leukaemic DNA polymerase. 
Preliminary experiments indicate that concentrations of 
DNA polymerase reflect the activity of the disease, 
being high in relapse and normal during periods of 
remission (unpublished data). 

We thank Mr Murphy Jenkins and Mrs Gail Zavelson 
for technical assistance. This work was supported by 
grants from the National Institutes of Health, US Public 
Health Service and from the American Cancer Society. 
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Further Evidence for the Simultaneous 
Initiation of DNA Replication in both 
X Chromosomes of Bovine Female 


THE existence of differential rates of mammalian sex 
chromosome replication late in the DNÀ synthetie period 
has been well established!, but there is still controve 
about the replicative behaviour of sex ehromosomes at 
the beginning of the S period. Several reports suggest 
that, for a given complement, the sex chromosomes which 
synthesize their DNA at a higher rate at the end of the 

S period are late in initiating DNA synthesis?-*, But 
others suggest that both sex chromosomes begin replica- 
tion almost simul*^neously, even earlier than some auto- 
somes!9*-!*, This experiment was designed to investigate 
the replicative behaviour of the X chromosomes in the 
bovine (Bos taurus) female complement at various times 
during the DNA synthetie period with the hope of finding 
an explanation for the discrepancy. The chromosome 
complement of the cow is advantageous for this experi- 
ment, because the two X chromosomes are the only 
submetacentric ones and can easily he distinguished from 
the fifty-eight acrocentric autosomes, 

Five independent leucocyte cultures from the same 
animal were set up at different times during the experi- 
ment, but the same general procedure! was applied each 
time. The leucocytes were cultured for 65-71 h and then 
pulse labelled with *H-thymidine (specific activity 11-0 
Ci/mmole; in a final concentration of 1 pCi/ml) for 
13-20 min (including centrifuging and pipetting time). 
The cells were washed four times with Hanks balanced 
solution, and resuspended in à medium free of tracer with 
unlabelled thymidine (10 ug/ml.. The culture was sub- 
divided into smaller bottles, one for each collection. The 
cultures were collected at 30 min to 2 h intervals during 
the first 15 h after pulse (Table 1). No colchicine w: 
added at any time. The autoradiographic technique has 
been described in à previous paper!. "The slides, coated 
with Kodak NTB 3 emulsion, were exposed for 10 days. 

No colchicine was added to the cultures and the dura- 
tion of mitotic metaphase is very brief, so most metaphase 
figures obtained from each collection must represent cells 
that were at the same phase of the cell cycle at the time 
of pulsing. This can be substantiated by the finding that 
fifteen out of twenty-four metaphase figures from the 
culture collected 2 h after the isotope treatment showed 
one heavily labelled .X chromosome and four out of the 
five figures obtained from the collection at 15 h showed 
chromosomes labelled only on one chromatid. Thus by 
determining the labelling patterns of the X chromosomes 
in the majority of metaphase figures obtained from each 
colleetion it should be possible to study the DNA syn- 
thetic activities of the X chromosome throughout the S 
period. All the metaphase figures obtained from cultures 
collected 1 h after pulse treatment were unlabelled, but 
some metaphase figures obtained from cultures collected 
l h 20 min after ?H-TdR treatment were labelled. In 
nineteen out of twenty of these labelled metaphase figures 
both X chromosomes were labelled, but no X chromosome 
with a conspicuously heavy label was found in any of these 
figures. In varying proportions of metaphase figures 
obtained from cultures collected from 1 h 40 min to 5 h 
after exposure to 3H-TdR, one X chromosome was found 
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Fig. 1. 


to be the most heavily labelled chromosome in the com- 
plement. About two-thirds of the metaphase figures with 
a heavily labelled X chromosome came from the culture 
collected 2 h after the isotope treatment. In cultures 
collected more than 5 h after pulsing no X occurred with 
a label conspicuously heavier than the other. These 
observations suggest that one X chromosome replicates 
at a higher rate than its homologue during a short period 
before the termination of the S period, but that both X 
chromosomes complete their DNA synthesis almost simul- 
teneously. Similar observations have been made by 
Gilbert et al.* in human cultured leucocytes. 

Table 1 shows that some of the metaphase figures 
obtained from collections made 13 h, 13 h 30 min and 15 h 
after the isotope treatment showed chromosomes labelled 
cnly on one chromatid, which suggests that such cells 
have entered metaphase in the second division after the 
addition of 3H-TdR. These cells were at the very end of 
the S period of the first division when isotope was added 
to the cultures. Some of these metaphase figures with 
chromosomes labelled on one chromatid showed one 
heavily labelled X chromosome, characteristie of the cells 
labelled at the end of the S period. In most of the meta- 
phase figures obtained from cultures collected 13 h and 
13 h 30 min after the isotope treatment, however, the 
chromosomes were labelled on both chromatids, which 
suggests that they were still at the first division meta- 
phase. The metaphase figures with chromosomes labelled 
on both chromatids, obtained from collections made 
13-15 h after pulse, may represent cells which were at 
the very beginning of the S period or had entered the 
S phase during the isotope treatment. In most of these 
metaphase figures both X chromosomes were labelled 


Representative metaphase figure and the corresponding antoradi 
es are labelled on both chromatids. Both X chromosomes in 
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collected 13 h after *H-TAR treatment. 


ph from the culture 
are labelled, but one small autosome still remains unla! 


this 


and in a high proportion both X chromosomes were 
labelled when one or more autosomes still remained 
unlabelled (Fig. 1 and Table 1). 'These results suggest 
that both X chromosomes in the bovine female comple- 
ment begin replication simultaneously and even earlier 
than some of the autosomes. 

The most significant finding is that in six out of twenty- 
one figures collected 9 h 30 min after *H-TdR treatment 
one X chromosome was the only unlabelled chromosome 
in the complement (Fig. 2 and Table 1) and in ten out of 
twenty-one figures one X chromosome was among the 
most lightly labelled chrornosomes. Such metaphase 
figures with one unlabelled X chromosome were also 
obtained in comparatively low proportions from the col- 
lections made 8, 9, 10, 11 h and 12 h 30 min after isotope 
treatment. Differences in grain counts between the two 
X chromosomes in metaphase figures demonstrate (Table 
2) that the differences between the amounts of DNA 
synthesized by the two chromosomes are greatest at 
9 h 30 min and 10 h before metaphase and least at 5 and 
13 h before metaphase. These observations suggest that 
both X chromosomes in the bovine female complement 
begin replication simultaneously but, after continuous 
synthesis of DNA by both for a period, either the rate of 
DNA synthesis in one X chromosome drops or ceases for 
ashort time (Table 1). After this interval both X chromo- 
somes continue to replicate more or less synchronously 
until 1 h 40 min to 3 h before metaphase when they go 
through another phase of asynchronous replication, in 
which one X chromosome replicates at a higher rate than 
any of the other chromosomes in the complement. 
Eventually both X chromosomes finish DNA synthesis 
together. 


Table 1. LABELLING PATTERNS OF THE X CHROMOSOMES AT VARIOUS INTERVALS AFTER THE PULSE TREATMENT OF THE CELLS WITH "H-TdR 


1 1.20 1.40 9 3-930 4 

Both Xs and all autosomes 0 19 10 23 54 23 
labelled 

One of the two Xs labelled 0 1 B 1 4 0 

One X the most heavily labelled 0 0 5 15 19 1 
chromosome 

One X one of the most lightly 0 3 3 1 3 4 
labelled chromosomes 

One X the only unlabelled chromo- 0 0 0 0 0 0 
some 

Both Xs labelled but a number of 0 19 10 ?3 51 17 
autosomes unlabelled 

One X unlabelled along with some 0 1 4 1 4 0 
unlabelled autosomes 

Metaphase figures having chromo- 0 0 0 0 0 


somes labelled on only one 
chromatid 
Total No. of metaphasesexamined 16 20 14 24 58 23 
Individual metaphase figures are classified in more than one category, 
number of figures examined in each interval. 


pem pulse 


5 7 9 930 10 11 12 12.30 13 13.80 15 
30 36 19 24 13 19 23 19 21 10 9 5 
EIE ETT TIS 
2 6 5 11 10 12 9 12 8 1 3 0 
0 0 2 2 6 1 1 0 1 0 0 0 
17 18 8 19 5 16 15 19 13 9 9 4 
1 1 1 7 2 13 2 5 3 0 1 0 
0 0 0 0 0 0 0 0 0 1 5 4 
31 37 23 33 21 94 99 2 35 10 n 5 


so the sum of the numbers listed under each interval does not equal the total 
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Fig. 2. Representative metaphase figure and the corresponding autoradiograph obtained from the harvest made 9 h and 30 min after the 


isotope treatment, 


In most experiments by other workers in which the 
"late replicating" X and Y chromosomes were found to 
be late in beginning DNA synthesis, either FUdR*3-* 
or aminopterin* was used to synchronize cells at their 
entry into the DNA synthetic period by inhibiting 
thymidylie acid synthesis and hence DNA synthesis. 
When a cell is treated with such chemicals, initiation and 
continuation of DNA synthesis may remain uninterrupted 
as long as a pool of thymidine derivatives formed during 
the preceding S period is present in the cell. Stone et 
al.* have demonstrated that in Tetrahymena pyriformis 
& pool exists, exclusively in the nucleus, and persists from 
the end of one § period to the beginning of the next DNA 
synthetie period in the subsequent cell cycle. A similar 
Observation was made by Leach!* in grasshopper neuro- 
blasts. A comparable situation may exist in mammalian 
cells. When the pool is exhausted, DNA synthesis will 
stop because of the chemical block. If the pool is ex- 
hausted when DNA synthesis in one X chromosome is 
low or has stopped temporarily and at the time of pulsing, 
one would expect very little or no labelling in one X 
chromosome. This situation may therefore be misinter- 
preted as delayed initiation of DNA synthesis in one X 
chromosome. 

The results obtained by Cave* and Sofuni and Sandberg*, 
with the same pulse labelling method as in this experiment, 


Table 2, DIFFERENCES IN GRAIN COUNTS BETWEEN THE TWO X CHROMO- 
SOMES AT INTERVALS AFTER ISOTOPE TREATMENT 
Average 
Average total differences in 

Hours after No. of rains on two grains between Ratio 
pulse figures X chromosomes two X of 

examined (A) Mn; oM BtoA 

( 
1 h 20 min 20 11:5 3-1 0-26 
1h 40 min 14 18:0 8:3 0:43 
2h 24 545 271 0:49 
3 h-3h 30 min 58 44 13:6 0-3 
4h 23 27:8 "7 0:24 
5h 31 404 07 0:16 
7h 37 83-7 69 0-2 

8h 21 244 81 0:33 
9h 33 13-6 5:2 0-38 
9h 30 min 21 15:4 09:7 0-62 
10h 34 0:4 45 (^51 
nh 28 17:8 4 0.22 
12h 27 9 +1 0:45 
12 h 30 min 25 16:4 41 0:25 
n 10 32:1 59 0-15 
13 h 30 min 11 18-5 45 0:24 
15h 5 26-2 9 0:34 


One X chromosome js the only unlabelled chromosome in this figure, 


differ from ours. Sofuni and Sandberg*, however, failed to 
examine the labelling patterns of X chrornosomes in 
metaphase figures labelled between 12 and 18 h before 
metaphase, which should be studied at much shorter 
intervals to establish the patterns of initiation of X 
chromosome replication. In Cave's work*, the duration 
of the pulse treatment was comparatively long (total of 
35 to 40 min) and colchicine was added to the cultures 
30 min before collection. These two factors might prevent 
the detection of a short period of repression of DNA syn- 
thesis in one X chromosome during the early S period. 
We thank Professor F. Clarke Fraser, Professor E. R. 
Boothroyd and Mr R. Bernstein for helpful discussions 
and for reading the manuscript, Mr Paul Kotsiridis and 
Mr David Sigman for technical help and Mrs M. Meek 
for editorial assistance. This work was supported by a 
grant from the Medical Research Council of Canada. 
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Book Reviews 


LOVES OF ENGINES 


Memories and Machines 
By Sir Harry R. Ricardo. Pp. 264--17 photographs. 
(Constable: London, September 1968.) 45s. 


Few inventions of modern times have had an impact on 
our society equal to that of the internal combustion 
engine. For this reason, if for no other, the memoirs of 
Sir Harry Rieardo should be of especial interest. They 
are, in fact, of interest for many other reasons: the 
pellucid narrative aecount of historie researches, the 
thumb-nail sketches (always generous and charitable) of 
eolleagues, many of whom became famous, and the 
glimpses of domestic felicity and of outdoor pastimes 
which help to fill in the pieture of a remarkable man. 

I well remember that, some 45 years ago, Ricardo’s 
book, The High Speed Internal Combustion Engine, was 
regarded as the authority, and long did it remain so. I 
also recall that any lecture by him was a great occasion; 
one knew that it would describe original work enlivened 
by the most homely and telling analogies. In fact, any- 
thing that Ricardo wrote deserved attention. And now 
we have his own life story. 

There was early evidence of Ricardo's mechanical skill 
and interest in engines: when at school he converted his 
pedal-cycle to steam propulsion, which “gave great anxiety 
to my poor housemaster". His Cambridge years were 
dominated by close association with Hopkinson, who 
seems to have been an inspired experimentalist, and who 
gathered around him many who later became distin- 
guished—a Rutherford of the internal combustion engine. 
Armed with an optical indicator given to him by Hopkin- 
son, Rieardo was able in 1912 to confirm suspicions which 
he and Hopkinson had in 1906 that detonation in petrol 
engines was caused by an explosive wave inside the 
combustion chamber. Ricardo carried the concept much 
farther, however, showing the importance of cooling the 
unburnt *"end-gas" and of the chemical nature of the 
fuel. From this emerged an anti-knock scale, later 
modified in terms of octane numbers. In 1917 he began 
a long association with Shell which, in its early stages, 
resulted in the evaluation of a wide range of hydrocarbons. 
This, soon after the First World War, led to collaboration 
with Tizard and Pye and to the classic “Empire Motor 
Fuels" report. 

Ricardo also tells the story of how he came to realize 
the importance of turbulence, of the development of the 
turbulent head, and of some exciting litigation which 
followed in which Sir Stafford Cripps represented his 
interests, 

During the First World War, Ricardo's eontribution was 
the design and development of the tank engine. Such 
outstanding events were interspersed with other ventures 
—80me successful, others not. Among the latter were his 
attempts to develop a stratified charge engine, and two 
engine designs frustrated by extraneous circumstances, 
one for flying-boats in the First World War and the other 
for the R100 airship. 

It was obviously the author's deliberate choice to con- 
centrate on the earlier phases of his long and distinguished 
career. The story stops (and many will regret this) well 
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before the Second World War. In fact, the period between 
the two wars is dealt with fairly briefl 







there is all too little reference to Ricardo’s ; eom 
tributions to the development of the high-speed diesel 
engine for road vehicles, and to the activities of the firm 
which bears his name. 

This autobiography is modestly and beautifully written 
by a delightful personality who. at 83 years of age, is 
still fascinated by his early love-~the internal combustion 
engine. C. G, WiLLIAMS 





STENO'S PRODROMUS 


The Prodromus of Nicolaus Steno's Dissertation 
concerning a Solid Body enclosed by Process of Nature 
within a Solid 

Edited by George W. White 
introduction and explanatory notes by J. G. 
(Contributions to the History of Geology, Vol. 4.) 
vii4-169-283. (Hafner: New York and London, 1968.) 
$12.50. 










UNTIL comparatively recently the contributions to science 
made in the seventeenth century by the Danish anatomist, 
geologist and ecclesiastic Niels Steensen (Nicolaus Steno) 
have been somewhat neglected, at least outside his own 
country. Recent publications by Dr Axel Garboe and Dr 
Gustav Scherz of Copenhagen have again drawn the 
attention of historians of science to his work, They have 
also added considerably to our knowledge of the life of 
this remarkable man who, had he not forsaken seience for 
the Church, would undoubtedly have gained still greater 
distinction as a scientist. 

Though he made a number of important contributions 
to the science of anatomy, geolegists remember him as the 
author of a work first published in Latin in Florence in 
1669, De Solido intra Solidum Naturaliter Contento Disserta- 
tionis Prodromus, commonly known as Steno's Prodromus. 
This work, though its title may not indicate it, is one of 
the great classics in the history of geology. It embodied 
new and sound conclusions about stratigraphy and the 
origin of fossils; and it reeorded for the first time the 
observation, important in the history of crystallography, 
that the interfacial angles of crystals of quartz (roek 
crystal) are constant, irrespective of any irregularities 
in the development of individual crystal faces. Steno's 
contributions to geology, like those of his contemporary. 
Robert Hooke, were so far ahead of their time that their 
influence on the development of geological seience, though 
not negligible, was less marked than would have been the 
case had they been published a few decades later. 

A translation of the Prodromus into English made by 
Henry Oldenburg was published in London in 1671, but 
copies are now so rare that it is virtually unobtainahble— 
its scarcity was emphasized recently by an auction price 
of £700. No other translation into English appeared until 
that made by a classical scholar, J. G. Winter, published in 
New York in 1916. This edition included an introduetion 
by the geologist W. H. Hobbs, an account of Steno's life, 
a bibliography of his writings on anatomy, geology 
and theology, and an index. An exact reprint of the 
Winter edition forms the subject of this notice. To this 
reprint Professor White of the University of Illinois bas 
added a brief introduction and a short list of the more 
recent publications of Garboe and Scherz that deal with 
Steno's geological work (the list might, with advantage, 
have been extended) The Winter edition of the Pro- 
dromus has long been out of print and is not even available 
in some major libraries. Its importance is such. that this 
reprint should undoubtedly be weleome to both librarians 
and historians cf geology. V. A, Eyres 
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GEOCHRONOMETRY AND GEOLOGY 


Radiometric Dating for Geologists 

Edited by E. I. Hamilton and R. M. Farquhar. Pp. 
vii+ 506. (Wiley (Interscience): London and New York, 
July 1968.) 147s. 

ATTEMPTS to date geological materials by means of their 
included “radiometric clocks” began soon after Becquerel’s 
discovery of natural radioactivity. Between 1907, when 
Boltwood used lead, thorium and uranium analyses to 
estimate the ages of minerals, and the application of the 
mass speetrographie technique for isotope analysis by 
Nier in 1939, progress was slow because there was no way 
of making sufficiently accurate measurements of the 
quantities involved. Since 1950, and particularly during 
this decade, dramatic advances in instrumentation and 
greatly improved chemical procedures have led to geo- 
ehronology becoming one of the most active fields in 
planetary science. The very rapidity with which know- 
ledge is growing has inevitably resulted in contradiction 
&nd controversy between individual researchers and 
research schools. While this can be stimulating to 
workers within the field, the average geologist or geo- 
physieist who wants to know the age of a particular rock 
or mineral certainly does not find it helpful. The root 
cause of the controversy is no longer on the analytical 
side, but arises from the immense practical difficulties 
inherent in the application of geochronometry to ancient 
roeks and minerals of complex rather than simple geo- 
logical history. In this situation, textbooks on geo- 
chronology may become out of date almost before 
publication, and in current literature there is no compre- 
hensive account of the methods now available for the 
resolution of specific geological dating problems. The 
editors of Radiometric Dating for Geologists have attempted 
to fill this gap by gathering in one volume a series of 
modern accounts of the methods by which rocks and 
minerals can be dated, each accompanied by case histories 
of their practical application presented in as full a 
geological and geophysical context as possible. 

On the whole, the book does live up to the editors’ 
intentions. and will undoubtedly be of great value to 
non-specialists. The majority of the individual papers are 
excellent and directly to the point. There are the in- 
evitable omissions arising from the book being overtaken 
by the rapid advance of research: perhaps the most 
important is the absence of any account of the new *"Ar/ 
** Ar total degassing and *°Ar/**Ar age spectrum methods 
which have revolutionized potassium-argon dating. Occa- 
sionally, the reader may be disconcerted by the contrary 
viewpoints of authors—such as the opposed state- 
ments regarding amphiboles on pages 16 and 139—but 
undoubtedly the overall impression gained is that 
the application of geochronometry to geological problems 
is at last becoming a comprehensible science rather than 
appearing to the outsider to be some form of “black art". 
In addition, the volume contains indications of more 
general interest to geologists, often arising independently 
in the work of more than one contributor. These include, 
for example, a growing realization of the importance of 
metasomatism in rock paragenesis, even far away from 
areas in which it is an obvious feature, and a mounting 
volume of geochronological evidence which favours a 
return to a concept of episodic crustal development after 
the style of Stille. Frank FrroH 


PLEISTOCENE STUDIES 


. Pleistocene Geology and Biology 

With Especial Reference to the British Isles. By R. G. 
West. Pp. xiii+377+16 plates. (Longmans: London, 
July 1968.) 635. 

PLEISTOCENE studies have emerged recently as one of the 
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most fruitful fields for investigation through an inter- 
disciplinary approach. Thus it is not surprising to find 
a botanist writing a volurae which ranges from Pleistocene 
biology to stratigraphy. A readable and up to date text 
has been long overdue in this field as a counterweight to 
the two volumes of Charlesworth, 1957 (of which, oddly, 
no mention is made in the references). West’s book is 
prepared with that attention to detail which one would 
expect to follow from his numerous papers on glacial and 
interglacial sediments in East Anglia. 

The format of the volume might justifiably be called 
“off-beat”. Having progressed through the deposits and 
landforms typical of ice, glaciers and glacial geology 
(forty-one pages), in chapter four the author assigns a 
mere fourteen pages to non-glacial, principally biogenic, 
sediments before turning to a detailed treatment of the 
periglacial zone. Similarly, after further chapters on 
stratigraphical and biological investigations the pendulum 
swings back in chapter eight to the processes of internal 
and external origin which control the morphology and 
deposits associated with relative changes of sea level. 

This somewhat uneven treatment presumably mirrors 
West’s particular interests and gives to the book a singu- 
larly personal stamp. 

Most of the chapters dealing with geomorphological pro- 
cesses, although clear and well illustrated, lack somewhat 
in depth. Third year undergraduates studying geology 
and geography, for whom the volume is partly intended, 
may have only slight interest in these sections. The 
chapter on the periglacial zone, however, gives an excel- 
lent review of recent continental literature and the 
formation of characteristic cryoturbate structures and 
patterns is analysed in considerable detail. 

In the following chapters, chronology (a particularly 
clear exposition), climatic change and the bases for strati- 
graphical subdivision of Pleistocene deposits all receive 
brief coverage. It is in chapters twelve and thirteen, 
however, on Pleistocene stratigraphy and the history of 
Pleistocene flora and fauna in the British Isles, that the 
book makes its principal contribution. 

Because of the space consumed in early chapters by 
the geomorphological background only some fifty-seven 
pages are concerned with the British Pleistocene. When 
it is noted that West’s principal hunting ground in East 
Anglia occupies ten pages, the Midlands six pages, Wales 
and Northern England (one page each), Scotland (two 
pages), Ireland (four pages) and the rest of Britain plus 
general considerations (eighteen pages), it can be seen 
that page limitation has resulted in a rather superficial 
treatment of many Pleistocene problems. This is in part 
made good by a very full list, of references. 

The final fifty-six pages review the biological history of 
Britain during the Pleistocene and deal largely with 
palaeobotanical studies to which West has made such 
significant contributions during the past fifteen years. 

In general, the second half of the volume distils the 
essence of the British Pleistocene, but rather too frequently 
leaves one with a faint aroma of the period rather 
than a knowledge of all its ingredients and the problems 
surrounding their admixture. The value of the book lies 
in providing for the first time under one cover a concise 
Pleistocene biology for the geologist and conversely the 
rudiments of Pleistocene geology for the biologist. 

W. W. BISHOP 


BEYOND THE TREE LINE 


Arctic and Alpine Environments 

Vol. 10. Edited by H. E. Wright, jun., and W. H. Osburn. 
(Proceedings of the VII Congress of the International 
Association for Quaternary Research, Boulder-Denver, 
Colorado, August 14-September 19, 1965.) Pp. xii + 308. 
(Indiana University Press: Bloomington and London, 
July 1968.) 119s. 
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Bevond the tree line, in both latitude and altitude, is 
the outer sphere of man's environment, challenging, cold 
and beautiful, but now less remote and, as these fascinating 
papers demonstrate, more revealing and more varied in 
mechanieal process and in biotie response than ever 
appreciated even in the past decade. The differences 
between aretic and alpine are greater than the similarities, 
and exercise more control in their respective regions. The 
book is scarcely an entity for any one reader, therefore. 
though such a wide ranging collection of papers, each 
with abundant references, will stimulate workers in both 
fields. 

The chapters fall broadly into two main groups: 
ecological and biogeographical syntheses, on a regional 
basis, inserted between meteorological and geomorpho- 
logical systematic descriptions. 

The harshness of the environment is the principal 
unifying characteristic, but it seems that there is almost 
always some biological response where there are periodic 
equable temperatures and water, because organic debris. 
nutrients brought by the wind, nourish algae, fungi and 
moss. Swann is exciting in his encyclopaedic paper on 
this aeolian region, the highest layer of the biosphere, 
above the layer of vascular plants, high above the tree 
line. He suggests this aeolian zone relates earthly ecology 
to hypotheses of exobiology and life on Mars! 

Alpine ecosystems are reviewed over the separate units 
of the vast Australasian region extending from the 
tropics to the Antarctic, with particular reference to 
climatic controls and the delicate balanced adaptation 
that has deteriorated through the recent activities of 
European man. Costin suggests the use for much of these 
ecosystems is limited to recreation and water catchment. 
Climate, flora and fauna are considered by Major and 
Bamberg as the main differentiating factors determining 
the nature of any ecosystem, because factors of fire, 
relief, soil parent. material, man and time can be eliminated 
by selection of sites. North American and Eurasian eco- 
systems are tabled with evapotranspiration diagrams to 
express climate; certainly more revealing than the simple 
monthly temperature and precipitation data on which 
they are based. The conclusion is that the heat regime 
really distinguishes the alpine belt. 

The alpine flora of Japanese mountains and vertebrates 
of the Soviet alps are described and the parameters of 
arctic and alpine tundra groups are contrasted because, 
though of similar vegetation types, they differ markedly 
in climate and physical environment. It is suggested 
that the interglacials exterminated the tundra groups 
of the Pleistocene, except in the Central Asian High- 
lands. 

Our comprehension of rock erosion and techniques of 
measurement proceed all too slowly, but new light is shed 
on some of the alarming number of variables: the effect 
of the pH of alpine snow on weathering; the winter 
needle ice, rather than precipitation, causing soil erosion 
in the New Zealand Alps; the electrical attraction 
between ice and water molecules dehydrating frost soils; 
the mass freezing and layer freezing of sediments; the 
eritical importance of sheet jointing in the rock divides 
between glaciers; and the control on cirque form by 
lithology and uplift. These controls on topography 
governed the development of Pleistocene ice in the 
Pyrenees and in the Pamir Upland. Descriptions range 
from succinct reconstruction of these low latitude glaciers 
to the extensive sediments of north-east Asia and the 
soils over the Arctic Slope of Alaska. 

Insolation received and temperature inversions meas- 
ured show the complexity of some mountain climates 
that ean be so difficult for field work; but the wide range 
of remote sensors, particularly used in concert. from 
spacecraft, promises increasing efficiency and synthesis 
of understanding the landscape and processes of cold 
regions, from which we may reconstruct the drastic but 
compelling Quaternary. H. Lister 
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WILDFOWL IN RUSSIA 


Birds of the Soviet Union 

fol. 4. By G. P. Dement’ev, N. A. Gladkov, Yu. A. 
Isakov, N. M. Kartashev, S. V. Kirikov, A. V. Mikheev 
and E. S. Ptushenko. Translated from the Russian. Pp. 
ix+683. (Israel Program for Scientific Translations: 
Jerusalem, 1967. Distributed in the UK by H. A. Hum- 
phrey, London.) 210s. 

WHEN this great work first appeared, most western 
workers were unable to appreciate the size of its con- 
tribution to ornithology because of the language barrier. 
Seventeen years have passed and its value to westerners 
has inevitably diminished, for much has been published 
in the interval. The Anseriformes (which with the Galli- 
formes make up volume 4) have been particularly well 
served by books in English by such authors as Delacour, 
Hochbaum, Johnsgard and Scott. Furthermore, the first 
volumes of a new series as broad in scope as the Soviet 
work are now available in English (Palmer) and in German 
(Bauer and Glutz) while a survey in English of Palaenretic 
birds, more comprehensive than that of Vaurie, has 
reached the planning stage. 

Translators from the Russian are scarce and expensive. 
Why then, one wonders, did the Israel Program for 
Scientific Translations see fit to spend so much talent, 
time and money on a production that is inevitably out- 
dated, and so costly that it can only be purchased by 
well-endowed libraries? Would it not have been better 
to aim at substantially earlier and cheaper publication by 
selective translation of those sections which western 
ornithologists really need now ? Thus the seetions, species 
by species, on fieldmarks, coloration, range and habita- 
tional status are available to them elsewhere. The often 
lengthy "timetable" sections do little more than cite a 
rag-bag of pre-1950 arrival and departure dates for various 
parts of the Soviet Union. If these make a coherent pic- 
ture, it would have been more helpful to draw one. ‘The 
sections on biotope, numerical status, enemies and 
eeonomie importance are generally eursory and vague. 
The rather undistinguished half-page line drawings do not 
need translation and could likewise have been omitted. 
The original, already rather murky, coloured pieture- 
plates are disastrouslv reproduced in monotone. As a 
new version of the old philosophical metaphor for Praisda, 
try finding a black duck in the darkness of plate F. 

On this assessment of the worthiness of the translation 
we would be left with the sections on breeding, moult, diet 
and dimensions. To these should have been added a list 
of references instead of in vacuo citations of author and 
date. Possibly such a list will appear at the end of 
volume 6—still not a very helpful situation. A case 
might have been made for adding the distributional maps 
to such a stripped-down version, even though these, like 
pictures, require a minimum of translation from the 
Russian. In the original version these maps were too 
small (most of the world in 5x 2-5 in.) but they were 
finely drawn and printed, so that, at the expense of some 
eyestrain, the information delineated thereon could be 
extracted. Not so in the present volume. Perimeter lines 
thieken to merge with coasts and rivers; hatehings 
degenerate to smudges; dots and circles become indis- 
tinguishable. One would be very clever to learn much 
about the distribution of the pochard from a contem- 
plation of the mess on map 54. 

The proposed saving of translators’ time would have 
given more scope for the picking up of errors. Some have 
indeed been noted, for example, the conflict of information 
on the snow goose between text and map. But they have 
missed other conflicts such as for the greylag, nor have 
they noticed the surprising absence of mute swans from 
Britain. Moreover, they introduce errors of their own. 
The caption for map 33. taken at its face value, conveys | 
the remarkable information that China is the main win: 
tering ground of the pink-footed goose. 
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There is little point, however, in continuing to list errors 
- made so long ago and doubtless long realized and regretted 
by the authors. It is to be hoped that the excellent and 
industrious Israeli translators will now concentrate on 
making available to western readers recent research 
publications such as the contents of Ornithologiya and 
Bionica, or of the many Soviet specialist symposia. Even 
here, a multitude of abstracts would be more useful than 
a few complete translations. The requirement for up to 
date information is particularly strong where the study 
of wildfowl is concerned. Their numbers, distribution 
and habits are being changed by drainage and other 
large-scale hydro-engineering projects, nowhere more 
drastically than in the Soviet Union. In large measure, too, 
the ducks, geese and swans that winter in Europe, Africa 
and Asia are bred in the Soviet Union. We must there- 
fore continue to find out what is being done to study and 
conserve wildfowl there. G. V. T. MATTHEWS 


OPHIUROIDS OF SOVIET SEAS 


Ophiuroids of the USSR Seas 

By A. M. D'yakonov. Edited by A. A. Strelkov. Trans- 
lated from the Russian by R. Finesilver. (Keys to the 
Fauna of the USSR, No. 55.) Pp. ix--123. (Israel 
Program for Scientific Translations: Jerusalem, 1967. 
Distributed by H. A. Humphrey, London.) 55s. 


Tris work is the culmination of many years’ study by 
D’yakonov on the ophiuroid fauna of the Soviet Union. 
It is mainly a taxonomie study, but because of the con- 
siderable geographical extent of the country, with shores 
bordering on the Arctic and North Pacific Oceans as well 
as the Blaek Sea and Baltie (though the last with its 
low salinity includes no echinoderms in its fauna), many 
of the 114 species included are common to other parts of 
the northern hemisphere, notably Scandinavia, Scotland, 
Iceland, Greenland, northern Canada, Alaska and northern 
Japan. Descriptions of thirteen species and one genus, 
new at the time of the original publication (1954), are 
included. Most of these are from the far-eastern seas, 
but one is the only endemie ophiuroid of the Black 
Sea, the formal description of whieh is long overdue, 
the name given to it by Tscherniavsky in 1861 being a 
nomen nudum. The introduction includes some zoogeo- 
graphical discussion and the full range of each species is 
given in the text. There are clear keys to the various 
taxa and each of these is provided with a diagnosis or 
description. The 47 text-figures are clear but sometimes 
a little diagrammatic and occasionally misleading (in 
figure 18 the oral papillae are shown articulated to the 
adoral shields). The author follows Mortensen's sub- 
division of the Ophiuroidea into only two orders rather 
than that of Matsumoto which has reverted to favour 
within the last ten vears following the publieations of 
Fell and Murakami. The translator has adopted the 
descriptive terminology based on “aboral” and "oral" 
introduced by Hyman for ophiuroids and adopted by Fell 
and others. Altogether this is an indispensable book for 
the student of ophiuroid taxonomy and for the identi- 
fication of the northern species. AILSA CLARK 





CRUSTACEAN PHYSIOLOGY 


Aspects of the Physiology of Crustacea 

By A. P. M. Lockwood. (University Reviews in Biology.) 
Pp. x--328. (Oliver and Boyd: Edinburgh and London, 
1968.) 55s. paperback. 


Dr Locxwoop’s book is the eighth in the series of Univer- 
sity Reviews in Biology and is described by the author as 
a textbook for senior undergraduates and as background 
reading for postgraduates. 

In an introduetory chapter. the unique features of 
arthropods are outlined, in particular the influence of 
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the moult cycle on many aspects of their physiology. 
Although the book deals mainly with Malacostraca, 
comparative work on other sub-classes is included and 
so a brief classification of Crustacea is given. The second 
chapter, on osmotic and ionic regulation, is by far the 
best part of this bock. It expands and brings up to 
date much information given in the author's paper in 
Biological Reviews published in 1962, and of particular 
interest is the discussion of the part played by amino- 
acids in the osmotie adjustment of cells. Chapters on 
moulting and hormones follow and some aspects of these 
subjects, the seetion on colour change for example, 
suffer from overcondensation. The physiology of blood 
systems, respiration and metabolism are usefully dealt 
with in that the author has brought together much 
information which is otherwise scattered in a number of 
publications. The succeeding chapters on neuromuscular 
systems and sense organs are clearly written and give an 
adequate account of recent work in this field. A short 
chapter on feeding and digestion completes the text. 

Unfortunately, there is much to suggest that this 
book has been hastily produced and a few specific examples 
must suffice to substantiate this criticism. There are 
too many misspelt generic and spoeifie names and in a 
classification of some Crustacea on page 121, Artemia and 
Branchippus [sic] appear as Notostraca while Triops is 
included in the Concostraca [sic]. The wavelengths of 
maximum absorption cf haemocyanin are expresse 
terms of u and thus wrong by a factor of 10-3 (page 116) 
and the oxygen pressure at which haemoglobin is half 
saturated is expressed in mm O, rather than in mm Hg. 
as in the original publication (page 122 and table 13). 
In figure 16 there is little correlation between the legend 
and the six parts of the figure, five of which are incor- 
rectly identified and a seventh part appears to be 
missing. Figure 664 should have been omitted. It is a 
poor diagram, not very mstructive yet profusely labelled 
with 41 abbreviations; there is, however, no legend to 
explain their meaning. : 

Dr Loekwood's book is about twice the size and three 
and a half times the price of earlier numbers in this 
series and, at 55s for the paperback edition, is unlikely 
to attract the undergraduate buyer. It is to be regretted, 
I think, that the author did not restrict the seope of this 
book and deal in greater depth with a single topie; for 
example, the problems of osmotic and ionic regulation. 
This is a subject on which he writes lucidly and with 
apparent enthusiasm: the result would have been a 
smaller, cheaper and more useful publication. 

Barpara M. GILCHRIST 











ATLAS OF BRAINS 


Atlas of the Brains of Domestic Animals 

By Tetsuo Yoshikawa. Pp. xvii +172 plates. (University 
of Tokyo Press: Tokyo and London; Pennsylvania State 
University Press: Pennsylvania, September 1968.) $19.50; 
1865. 

Tuis is a beautifully produced work illustrating sections of 
the fore-, mid- and hind-brain in a horse, "cattle" (Hol- 
stein-Friesian breed), goat, sheep, pig and domestic fowl. 
Between twenty-five and thirty cross-sectional levels are 
shown for each brain and, for the pig, a number of sagittal 
sections; the sections are stained by the Weigert-Pal 
method and therefore illustrate only the pattern of 
myelinated nerve fibres and tracts. The magnifications 
vary between x6 and x 20. There is a special article (by 
Ko Sakamoto) with illustrations of the cytoarchitecture 
of the diencephalon of the horse. 

The illustrations are adl scale drawings, obviously 
executed with meticulous care and, so far as one can judge, 
accuracy. The author is probably right that drawings are 
clearer than photographs in this kind of material. Apart 
from one page (a short description of the diencephalon of 
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he horse) there is no text, but a useful list of references is 
riven; about a third of these are to papers or articles in 
lapanese. 

The atlas will clearly be of considerable value in any 
lepartment of veterinary anatomy, physiology or patho- 
ogy, chiefly for reference when questions eoncerning the 
nternal structure of the brain arise. It will often save 
warch through scattered and not always readily accessible 
»ublieations, and the use of a uniform terminology for all 
she brains is a great convenience. The information given 
s very limited, however. Much is somewhat elementary 
ind, being based on sections, the pieture is inevitably 
two-dimensional. The absence of stereotaxic coordi- 
nates or indeed of any adequate illustrations of the 
three-dimensional anatomy of these brains would make it 
difficult to use this atlas effectively in planning experi- 
mental neurosurgery. 

To the neuroanatomist, the lack of cytoarchitectural 
information (except for the useful section on the horse 
diencephalon) is disappointing, and only the more obvious 
features of the fibre architecture are labelled. At the 
same time the atlas provides at least a preliminary and 
reliable survey, not available elsewhere, which will be a 
valuable guide to anyone beginning a study of these 
brains. For this purpose it is a virtue that it is not 
overloaded with the detailed and sometimes controversial 
identifications which make some neuroanatomical litera- 
ture so tedious and unrewarding. 

It is perhaps churlish to criticize for what is omitted when 
one realizes how much work is involved in preparing an 
atlas of only one brain. The author has dealt with six, 
all from common domestic animals, and one is grateful to 
have the information, whatever its limitations, systematic- 
ally illustrated for the first time. F. GorpBvY 


POLYPEPTIDE HORMONES 


Pharmacology of Hormonal Polypeptides and Proteins 
Edited by Nathan Back, Luciano Martini and Rodolfo 
Paoletti. (Proceedings of an International Symposium 


held in Milan, Italy, September 14-16, 1967.) Pp. xi+ 
660. (Plenum Press: New York, 1968.) $27.50. 


Tuis book is a collection of seventy-six papers, including 
at least one on almost every known biologically active 
polypeptide. It is divided into eight sections, beginning 
logically with one on “Peptide and Protein Chemistry", 
which contains seven papers on techniques in peptide 
synthesis. In the second section, on posterior pituitary 
hormones, six groups of workers cover aspects of the 
storage, release and actions of the neurohypophysial 
hormones, and the structure-action relationships of their 
analogues. Most of the papers in this section, in contrast 
to the other ones, are of the review or essay type and, in 
my opinion, are the kinds of reports whieh should appear 
in a symposium of this sort. 

The third section, on “Hypothalamic Neurohumoral 
Principles”, perhaps more than any other, suffers from 
the lack of reported discussions. Most of the laboratories 
working on the nature of the hypothalamic releasing 
factors, or releasing hormones as Schally proposes we 
call them, were represented at the meeting. This is a 
very controversial field at present, and an observer would 
have been helped by critical discussions between the 
participants of, for example, evidence which leads some 
groups to consider luteinizing hormone releasing factor 
(LRF) to be a peptide and others to conclude that it is not. 

The fourth section of the book contains fourteen papers 
dealing with the anterior pituitary hormones other than 
growth hormone. This protein appears briefly in the 
seventh section but was the subject of a separate sym- 
posium held in Milan immediately before this one. "The 
reports cover all of the other anterior pituitary hormones 
in some aspect or other, and the topics range from puri- 
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fication, through control of release, to actions at target 
organs. 

Insulin and glucagon make up the fifth section, which 
is followed by twoshort sections, one on "Peptides Affecting 
Lipid Metabolism" and the other on growth hormone, the 
placental hormones and calcitonin. The book is com- 
pleted by a section entitled “New Hormonal Peptides" 
containing twenty papers on miscellaneous active poly- 
peptides including gastrointestinal hormones, the kinins, 
angiotensin and erythropoietin. 

It is perhaps questionable whether the proceedings of 
large symposia, composed of communieations rather than 
review articles, should be published at all, because most 
of the information they contain is published elsewhere 
and the literature is large enough already. Moreover, the 
length of time that they generally take to appear in print 
means that much of their contents is by then outdated. 
There is, of course, much in favour of the publication of 
the relatively small symposia in which not only are topics 
reviewed from different angles by an assortment of | 
experts, but also discussions of their conclusions are 
reported. 

The proceedings of the Milan polypeptide symposium, 
however, while falling in the category of collections of 
short communications, do justify their publication. The 
book is probably unique in its attempt to cover all known 
hormonal and quasihormonal polypeptides, and it pro- 
vides, in the form of the bibliographies of ita seventy-six 
constituent papers, a useful source of reference for 
researchers in all aspects of a vast field. The editors and 
publishers are to be congratulated on the speedy appear- 
ance of the volume in only nine months or so after the 
meeting, and the fact that this was made possible by a 
photographie process utilizing the original manuseripts 
does not detract from the finished article. The book is a 
collection of individual and separate papers, so that a 
lack of uniformity of typescript is neither important nor 
noticed. B. T. PickgRING 

















NEUROSCIENCES RESEARCH 


Neurosciences Research Symposium Summaries 

Vol. 2. (An Anthology from the Neurosciences Research. 
Program Bulletin.) Edited by Francis O. Schmitt, 
Theodore Melnechuk, Gardner C. Quarton and George 
Adelman. Pp. xiii--642. (Massachusetts Institute of 
Technology Press: Cambridge, Mass., and London, 1967.) 
112s. l 


Tue second anthology of reports from work sessions of 
the Neurosciences Research Program contains chapters 
on sleep (Nauta, Koella and Quarton), conditioning 
(Livingston), simple systems for the study of learning 
(Bullock), brain proteins (Schmitt and Davidson), biogenic 
amines (Kety and Samson), and the cerebellum (Bell and 
Dow). The programme, of course, owes its existence to 
Professor Schmitt; its value is clear, particularly when 
one thinks gloomily of the general standard of scientific 
meetings. It is quite a philanthropic organization—many 
British neurophysiologists benefit from free distribution 
of the reports of the work sessions as they are produced. 

In general, each report contains reviews by a small 
number of experts of the progress in a field of the neuro- 
sciences including the discussions which developed at the 
meeting concerned. The reviews are followed by full 
bibliographies (usually 100 to 300 entries) with references 
both to works cited in the reviews and to further relevant 
publications. In this volume I have found all the chapters 
useful; all can be recommended as introductions to the 
recent literature in their chosen areas and have many of 
the features of full-scale monographs. The emphasis; 
however, is to some extent on agreement between. the 
various participants at each session, so there is less 
idiosynerasy than usual. The eheap but attractive method 
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of production means that one gets six monographs for 
little more than the price of one. 

Reviewing this book has reminded me that there is no 
Similar organization in Britain, although there is very 
great interest in the “neurosciences”. It is a model that 
we might very well imitate. AnrHony ROBERTSON 


OUTSIDERS 


Deviancy : The Psychology of Being Different 

By Jonathan Freedman and Anthony N. Doob. (Social 
Psychology: a Series of Monographs, Treatises, and Texts.) 
Pp. viiit 158. (Academic Press: New York and London, 
April 1968.) 63s. 


Tux “outsider” has been a major figure of modern Euro- 
pean literature, from Albert Camus to John Osborne, and 
more often than not has been cast as the hero, or more 
precisely as anti-hero. 

Psychological research on deviation has largely concen- 
trated on the attitudes of the majority group to existing 
deviant groups such as Jews and Negroes. Freedman and 
Doob, seeking greater control over their variables, decided 
to define deviancy experimentally by artificially mani- 
pulating the results of personality tests taken by groups 
of five or six subjects (undergraduates) at a time. After 
each test subjects were shown a predetermined distribution 
of scores. The score of the subject randomly allocated to 
the deviant condition appeared at near the ends of the 
distribution; those of the remainder, designated as non- 
deviant, clustered around the middle of the distribution. 
The effect of being made to feel deviant was checked by 
a self-rating test on which the “deviants” reported them- 
selves as "more different from others" than did the “non- 
deviants". (A desirable control would have been to 
administer the self-rating test before, as well as after, 
the manipulation.) A variety of ingenious and well- 
controlled experiments were carried out following the 
deviancy manipulation. Manipulated deviancy was found 
to have significant effects on affiliation behaviour (like 
preferred to associate with like) and on aggression (like 
chose like for reward and unlike for punishment) but not 
on such social influence variables as conformity and 
attitude change, in which the effects of the deviancy 
manipulation were highly specific to the situation and to 
the type of influence being exerted. The authors state 
that the type of deviancy set up in their subjects may 
have been both specialized and limited, and stress the 
need to repeat the studies on “natural” deviants of a wide 
variety of types. Another major question for future 
research is the effect on behaviour of the known existence, 
or even physical presence, of other deviants. Presumably 
the attributed prestige of the "deviant" minority is also 
important—-compare the “‘feeling of deviancy”’ experienced 
by a coloured homosexual communist with that of a 
rowing blue with a double first. Several of the experiments 
which yielded positive results were carried out some weeks 
after the deviancy manipulation, indicating its rather 
powerful nature—students are inclined to have an almost 
magical belief in the revelatory power of personality 
tests. At the end of each experiment the nature of the 
manipulation was explained to the subjects. Although 
little is said by Freedman and Doob on the matter, the 
dilemma faced by all such research is that the more 
effective the manipulation the more disturbing is the 
experience likely to be for those involved, and many 
American psychologists are deeply concerned about the 
ethics of such deceptions. 

This book is clearly written, is free from unnecessary 
jargon and can be recommended as an admirable com- 
bination of psychological insight and sound experimental 
technique applied to an important area of real life social 
behaviour. M. P. FELDMAN 





NATURE. VOL. 220, NOVEMBER 16. 1968 


ATOMISTIC APPROACH 


The Plastic Deformation of Metals 

By R. W. K. Honeycombe. Pp. xiii + 477. (Arnold: London, 
May 1968.) 90s. 

"Tuis book gives a broadly based deseription of the 
deformation behaviour of metals in terms of the 
deformation characteristics of single crystals. The 
approach is primarily atomistie in that the phenomena are 
accounted for mainly in terms of dislocations and point 
defects. A detailed description of optical and electron 
microscope and X-ray diffraction observations of plastic 
deformation processes is given. The author has used his 
wide experience in research in these and related fields to 
produce a well balanced account of the interrelation 
between phenomenological studies of defect structure and 
the associated mechanical properties. Most aspects of 
plastic deformation have been covered including some of 
a more technical nature such as creep, fatigue and fracture. 

In the early chapters the geometry of deformation of 
single crystals by slip is described along with an introduc- 
tion to the properties of dislocations. The effect of plastic 
deformation on the density and distribution of dislocation 
is correlated with the microstructural changes and the 
mechanical properties. These chapters are followed by 
similar descriptions of the deformation of single crystals 
containing solute elements and diserete second phases. 
At each stage a brief introduction is given to the theory 
of the hardening produced although the more esoteric and 
recent theories have not been covered. Three chapters are 
devoted primarily to the properties and characteristics 
of polyerystalline materials and these include an account 
of fibre reinforcement and related phenomena. Finally, 
the understanding of the tensile deformation of single and 
polycrystalline metals is directed towards a description 
of the phenomena which are associated with more complex 
conditions. 

It may be claimed, with some justification, that the 
revolution that followed the introduction of the concept 
of disloeations and allowed a much more accurate descrip- 
tion of all facets of the phenomena of plastic deformation 
has reached a stage of general agreement; the main ground 
has been covered and only the fine detail remains. This 
text would certainly stand as testimony to this view, for, 
apart from one or two small sections, notably fibre re- 
inforcement, all the subject matter was known and under- 
stood at least five years ago. It is this feature, however, 
which commends the book to undergraduate students in 
metallurgy and materials science. The text is clear and 
well illustrated. The subject is developed in a logical and 
straightforward way and there is adequate reference to 
books and papers in related fields, The text, however, 
must not be regarded as a research text and those who 
wish to study the recent developments in any of the fields 
eovered should look elsewhere. Derek HULL 


RARE ELEMENTS 


Handbook of the Rare Elements 

Vol. 1. Trace Elements and Light Elements. By M. A. 
Filyand and E. I. Semenova. Translated and edited by 
Michael E. Alferieff. Pp. xvii--265. (Macdonald (Old- 
bourne): London, 1968.) 1265. 


Tuts handbook was "originally published in Russian as a 
single 913 work" presumably soon after 1961. This 
first volume deals with Ga, In, Tl, Ge, Se and Te (referred to 
as trace elements) and Li, Be, Rb and Cs (referred to 
as light elements) Information on each element is 
mainly tabular and includes structure, density, melting 
and boiling points, surface tension, heat capacity, resis- 
tivity, magnetic susceptibility, attainable degree of purity 
of the metal and principal alloys and their physical 
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»operties (especially for Be). Numerous historical values 
‘or a few properties are listed together with a preferred 
value. Data on ionic size and ionization potential are 
acking. The average abundance of the elements in the 
Earth's core is given but, except for Tl and Ge, practical 
availability is not mentioned. 

Non-tabular matter includes physical and techno- 
logical properties, chemical properties and stability, and 
areas of use of the metal alloys and other compounds. 
Although this oceupies such a small portion of the book 
it is both disproportionately useful and topical. For 
axample, Rb is shown to be valuable in the semi-conductor 
industry, the telluride has the maximum known sensi- 
tivity to light in the far ultraviolet (more so than Cs, 
Te), a mixture of metal and oxide has a very low elec- 
tronic work function, its salts are catalytic in methanol 
synthesis from steam and other compounds are used as 
pain killers and soporific agents. The authors state that 
“development of the production of Rb and its salts in 
sufficient quantity at reasonable prices will expand its 
use in modern technology” yet production figures are 
only given for Rb, Se and Tl and there are no data on 
production costs or metal prices for any of the elements. 
References (not all different) are given, but there is 
little uniformity in citation. Initials of authors appear 
to be optional and several references mention neither 
author(s) nor editor(s). J. R. BUTLER 


Obituaries 
Professor George Gamow 


QGrorce Gamow, who died on August 20, was for the 
last twelve years of his life professor of physics at the 
University of Colorado. Born in Odessa, Russia, in 1904, 
he was educated at the University of Leningrad, where he 
received his PhD in 1929. He worked for various periods 
at Göttingen, Cambridge and Copenhagen, and returned 
to Leningrad in 1931. He left Russia in 1933, and after 
a year in Paris and London went to the United States. 
He held a professorship at George Washington University, 
Washington, DC, from 1934 to 1956, when he moved to 
the University of Colorado. 

The major part of his work up to about 1936 was 
devoted to nuclear physics. In his earliest work he 
formulated the theory of alpha decay in terms of the 
transparency of potential barriers. This theory, which 
was independently developed by Condon and Gurney, was 
an outstanding success. He proposed the liquid drop 
model of the nucleus. Later, in collaboration with Atkin- 
son and Houtermans, he studied the calculation of 
thermonuclear reaction rates. The basic formulae which 
he obtained are central in calculations of thermonuclear 
energy production. He continued his work in nuclear 
physies after his move to the United States, and in col- 
laboration with Teller he improved the theory of beta- 
decay by formulating the Gamow-Teller selection rule. 

Gamow had been interested in astronomy since his 
thirteenth birthday, when his father gave him a 
small telescope. Following his work on nuclear reactions 
he turned to astrophysical problems and worked on the 
theory of the internal structure of red giant stars. He 
stressed the possible role of neutrinos in stellar evolution, 
and with Schönberg developed the URCA process, in 
which a nucleus captures an electron, with the emission 
of a neutrino, and the resulting nucleus decays into the 
original nucleus with the emission of an antineutrino. 
This work drew attention to the emission of neutrinos as 
a possible energy loss mechanism. Gamow was a staunch 
proponent of the “big bang" cosmological theory of the 
universe, and made contributions to the theory of the 
origin of the elements. He showed that in the early stages 
of the expansion of the universe the mass density of 
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radiation would have been much larger than that of 
matter, and that by the present time it would have been 
diluted to a temperature of 7° K. This prediction has been 
brilliantly confirmed by the discovery of 3° K radiation 
in the universe. From about 1954 Gamow became inter- 
ested in biological phenomena, and published papers on 
the information storage and transfer in a living cell. He 
pioneered in work on DNA which contributed significantly 
to the breaking of the genetic code. 

Throughout his career he was deeply interested in the 
popularization of science, and he had à unique ability in 
writing for the general publie. He published almost 
thirty books, seven (including two in the press) technical 
and the rest popular, more than a hundred technical 
papers and some thirty popular articles. His outstanding 
contributions to popular science writing were recognized 
by the award by the United Nations in 1956 of the 
Kalinga prize. He was a member of many academies, 
including the Danish, United States and Soviet academies 
(his membership in the latter was cancelled when he left 
Russia). In 1965 he was elected an Overseas Fellow of 
Churchill College, Cambridge. 


Dr R. C. Valentine 


ROBIN CYRIL VALENTINE died peacefully in University 
College Hospital on October 10 after a short illness. He 
was 40 and on the threshold of a distinguished eareer in 
biological and medical research. An undergraduate in 
physies at the University of Cambridge, he worked for 
his doctorate at the Cavendish Laboratory during 1951-54 
on the electron microscopy of bacteria. During this time 
he reached a firm conviction to devote himself to medical 
research and began a programme of self-education in 
microbiology which he was to complete so successfully. 
In 1954 he was appointed to the Biophysics Division at 
the National Institute for Medical Research and eon- 
tinued there in a senior appointment until the time of his 
death. 

He quickly realized the potentialities of high resolution 
electron microscopy in molecular biology, while acutely 
conscious of the frustrating limitations imposed by avail- 
able methods of specimen preparation, and by the 
fragility of the specimens. He skilfully exploited the 
phosphotungstic acid negative stain technique introduced 
in 1959 by Brenner and Horne, producing superb miero- 
graphs with little or no technical assistance, and aequiring 
a flair for imaginative, but firmly based, interpretations. 
Valentine was fascinated especially by the symmetrical 
arrangements of structural subunits that he saw, first in 
viruses and more recently in some protein macromolecules 
and erystals. He collaborated with the late Alick Isaacs, 
among others, in research on influenza and other respira- 
tory viruses. A high point was reached in 1965 in a 
detailed investigation with H. G. Pereira into the 
morphology and antigenic composition of adenovirus 
type 5; it was shown, inter alia, that the twelve structural 
subunits (or capsomers) located at the vertices of the 
icosahedral virion are distinctive in terms both of anti- 
genicity and morphology, and are characterized by spec- 
tacular "antenna-like" projections. 

Valentine now turned his attention to the challenging 
problems of protein structure, and soon had at his dis- 
posal a variety of valuable specimens, uniquely suited to 
the negative contrast technique, and originating from bio- 
physical and biochemical laboratories in North America and 
many European centres as well as Britain. The following 
enzymes, most of which were crystallized only in recent 
years, were examined and photographed by him with 
the electron microscope: catalase, fructose diphosphate 
aldolase, pyruvate carboxylase and transcarboxylase, 
muscle phosphorylase, glutamine synthetase and. gluta- 
mate dehydrogenase. Valentine's micrographs were among 
the most beautiful and informative of their kind, and 
demonstrated the crucial importance of double bonded 
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dimers as the starting point in the aggregation of protein 
subunits to produce active enzyme macromolecules. 

Recent work with N. M. Green on immunoglobulins 
provided new insight into the structure of 75 gamma 
globulin, and was described by Valentine at the third 
Nobel Symposium in Stockholm in June 1967. A year 
later this was followed by a beautifully illustrated com- 
munication on subunit arrangements in enzymes at the 
eleventh Nobel Symposium on “Symmetry and Function 
of Biological Systems at the Macromolecular Level" 
Shortly afterwards—only three weeks before he died—he 
delivered an inaugural lecture entitled Shapes and Sym- 
metries of Biological Molecules” at the fourth European 
Regional Conference on Electron Microscopy in Rome. 
His readiness at all times to give advice and help will be 
sadly missed by his colleagues at Mill Hill. 


Correspondence 


Biochemistry and Molecular Biology 


Simg,—lhe Working Party on Molecular Biology put 
forward some worthwhile suggestions for fostering 
collaboration between different areas of biological research. 
On the other hand, it was admitted that no satisfactory 
definition could be given for the term molecular biology, 
which was abandoned in favour of the general description 
“biological studies at the molecular level”. Thus although 
the term molecular biology has come into popular ae 
the implication in the report of the working party 
that this is to be regretted. An example of the contusion 
which its use can generate is to be found in the contents 
list of Letters to the Editor in the issue of Nature for 
October 19 (220, xii; 1968). Three consecutive com- 
munications deal with the recognition of new forms of 
enzymes and a fourth concerns chemical and physical 
properties of the protein collagen. All four deseribe 
phenomena having possible implications for the chemical 
interpretation of biological processes. The first two con- 
tributions, which relate to the mechanism of protem 
synthesis in bacteria, are, however, classified under the 
heading “Molecular Biology", while the other two, poten- 
tially concerned respectively with neural organization and 
ageing, are classified as “Biochemistry”. To the scientist 
familiar with these fields of interest the different classi- 
fications present no difficulty. On the other hand, the use 
of different terms can in a wider context easily create 
confusion in the minds of those not in the know, such as 
schoolboys looking for advice on their future careers, 
administrators seeking to deploy limited resources in the 
best interests of science, and, let us not forget, the inter- 
ested layman. 

The working party abandoned the term molecular 
biology as an adequate description of its field of enquiry, 
which covered the largest part of biochemistry, biophysics, 
parts of genetics and other areas with varying claims for 
inclusion. This bemg so, it seems advisable to follow its 
lead and to call a spade a spade, biochemistry biochem- 
istry, ete., ete. 

Yours faithfully, 
G. R. BARKER 
The University, 
Manchester, M13-9PL. 


Who Wants to be a Scientist? 


Sig,—I find it almost incredible that Professor Lowen- 
stein’s statement “‘the success of our technological society 
depends on the efficiency of scientific effort" appearing 
at the beginning of “Who Wants to be a Scientist" 
(Nature, 220, 424; 1968) should have been uncritieally 
accepted and implicitly used as a basis for much of the 
discussion in the article. 
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If technology is in danger of failing, it is not because 
of any shortcoming of scientific effort but because this 
effort has become uncontrolled and undirected, with 
seientifie aims and achievements becoming increasingly 
unrelated to the social problems of the comraunity. The 
more advanced technological societies have for some time 
possessed the potential for satisfying the basie phys 
needs of all their members, and from this early condition 
technological progress should provide an increasingly free 
and rich life for every individual. Instead, even the 
wealthiest and most technologically advanced society 
appears incapable of preventing the development w ithin 
it of large, extremelv underprivileged minorities and, 
through equating progress with material production, is 
demanding an increasing physical and mental eonformity 
from the "emancipated" affluent. 

When so much of the technological effort, is squandered 
on the production of frivolous luxury items requiring 
massive advertising campaigns to create their market, 
on the deliberate ereation of consumer waste, on enorm- 
ously expensive national prestige projects such as the 
Space Race and on the obscene development of ever more 
efficient and sophisticated weapons for destroying or 
debilitating humanity, is it surprising that the disillusion 
of individuals, especially among the young, with the 
materialistie, destructive standards and values of society 
results in a lack of enthusiasm for technological science ? 
The increasing number of science graduates who choose 
to pursue an academie career in preference to one in 
industry is a reflexion of this disillusion and so may be 
the falling off in popularity of science subjects in schools 
in this country. If so, any policy involving a broader, 
less specialized education up to O-level and beyond is 
only likely to inerease the drift, and making science 
eourses more interesting is likely to result chiefly in an 
inerease in the output of academic scientists. 

Until our technological effort is primarily aimed at 
the achievement of a real, universal, human liberation 
and a genuine world peace, Professor Lowenstein is likely 
to have to search elsewhere than among scientists to find 
young people * ‘enthused with the fervour of their social 
mission”. 









Yours faithfully, 
G. A. GAUSS 

Institute of Geological Sciences, 

Southpark, 

19 Grange Terrace, 

Edinburgh, 9. 


Recipe for Change 


Srr,—While it is amazing that the Swann committee 
believes a prime motivation in working for a PhD is a 
desire to be called "Doctor" by acquaintances (Nature, 
219, 1295; 1968), it is incredible to suggest that, by dub- 
bing all working engineers "doctor", a significant number 
of qualified people will be deflected back into industry ! 
The next step would surely be to call everyone with a 
BSc "professor" or something even more exalted ! 

British industry should rather examine the vitality of 
their American counterparts, and learn by example how 
much can be done by the proper deployment of engineer- 
ing and science graduates (even PhDs) in all phases of 
industry including management. It is not by chance 
that an overwhelming percentage of scientific innovations 
are made in the United States (as reported in the same 
issue of Nature), and it is not by chance that a PhD can 
find a career in US industry te be both stimulating and 
satisfying. 

Yours faithfully, 
K. W. ARNOLD 

Hughes Research Laboratories, 
A Division of Hughes Aireraft Company, 
3011 Malibu Canyon Road, 
Malibu, California. 
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University News 


Mr J. E. Busby, ICI, has been appointed director of the 
new Centre for Industrial Innovation at the University 
of Strathclyde, Glasgow. 


Dr Paul Greengard, Albert Einstein College of Medicine, 
has been appointed professor of pharmacology at the 
Yale School of Medicine. 


Professor R. H. Haynes, California, has been appointed 
professor and chairman of the Department of Biology at 
York University, Toronto. 


Dr A. M. Ostfeld, Illinois College of Medicine, has been 
appointed chairman of the Department of Epidemiology 
and Public Health at the Yale School of Medicine. 


Professor J. R. Parkinson, Belfast, has been appointed 
to the chair of economies at the University of Notting- 
ham in succession to Professor J. H. B. Tew. 


Dr J. C. Waterlow, MRC Tropical Metabolism Research 
Unit in the University of West Indies, has been appointed 
to the chair of human nutrition at the London School of 
Hygiene and Tropical Medicine. 


Dr P. A. Young, Australian Mineral Development 
Laboratories, Adelaide, has been appointed professor and 
head of the Department of Applied Mineral Sciences at 
the University of Leeds. 


Appointments 


Dr S. Paul Ehrlich has been appointed deputy director 
of the Office of International Health, US Public Health 
Service, Department of Health, Education and Welfare. 
in suecession to Dr Richard Smith who is now at the 
University of Washington School of Medicine. 


Mr Andrew Shonfield has been appointed chairman of 
the Social Science Research Council in suecession to 
Dr Michael Young. Professor T. Burns, Dr E. A. 
Leach, Professor R. C. P. Matthews and Professor 
J. Tizard have been appointed to the council on the 
retirement of Lord James of Rusholme, Professor 
R. G. Lipsey, Professor T. H. Marshall and Professor 
AR. W. Firth. 


The following have been appointed members of the 
University Science and Technology Board: Professor 
A. H. Chilver, University College, London; Dr T. L. 
Cottrell, Stirling; Dr J. V. Dunworth, National Physical 
Laboratory; Dr T. Emmerson, GKN Group Research 
Centre; Mr H. R. Galleymore, Procter and Gamble Ltd; 
Professor A. T. James, Unilever Research Laboratory, 
Sharnbrook, and Loughborough University of Technology; 
Professor G. W. Kenner, Liverpool; Dr G. H. Twigg, 
BP Research Centre, Sunbury. They replace the following 
members who have retired: Dr A. Caress; Dr E. J. 
Richards, Loughborough University of Technology; 
Professor G. Porter, Royal Institution; Professor A. L. 
Roberts, Leeds; Dr H. M. Finniston, British Steel 
Corporation; Sir Peter Venables, Aston; Sir Brynmor 
Jones, Hull. 

Erratum. In the article “Atlantic/Early Sub-Boreal Glaci- 
ation in Norway" by Neil R. Page (Nature, 219, 694; 1968) 
the phrase "(my unpublished results)" in the Ist and 8th 
paragraphs should have read “(paper in preparation)”. 
The last sentence of the second full paragraph on page 
695 should have read “The pattern of ice distribution is 
not eomplieated by any residual component from an 
inland-ice (continental ice sheet, cf. ref. 13 et 8eq.corresp.)"'. 
The word "inland-iee" should have been hyphenated 
throughout. The word "specific" in the fourth full para- 
graph on page 695 should read "total" and 7,000 in the 
last paragraph should read 8,000. The manuscript was 
originally received on May 24 and revised on July 24. 
The author's present address is Department of Geography, 
University of Exeter. 
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International Meetings 


March 25-26, Future Organization of River, Sewerage 
and Water Authorities, London (Mr E. W. Savage, 
Institute of Water Engineers, 11 Pall Mall, London SW. 


March 25-28, Autoclaved Building Products, Hanover 
(Secretary, Second International Symposium 1969, "Haus 
der Kalksandstein-industrie', Postfach 66. 3 Hannover- 
Herrenhausen, Germany). 


March 26-30, Oil and Gas Burners, Stutig 
garter Ausstellungs GmbH, Postfach 990, 7000 
Germany). 


March 27-28, Heating, Ventilating, Air Conditioning, 
Frankfurt am Main (Standigep Ausschuss, Kongress für 
Heizung, Luftung, Klimatechnik, Kongressburo, Kon- 
ingstr. 5, 4 Dusseldorf 1, Germany). : 






(Stutt 
/uttgart L 


March 27-28, European Chemical Marketing Re- 
search Association, London (A. L. Waddams, cjo BP 
Chemieal (UK) Ltd, Devonshire House, Mayfair Place, 
London W1). 


March 3l-April 3, Atomic and Molecular Physics 
Congress, Manchester (The Meetings Officer, The Insti- 
tute of Physies and The Physical Society, 47 Belgrave 
Square, London SW1). 


March 3i-April 4, Concrete Bridge Design, Chicago 
(American Concrete Institute, POB 4754, Redford Sta.. 
22400 West Seven Mile Road, Detroit, Michigan 48219, 
USA). 


April 2, Laboratory Animals. Orleans (Dr W. Lane- 
Petter, International Committee on Laboratory Animals, 
Cromwell House, Huntingdon, UK). 


April 7-11, Federation of European Biochemical 
Societies Meeting, Madrid (Dr C. Asensio, Centro de 
Investigaciones Biologicos, Velasquez 144, Madrid 6, 
Spain). 


April 8-10, Structures of Tracks of Large Particles 
in Condensed Media, Cambridge (Professor J. W., 
Boag, Department of Physics, Institute of Cancer 
Research, Clifton Avenue, Belmont. Sutton, Surrey, UK). 


April 8-11, Defining the Laboratory Animal in the 
Search for Health, Washington DC (Dr WW. Lane. 
Petter, International Committee on Laboratory Animals, 
Cromwell House, Huntingdon, U K). 


Sabbatical Itinerants 


In the hope of providing some practical assistance in the 
good cause of mobility between laboratories Nature is 
proposing to advertise the needs for housing of families 
about to take up periods of sabbatical leave. To begin 
with, no charge will be made for advertisements like this. 
It is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 
whether they are effective, 


WANTED: Australian research scientist on 
study leave, and family, requires 4-5 bedroomed 
furnished house in Edinburgh near to King’s 
Buildings. from mid January to the end of September 
1969. Dr J. V. Possingham, Chief, CSIRO Division 
of Horticultural Researeh, Glen Osmond, South 
Australia. 





VACANT: A comfortable, small house 
garden and garage, in Cambridge, will be available 
in 1969 from February to mid May, suitable for: 
2-3 adults. Mrs J. Constable, Unit of Reprodue- — 
tive Physiology and Biochemistry, Schoot of Agri- 
eulture, Downing Street, Cambridge. 


plus 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


FROM December 7, 1968, meetings and other events in this column will be 
restricted to meetings at which attendance is not confined to members of 
particular societies. 


Monday, November 18 


. INSTITUTION OF ELECTRICAL ENGINEERS ( joint meeting with the Automatic 
Control Group of the Institution of Mechanical Engineers, at Savoy Place, 
London, WC2)—Mr F. Morgan, Mr C. 8. Berger and Mr D. A. Xirokostas: 
“The Development and Application of Self-Optimising Control to Coal-Fired 
Steam Generating Plant”. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 2.30 p.m.— 
Professor C. C. Butler, FRS: “Fundamental Particles and Atomic N uclei" 
(Civil Service Lecture). 


,,DPOLAROGRAPHIO SOCIETY; and the SOCIETY OF CHEMICAL INDUSTRY, 
PESTICIDES GROUP (at 14 Belgrave Square, London, SW1), at 3.30 p.m.— 
Mr M. H. B. Hayes: '"Polarographie Techniques of Pesticide Analysis"; Mr 
B. Fleet: “Determination of Derivatives of Dithiocarbamic Acid by Cathodic 
Stripping Voltammetry"; Mr J. A. R. Bates: *fPolarographie Studies on 
Dinocap"; Mr P. Slade: "Polarographie Determination of Breakdown Pro- 
ducts of Paraquat”. 


INSTITUTION OF ELEOTRICAL ENGINEERS, IEE/IERE JOINT COMPUTER 
GROUP (at Savoy Place, London, WC2), at 5.30 p.m.—Discussion meeting on 
"Integrated Circuit Value Analysis". 


ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, WC2), 
at 6 p.m.—The Right Hon. Anthony Wedgwood Benn, MP: “Government 
wie (first of three Cantor Lectures on “Technology in Great 

ritain”. 


SOCIETY FOR ANALYTICAL CHBMISTRY, RADIOCHEMICAL METHODS GROUP 
fat the Pharmaceutical Socicty, 17 Bloomsbury Square, London, WC1), at 

p.m.— Second Annual General Meeting, followed by Mr D. A. Lambie: 
“Problems in the Provision of Radioactive Materials". 


Tuesday, November 19 


Royan Sooty (at 6 Carlton House Terrace, London, 8W1), at 10 a.m.— 
Diseussion meeting on “Making a Success of Research in Industry". 


SOCIETY OF CHEMICAL INDUSTRY, AGRICULTURE GROUP (at 14 Belgrave 
Square, London, SW1), at 10.30 a.m.—Meeting on “The Consequences of 
Intensive Stocking Rates on High-Nitrogen Pastures”, 


_Universiry OF LONDON (in the Edward Lewis Theatre, Middlesex 
Hospital Medical School, Cleveland Street, London, W1), at 5.30 p.m.— 
POOL vw. Kalow (University of Toronto): “New Aspects of Pharmaco- 
genetics”. 


SOCIETY OF CHEMICAL INDUSTRY, HEAVY ORGANIC CHEMICALS GROUP 
and the OILS AND FATS GROUP (at 14 Belgrave Square, London, SW1), at 
6 p.m.—Dr J. D. Thwaites: ''Glycerol—Production and Use”, 


UNIVERSITY OF LONDON, DEPARTMENT OF EXTRA MURAL STUDIES; and 
the LINNEAN SOCIETY OF LONDON (at the Linnean Society, Burlington House, 
Piccadilly, London, W1), at 6.30 p.m.—Professor J. S. Wilkie: “The Begin- 
ni of Animal Physiology, I1". (Eighth of twelve lectures on “The Histori- 
cal Background to Modern Zoology”.) 


Tuesday, November 19—Wednesday, November 20 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMATIC CONTROL GROUP 
(at 1 Birdeage Walk, Westminster, London, SW1)—Symposium on '*Lasers 
and the Mechanical Engineer". 


Wednesday, November 20 


ROYAL INSTITUTION, HISTORY OF SCIENCE DISCUSSION GROUP (at 21 
Albemarle Street, London, W1), at 1 p.m.—-Professor H. J. Eysenck: “The 
Beginnings of Measurement in Psychology”. * 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), at 
5.80 p.m.— Discussion meeting on "Current Measurement at Very High 
Voltages”, 


ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, WC2), at 
6 p.m.—Sir James Taylor: “Arts, Crafts and Technology”. 


SOCIETY OF CHEMICAL INDUSTRY, FOOD GROUP (at the Falstaff Restaurant, 
Philpot Lane, London, EC3), at 6.30 p.m.— Technical Film Evening. 


Thursday, November 21 
CHEMICAL SOCIETY (in the Large Chemistry Lecture Theatre, University 


College London, Gower Street, London, WC1), at 2 p.m.—Symposium on 
“Reactive Intermediates in Chemistry". 
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ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 2.30 p,m.— 
Eo W. H. MeCrea, FRS: ‘Relativity and Cosmology” (Civil Service 
cture). 


ROYAL SocrgTY (at 6 Carlton House Terrace, London, 8W1), at 4.30 p.m,— 
Professor J. H. Van Vleck, For. Mem.R.8.: “The Magnetie Bond between 
Physics and Chemistry" (Review Lecture). 


LINNEAN SOCIETY OF LONDON (at Burlington House, Piccadilly, London, 
Wl), at 5 p.m.—Meeting on "Captain Cook's Voyages of Discovery". Dr 
Wm. T. Stearn: "Appointment with Venus—the Voyage in the Endeavour, 
1768-71 and its Biological Results": Dr W. E. Snell: “The Medical Aspects 
of Cook's Voyages"; Mr P. J. P. Whitehead: “Animals Collected on Cook's 
Voyages". 

INSTITUTION OF MECHANICAL ENGINEERS, PROCESS ENGINEERING GROUP 
fat 1 Birdcage Walk, Westminster, London, SW1), at 6 p.m.—Discussion 
meeting on “A Survey of the British Pump Industry". 


SOCIETY or CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS Group 
(at 14 Belgrave Square, London, SW1), at 6 p.m.-—Mr W, O. Nutt: Polymer 
Cements”, 


ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE (at the Liverpool 
School of Tropical Medicine, Perabroke Place, Liverpool), at 7.30 p.m.— 
Laboratory Meeting, Chairman: Professor P. C. C. Garnham, CMG, FRS., 


Thursday, November 21—Friday, November 22 


BIOCHEMICAL SoctETY (at the Institute of Psychiatry, London, SE5)— 
488th Meeting. Programme wil! include a Colloquium on “Inherited Abnor- 
malities Affecting the Nervous System", and an Ordinary Meeting for the 
presentation of communications. 


Friday, November 22 


ROYAL INSTITUTE OF CHEMISTRY (at the Royal Society, Carlton House 
Terrace, London, SW1)—-Professor Dorothy Hodgkin, OM, FRS: “X-ray 
Crystallography and Organic Chemistry” ( Humphry Davy Lecture). 


ROYAL INSTITUTION, PHOTOCHEMISTRY DISCUSSION GROUP (at 21 Albe- 
marle Street, London, W1), at 1 p.m.-—Dr F. Willets: “A Study of Organic 
Photoconduction"'.* 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, JOINT IEE/TERE 
MEDICAL AND BIOLOGICAL ELECTRONICS GROUP (at the Institution of Elec- 
trical Engineers, Savoy Place, London, WC2), at 5.30 p.m.—Mr P. J. 
Baxandall: “Methods of Measuring Noise in Transistor Amplifiers”, 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 9 pM 
Professor Hugh Bentall: “Transplantation of the Heart”. 


Saturday, November 23 


BOTANICAL SocrETY of the BRrrISH ISLES (in the Botany Department, 
British Museum (Natural History), Cromwell Road, London, SW7), from 12 
noon to 5.30 p.m.—Annual Exhibition Meeting. 


Monday, November 25 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 2.30 p.m,— 
Professor G. Porter, FRS: “Thermodynamics and Chemical Change" (Civil 
Service Lecture). 


MEDICAL RESEARCH COUNCIL (at the National Institute for Medical 
Research, Mill Hill, London, NW7), at 4.30 p.m.— Professor Herman N. 
Eisen (Washington University): 'Degeneracy in the Immune Response to a 
Simple Determinant”. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.—Discussion meeting on “Using Vocational Selection Tests in 
Industry”, opened by Mr J. Copeland. 


INSTITUTION OF MECHANICAL ENGINEERS, INTERNAL COMBUSTION E 
GROUP (at 1 Birdcage Walk, Westminster, London, SW1), at 6 p.m. 8- 
cussion meeting on “What are the Barriers to Piston Speed for the Diesel 
Engine ?" 


ROYAL SOCIETY or ARTS (at John Adam Street, Adelphi, London, WC2) , 
at 6 p.m.—Dr A. H. Cottrell, FRS: “Science and Technology” (Second. of 
three Cantor Lectures on “Technology in Great Britain") 


PLASTICS INSTITUTE, REINFORCED PLASTICS SUBGROUP (at the “Coach- 
makers Arms", 88 Marylebone Lane, London, W1) at 7.30 p.m.—Mr. 
J. M. M. Winkelman: “GRP versus Pressure Diecastings'". 






Monday, November 25—Tuesday, November 26 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMOBILE DIVISION (at 1 
Birdeage Walk, Westminster, London, SWi)--Symposium on "Motor 
Vehicle Air Pollution Control". 
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)nly Perkin-Elmer’ $ Model R12 NMR Spectrometer 
rives you a 21" spectrum every 5 minutes 
ind that is just one of the outstanding features. 
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o-dichlorobenzene recorded on a scale of 1Hz per division 


& Perkin-Elmer NMR means permanent- *:X* Every five minutes the R12 gives 
magnet NMR, with its unparalleled stability you a high resolution spectrum on a large 
id operating simplicity. Only Perkin-Elmer chart. Large enough to make accurate 


"ave experience—ten years experience— measurements, see all the detail recorded. 
ith permanent-magnet NMR. The Model And only Perkin-Elmer use the Flowchart 
12 uses all of this experience. system—60 calibrated self-aligning 

charts per roll. 


*%*** Consider all the features— PERKIN-ELMER 
resolution stability, measurement accuracy, 
flexibility, simplicity of operation. 
Compare it with any other instrument. 
Compare the price, too. 
Find out more about Perkin-Elmer NMR. 
Perkin-Elmer Ltd., Beaconsfield, Bucks. 
Telephone: Beaconsfield 2571, Telex: 83257. 
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occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers' errors, 
although every care is taken to avoid mistakes. 
Semi-displayed £6 per single column inch, 
Minimum £3, each additional 1/I2th of an inch 
10s, Full page £158, Half page across £80. 
Colour (orange) £20 extra. 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number. 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement's 
Inn, Strand, London, W.C.2. Telephone: 
plage 4743. Telegrams: Textualist, London, 





etiam ae aac et 
APPOINTMENTS VACANT 


THE ZOOLOGICAL SOCIETY 
OF LONDON 


secks a 
CURATOR OF BIRDS 


to manage the Society's Collection of Birds 
at Regents Park and to advise the Society 
in regard to birds exhibited both there and 
at Whipsnade Park. 

The man selected for this post should 
be a professional zoologist with a wide 
knowledge of birds. He should be com- 
petent to carry out research id the field of 
biology, in which he has specialised. 

He should be a capable manager, used 
to handling staff and able to deal with the 
administrative problems of this important 
part of the Society's organisation, He 
should be qualified to take part in the 
Society's keeper staff training programme. 

Salary wil be in the University Lecture- 
ship or Senior Lectureship scale, dependent 
on qualifications and experience. 

Applications should be made in writing, 
with details of qualifications and experi- 
ence, and the names of two referees, to: 

The Secretary, 
The Zoologícal Society of London, 
Regent's Park, 
London, N.W.l, 
by December 7, 1968, (1626) 





ROYAL FREE HOSPITAL SCHOOL 
OF MEDICINE 
DEPARTMENT OF BIOCHEMISTRY 
Applications are invited for an M.R.C. POST- 
DOCTORAL RESEARCH ASSISTANT for the 
Study of glycogen metabolism wi particular 
reference 10 the glycogen storage diseases. Initial 
salary up to £1,475 plus £60 London Allowance 
and PF.S,S.U. benefits. The grant is tenable for 

three years with salary increment allowance. 
Apply Dr. B. E. Ryman, Department of Bio- 
chemistry, Royal Free Hospital School of Medi- 
cing, 8 Hunter Street, London, W.C.1. 
(1594) 











FOR CHILDREN 
HACKNEY ROAD, LONDON, E.2 

STUDENT or JUNIOR MEDICAL LABORA- 
TORY TECHNICIAN required in the Cyto- 
genetic Unit. Intermediate LM.L.T. or two 
Science A-levels including Biology desirable. 
Training wil be given for the LS.T. Specialised 
Diploma. Whitley Council Salary Scale and con- 
ditions of service. 

Apply in wríting giving the names and addresses 
of two referees: Dr. B. Levin (Consultant Patho- 
logist). (1666) 


JUNIOR POSITION IN ENVIRONMENTAL 
toxicology. Academic position open at Univer- 
sity of Californía, Davis, Duties research and 
teaching in environmental toxicology. Educa- 
tional prerequisite Ph.D. in chemistry, bio- 
chemistry, chemical engineering or closely related 
discipline. Experience in field desirable but nat 
essential. Prefer person under 40 years of age.— 
Send curriculum vitae to Dr. G. F. Stewart, 
Agricultural Toxicology Laboratory, University 
of California, Davis, California, U.S.A., 95616. 

(1600) 








CSIRO 
PARASITOLOGIST 


AUSTRALIA 


DIVISION OF ANIMAL HEALTH 


GENERAL The Division of Animal Health of the Commonwealth Scientific and Industrial 
Research Organization has three major laboratories—the Animal Health Research Laboratory, 
Parkville, Victoria; The Veterinary Parasitology Laboratory, Yeerongpilly, Queensland; 
and the McMaster Laboratory, Sydney, N.S.W, The appointee in this instance will be 
located at the McMaster Laboratory, situated in the grounds of the University of Sydney 
with which a close association is maintained, 


DUTIES The McMaster Laboratory is engaged in è programme of research concerned 
with the population dynamics of nematode infection in sheep. It is intended to extend the 
laboratory findings to studies in grazing sheep. The appointee will be required to develop 
this programme in association with the scientists responsible for the present studies. 


OUALIFICATIONS Applicants should have a degree in Veterinary Science, Science, 
Agricultural Science, Rural Science, or equivalent qualifications, and a Ph.D. degree in an 
appropriate field, or postgraduate research experience cf equivalent standard and duration, 
Supported by satisfactory evidence of research ability. 


SALARY Depending upon qualifications and experience, the appointment will be made 
within the salary range of Research Scientist, $A5,250-- $A6,622 p.a., or Senior Research 
Scientist, $A6,892— $A7,974 p.a. Salary rates for women are $A428 p.a. less than the 
corresponding rates for men. Promotion within CSIRO to a higher classification is 
determined by merit. 


CONDITIONS The duration of the appointment will be determined in consultation with 
the successful candidate; some applicants may prefer a fixed term appointment for three 
years. The appointment will be conditional upon a satisfactory medical examinatíon and 
an initial probationary period of twelve months may be specified. Confirmation of an 
indefinite appointment carries with it Commonwealth Superannuation Fund or Provident 
Account privileges. Fares paid for the appointee and his dependent family. Further 
particulars supplied on application. 


Applications (quoting Appointment No. 202/330) and stating full name, place, date and 
year of birth, nationality, marital status, present employment, details of qualifications and 
experience, together with the names of not more than four persons acquainted with the 
applicant's academic and professional standing, should reach:— 


Mr. R. F. Turnbull, 

Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
64-78, Kingsway, 
LONDON, W.C.2, by the 16th January, 1969. 


(1656) 





SCOTTISH PLANT BREEDING STATION 


HEAD OF POTATO DEPARTMENT 


Applications are invited for this post, in succession to Dr. W. Black, O.B.E, 
FRSE., who has retired. The Department at present consists of nine scie 
officers and supporting staff; it is the leading centre for potate breeding and genetic 
research in the country and is activities range fairly widely from potato br ng 
(üncluding related pathological studies) to the genetics and cytology of the cultivated 
potatoes and their wild relatives; the Commonwealth Potato Collection is maintained 
at Pentlandfield. Applicants for this post should be experienced economic geneticists ; 
experience of potatoes would be an advantage but is not essential, 








The candidate selected may, according to his experience and qualifications, be offered 
appointment either as head of the Potato Department in the grade of Senior Principal 
Scientific Officer (£3,850 to £4,400 per annum) or as head of the Potato Genetics 
Section within the Department in the grade of Principal Scientific Officer. (£2,475 to 
£3425 per annum). Superannuation under F.S.S.U. Further information provided 
on request, 





App.ications, together with names of two referees and a curriculum vitae, should be 
submitted by December 31, 1968, to the Secretary, Scottish Plant Breeding Station, 
Pentlandfield. Roslin. Midlothian. (1678) 
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ALLIED BREWERIES LIMITED 


Allied Breweries Limited have the following vacancies in their Research 
Department: 


RESEARCH ANALYST 


Applicants should be graduates with at least two years' experience in 
the development of Analytical Methods for the food and drink industries 
or natural products. 


ORGANIC CHEMIST 


A Graduate Chemist is required. At least two years’ experience in the 
Chemistry or Processing of natural products would be an advantage, but 
is not essential. 


The preferred age range of candidates for both posts is 25-30 years 


The Company operates an excellent Pension Scheme, providing 
immediate life cover. Staff restaurant facilities are available, 
competitive salaries. 

if you are interested in either of the above positions please write 
for an application form to: The Administration Officer, Allied 
Breweries Research Department, Station Street, Burton-on-Trent, 
Staffs. (1613 


\ IND COOPE LIMITED 


| BURTON ON TRENT 





UNIVERSITY OF EDINBURGH 
DEPARTMENT OF PHYSIOLOGY 


Applications are invited for the post of 
LECTURER or ASSISTANT LECTURER 
in the Department of Physiology. Salary 
scales : £1,470 to £2,630 or £1,105 to £1,340. 
A Medical Degree or an Honours Degree 
in Physiology or other Biological Science, 
and research experience are desirable, 
Other things being equal, preference will 
be given to medically qualified candidates 
expressing an interest in human physiology. 
Candidates will be expected to take up duty 
on March 13, 1969, or at a date to be 
arranged. 

Further particulars from the Secretary to 
the University, Old College. South Bridge, 
Edinburgh, — 8. Applications close on 
December 6, 1968. (1596) 


Senior 
Chemist 





UNIVERSITY OF LIVERPOOL 






DEPARTMENT OP VETERINARY A Senior Chemist is required for a position of 
Raiet due mendi tue Sie: E responsibility in a Pharmaceutical Research Labora- 
SSISTANT LECTURER or LECTURER in tory situated in the Home Counties. 








inary Clinical Studies (Farm Animals) at 


he Veterinary Field Station, Leahurs; Neston, i i i 

Wirral The. initial PU EE A the The successful applicant will probabiy be about 
uoge ETATO E ca 45 years of age and will have had previous experience 
Lecturer, Candidates should hold a university in an academic position or in the pharmaceutical 
degree in veterinary science, or agricultural i d 

science, or a medical science such as biochemistry in ustry. 


or physiology. 

Applications, stating age, qualifications and 
experience, together with the names of three 
referees, should be received not later than 


Applicants should apply in confidence to 
referees, should be ree Box 964, Nature, T. G. Scott & Son, Ltd., 1 
November 19, 1968, by the Registrar The Uni- F 

versity, P.O. Box 147, Liverpool. L69 3BX, fom Clement's Inn, London, W.C.2 

whom further particulars may be obtained. 683) 
Please quote Ref. RV/725/N. (1567) 








CSIRO 


RESEARCH SCIENTIST 
STRESS-DEFORMATION 
STUDIES IN EARTHEN 
MATERIALS 


AUSTRALIA 
DIVISION OF SOIL MECHANICS 


GENERAL The Division of Soil Mechanics of the Commonwealth Scientific and 
Industrial Research Organization is engaged in both fundamental and applied research 
relating to the engingering properties of soils, and has its headquarters and main laboratories 
at Syndal, near Melbourne, Victoria, and a building foundations research laboratory in 
Adelaide, South Australia, The research programme embraces engineering materials science 
(earthen materials), soil engineering and engineering land use. 


DUTIES The appointee will undertake (in collaboration with other scientists of the 
Division's staff) theoretical and experimental studies of the deformation behaviour of 
earthen materials, In the initial stages of the theoretical work the elastic model will be 
used to solve for the stresses, strains and displacements in a loaded earth mass considered 
as a continuous medium. Subsequently, other types of material response will be con- 
sidered. In the experimental phase, complex stress testing apparatus will be developed and 
used to reproduce closely the stress paths occurring in field situations. Emphasis will be 
placed on the working range of behaviour rather than the failure range. 


As an additional project the appointee will be required to study the dynamic properties of 
earthen materials with particular emphasis on the transmission of vibrations between soil 
or rock and superimposed structures. 


QUALIFICATIONS Applicants should have advanced academic training to Ph.D. level, 
or its equivalent in the fields of civil engineering, materials science, or science, with 
emphasis on physics and/or mathematics. 


SALARY Depending upon qualifications and experience, the appointment will be made 
within the salary range of Research Scientist, $A5,250— $A6,622 p.a. Salary rates for 
women are $A428 p.a. less than the corresponding rates for men. Promotion within 
CSIRO to a higher classification is determined by merit. Fares paid for the appointee and 
his dependent family. Further particulars supplied on application. 


CONDITIONS The appointment, which carries with it Commonwealth Superannuation 
Fund or Provident Account privileges, will be conditional upon passing a medical examina- 
tion. An initial probationary period of twelve months may be specified. 


Applications (quoting Appointment No. 920/92) and stating full name, place, date and 
year of birth, nationality, marital status, present employment, details of qualifications and 
experience, together with the names of not more than four persons acquainted with the 
applicant's academic and professional standing, should reach :— 


Mr. R. F. Turnbull, 

Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
64-78, Kingsway, 


LONDON, W.C.2, by the 13th December, 1968. 


(0655) 





AHMADU BELLO UNIVERSITY 
ZARIA, NIGERIA 
FACULTY OF AGRICULTURE AND 
INSTITUTE FOR AGRICULTURAL 
RESEARCH 


INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


EXPERIMENTAL OFFICER 


UNIVERSITY OF MANCHESTER 


Applications are invited for Assistant Lecture- 
ship in Plant Science, tenable at Samaru. Salary 
scale: £N950 to £N1,150 per annum ({Ni= 
£1 3s. 4d. sterling) Salary supplementation in 
range £190 to £230 per annum (sterling) in ap- 
propriate case under British Expatriates Supple- 
mentation Scheme. Family passages; various 
allowances ; regular overseas leave. Superannua- 
tion. Scheme. 

Detailed applications (six copies), naming three 
referees by December 13, 1968, to Inter-Univer- 
sity Council, 33 Bedford Place, London, W.C.1, 
from whom particulars are obtainable. 

(1644) 


Applications are invited for the above vacancy 
in the Department of Biochemistry to assist in 
the operation of a high resolution electron micro- 
scope. Candidates should preferably have a de- 
gree or equivalent qualification and experience in 
the field of electron optics would be regarded as 
an advantage. Salary scale: £920 to £1,525 with 
F.S.S.U. 

Requests for Application form and Conditions 
of Appointment, quoting reference BC/EO/1, 
should be forwarded to the Registrar of the 
institute, Sackville Street, Manchester M60 IOD. 
Completed forms to be returned by December 6. 

(1672) 
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COMMONWEALTH 
AGRICULTURAL BUREAUX 


VACANCY FOR SCIENTIFIC 
INFORMATION OFFICER AT 
COMMONWEALTH BUREAU OF 
HORTICULTURE AND PLANTATION CROPS 


Qualifications: A degree in horticulture or 
botany, a reading knowledge of at least one 
European  Janguage other than French and 
kalian, preferably Russian, and the ability to 
write good English. 

Salary: In the scale £1,020 to £2,675; entry 
point according to age and qualifications. Two 
additional increments after two years’ satisfac- 
tory service for those joining at age 32 or under. 
Provision for superannuation. 

Applications: Those interested in the post 
should write informally to Mr. G. E. Tidbury, 
Director, Commonwealth Bureau of Horticulture 
and Plantation Crops, East Maling Research 
Station, Nr. Maidstone, Kent. In suitable cases 
a preliminary interview will be arranged as soon 
as convenient and before formal applications are 
considered. (1676) 


MEDICAL RESEARCH COUNCIL 
RADIOBIOLOGICAL UNIT 


JUNIOR TECHNICAL OFFICERS waned 
for two posts. Excellent opportunities for young 
graduates, holders of H.N.C. or school leavers 
with at least two “A” levels in science. 

{a} In group concerned with mineral metabo- 
lism in man and animals. The successful candi- 
date will be expected to work on problems con- 
nected with activation analysis and gamma-ray 
spectrometry for the measurement of stable and 
radioactive isotopes. The applicant should have 
an interest in biological problems and a basic 
knowledge of chemistry or physics. 

(b In a small group engaged in investigating 
the effects of ultra-violet radiation, X-rays and 
other agents on mammalian and bacterial cells. 
The successful candidate will have full respon- 
sibility for the day-to-day supervision of labora- 
tories.  Inítiative and enthusiasm can be sub- 
stituted for experience. Applicants should have 
strong biological interests. 

Salary on a scale rising to £1,285 per annum 
with opportunities for promotion to Technical 
Officer. Graduates may have the opportunity of 
registering for a higher degree. Fringe benefits 
include modern hostel accommodation for single 
men and women and excellent social facilities. 

Applications in writing, stating which vacancy 
and giving full particulars and qualifications and 
names of two referees to; The Administrator, 
Medical Research Council, Radiobiological Re- 
search Unit, HARWELL, Didcot, Berks. Ref.: 
GEH /28/3. (1677) 


SOUTH-EASTERN REGIONAL 
HOSPITAL BOARD 
SCOTLAND 


CONSULTANT GASTROENTEROLOGIST 


Applications are invited for the post of Con- 
sukant Gastroenterologist, to the Gastrointestinal 
Unit at the Western General Hospital, Edin- 
burgh. The successful applicant would be ex- 
pected to pursue the programmes of applied 
research which impinge upon the investigation 
and care of patients with alimentary disease. 
The required facilities will be made available in 
the new Wolfson Research Laboratories of the 
Unit. The post will be maximum part-time or 
whole-time and it is envisaged that the successful 
candidate will also be a part-time Senior Lecturer 
in the University of Edinburgh and that his con- 
tract with the Regional Board will include a 
specific allocation of sessions for academic duties. 
In certain circumstances, however, the appoint- 
ment may be one with maximum part-time or 
whole-time duties to the Regional Board without 
a University Component. Further particulars are 
available on application. 

Apply by December 14, 1968, giving particu- 
lars of age, qualifications, and previous experi- 
ence together with the names and addresses of 
three referees to the Secretary, 11 Drumsheugh 
Gardens, Edinburgh, 3. (1679) 





TECHNICAL ASSISTANT REQUIRED BY 
ANIMAL VIRUS RESEARCH |. INSTITUTE, 
PIRBRIGHT, WOKING, SURREY, for Depart- 
ment of Epidemiology. Qualifications, preferably 
F.LM.L.T. or H.N.C.biol, with experience in 
tissue culture, virological and serological tech- 
niques. The successful applicant will join a 
group concerned with the isolation and identifi- 
cation of virus strains collected in the course of 
epidemiological surveys in different parts of the 
world. Salary in A.E.O. scale, £770 at age 20, 
rising to £1,385. Superannuation and sick leave 
schemes.—Application forms and further particu- 
jars from Secretary. (16753 
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MARINE 
SEISMOLOGIST 


The Corporation's oceanographic research unit seeks the 

services of a graduate scientist with substantial experience 

in the field of marine geophysics 

The unit, which operates its own ships, is engaged in studies of 
the sea bed off the coasts of South West Africa and South Africa, 
using, inter alia, high resolution profiling equipment, side-looking 
sonar, sampling tools and scuba divers. These studies are mainly in 
connection with marine exploration and mining for a subsidiary 
company in the De Beers group 

Applicants must have wide experience and training in sonar and 
profiling instruments of all kinds and should be prepared to spend at 
least a quarter of their time at sea 

If of appropriate status, the successful candidate will assume 
responsibility for all marine geophysical operations and associated 
research 


SALARY will be by negotiation 

BENEFITS include 

e married or single accommodation at nominal rentals 

e medical aid and pension funds 

e 55 days' leave a year, part of which may be accumulated in 
three year cycles 

e generous repatriation allowances after three and six years’ 
service 


ANGLO AMERICAN CORPORATION OF SOUTH AFRICA LIMITED 


Applications in writing, giving full details of qualifications and 
experience should be addressed to: 

The Personnel Officer, 

Anglo American Corporation of South Africa Limited, 
P.O. Box 4587, 

Johannesburg 


UTC ATTA EATS AT HE TI AUR HU 





DEPARTMENT OF PHYSICS 
UNIVERSITY OF WINDSOR 
WINDSOR, ONTARIO, CANADA 


Applications are invited for the following staff 
appointments : 


EDITOR AND INFORMATION OFFICER 
(Animal Health and Nutrition). We have a new 
post in our Technical Advisory Service, at the 
address below, for a man or woman. The duties 
will include: editing—and otherwise preparing for 
publication—technical papers, mainly concerned 


VICTORIA UNIVERSITY OF 
WELLINGTON 
NEW ZEALAND 

SENIOR LECTURER IN PHYSICAL 





1. EXPERIMENTAL  PHYSICIST (Atomic 
Physics). Preference will be given to candidates 
with interests in atomic collisions, optical pump- 
ing, or similar phenomena. 

2. THEORETICAL PHYSICIST. Preference 
will be given to candidates with interests in the 
physics of atomic collisions. 

. Successful candidates will be expected to in- 
struct in undergraduate and postgraduate courses 
“and to devote a part of their time to research. 
Appointments may be made at the ranks of 
Assistant Professor, Associate Professor or Pro- 
fessor at which properly qualified candidates can 
expect salaries of not less than $10,000, $13,000, 
and $16,000 per annum respectively. 

Inquiries should be addressed to Dr. L. 
Krause, Head, Department of Physics. 

(1682) 


with animal nutrition and veterinary matters ; 
supervision of technical literature stocks and mail- 
ing programmes ; gencral assistance with the pro- 
motional activities of the Department. 

The ability to write fluent technical texts in 
English is essentíal, as is a training in one or 
more of the following subjects: biochemistry, 
nutrition or veterinary science. The position 
could suit a young graduate but might also be 
congenial to a more experienced person. 

We are members of one of the world's largest 
chemical and pharmaceutical organisations with 
attractive. conditions of service including an ex- 
ceptional contributorv pension scheme. 

Write in confidence for further information, 
quoting reference BE/N, to the Staff Officer at: 
ROCHE PRODUCTS LIMITED. 15 MAN- 
CHESTER SQUARE, LONDON WIM 6AP. 

(16085) 


CHEMISTRY 

Applications are invited for the above- 
mentioned post. The salary for a Senior Lecturer 
is from $NZ5,100 rising to SINZS,300 per annum 
initial salary being determined according to quali- 
fications and experience, Subject to an estabe 
lishment limitation, and on recommendation, & 
Senior Lecturer may be promoted to Reader, or 
Associate Professor. Approved fures to Welling. 
ton will be allowed for the appoiniee and his 
dependent family, together with actual removal 
expenses within Spe limits. Superonnuation 
is available on an F..S.S.U. basis. k 

Further particulars and demik az to the method 
of application should be obtained 
Association of Commonwealth. Universities 
(Branch Office), Marlborough House, “Pall 35 
London S.W.1. Applications clase on Tarsary 
10, 1969. (i661 
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TIC GIVIL SERVIC 


FISHERIES LABORATORY 


Ministry of Agriculture, Fisheries and Food, 
Lowestoft, Suffolk 


PRINCIPAL SCIENTIFIC OFFICER (male) to be responsible for a programme 
concerned with the adaptation and development of biochemical and genetic techniques 
Ukely to be of value in werk on fish population analysis and fish stock assessment. 
Qualifications : Normally Ist or 2nd class honours degree, or equivalent qualification, 
in a relevant branch of science, Considerable research experience ín the biochemical 
and genetic Helds essential, preferably in relation to fisheries. 


Salary (national) from January 1, 1969 : £2,475 to £3,425. Starting salary may be 
above minimum, Promotion prospects. Non-contributery pension. 
WRITE io Civil Service Commission, 23 Savile Row, London WIX 2AA, for applica- 
tion form or selephone 01-734-6010, ext. 229 (after 4.30 p.m. 01-734-6464 '' Ansafone ” 
Service). Please quote 8/7035/68. Closing date December 6, 1968. 


TORRY RESEARCH STATION 


Ministry of Technology, Aberdeen 


MICROBIOLOGIST (graded E.O.) required for duties connected with the National 
Collection of Industrial Bacteria, including responsibility for the day-to-day running 
of the collection and supervision of the checking and presentation of cultures, and the 
information service relating to the activities of the collection. Opportunities exist for 
research, paricularly in taxonomy, and for further development of the services pro- 
vided by the collection, Experience in bacteria! taxonomy an advantage. Fellowship 
xe the Institute of Medical Laboratory Technology is acceptable as a qualification for 
this post, 


Qualifications : Degree, H.N.C., or equivalent in appropriate subject, 
Salary (minimum age 26): £1,461 to £1,855 (£1,514 to £1,910 from January 1, 1969). 
Prospect of permanent pensionable appointment, 


APPLICATION FORMS from the Director, Torry Research Station, P.O. Box 31, 
135 Abbey Road. Aberdeen, ABD BDG. Please quote HC/2D/1675/G. Closing date 
December 9, 1968 (1604) 


PHARMACEUTICALS DIVISION 


Experimental Work 
in Diabetes 


LC.L Limited, Pharmaceuticals Division, requires a research 
Scientist to work on diabetes with special reference to the discovery 
of a drug for the control of ^ insulin-resistant " diabetes. The 
successful candidate may or may not be medically qualified, but 
will have a sound knowledge of biochemistry, although orientated 
towards biological work, Evidence of ability to do research is 
essential. 


The work will be done at the Division's research laboratories at 
Alderley Park, Cheshire, where research is already proceeding in 
related fields. Facilities and environment (asthetic and scientific) 
provided by the laboratories are excellent. 

The attractive conditions of service would be discussed at interview. 
The successful candidate, if married, may receive a reasonable 
refund of removal and travel expenses and, if necessary, assistance 
in house purchase. 


Applications, giving brief details of age, qualifications and experi- 
ence should be addressed to: 


J. Leak, Assistant Personnel Manager, 
Imperial Chemical Industries Limited, 
Pharmaceuticals Division, 

Mereside, Alderley Park, 

Macclesfield, 

Cheshire. 


THE QUEEN'S AWARD TO INDUSTRY 
166 — 19627 1958 


(1612) 
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THE 
UNIVERSITY OF 
LEEDS 


INDUSTRIAL UNIT 
OF TRIBOLOGY 


GAS BEARING TECHNOLOGY 


Applications are invited for the 
following appointments to provide a 
research and development team work- 
ing on Gas Bearing Technology for the 
Hoffmann Manufacturing Co. Ltd. It 
is expected that the project will last for 
three years. The team will be respon- 
sible to the Manager of the Industrial 
Unit and close contact will be main- 
tained with the sponsoring company. 
(D Engineer £1,470 to £2,630, The en- 

gineer appointed to lead the team 
should have experience in gas bear- 
ing research and development or 
production and a keen interest in 
developing gas bearing technology. 
Hoffmann Research Fellows (2 
posts) £1,000 to £1,800. Applicants 
should be graduates with an inter- 
est in tribology in general and gas 
bearing technology in particular. 

The team will be supported by a 
designer and a technician. 

Successful applicants will be em- 
ployed in the Institute of Tribology 
within the Department of Mechanical 
Engineering under the normal condi- 
tions of employment for staff of the 
Industrial Unit. 


Applications (three copies), which 
should include the names of three 
referees, should reach The Registrar and 
Secretary, The University, Leeds, 2, 
not later than November 29, don 

(671 








NUTRITION RESEARCH 


Ranxs Hovis McDougall (Research) Lid, have 
a vacancy for a 


TECHNICIAN 


to work on aspects of nutridon and toxicology 
of new protein sources, 


Applications are invited from persons possess- 
ing or working towards H.N.C, and having ex- 
perience in analytical and insirumental techniques 
as applied io nutrition research, additional ex- 
perience in animal nutrition would be an advan- 
tage, 


The post offers good rewards in terms of salary 
and pension arrangements, encouragement i 
be given to those studying for higher qualifica- 
tons to improve their prospects within the Com- 
pany. Working conditions are excellent and the 
new laboratories offer the very latest in terms of 
equipment and facilities. 





Please apply. with brief details, quoting LFD/ 
15/JR, to 
The General Manager 7 
THE LORD RANK RESEARCH CENTRE 
Linzoin Road, High Wycombe, Bucks, 


(663) 





RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 


The Physiology Department has a vacancy for 
an Experimental Officer or an Assistant Experi- 
mental Officer for the electron microscope unit. 
Ability to maintain an electron mièr 
a thorough knowledge of electron micre 














techniques as used in biology are sential, 
according to age and expe € in ABO 





£625 to £1,330 (£650 to £1,385 from January 1. 

1969); or E.O. scale £1,461 to £1,855 (1.514 to 

£1,910), tibutory Superannuation scheme. — 

Anpplicatio: with full details and names of 

two referees, to the Secretary, N.LR.D., Shin- 
field, Reading, quoting reference ERIS SiS 
Üüo22 
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TWYFORD 
LABORATORIES LIMITED 


{A subsidiary of Arthur Guinness Son & 
Co, (Park Royal) Ltd.) 


require à 


LABORATORY 
TECHNICIAN 
(BOTANY) 


A young man is needed to join a team 
engaged on an interesting botanical 
research programme. His qualifications 
will be an 'A' level in Botany, and at 
least an 'O' level in Chemistry. 


Staff conditions are good: A progressive 
salary scale; 16 days holiday; free 
funches; sports and social club facilities, 
generous sickness benefits; pension 
scheme, etc. 


Please write for application form 
to the Personnel Officer, 309 
Elveden Road, N.W.10. 965 7213 
quoting reference H.6. 


(1659) 





UNIVERSITY OF ADELAIDE 


Applications are Invited for the following ap- 
poinuments, the closing date for applications 
being stated in brackets after each post: 

LECTURER /SENIOR LECTURER IN 
MECHANICAL ENGINEERING, preferably 
with interest and experience in mechanical design 
(December 31, 1968), 

SENIOR LECTURER/READER for work in 
ENDOCRINOLOGY in the Department of 
Obstetrics and Gynaecology at the Queen Eliza- 
beth Hospital; an applicant should have a higher 
degree in biochemistry and have had considerable 
experience in steroid chemistry (December 12, 
1968). 

SALARY SCALES: Reader $49,900; Senior 
experience in steroid chemistry (December 10, 
Lecturer $47,500 by $A250 (5) to SAR.750 ; Lec- 
turer $A5,400. by $A280 (D by $4270 (6) to 
$47,300, with superannuation on the F.S.S.U. 
basis. 

FURTHER PARTICULARS about each post 
and the conditions of appointment and other 
information sought will be supp'ied on request 
to the Registrar of the University, or to the 
Secretary-General, Association of Commonwealth 
Universities (Branch Office), Marlborough House, 
Pall Mal, London, S,W.1. 


APPLICATIONS should be sent in duplicate 
and giving the information stated in the state- 
ment that will be supplied to the Registrar, The 
University of Adelaide, North Terrace, Adelaide, 
South Australia 5001. (1664) 


THE BRITISH COUNCIL 


ECUADOR 


THE CHEMICAL ENGINEERING SCHOOL, 
CENTRAL UNIVERSITY, QUITO, requires a 
PROFESSOR OF UNIT OPERATIONS who 
will also be CO-DIRECTOR OF THE CHEMI- 
CAL ENGINEERING LABORATORIES by 
March 1969. Candidates, preferably men be- 
tween 28 and 40, should have a British degree 
in chemical engineering, and industrial and teach- 
ing experience. Experience in unit operations 
and/or unit processes is desirable, A basic 
knowledge of Spanish, or a wiliingness to learn 
the language is required, 

Salary ; £2.760 to £3.495 per annum according 
10 qualifications and experience. Married over- 
sea allowance within the following ranges: 
accompanied £421 to £311. unaccompanied £241 
to £131. Children's and home education allow- 
ances, Income tax refunded if levied, Free 
furnished accommodation. Quifit grant. Em- 
ployer’s superannuation — contributions paid. 
Medical and insurance schemes, Fares paid for 
Professor and family, including mid-tour passages 
for children in Britain. Two-year contract with 
the British Council. 

Write, quoting reference number 80U59, to 
Appointments Division, The British Council, 65 
Davies Street, London WIY 24A, for further 
particulars and application form to be returned 
completed as soon as possible. (1686) 











CSIRO RESEARCH 


SCIENTISTS 
AUSTRALIA 


DIVISION OF MATHEMATICAL STATISTICS 


GENERAL The Organization's Division of Mathematical Statistics, with headquarters 
at Adelaide, South Australia, has a total staff of approximately 70. Fundamental research 
in Mathematical Statistics on a broad front, including Distribution Theory, Multivariste 
Analysis, Scientific Inference, and Experimental Design and applied research in Climatology, 
Meteorology, Agriculture and in large scale Agricultural and Climatological Surveys, are 
being actively pursued at Divisional Headquarters and other centres. In addition, some 
Research Scientists are stationed at key points in the Laboratories of the Organization to 
conduct research in applied mathematical statistics and to act as consultants in planning 
research and in the analysis of experimental results, Appointees may be located in CSIRO 
laboratories in any one of the State capital cities with the exception of Perth and Hobart. 


DUTIES ifan appointee is attached to another Division of CSIRO he will be required 
to collaborate with the staff and to undertake research in the statistical aspects of the 
investigations of that Division. 1f attached to a research group of the Division of Mathe- 
matical Statistics, he may be required to continue fundamental research in problems which 
have been under investigation or to initiate research in specified new topics, Within 
these broad terms, the appointee will aiso have the opportunity to continue workiag on 
his particular research interests. 


QUALIFICATIONS Applicants should have a Ph.D. degree in Mathematics or Mathee 
matical Statistics, or postgraduate research experience of equivalent standard and duration, 
supported by satisfactory evidence of research ability, Research experience in the 
statistics of physical and biological experimentation is essential, 


SALARY Depending upon qualifications and experience, the appointments will be 
made within the salary range of Research Scientist, $45,250- $A6,622 p.a., or Senior 
Research Scientist, $A6,892—$A7,974 p.a. Salary rates for women are $A428 p.a. loss 
than the corresponding rates for men. Promotion within CSIRO to a higher classificatian 
is determined by merit. 


CONDITIONS The appointments, which carry with them Commonwealth Super- 
annuation Fund or Provident Account privileges, will be conditional upon passing a medical 
examination. An initial probationary period of twelve months may be specified. Fares 
paid for the appointee and his dependent family. Further particulars supplied on application. 
Applications (quoting Appointment No. 440/211) and stating full name, place, date and 
year of birth, nationality, marital status, present employment, details of qualifications and 
experience, together with the names of not more than four persons acquainted with che 
applicant's academic and professional standing, should reach:— 


Mr. R. F. Turnbull, 
Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 


64-78, Kingsway, 
LONDON, W.C.2. by the 13th December, 1968. (1557 


SUGAR MILLING RESEARCH INSTITUTE 
UNIVERSITY OF NATAL 
DURBAN—SOUTH AFRICA 


The following vacancy exists st the Sugar Milling Research [f je, Durban. ik 
an organisation controiled by the South African Sugar Mille on Limited, The 
Council for Scientific and Industrial Research and the University of Natal. 


PHYSICAL CHEMIST 


with at least B.Sc(Hons) degree to undertake research into various aspects of 
manufacturing processes with narticular reference to juice ification and cr 

of sugar, Postgraduate experience in colloidal chemistry will be a strong enda- 
tion. 


The starting salary for the above position will be according to qualifications and experi 
ence on the appropriate notch of the R.3,006-R.6,000 scale (£1 «= 2.1.70). 


The conditions of service at the Sugar Milling R re stis inciude : five-day week, 
generous leave, compulsory mem ip of the A ed on Fund and 
compensation for removal expense Non-contr: Group Life 
Cover are in operation and an annual bonus is us 


Applications should be made to the South African Science Office, ic Fouse, 
278 High Holborn, London WC, or the Director. Sugar Miling Rese: Institute, 
University Private Bag, King George V Avenue, Durban, South Africa. (690 
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CSIRO 


PLANT 


PHYSIOLOGIST 


AUSTRALIA 


DIVISION OF PLANT INDUSTRY 


THE 
UNIVERSITY OF 
LEEDS 


Applications are invited for posts in the 
following Departments : 


ANATOMY 
RESEARCH ASSISTANT 


in embryology and cancer. Applicants 
should be graduates in either Medicine, 
Zoology or allied subjects, Salary 
range £850 by £50 to £1,000. Closing 
date December 10, 1968. 
No. 68/42/5/D. 


Reference 


GENERAL The Division of Plant Industry of the Commonwealth Scientific and Industrial 
Research Organization carries out research in a wide range of plant sciences on problems 
fundamental to agricultural production. Much of the work of the Division is concerned 
with the influence of environment on plant growth and behaviour. The Canberra Phytotron 
provides extensive controlled environment facilities for such work, while physical aspects 
of natural environments are the concern of the Agricultural Physics section. 


DUTIES The research interests of present members of the Plant Physiology section 
include photosynthesis and assimilate translocation in a number of plant systems, the 
mode of action of plant growth substances, particularly gibberellins and cytokinins, 
biochemical differentiation, environmental control of chloroplast structure, nucleic acid 
and protein synthesis in embryos, meristems and young leaves, the mechanisms con- 
rolling germination and flower induction, and the influence of environment on suscep- 
tibility to virus diseases. 


The Division now wishes to appoint a Plent Physiclogist to develop independent research 
in one of the following fields: (a) photosynthesis as affected by environment and genotype 
and its relation to crop productivity, or, (b) translocation of assimilates with particular 
reference to the role of growth substances in controlling this process. 


In either field the appointee will be encouraged to develop collaborative work with his 
colleagues. 


QUALIFICATIONS Applicants should have a Ph.D. degree, or relevant postgraduate 
research experience of equivalent standard and duration, supported by satisfactory evidence 
of research ability. 


SALARY Depending upon qualifications and experience, the appointment will be made 
within the salary range of Research Scientist, $A5,250— $46,622 p.a., or Senior Research 
Scientist, $A6,892— $A7,974 p.a. Salary rates for women are $A428 p.a. less than the 
corresponding rates for men, Promotion within CSIRO to a higher classification is 
determined by merit. 


CONDITIONS The duration of the appointment will be determined in consultation 
with the successful candidate; some applicants may prefer a fixed term appointment of 
three years, The appointment will be conditional upon passing a medical examination and 
an initial probationary period of twelve months may be specified. An indefinite appointment 
carries with it Commonwealth Superannuation Fund or Provident Account privileges. 
Fares paíd for the appointee and hís dependent family. Further particulars supplied on 
application. 


Applications (quoting Appointment No. 130/900) and stating full name, place, date and 
year of birth, nationality, marital status, present employment, details of qualifications and 
experience, together with the names of not more than four persons acquainted with the 


AGRICULTURAL SCIENCES 


RESEARCH ASSISTANT 


in Insect Pathology. Applicants should 
be Honours graduates in bacteriology. 
microbiology, zoology or agricultural 
zoology. The programme of research, 
which is being carried out under a 
grant from the Agricultural Research 
Council is concerned with a study of 
the occurrence and potential patho- 
genicity of bacterial species occurring 
naturally in insect populations. The 
holder of the appointment will be per- 
mitted to work for a higher degree. 
Salary £650 on appointment rising to 
£690 after one year, or possibly higher 
for a candidate with one or more year’s 
postgraduate experience. The appoint- 
ment will be initially for one year and 
renewable. — Closing date: November 
30, 1968. Reference No. 68/41/4/D. 


Applications (three copies), stating 
age. qualifications and experience and 
naming three referees, should be sent 
to the Registrar and Secretary, The 
University, Leeds, 2. Please quote 
reference numbers. (0673) 





TWYFORD LABORATORIES LIMITED 
(A subsidiary of Arthur Guinness Son & 
Co. (Park RoyaD Limited) 


require a 


LABORATORY TECHNICIAN 


to work on the chemistry of proteolytic 
enzyme involved in blood coagulation. Ex- 
perience of general chromatographic pro- 
cedures is necessary, and it is expected that 
applicants wil have H.N.C. in Chemistry 
or Biochemistry, 


applicant's academic and professional standing, should reach :— 


Mr. R. F. Turnbull, Chief Scientific Liaison Officer, Australian Scientific Liaison 


Office, 64-78, Kingsway, London, W.C.2, 


UNIVERSITY OF WAIKATO 
HAMILTON, NEW ZEALAND 


SENIOR LECTURESHIPS OR LECTURESHIPS 
IN PURE MATHEMATICS 


The University of Waikato invites applications 
for appointments to its staff in Pure Mathematics. 
These appointments may be made at the grade 
of Senior Lecturer or Lecturer. The salary scales 
are: Senior Lecturers, $NZ4,700 to $NZ5,500 to 
$N26,600 ; Lecturers $NZ3.100 to $NZ4,800. An 
applicant who is exceptionally well qualified may 
be considered for an appointment as Reader at a 
salary between $NZ5,800 and SNZ7,300. The 
University of Waikato is a new University which 
in 1966 began teaching full-time courses of study 
in the Schools of Humanities, Social Sciences and 
Education, Schools of Science are being planned. 
The academic organisation is based on schools 
of study rather than on faculties and depart- 
ments. The development of postgraduate work 
and research is encouraged and conditions for 
study leave are favourable. The University 
campus occupies a site of about 130 acres in the 
city of Hamilton. 

Conditions of appointment are available from 
the Registrar of any university in New Zealand 
and from the Secretary-General, Association of 
Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, S.W.1. 
Applications clase December 16, 1968. (1662) 


bythe 13th December, 1968. 





(1642) 





UNIVERSITY OF 
NOTTINGHAM 


DEPARTMENT OF ELECTRICAL AND 
ELECTRONIC ENGINEERING 


LECTURER OR ASSISTANT 

LECTURER IN ELECTRICAL 

MATERIALS/SOLID STATE 
ELECTRONICS 


Applications are invited for appointment 
within the above Department in which 
undergraduate and some graduate lecturer 
courses are given in the above fields. The 
present research interests are in semicon- 
ductors, thin films, surface properties, 
semiconductor  heterojunctions and solid 
state devices. The successful candidate will 
be expected to take part in lecturing and 
other teaching duties, and also to pursue an 
active research interest although not neces- 
sarily in the topics mentioned. 

Application forms may be obtained from 
the Registrar, and are returnable not later 
than December 2, 1968. (1648) 


Conditions of employment are attractive, 
and include progressive salary, 16 days 
holiday, free lunches, and good sports and 
social facilities. 


Please write for application form, giving 
brief details of qualifications and experi- 
ence to the Personnel Officer, 309 Elveden 
Road, London, N.W.IO. (0645) 


UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF ANATOMY 
RESEARCH FELLOWSHIPS IN 

REPRODUCTIVE PHYSIOLOGY AND 
FERTILITY CONTROL 

Applications are invited for two Senior Re- 
search Fellowships (one in Reproductive Biology 
and one in Reproductive Biochemistry) in the 
Department of Anatomy for graduates in Medi- 
cine, Veterinary Medicine, Biochemistry or Zoo- 
logy, to undertake research in the physiology of 
reproduction of primates and lower mammals, 
and in particular to investigate the biology and 
biochemistry of the endouterine environment. 
The project is part of a long-term study, directed 
by Dr. Peter Eckstein, on the mode of action of 
intrauterine contraceptive devices which is spon- 
sored by the Ford Foundation of New York. 
The salary, which will be attractive and carry 
F.S.S.U. benefits, will depend on qualifications 
and postgraduate research experience. The ap- 
pointments will be, initially, for a period of up 
to three years, and may then be extended. 

Further details may be obtained from the Head 

of the Department of Anatomy, Medical School, 
Birmingham 15, to whom applications, including 
a curriculum vitae and the names of two referees, 
should be sent by November 30, 1968. — (1602) 
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CRANFIELD 


(PROPOSED CRANFIELD INSTITUTE 
: OF TECHNOLOGY) 


DEPARTMENT OF 
AERODYNAMICS 


Applications are invited from suitably 
qualified graduates for appointment as 
SENIOR RESEARCH FELLOW or KE- 
-SEARCH FELLOW to investigate theoreti- 
cally and experimentally the unsteady acro- 
dynamic behaviour of wings in ground 
effect. 


Salary ranges: Senior Research Fellow 
£1,470 to £2,270; Research Fellow £1,105 
to £1,340. F.S.S.U. Commencing salary 
depending upon qualifications and experi- 
ence. 


°°" The College has an estate of modern 
‘houses and residential facilities. Con- 
“sideration will be given to the accommoda- 
/vtion requirements of the person appointed. 


o Application form from Assistant Regis- 
^mt, The College of Aeronautics, Cranfield, 
Bedford. (1616) 


AUSTRALIAN NATIONAL 
UNIVERSITY 


RESEARCH SCHOOL OF PHYSICAL 
: SCIENCES 
MECHANICAL ENGINEER 
“DEPARTMENT OF ASTRONOMY 

Ae vacancy exists at Mount Stromlo Observatory 
fora Mechanical Engineer, Class I or H. A 
wariety of work is undertaken by the Observatory 
and this eontinually exercises the ingenuity and 
adaptiveness of the mechanical engineering group. 
Some of the work currently in hand includes 








Cooling to —70" C.+1° of a group of 33 
jomultipliers attached at a moving focus of a 
E cope, using a remote refrigeration plant. 
503. Redesign of a 30 in. telescope incorporating 
electronic variable speed drives in 2 co-ordinates 
‘with speed ranges of 3,000;1. 

“3, The design of a turret carrying a set diffrac- 
tion gratings using a Geneva mechanism with a 
€am driven attachment for accurate indexing. 

4. The renewal of a rotable hemispherical dome 
44 ft. in diameter. 

5$. The enlargement of the size of the light 
beam at the coude focus of the 74 in. telescope. 

Since much of the work involves optics and 
electronics, there is a close co-operation at the 
Observatory between the mechanical, optical and 
electronics groups. 

The Observatory has a well equipped workshop 
enabling it to handle most jobs with its machines 
which range in size from a watchmaker's lathe 
on. the. one hand to a horizontal boring and 
milling machine on the other, but when the need 
arises work is placed with outside organisations 
which inevitably entails contact and liaison with 
their engineers. 

The organisation of the observatory is flexible 
to the extent that the level of responsibility can 
be adjusted to suit the experience of the man, 
but it is expected that he would hold qualifica- 
tions admitting him to the graduate membership 
of the Institution of Engineers, Australia. 

Salary on appointment will be either in the 
range: Engineer Class 1, $43,311/$A5.047 per 
annum; or Engineer Class 2 $A5,369/$A6,023 
per annum. Assistance with passages and accom- 
modation will be provided. 

The successful applicant will be required to 
undergo a medical examination. Written appli- 
cations, quoting reference number 68344 should 
be. forwarded to the Registrar, Australian 
National University, Box 4, P.O. Canberra, 
A.C.T. 2600, Australia, with whom applications 
close on December 18, 1968. (1649) 


JUNIOR RE- 
quired to assist with research into various aspects 
of. Intermediary metabolism ín animal tissues. 
Work will involve the use of perfusion techniques 
and ion exchange chromatography. Salary in 
the range of £797 (at age 21) to £1,285 plus £90 
London weighting for suitably qualified candi- 
dates.—Applications in writing, giving full de- 
fails of education, experience (if any) and names 
of two referees, to the Departmental Superinten- 
dent, Metabolic Reactions Research Unit, Bio- 
chemistry Department, Imperial College, London, 
S.W.7. (1627) 











CSIRO 


UNIVERSITY OF SOUTHAMPTON 


RESEARCH | 
SCIENTIST | 
(ANIMAL 
PRODUCTION 
AUSTRALIA 


DIVISION OF PLANT INDUSTRY 


GENERAL The Division of Plant Industry of the Commonwealth Scientific and Industrial 
Research Organization engages in research into a wide range of plant sciences on problems 
fundamental to agricultural production. it has its headquarters in Canberra with major 
regional laboratories in various states of the Commonwealth. 


in Western Australia it is concerned with investigations of the biological basis of agricultural 
systems. A staff of 20 professional officers, with a supporting staff of approximately 80 16 
working in various soil, plant and animal disciplines. There is a close liaison with the 
Division of Soils. 


The main Laboratory is in Perth while the principal experiment station is in the 24 in. 
Mediterranean rainfall area; there are two small stations concerned with irrigation 
Agriculture on the Swan Costal Plain. Facilities include animal houses, atomic absorption 
spectrophotometer, autoanalyser, gas chromatograph, radio-isotope laboratory etc. 


DUTIES To develop a research programme in animal production from ley systems, 1o 
include investigations in depth of some associated aspect of animal production, and actively 
collaborate with other workers in soil, plant and animal sciences in studies of the 
production system. 


QUALIFICATIONS Applicants should have basic qualifications of a Ph.D. degree or 
postgraduate experience of equivalent standard and duration, together with an excellent 
record of research achievement over a number of years in relevant fields, such as reproduction, 
nutrition or growth. 


: ‘SALARY Depending upon qualifications and experience the appointment will be made 


within the salary range of Senior Research Scientist, $A6,892 to. $A7,974 p.a. or Principal 
Research Scientist, $A9,242 to $A9,400 p.a. In the case of a candidate with an excep. 
tional research record consideration would be given to appointment within the range of 
$A9,918 to $A10,230 p.a. Salary rates for women are $A428 p.a. less than the 
corresponding rates for men. 


CONDITIONS The duration of the appointment will be determined in consultation with 
the successful candidate; some applicants may prefer a fixed term appointmert for three. 
years. The appointment will be conditional upon passing a medical examination and an 
initial probationary period of twelve months may be specified, An indefinite appointment 
carries with it Commonwealth Superannuation Fund or Provident Account privileges. 
Fares paid for the appointee and his dependent family. Further particulars supplied ‘on 
application. 


Applications (quoting Appointment No. 135/77) and stating full name, place, date and 
year of birth, nationality, marital status, present employment, details of qualifications and 
experience, together with the names of not more than four persons acquainted with the 
applicant's academic and professional standing, should reach : 


Mr. R. F. Turnbull, Chief Scientific Liaison Officer, Australian Scientific Liaison 
Office, 64-78, Kingsway, London, W.C.2, by the 13th December, 1968. (1641) 





UNIVERSITY OF EDINBURGH 

















RESEARCH ASSISTANT IN ATOMIC 
COLLISION PHYSICS 


Applications are invited for the above post in 
the Department of Physics to participate in 
crossed beam experiments involving the study of 
inelastic cross-sections for electron-ion and ion- 
ion collisions, Most of the work will be carried 
out at the Culham Laboratory. Applicants 
should have a good degree in Physics and will 
be expected to register for a higher degree. 
Salary will be in the range £750 to £900 per 
annum. 

Further details can be obtained from the 
Deputy Secretary, The University, Southampton. 
SO9 SNH, to whom applications quoting refer- 
ence N should be sent. (1647) 


DEPARTMENT OF FORESTRY AND 
NATURAL RESOURCES 
Applications are invited for the post of RE- 
SEARCH ASSISTANT, with qualifications in 
botany, agricultural botany, horticulture — or 
ecology, to investigate the influence of sheer 
from wind on the growth and production of bil? 
pasture, — Facilities for wind tampel and field 
studies and opportunities for study for a. Higher 
degree are available. Salary £900 to ELONE per 
annum, with F.S.S.U. benefits. : 
Further particulars from The Secretary, Departs 
ment of Forestry and Natural Resources, The 
King’s Buildings, Wes: Mains Road, Edinburgh. 
9. Applications close on December Ix, 1968. 
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BEECHAM RESEARCH 
LABORATORIES 


BROCKHAM PARK, BETCHWORTH, 
SURREY 


have the following vacancies for 


TECHNICIANS 


Due to the expansion of our research 
programme in the Department of Chemo- 
therapeutic Research, we need to recruit 
two TECHNICIANS. 

One. will work in the Bacteriology Unit 

|o and will assist a team primarily concerned 
with the valuation of the antibacterial 

z activity of new antibiotics. 

: The other post is in the Microbial Bio- 
chemistry Unit and concerns biological 
work involving the growing and handling 
of fungi and bacteria and the carrying out 
of investigations into substances produced 
by micro-organisms. 

Candidates for these positions will be 
young men or women between 16 and 22. 
and should be of at least “ O " level G.C.E. 
standard of education and preferably “A ” 
level or O.N.C. in scientific subjects. Pre- 
vious experience of this type of work is 
not essential. 

Beecham Research Laboratories is part 
of the Beecham Group and is situated in 
a pleasant area of Surrey within casy reach 
of London. The successful applicant wih 
qualify for the Group's generous profit- 
Sharing and non-contributory pension and 
life assurance schemes. There are excellent 
dining facilities and a flourishing sports and 
social club. 

Candidates, stating briefly age, qualifica- 
tions and experience, should apply to: The 
Personnel Officer, Beecham — Research 
Laboratories, Brockham Park, Betchworth, 
Surrey or telephone BETCHWORTH 3202. 

(1691) 


AGRICULTURAL RESEARCH 
COUNCIL 


THE BIOCHEMISTRY department of 
the A.R.C. Poultry Research Centre at the 
University King's Buildings, West Mains 
Road, Edinburgh, 9 has a vacancy for a 
SCIENTIFIC OFFICER or SENIOR 
SCIENTIFIC OFFICER. An interest in 
nucleic acids, protein biosynthesis, steroids 
or amino acid metabolism jis desirable. 
Candidates should preferably have post- 
graduate qualifications. Salary as S.O. 
within £1,020 to £1,740; as S.S.O. £1,925 
to £2,372. F.S.S.U. 


Apply, 
the Secretary at above address. 


with names of two referees, to 
(1670) 


AGRICULTURAL RESEARCH 
COUNCIL 


The A.R.C. Unit of Nitrogen Fixation 
situated at the University of Sussex require 
an ASSISTANT EXPERIMENTAL OFFI- 
CER for work in its Chemical Laboratories. 
The minimum qualifications required are 
three G.C.E. 7 O" Levels, including 
English Language, and two scientific “A Y 
Levels or equivalent qualifications. It is 
however, expected to appoint a person 
with qualifications exceeding the minimum. 
Salary at age 18 £650 per annum, rising to 
£1,100 per annum (maximum starting 
salary) ultimately to £1,385 per annum. 
Starting point is dependent on age. 


Handwritten applications, quoting three 
referees, to the Laboratory Superintendent, 
A.R.C. Unit of Nitrogen Fixation, The 
Chemical Laboratory, University of Sussex. 
Brighton BN1 90I. (1668) 





POSTGRADUATE STUDY IN CHEMISTRY 

Financial support up to $4,200 per annum for 
rst- and upper second-class honour graduates in 
.Sc. and Ph.D. programmes in chemistry. 
Travel assistance available. 

Details from R. H. Betts, Head, Chemistry 
Department, University of Manitoba, Winnipeg 
19, Manitoba, Canada. (1618 











UNIVERSITY OF 
ST. ANDREWS 


CHAIR OF MARINE BIOLOGY 


The University Court invites applications 
for the CHAIR OF MARINE BIOLOGY, 
which it is intended to fill in October, 
1969. 
St. Salvator’s College, St. Andrews. 
£4,360, F.S.S.U.; grant 
of furniture removal. 


Applications, 


The Professor will be a member of 


Salary 
towards expenses 


including the names of 
three referees, should be lodged by 
December 20, 1968, with the Secretary of 
the University, College Gate, St. Andrews, 
Fife, from whom further particulars may 
be obtained (1625) 





UNIVERSITY OF BRISTOL 


An opportunity to undertake research and 
teaching in pharmacology is offered to a veterin- 
ary graduate. An Assistant Lectureship in Vet- 
erinary Pharmacology (salary range £1,105 to 


£1,340) is available in the Department of 
Pharmacology, the Medical School, University of 
Bristol. The successful candidate will be en- 


couraged to work for a higher degree. 

Further details may be obtained from the 
Registrar, the University of Bristol, the Senate 
House, Tyndall Avenue. Bristol. 2. to whom 
applications should be sent not later than 
November 30, 1968. (61D 


UNIVERSITY OF EAST AFRICA 


THE UNIVERSITY COLLEGE 
DAR ES SALAAM 


PROFESSOR OF BOTANY 


Applications are invited for the post of Profes- 
sor of Botany to be filled by July 1, 1969. Salary 
£EA3,150 per annum (£EA1-£1 3s. 4d. sterling). 
Salary supplemented in appropriate cases by £505 
per annum (sterling) under British Expatriates 
Supplementation Scheme.  F.S.S.U. ; family pas- 
sages ; regular overseas leave. 

Detailed applications (six copies), naming three 
referees by December 31, 1968, to inter-Univer- 
sity Council, 33 Bedford Place. London, W.C.1, 
from whom particulars are obtainable. 

(1640) 


| UNIVERSITY OF CAMBRIDGE 
Applications are invited for the office of 


UNIVERSITY LECTURER IN THE 
DEPARTMENT OF MEDICINE 


The initial appointment will be for three years 
from March 1, 1969 or a date to be arranged. 
The person appointed, who should hold a higher 
qualification in medicine, wil work with Pro- 
fessor F. G. J. Hayhoe in the field of clinical 
and laboratory haematology and should have re- 
search interests in leukaemia and allied diseases. 
He may be eligible for appointment to the Hon- 
orary Consultant Staff of the United Cambridge 
Hospitals. The pensionable stipend is on a scale 
£1,830 to £2,900 a year with initial placing above 
the minimum where appropriate. There is a 
grant towards removal expenses. 

Ten copies of application, together with the 
names of not more than three referees. should 
be sent to G. R. Anderson, The Medical School, 
Tennis Court Road, Cambridge not later than 
December 20, 1968. (1693) 


‘BRITISH ‘COLUMBIA FISH AND 
WILDLIFE BRANCH 


FISHERIES RESEARCH SECTION 

Applications are invited for a BIOLOGIST 
(male) under general direction to conduct field 
and laboratory research relevant to management 
of freshwater sport fishes. M.Sc. (or equivalent) 
in zoology, specialising in ecology or related 
fields with two years experience minimal require- 
ments. Salary $680 to $830 per month, depend- 
ing on qualifications. Contact: 

Dr. T. G. Northcote, Institute of Fisheries. 
University of British Columbia, Vancouver 8, 
Canada. (1620) 


— EXPERIENCED GRADUATE OR POST- 
doctoral Microbiolegisis required for work on 
enzymological problems of bacterial celi walls, 
biosynthesis, and on microbial amino acid meta- 
bolism. For the latter problems some know- 
ledge of the genetical approach desirable. Salary 
according to age and qualifications.—Applica- 
tions to Dr. Elizabeth Work, Biochemistry De- 
partment, Imperial College of Science and 
Technology, London, S.W.7. (1685) 
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UNIVERSITY OF 
NEW SOUTH WALES 
LECTURER 
SCHOOL OF PHYSICS 


Applications are invited for appoinoment to the 
above-mentioned position. Sa $AS,400 range 
$A7,300 per annum. Commencing salary accord- 
ing to qualifications and experience. Applicants 
must have a good academic record with a mini- 
mum qualification of Ph.D. in the fieid of solid 
State physics, atomic physics, biophysics, or 
theoretical physics. The successful applicant will 
ieach at undergraduate and postgraduate levels 
and pursue active research programmes in his 
particular field. Adequate computing facilities 
are available, 

Details of appointment, including superannua- 
tion, study leave and housing scheme, may be 
obtained from the Association of Commonwealth 
Universities (Branch Office), Marlborough House, 

















Pall Mall, London, S.W.l. Applications close 
in Australia and London on December 20, 1968. 
(1663) 


MEDICAL RESEARCH COUNCIL 
UNIT FOR METABOLIC STUDIES 
IN PSYCHIATRY 
UNIVERSITY OF SHEFFIELD 


Research post for Physiologist, Pharmacologisi 
or similar person, preferably post-doctoral, inter- 
ested in work on abnormal biological rhythms, 
or the application of bioassays of vasopressin, 
gonadotrophins or oestrogens, or related prob- 
lems, Excellent facilities, 

All inquiries to Professor F. A. Jenner. M.R.C. 
Unit, Middlewood Hospital, P.O. Box 134, 
Sheffield S6 ITP. onr.. 


UNIVERSITY í OF MELBOURNE 
LECTURESHIP 
in the 
DEPARTMENT OF ZOOLOGY 


Applications are invited for the above- 
mentioned post from candidates with qualifica- 
tions in the field of Celular and Comparative 
Physiology. Preference will be given to appli- 
cants with interests in the physiology of insects 
or other invertebrates or alternatively in the field 
of developmental biology. 

DUTIES will include lecturing to junior and 
senior science biology students and conducting 
laboratory classes. 

The Department has excellent modern facilities 
for electronmicroscopy, electrophysiology, histo- 
and cyto- chemistry, tissue culture and bio- 
acoustics. The Head of the Department is Pro- 
fessor G. Burnstock. It is desirable that the 
appointee should be able to take up the posi- 
tion as soon as possible after February 1, 1969. 

SALARY  $A5.400 to $7,300 per annum. 
Initial salary will be determined according to 
qualifications and experience. 

Further information, including details of 
superannuation, travel and removal expenses, 
housing assistance and conditions of appointment, 
is available from the Association of Common- 
wealth Universities (Branch Office), Marlborough 
House, Pali Mall, Londen, §.W.1i. Applications 
close on December 1, 1968. (1650) 


| VICTORIA. UNIVERSITY OF 


WELLINGTON 
NEW ZEALAND 


LECTURER IN BIOCHEMISTRY 


Applications are invited for the above- 
mentioned post in the Department of Chemistry. 
As from April t, 1969, the salary scale for Lec- 
turers will be from $NZ3,100 rising to $NZ4,800 
per annum. Tbe initial salary will be determined 
in accordance with qualifications and experience. 
Approved fares to Wellington will be allowed 
for the appointee and his dependent family, to- 
gether with actual removal expenses within speci- 
fied limits. Superannuation is available on an 
F.S.S.U. basis. 

Further particulars and method of application 
should be obtained from the Association of 
Commonwealth Universities (Branch Office), Marl- 
borough House, Pall Mall. London, S.W.l. Ap 
plications close on January 15, 1969. (0632) 





INFORMATION SCIENTISTS 


Geneticist or Biochemís: with sound know- 
ledge of genetics, Experienced Informatioa 
Scientist with knowledge of Marine Botany. 


Graduates in Pharmacy, Microbiology or 
Medical Sciences wishing to train.—Miss 
Hortin, 196 Oxford Street, London W241, 
01-636-6858. No fees to pay. (1525) 
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UNIVERSITY OF 
SOUTHAMPTON 


INSTITUTE OF SOUND AND 
VIBRATION RESEARCH 


Applications invited for a RESEARCH 
FELLOW to lead a small team investigating 
human  non-auchory responses to sonic 
boom phenomena. The work is being sup- 
ported by the Ministry of Technology. 
Applicants should have had research. ex- 
perience in applied physiology or be- 
havioural science. Knowledge of electro- 
physiological recording techniques would 
be an advantage. Salary in accordance 
with qualifications and experience. 

Vacancies also exist for Research Assis- 
tants. Applicants should have a firsi de- 
gree in one of the engineering or life 
sciences. Regfstration for a higher degree 
may be possible for the successful appii- 
cant, depending on qualification. Salary in 
accordance with qualifications and exoeri- 
ence, 

Applications, giving details of age, quali- 
fications and the names of two referees, 
‘ghoul? be sent to the Deputy Secretary, 

©The University, Southampton, S09 SNH. as 
| "soon as possible, quoting reference N. 
i (1654) 





INSTITUTE OF OPHTHALMOLOGY 
Judd Street, W.C.1 


DEPARTMENT OF PATHOLOGY 


oo Applications are invited from medical 
Sand non-medical graduates for the post of 


RESEARCH ASSISTANT 


jn ophthalmic pathology for one year ín 
the first instance. The Research Assistant 
“pe expected to work on problems con- 
ted with diseases of the retinal vessels, 
which previous knowledge is not essen- 
i, Salary in the range £1,105 to £1,740 
per annum, according to qualifications with 
|FOSSS.U. provision. 


"Further particulars available from the 

“Director of Pathology. to whom applica- 

tions should be made by December 5, 1968. 
(1660) 










PLANT PATHOLOGY 
LABORATORY 
MINISTRY OF AGRICULTURE, 
FISHERIES AND FOOD 
HARPENDEN, HERTS 


BIOLOGIST (graded S.S.0./S.0) with back- 
ground knowledge of agriculture and/or horti- 
culture and an interest in the chemical control 
of pests and diseases. Duties will include acting 
as Secretary to the Agricultural Chemicals 
Approval Organisation and its Scientific Advisory 
Committee ; assisting in the assessment of tech- 
nical data provided by firms in suppor: of appli- 
cations for approval of products and the inspec- 
tion of firms’ field trials on insecticides and 
fungicides ; assisting in the compilation of the 
annual List of Approved Products for Farmers 
aad Growers. 

Non-contributory pension. 
pects. 

APPLICATION FORMS from Civil Service 
Commission, Savile Row, London, WIX ZAA. or 
telephone 01-734 6010, ext. 229 (after 4.30 p.m. 
01-734 6464 ""Ansafone " Service), Please quote 
5/52-53/68/MAF/;8. Closing date December 16, 
1968. (1604) 


Promotion  pros- 


. THE MEDICAL RESEARCH COUNCIL IN- 
vites applicants for a post in lung physiology 
(Scientific Staff Scale) at their Pneumoconiosis 
‘Research Unit in South Wales. The post pro- 
vides an excellent opportunity to help in the in- 
“vestigation of factors which underlie breathless- 
ness in both normal subjects and patients with 


€hronic industrial and non-industrial pulmonary 
disease. Applicants should have an interest ín 


research and preferably some experience in lung 
physiology.—Apply. giving details of age. qualifi- 
cations and the names of two referees, to the 
Director, Pneumoconiosis Research Unit, Llan- 
dough Hospital, Penarth. Glamorgan, CF6 IXW. 
(1669) 





XLV 


CEREAL SPECIALIST 


REQUIRED 


For supervising growing of cereal crops, and carrying out experimental 


trials. Must be 


N.LA.B. Cereal Inspector, have knowledge of Cereal 


Plant Breeding and selection, also knowledge of trial records. Age under 
40 years. Good salary. car provided, pension scheme. Apply : Managing 
Director, W. Sinclair & Son, Limited, Marsh Lane, Boston, Lincs. 


(1638 





SENIOR BIOCHEMIST 
PRINCESS ALEXANDRA HOSPITAL 


Applications are invited f 
Department of Pathology, 


or the position of Senior Biochemist in the Division of Biochemistry, 
Princess Alexandra Hospital. 


A science degree from an approved University is necessary and applicants should have expensive 


experience in clinical biochemistry. 


They need to know automated analytical techniques. in. clinical, 


biochemistry and experience in enzymology would be of help. They should be capable of saper” 


vising the work of junior staff. 


The Division is in charge of the Clinical Biochemist, who is a Science graduate, 
will be responsible to the Clinical Biochemist and 


of the Clinical Biochemist. 


The Hospital is a large metropolitan teaching hospital of 
chronic sections. Clinical teaching units of the University of Queensland are atuached to it, 
Laboratory is commodious and is air-conditioned, 

Salary scale $6A)243.60 to $(A)251.60 per fortnight. 


The appoiatec 


will take charge of the Division during the absence 


over 1.000 beds, comprising acute Ee 
The 


Superannuation is available, Subject to certain 


conditions, travelling expenses for the successful applicant and his family may be payable; 
Further details may be obtainable from The Director, Department of Pathology. Princess Alexandra 


Hospital, Woolloongabba, Brisbane, Queensland 4102, 


Australia. 


Applications, containing details of relevant personal items, qualifications, experience, and publica- 


tions, and including the names of three (3) referees, should reach 


The Manager, South: Brisbane 


Hospitals Board, Ipswich Road, Woolloongabba, Brisbane. Queensland 4102, Australia, by December 


21, 1968. 


UNIVERSITY OF GLASGOW 
DEPARTMENT OF OPHTHALMOLOGY 


A post exists for a BIOCHEMIST with an 
interest in clinical work to take part in an in- 
vestigation into the causation of certain types 
of blindness and poor sight. The successful ap- 
plicant will work in the Department of Ophthal- 
mology of the University of Glasgow and also 
be given facilities in the University Department 
of Biochemistry. The post is being financed by 
an M.R.C. grant and the appointment will be 
for three years initially. Salary scale: £1.105 
to £1,260 to £1,340 or £1,470 to £1,560 to £1,650 
per annum, depending upon qualifications and 
experience. The post is superannuable under the 
F.S.S.U. 

Applicants should apply to Professor W. S. 
Foulds, Department of Ophthalmology. University 
of Glasgow, Glasgow. W.2, not later than 
November 29. 1968, from whom further details 
of the post may be obtained. (1630) 


GEOPHYSICISTS 
Continued expansion of Hunting Geology and 
Geophysics Limited has created openings for 


(A) A man with a minimum of five years’ ex- 
perience of Ground Geophysics including Hydro- 
geological problems. 


(B) Men with several years experience of Air- 
borne and/or Mining Geophysics. 


AM posts are based in Hertfordshire and will 
be attractive to men who wish to travel abroad 
while retaining a U.K. base. A formal qualifi- 
cation, preferably a higher degree in Geophysics, 
is necessary. 


Essential details only in the first instance to 
The Personnel Manager. Hunting Surveys and 
Consultants Ltd., 6 Elstree Way, Boreham Wood, 
Herts. (63D 


UNIVERSITY OF READING.  TECHNI- 
cian required in department of Horticulture. Ex- 
perience of Horticulture and laboratory work an 
advantage. Salary according to age and qualifi- 
cations in scale £722 to £1.007 per annum.— 
Apply to Professor O. V. S. Heath. F.R.S.. 
Department of Horticulture. Shinfield Grange. 
Shinfield. Reading, Berks. (636) 


(1609) 


COUNTY BOROUGH OF 
STOCKPORT 
STOCKPORT COLLEGE OF TECHNOLOGY 
APPLICATIONS are invited for the following 


full-time appointments, to commence not later 
than September 1, 1969 (earlier if possible): 


DEPARTMENT OF SCIENCE 
(Re-advertisement) 


LECTURER GRADE H (Ref. Ni7D in 
PHARMACOLOGY to HNC. and M.LHBioh 
courses. Applicants should have an appropriate 
degree. Industrial and/or research experience 
an advantage. 

Scales of Salaries for Teachers in establish- 
ments for Further Education, 1967: Lecturer 
Grade H, £1,725 to £2,280 per annum. Agreed 
conditions of tenure. 

Forms of application and further particulars 
from the Principal, Stockport College of Techno 
logy, Wellington Road South, Stockport, Cheshire 
(quoting appropriate reference) Applications: to 
be returned by December 5, 1968, (1609) 


COVENTRY HOSPITAL _ 
MANAGEMENT COMMITTEE 


SENIOR  BIOCHEMIST required | for. this 
Group of hospitals (2,306 beds) which inches a 
new District Hospital. The successful applicant 
will be responsible for the group chromatographic 
service and should have experience in this feldi. 
Consideration would be given to candidates with- 
out previous hospital experience. Salary. Senior, 
£1,961 rising to £2.435 or, if basic grade, £1,030 
rising to £1,774). Assistance with removal ex- 
penses may be given te a Senior Biochemist, 

Applications, stating qualifications, age, experi- 
ence and quoting the names of two referees, 
should be submitted not later than November 30, 
1968, to the Group Secretary, Coventry HMC. 
The Birches, Tamworth Road, — Kereste 
Coventry. Further information from Dr. T 
son, Coventry and Warwickshire Hospital, Stoney 
Stanton Road, Coventry, (658) 

TECHNICIAN (FEMALE) REQUIRED TO 
assist in biochemical projects in Department. of 
Obstetrics and Gynaecology. Applicants should 
hold ALMLT. or equivalent qualification. 
Facilities for further qualifications. W y 
Council salary scale and conditions. Application 
forms from the Secretary, University. College 
Hospital Medical School, University Street, Lon- 
don, W.C. O65) 









Y. 
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BEECHAM RESEARCH 
LABORATORIES 


BROCKHAM PARK, BETCHWORTH, . 
SURREY 


have a vacancy for a 


.GRADUATE BIOCHEMIST 


to join a team in the Biochemistry Unit 
of the Department of Medicinal Research 
at Brockham Park and the successful appli- 
cant will be engaged in studies on the 
metabolism and distribution of potential 
new drugs in various animal species, in- 
volving the use of radiochemical techniques. 

A degree in Biochemistry is necessary 
and familiarity with radiochemical tech- 
niques and research experience is of help. 
_Attractive salaries are offered and re- 
viewed annually along with generous fringe 
benefits including profit sharing bonus and 
non-contributory pension scheme. 

Beecham Research Laboratories is part 
of the Beecham Group and is situated in a 
pleasant part of Surrey within easy reach 
of London. 

Applications, stating briefly age, qualifi- 
cations and experience, should be sent to 
the Personnel Officer, Beecham Research 
Laboratories, Brockham Park, Betchworth, 
Surrey. (1692) 




























ROTHAMSTED EXPERIMENTAL 
STATION 


HARPENDEN, HERTS 


Research Assistant for work on the bacterial 
diseases of potatoes in crops and stores financed 
by the Potato Marketing Board. Minimum 
qualifications a degree in Botany, Plant Pathology 
ot Microbiology. Starting salary according to 
age and experience, in range £796 to £1,330 
(after January 1, 1960 £830 to £1,385) per 
annum. 

Applications, naming two referees and quoting 
reference 1052/108 by December 31, to The Sec- 
retary, from whom further particulars may be 
obtained, (1694) 


AGRICULTURAL RESEARCH 
COUNCIL 
FOOD RESEARCH INSTITUTE 


Assistant Experimental Officer required for the 
Plant Division to work on physiological and bio- 
chemical properties of green vegetables in relation 
to their suitability for storage. Qualifications : 
H.N.C., pass degree or equivalent in appropriate 
subjects. Salary: On a scale rising to £1,385. 
Starting salary according to age, £859 at 22; 
£1,088 at 26 or over. Superannuation : Optional 
contributory scheme. 

Further details and application form from Sec- 
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MEDICAL RESEARCH COUNCIL 
CLINICAL AND POPULATION 
CYTOGENETICS RESEARCH UNIT 
WESTERN GENERAL HOSPITAL 
CREWE ROAD, EDINBURGH, 4 


The Medical Research Council has a vacancy 
for a BIOLOGIST with a Ph.D. or equivalent re- 
search experience to study human germ cells with 
especial reference to meiosis in normal and sub- 
fertile men and women. This study is part of 
a project on sub-fertility in man which is being 
organised jointly with the Gynaecological and 
Urological Clinics in the Royal Infirmary of 
Edinburgh. The appointment is for three years 
in the first place and the salary according to age 
and experience. 

Applications should be sent to the Director, 
M.R.C. Clinica! and Population Cytogenetics Re- 
search Unit. (1624) 





GOWER STREET, LONDON, W.C.1 
DEPARTMENT OF CLINICAL PATHOLOGY 


SENIOR TECHNICIAN IN HAEMATOLOGY 
required 

The successful applicant will be seconded to 
the N. London Blood Transfusion Centre, 
Edgware until the new Pathology Laboratories at 
University College Hospital are opened (which it 
is hoped will be in April 1969). 

Applications, with names of two referees, to 
Assistant Secretary. (1687) 





UNIVERSITY OF IBADAN, 
NIGERIA 
DEPARTMENT OF PHARMACOLOGY 


Applications are invited for LECTURESHIP 
IN PHARMACOLOGY, Salary scale: £N1,200 
to £N2,175 per annum (£NI-—£1 3s. 4d. sterl- 
ing). Salary supplementation in range £240 to 
£435 per annum (sterling) in appropriate cases 


under British Expatriates Supplementation 
Scheme.  F.S.S.U.; various allowances ; regular 
U.K. leave. 


Detailed applications (six copies), naming three 
referees by December 20, 1968, to Inter-Uníver- 
sity Council, 33 Bedford Place, London, W.C.1, 





from whom particulars are available. (1639) 
UNIVERSITY COLLEGE OF 
WALES 
ABERYSTWYTH 


ASSISTANT LECTURER IN GEOLOGY 


Applications are invited for the above post 
from caadidates who have special qualifications 
in Igneous Petrology and experience in wet- 
chemical methods of silicate analysis. Salary 
scales: £1,105 by £75 to £1,180 by £80 to £1,260 
(under 26); £1,180 by £80 to £1,340 (over 26). 

Forms of application and further particulars 
may be obtained from the Registrar, to whom 





retary, Food Research dnstitute, Colney Lane, applications should be sent b December 15 
Norwich NOR 70F, quoting ref. 68/53. — (1599) 1968. , (1606) ` 
CONFERENCE 


International 


Atomic Absorption 
Spectroscopy Conference 


UNIVERSITY OF SHEFFIELD 


July 14-18, 1969. 


This Conference will consist of invited plenary lectures 
together with contributed papers on all branches of atomic 
absorption spectroscopy and allied subjects. 


Extended abstracts of contributed papers should be submitted 


by February 14, 1969. 


For further details on the Conference, and on the preparation 
of abstracts please write to: LA.A.S.C. Secretary, Society for 
Analytical Chemistry, 9/10 Savile Row, London W.1. 


(1667) 





"UNIVERSITY OF WESTERN 
AUSTRALIA 
READER IN ELECTRICAL ENGINEERING 


Anplications are invited for a post of Reader 
Galary $49,900 per annum) in the Department 
of Electrical Engineering. Preference will be 
given to applicants with experience in the fields 
of system theory, integrated circuit synthesis or 
electrical communication. The Department is 
active in and has good facilities for research in 
thin film and silicon device technology, adaptive 
Contro? systems and television signal processing. 
Direct and remote control access to the Univer- 
sity 32K time shared PDP-6 computer with 
swapping system and a high precision C.R.T. dis- 
play with light pen is available. 

Intending applicants are requested to obtain 
details of the procedure to be followed in apply- 
ing for the post and a copy of the conditions of 
appeintment before submitting their applications. 
This information is available from the Associa- 
tion of Commonwealth Universities (Branch 
Offices), Marlborough House, Pall Mall, London 
S.W. Applications close on December 21. 
1968. (165D 





FELLOWSHIPS AND 
STUDENTSHIPS 





UNIVERSITY OF BRADFORD 


Applications are invited for a 
WOOL TEXTILE RESEARCH COUNCIL 
STUDENTSHIP 
(Ref, T/RS (/3/X3) 


from recent graduates in Mathematics, Physics, 
or Chemistry. The Studentship is tenable in the 
Postgraduate School of Studies in Textile Tech- 
nology from January 1, 1969. The field of work 
is the study of the structure and properties of 
FIBROUS PROTEINS AND RELATED BIO- 
POLYMERS using physical techniques, particu- 
larly infra-red spectroscopy, The successful 
applicant will be required to register for a higher 
degree of the University. The value of the 
Studentship is £500 per annum, plus approved 
fees, and is renewable annually on the recom- 
mendation of the Chairman of the Posigraduate 
School! of Studies for a maximum period of up 
to three years from the date of the initial award. 
Further particulars (please quote ref) and 
forms cf application, to be returned by Decem- 
ber 9, 1968, are available from the Registrar, 
University of Bradford, Bradford 7. (1681) 





SCIENTIFIC RESEARCH 


NOTICE IS HEREBY GIVEN that the Fifty- 
first Election will take place in 1969. Applications 
must be received on or before January 1, 1969, 
and candidates must be under the age of twenty- 
five at the date of election. Forms of applica- 
tion and ali information may be obtained from 
the Registrar, Imperia! College, South Kensing- 
ton, London S.W.7. (1615) 


UNIVERSITY OF CAMBRIDGE 
DEPARTMENT OF METALLURGY 
RESEARCH FELLOW IN ELECTRON 
ENERGY ANALYSIS 


A Physicist is required to fill an S.R.C. Re- 
search Fellowship to be concerned with the 
development of electron energy analysis for the 
investigation of metallurgical problems. The 
appointment is for a maximum period of three 
years with a salary in the range £1,470 to £1,740 
per annum with provision for F.S.S.U. benefits. 
Applicants should possess a Ph.D. in physics and 
research experience in solid state physics. 

Applications should be sent to the Professor 
of Metallurgy, University of Cambridge, Pem- 
broke Street, Cambridge. not later than Decem- 
ber 7, 1968. (1680) 





AND POSTDOCTORAL 


FELLOWSHIPS IN PHYSICS 
UNIVERSITY OF VICTORIA 
VICTORIA, BRITISH COLUMBIA, CANADA 
The Department of Physics offers assistantships 
for students working towards M.Sc. and Ph.D. 
degrees in Physics. A number of Postdoctoral 
Fellowships sre also available. Fields of research 
include theoretical physics, astrophysics, physics 

of fluids, geophysics and nuclear physics. 
Details of the financial assistance and of the 
fields of research may be obtained from Pro- 
fessor J. L. Climenhaga, Department of Physics, 
University of Victoría, Victoria, British Columbia, 
Canada. (1619) 
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CHELSEA COLLEGE OF 
SCIENCE AND TECHNOLOGY 


UNIVERSITY OF LONDON 


RESEARCH STUDENTSHIPS IN 
ZOOLOGY 


Applications are invited from graduates 
holding at least an upper second-class 
The appointee 
will undertake research on the functional 
biology and phylogenetic relationships of 
bivalve molluscs, under the supervision of 
Professor R. D. Purchon. 

Applications, citing one academic referee, 
should be submitted to the Secretary, De- 
partment of Zoology. Chelsea College of 
Science and Technology. Manresa Road, 
London, S.W.3, as soon as possible, and 
not later than November 22, 1968, 

0637) 


honours degree in Zoology. 





UNIVERSITY OF 
SOUTHAMPTON 


DEPARTMENT OF CHEMISTRY 


Applications are invited from graduates 
in. chemistry for two RESEARCH 
STUDENTSHIPS, sponsored by the Cen- 
tral Electricity Generating Board, to carry 
out research leading to an M.Phil. or Ph.D. 


degree on the structure of molten salts and 
concentrated aqueous solutions using vibra- 


tional spectroscopic and electrochemical 


techniques. 


Applicants should write as soon as pos- 
sible, giving the names of two referees, to 
Dr. J. H. R. Clarke, Chemistry Depart- 
ment, The University, Southampton, SO9 
SNH. (1646) 





UNIVERSITY OF STRATHCLYDE 
DEPARTMENT OF BIOCHEMISTRY 
RESEARCH FELLOWSHIP 


. Applications are invited for a Research Fellow- 
ship im the Department of Biochemistry. Appli- 
cams should preferably hold a Ph.D. degree or 
have equivalent experience. — The research pro- 
ject, which is supported by the N.R.D.C, in- 
wolves the preparation and study of biochemical 
actions of metal protein chelates. The post is for 
one. year in ihe first instance with opportunity 
for renewal and the initial salary will be up to 
31,500 per annum. Technical assistance will be 
provided, 

Applications (quoting R18/68, should be for- 
warded to Professor P. J. Heald, Department of 
Biochemistry, University of Strathclyde, George 
Street, Glasgow, C.1, from whom further par- 
ticulars can be obtained. (1623) 





GRANTS & SCHOLARSHIPS 


SALTERS’ INSTITUTE OF 
INDUSTRIAL CHEMISTRY 
SCHOLARSHIPS 


Applications are invited for SALTERS* 
SCHOLARSHIPS, value £600 to £850 per annum 
according to circumstances (plus fees), for a resi- 
dent in the United Kingdom with an Honours 
degree, or equivalent qualification, in Chemistry, 
Biochemistry, Physics or Engineering, for the 
purpose of receiving either full-time instruction 
in the principles of Chemical Engineering or fur- 
ther experience by research in Chemistry, Chemi- 
cal Engineering or Chemical Technology. Appli- 
cations may be made before graduation. The 
Scholarships will be tenable for one year and 
may be renewed year by year for two further 
years. Tenure abroad may be permitted in suit- 
able circumstances. When a Scholarship is held 
abroad, a travel allowance will be made. 

Applications should be received by the Clerk 
of the Saker Company, 36 Portland Place. 
London, W.1, by January 15, 1969. 
application may be had on request. 


“LECTURES AND COURSES 


UNIVERSITY COLLEGE LONDON 
XGower Street, W.C.D. Inaugural Lecture by 
Dr. K. J. lves, Professor of Public Health En- 
gineering, ^"'Purely and  Simply—Water " on 
“Thursday. November 28 at 5.30.—Admission free, 
without ticket. (1643) 





Forms of 
(1689) 








LEVERHULME TRUST - 


Research Awards 1969 


The Leverhuime Trustees, through their Advisory Committee, offer: 


(i) FELLOWSHIPS AND GRANTS in aid of research. These awards are intended 
for the assistance of senior persons pursuing investigations in any field of study, 
particularly those who are prevented by routine duties of any other cause from 
undertaking or completing a research programme; they are not available for 
students reading for higher degrees or equivalent qualifications. The awards are 
limited to British-born subjects normally resident in the United Kingdom but in 
exceptional circumstances the Trustees may waive the residence condition. The 
duration of an award does not extend over more than two years or less than threa 

months and the amount depends on the nature of the work and the circumstances 

of the case. 

The closing date for applications (Form F/2 C) is 76th December, 1968. 
Candidates will be informed privately of the result of applications during April and 
a public announcement of awards will be made in May. The period of award 
will normally date from 1st September, 1969. 


(ii) OVERSEAS SCHOLARSHIPS—up to six awards for advanced study or research 
in any subject at an institution of university or university college status in any part 
of the world other than the United Kingdom, Europe or North America. At the 
time of application candidates must be graduates of a United Kingdom university 
or holders of C.N.A.A. degrees; they must be British-born, normally resident in 
the United Kingdom and under the age of 25 on 1st October, 1969. The value 
of the scholarships is £850 for one year renewable for a second year, In addition, 
an amount of £200 will be provided to cover outfit and return passages; additional 
assistance will be available where the cost of the scholar's return passage exceeds 
£180 or to meet abnormal requirements connected with the course of study. 
A further allowance of £20 per month may be paid, at the discretion of the 
Committee, to a married scholar when accompanied by his wife. 

The closing date for applications (Form 0/2 C) is 15th January, 1969. 
Candidates must be available for interview in London late in March; travelling 
expenses within the United Kingdom will be refunded. The successful candidates. 

will be required to undergo a medical examination before confirmation of their 

awards. 


(iii) EUROPEAN SCHOLARSHIPS —up to six awards for one year's advanced study 
or research in a centre of learning in any European country other than Great Britain 
or ireland. The scholarships are tenable only at or in connection with a university, 
college or similar institution. The value is £1,000; in addition, an allowance of 
£20 per month may be paid, at the discretion of the Committee, to a married scholar 
when accompanied by his wife, Candidates need not be university graduates 
but at the time of application must show evidence of equivalent education or. 
achievement; they must be British-born, normally resident in the United Kingdom. 
and under the age of 30 on 1st October, 1969, The scholarships are not intended 
for students of modern languages; otherwise no subject of study will be excluded 
but preference will be given to candidates who intend to study in subjects normally 
grouped in the Arts and Social Studies Faculties of universities, 

The closing date for applications (Form E/2 C) is 75th January, 1969. 
Candidates must be available for interview in London late in April; travelling 
expenses within the United Kingdom will be refunded. The period of award 
begins on 1st October, 1969. 





















































Application forms and further information from The Secretary, Leverhulme 
Research Awards, 21—23, New Fetter Lane, London, E.C.4. (617) 





CHELSEA COLLEGE OF SCIENCE 








AND TECHNOLOGY 
UNIVERSITY OF LONDON 


DEPARTMENT OF BIOCHEMISTRY 
BIOCHEMISTRY LECTURES 

A course of 11 lectures on *'' Biochemistry " 
will be given by Professor F. L. Warren and 
Dr. N. D. Carter on Mondays, 7.15 to 8.30 
p.m.. during the period January 6 to March 17. 
1969. The course (as in previous years) is de- 
signed for students who possess a knowledge of 
Chemistry to degree standard. Fee for the course 
£5. 


A leaflet giving details is available from the 
Secretary, Department of Biochemistry, Chelsea 
College of Science and Technology, Manresa 
Road, London, S.W.3. (1614) 


UNIVERSITY OF GLASGOW 
DEPARTMENT OF ZOOLOGY 

An intensive residential course in Comparative 
Animal Physiology designed for school teachers 
will be held from March 26 to April 1, 1969 
(inclusive). 

Further details and forms of application can 
be obtained from the Secretary, Department of 
Zoology. The University, Glasgow. W.2. Clos- 
ing date for applications is December 31, 1968. 

(1659) 


Seemana nnana aaan 
FOR SALE AND WANTED 
dT nain 


WM. DAWSON & SONS LTD. 
Back Issues Department, 
16 West Street, Farnham, Surrey, 
England. 
Tel: Farnham 4664, 
Offer rop prices for: 
BACK RUNS OF JOURNALS 


IN SCIENCE AND THE HUMANITIES 
ax 











LEEDS UNIVERSITY 
DEPARTMENT OF BOTANY 
Owing to staff changes we wish to dispose of 
an unused recently delivered Fison’s Growth 
Cabinet CM94/PG controlled for light intensity 





temperature and humidity, Interna! dimensions 
75x50x75 cm., external dimensions 173 x 76x 
Res cm. Cost £1,940. Would actepr reasonable 
Ofer, 

Inquiries to Professor J, Manton, FRS. Phe 
University, Leeds, 2. CEE 






Wanted and for Sale 
Scientifie and Technical Reviews... L 
SANTO VANASIA, 5& Via M. Macchi, 
20124 MILANO OX 








We are a clear and 
precise reference for 
all who are interested 
in untraditional 
products 








We do not ignore tne past. If we did, we should be de 
nying a long experience and neglecting a wealth of 
knowledge and technological skill acquired over eighty 
years of activity.There is ample room in our catalogue for 
let's call them, “routine” plastics, but our eyes are turn 
ed to the future, since the more advanced converter 
industries need semi-finished products having new and 
futuristic characteristics To get an idea of what we are 
producing with a mind to the future, a glance at the 
following will be sufficient. 


Styrene-acrylonitrile copolymer 
Oriented and unoriented polypropylene film 





Ethylene-propylene rubbers 





Fluorinated rubbers 





Vinyl-based thermoplastic alloy 





Fluorinated oils 





Polytetrafluoroethylene in powder, dispersion and 
paint form 


High-purity silicon for electronics 








Sulphur hexafluoride 





MONTECATINI EDISON S.p.A. 


Divisione Estero — 20121 Milano (Italia) 


> 
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These Cygnet 
joiners call 
themselves 
scientific 





They have a right to. They are real craftsmen, and have 
been for years, in producing specifically designed, carefully 
made laboratory furniture. Specialisation, technical know- 
how, quality, which in turn enables efficient production 
and competitive prices, have made Cygnet the most res- 
pected name among top organisations. The Cygnet careful 
approach applies to single units and complete installations, 
and many leading laboratories benefit from this. Progressive 
organisations throughout the country utilise the Cygnet 
consultative service. Write for our fully comprehensive 
P.H.2. catalogue. 


CYGNET JOINERY LIMITED 


Higher Swan Lane, Bolton. Tel: 62121 
a member of the OWES Group of Companies. 








Little 


Green 
Men? 


Vintage 











Nature,. November 16. 1968, wl 


A year ago, at the Mullard Radio Astronomy Observatory at Cambridge, v 
Dr A. Hewish and Miss J. Bailey observed signals like this: — : 


Since then there has been a great surge of interest in the subject of 
pulsating stars. More than a dozen have now been identified. but it 
remains as much of a puzzle as ever to know what circumstances permit 
stars to emit such regular pulses of radio energy. Are the almost legendary 
neutron stars involved ? Or are pulsating stars landmarks of gravitational. 
collapse. 

Well over a hundred articles have already appeared in scientific 
literature, most of them in NATURE. Those which appeared in NATURE 
before the end of August this year have now been collected into à single. 
volume together with an introduction by Professor F. G. Smith of 
Jodrell Bank and a description of the circumstances in which the 
original discovery was made by Dr. Hewish. This group of papers has an. 
undoubted historical interest but it also conveys a vivid sense of the way. 
in which the discovery of the first pulsating stars triggered off yet. 
another spell of excitement among astronomers. 


Pulsating Stars 100pp. Illustrated 60s. 


The progress of science is remarkable for the way in which humdrum 
achievements add up to make great leaps forward. The record of 1968 
is no exception to this rule, but the year also stands out for a number of 
spectacular discoveries — particularly the discovery of pulsating radio 
stars which set astronomers buzzing in February. But 1968 also saw 
quite remarkable progress in several other fields — in tracing back the 


ancestry of man, for example. The scientific journal NATURE compiles > 


each year a review of particularly exciting developments to coincide 
with the annual meeting of the British Association, and this volume 
includes the articles published in NATURE in August 1968. They are 
intended not just for professional scientists but for all those who seek 
to know what is happening in science. E 


Nature Science Report on 1968. 120pp. Illustrated. 7s. 6d. 


e miim tertie 


Order from your bookseller or use this reply-paid order form 


To: Globe Book Services Ltd. Brune! Road, Basingstoke, Harts. 
Please supply: 
copy/copies of Pulsating Stars 62/6d or U.S. $8 
(including post and packing? 
copy/copies of Nature Science Report on 1968 8/6 or U.S. $1.25 
(including post and packing) 
Please invoice me 
Name 


Address 
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CANADA 


The second largest country 
in the world with enormous 
natural resources, Canada 
will continue for many years 
to be a land of growth. Now 
ranking fifth in world 
trade, Canada is a leading 
manufacturing country 
with a highly industrialised 
economy and high standard 
of living. 

And, of course, Canada is 
only six hours away by air, 
six days by sea. 


If you would like to know 
more about working and 
living conditions in Canada, 
we will be pleased to send 
you literature. 


oday for further details 






Post this coupon : 






, ice 
mmigration Servic 


t., London WIX OAA 






OVERNMENT ! 
38 Grosvenor 3 






CANADIAN 6 
Dept. 6N16/11 
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PATRA 


Humidity Cabinet 


Accurately simulates mild, severe and accelerated 
climatic conditions 


Your Answer to Shelf Life Problems... 

The PATRA Humidity Cabinet offers the best way d 
finding out whether your chosen package will stand up t 
the worst climatic conditions likely on its journey and 
its point of sale. No need for expensive, time-consumin 
and often unreliable trial shipments - the 1 2-0] Ee 11 
more simply and more efficiently in your own factory. 
For low temperatures a refrigerator is available as an 
optional accessory. 

Illustrated catalogue on request to 

Laboratory Thermal Equipment Ltd. 
Greenfield, Nr. Oldham. 

Telephone: Saddleworth 3221/2 
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WORTHINGTON 





XOP ECHP RT. 


Worthington adds three 
new high-purity 
research enzymes 

to its list of 187 





Worthington Biochemical Corpora- 
tion has added three new specially 
purified enzymes to its broad list of 
products for biochemical research: 


— XANTHINE OXIDASE (XOP) 
has minimum specific activity of 
0.30 units per milligram protein and 
a 280 mp/450 mz absorbancy ratio 
of approximately 6.0. Chromato- 
graphically prepared, it is not less 
than 9095 homogeneous on poly- 
acrylamide gel disc electrophoresis. 
— ACETYLCHOLINESTERASE 
(ECHP) has minimum specific ac- 
tivity of 1000 units per milligram. 
It is an authentic acetylcholinester- 
ase from Electrophorous electricus 
purified by chromatography as well 
as by gel filtration. 

— RIBONUCLEASE T: (RT:) has 
specific activity of approximately 
3 x 10? units per milligram, twice 
that of other commercial products. 
It is homogeneous and has its pur- 
ity verified by enzymatic, chromato- 
graphic, electrophoretic and amino 
acid analyses. 


Technical data sheets on these spe- 
cially-prepared enzymes are avail- 
able on request to update your copy 
of the comprehensive Worthington 
manual. Use the following coupon 
to request copies of these or the 
complete list of Worthington prod- 
ucts for biochemical research. 


Worthington Biochemical Corporation 
Dept. K 
Freehold, New Jersey 07728 


Please.send the following bulletins: 
E XoP  []ECHP ORT: 


1 Catalog of Worthington 
Enzymes for Research 
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Title 


Institution 


Address 


City 


` State ZIP * 
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To meet the requirement for a high 
quality zoom stereomicroscope 
with special photographic features, 


Zeiss have developed the Model IV. Ar 


The built-in pancratic objectives 
ensures a performance at all 
magnifications previously only 
associated with stereoscopic 
instruments having fixed optical 
systems. The pancratic parallel 
zoom system provides a 
continuous magnification from 
0.8x to 4.0x and when used with the 
10x oculars, magnifications 
between 8x and 40x are obtained 
with a working distance of 84 mm. 
By changing oculars and 
attachment objectives the full 
range of magnification is 1.6x to 
200x. New lamps and a wide range 
of interchangeable accessories are 
available to suit almost every 
possible requirement. 


wt 
4 
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New Stereomicroscope IV 


with special photographic 
equipment 


Instead of the binocular body a 
photographic tube with an 
Attachment Camera is attached to 
the microscope and simply by 
sliding the photographic tube from 
one optical path to the other, 
either single or a pair of 
stereoscopic photographs can be 
obtained. 


c) 


o 


b) For the first time, a Luminar 


bjective 63 mm. can be mounted 


to a stereomicroscope for high 


q 


uality photography. 


With a new Beam Splitter and 
without loss of binocular 


o 
p 


bservation the following 

ossibilities are available 

. One 35 mm. camera 

. Two cameras for stereo- 
photography 

. Observation Tube for second 
observer and one camera 

. One or two Observation Tubes 

. 16 mm. Cine film camera 

. Closed circuit TV camera 


d) Stereophotographs can be taken 


with a stereo adapter and a 
Contarex camera where the two 
images are exposed 
simultaneously. 


Demonstrations are now being 
arranged and details of this unique 
instrument are available from Carl 
Zeiss at 


Degenhardt and Co Ltd 
Carl Zeiss House 

20/22 Mortimer Street 
London W1N 8AP 
Telephone 01-636 8050 
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LABELLED NUCLEICS 


from The Radiochemical Centre 


HIGH PURITY, HIGHEST SPECIFIC ACTIVITIES | High specification 
| 


AND COMPETITIVE PRICES 


important compounds now available 


IPseudouridine-C14(U) 

Adenosine—-C14(U)—3',5' cyclic phosphate 
lUridine-5'-diphospho (glucose-C14(U)) 
lUridine-5'-diphospho) glucuronic acid-C14(U)) 
Guanosine-C14(U)—5'-diphosphate 
IGuanosine-8-C14-—5'—-triphosphate 
IDeoxycytidine-5-T—5'-monophosphate 
IDeoxyuridine-5-T—-5'-monophosphate 


Y 


t full details, apply to 


he Radiochemical Centre Amersham England 





acmillan (Journals) Limited 


CFB.105 
CFB.112 
CFB.102 
CFB.106 
CFB.110 
CFA.376 
TRK.286 
TRK.287 


| Purities of at least 9596 are achieved before 


our labelled nucleics are put into stock 
Batches are checked by dilution analysis, 
paper chromatography, electrophoresis, enzy- 
matic analysis and UV spectroscopic analysis 
as appropriate. Full details are recorded in the 


| batch analysis accompanying each consign- 


ment 


Highest specific activities 
of any supplier 


The Radiochemical Centre offers carbon-14 
labelled nucleics at isotopic abundances 
often nearly 90% of the theoretical maximum; 
for example 


Thymidine-2-C14 at 60:5 mc/mM (9796) 


| Orotic acid-6-C14 at 60-3 mc/mM (9796) 


| These are specific activities measured on the 


products and are not sim calculated from 


the starting carbon-14 
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the freeze dryer 
you are 
looking for... 











or something in between- i 


—like the brand new EF1 manifold dryer. In any case your first 
move is to ask for a copy of the new Edwards Freeze Dryers 
Summary. It gives brief details of all 15 standard models. The 
reference number is 10675. 


Sa EDWARDS 


EDWARDS HIGH VACUUM LIMITED MANOR ROY AL CRAWLEY SUSSEX ENGLAND 


A member of the B OC group Telephone: Crawley 28844 Telex: 87123 Edhivac Crawley 





GD 496 
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manufacture 
precision 








> 'Unitemp 
J shaking 
i attachment 


Use the B.T.L. 'Unitemp' Shaking Attachment with any B.T.L. 'Unitemp' Water Bath. 
Automatically it gives a thorough shaking of the contents of vessels immersed in the 
bath, the special spring frame lets you handle vessels ranging from 25 ml. to 2000 ml. 
in capacity. It will shake vessels of different diameters simultaneously: and test tube 
racks : and Winchester quart bottles. 

It's well made too — in stainless steel, and the friction pads are of low resistance 
P.T.F.E. You get infinitely variable shaking speeds of 50-220 oscillations/minute and a 
range of amplitudes from 3” to 14". 

Price £49. Cat. No. 304/1732 (shallow form) 304/1733 (deep form). Ask for leaflet 7181. 
Write or 'phone for further information 


PRECISION EQUIPMENT MANUFACTURED BY BAIRD & TATLOCK (LONDON) LIMITED 


Baird & Tatlock (London) Ltd., Freshwater Rd, Chadwell Heath, Essex. Tel:01-5906081 
EAE 4 EB A Division of the Derbyshire Stone Group Telex: 24225. Cables: Burette, Ron 





mford 


BT.203 


NOW 
VERE 


IARI 
PHOENIX INSTRUMENTS FOR 
MOLECULAR WEIGHT 
& SIZE STUDIES 








THE NEW PHOENIX AUTOMATIC SCANNING, 
LOW-ANGLE LIGHT-SCATTERING PHOTOMETER 
Ven nee to yield size and shape information in the 0.2 
icron diameter range. 


to 200 






r “THE BRICE-PHOENIX 
"* LIGHT-SCATTERING-PHOTOMETER 


++. measures molecular and micellar weights from 300 to 
| Billion. Also measures size, shape, mass . . . interactions in 
solutions, turbidity, dissymmetry and depolarization. 


THE BRICE-PHOENIX 
— DIFFERENTIAL REFRACTOMETER 


. measures the difference in refractive index pies 
solutions and its solvents and concentrations . . 
greater accuracy, extended range and increased dbi. 
with sensitivities to 1075 R. |. units. 


These instruments ore backed-up by over 1000 published — 


bibliographies compiled since 1945 on light-scattering, ] 
covering 22 categories from aerosol: to synthetic polymers. 
Send for FREE LITERATURE KIT containing these valuable 
references, as well os reprints ond bulletings on light 


scattering instrumentation. — 
PHOENIX PRECISION 


IPP fam STRUNEN cmm 


World Wide Soles & Service 
A Subsidiary of [t 











0| INSTRUMENTS CORP. 


Represented by 


TECHMATION LTD. London, England € TECHMATION Paris France 


CENCO—Breda, Holland * Haan, Germany * Milano, Italy 
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DYES FOR USE IN ALL INDUSTRIES 


RESEARCH & PRODUCTION CHEMISTS: if you 
are looking for dyes with specific chemical and physical 
properties suitable for particular manufacturing and/or 
testing processes you are invited to contact 


EDWARD GURR LIMITED 


for supplies. 





We hold stocks of an enormous variety of dyes, ready for immediate 
despatch, including : 

Cyanine, Dicyanine, Fast Bordeaux O, Aurantia, Crystal violet, BPC, 
Scarlet R, BPC, Diazonium salts, Neutral violet, Lacmoid, Nile blue, 
Janus green, Brilliant green BPC, Rosolic acid, Methyl green, p- Ethoxy- 
chrysoidin, Methyl red, Nitrazine yellow, Pinacryptol green, etc. 


Industrial Research Establishments 


are invited to make use of our professional services as 
consultants on the selection and use of dyes as research 
and production tools. 


BIOLOGISTS are invited to send for our catalogue of: 


*MIIKCIHIIRQMIIE? 


STAINS & REAGENTS FOR BIOLOGY 


Acridine orange, Aquamount, Fluormount, Lipid crimson, Matamount, 
May-Grünwald, Leishman, Giemsa, Toluidine blue, Cresyl fast violet, 
Papanicolaou stains, Thioflavine S, Brilliant cresyl blue, Nile blue, 
Pyronin Y, Trifalgic acid, Rhodanile blue, Haplo, etc. 


EDWARD GURR LTD 


42 Upper Richmond Road West, London, S.W.14 
Cables: Micromlabs London SW14. Telephone: 01-876 8228/9 





1,5-Diazabicyclo (5.4.0) 
undec-5-ene ( DBU ) 
25g.-125]-, 100g.-394]|- 
and 

1,5-Diazabicyclo (4.3.0) 
non-5-ene ( DBN ) 
5g.-37]-, 25g.-103/-, 


100g.-301]- 


The best reagents for 
dehydrohalogenations. 





Send for data 
sheet 






RALPH N.EMANUELLTD 


264 Water Road, 
Alperton, Middlesex 








Telephone 
01-998 4414 
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Nowhere in the world will you find such 
broad coverage of products and services 
in the field of Biomedical Research! 
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Nowhere in the world will 
= you find such broad cover- 
ead age of products and serv- 

< ices in the field of Biomed- 
ical Research! 





You can prove it to yourself when you see our new 
catalog . . . with many new products. 
It offers: 


Cell Cultures 

Cell Culture Media and Sera 

Viral Reagents 

Immunological Reagents 

Laboratory Animals 

Laboratory Glassware and Equipment 
Micro-Solv (The tissue culture glassware detergent) 


Our products are designed and produced to meet the critical laboratory 
needs of the research worker. And, our services are global. 


Add to that the fact that no laboratory products are more meticulously 
controlled for quality than those that are endorsed by Microbiological 
Associates. 


Shouldn't your supplier be Microbiological Associates? 


It’s so easy to pick up the phone and call us or send us your name 
so that we might put you on our mailing list for our new catalog. 


If you are already receiving products and services from us . . . why 
not thumb through your catalog again . . . and be sure you haven't 
missed anything. 


MICROBIOLOGICAL ASSOCIATES 


MAIN OFFICE « 4733 BETHESDA AVENUE, BETHESDA, MD. 20014 e (301) 654-3400 
WEST COAST OFFICE « 503 SAN PABLO AVENUE, ALBANY, CALIF. 94706 « (415) 526-6228 


Tur ninrer AMN íADCECT CNAADANY DE ITS KIND IN THE WARI D 





Labeled amino acids 


(How can the purchaser be protected 


from their decomposition?) 


We synthesize dozens upon dozens of C'^, H?, 

N'5, and S? labeled amino acids, derivatives, and 
related compounds. (And hundreds of other 
isotopically-labeled biochemicals.) Every batch of 
everything has to meet the appropriate specifications 
before the people in Quality Control let the people 
in Production transfer anything to stock for sale. 
But neither group is off the hook at this point. 
Despite our efforts to minimize the decomposition 
of stocks in inventory (by low temperature storage, 
proper pH, and concentration, etc.), decomposition 
sometimes occurs. Every supplier has the problem. 
How does this supplier protect the purchaser? 

By reassaying every batch of every radiochemical 
in the house every ten weeks. Or oftener. Any batch 
showing a breakdown in excess of 3% from 
specification is withdrawn from stock. No maybes. 
This reassay program protects you (and us, of 
course) from low purity material. And the reassay 
data also goes into the Product Analysis Report with 
all of the other analytical information pertaining to 
the material you receive. Rather reassuring. 

Now back to our labeled amino acids, derivatives 
and related compounds. We have an unusually 
wide selection of these (actually, with 133 different 


compounds it appears to be the widest) with the 
highest specific activities available anywhere, and 
with purity consistent with the sophisticated 
demands of today's research. Examples: 
L-Phenylalanine-C'* (360 mc/ mmole), 
L-Leucine-C'^ (240 mc/ mmole), L-Leucine-4, 5-H? 
(45 c/ mmole), L-Tyrosine-3, 5-H* (40 c/ mmole). 
Then too it seems appropriate to tell you that 
we also offer: (1) labeled amino acid kits, 
(2) labeled amino acid mixtures of various kinds, 
(3) carefully standardized solutions of C'* amino 
acids to simplify precise measurement of amino 
acid acceptor activity, and (4) a wide selection 
of unlabeled amino acids and derivatives. 
Finally: we now pack our C'* and H? labeled 
amino acids in a vial with a special closure 
which has both a self-sealing rubber diaphragm 
(when removal by syringe is preferred), plus a 
reclosable screw-cap to enable removal by pipet. 
For the complete story on the wide selection 
and high quality of our labeled amino acids—and 
everything else mentioned above—write “Amino Acids” 
on a postcard. Do include your zipcode, please. 


Schwarz BioResearch, Inc. c8» 
Orangeburg, New York 10962 


See our agent; Cambrian Chemicals Ltd., 73 Cherry Orchard Road, Croydon CR9 6AG, England, Telephone: (01)-682-2066 


j 


Nature, November 23, 1968, p. vi 





The world's first medium size 
computer at a small computer price. 


£9.530 complete. 


Never before has a computer with the 
power of the PDP—9, 18-bit word length 
of the PDP—9, the programmability, 

the multi-channelling, the expandability 


face directly to the 1-0 bus by inexpensive 
FLIP CHIP modules. t 


And it can be expanded to 32K memory. COMPUTERS , MODULES . 


of the PDP—9 been available at a price 
near the price of the new PDP—9/L. 


PDP—9/L is a leaner version of the PDP—9, 
but it is a medium size computer by any 
standards, Expandable 4K memory, with 


1.5 usec cycle time. 


Teletype. Standard 1-0 bus. Eight built-in, 


high-speed data channels. Devices inter- 


When you reach 16K, background-fore- 


ground programming becomes available. 


But even the 4K software includes 
assembler, editor, debugging aids, math 
package, and utility programmes. 


|f your investigations require a medium 
size computer, but if you simply could 
not afford one before, write to us. 

The new PDP—9/L is designed for you. 


DIGITAL EQUIPMENT CO. LIMITED, 
Arkwright Road, Reading, Berks., Tel: 
(ORE 4) 85131, and 13 Upper Precinct, 
Walkden, Manchester, Tel: (061) 790 4591 
Offices also in Paris, France; Munich and 
Cologne, Germany; Stockholm, Sweden; 
The Hague, Netherlands; Oslo, Norway; 
Sydney and West Perth, Australia; Carletor 
Place, Toronto and Edmonton, Alberta, 
Canada; and in principal cities of the U.S.Z 
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WHEN IT COMES TO MASS SPECTROMETRY, 


GOTHENBURG SPEAKS THE SAME LANGUAGE AS 


RACHI, TOKYO, BERLIN, ETC., ETS, 


FL. 
li À 
DEN 34 


CHICAGO, ROME, KHA 
















Itisin fact, an international language—the international 
language of AEI mass spectrometry. The AEI range of mass 
spectrometers is one of the most popular ever developed, and 
you will find them in use in almost every university and research 
establishment from Tokyo to Toronto and from Canberra to 
Copenhagen. In fact if advanced analytical work is being carried 
out, the chances are that there is an AEI instrument somewhere 
in the scheme 


Why is this ? Well, one reason is that we have broken through 
the language barrier by internationalizing our representation— 
there is an AEI trained man within ‘phone call distance’ in all 
the major centres of industry throughout the world. 


Another is that our hardware and software is, beyond question 
the most comprehensive available today. But don't take our 
word for it—see for yourself. 


MS12 A single focusing 
mass spectrometer charac 
terized by fast scanning 
and high sensitivity. Suit- 
able for use with gas 
chromatographs as well as 
normal analysis and struc- 
tural identification of 
organic compounds, 
Resolution is guaranteed 
at 7,500. The MS12 can 
with ease be converted to 
a double focusing mass 
spectrometer of the full 
operating specification of 
the MS902. 


& SGIENTIAG 
“=” APPARATUS 


MS902 The world's most 
widely used double focus- 
ing mass spectrometer for 
the solution of analytical 
problems in organic che 

mistry. Resolution is quar 

anteed at 70,000, The 
MS902 is the analytical 
component of the ONA-1 
automatic data acquisition 
system supplied by AEI. 
This system is in operation 
in Europe and U.S.A. 
increasing analytical pro- 
ductivity by freeing 
chemists from many hours 
of routine interpretation 


MS702 A double focus 
ing, spark source mass 
spectrometer forthe analy 
sis of impurities present in 
inorganic materials. A wide 
range of accessories in- 
cludes alternative ion 
sources and both electrical 
and photoplate recording, 
extending the application 
of this instrument into the 
analysis of organic com- 
pounds. 


MS10 in kit form or as a 
complete analytical mass 
spectrometer. In consoie 
form as the MS10c1 for 
gas analysis and MS10c2 
for chemical analysis 
Metallurgy MS10: For 
the determination of trace 
gases in solids. 

Vacuum MS10: Forresi- 
dual gas analysis. 
Isotope MS10: For pre- 
cision recording of isotope 
abundance ratios of gases. 


MINIMASS Anew partial 


with 
40. 


pressure analyser 
mass range of 2 t 
Minimass gives dire 
dication of the partie 
sure, in torr, of residual 
gases in a vacuum 





t in- 
ores 





system. 


For information contact GEC-AEI (Electronics) Ltd., 
Scientific Apparatus Division, Barton Dock Rd., 
Urmston, Manchester. Tel : 061-865 4466 

And in the U.S.A. contact: 
Picker Nuclear, 1275 Mamaroneck Avenue, 
White Plains, New York. 10605 


The DMR21 satisfies all requirements 
for continuous and accurate 
recording of spectral data, in both 
routine and applied research. 


Automatic Recording Spectrophotometer 


With the addition of a Flame 
Attachment, absorption and 
emission recordings are obtainable; 
and without extensive change the 
DMR21 can also be converted into a 
Fluorometer. Thus a wavelength 
scale from 185 my to 2500 my is 
available, for all applications in the 
field of spectrophotometry. 


E mE West 
Ces) | Germany 
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Several measuring ranges are 
provided, with facility for 
electronically trimming the 


baseline at a large number of points 
in the spectrum. 10 recording speeds 
are incorporated as basic equipment, 


to permit the display of Optical 
Density, Transmission and other 






data, and various programmes are 
available to extend the ratio of the 
linear wavelength scale. 


Full details from Carl Zeiss at 
Degenhardt & Co. Ltd., Carl Zeiss 
House, 20,22 Mortimer Street, 
London, W1N 8AP 

01-636 8050 (15 lines) 


Hegenhardt 
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Because it combines the highest accuracy with 
complete versatility to make it the ideal 
spectrophotometer for research laboratories. 

The SP700 is a double-beam ratio-recording 
spectrophotometer for the ultraviolet, visible and near 
infrared regions of the spectrum—with near infrared 
coverage of up to 3.57 u (2,800 cm-!). A choice of 
linear wavelength (SP700A) or linear wavenumber 
(SP700C) is available 

There are 5 scan speeds, 4 chart speeds, 

5 transmittance, 3 absorbance scales, and an energy 





NATURE. NOVEMBER 23, 


Pye Unicam calls this 
the master instrument 


scale for single beam work. All of which combine to 
make the SP700 one of the most versatile 
instruments available. 

And accuracy ? Wavelength (wavenumber) accuracy 
is 0.05 nm at 200 nm (5 cm '' at 50,000 cm-!) 
Then to ensure constant precision there is a 
multipotentiometer system to give accurate control of 
the baseline profile 

We should like to convince you too about Pye 
Unicam's master instrument. Write or telephone toda 
for our brochure. Better still, ask for a demonstration 
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Precision Instruments 


Pye Unicam Ltd 
York Street Cambridge England 
Telephone (0223) 58866 Telex 81215 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 
Pulsars—How the solar corona affects signals—HOLLWEG 
(Max Planck Institute for Extraterrestrial Physics) 


Quasars--Absorption lines in the spectra of pate 
ROEDER and VERREAULT (Torontoi s : 


Geophysics—New system of geomagnetic idma 
KILFOYLE and JACKA (Adelaide) 


Atmosphere — Measuremeuts of air density. at heights 
between 130 and 160 km—KING-HELE and WALKER 
(Royal Aircraft Establishment) 


Meteorites— Amount of magnetite in Orgueil meteorite 
KERRIDGE and CHATTERJI (London) 


Geology—New Canadian crater—— URRIE 
Survey of Canada) . 


Paysics—Thin copper films ie deme ihan bulk copper— 
WEINSTEIN, D'ANTONIO and MUKHERJEE (Pály- 
technic Institute of Brooklyn). 


Solid state—Cracking causes thermal decomposition 
BOWDEN, FOY and SORIA-RUIZ (Cambridge) ; 


Physics—Perturbations of an arbitrary spherically sym- 
metric metric--STACHEL (Boston) . 


Optics—Double refraction of second harmonic ligmt—SU 
and HSU (Chinese University of Hong Kong) 


Physics—Optical activity in a non-enantiomorphous cry: stal 
—HOBDEN (Royal Radar Establishment) 


Materials—Tensile strength of boron filament dud with 
silicon carbide and of uncoated boron filament at elevated 
temperatures--VELTRI and GALASSO (United Aircraft 
Corporation Research Laboratories, Connecticut) A 


Metallurgy--Improved method of explosive e bonding 
JARVIS and SLATE (UKAEA) j 


Crystal chemistry—Magnetic mm in a copper- 
adenine complex—GOODGAME and FRICE (London) , 


Natural products—A cyclic triad of hydrogen bonds pro- 
bably exists in a helical xylan poly mer—ATKINS and 
PARKER (Leeds) . : 


(Geological 


BIOLOGICAL SCIENCES 


Biophysics—-Electron spin resonance linewidths in met 
myoglobin—SLADE and INGRAM (Keele) 


Nucleic acids—Control of RNA synthesis in Chlamydomonas 
—SURZYCKI and HASTINGS (Harvard) 


Biophysics—-Paramagnetic resonance studies on spin- 
labelled haemoglobin — McCONNELL, OGAWA and 
HORWITZ (Stauffer Laboratory for Physical Chemistry, 
Stanford, California) 


Abnormal haemoglobins—C hewicá ciiaracterizátion of 
ien ud Leiden — DE JONG; WENT and BERNINI 
{Leiden 


Biochemistry—: Subunits of alpha- cry “ystallin fom the iis of 
adult and embryo cattle—-SCHOENMAKERS and BLOE- 
MENDAL (Nijmegen) 


Biochemistry—In fermenting yeast, diacetyl probably 

arises from the decomposition of acetolactate—SUO- 

Male) EN and RON KAINEN Gras Alcohol S Monopoly, 
inlan a 


Physiology—Speech may be initiated by ihes minor enti: 
sphere--BUTLER and NORRSELL (Caltech) 


Transplantation—Kidney preservat!on—: ASHBY (L aden J 
and BELZER (California) 


Physiology—LSD blocks the increase in rat TET serotonin 
turnover indaced by an elevated ambient temperature— 
AGHAJANIAN and WEISS (Yale and pores Mental 
Health Centre) 5 . 


Brain biochemistry — Different nopubitio 38 iol sv A 
somes in brain horasgenates eq ERSEN and SNYDER 
(Johns Hopkins) A , 


Human genetics—Mortality rates in schizophrenia offer a 
clue to the problem of schizophrenia and selection —ERLEN- 
MEYER-KIMLING (Columbia) i 


Animal behaviour— E flects of some 4- subsdbuted ampheta- 
mines on rats--BEATON (Aberdeen), SMYTHIES (Edin- 
burgh}, BENINGTON, MORIN and CLARK (A labama) 


Nutrition—The production of heat induced by diet has 
metabolic origins—STIRLING and STOCK (London) . 


Zoology—Transport of animals ds iy the Panama Canal 
—MENZIES (Florida State) , 


Marine biology—A marine snail reverts to Meestal form 
and habit—GOULD (Harvard) . d 


Plant physiology— Nutrient absorption and icdieiocsdoe 
by older parts of the root axis—-CLARKSON, SANDERSON 
and SCOTT RUSSELL (ARC) ; 


Biology—Ostracoda and the continental drift 1 hy sathe pene 
McKENZIE (British Museum {Natural History) and 
HUSSAINY (Monash) 


Zoology -Temperature a and lifespan in Drosophila— LAMB 
(London) $ 


Agae- -Heletonysts in Scylonema may fadation as aac 
ment organs—ALLSOPP (Manchester) . 


Algae-—Heterocysts in blue-green algae may be the site of 
nitrogen fixation—FAY, STEWART, WALSBY and FOGG 
(London) 


Plant pathology Infection w ith rust priet ts beans against 
heat injury--Y ARWOOD (California) - 


Zoology- Thermoregula story function of anilers-— GEIST 
(Calgary) 


Pathology-—Using ines rat as a iones model — AZIZ, 
MOHSIN, HARE and PHILLIPS aereis -SE ATO Cholera 
Research Laboratory, Dacca) ‘ 


Viruses—Structure of the reaggregated Rotini sheds z two 
spherical viruses—FINCH (MRC) and BANCROFT (Purdue) 


Immunology—Comparative immunogenic ity of antilym- 
phocytic globulin in solution and adsorbed on ly mphocytes— 
HOW ARD, ASFIS and WOODRUFF (Edinburgh) 


Microbial genetics— Mutability of stored spores of Bactilus 
subtilis—ZAMENHOF, EICHHORN and ROSENBAUM- 
OLIVER (California) 


Immunity —Relation between’ blood groups, ind resistance 
to infection with influenza and some picornaviruses— 
TYRRELL, SPARROW and BEARE (MRC) 


Immunology—E fiect of stimulation in infancy on the 
immune response in rats—SOLOMON, LEV INE and 
KRAFT (Stanford and VA Hospital, Palo Alto) . 


Virology— Differential inhibition of viral DNA synthesis E 
phagicin—MEEK and TAKAHASHI (Bristol) 
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Europe leaps into the Dark 


THE European Space Conference last week seems to 
have been a great turn-up for the book. After some- 
what grisly preparations for what threatened to be a 
confrontation between the mainland and the Anglo- 
Saxon offshore islands, something with the makings 
of a compromise has emerged. Between now and the 
meeting of the ELDO Council on Friday, there will be 
at least a breathing space in which the interested parties 
can lick what they imagine to be their wounds and 
make some plans for the years which lie ahead. 
No doubt the task will be a little easier now that the 
French franc is under something like a cloud. Goodness 
knows what the effect will be of another failure on the 
launching pad at Woomera. But whatever happens, 
European, governments can congratulate themselves 
that the outcome of last week’s meeting was not the 
open breach that many people had feared. That is 
something to be grateful for, even though the question 
of what should be the future of European policy above 
the atmosphere remains undecided. 

The first hurdle to be surmounted is that the main- 
land governments which belong to ELDO should 
agree to free the United Kingdom from its commit- 
ment to pay roughly £15 million towards the cash 


expenses of ELDO in the next three years. This is 
the demand with which the British Government 


shattered the illusions of the European rocketeers 
(many of them British) earlier this year. At the next 
council meeting of ELDO, the representatives of the 
other governments will be more than a little mollified 
by the way in which the British Government committed 
itself last week to the proposition that there should 
now be a committee of high officials to work out the 
constitution of a single organization for space research 
and development in Europe. With a little luck, other 
European governments can hope that the money 
which Britain is not now willing to spend on the develop- 
ment of launching vehicles w ill be more than made up 
for by the sums which are afterwards spent on the 
development of communications satellites and the like. 
Given the prestige which everybody has now invested 
in these negotiations, that is not an unreasonable hope. 
At the same time, it would obviously help a little if 
the Minister of Technology . Mr Wedgwood Benn, were 
somehow able to soften the demand when it comes to 
be debated in the council meeting a few days from now. 
Everybody knows that a bird in the hand is worth 
two in the bush. Of all the farces which may be acted 
out next week, the most futile would be that in which 
the British Government is held to its promise and in 
which it sticks out its tongue in retaliation by insisting 
that it will not take part in the less dubious develop- 
ments. 


But what if everybody comes away from the ELDO 
meeting in the same euphoric mood engendered in 
Bonn last week ? What will happen then? With or 
without British participation, there will now be a 
serious attempt to work out the constitution for a 
unified space research and development organization 
combining some of the functions at present carried out 
separately by ESRO and ELDO. With luck, the 
group of officials charged with working out a scheme 
should have something to report before twelve months 
are out. It seems also to have been agreed at Bonn 
that eountries wishing to take part in the combined 
enterprise should be allowed to sign on (with an appro- 
priately graduated membership subscription) either 
for what is regarded as a minimum programme of 
research and development or for a more lavish enter- 
prise, launching rockets and all. This formula would 
on the face of things allow the British Government to 
stick to its new-found principle that the development 
in Europe of large launching rockets is a waste of time 
and money while running with the rest of Europe 
after better communications satellites. The organiza- 
tion which emerges from what will be a larger and 
probably more contentious committee than any so far 
to have been given the job of formulating European 
space policy will depend to a large extent on the anxiety 
of mainland countries to spend money on the develop- 
ment of rocketry as distinct from satellites, but already 
it seems clear that ESRO will play a big part in the 
developments to come. This will be music for Professor 
Herman Bondi, the new director at ESRO, who has 
made little secret in the past few months of his wish 
to see ESRO broaden the base of its operations by 
taking on communications satellites as well as scientific 
payloads. Indeed, it seems as if the package which 
has been agreed at Bonn provides ESRO not merely 
with its budget for the immediate future increasing by 
six per cent a year but also with some pocket money 
with which to begin desk studies of communications 
satellites and their applications. Who says that 
governments are never fairy godmothers ? 

The trouble, of course, is that working out a policy 
for the future development of space in Europe is not 
just a problem of how to be fair to as many decent 
people as circumstances will allow. There are also 
real problems crying out for solution. The most 
difficult is to know just what European governments 
can expect to win from the spending of large amounts 
of money on space research and development. Nothing 
is gained by hiding from the plain truth that many 
people in Europe, and far too many governments, are 
unreasonably attracted by space r research. One way 
and another, governments seem to have been persuaded 
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that à space programme is as essential to the pride of 
nations as the operation of an international airline or 
the maintenance of embassies abroad. Economically 
embattled Europe seems often to have mistaken the 
mere conduct of a space programme for a means of 
protection against the technology gap, whatever that 
may be. For all its faults, the British Government 
has done a publie service in the past few months by 
insisting on the pragmatic view that the only kind of 
space research on which it is worth spending large 
sums of money is potentially profitable space research. 
It is true that there is plenty of room for argument 
within that form of words. Even rocket development 
might be profitable—or at least necessary—if the 
United States were to decline to provide facilities 
within the framework of organizations such as Intelsat, 
but there is at present no need to fear developments 
like that. (So far as the launching of communications 
satellites is concerned, this issue should be cleared up 
in February next year, when the treaty must be negoti- 
ated again.) 

But even the development of communications satel- 
lites on a European basis is not necessarily nearly as 
sound an option as people were supposing in Bonn last 
week. Ifthe objective is to enable European companies 
to put in reasonable tenders for future contracts for 
Intelsat, it is not certain that the new European space 
research organization will be able to play more than a 
marginal part. Even if the project first suggested by 
the European Conference on Telecommunications by 
Satellite (CETS) is pushed ahead, most of the £30 
million to be spent will go on manufacturing and on 
launching, not on research and development. In other 
words, whatever may be the outcome of the official 
study which may begin next week, those nations which 
decide to go ahead with collaborative projects should 
take good care that there are plenty of opportunities 
for reconsidering their plans. As things stand, there 
is everything to be said for helping industrial companies 
in Europe to compete more effectively in a novel 
although not magical technology, and a unified space 
organization may be able to do some good in the years 
immediately ahead. But if it should seem, only a few 
years from now, that the organization has outlived 
even its attenuated purpose, there should be no delay 
in pulling it apart again. 


Planning for Cities 


THanks to the success of "My Fair Lady", most people 
know that Covent Garden is at present the part of 
London used by wholesale merchants in fruit and 
vegetables. In the early seventies, the market will, 
however, be moving from its present site to a place 
across the river where the senseless practice of carting 
produce into and then out of the city will less seriously 
aggravate traffic congestion. In preparation for this 
great day, the three local authorities chiefly concerned 
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But will not science suffer if Europe does not col- 
laborate on space research ? This is another of the 
xenophobic questions with which space politicians are 
surrounded. Unfortunately there is no doubt the 
money at present being spent on space research within 
the ESRO organization is probably the greatest 
extravagance which treasuries permit their scientists, 
proton accelerators notwithstanding. In Britain, 
for example, the contribution to ESRO from the Science 
Research Council amounts to close on half the total 
spent each year on space science and astronomy. In 
circumstances in which nobody wishes to send anybody 
to the Moon, it is a constant heartbreak to think of 
how these very large sums of money might be spent 
on more profitable ventures. Worse still, it seems quite 
plain that the experience of individual scientists of 
dealing with the ESRO organization, at least in the 
days before Professor Bondi went to Paris, has been 
frustrating, to say the best of it. Although a restriction 
of the satellite space available in the United States 
could change the attitudes of many working scientists, 
there is no doubt that the reward in strictly scientific 
terms for the £20 million and more which is spent each 
year on ESRO is meagre. In the circumstances, 
there is every reason to hope that ESRO can be pushed 
on to a broader base. A simple corollary, of great 
importance now the British Government has created 
machinery for making sensible comparisons of the 
utility of different kinds of expenditures on research and 
development, is that responsibility for the contribution 
to ESRO can be transferred to some place in the annual 
budget which would be more suited to its non-scientific 
character. 

It is also important that European governments 
should pay close and urgent attention to the revision 
of the Intelsat agreement. This is one of the most 
important issues to be settled in the next few months. 
Largely because responsibility usually rests with the 
professional communicators—the General Post Office 
in the United Kingdom—the questions to be decided 
have not been given anything like the attention which 
they deserve. The future of European space technology 
is deeply involved, if only because a revision of the 
Intelsat agreement which seems satisfactory to the 
Europeans will take the steam out of the campaign 
to develop rocket launchers independently in Europe. 


with city planning in the area have now published a 
draft plan for the redevelopment of some 90 acres in 
the centre of London (Covent Garden's Moving, Greater 
London Council, 30s). To be fair, the authorities 
concerned—the Greater London Council, the City of 
Westminster and the London Borough of Camden—- 
have put forward their planners’ suggestions somewhat 
tentatively at this stage. Those outside the magie circle 
are being asked to comment on the proposals which 
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have been published. One way and another, this 
process may do some good, for there are no doubt a 
great many improvements to be effected. Whether 
this dialogue will persuade the planning authorities 
to begin all over again on the task which they have set 
themselves cannot at this stage be determined, but 
that is what should happen. 

Issues like this are important if only because the 
development of the modern city is as much a part of 
the technological world as the nuclear power stations 
and the supersonic aircraft which are more often 
considered to represent the vanguard of what is called 
progress. In other words, a failure properly to exploit 
opportunities for imaginative development in the 
growth of large cities deserves as many mourners as 
the neglect of some new device—or the pollution in 
some novel way of some essential part of the environ- 
ment. The trouble with what is proposed for Covent 
Garden is not merely the neglect of opportunity but 
also the neglect of the techniques—or the disciplines 
— which should by now inform the work even of pedes- 
trian city planners. The fact that the planning study 
which has been carried out for Covent Garden was 
tightly circumscribed by the terms of reference laid 
down by the sponsoring authorities is only half an 
excuse. Sadly, it must be acknowledged that the 
planners themselves have not risen to the occasion. 

The draft plan would regulate the development of 
roughly eighty acres of central London over an interval 
of time stretching into the 1980s and beyond. Some 
of the proposals will win lukewarm applause. The 
retention of buildings such as the Royal Opera House 
and St Paul’s church is an obvious need. Some skill 
has been spent on devices for separating pedestrians 
and wheeled traffic, chiefly by erecting pedestrian 
decks over the arterial roads at the boundaries of the 
area and by restricting access to the rest of it to a few 
strategically sited service tunnels. There has also been 
a deliberate attempt to increase the number of people 
living in the area. On the basis of some parsimonious 
estimates of the amount of living space necessary to 
keep people in good health (but hardly to allow them 
to swing cats) the planners estimate that the population 
of the area should increase from about 5,000 in the 
early sixties to something like 7,000 two decades from 
now. The proposal that the amount of office space 
in the area should be reduced by rather more than 
10 per cent will accord well with the perverse but 
fashionable British view that cities can manage without 
offices. Undoubtedly there is merit in the way in 
which the proposals represent a pattern of mixed 
development in an area whose character derives 
in part from incongruity, but is it really wise that the 
planners should set aside nearly as much floor space for 
parking cars as for providing people with dwelling 
houses ? And although the new theatres will probably 
do a roaring trade, who will have money left to spend 
in shops which take up twice as much space as at 
present ? These decisions need more careful study. 

These, however, are comparatively minor quibbles. 
The real defects of the proposals for Covent Garden 
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lie much deeper. The most serious is the underlying 
assumption that it is necessary, even possible, to plan 
in isolation for eighty acres in the centre of a modern 
city without paying much regard to what happens 
elsewhere. It is almost as if the planners have set out 
to design the interior of a walled city where the trunk 
roads running around the perimeter represent entirely 
fixed points on the landscape. On one side of the 
complex, for example, it is proposed that buildings 
should be stacked ingeniously on each other so as to 
present a blank wall to the outside world (and thus 
help to attenuate traffic noise in the interior). Else- 
where in the report are urgent pleas for vistas along 
which pedestrians can catch occasional glimpses of 
the Thames across the Strand—the ancient street 
which now runs like a tunnel between two cliffs of 
undistinguished buildings. There is nothing in the 
report now published to suggest that the planners 
have calculated the changes that will be made in the 
pattern of traffic along these roads if their schemes— 
and others being hatched for neighbouring areas— 
eventually materialize. Worse still, nobody seems 
to have asked whether the roads which serve as 
boundaries to the Covent Garden area could be reduced 
enormously in importance by the substitution of 
alternative means of transport—subway trains or 
travellators, for example. In reality, however, the 
failure to ask whether the Strand might not be dis- 
pensed with or replaced by other means of communica- 
tion has robbed the planners of what could be a splendid 
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opportunity—that of throwing Covent Garden open 
to the much under-used river bank. No doubt the 
authorities sponsoring the plans have their reasons for 
restricting the area in which planning has been under- 
taken, but the result is a pattern of development which 
is plainly half-baked. 

Why has everybody been so timid ? Why have the 
planners gone about their job as if they had been asked 
to plan an isolated village, not a part of the centre of 
a large city? No doubt a part of the trouble can be 
found in the instruction by the sponsoring authorities 
that the draft plan should be characterized by the 
“avoidance of major employment generators and major 
traffic generators”. The problem, in other words, is 
that of creating a kind of backwater in the centre of 
the city. Rarely can city administrators have con- 
fessed so openly their sense of imprisonment by cireum- 
stances, chiefly the difficulties of creating efficient 
communications networks. To be sure, there is every 
likelihood that an attempt to endow the Covent 
Garden area with some real function in the social 
fabric of London would have been a controversial 
business, but that is no justification of the passivity 
which has overtaken the planning authorities. In the 
months ahead, it is to be hoped that the planning 
authorities will be subjected to the strongest pressures 
to take a more adventurous view of their responsibili- 
ties. 

Even within the cowardly terms of reference pro- 
vided, however, the authors of the draft plan could 
have done a better job. They have not dealt with the 
design even of their walled village in the spirit of the 
times, as if it were an integrated system with links to 
the outside world. The result is that many of the 
proposals are quantitatively as well as qualitatively 
unconvincing. There is, for example, no proper 
analysis of the problems of communication within the 
area. The assumption is that people will gladly walk 
wherever they wish to go, although the plan also hes 
a brief paragraph about “corridors for new forms of 
transport” intended to refer to some means of getting 
about whieh has not vet been specified but which 
reading between the lines—would probably be sus- 
pended above the pedestrian deck. But is it not folly 
to make a plan without knowing more about the 
characteristics of such a system—or about the willing- 
ness of eity dwellers to walk to the end of their central 
compound ? And is it not probable that more informa- 
tion about the nature of the supposed transport 
system would condition in important ways the charac- 
ter of the rest of the design ? In this and many other 
ways, the draft plan has put the cart before the horse. 





SPACE POLITICS 


A Key to European Future 


from a Special Correspondent 
Bonn, Tuesday 
THE panache with which Mr Anthony Wedgwood Benn 
delivered the new British initiative for switching the 
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main European space resources from launchers to 
applications satellites at last week's Bonn European 
Space Conference almost concealed the fact that it was 
something of a confidence trick. The contents of the 
British package were all contained in the Spaey report 
to ELDO, except, of course, the British condition that. 
support for the new programme depended on the British 
Government being released from its remaining two-year 
financial commitment to ELDO—£10 million or so, 
trifling in the circumstances. The Spaey report was 
discussed under a heavy security curtain at the German 
Foreign Office by ELDO ministers on the eve (Mon- 
day) of the European Space Conference. A copy of 
this has now come to hand. It makes possible a com- 
parison between the British position and the Spaey 
proposals. 

It seems likely that the Government’s decision on a 
volte-face on its space policy took place at the Cabinet 
meeting the same day, attended by Mr Benn. In 
April the Government rejected the CETS relay satellite 
which Mr Benn last week praised so highly. The 
switch of position was being described in Bonn circles 
as the “180 degree turn". 

Britain's package deal amounts to this. If her 
ELDO contribution is dropped, this amount (£10 
million) plus a substantially larger sum will be put 
towards the development of European communications 
satellites, seen as a growth programme stretching into 
the eighties. Considerably more than £20 million a 
year is implied as the minimum British contribution. 
Included in the package is a programme of long-term 
applied technological research to provide Europe 
with know-how and hardware which it does not yet 
have, so raising the overall industrial level throughout 
Europe. Also included is a thorough market research 
study on the world markets for applications satellites 
and their services. "This is contained in a four-point 
proposal tabled by Britain on the first day of last week's 
space conference. 

The initial satellite in this programme is the so-called 
CETS point-to-point experimental communications 
satellite aimed at 1975, for which a design already 
exists. This would transfer information between a 
few main ground stations, including the occasional 
Eurovision programme, on the Early Bird model. 
The CETS satellite is designed for launch by the 
European rocket (at a eost of about £5 million per 
launch). An American launch would be cheaper but 
would involve rejigging the satellite design, involving 
extra cost. 

The information transfer satellite is seen as a basic 
tool for a range of services calling for rapid data 
exchange. Air and sea traffic control, meteorology and 
resource surveying satellites are some of the possibili- 
ties that could spring from this. Most significant, it 
could lead to a two-ton satellite able to broadcast, 
television direct to European people’s homes in the 
1980s, and this is referred to in the Benn plan. 

Mr Benn does not consider that Europe can seize a 
large slice of this challenging satellite technology field 
and sink scarce resources in the expensive business of 
rocketry as well. Applications satellite technology is 
wide open whereas rocketry is not, he considers. 
Cheaper rockets can be bought “off the shelf" from 
American industry, which is anxious to sell. Costly 
European rocket development does not seem “a good 
buy" for Europe, in the British Government's view. 
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Provision was, however, made last week to subsidize 
the Europa rocket launchings for European satellites 
if the five remaining launcher countries succeeded in 
completing their programme. These are France, Ger- 
many, Belgium, Holland and Italy in order of commit- 
ment. The highly successful British Blue Streak 
booster stage is being made available to them at cost. 
The complete launcher has not yet worked. On the 
two previous oceasions it has flown, the French second 
stage has failed. A third attempt—the first to carry a 
satellite—is to be made from Woomera this week. 

It is significant that Britain's agreement to support 
a six per cent a year increase in ESRO's budget of 
250 million francs for three years is not contingent on 
Britain's release from the ELDO commitment. It 
seems that the Foreign Office is more aware of the 
threat to Britain’s European position through the 
Government's shifts in policy than is the Ministry 
of Technology, which has made a ham fist of its diplo- 
matic efforts this year. Britain's ESRO budget is 
the responsibility of another department (the Depart- 
ment of Education and Seience) and the ESRO 
negotiations last week were handled by a Foreign 
Office Minister of State, Mr Goronwy Roberts, lately 
of the DES. Other ESRO countries (ten) have now 
also endorsed the six per cent rise and there is provision 
for a future planning programme beyond 1973. 

When the meeting ended on November 14, Britain 
had still not been let off the hook by the other ELDO 
countries, and a position of bluff and counter-bluff 
was held over to the ELDO council meeting on Mon- 
day, November 18. This was postponed, first to give 
time for thought, and, secondly, to see the outcome of 
the key F7 first ELDO orbital test which was due on 
November 18, but was postponed (to November 22) 
due to a fault in the Freneh second stage sequencer 
whieh has also failed on the two previous flights. 
(These failures have so far cost ELDO $100 million.) 

It must be hoped that the ELDO orbital test on 
November 22 works and that the British Government's 
decision will be flexible. The alternative is alarming. 
France, Germany and Belgium are determined to have 
their own launcher at any cost. There will be some 
restriction on the use of a European vehicle even in a 
small European group effort. France is now com- 
mitted to its own ICBM: Germany has a huge com- 
mitted budget for rocket work into 1972. In the last 
few days, the French Nord Aviation-Bolkow group 
has made clear that it has an alternative ready for the 
ELDO project. If this were to go ahead it would have 
no strings attached and could be used for weapon 
delivery and goodness knows what else. A small 
British subscription to ELDO seems well worth avoid- 
ing this European alternative. 


NUCLEAR POWER 


Controlled Fission in Trouble 


Tux problems of reconstructing Britain's nuclear power 
industry are clearly far from over. The one company 
which has been set up, Babcock English Electric 
Nuclear Ltd, has been given the task of finishing 
construction of the prototype fast reactor at Dounreay. 
This means that it will have to take over many of the 
AEA staff who are at present engaged on the design 
of fast reactors, and research and development con- 
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cerned with them. So far, unfortunately, Babeock 
English Electric has failed to win the support of the 
people concerned. Last week, some of the design staff 
renewed their threat to leave the organization com- 
pletely, perhaps to join Westinghouse in the United 
States, if the new company was unable to offer them 
better terms. 

So far, in fact, the argument does not seem to be 
about the precise terms of service whieh BEEN will 
offer. No offers have vet been made, as BEEN chair- 
man Hector McNeil was quick to point out. But staff 
at Risley seem to have little faith in the company or 
inthe way it was formed. Many favoured the formation 
of only one nuclear company, and feel that this has not 
been done because the Minister of Technology wanted 
to dodge difficult politieal decisions. It seems, too, that 
the people involved have a low opinion of the company; 
they feel that it will not be successful. Some of the 
companies involved have already carried out work on 
the PFR programme, under contract to the AEA, 
and have not impressed. In the design office at Risley, 
the atmosphere is said to be militant; people are talk- 
ing about refusing to join the company and are circulat- 
ing drafts of a letter to the Prime Minister complaining 
about the situation. "Morale is very low", commented a 
Risley scientist this week. Design staff, he added, had 
been told little about their prospective terms of service 
with the new company, “but what little they have been 
told has not been encouraging". 

On the research and development side, there are 
considerable ambiguities in the organization which have 
not yet been cleared up. Because the fast reactor is 
not yet at a fully commercial stage, the new company 
is unlikely to be willing, or able, to finance all the 
research and development which still needs to be done. 
Some will have to be financed by the AMA. So far. 
nobody has decided how this division will be arranged, 
or how the research and development will be managed. 
The transition in the building of the PFR from the 
AEA to the new company will also be difficult and, the 
Risley staff feel, will certainly delay completion of the 
project. Because only one of the new companies has 
so far been given any fast reactor work, people feel 
that they have been faced with a monopoly employer 
for whom they feel some distaste. The long delay over 
the formation of the companies has affected morale, 
and several key people have already left the AEA. 

Two things seem to be needed to clear the air. One 
is a firm statement about the future of the AEA-—so 
far, nobody knows what exactly is to become of the 
authority when both design and construction com- 
panies are set up and functioning. "The second is a 
firm statement by BEEN about its determination to 
make a proper job of the fast reactor. Given these, 
and a less blunt approach by Mr McNeil, the situation 
could be salvaged. But there is no inclination at Risley 
to dismiss the situation as a storm in a teacup. 

Meanwhile, the setting up of the second company 
has also hit trouble. This company will be formed 
by the merger of three boilermakers— International 
Combustion, Clarke Chapman, and John Thompson-— 
and merger terms were expected to be announced 
several weeks ago. The inability of the three com- 
panies to agree seems to have been caused by delays 
in the building of the first commercial AGR, at Dunge- 
ness B. International Combustion forms half of the 
Atomie Power Constructions group, which is respon- 
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sible for the Dungeness contract. "Technical difficulties 
which could delay completion of the project clearly 
affect the terms of the merger. Until it is clear how 
serious these delays are likely to be, no further progress 
on the establishment of the second company is likely. 
This could mean that it will be 1969 before the second 
company is finally unveiled. . 


MINING 


Lasr week Yorkshire Potash Ltd, a subsidiarv of 


the Rio Tinto-Zine Corporation, applied to the Minister 
of Housing and Local Government for outline planning 
consent for a potash mine three miles south of Whitby. 
in part of the North York Moors National Park. This 
follows the applieation in April by Cleveland Potash 
Ltd, a company owned jointly by ICI and the Charter 
Consolidated Group, for a site near Boulby, north of 
Whitby. Although the prospect of industrial en- 
eroachment on National Park land is hard to swallow, 
Mr R. O. Atherton, chairman of Rio Tinto Finance 
and Exploration Ltd, has estimated that the mines 
could together improve the balance of payments by 
£25 million a year, and it is not surprising that the 
minister has given the go-ahead, at least to Cleveland 
Potash 
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Of the two sites, Cleveland Potash has applied for 
the larger—200 acres compared with 90 acres for 
Yorkshire Potash. Both organizations have appointed 
consultant architects to work out how the mines 
could best be “disguised”. Yorkshire Potash is pro- 
posing to raise hillocks around the site composed of 
material removed from the proposed 4,200 foot 
shaft so that only the pithead gear, it seems, would be 
visible from the coast footpath. At a publie inquiry 
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on the Cleveland Potash scheme, there was some 
evidence that the county council hopes that new 
industry will make good the financial loss suffered by 
the North Riding when the large ICI plant at Wilton 
passed into the hands of Teesside County Borough. 
All being well, the Cleveland Potash mine should go 
into production in about five years time and is ex- 
pected to yield some 1-1-5 million tons of potash a year. 

As well as controlling effluent discharge, Cleveland 
Potash will have to comply with a percentage rate of 
potash extraction. The siting, design and external 
appearance of the buildings, machinery and plant, 
and the landscaping of the minehead area and means 
of access, will also have to have the blessing of the 
local planning authority. 


SCIENCE MUSEUM 


Computers on Show 


A CASUAL or even mildly conscientious visitor to the 
Science Museum in South Kensington could well be 
forgiven for passing an afternoon there in complete 
ignorance of the miniature exhibition on "Computers 
Past and Present" tucked away on the second floor. 
Failure to spot a disereet sign near the entrance 
guarantees a conscience-free avoidance of the exhibi- 
tion. Admittedly the exhibition is small. Sponsored 
by International Computers Ltd, it consists of à 
brief résumé of the history of computing from the early 
Hollerith equipment, used for the 1890 census in the 
United States, up to the present-day computer based 
on integrated circuits. Verbal history is interspersed 
with a selection of components from each vintage of 
computer, and a few photographs of machinery—old 
and new—round off the display. 

Mierocireuits are undoubtedly the most stimulating 
parts of the exhibit. One of these is set up under a 
magnifying lens to enable the one or two millimetres 
of complex circuitry to be seen, but visitors can be 
forgiven for asking why there is so little publicity for 
such an important development. It is quite under- 
standable to mount only a small exhibition if that is all 
that time and finance allow, but it is nevertheless 
important that the magnitude of the display should be 
clearly seen not to represent the importance or relevance 
of the scientifie content. 
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The whole computer display was apparently taken 
over from the museum in Stevenage and seems not to 
have been embellished on its transfer to London 
because of the staff shortages at the Science Museum. 
lt seems, however, to be the museum's plan to install 
a regular computer and mathematical section in the 
course of the next few vears. The hope is that this 
will run to 4,000 square feet. Completion depends 
on the effect of Government economies. 


UNIVERSITIES 


Graduates to Order 


How far should universities tailor their courses to pro- 
duce the kind of graduates the economy needs? This 
was one of the problems discussed at the academic 
consultative conference organized by the Committee 
of Vice-Chancellors and Principals last week. One of 
the problems, of course, is that manpower planning is 
in any case something of an inexact science, but never- 
theless there seems to have been agreement that man- 
power considerations should play an increasingly 
important part in university decisions. Professor 
C. A. Moser, Director of the Central Statistical Office, 
gave a paper which examined the present status of 
manpower planning, and how its influence on university 
development interacted with the other pressures— 
student demand, and cost—to produce the final balance 
of courses. 

Mr 8. L. Bragg, Chief Research Engineer for Rolls- 
Royce (and a member of the University Grants Commit- 
tee), set out to define the needs of the employers. He 
took the line that industry needs a large number of 
generalists and only a few deep specialists. "The whole 
problem of manpower planning is in the training of the 
generalist, and will be solved when we can successfully 
carry this out." With generalist courses, graduates 
would be sufficiently flexible to make detailed planning 
unnecessary. But Mr Bragg seems to have been un- 
certain whether it was essential to have general courses 
in order to produce generalists. Was it possible, 
he wondered, to persuade people that specialization 
was only a vehicle of education, not its purpose ? 

Professor G. C. Moodie from the University of York 
and Professor M. Swann from the University of Edin- 
burgh (whose paper was read in his absence by Professor 
J. G. Ball from Imperial College) discussed the internal 
academic and administrative changes that manpower 
planning imposes on the universities. Professor Moodie 
said that the changing situation would force universities 
to establish stronger central powers of decision-making, 
but that this would happen in any case, whether or not 
manpower planning was the determining factor. He 
suggested the formation of a central planning agency 
in each of the universities, staffed by senior academics 
(not necessarily deans or heads of departments), which 
would act as an advisory committee. The agency would 
be responsible for dealing with all the issues that require 
decisions of policy—it would, for instance, treat requests 
to fill vacant lectureships as if they were requests for 
new posts, and back up its recommendations to senate 
with statistical and other evidence. The task of these 
CPAs, Professor Moodie said, was not to pre-empt all 
decision making and all policy initiatives, but to act as 
a new lens through which these decisions and initiatives 
Should be focused. 


i 733. 
ENVIRONMENT: 


Iw contrast with many other research topics, the aim 
of studying air pollution is either to remove the ` 
phenomenon itself or to minimize its effects. "The ^. 
terms of last week's conference organized by the Royal 
Society assumed .that the elimination of pollution at 
source was not yet a practical possibility, and most of 
the papers presented dealt with the measurement 
and theory of the diffusion of alien particles in the 
atmosphere. It was pointed out, however, that the 
advent of nuclear power on a large scale could wel 
remove the need for a long-term solution to the pollu- 
tion from power stations. 

The contributors to the conference, drawn from 
Europe and North America as well as Britain, dealt 
with three specific aspects of pollution—measurement 
techniques, theories of plume rise and particle concen- 
trations and a variety of more general problems about 
the atmosphere and plant design. Several speakers 
referred to experiments carried out at Tilbury, where 
the plumes emitted by the three power stations in the 
vicinity were used as subjects for study. 

Among the contributions from the Central Electri- 
city Research Laboratory at Leatherhead was. a 
description of the use of a pulsed-light rangefinder 
(LIDAR)—based on the detection of the backseatter 
from a pulse of ruby laser light—to measure the 
concentrations and dimensions of chimney plumes 
at some distance from the stacks. Another paper 
from Leatherhead contained a general review of 
the more conventional methods of particle measure- 
ment, including a new gauge to measure the 
“nuisance value” of the dust as a function of particle 
concentration, velocity, and size. Some of the meteoro- 
logical aspects of pollution received attention. The 
effect of the vertical migration of particles on the 
crosswind spread of a chimney plume was covered in 
a paper from the Meteorological Office at Bracknell, 
and an Italian contributor described how standard 
meteorological balloons are being used to study the 
lower atmosphere in the locality of proposed power 
stations. This type of surveying apparently has 
particular significance in a mountainous environment. 

The most systematic analysis of the chimney stack 
problem came from Professor K. W. Klug of Darmstadt, 
who presented a flow chart of the assumptions required 
to calculate the distance and value of the maximum 
concentration of dirt from a plume, In another paper, 
Mr A. J. Clarke of the CEGB outlined in simple terms 
the pollution factors that must influence planners of 
power stations. It seems that the dirt concentration 
varies roughly as the rate of emission and inversely 
as the square of the height of emission, but overall 
decisions on chimney construction are still based on 
qualitative judgments. 


RONAN POINT 


Who is to Blame? 


Few will derive much comfort from the Tribunal of 
Enquiry into the Ronan Point disaster of last May 
(Nature, 218, 718; 1968) when a section of a 22 storey 
block of flats collapsed at Newham (HMSO, 9s 6d). 
The tribunal finds some grounds to criticize everyone 
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eoncerned—the contractors, the local authority, the 
consulting engineers, the National Building Agency 
and the Building Research Station—but the main 
brunt of criticism falls on the machinery within the 
industry for drafting new codes of building practice. 
The structural faults of the Ronan Point type of system- 
built block are now familiar. The joints between wall 
and floor panels have little strength, and in addition 
the load-bearing system of the whole block makes no 
provision for the failure of one of its members. So the 
destruction of any single load-bearing panel—by fire, 
explosion or wind damage—is liable to set in train 
a progressive collapse from top to bottom of the 
building. 

Allowances for wind loading were strongly criticized 
by the tribunal. Ronan Point was designed to with- 
stand a wind speed of 63 m.p.h., yet winds of more 
than 100 m.p.h. could be expected at least once in the 
predicted sixty years’ life of such a block. This would 
correspond to a wind pressure at the top of Ronan 
Point of more than twice that actually envisaged in its 
design. This is one of the ways in which the tribunal 
says that the builders were let down by the ministry’s 
advisory services. But Dr F. G. Thomas, Deputy 
Director of the Building Research Station, gave a 
contrary view last week. Newer estimates of wind 
speeds in London, he said, put the likely maximum 
gust nearer to 90 m.p.h. He also described work 
at the BRS which showed that in cities the necessarily 
turbulent flow of wind reduces the total force it can 
exert against a building. Given, in addition, that the 
63 m.p.h. figure relates to wind velocity maintained 
for one minute, while the 90 m.p.h. figure refers to 
peak gusts, Dr Thomas felt that system blocks were in 
little danger of being blown over. 
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The tribunal felt that the building professions in 
Britain were seriously at fault in committing them- 
selves wholesale to system built blocks without making 
a full analysis of the structural problems involved. 
The BRS was specifically criticized. A senior member 
of its staff served as the English representative on the 
Comité Européen du Béton which in 1967 published 
(in French) a comprehensive report on the design of 
system buildings. This report spelled out the danger of 
progressive collapse in the following words: “One can 
hardly over-emphasize the absolute necessity of effec- 
tively joining the various components of the structure 
together in order to obviate any possible tendency for 
it to behave like a ‘house of cards’... . In this respect 
it would appear to be of major importance to install 
mechanieally continuous steel ties interconnecting 
opposite walls or facades and providing safeguards for 
all the vertical panels". 

The tribunal claims that in spite of the obvious 
relevance of this report, it was not followed up by the 
BRS, and not made available in English until July 
1968. Dr Thomas denied this charge of laxity last 
week. The report, he said, was circulated promptly 
on publication by the BRS to the Codes of Practice 
Committee which was at that time considering the 
design of joints in large panel structures. Members 
of the committee translated the report themselves, 
and it was available in English by September 1967. 

The BRS now claims that it gave warning of the 
hazards of joints in system blocks to a symposium of 
the Institute of Structural Engineers in 1966, and since 
then it has been conducting research on the subject. 
The BRS agreed that the additional fault behind the 
Ronan Point disaster, the lack of any safety factor 
in the load-bearing shell, had been given little attention 
in Britain. 

Although publie diseussion has so far centred on 
the reasons for the collapse of this block of flats and 
on the devices which may be used to protect those 
still standing, it is still possible that attention may 
yet be directed to this question of whether a govern- 
ment which takes an active part in planning and 
fostering new techniques of building ean also adequately 
keep its contractors up to the mark. 


WEED CONTROL 


Who Controls the Controllers ? 


Tue ninth British Weed Control Conference, which 
opened at Brighton this week, found the British herbi- 
cide industry in a confident mood. Output has trebled 
in six years and exports are healthy but, more im- 
portant, the industry feels that it is now in a position 
to bring about a transformation of agricultural practice. 

In Britain a few farmers are already growing corn 
without use of the plough, by using herbicides of the 
bipyridyl type to kill stubble and weeds after the 
harvest. Apparently the mat of dead vegetation pro- 
tects the soil against erosion during the winter and 
provides ideal conditions for the sprouting of the new 
crop in the spring. As wellas the herbicides, the method 
requires a regimen of fungicides to control plant 
disease. At first sight, arable farming without the 
plough seems a violation of natural law. But in one 
sense the method is a return to the natural state, to the 
forest floor conditions which prevailed before man 
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became an agricultural animal. At best, it seems, 
farmers are faced with a choice of evils. The labour 
force in agriculture declines by five per cent a year, and 
pr oductivi ity per man must increase. If ploughs are to 
be retained, then tractors must become larger, fields 
must become larger and hedges must come down, 
which itself is a violation of the countryside as it is. 
Criticism from conservationists has been quite 
deeply felt within the pesticide industry, which is on 
its own initiative lobbying the British Government to 
introduce à compulsory scheme for the registration of 
pesticides. The present scheme is voluntary. But 
manufacturers have shown little enthusiasm for the 
idea that defoliants should be subject to the terms of 
the Geneva Convention on biological warfare. Several 
defoliants of British invention are apparently being 
used in Vietnam. The current safety regulations cope 
fully with the toxicity of pesticides but take no account 
of persistence. Most chemicals are soon destroyed by 
bacteria in the soil, but "Picloram", a herbicide pro- 
duced by Dow Chemical, is exceptional in its resistance 
to bacterial attack. There is therefore a risk that it 
might accumulate in waterways and spread to un- 
treated ground. “Picloram” is being withdrawn from 
use as stocks run out, and moves are afoot to add a 
persistence clause to the pesticide regulations. 


SI UNITS 


Recalcitrant Physicists 


BnrrISH physicists, like engineers and chemists, seem 
reluetant to adopt the full.blooded version of the 
international system (SI) of units. Attempts were made 
to define the areas where there is fundamental dis- 
agreement at a meeting held last week by the Royal 
Society to discuss the use of SI units in physics. 

Professor M. J. Lighthill, who ran the meeting, 
pleaded that physieists should be prepared to make 
some concessions for the sake of establishing a coherent 
common language for communication between scientists 
from different countries and from different disciplines. 
He realized that in some fields, like nuclear physics 
and astrophysies, the orders of magnitude involved 
are such that SI units are inappropriate, and that 
non-dimensional systems of units are so useful that 
they should not be abandoned, but he thought that in 
most other fields SI units could be successfully incor- 
porated. 

Professor F. C. Frank from Bristol agreed that the 
present system of units should be reformed and stressed 
that half measures, like the use of the kg-force instead 
of the Ib-force, should be avoided. He thought that 
objeetions to particular SI units on the grounds of 
current familiarity or because their orders of magni- 
tudes are less convenient than those of conventional 
units did not carry much weight. The SI unit cannot 
differ by more than a factor of 10 from the conventional 
unit, because a thousand times or a thousandth of each 
unit is another allowed unit. But valid objections could 
be made to the use of SI units in electromagnetism, he 
thought. Physically the quantities magnetic field and 
magnetic induction, and electric field and displacement, 
are similar, but they have different SI units. Another 
objection to SI is that in high precision work physical 
quantities like volume can be compared to precisions 
of parts in 10°, but can be determined in terms of 
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the basic SI unit to precisions of only parts in Tot, 

Most physicists work in a particular field and do not 
need to communicate outside this field, and Professor 
R. G. Chambers, also from Bristol, agreed that different 
dialects should be allowed. He defended the speetro- 
scopists' use of the Angstrom and em~ which are not 
recognized metric units. The Inter-Union Commission 
for Spectroscopy which represents the views of most 
spectroscopists, issued a statement in July in support 
of the Angstrom and cm. Some members of the 
commission recommended the indefinite preservation 
of these units. Crystallographers also like the Angstrom 
because it is a convenient unit for interatomic distances 
and chemical bond lengths. 

Sir Harrie Massey, chairman of the Council for 
Scientific Policy, hoped that scientists writing books 
or contributing to journals would not be foreed to use 
SI units exclusively. If an authoritarian editorial 
policy were adopted, he warned, authors would probably 
send their manuscripts to the United States. A 
spokesman for the Royal Society said that, in the 
pamphlet it has prepared on the use of signs, symbols 
and abbreviations in scientific journals, it recommends 
that editors should insist on the use of the recommended 
symbols for physical quantities, and the definition once 
in a paper of any non-SI unit used, and that they should 
progressively discourage the use of non-Sf units. 

The question of the units to be used for pressure 
remains a vexed one and Dr Fielden from the British 
Standards Institution explained that the BSI would 
like to see the N/mm? or MN /m? as the unit of pressure. 
Because some industries were already using the hbar 
(10 N/mm?), however, the institute would probably 
issue standards showing both units for some time, 
hoping that the basic unit would gradually be aecepted. 











EPIDEMIOLOGY 


Unpredictable Bug 


Hone Kone influenza. now making its debut in Europe 
and the United States of America, has spread rapidly 
since it originated in Hong Kong and neighbouring 
areas of China in mid-July. Nobody can predict if 
and when a large-scale epidemic is likely to break out 
in Britain, although previous experience of influenza 
epidemics points to late December and early January 
as "target" months, and similar dates have been quoted 
for an expected increase in the incidence of influenza 
in the United States. Reactions range from cheerful 
optimism to great consternation—-particularly on the 
part of Mr Erie Moonman, chairman of the Labour 


Party's Science and Technology Committee, who is 
questioning the Government's “plans to deal with au 
epidemic. 


Because the new strain of virus differs quite consider- 
ably from the older A2 strain which it has displaced, 
existing supplies of vaccine against A2 Singapore 
provide very little protection against Hong Kong 
influenza. Consequently, three British drug companies 
are manufacturing new vaccine for immunization-—in 
the first instance—of the aged and chronically siek, in 
accordance with instructions from the Ministry of 
Health (Department of Health and Social Security), 
Beecham's Research Laboratories went into production 
at the end of August and started to distribute vaccine 
about 2 weeks ago. Crookes Laboratories Ltd also 
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went into production in August at its centre just 
outside Amsterdam, but a spokesman said this week 
that vaccine is not likely to be distributed until the 
end of the month. The virus unit of BDH Pharma- 
ceuticals, which started distributing vaccine on 
October 16, has been experiencing difficulty in growing 
the new strain, and both Crookes and BDH are getting 
only about one dose of vaccine per egg, which is pushing 
up production costs. The companies say they are not 
planning to export vaccine until the home demand has 
been satisfied. 

So far, epidemics caused by the new strain have 
occurred in Hong Kong, Singapore, Rangoon, Vietnam, 
the Philippines, several parts of India, the Northern 
Territory of Australia, Taiwan, Tehran, the Panama 
Canal Zone and Hawaii. In addition, the virus has 
been isolated, but has not caused epidemics, in several 
parts of Japan, England, Sweden, the United States 
and Australia. All information on the progress of the 
virus is sent to the World Health Organization's inter- 
national influenza headquarters at Mill Hill, London. 

Although the new strain is formally referred to as 
A2/Hong Kong/1/68, the view is held by some that it 
differs sufficiently from earlier strains for it to be classi- 
fied as A3. Most of the antigenic differences are, 
however, quantitative rather than qualitative, and 
the virus shows some degree of cross-reactivity with 
A2 Singapore. In other words, the antigenic change or 
"drift" is not as extreme as that which occurred when 
42 displaced Al at the beginning of the 1957 epidemic. 
Attempts to forecast the probability of an epidemic 
on the basis of the immune status of the population 
have proved disappointing, and, as Professor G. 
Belyavin of University College Hospital Medical 
School pointed out, the presence of circulating antibody 
in the population does not seem to be a reliable guide 
as to whether the population is resistant to attack. 

Immunization apart, hospitals could help to cope 
with an epidemie by providing extra beds and calling 
in extra nurses. In a report published last week by the 
King Edward's Hospital Fund (Red Warning), it is 
alleged that during the outbreak last winter, nearly 
a third of all patients who needed hospital treatment 
found considerable difficulty in obtaining a bed. 
They had to be “refereed” into hospital after repeated 
refusals to admit, even though one-fifth of all hospital 
beds were empty. The reasons for this are thought to 
be lack of planning for such an emergency, increased 
rate of sickness among hospital staff with little use of 
relief services, reluctance to admit patients from outside 
the hospital's delegated area, and a failure to under- 
stand the Emergeney Bed Service coloured warning 
system. (The white signal indicates that the EBS is 
hard pressed and that serious difficulties might be 
anticipated in the immediate future; the yellow 
warning indicates a deterioration in the situation: 
and the red warning indicates a state of emergency.) 

The report recommends that hospitals should immedi- 
ately draw up a detailed plan for dealing with winter 
epidemies, including the appointment of a senior mem- 
ber of staff to control hospital beds during the period 
of the coloured warnings. the possibility of switching 
beds or wards temporarily to meet the needs of an 
epidemie, and the use of local nurses, auxiliaries and 
voluntary organizations to help during an emergency. 
It also recommends that the emergency plan should 
be reviewed annually. 
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Parliament in Britain 


Channel Tunnel 

THE original design for the channel tunnel is now seven 
years old, but Mr Richard Marsh, the Minister of 
Transport, assured the House that the plans were 
being kept up to date by technical studies, ranging 
from geology to aerodynamics, conducted by the British 
and French Governments and the railways. The two 
governments have considered the plans for a tunnel 
put forward by three groups but have asked for more 
information about the risk capital involved. Mr Marsh 
thinks that if all goes well a group could be selected 
next year, and detailed engineering design work could 
be carried out during 1969-70 so that construction 
work could begin in 1971 and be completed by 1976. 
Asked about the possibility of building a joint bridge- 
tunnel, Mr Marsh said that, in the present circum- 
stances, this would not be feasible. (Oral answer, 
November 11.) 

Weather Forecasting 

ASKED to explain why the Meteorological Office is to 
have a new computer, Mr G. W. Reynolds, Minister 
of Defence for Administration, explained that it would 
make possible more accurate rainfall forecasting, and 
also forecasting for five to seven days ahead. The 
computer would provide better research facilities and 
permit greater efficiency and centralization in the 
organization of the work. Mr Reynolds added that. 
since computers have been installed in the Meteoro- 
logical Office, computed forecast pressure charts have 
been consistently more reliable than those produced by 
traditional methods. (Written answer, November 13.) 


Natural Gas 

ANSWERING questions about natural gas, Mr Freeson, 
Parliamentary Secretary to the Minister of Power, 
said that the real price of natural gas will on average 
be substantially lower than the present price of town 
gas, but he could not predict by how much. About a 
quarter of a million consumers were being supplied 
with natural gas by November 1, 1968, and the gas 
industry forecasts that the cumulative totals of con- 
sumers being supplied with natural gas by the ends 
of the financial years 1969-70 to 1972-73 will be 
roughly 1-75 million, 3-75 million, 6 million and 8-25 
million respectively. The gas from the North Sea 
fields already found should last at least 25 years and 
more fields will probably be discovered. (Written 
answer, November 14.) 

Agriculture 

ForLLowiwa protests that the re-appointed Select Com- 
mittee on Agriculture had been allowed only six weeks 
in which to write its report, another motion, giving the 
committee an extra eight weeks of life, was put forward. 
Mr Bert Mason, a member of the committee, sup- 
ported the motion but emphasized that there was a 
good deal more to be investigated. He hoped that in 
due course another select committee could be appointed 
to deal with the same department. Mr Fred Peart, the 
Leader of the House, said that he would probably soon 
have to make a statement to the House on those 
departments whose activities could usefully be investi- 
gated by select committees. He would like to see more 
experimental committees before the House finallv 
decides whether the system of select committees should 
be à permanent one. (November 15.) 
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NORTH AMERICA 


What will Follow Dr Homig ? 


THE announcement last week that Dr Donald Hornig 
is to resign his post at the Office of Science and Tech- 
nology on January 20 and is to take up an executive 
job with Eastman-Kodak is a timely reminder that the 
new Administration will soon have to make a series of 
important decisions about the administration of science 
poliey in the United States. At this stage, it is by no 
means clear just what Mr Nixon and his colleagues 
should do. In the past six years, the Office of Science 
and Technology has acquired great prestige and influ- 
ence but has also accumulated a growing number of 
critics. Dr Hornig's tenure of the office of the Presi- 
dent’s Special Adviser on Science and Technology, 
coupled with the directorship of the Office of Science 
and Technology, has been competent if unspectacular. 
If anything, Dr Hornig has had much more the image 
of the Administration’s man than did his predecessor, 
Dr Jerome Wiesner, but that was probably inevitable 
given the personalities of Dr Wiesner and President 
Johnson. Dr Hornig can boast of a few notable achieve- 
ments, among which the finding of a site for the 
200 GeV accelerator is as important as any. It is 
also creditable that he was able to restrain some of his 
colleagues from their wilder schemes for the central 
management of the scientific literature. On the other 
hand, he did allow himself to be caught up in the wild 
goose chase to identify, describe and possibly to cure 
what is fashionably known as the technology gap. In 
the same spirit, he allowed the Administration to run 
to excess in public statements on oceanography, and 
in the past few months has been unable to defend the 
National Science Foundation from the harshness of 
the recent budget cuts. The way things have been 
going in the past year or so, Dr Hornig will undoubtedly 
be glad to be back in Rochester very soon. 

The question remains of what should happen to the 
Office of Science and Technology and the complex of 
advisory bodies which has grown up around it. It 
serves no useful purpose, at this stage, to conceal the 
anomalies which have grown up over the past ten years 
or so. A great many of these were fully described in 
the report prepared in 1967 by the Library of Congress 
for the Committee on Government Operations in the 
House of Representatives. One of the most obvious 
troubles stems from the way in which the OST, placed 
as it is within the White House, is by turns adviser 
to the President and arbiter of disputes between the 
agencies. Congress is always seeking to make the 
OST more effective in the sense of being more able to 
undertake executive functions as part of the Adminis- 
tration, but Dr Hornig and his predecessors have 
resolutely sought to avoid commitments like these. 
Unfortunately, however, the strictly advisory function 
which the OST seeks for itself is frequently com- 
promised when it has to undertake specific tasks on 
behalf of the Administration. One of the questions 









now to be decided is whether the OST should become 
more strictly an advisory body, helping with the 
formulation of policy at the highest levels and acting 
as an influential pressure group, or whether it should 
become more like an executive arm of the Administra- 
tion, with specific and continuing responsibilities. 

It is also important that an attempt should now be 
made to decide what functions are and should be carried 
out by the distinguished but part-time advisory com- 
mittees which now abound in Washington. The 
President’s Science Advisory Council, consisting of 
18 distinguished scientists with the direetor of the 
Office of Science and Technology as chairman, is the 
most cherished among these in the scientific community. 
The Federal Council on Science and Technology, again 
with the director of the OST as chairman, has formal 
responsibilities for coordinating the scientific policies 
of the central agencies of government and obviously 
has an important influence on the development of a 
strategy for science and technology within the Adminis- 
tration as a whole. But in many ways the National 
Science Foundation and now, increasingly, the Office of 
Education as well have important tasks to carry out 
in the formulation of science policy, while the National 
Science Board has yet another opportunity for putting 
its case directly to the Administration, again through 
the director of the OST. But even this is not the end of 
the list of officially connected bodies with a voice in 
science poliey—the National Academy of Sciences- 
National Research Council is not merely a learned 
society but also a body with statutory responsibilities 
for giving advice when asked. The fact that these 
committees frequently echo each other—as on oceano- 
graphy, for example—does not constitute a proof that 
their proliferation is innocuous. The fact that most 
of them are somehow linked with the OST is likely to 
be a continuing assurance of that. But in the next 
few years, there is a case for thinking that the com- 
mittees whieh should remain directly linked with the 
White House are the Science Advisory Committee 
and the Federal Council. It is in everybody's interests 
that the National Academy should be encouraged to 
be a more publie means of expressing the views of the 
scientific community than has been its habit im the 
past, while the National Science Board and the National 
Science Foundation should both of them become con- 
centrated on the development of policies for university 
research and development. The relationship of all 
these bodies to the President's Science Advisory 
Committee needs careful examination. There is a 
ease for thinking that the President's Science Advisory 
Committee could do with an independent chairman 
even if this should create the risk of occasional disputes. 

The overriding need, however, is that the OST 
should be given the power to do the jobs which are 
asked of it, whatever these may be. In the past few 
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years, it has become apparent that the OST has not 
been carrying out the long-term planning— particularly 
in manpower—for which it was given responsibility 
six years ago. A part of the trouble is that it lacks 
the staff to do the work, but it is also difficult for an 
office caught up in the day to day running of the 
presidency to set aside the time and energy to deal 
with long-term problems. It has also been a sad 
failing in the past few years that the OST has been 
less able to knock together the heads of those respons- 
ible for scientific research in the several agencies of 
the Government than its wellwishers must have 
hoped. Thus the Department of Defense some years 
ago was able to embark on a project for sponsoring 
academic research at universities without the approval 
of or even a detailed consultation with the National 
Science Foundation. And for all the misgivings of at 
least one director at the OST, the Federal Government 
was able in 1961 to embark on the programme to send 
a man to the Moon without even consulting the Presi- 
dent's Science Advisory Committee. In this and several 
other ways, the position of the OST within the Adminis- 
tration but without power to do everything expected 
of it is à continuing source of trouble and discontent. 
"There is every reason, in the interests of good govern- 
ment, why the power of the OST should now be more 
accurately mated to its responsibilities. If the new 
President does not do this more decisively than his 
predecessors, he may be hard pressed to fill the job. 


FEDERAL LABORATORIES 


Share and Share Alike 


Tur Daddario Sub-Committee of the United States 
House of Representatives Science and Astronauties 
Committee has come out for a much more thorough use 
of Federal laboratories. In a report based on hearings 
held in March and April this year, the committee says 
that the Administration has only a "passive" policy 
towards the use by one agency of laboratories belonging 
to another, and that there are no strong incentives to 
persuade the heads of government departments that 
they should use the facilities of other agencies instead 
of opening laboratories on their own account. Among 
several recommendations, the sub-committee suggests 
that the Office of Science and Technologv (together 
with the Bureau of the Budget) should play a fuller 
part in the sharing out of work among laboratories, 
that laboratory personnel engaged on work for other 
agencies should be exempt from manpower ceilings 
(which will provide something of a carrot for the heads 
of agencies) and that techniques should be worked out 
for appraising the value of work done by laboratories 
(which will be something of a stick). 

Although the sub-committee quotes the scale of 
expenditure on Federal laboratories, now running at 
something like $3,500 million in the current fiscal year, 
as evidence of the scale of the problem with which it is 
concerned, the possibility of deciding how much is lost 
because the Federal laboratories are not as fully used as 
they might be is as remote as that of deciding how many 
murders go undetected each year in the large cities. 
Mr Daddario has, however, been able to collect some 
powerfully suggestive qualitative evidence that there 
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are economies to be made. He has, for example, 
discovered that even though the Economy Act of 1932 
asks Federal agencies to see what they can do to help 
each other out before building new facilities or going 
outside the government service for laboratory services, 
the Comptroller General has been interpreting this 
regulation too literally. Government laboratories have 
sometimes been prevented from buying extra equip- 
ment to carry out particular tasks for other agencies 
even when they are best suited to do the jobs—in this 
spirit, the National Bureau of Standards seems to have 
been prevented from spending $150,000 on equipment 
to test tyres for the US Army, with the result that the 
work had to be carried out more expensively elsewhere. 

Even though some witnesses seem to have told the 
sub-committee that they were accustomed to “walk 
around these obstacles", the report asks that they 
should be done away with altogether. It also com- 
plains that the Office of Science and Technology has not 
shouldered what would seem to be its natural responsi- 
bility for eoordinating the taking in of each other's 
washing among government laboratories, and asks that 
it should atone for this by working out a clear state- 
ment of policy (in collaboration with the Bureau of the 
Budget) and bringing this to everybody's attention. 
The sub-committee is also anxious that some branch of 
the Federal Government should do what the National 
Science Foundation has been trying to do for several 
years—to compile a catalogue of publie research labora- 
tories and other facilities. 

The sub-committee's argument on the provision of 
discretionary funds for laboratory directors will make 
many heads of laboratories feel wanted even though 
it may not quickly change the attitudes of people in 
the Bureau of the Budget. Some flexibility in the 
budgets of the laboratories is held to be à necessary 
"incentive and a reward for creative work". Enquiries 
seem, however, to have uncovered a diversity of 
practice in the different agencies. The luckier labora- 
tory directors seem to enjoy anything between 3 and 
15 per cent of discretionary authority within their 
annual budget, with 5 per cent as the average. In 
other agencies, however, laboratories are expected 
to be run on a tight budget—NASA, for example, 
usually leaves no leeway for its laboratory directors. 
The sub-committee urges that there should always be 
some flexibility in the annual budget of Federal labora- 
tories so that laboratory directors can chase after 
interesting and potentially rewarding opportunities 
as these present themselves. It quotes, however, a 
warning by Dr Donald Hornig that discretionary 
authority should not be regarded as a licence “to go 
off on tangents”. 

The sub-committee's case that laboratories should be 
to some extent exempted from manpower ceilings, at 
least to the extent that they undertake work for other 
agencies, is somewhat undermined by the decision in 
July this year that all manpower ceilings in the Federal 
Government should be restored to those obtaining in 
1966. Looking forward to happier times, however, 
the report urges that flexibility of manpower would at 
once encourage laboratories to extend their activities 
in directions helpful to other agencies and allow them 
to concentrate on the quality of their work rather than 
on the numbers of people engaged in it. Here, as with 
the case for discretionary authority in the budget, 
the assessments of the real needs vary quite consider- 
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ably. The Office of Science and Technology and 
NASA seem both to have been far from pessimistic 
about the present position. 

With the object of giving Federal laboratories a 
greater sense of participation in scientific policy making, 
the sub-committee argues that ways should be found 
of letting the heads of laboratories function more 
effectively outside their immediate parishes. Although 
witnesses before the sub-committee seem to have been 
entirely in agreement with the objective, opinions 
differ as to the best way of achieving this. Dr W. 
Astin, chairman of the laboratory committee of the 
Federal Council on Science and Technology, urged that 
there should be more regular councils of laboratory 
heads within the separate agencies of government, 
and this is the solution which the sub-committee seems 
to favour. Other people, Dr Alvin Weinberg, for 
example, want to see laboratory directors more in- 
volved in the work of advisory committees such as 
the Federal Council itself and the President's Science 
Advisory Committee. 

The sub-committee’s views on the need to carry out 
systematic appraisals of the work of the Federal 
laboratories are understandably somewhat nebulous. 
It is convineed that something should be done, but 
not quite sure who should do it or how it should be 
done. Agency departments such as the AEC and the 
Department of Defense claim to have internal methods 
of appraising the work of their laboratories, but these 
necessarily rely on inspection by groups of experts 
appointed from within. Only rarely is it possible to 
apply objeetive vardsticks to the problem of appraisal 
—for example, when contracts have been let externally 
to civilian laboratories or when it is possible to apply 
objective criteria such as PERT. On the whole, the 
sub-committee in its report leaves the impression that 
it would like to see the Federal Government be more 
systematic about appraisal and that it would like to 
see the Bureau of the Budget and the Office of Science 
and Technology between them undertake the job. 


BUSINESS 


Precocious Managers 


AMERICAN business success is so diverse a phenomenon 
that it is hard to find simple explanations for it. 
Recently it has been fashionable to suggest that sheer 
size has much to do with it, and many British companies 
are busily merging in order to cash in on the supposed 
advantages. But the United States also has very 
successful middle-sized businesses (in, for example. 
the chemical plant industry) and a plethora of small 
companies, many of them in the areas of advanced 
technology which are supposed to be reserved for the 
giants. lt was of this last group that Professor Edward 
Roberts of MIT spoke when he addressed a meeting at 
the United States Embassy in London on “Technical 
Entrepreneurship". 

Professor Roberts and his colleagues have carried 
out a study of 200 small companies started by scientists 
from four MIT labs, industry, an Air Force laboratory 
and the Mitre Corporation, a not-for-profit organiza- 
tion. With a few exceptions (like the emeritus professor 
who started his company after retiring from his chair) 
the entrepreneurs are voung men, between 32 and 35 at 
the time their companies were launched. Most have 
master's degrees rather than doctorates, and most have 
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worked in development rather than pure research 
laboratories. Some of the scientists who started their 
own businesses seem to have been predisposed to it 
by their family backgrounds; 50 per cent reported that 
their fathers had been self-employed. "There were also 
characteristic personality factors. The better entre- 
preneurs showed through personality testing that they 
possessed a high “need for achievement" but only a 
moderate need for power. The less successful tended to 
want power rather more strongly than achievement. 
Professor Roberts interprets this as suggesting that the 
power seekers are less successful because of their 
tendency to authoritarianism, which drives others out. 

One of the crucial factors in the success of these 
companies is the amount of "technology transfer" 
which ean be achieved between the laboratory and the 
business. Scientists who went straight into business 
from the laboratory—often starting their businesses 
while still drawing their laboratory salaries—were 
much more likely to succeed than those who delayed. 
Some of the scientists joined other firms for a short time, 
to get experience before starting their own businesses, 
but this seems to have been the wrong strategy. 
“Fledgling companies have no other advantage except 
for advanced technology". Professor Roberts com- 
mented; “when they use it, they win out". But the 
more successful companies did have marketing depart- 
ments, suggesting that even a better mousetrap needs 
selling. 

More often than not, the small companies were 
launched on a Government contract, and much seems 
to have depended on the good personal relations be- 
tween the man starting the business and the people 
responsible for awarding defence contracts. This 
suggests that research contracts in the United States 
are awarded on a much less tightly organized basis 
than in Britain. As Mr Michael Shanks of British 
Leyland Motor Corporation suggested in the discus- 
sion, the American Administration "does not have 
the same stuffy attitude to publie procurement as the 
British Government". 

Professor Roberts has also extended his studies to 
include large companies, with revealing results, Using 
exactly the same methods, he studied sixteen new 
ventures undertaken by a large American firm in the 
communications and electronics business. The men 
identified as the entrepreneurs in these sixteen examples 
bore remarkable similarities to those scientists who 
had started their own companies. But, unlike them, 
the entrepreneurs within the big companies had been 
comparatively unsuccessful—only two of the ventures 
had been undoubted successes. Two were still in doubt 
at the time of the study, and the rest were dismal 
failures. Large corporations, Professor Roberts con- 
cludes, “are systematically biased against youth’. To 
get away from this stifling situation, companies would 
have to adopt less rigid organizational structures, and 














be prepared to provide rewards to entrepreneurs 
directly related to their actual performance. The setting 





up of “new venture" divisions outside the immediate 
influence of the parent organization would also help. 
Within large corporations, an elder statesman (pre- 
sumably too old to be an entrepreneur himself) should 
be responsible for encouraging innovation, taking the 
same role as the professor in a laboratory. This 
suggestion, at least, gave most of Professor Roberts's 
audience, too old for entrepreneurship themselves, a 
role with which they could identify. 
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Moving About in London 


PrsLc participation in the planning of the future 
shape of London was the objective of a one-day con- 
ference organized by the Greater London Council last 
Thursday. Londoners have had the chance on other 
occasions to say what they think about individual 
planning projects such as the schemes for Barnsbury, 
Piecadilly, Tower Hamlets, Thamesmead, and more 
recently Covent Garden; but this was the first large 
forum for Londoners to discuss their city as a whole 
ever to be held. Unfortunately, the conference, how- 
ever well intentioned, could not be described as a great 
success. The idea of public participation in planning is 
a splendid one in principle (the new Town and Country 
Act insists on it), but it is questionable how a gathering 
of up to 1,000 people or more in a large impersonal 
hall can yield effective public discussion. The Greater 
London Council does, however, deserve some tribute 
for going to the trouble (and expense) of organizing 
the meeting at all, but the closing impression of many 
of the participants must have been of a day fizzling 
along like a damp squib with only two bright sparks 
of enthusiasm, provided by Peter Hall, professor of 
geography at Reading University, and by a London 
taxi-driver, Another disappointment was that the 
Queen Elizabeth Hall, where the conference was held, 
was only two-thirds full. This was not the result of 
public apathy—all of the 500 seats allotted to the general 
public were filled without difficulty, and some people 
had to be turned away. Many of the specially invited 
delegates, however, did not trouble to use their tickets; 
perhaps the cold weather was too much for them. 
This was a pity, for it was just the sort of confer- 
ence that should have had the hall bursting at the 
seams. 

Did the conference achieve anything at all? Prob- 
ably very little that will influence the GLC planners 
in their thoughts on the Greater London Development 
Plan due to go to the Minister of Housing about July 
next year. The outstanding points to emerge were 
that people and homes should be put before traffic 
and developers in planning priorities and that no 
expense should be spared to site essential roads where 
they cause as little inconvenience to everyone as 
possible. Most people in the audience probably agreed 
with Lord Jellicoe, chairman of the London Amenity 
and Transport Association, when he called for a com- 
mission, like that for the third London airport, to 
study the GLC's motorway plans. This had the support 
of Mr Dunean Sandys, who also called for no more 
parking in streets: "tailor our traffic to the roads and 
not our roads to the traffic’. Professor Buchanan 
spoke of the four main attributes of urban devel. 
opment—safety, convenience, visual interest, and 
variety. 

It was left to Professor Peter Hall to stir the 
imagination of the audience, far-fetched as some of his 
schemes may be. He called for monorails above Oxford 
Street and only pedestrians along it by 1972; the 
turning of the West End from a “tatty fairground in a 
rather sordid seaside town" to an Expo every year; 
office development around the rail terminals of Euston, 
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King’s Cross, London Bridge and Paddington like that 
planned for Victoria; exciting suburban centres 
around transport interchanges such as Hendon and 
Lewisham; and the retention of St Pancras Station 
as a museum of the railway age. Londoners, he said, 
should be able to get away from the “noisy areas" into 
"quiet areas", and it was vital to keep the village 
communities in London which made the city unique. 
Unfortunately, London was no longer "as unique as it 
was when Rasmussen wrote about it^", but it was still 
possible to turn London into the “most livable big 
city of the world". 

The conference might have been more of a success 
if the publie had been better briefed. "The planners did 
mention some of the trends affecting the future develop. 
ment of London—the decline in the population, the 
reduction in office buildings and of jobs, and so on— 
but there is much more that could have been done. 
And perhaps, in any case, people are more anxious to 
have answers to simple complaints, such as that of the 
taxi-driver who complained: “I get locked in traffic 
eight hours a day. By the ninth, I’m ready for a 
punch-up”. 

In another way, Londoners have had a chance 
recently to voice their protests. For the past fortnight, 
they have been able to study an excellent exhibition 
of the GLC’s plans for Covent Garden—an area of 93 
acres bounded by Kingsway, High Holborn, Shaftes- 
bury Avenue and the Strand. In 1965, the GLC, the 
Westminster City Council and the London Borough of 
Camden agreed to form a consortium to coordinate the 
redevelopment of the area when the famous fruit and 
vegetable market moves out in 1972 to Nine Elms in 
Battersea (see also page 728), Criticisms apart, 
the scheme is an attempt to revitalize part of central 
London and to bring more homes into the area—both 
good ideas provided the traffic problems are properly 
managed, and ideas pleaded for in a more general way 
at the conference on London. One subject everyone 
at this conference appeared to agree about was the 
need for better public transport— better bus services 
&nd more Underground lines. Events seem at last to be 
moving in the right direction, to judge from recent 
developments. The second stage of the new Victoria 
Line linking Highbury with Warren Street is to open 
on December 1. The next stage to Oxford Circus and 
Vietoria is planned to open in March next vear, and 
the final extension southwards to Brixton should be 
ready in the early 1970s. By then the tunnelling teams 
will be ready for more work and the London Transport 
Board is therefore hoping that work on the new Fleet 
Line will be able to go right ahead. If approved, the 
Fleet Line would take over the trains now running 
from Stanmore and Finchley Road on the Bakerloo 
Line, It would then run from Baker Street to the 
Strand by way of Green Park, and then via the Aldwych 
to a new station at Ludgate Circus. From there it 
would go to Cannon Street, to a new station at Fen- 
church Street and then under the Thames into south- 
east London. The terminal station has not yet been 
decided. 
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Unveiling British Defence Research 


by our Parliamentary Correspondent 


Tue first investigation for many years of Britain's 
defence poliey was resumed last week with the prompt 
re-appointment of the House cf Commons Select Com- 
mittee on Science and Technology. Although the 
committee is in theory supposed to be restricting 
itself to defence research, its terms of reference are 
written so widely that it will be able to cast a good deal 
of light on defence policy generally, something that 
the House of Commons has never previously been able 
to do. Although the possibility of a defence policy 
committee has often been discussed, natural conserva- 
tism and the feeling that defence is not the best subject 
for party differences have conspired to prevent its 
formation. Now Mr Arthur Palmer, chairman of the 
science and technology committee, hopes that his own 
committee will be able to get at defence policy through 
the back door. 

It is, however, likely to be several months before the 
committee publishes its thoughts on the subject. The 
investigation is now about three quarters complete, 
and a report will probably be published “at the begin- 
ning of next vear". After some 36 hearings, many of 
them in public and a number held at defence research 
establishments, the committee is about to start the 
process of sifting the evidence and drafting its report. 
Two sub-committees have been abroad, one to the 
United States and the other to Europe. Mr Palmer 
himself, with Mr Brian Parkyn and Sir Harry Legge- 
Bourke, went to the United States and had discussions 
at the Pentagon and at Sikorsky Helicopters and the 
MIT Laboratories at Lexington, among other places. 
Another sub-committee took a look at Europe, visiting 
NATO headquarters, Paris and Bonn, with a parti- 
cular interest in collaborative research of a bilateral 
kind. 

So far, there is no indication of the committee’s 
thinking on the subject of defence research—indeed, 
it is probably too soon for firm views to have formed. 
But the committee would hardly feel it was doing its 
duty if it failed to identify faults in the way research 
is organized in Britain. It may feel, for example, 
that the government establishments take too large 
a share of ‘the British research effort. At the moment, 
for reasons which are more a historical accident than 
deliberate policy, establishments carry out some 70 
per cent of British defence research. The sub-committee 
which visited the United States must have seen that 
the situation there is rather different—almost the exact 
opposite, with only 30 per cent of defence research in 
government establishments. Although it would be 
surprising if the committee wanted to go as far as this, 
some change in the balance is almost certain to be 
recommended. But as experience with the Atomic 
Energy Authority has shown, it is very hard to make 
a change like this; government scientists, after all, are 
civil servants, with the securi: y of tenure which that 
implies, and cannot simply be redeployed. The process 
is bound to be slow, and Cono by recruitment 
policy. 


There are, too, varieties of defence research. The 
committee may draw a distinction between work of à 
kind which has no immediate industrial application 
(for instance, the work at the Underwater Research 
Establishment at Portland) and work on things like 
radar and electronics, which could now be done much 
more easily by industry. And it would be surprising 
if the chance was missed to criticize the elaborate 
committee system of the Ministry of Defence and the 
all-pervading influence of the Treasury. Although Mr 
Tam Dalyell, one of the firmest crities of the Treasury 
system, is no longer a member of the committee (having 
fallen from grace because of his indiscretions about 
Porton), the tone of some of the public sessions has 
suggested that other members also have their doubts 

about Treasury influence. 

The committee will naturally continue to carry out 
major projects like the investigations into nuclear 
power and defence research, but another policy 
initiative it has taken may well be more significant. 
This is the decision to take up fields of more immediate 
interest for short-term investigation by a small sub- 
committee. The procedure here is for the general 
purposes sub-committee to make a preliminary investi- 
gation and report back to the whole committee. If 
there seems good reason for a deeper investigation, then 
a special sub-committee will be set up to deal with it. 
The first subject investigated by the general purposes 
committee has been the development of 2n fibre 
technology, now being undertaken in several British 
companies and government establishments. Criticisms 
of the rate of progress which appeared in the Financial 
Times sparked off the investigation. The first stage of 
the process is understood to be complete, and the general 
purposes committee is satisfied that a further inv ostiga 
tion needs to be undertaken. A special sub-committe 
said to consist of Mr Brian Parkyn, Mr Airey Neave, 
Mr Eric Lubbock and Mr Arnold Gregory —is to be set 
up to do the work. Meanwhile, the preliminary evidence 
is to be published without comment. 

Now that it has established to its own satisfaction 
that an investigation needs to be done, the general 
purposes committee will begin work on the second of its 
projects, an investigation of fusion research at Culham 
Laboratory. Members of the select committee are not 
entirely convinced that the decision to reduce the seale 
of support for Culham was justified, and they will be 
calling on the Atomic Energy Authority to defend its 
decision. Recently, the prospects for controlled fusion 
have begun to look somewhat brighter. The third 
subject which the general purposes committee is 
prepared to look into is the British decision not to 
support the building of the CERN 300 GeV machine. 
At the same time, it is also responsible for following 
up the work on nuclear power, perhaps by calling on 
the Minister of Technology for a report on the progress 
he is making in reorganizing the nuclear power industry. 
Members of the committee have not been entirely 
satisfied with Mr Wedgwood Benn's performance so far. 
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Meanwhile, Mr Palmer is eonfident that his committee 
has become a fixture on the parliamentary scene. The 
fact that the Select Committee on Agriculture has been 
cut short in its investigations does not worry him 
greatly. This session the science and technology 
committee has been re-appointed in record time, a 
success which he puts down to a typical piece of House 
of Commons committeeship. Apparently the chairmen 
of the various select committees have formed a liaison 
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committee, under the chairmanship of Mr John Boyd. 
Carpenter. As well as allocating funds to the various 
select committees (which saves a good deal oftimeand red 
tape) the liaison committee can bring pressure to bear 
on the Whips to get the select committees set up quickly. 
In the past, the Whips have often been dilatory, but 
now, with the liaison committee at their heels, they seem 
to have found new life. Clearly it takes à committee 
to beat the system. 


Successful Research in Industry 


IxpusrRiALISTS gathered at the Royal Society on 
November 19 to listen to representatives of some very 
successful companies talk about "Making a Success of 
Research in Industry”. In this context, success of 
course means commercial success, as Professor M. J. 
Lighthill pointed out in his chairman’s introduction, 
and the purpose of the day’s deliberations was to discuss 
how a firm can best organize its research activities in 
the interests of commercial suecess. The meeting was 
organized by the society’s ad hoc Committee on the 
Patent eee and Patent Law. 

Dr F. E. Jones of Mullard Ltd said that the proper 
place of idu in industry is as part of a corporate 
plan formulated to ensure the long term viability of a 
company and involving everyone—in research, produc- 
tion, sales and so on— with responsibility for the success 
of the company. Research is vital to this plan; as 
well as market and operational research, and the 
development of new and better products, there is a 
strong case, at least in larger companies, for a pro- 
gramme of fundamental research. This provides a 
parallel to university research and helps to attract 
highly skilled young graduates who might otherwise 
be very difficult to recruit. Dr Jones said that ideally 
the research should be so fundamental that the young 
scientist does not realize that he has moved into 
industry. Later these recruits often realize that they 
are just as interested in the application of phenomena 
as in the phenomena themselves and may find other 
parts of the company's research programme more 
exciting than the purely fundamental work. 

Mullard devotes a little over £0-5 million a year, 
one-third of its total expense on development, to funda- 
mental research that has no immediate application and 
which is organized by the research workers themselves. 


The company finds many benefits besides the intake of 


bright young graduates who are drawn by the prospect 
of opportunities for pure research. Many of the patents 
obtained by Mullard come from its fundamental re- 
search projects. 

The importance of integrating research into the other 
activities of the company was stressed by Dr J. G. 
Collingwood of Unilever Ltd, whieh represents what 
he calls multi-product marketing-oriented industry. 
The need for, and the size of, such a company’s research 
effort. depend. principally on the sensitivity of products 
to technological change and the competitive position 
in the market. The efficiency of the research effort, 
once its size has been determined, depends not only on 
the controlled use of all research facilities, but also on a 
sound choice of projects and maximum speed in supply- 


ing results. This requires close contact between re- 
search, production, marketing and other sections of the 
company. 

Mr P. Docksey of British Petroleum Ltd talked 
about interrelations between petroleum researeh and 
company activities. BP deals with liaison between its 
operational and research and development depart- 
ments by employing special coordinators. These are 
senior members of the research and development unit 
who are plaeed in the various operating departments 
where they are able to participate in day to day man- 
agement. Coordinators are also in close contact. with 
the leaders of research projects and are able to guide 
research along the lines most valuable to the operating 
departments. To carry out their liaison activities, 
coordinators need to be free from the immediate operat- 
ing pressures of the departments concerned. They have 
no executive powers, but require remarkable charac- 
teristics; they must have a broad scientific background 
and a thorough knowledge of the company’s operations 
and they must have wor ked at a senior level in experi- 
mental research. 

The advantages of an interdisciplinary approach to 
research were argued by both Mr J. D. Rose of ICI 
and Dr M. Tishler of Merck, Sharpe and Dohme Ltd. 
Mr Rose illustrated ICTs debt to research with reference 
to the process for producing hydrogen for ammonia 
from naphtha, developed when coke was becoming 
too expensive to use, and the discovery of herbicidal 
properties of quaternary ammonium compounds, which 
has resulted in the production of such compounds as 
paraquat. In both cases all scientific disciplines were 
involved, and Mr Rose suggested that the best results 
are obtained from multidisciplinary teams formed to 
deal with special projects. 

Dr Tishler said that in his pharmaceutical firm men 
and women from many different disciplines work to- 
gether whenever necessary. He also stressed the 
importance of allowing the researchers freedom to 
solve problems in their own way, and to pursue interest- 
ing side issues. Top management needs to be patient 
with the research department: support must not flag 
in the more unproductive years. The senior research 
scientists at Merck have a considerable influence in 
the planning of research programmes from year to 
year, and Dr Tishler recommended that, like himself, 
scientists should be on the boards of companies. He 
also considered a collaborative relationship with uni- 
versities—in terms of the interchange of personnel and 
ideas—to be very important to the health of industrial 
research. 
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Fossil Clocks begin to Tick 


FossrL geochronometry, the counting of daily growth 
ridges on fossil shells as a means of estimating the 
length of day and synodical month in geological time, 
has been brought to a new level of interest by a recent 
study by Pannella, MacClintock and Thompson. From 
a count of monthly banded ridges on nine groups of 
marine fossils ranging from the Recent to the Upper 
Cambrian, thev have concluded that the numbers of 
days per month, and the Earth's period of rotation, 
have decreased at a non-uniform rate over the past 
500 million years (Science, 162, 792; 1968). This type 
of information, now that it seems within reach of being 
put on a reliable basis, is likely to be of considerable 
importance to geophysicists and astronomers concerned 
with the interaction of Earth and Moon. 

One of the early pioneers in the field was T. Y. H. Ma, 
who, in the 1930s, attempted to estimate the tempera- 
tures and latitudes of ancient seas on the basis of 
annual growth increments in corals. For his endeavours 
he earned from J. W. Wells the rebuke of having 
“leaped, with the agility of Raphael Pumpelly’s 
moufflon, from assumption to assumption to heights of 
speculation where few would care to follow” (Nature, 
197, 949; 1963). Wells, in the same paper, pointed out 
that fossil growth bands, if properly understood, 
offered an approach to the absolute determination of 
geological age supplementary to those based on radio- 
isotopes and astronomical data. And he was apparently 
the first to test by experiment the significance of the 
growth ridges on living corals; to his gratification he 
counted about 360 on a year’s growth, strong evidence 
for equating the ridges with daily increments. 

Astronomical calculations suggest that although the 
period of the Earth’s revolution round the Sun has 
remained constant, the period of rotation has increased 
because of the dissipation of rotational energy by tidal 
forces both on the surface and in the interior of the 
Earth. Secular lengthening of the day since the 
seventeenth century suggests that the slowing down 
in rotation has amounted to about 2 seconds per 
100,000 years, and a linear extrapolation gives the 
value of 424 days per year 600 million years ago. 
Wells counted the daily growth ridges of several Middle 
Devonian corals and found they averaged about 400 
per year’s growth, a figure which falls not too far off 
the extrapolation from astronomical data. Berry and 
Barker recently estimated the value of 371 days in the 
Late Cretaceous from the growth ridges on fossil 
bivalves (Nature, 217, 938; 1968). This value, too, 
agrees with the astronomical data, although Runcorn 
has pointed out that the agreement is not as exaet as 
first supposed (Nature, 218, 459; 1968). 





By and large, such studies seem to have been far 
fewer than the interest of the subject merits, palaeon- 
tologists perhaps being reluctant to brave the pre- 
cipitous heights discerned by Wells. Certainly there 
are considerable difficulties of interpretation; the ani- 
mals seem prone to miss the occasional growth ridge, 
and the fossils are often poorly preserved and their 
patterns of growth ridges ambiguous with no extant 
representative to afford a test model. Once the inter- 
pretation is decided, there follows the problem of 
making an objective count of the ridges. Pannella, 
MacClintock and Thompson are well aware of these 
difficulties, but they remark that if their ridge counts 
are biased, they should all be biased in the same 
direction, so that the chief conclusion of their study 
will be unaffected. This is. contrary to what is 
implied by the simple extrapolation of astronomical 
data and the corroborative marking points of Wells 
and of Berry and Barker, that the rate of slowing down 
of the Earth has been non-uniform. 

Pannella and colleagues have based their study on 
monthly banded ridges in fossil species of bivalve, 
cephalopod and stromatolite, a kind of marine algae. 
This has given nine points on a graph showing the 
'ariation of days per month with time. The graph 
falls into three segments, the first showing an almost 
linear decrease from 31-56 days per month in the 
Upper Cambrian (510 million years ago) to 30-07 in 
the Pennsylvanian (about 300 million years ago). Then 
follows an interim period during which the number of 
days remained constant until the Upper Cretaceous 
(72 million years ago), followed by a third period, 
lasting until the Recent, when the days per month 
drop from 29-92 to 29-17. 

Assuming that the changing number of days a month 
reflects the slowing down of the Earth because of tidal 
friction in shallow seas, Pannella and his colleagues 
suggest that the explanation of the three different 
rates of deceleration may be related to the time 
course of continental drift and the redistribution of 
seas and land masses during geologieal time. — For 
example, the high rate of deceleration between the 
Upper Cretaceous and the Recent could be connected 
with the broadening of the Atlantic that occurred in 
this period and rise of the Alpine system of mountain 
ranges which created shallow seas open to oceanic 
water masses, thereby increasing tidal dissipation. The 
earlier period of deceleration could have been associated 
with the shallow seas that may have opened out into 
the Pacific in pre-Pennsylvanian time. 

These are of course deep waters, partieularly because 
the mechanisms of tidal friction both at surface and in 
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the interior of the Earth are far from being understood. 
But if palaeontologists should now, feel sure-footed 
enough to follow in the tracks of the moufflon without 
undue danger, it seems that geophysicists at least will 
be a willing audience to the accounts of their 
endeavours. : 


UNIVERSITY BIOLOGY 


from a Correspondent 


Fripay, November 15 saw the official opening of the 
new Department of Molecular Biology of the University 
of Edinburgh. This occupies the upper three floors of 
a new eight storey building, on the King’s Buildings 
site, which is shared with the Department of Forestry 
and Natural Resources. This was the culmination of 
several years of effort by the university, and will give 
the joint professors, Dr Martin Pollock and Dr William 
Hayes, a department with 22 scientific members formed 
by the fusion of a university staff specializing in protein 
and nucleic acid biochemistry with the staff of the 
Microbial Genetics Research Unit. The department is 
the first in Britain to be so named and to offer courses 
for second, third and fourth year students leading 
finally to an honours degree in molecular biology. 
There are also fourteen full time students for higher 
degrees. 

The main opening ceremony was performed by 
Professor Jacques Monod of the Institut Pasteur, Paris, 
who noted that the seal of respectability was finally 
being given to what was once an indefinable subject— 
quoting Chargaff "chemistry without a licence"—by 
the patronage of an old and respected university. 
Although some, such as Sir Macfarlane Burnet and 
Gunther Scent, may believe that the "golden age" of 
molecular biology had passed, Professor Monod felt 
that there were many opportunities for future research 
—1membrane structure and function, DNA replication 
and control mechanisms and then, in higher organisms, 
the molecular mechanisms of hormone action and of 
the nervous system. He looked forward, however, to 
the day when biologists would relegate molecular 
biology to a subject taught in schools, and would 
progress to a study of the integral descriptions of 
living organisms for which he coined the word “meta- 
biology". 

The opening was further celebrated the following day 
by a public lecture given by Professor Monod entitled 
“Modern Biology and Natural Philosophy". Professor 
Monod began by defining living beings as the interim 
produets of emergence and teleonomy. The first of 
these concepts describes the ability not only to maintain 
an organized system, but to create from it an even more 
highly organized one, and the second describes the 
paradoxical possession of a purposeful structure 
necessary for survival. He pointed out that at the 
molecular level, these two properties can be clearly 
distinguished by their unequivocal assignment to DNA 
and proteins respectively. DNA is not only self. 
replieating, ensuring the stability of a species, but also 
has the unusual property of conserving and multiplying 
occasional errors, allowing evolution by selection and 
thus emergence. Proteins, on the other hand, are 
responsible for the recognition of shape—of their 
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substrate or of each other, for example, and thus of 
cells by other cells. These are typical teleonomic 
properties and proteins are therefore teleonomic agents. 
The allosteric proteins also have the sophisticated 
property of modifying their recognition in response to 
a signal received from an external system, thus allowing 
the coordination of the many thousands of chemical 
reactions necessary for the organized structure and 
function of living cells. 

Professor Monod’s conclusion was that in the same 
way that the structure of DNA precedes that of protein, 
emergence precedes teleonomy. He showed that this 
conclusion was radically in contradiction with all 
philosophical and religious thought, which assumes 
that teleonomy precedes emergence as, for instance, in 
animism, vitalism, the religious assumptions of a 
divine plan, the philosophy of Teilhard de Chardin 
and even dialectic materialism. He suggested that the 
neurotic traits of modern culture might derive from the 
fundamental contradiction between intuitive animist 
thinking and scientifically constructed society, and that 
the only solution was to banish animism from human 
behaviour. 


SPORT 


Playing the Game 


from a Correspondent 


Members of the International Society of Sport Psycho- 
logy from nearly twenty countries attended the second 
International Congress on Sport Psychology held in 
Washington, DC, at the end of October, immediately 
after the Mexico Olympic Games. Dozens of papers 
were presented in the course of ten scientific sessions, 
some of which were attended by as many as 250 people. 
Whereas the first congress held in Rome in 1965 was 
dominated by philosophical and impressionistic papers, 
the second congress reflected greater evidence of 
psychological science being brought to bear on sport 
and play. 

The opening session, conducted by Dr John Paul 
Seott of Bowling Green State University and considered 
by many the highlight of the congress, was concerned 
with the possible role of sport in the peaceful dissipation 
of aggressive tendencies. This was followed by a reaction 
statement by Dr Emma McCloy Layman (Iowa Wes- 
leyan College) and a commentary by a distinguished 
panel in which fighting and aggression were viewed not 
as innate needs but as behaviour potentials which are 
subject to conditioning and learning. There was 
agreement that sport and play can be an effective means 
of expressing aggressive tendencies harmlessly and 
even constructively, but it was also agreed that the 
eurrent emphasis upon excellence of the few and neglect 
of the many limits drastically the value of play and 
sport in this respect. 

Two subsequent reports by John M. Ringsmore and 
Dr Edward T. Turner were concerned with assessing the 
effects of sport “spectating” on the aggressive tenden- 
cies of spectators, American professional wrestling— 
which is not really a sport at all but a carefully con- 
trived, seemingly violent morality play in which the 
“good guys" win—is apparently the only "sport" 
which can claim clear-cut experimental evidence of 
psychotherapeutic value for its fans. 

The range of interest of the sport-psychology move- 
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ment was emphasized by a number of papers, including 
one on the role of play and sport in healthy personality 
development by Dr Emma McCloy Layman, one on the 
role of the spectator in the soccer player's dynamics 
by Dr Athayde Ribeiro da Silva of Brazil, and one on 
psychodiagnostic investigation of the personality of 
sportsmen by Professor Dr Miroslav Vanek of Czecho- 
slovakia. Of particular interest were the papers on play 
and sport for retarded and other handicapped children. 
For example, Dr William P. Morgan (USA) found 
muscle fitness a better prognostic indicator for the 
length of stay in hospital than MMPI profiles; Dr 
Bryant J. Cratty (USA) described direct transfer of 
activity skills (jumping in number and letter grids) to 
classroom skills; Professor Bruce Fetz (USA) described 
intellectual and perceptual-motor development as a 
function of therapeutic play; and Dr James Widdop 
(Canada) identified environmental factors which relate 
to the physical performance of mentally retarded 
children. 


PROSTHETICS 


Engineers design Limbs 


from a Correspondent 


Two themes ran through a symposium on the problems 
of prehension, movement and control in artificial limbs 
held in London at the beginning of the month by 
the Institution of Mechanical Engineers. The first 
was introduced by a succinct account of portable 
power supplies for prostheses by P. M. V. Klein 
(University College, London) and S. R. Montgomery 
(Powered Limbs Research Unit). In comparing the 
energy density of batteries and gas bottles, the battery 
came out better, but because of the much inferior 
power-to-weight characteristics of electric motors 
(and gearbox) compared with pneumatic actuators, a 
precise specification of power demand against time was 
essential to save weight either of the electric actuator 
in the arm or of a hydraulic reservoir. 

An attempt to produce a specification and to design 
an arm to meet it was described in three papers from 
the Powered Limbs Research Unit. A. B. Kinnier 
Wilson described a method for taking account of 
several design factors at once. R. McWilliam and S. R. 
Montgomery described the biological and engineering 
aspects of an arm which has been developed, and 
Dr Simpson from Princess Margaret Rose Orthopaedic 
Hospital, Edinburgh, gave details of a polar coordinate 
arm control and movement system primarily designed 
so as to be easy to learn to control. Both arms used 
gas-powered position servo systems. S. M. Livingstone 
and D. I. Crecraft (Lanchester College of Technology, 
Coventry) described an electric elbow joint with har- 
monic drive, and D. A. Stevenson (Northern Electric 
Research Laboratories, Ottawa, Canada) and A. L. 
Lippay (Rehabilitation Institute of Montreal) gave 
details of their electrohydraulic arm drive system 
operating at 250 pounds per square inch (at no-flow) 
directly on the actuators through solenoid valves 
without a reservoir. 

Devices with semi-automatic control were described 
by Professor M. Rakie (Belgrade), whose automatically 
adapting hand prosthesis can close to thumb-fingertip 
contact or to palm-fingertip contact at the wearer's 
option. D.C. Witt (Department of Engineering Science, 
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Oxford) read the only paper concerned with the leg. 

The second group of problems were concerned direetly 
with biological engineering. Some apparently straight- 
forward papers sparked off a running discussion of the 
philosophical nature of the command messages occur- 
ring at different points in the central nervous system. 
In other words, what is the true meaning of a signal 
derived from movements of a limb segment with pro- 
prioception as in a finger movement, or without it as 
in a thalidomide digit * The discussion was deepened 
by papers on the lability of proprioceptive information 
which seems to require a visual fix, and on its possible. 
use to alter muscle spindle bias through the basal 
ganglia; on the value of vibration to transmit informa- 
tion on joint angle or contact pressure; and the detee- 
tion of slip or “incipient slip” in automatic grasping. 
True understanding of these points was not reached, 
nor is it likely to be for some considerable time. 








MOLECULAR BIOLOGY 


New Light on Chymotrypsin 
from our Molecular Biology Correspondent 


From the X-ray structure of chymotrypsin and a vast 
body of chemical and enzymological data, a picture of 
the function of this enzyme is gradually emerging. 
Some low resolution X-ray studies of the various forms 
of chymotrypsin have now gone some way towards 
disentangling the confusing subject of activation of 
chymotrypsinogen, and the relation between the forms 
of the resulting enzyme. Wright, Kraut and Wileox 
(J. Mol. Biol., 37, 363; 1968) have 5 A electron-density 
maps of several forms of chymotrypsin, and have 
compared these with the 2 A data on tosyl-o-chymo- 
trypsin (in which the tosyl group is an inhibitor) of 
Blow and his associates. The course of the chain could 
be traced and the side chains placed within an estimated 
error of some 3 A. 

Kraut ef al. had reported last year that inhibited 
(phenylmethylsulphonyl) z-chymotrypsin, $-chymo- 
trypsin and y-chymotrypsin, as well as free y-chymo- 
trypsin, were all isomorphous, despite their structural 
differences. "These amount to the Joss of a dipeptide 
(residues 14 and 15) in the z—8 conversion, and a 
further dipeptide (147 and 148) in the 8—-y reaction. 
a-Chymotrypsin occurs, however, in a different crystal 
habit from the others: there is a two-fold axis in the 
latter, which relates the molecules pairwise, with an 
interaction between tyr-146 (a C-terminus produced on 
activation) of one molecule with his-57 of the other. 
This interaction was thought to be the origin of the 
dimerization of ae-chymotrypsin in solution, and 
Wright e al. now quote unpublished data which 
suggests that under conditions favouring this dimeriza- 
tion, 8-chymotrypsin does not associate. 

Both the z- and 8-forms lack the C-terminus at 
residue 146, which is created by excision of the dipeptide 
147-148. The y-form, which does possess it, is moreover 
isomorphous and, but for the missing dipeptide, strue- 
turally identical with the other two. It is known to be 
possible to convert it by crystallization procedures into 
the a-form—an operation requiring only a small local: 
change in the conformation. Wright et al. surmise 
that this involves the tyr-146 dimerization site—and ` 
indeed the electron density maps of a- and y-chymo- 
trypsin are apparently identical, except in this region. 
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These observations lead also to a modification of the 
hitherto accepted activation .scheme, in which a- 
chymotrypsin is formed by autolysis of the $-form- 
This is now rendered unlikely by the conformational 
identity of the 6- and y-enzymes. Instead it is suggested 
that one of the known transients during activation, 
neo-ehymotrypsinogen (in which the chymotrypsin 
produced removes the 147-148 dipeptide in surviving 
zymogen without cleaving at 15-16), is activated directly 
to a-chymotrypsin. In this ease the change to the 
a-type of conformation is presumed to occur in the 
neo-chymotrypsinogen. 

A recent avalanche of papers on the ionizing groups 
which are implicated in the binding of substrate by 
chymotrypsin has produced a slightly numbing effect. 
An interesting and persuasive study has, however, 
appeared (Glick, Biochemistry, 7, 3391; 1968), in which 
pH changes have been measured on addition of un- 
charged ligands to the enzyme. These ligands, anisole, 
coumarin and formanilide, all behave similarly, and 
provoke uptake or release of protons, according to the 
pH at which they are added. This signifies a change 
in pK of one or more ionizing groups, and it is clear that 
the difference between two ionization curves, one 
displaced relative to the other, must have a bell-shaped 
profile. The profiles obtained by Glick show clearly 
that two groups are affected, with pKs (in the absence 
of the ligands) of 6-7 and 8-6. A novel feature of the 
treatment is to consider the proton as a competitive 
inhibitor, and to apply the standard procedure of 
enzymology to obtain an inhibitor binding constant. 
For the above ligands, this turns out to be identical 
with the binding constant of the ligand itself, as deter- 
mined from the inhibition of hydrolysis of a model 
substrate. The suggestion is that the lower pK corres- 
ponds to his-57, which is known to have a pK of this 
value, and the higher one to the N-terminal ile-16. 
The X-ray data show that the latter is involved in an 
ion-pair in tosyl-a-chymotrypsin, whereas his-57 is 
hydrogen-bonded to the tosylated ser-195. Glick 
suggests that these interactions occur only in the 
presence of the substrate (or inhibitor), and certainly 
they account qualitatively for the observed changes 
in pK. It should be noted at the same time that MeConn 
et al. (Science, 161, 274: 1968) from similar principles, 
involving the use of the substrate and inhibitor, L- 
and p-acetyltryptophanamide, derived an ionizing 
group of pK 9 (though with a rather generous scatter of 
points), shifting still higher on adding these ligands, 


ARCHAEOLOGY 


A Welsh Romano-British Villa 


from our Archaeology Correspondent 


AncHAEOLOGISTS have, of course, grown accustomed to 
playing Cinderella to landowners and for that matter 
fo all the other disciplines. Even when a monument 
is scheduled for preservation, the landowner is not pre- 
vented from pursuing normal agrieultural operations; 
it is possible to find the Ministry of Agriculture paying 
subsidies to a farmer for ploughing marginal land and, 
a few years later, the Ministry of Public Building 
and Works paying the same farmer to stop plough- 
ing while it mounts a rescue excavation to salvage 
what is left of a monument. At Whitton in Glamor- 
gan, the remains of a Romano-British villa and 
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its predecessor, an Iron Age fortified farm, have 
been badly damaged by ploughing. For at least 400 
years the site was unploughed, but about fourteen 
years ago the farmer who owns the land began plough- 
ing. Between 1956, when the site was discovered and 
scheduled, and 1966, the second year of a rescue dig 
directed by Dr M. G. Jarrett of the University College, 
Cardiff, and financed by the ministry, parts of the site 
were lowered by 0-5 m, substantial walls destroyed and 
clay flooring ripped up. As a result, although the 
ministry is now paying the farmer not to plough until 
1970 when the whole area will have been excavated, 
it is unlikely that a complete plan will be recovered. 

But does it matter if yet another Roman villa is 
destroyed ? Have not enough been excavated already ? 
Elsewhere in Britain that might be a perfectly reason- 
able argument, but virtually nothing is known about 
Romano-British villas in South Wales. In other words, 
very little is known of the impact of the Romans on 
the economy and environment of the Silures, that war- 
like tribe which gave the Romans such stiff resistance. 

Although there are still two seasons’ excavating to 
be done, and although Whitton would have been much 
more valuable before the ploughing, Dr Jarrett and his 
colleagues have, since 1965, made several important 
discoveries. First, all the evidence indicates that the 
Romans brought. peace, stability and prosperity to the. 
Silures. The earliest. structures on the site, which could 
date from anywhere between 350 and 50 Bc, are the 
strong defence works—a ditch 6-7 m wide and 2-5 m 
deep enclosing an earth bank—which were deliberately 
levelled off in Roman times. Second, there was no 
battle at Whitton; the site was continuously occupied, 
probably throughout by Silures, who, once conquered, 
appear to have taken advantage of Roman civilization. 
The small finds at the site all testify to the economic 
superiority of the inhabitants: even the animal bones 
suggest that the people only ate the choicest joints of 
meat, and although there is no evidence of a bath some 
of the buildings had painted plaster walls. Third, the 
villa at Whitton, so-called for want of a better descrip- 
tion, is manifestly unlike any known Roman villa. 
The building suecession and plan is complex, but there 
are at least four phases: circular wooden houses, of 
Iron Age type, although at least one is of Roman date, 
and sub-square houses of early Roman date: a first 
stone phase which included a large, two storey building; 
then a phase including a stone granary; and finally 
the third and main phase, of stone buildings with 
cellars attached-—in one case an unfired hypocaust. 
'The outstanding feature of these stone buildings is the 
absence of any coherent pattern. Unlike the usual 
Roman villa with a series of rooms joined by corridors, 
the buildings at Whitton were always detached, 
resembling a modern farm with a farmhouse and 
detached barns and outhouses scattered about the 
enclosure. Furthermore, there was never any attempt 
to build round corners. 

Finally, the coinage that has been found presents a 
problem. There are no early fourth century coins, 
which usually account for at least 20 per cent of the 
coins found at Romano-British sites: the latest coin 
found at Whitton was minted in 293, and yet the 
pottery suggests the site was occupied until about 350, 
so there is no obvious reason why the coin series stops 
so abruptly. The excavations during the next two 
seasons may provide an answer. 
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The “Instinct to Teach " 
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The concept of teaching contains the notion that the teacher's 
by behaviour is guided by the pupil's performance. Teaching may be 
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said to occur when an animal is punished for approaching or obstruc- 
ting another. Other kinds of teaching are aided by imitation, or 
learning by observation. The ontogeny of imitation, and of teaching 
at least among human beings, has scarcely been discussed, and 


would repay study. 


Ir has been suggested that “it is education that separates 
us from the other animals"!. Nevertheless, there is a 
surprising dearth of discussions of man as a teacher. 
Similarly, the question whether other species teach their 
young has rarely even been asked. An exception is a 
brief passage in which Lloyd Morgan asks whether 
swallows are taught to fly: “Do the parent birds, under 
normal circumstances, teach their offspring to fly; and, 
if so, in what sense of the word teach ?’”* 

Lloyd Morgan does not use the word “instinct” in this 
context. In the title of this article it means only a general 
propensity, in a whole species, to behave in a particular 
way. To decide whether teaching is indeed a prerogative 
of man, we must consider what behaviour we would 
aecept as teaching in another species. 

Colloquially, the term "teaching" is used to denote 
rather diverse phenomena. To answer the question, Do 
animals of species other than man teach ?, we need a 
precise, operational definition. For this purpose lexical 
definitions are too vague and general: for example, “to 
show by way of information or instruction", or “to enable 
to do, by instruction or training". An example of the need 
for precision is provided by the common practice of 
calling lecturing "teaching". Much lecturing is performed 
without referenee to the needs of the audience, and the 
behaviour of lecturers may be entirely unaffected by any 
"feedback" from their pupils. The concept of teaching 
in its most complete form contains the notion that the 
teacher adapts himself to the needs of his pupils. Hence 
to identify teaching in this full sense in another species 
we need to establish two things: first, the behaviour of 
the putative teacher must induce a specific change in the 
behaviour of another of its species; second, the teacher's 
behaviour must be persisted in, and perhaps adapted, 
until the pupil achieves a certain standard of performance. 


Punishment 

Human teaching often involves punishment or reward. 
Punishment occupies a special place both in education 
and in its effects on behaviour. Here the term means a 
stimulus which an animal (or man) tends to avoid, and is 
a consequence of a partieular act performed by the 
animal: it is a response-contingent aversive stimulus. 
The study of punishment enables us to illustrate some 
differences between man and other species. 

For species other than man, the social use of punish- 
ment is to keep members of the same group apart. It 
oceurs in two kinds of situation. First, there is assault 
on adolescents by their mother. Jay? has described the 
behaviour of Indian langurs (Presbytis entellus}. When the 
young monkey is nearly a year old, the mother begins to 
move away from her infant, instead of acting as a refuge. 
If the infant tries to suck, it is held off. The infant squeals 
and persists, and at first it is then allowed to approach. 
Later, rejection is more ruthless: indeed, some females 
strike their young; but even at this stage a female may 
groom and so soothe her agitated offspring. By 15 months 
the cutting of apron strings is complete. Similarly, a 
baboon mother (Papio), at the time of weaning, ‘‘force- 
fully rejects the infant, by brushing it off her back, 
holding it away from her breast, or by slapping and 


biting it^*. The infant then utters a distinctive cry, bub 
this has little or no effect on the mother’s behaviour, and 
is ignored by other adults also. 

Forceful weaning is not confined to the Primates. The 
domestic dog (Canis familiaris) behaves in a similar way. 
Rheingold’, in an account of the behaviour of bitches, 
includes under "punishment" growling, barking, snapping 
or baring teeth, catching a pup's head in the mouth and 
shaking, holding the pup down with a paw, or pouncing 
on it. These occur when a pup of weaning age tries to 
suck. Anecdotes suggest that similar behaviour is quite 
common among other Carnivora and some other mam- 
malian orders. 

The second use of punishment is in the regulation of 
status systems (peck orders, dominance hierarchies). Like 
those between mothers and young, encounters between 
dominants and subordinates are nearly always harmless, 
but they sometimes take the form of clashes’, that is, 
assaults with battery (reviewed in works edited by Etkin’ 
and DeVore*). The much studied rhesus monkey, Macaca 
mulatta, is among the most socially violent of primates?. 
Expressions of mutual intoleranee include not only 
grimaces, screams and shaking the branches of trees, but 
actual grappling, scratching and biting. These injurious 
forms of hostility are unusual. 

In all these examples from social behaviour, the act 
that is punished is approaching or obstructing ancther 
animal of the same species and often of the same group. 
Punishment, as defined, may result also from encounters 
with members of other species or with inanimate objects, 
but the only conditions in which a monkey or a puppy 
regularly experiences punishment are highly circumscribed 
and social. Evidently, only human beings use punishroent 
in the attempt to train their young in anything other than 
avoidanece—for example, in the development of skills 
necessary for getting food. 

Attempts to train laboratory animals in skills by means 
of punishment have correspondingly led to anomalous 
results (reviewed by Church!?). They warn us not to make 
facile assumptions about the effects of inflicted pain or 
discomfort on habit formation. The following might 
reasonably be assumed: (i) an animal will always tend to 
avoid performing an act which leads to pain or other 
aversive stimulus; (il) the more severe the pain, the 
greater the avoidance; (iii) avoidance will be specific to 
the act which causes the pain. All these statements are 
supported by some experimental findings, yet all are 
contradicted by others. 

Among anomalous observations are those of response 
fixation. As discussed by Farber“, an act which is per- 
formed close in time to the application of pain may be 
persisted in, and may be very resistant to extinction. 
Similarly, Kleban? trained laboratory rats to run along 
one cf two alternative passages for food. Once trained, 
the rats were given a shock where they had previously 
received only food. The result was fixation of the response. 
When the rats were given food in the alternative arm, 
they persisted in choosing the first arm. In contrast, 
infliction of pain in an experimental apparatus can sup- 
press a response even when the pain is independent of the 
response". A still more important observation, by the 
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same author, was the effect of punishing one response 
when two responses were possible. In these experiments 
the effect was generalized to the second response: that is, 
both responses were inhibited. This is evidently an 
example of a more general phenomenon (reviewed by 
Church”): the effect of pain in a particular situation can 
generalize to the whole of the surrounding cireumstances; 
an animal may tend to avoid, not only an act such as 
pressing a lever which has been followed by shock, but 
also the apparatus and the experimenter associated with 
the shock. 

Other species are, then, without the full equipment 
needed to deal effectively with punishment. Man’s 
deficiencies are, however, in certain respects still greater: 
he lacks all “instinctive” social behaviour common to 
his whole species. Only experience and intelligence can 
guide him in the effective use of (or response to) punish- 
ment, As an example, Aronson and Carlsmith'! threatened 
children either with severe punishment or with mild 
punishment for playing with certain toys. The mild 
threat had the greater effect. But rigorous information 
on the effects of punishment or threat in the training of 
children is still sparse. 


Imitation 

L now turn to the components of teaching situations in 
which punishment does not oceur. When there is punish- 
ment, nothing is required of the pupil except to develop 
the habit of avoidance. In its absence, teaching is greatly 
aided by imitation. 

But imitation, or learning by observation, is notoriously 
difficult to identify with certainty in another species. 
Consider a situation in which animal A bas learnt to go to 
a particular place, where there is food. Animal B is now 
put where it can either follow A or take an alternative 
path. After a few such experiences, B regularly follows 4, 
and so B also receives food!^. This is not imitation, for 
it need be no more than learning to take the route marked 
by the presence of A. Instead of A, some lifeless object 
could be used as a cue. 

Among mammals outside the Primates, the domestic 
cat (Felis catus) is capable of authentic imitation, or 
learning by observation. Adler trained cats to get focd 
by pulling a string. He allowed cats which had had no 
experience of this behaviour to see other cats pulling 
dishes into their cage with string, and gave evidence that 
some of his observer cats developed the habit more 
quickly, when subsequently trained, than controls. John, 
Chesler, Bartlett and Victor’? tested whether cats could 
learn by observation to avoid shock by jumping at the 
sound of a buzzer; they also tested whether cats could 
learn to press a lever by observing other cats in a form of 
Skinner box. These experiments gave striking evidence of 
imitation: some observer cats performed correctly as 
soon as they were tested. 

The ontogeny of imitation has not been studied sys- 
tematieally. It is commonly supposed to occur spon- 
taneously, that is, without any special prompting or in 
any sense promise of reward. Hayes and Hayes!* have 
described the behaviour of a single female chimpanzee, 
Viki, reared as a human child. Viki often imitated human 
beings spontaneously. She was also trained to imitate on 
the command, “Do this !". Chimpanzees reared in labora- 
tories are said not to imitate human beings at all readily. 
Hayes and Hayes make the interesting suggestion that 
this is a result of the impoverished environment of the 
laboratory, and the lack of early general experience and 
stimulation. This hypothesis illustrates the need for study 
of the ontogeny of imitative behaviour. 

There is also much to be learnt about the development 
of this behaviour by human beings. The scope of experi- 
ment on children is small, but systematic study of the 
development of behaviour in different cultures might 
reveal a good deal. Stenhouse!? has discussed the “social 
character of the process by which we acquire culture”, 
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and quotes from observations of a preliterate society. 
African children have been described as learning adult 
skills by carrying out the acts which they see performed 
by adults; no compulsion is involved. Social behaviour, 
attitudes and values are similarly acquired without formal 
training”. Up to now, in technically advanced com- 
munities, more attention has been given to failures of this 
sort of process than to the normal sequence by which a 
child comes to conform with custom. This is analogous 
to studying morbid anatomy without any detailed 
acquaintance with healthy structure. 


Encouragement 


Granted that imitation occurs not only among human 
beings but in other species also, the question remains 
whether adults systematically make use of it in a teaching 
process. Parental example, together with imitation, can 
be an effective means of promoting both skills and the 
development of social behaviour, even if the behaviour of 
parents or other adults is not directed in any way by the 
achievements (or lack of them) cf the young. We may ask 
whether parents of species other than man actively en- 
courage their young to behave in particular ways. We 
have seen that in special circumstances they do so by 
punishment, though this constitutes perhaps discourage- 
ment. Punishment apart, all the information on this 
question seems to be anecdotal. For example, Durrell*! 
describes the behaviour of bull elephant seals (Mirounga 
leonina) towards pups: he calls the behaviour "giving 
the pups swimming lessons", and refers to it as “a frighten- 
ing sight". Aecording to him, the bull shakes the young 
seal to and fro, and then hurls it about 7 m inte the sea. 
After a long submersion, the pup emerges and swims for 
the shore; before it can get away, the bull seizes it, holds 
it under water for 5 to 10 s for a series of submersions, 
and then throws it out to sea again. To test whether this 
helps the pup to learn to swim, it would be desirable to 
rear young seals without this partieular form of parental 
care. To decide further whether the behaviour of the bull 
is truly teaching (as defined), it would be necessary to 
determine whether the bull gives up this behaviour when 
a pup reaches a certain standard of swimming perform- 
ance. Schenkel?? has published a short account of social 
and exploratory behaviour by lions (Panthera leo). 
Schenkel evidently had the strong impression that a 
lioness teaches her cubs to hunt by a process of eneourage- 
ment aided by the propensity of the cubs to imitate her. 
It is, however, on existing evidence, difficult to distinguish 
between behaviour (setting an example) whieh promotes 
learning of skills simply by virtue of imitation, on the one 
hand, and direeted teaching, on the other. Play with a 
parent may be an important means by which young 
mammals develop skills?*, but whether this ever involves 
teaching remains to be discovered. 

The more closely we examine teaching, in the full 
sense, the more we can see how much can be achieved 
without it. For example, given imitation, a tradition can 
be established without teaching cf the young by parents. 
There is evidence of diversity of behaviour within primate 
species resulting from the establishment of traditions in 
quite small groups. Kawamura*t has reported on this 
process among Japanese monkeys of the genus Macaca. 
The ehcice of food of colonies of these monkeys evidently 
depends not only on what food is available, but on custom- 
ary behaviour initiated, perhaps by chance, in previous 
generations. The innovators are believed to be younger 
monkeys, and it is thought that new feeding habits spread 
by imitation. 

Parallel observations have been made on chimpanzees 
(Pan troglodytes). These apes use twigs and sticks to get 
food, but there is much variation among groups. There 
are, in fact, tool "cultures", but there is no evidenee that 
these depend on teaching: they are evidently maintained 
by imitation”. 

Hence most of the situations, in which teaching might 
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be expected, lack the crucial component of behaviour 
directed towards the achievement of a particular skill or 
habit by another individual. 

There are, of course, many examples in animal behaviour 
of activities which continue until a defined change has 
been made in the environment. The most obvious are the 
making of structures such as webs and nests. The only 
unequivocal examples of working towards a clearly defined 
type of behaviour in a pupil are those that involve punish- 
ment for approaching or obstructing the mother or another 
member of the group. There are only hints that it occurs 
also in non-punishing situations. Yerkes and Tomilin®™ 
have described the behaviour of female chimpanzees in 
captivity. When her infant becomes active, the mother 
stretches its limbs by holding it up as if to make it walk. 
She also evidently encourages climbing: the infant may 
begin by pulling itself up on its mother; later she carries 
it to a place where it can practise climbing. According to 
these authors, a young chimpanzee climbs up at once, 
just as a human baby spontaneously crawls up stairs; 
then it cries when it gets to the top, and is rescued by its 
mother. A female chimpanzee is also said to encourage 
her young to walk by dragging it with one hand, or by 
crouching in front of it and calling. Unfortunately, 
behaviour of this kind seems not to have been observed 
in natural conditions. J. van Lawick-Goodall (in litt.), 
who has made extensive observations of chimpanzees in 
the wild, states that she has never observed chimpanzees 
teaching their young anything at all. She writes that 
adults, far from adjusting their behaviour to the needs cf 
young chimpanzees watching them, either ignore them or 
push them aside. 


The “Instinct to Teach"? 

In common parlance, if we refer to teaching as "an 
instinct", we imply a behavioural propensity common to 
a whole species. How can such a notion be investigated ? 
There are two frames of reference within which it might be 
discussed, the phylogenetic and the ontogenetic. Unfor- 
tunately, statements about the evolution of teaching or 
other social behaviour are inevitably speculative. Anal- 
ogies can be drawn between the behaviour of different 
species, and these may lead to hypotheses that can be 
tested by experiment, but the analogies themselves prove 
nothing. In the same way, statements about the evolution 
of "altruism" or "aggression" or other features of social 
behaviour are nearly always metaphysical: no means 
exist, or can be proposed, by which they can be validated. 
" In contrast, the second frame of reference, the onto- 
genetic, offers plenty of opportunity for fruitful investiga- 
tion of social interactions. It is possible to rear chim- 
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panzees in a variety of social environments and then 
observe their behaviour as parents. If it could be shown 
that Macaca parents teach their young, it would be even 
easier to carry out an experimental study of the cntogeny 
of teaching. The possibilities of experimenting on human 
children are much less, but the human species offers & 
vast variety of social organization, and studies of teaching 
in diverse eultures might well be profitable. Children 
teach younger children, apparently "spontaneously". To 
what extent is this imitation of their elders? According 
to Piaget?', children alone are responsible for the rules of 
certain traditional games: hence older children teach 
younger ones some of the features of moral behaviour. 
Teaching is certainly a general feature of human behaviour, 
and we may be sure that it is influenced by early ex- 
perience. Knowledge is now rapidly increasing on the 
ways in which adult behaviour and attitudes are influenced 
by experience in childhood. Teaching could be included 
in these studies. 
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Niels Bohr institute and NORDITA 


by 
STEFAN ROZENTAL 


The Niels Bohr Institute and NORDITA have a tradition of inter- 


national cooperation in physics research. 


Niels Bohr Institute 
and NORDITA 


For more than 10 years two institutions devoted to 
research in physies have been working in the same build- 
ing at Blegdamsvej in Copenhagen: the Niels Bohr 
Institute and NORDITA. Notwithstanding differences 
in size, means and organization, this coexistence in close 
cooperation can be characterized as a symbiosis to the 
mutual benefit of both parts. 


The Niels Bohr Institute forms a part of the University 
of Copenhagen and thus comes under the Danish Ministry 
of Education. Besides teaching students to an advanced 
level it has an extended research programme both in 
theoretical and in experimental physics. NORDITA (the 
abbreviation stands for Nordisk Institut for Teoretisk 
Atomfysik) is an international organization established 
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and run by five countries— Denmark, Finland, Iceland, 
Norway and Sweden—to promote research in theoretical 
physies. 


Institute for Theoretical Physics 


'To understand the background for this fruitful coopera- 
tion, it is necessary to go back half a century in time. In 
1917, Niels Bohr returned to Denmark from Rutherford's 
laboratory in Manchester and was offered a chair of 
theoretical physies especially created for him by the 
University of Copenhagen. A few years later, in 1921, he 
moved into the new institute building erected for this 
purpose. 

From the beginning it was Bohr's idea to create in this 
institute a place for the widest possible cooperation in 
science. This idea was a natural consequence of his 
general attitude towards life and human relations. Real 
progress in any domain—he said—can only be achieved 
by à common effort. In science in particular, development 
in recent years shows strikingly the importance and the 
efficiency of world-wide cooperation which disregards 
political and cultural frontiers and differences in 
approach. 

Thus from the very beginning the Institute for Theo- 
retical Physics (renamed in 1965 on the eightieth annivers- 
ary of Bohr’s birth) was a place where theoreticians and 
experimenters could collaborate and help each other. In 
the early period the close intercourse between the results 
of spectroscopic measurements and the theory of atomic 
constitution proved to be most fruitful. Later the centre 
of interest moved towards the study of nuclear trans- 
mutations, which paved the way for the development of 
new ideas of nuclear structure. Here, too, the cooperation 
of the experimental and theoretical groups at the institute 
was of paramount importance. 


International Cooperation 


The activities of the institute were also based on 
international cooperation. Even before the building was 
finished, the first worker from abroad, H. A. Kramers, 
arrived; he was the forerunner of a list of nearly 700 
foreign guests from all parts of the world who, through 
the years, worked for reasonably long periods at the Niels 
Bohr Institute. In the first years difficulties in obtaining 
grants kept the number of visitors rather low, but today 
the number of such "long-term" visitors at the institute 
fluctuates around thirty-five (plus fifteen at NORDITA). 
The tradition of international cooperation which has 
developed and strengthened through the years has become 
the most characteristic feature of daily life at the institute 
and is a firm basis for its research work. 

With this background, it was a natural and harmonie 
development that plans should be proposed to locate other 
international research projects at the Niels Bohr Institute. 
The first extension of this kind was in 1952 in connexion 
with the decision of a number of European countries to 
establish CERN. At a meeting held in 1951 to discuss the 
scientific programme for the new organization and the 
proposed powerful accelerator project, it was decided that 
a theoretical group be set up immediately in Copenhagen, 
at the premises of and in close cooperation with the Bohr 
Institute. The reason for the choice of this site was the 
institute’s tradition of international collaboration. 

The CERN group started work in the autumn of 1952, 
and the somewhat vague original idea as to the scope and 
objectives of its activities soon crystallized in a scheme for 
training younger theoretical physicists in scientific re- 
search, one from each member country. The training was 
directed by a small senior staff supported by the staff and 
the visitors of the Bohr Institute. 


NORDITA 


During the 5 years that the theoretical group had its 
seat in Copenhagen, the project proved its soundness and 
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valuable experience was gained. Even before the CERN 
theoretical group was transferred to Geneva a Swedish 
proposal to set up a similar group on a Seandinavian basis 
was accepted by the five Nordic countries. In fact, on 
the same day in the autumn of 1957 as the CERN group 
moved from Copenhagen, NORDITA started its activities 
on very much the same lines, with the same location in the 
buildings of the Bohr Institute and in close cooperation 
with its staff and co-workers. The main authority of 
NORDITA is the board, composed of representatives of 
the member states. The rules state that these representa- 
tives shall be theoretical physicists with a broad outlook 
on developments in physies. The board lays down the 
general lines for the work of NORDITA and it also 
appoints the scientific staff, among them one to act as 
director. 

The main objective of NORDITA is to run a research 
and training centre in Copenhagen with a small permanent 
staff supplemented by visiting professors from abroad 
and in close contact with the Bohr Institute. Between 
fifteen and seventeen fellows from the member countries 
are awarded grants from NORDITA to receive advanced 
training and gain experience in research work. The grants 
are nominally given for 1 year at a time but as a rule 
the fellows stay for 2 years. 

Besides this, NORDITA has the task of promoting 
cooperation between theoretical physicists in the member 
countries. This is achieved by the exchange of scientists 
and also by inviting professors from other countries 
either for longer or for shorter visits, A reservoir of 
prospective lecturers can be found in the group working 
in Copenhagen, both among the permanent staff of the 
Niels Bohr Institute and NORDITA and among the 
visitors. 


Scientific Programme 


While the administrative bases of the Niels Bohr 
Institute and of NORDITA are fundamentally different 
and have to be kept strictly separated, the scientific 
activities are united. Seminars and lectures are in com- 
mon. The question of who works with whom, the links 
between the staff and the visitors and between professors 
and younger physicists depend only on what subject they 
are working on. A close and smooth running cooperation 
also exists in more technical matters. An example is the 
joint operation of the important computing section, which 
has at its disposal a Danish built GIER computer and an 
IBM 1130 as well as access to the IBM 7094 of the 
Northern European Universities’ Computing Centre 
(NEUCC). 

The scientific programme carried out in the two in- 
stitutes is deeply influenced by the ties between experi- 
mental and theoretical work. On the experimental side, 
the equipment of the Bohr Institute is modest as compared 
with the facilities in larger countries because of the limited 
economic resources available. During the past 10 years, 
however, the equipment has been essentially improved, 
mainly through the acquisition in 1961 of a 12 MeV 
tandem Van de Graaff (from the High Voltage Engineer- 
ing Corporation). Because of lack of space at the institute, 
the accelerator has been placed on a site at Riso, about 
40 kilometres from Copenhagen, close to the Research 
Establishment of the Danish Atomic Energy Commission. 
In the near future (probably in 1969-70) the accelerator 
will be replaced by an 18 MeV Super King Size. 

The principal work with this accelerator was concerned 
with nuclear reactions and nuclear states. The planning 
and the performance of this work were strongly inspired 
and influenced by the theoretical group working on 
nuclear structure and comprising people both from the 
Bohr Institute and from NORDITA. Problems arising 
from the development of new theoretical ideas could in 
many cases give the starting point for experimental 
investigations. 





NATURE, VOL. 220, NOVEMBER 23. 1968 


For technical reasons, nuelear reactions induced by 
bombardment with tritium could not be carried out 
here. These experiments have in recent years been per- 
formed in eooperation with British colleagues at Alder- 
maston. 

On the Copenhagen site itself several experimental 
groups are working with a few larger pieces of apparatus. 
A small cyclotron (90 em diameter, 22 MeV alpha- 
partieles) was in operation as early as 1938, but since 
then it has been reconstructed and improved several 
times. It was used for the study of nuclear reactions 
induced by alpha-particles and also for the passage 
through matter and stopping of swiftly moving atomie 
particles in gases. This is a problem in which Niels Bohr 
took particular interest since his youth, an interest revived 
in the 1940s by the peculiar features exhibited by the 
passage of fission fragments through gases. 

The tandem Van de Graaff in the institute branch at 
Riso was acquired to replace two smaller electrostatic 
generators, of 2-5 and 4:5 MeV, respectively, both built at 
the institute in the 1940s. The larger is still used for the 
study of analogous states of isobaric nuclei. 

An isotope separator—with a 90° deflexion magnet and 
constructed during the Second World War—has for a 
number of years served for the preparation of targets. 
It was supplemented by several particle spectrometers. 
A new isotope separator has been constructed recently, 
and the group will also participate in the European 
ISOLDE project (Isotope Separation on Line) to be carried. 
out in CERN to study short-lived isotopes. 

Another experimental group is oceupied with high- 
energy research. To begin with, photographic emulsions 
were exposed to radiation either in balloon flights or by 
means of the Berkeley accelerator. From 1960, the large 
CERN accelerator has been used. Bubble chamber pic- 
tures can be scanned rapidly after apparatus for this 
purpose has been acquired. Since the installation of the 
computer at NEUCC in Copenhagen a couple of years 
ago it became possible to evaluate the results in a much 
more systematic way. At present, steps are being taken 
to construct an automatic seanning apparatus in collabora- 
tion with Swedish institutions. 
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Besides these examples of international eooperation 
with institutions in the West, the institute also maintains 
contacts with research centres in the East, especially with 
Dubna and the Ioffe Institute in Leningrad. For several 
years until the autumn of 1967 the institute had two or 
three long-term visitors from the People’s Republic of China, 

When considering theoretical research, one has to treat 
the Niels Bohr Institute and NORDITA together. A 
considerable group with members of both instit is 
involved in work on nuclear structure. In Copenhagen, 
the theory of nuclear constitution has always been in the 
centre of interest, not least in the past decade, when 
remarkable progress has been made here by the develop- 
ment of new models of the nucleus. As already mentioned, 
this development could not but strongly influence the 
experimental programme. 

Another group is engaged in problems of theoretical 
high-energy and elementary particle physies including the 
strueture and interactions of elementary particles. Other 
subjects treated by theorists in the two institutes are 
relativity theory, statistical physics, astrophysics and 
cosmology. 

At the beginning of the past decade and until his death. 
in 1962, Niels Bohr—even though he had retired from his 
chair at the university—was still director of the institute 
and was leading its work. In the last years of his life he 
was chiefly oecupied with the formulation of his views 
on the epistemological problems which confront us in 
quantum physies. This interest is still very active among 
the physicists here. 

'This report shows elearly how strong was Niels Bohr's 
influence on the whole Copenhagen group, not only during 
his life but also later through the tradition he had created, 
Of course, Bohr's influence extended far beyond the small 
eircle in Copenhagen, and can be followed through his 
extensive correspondence and other extant documents 
which have now been collected and arranged in a special 
archive at the Bohr Institute for the benefit of those who 
may want to study one of the most thrilling periods in the 
history of physical science. The material will also be 
useful in the preparation of the forthcoming edition of 
Bohr’s writings. 












Survey of Ross’s Original Deep Sea Sounding Site 


by The first successful sounding of the ocean depths was carried out 


ROBERT S. DIETZ 
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Miami, Florida 


“Ow the 3rd of January [1840], in latitude 27° 26’8, 
longitude 17° 29’ W, the weather and all other circum- 
stances being propitious, we succeeded in obtaining 
soundings with two thousand four hundred and twenty- 
five fathoms of line, a depression of the bed of the ocean 
beneath its surface very little short of the elevation of 
Mount Blane above it." This laconic statement was made 
by Captain Sir James C. Ross of HMS Erebus during the 
British Antarctic Expedition of 1839-1843 (ref. 1). 
Although attempts to obtain deep soundings were made 
in the early 1500s?, apparently none was successful before 
Ross made this sounding*. Before this time, the oceans 
* In 1818 Sir John Ross recovered bottom mud from depths of 1,000 and 
1,050 fathoms (ref. 3). Although this also was a remarkable accomplishment, 
it cannot be considered an abyssal sounding because the hypsometric curve 


gives a mean depth of 2,555 fathoms for the oceanic basin province in the 
Atlantic Ocean', 


by Sir John Ross in 1840. As a commemorative gesture, in January 
of 1968 a survey was made over an area of 47 square miles in the 
vicinity of the Ross site, and soundings were recorded, 
article, the depth recorded during the survey is compared with 
Ross's original figures. . 


in. this 


were either regarded as bottomless, or their depths were 
intuitively estimated. Many scientists argued, for example, 
that the oceans are as deep as the mountains are high. 
A more quantitative estimate was made by the astronomer 
Laplace. Based on a deduced relationship between oceanic 
depth and tide wave velocity, he placed the abyssal depth 
at 12 miles. 

For the sounding, Ross prepared a line (stranded 
hemp ?) "three thousand six hundred fathoms, or rather 
more than four miles in length fitted with swivels to 
prevent it unlaying in descent, and strong enough to 
support a weight of seventy-six pounds". The line was 
wound on a free-spooling reel and a plummoet was attached 
to the outboard end. The apparatus was placed on one of 
the ship's small boats which was lowered over the side, 
and the plummet was dropped. While the weight was 
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descending, oarsmen manoeuvred the small boat to com- 
pensate for currents and windage. Thus the sounding 
line was kept vertical so that lino angle errors were 
minimized!.*. 

Ross identified the bottom by a decrease in the rate of 
pay out of line from the free-spooling reel. The velocity of 
descent was ascertained by noting the time between 
successive increments (100 fathoms) which had previously 
been marked on the 3,600 fathom line. An abrupt decrease 
in the rate of pay-out was indicative of bottom contact. 
This method was necessary because it is not feasible to 
"feel" bottom at abyssal depths.  Maury?*, who later 
formalized the rate-of-pay-out technique in his law of 
plummets descent, was aware that deep undercurrents 
could induce “swigging forces upon the bight’? which 
could cause a line to run out for ever or, because sounding 
lines are of finite length, until the end spooled off and 
disappeared beneath the surface. Thus one could merely 
have measured the length of a piece of line rather than 
have determined the depth of the ocean. 
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We suppose that this is a calligraphic error in transcrip- 
tion, for a poorly handwritten “5” may appear to be a 
"6", There is certainly no justification for unrounding 
Ross's sounding because of the many inaccuracies involved 
in obtaining it. Similarly, the error in sounding location 
must have resulted from a creeping error in drafting 
without reference to the original source. 

Because literally millions of soundings are now taken 
each year, it seemed appropriate to us to ask the USC 
and GSS Discoverer, while en route to Tristan da Cunha, 
to survey Ross's site as a commemorative gesture. The 
site is located about 600 miles NNW of Tristan and 
approximately half-way between the lower halves of 
South America and Africa. 

On January 23, 1968, a brief survey was made over an 
area of 47 square miles in the vicinity of the Ross site. 
The survey was laid out in a butterfly pattern (Fig. 1) 
and was made during the early morning hours between 
reliable five-point morning and evening star fixes; posi- 
tions were maintained by dead reckoning. We estimate 
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Fig. 1. 


Ross's sounding is still retained on modern charts 
(for example, the US Navy Hydrographic Office Chart 
5761), but its position has been slightly misplaced and it 
is given as 2,426 fathoms instead of 2,425 fathoms. 
Admiral G. S. Ritchie, the British hydrographer, has 
informed us that the sounding first appeared on Admiralty 
Chart No. 2203 in 1853 as 2,426 fathoms and has been 
recorded as such ever since. He stated that no evidence 
could be found in the records of the Hydrographic Depart- 
ment as to why one fathom had been added to Ross’s 
measurement. 











Sonic sounding survey of the area around Sir James Ross's original abyssal sounding. 


that the survey line positions are accurate to within about 
one nautical mile. The soundings were recorded on a 
precision depth recorder timed at 800 fathoms/s and were 
later corrected for salinity and temperature variations in 
seawater by using appropriate Coast and Geodetie Survey 
tables. 

The relief of the area is bold and rugged; steep, isolated 
peaks separated by deep, V-shaped depressions are com- 
mon. The north-western half of the region has a mean 
depth greater than 2,200 fathoms (4,023 m); the south- 
eastern half is shallower. The absolute relief observed 
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along the sounding lines was 404 fathoms. The depth at 
Ross's sounding site is 2,100 fathoms (3,843 m) (rounded 
to the nearest 5 fathoms), or it is 325 fathoms less than 
Ross's value. The maximum depth (2,400 fathoms; 
4,392 m) was found in a hole in a broad depression in the 
north-western sector. This is about 3-5 miles away from 
the Ross site. 

The Ross sounding was taken in the western flank 
province of the Mid-Atlantic Ridge. In this rugged 
region of abyssal hills substantial variations in depth 
occur in small horizontal distances. It would therefore be 
meaningless to speculate about the true error of the first 
abyssal sounding, for Ross’s position can only have been 
approximate. None the less, it is interesting to compare 
the depth that Ross obtained with that which we obtained 
at his documented position. Eoss's measurement of the 
depth is about 325 fathoms greater than ours. This 
amounts to an error of about 15 per cent. If, however, 
we select the maximum depth within the area, then Ross's 
sounding is only 25 fathoms more than ours and is in 
error by only 1 per cent. 

We cannot determine with any certainty the reason for 
Ross's sounding being too deep, but two possibilities 
stand out: either the moment of bottom contact was not 
immediately recognized, or Ress’s position was in error 
by 5 miles or more. 
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In the early days of sounding it was customary to use 
eannonball as a plummet. Hence, to commemorate 
Ross’s historic accomplishment, a cannonball about three 
centuries old, which was recovered by divers in the — 
Florida Keys, was put over the side in a token lowering. 
In re-visiting this site, a hydrographic milestone was. 
recognized and a part of oceanographic history was 
relived. 

We thank Captain T. Treadwell, of the US Navy 
Oceanographic Office, and Admiral G. 8. Ritchie for 
supplying information from their archives. We thank 
Captain Lorne Taylor and the officers and crew of the 
USC and GSS Discoverer, for carrying out the mission, 
especially Lieutenant Commander G. A. Maul, Lieutenant 
M. N. Walter, Lieutenant O. Steffin, Ensign P. Hitch and: 
Chief C. Ellis. 
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Pulsar Search at the Molonglo Radio Observatory 


by 

M. I. LARGE 
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Cornell-Sydney University Astronomy Centre, 
University of Sydney 


Seven pulsars have been discovered in a recent search 
using the 408 MHz Molonglo radio telescope. Several 
more pulsars are suspected but require further observa- 
tions for their confirmation. Five of the new pulsars 
have high dispersions. They all lie close to the galactic 
plane, although the search ineluded areas well removed 
from the plane. One pulsar is close to the centre of a 
suspected supernova remnant’. 

Turtle and Vaughan? used the east-west (E-W) arm 
of the Molonglo telescope in a "split aperture" mode in 
their survey which led to the discovery of PSR 1749 —28 
and PSR 2045—16. For the new observations a more 
sensitive “split beam" technique has been used. The 
sections of the E-W arm are multiply connected to form 
three fan beams, spaced 1-4 min of are apart in right 
ascension. The centre beam is normally used in conjunc- 
tion with the north-south (N-S) arm to form the pencil 
beams of the Cross. The pulsar search is carried out using 
the "early" and "late" fan beams. During observing 
time allocated specifically to the pulsar work, the E-W 
arm is used with uniform illummation, giving an east—west 
beam width of 1-45 min of are. The pulsar search can run 
eoneurrently with normal radio source observations using 
the Cross. The sensitivity of the pulsar search is then 
reduced by a factor of 0-75 because the E-W arm is used 
with tapered illumination to reduce side lobes. 

The detectors are connected to a two pen chart recorder 
using an a.c. coupled amplifier that removes slowly vary- 
ing components of the signal produced by the transit of 
normal radio sources. A proportional pulse-lengthening 
circuit is used to improve the pulse response of the pen 


Seven new pulsars are reported from the Molonglo radio observatory. 
Some conclusions can be drawn about the distribution of pulsars in 
the galaxy. 


recorder. Fig. l is a photograph of a section of the search 
record on which the pulsar M P 1426 was discovered. The 
observation was made on October 7 with the telescope at 
$= — 66°, in the sensitive uniformly illuminated arrange- 
ment. The chart rate was 8 em s~. The separation of the 
early and late fan beams is 28 s and transit between 
half power points of the beam lasts about 15 s. "The 
characteristic pattern of the pulsar, appearing first on the 
"early" beam and then on the "late" beam with the 
appropriate time delay, has proved extremely valuable in 
recognizing pulsars on the search records. Occasional 
interference "spikes" are normally simultaneous on the 
two records. 

In the search with uniform E-W illumination the 
minimum pulse energy that can be detected (at 5 times 
r.m.s. noise) in a single pulse of observed width 10 ms is 
—92x10-* J m Hz. The observed width, Wow, in- 
cludes the natural width of the pulse and the effeet of 
dispersion in the 4 MHz receiver bandwidth. Calibration 
with artificial pulses shows that the minimum deteetable 
pulse energy is proportional to (Wow) in the range 
5 ms « Wo, < 150 ms and independent of Woss for Wow < 
5 ms. The search covers pulse repetition frequencies up to 
1/(2 Wovs) or 200 Hz, whichever is the lower. For fre- 
quencies above ~ 10 Hz individual pulses are not recorded 





Table 1. HOURS OF SURVEY—OCTORER 1968 


Uniform Tapered 
illumination — illumination 
ibi «10* 60 5 
ib > 10° 110 80 
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Fig. 1. A photograph of the search record on which M P 1426 was discovered. The pulses 
appear first on the early beam (lower trace) and then on the late beam (upper trace). The 
indicated times do not give the right ascension directly. 


by the pens. The pulses merge to produce a deflexion 
proportional to the amplitude of an individual pulse and 
independent of the repetition rate. It has already been 
noted that normal radio sources in transit do not deflect 
the pens. The search programme was carried out during 
October 1968. Table 1 shows the number of hours spent 
near the galaetie plane and at higher latitudes. Seven 
pulsars have been detected and confirmed; several more 
are suspected. They all lie within 10° of the galactic 
plane. All were discovered with the E-W arm in its 
sensitive uniformly illuminated arrangement. 

Physieal parameters of the new pulsars are given in 
Table 2. Accurate declinations of five of the pulsars have 
not yet been determined. They are therefore listed with 
the provisional Molonglo Pulsar (M P) prefix in aceord- 
ance with the practice of other observatories. When the 
accurate declinations are known, we shall adopt the PSR 
nomenclature? for these pulsars. In Table 2 the 1950-0 
right ascensions of tho MP pulsars are quoted for the 
tabulated declination, and for declinations 2? above and 
below. Linear interpolation will give the correct right 
ascension (+ 1s) when the true declination is known. 

The split aperture technique for declination measurc- 
ment? is less sensitive than the finding survey, and at 
best gives declinations within +0°-25. The weaker pulsars 
(such as MP 0736) have not yet been observed on the split 
aperture records. Accurate measurement of declinations 
involves finding the pulsed signal on the appropriate fan 
beam of the N-S arm, or pencil beam of the Cross. As 
the N-S beams are separated at intervals of 1-4 min of arc 
(at the zenith), it may be necessary to search 50 or more 
beams during one or more transits of the source. Transits 
last 16 sec$ min for a N-S fan beam and 12 sec8 s for a 
pencil beam. The signal-to-noise ratio of the N-S arm 
is about five times poorer than that of the E-W arm. The 
determination of accurate declinations of weak pulsars 
must await the installation of low noise pre-amplifiers on 
the N-S arm (such as are already in use on the E-W arm) 
and/or the use of pulse integration techniques. The 
diffieulties of determining declinations are compounded 
by the fact that some of the pulsars are not always active 
during their brief transits. . 

The Molonglo telescope is capable of measuring declina- 
tions to a few seconds of are. Accurate pulsar declinations 
will be published as they become available. It is very 
desirable, however, to start with a reasonably accurate 
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declination. Careful search of a limited number of N-8 
fan beams should then yield an aceurate declination in a 
small number of transits. We would be very grateful to 
receive the declination of any new pulsar south of + 20° 
with an accuracy exceeding 05-2. 

The five pulsars with the M P designation all seem to be 
relatively weak. In Table 2 the pulse energy U,,, is an 
estimate of the energy of & typical strong pulse. It is 
intended as a guide to assessing the detectability of the 
pulsar with other radio telescopes, and is necessarily 
somewhat subjective. The pulse periods of the new 
pulsars range from 0-84 to 0-089 s, the latter being the 
shortest period yet observed. 

The frequency drift rates were measured using the split 
passband method*, The detector outputs of two pass- 
bands (40741 MHz and 409+1 MHz) were recorded at 
19 em s^ on a twin track magnetic tape recorder using 
an amplitude modulated 4 kHz carrier. The tapes were 
subsequently played back at 4-75 cm s to a fast pen 
recorder. Fig. 2 shows pulses of M P 1727, PSR 1929+10 
and PSR 0833—45 played back in this way. By measur- 
ing the time delay of the pulses between the two pass- 
bands, the frequency drift rate was determined. The 
pulses of MP 1451 have so far proved too weak for a 
frequency drift rate measurement. For MP 0736 the 
frequency drift rate has been estimated from a few weak 
pulses. 

The pulsar PSR 1929+10 is remarkable for its short 
pulse length and high frequency drift rate. PSR 0833 — 45 
is apparently always aetive, with comparatively little 
pulse-to-pulse amplitude variation. The pulsar M P 1426 
which was first detected on the record shown in Fig. 1 
has not appeared so strongly on any subsequent transits. 

A galactic map giving the distribution of pulsars is 
shown in Fig. 3. Pulsars discovered at Molonglo (including 
the two reported by Turtle and Vaughan?) are plotted as 
open circles. The Molonglo pulsars are evidently con- 
centrated near the galactic plane. This concentration is 
probably significant, because the searches have covered all 
ranges of galactic latitude. Pulsars discovered at other 
observatories*~’ are plotted in Fig. 3 as full circles. They 
are not particularly concentrated to the galactic plane. 
The Molonglo pulsars have high dispersions compared 
with those of pulsars discovered elsewhere. 

The Molonglo searches were carried out at 408 MHz 
with a 4 MHz bandwidth. The other pulsars were dis- 


PHYSICAL PARAMETERS OF THE PULSARS 
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Fig.2. Sample pulses of (a) MP 1727, (b) PSR 1929-10, and (c) PSR 

0833-45 recorded on magnetic tape and played back to a fast chart 

recorder. The frequency drift rates are obtained by measuring the 

difference in time of arrival of the pulses in the two bands. The time 
constant is 3-5 ms. 


covered at lower frequencies and narrower bandwidths. 
It is therefore necessary to enquire whether the apparent 
difference between the Molonglo and other pulsars is an 
instrumental selection effect. 
. For a pulsar of period P and integrated flux density 
S,v7* where « is the usual radio spectral index, the mean 
energy per pulse is 

Up a S. PB 
where B is the (Gaussian) width of the receiver passband. 
If the pulse is assumed to have a natural (Gaussian) 
width of Wy and observed (Gaussian) width Wa, includ- 
ing dispersion in the passband, then 

Wass? = Wp? + (B v-4)8 

where ¥ means dv/dt. The height (peak flux density) of 
the recorded pulse will be Up/Wons. 
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A post-detector integration time equal to Wom can be 
used so that the effective noise ripple is proportional te 
(B/Wons)'” and the signal-to-noise ratio is given by 





X . U WonsN1/2 
signal/noise ax n C iod 
S.P 
& M M 7 
os a) 
(Wu t Ux 


This equation leads to several interesting conclusions 
about the relative detectability of pulsars at different 
frequencies. The “instantaneous bandwidth" Wy in- 
creases very rapidly with frequency as gy is proportional 
to v*. 

Most of the new Molonglo pulsars have an instantaneous 
bandwidth at 408 MHz narrower than the 4 MHz receiver 
bandwidth. Neglecting 1/B* in equation (1) shows that 
the signal-to-noise ratio for these puisars varies approxi- 
mately as v'5-* at frequencies below 408 MHz. Thus if 
the spectral index is similar to that of normal radio sources 
(xz 1), the Molonglo pulsars will be less readily detected 
at low frequencies. 

It is evidently desirable to use a receiver bandwidth 
wider than the instantaneous bandwidth of the pulsar 
signals. B must be less than PY if individual pulses are to 
be resolved, however’. A bandwidth of about 1P9 seems 
to be the optimum. The short period high dispersion 
Molonglo pulsars would be detected at low frequencies 
only if narrow bandwidths were used. 

It seems that at 408 MHz we are detecting a class of 
high dispersion pulsars that would be difficult to detect 
at lower frequencies. PSR 1929+10 has small dispersion 
and should be detected readily at low frequencies. 

The tendency of the Molonglo puisars to lie near the 
galactic plane shows that we are dealing with a spiral 
arm or disk population, not a halo population. Thus it is 
reasonable to suppose that high latitude pulsars are close 
and intrinsically weak. Most (but net necessarily all) low 
latitude pulsars are strong and distant. 

The Molonglo pulsars seem to be concentrated not to 
the plane itself but a few degrees south. The distribution 
in latitude extends further from the plane than that of 
any spiral arm population. This anomalous distribution 
may be explained by postulating that high dispersions 
are produced in an extensive but thin layer of tenuous 
ionized hydrogen in the plane of the galaxy. As equation 
(1) shows, the signal-to-noise ratio is proportional to 9!/* 
for high dispersion pulsars (W,9 < B). The weaker pulsars 
in Table 2 would not have been deteezed had their disper- 
sions been 2 or 3 times greater. The H IT layer thus pro- 
duces a somewhat irregular “zone of avoidance" very 
close to the plane of the Galaxy. It is interesting to note 
that two of the low latitude pulsars (PSR 1749—28 and 
PSR 1929+ 10) lie in the direction of "windows" in the 
H II distribution as shown by the 19:5 MHz absorption?. 
The other low latitude pulsars are beyond the limits of 
the 19-5 MHz map. 

There is some weak additional evidence that the pulsars 
are associated with the spiral arms despite the wide 
distribution in latitude. Three pulsars are grouped around 
galactic longitude 260° in the direction of the local spiral 
arm. Two more are near longitude 310°, the direction in 
which the Sagittarius spiral arm is seen tangentially and 
where there is a particularly steep "step" in the non- 
thermal radio emission", 

If the two pulsars near |= 310° are associated with the 
Sagittarius arm, they must be at 2 distance of about 
5 kpe and about 500 pe below the plane. If the dispersing 
layer is confined to within about 108 pe of the galactic 
plane, as the neutral hydrogen is. then the line of sight 
passes through 1 kpe of the medium. The mean electron 
density in this I kpe path caleulated from the dispersion 
of MP 1426 is 0-06 cm. This is comparable with the 
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electron density of 0-1 cm deduced in the direction of 
PSR 0833 —45 in the local spiral arm!. 

The measurements by de Jager et al." of the H I absorp- 
tion of CP 0328 (l= 145^, b= — 1*2) place this pulsar in 
or beyond the Perseus arm. The dispersion is relatively 
low, however, corresponding to a very low mean eleetron 
density ( 0-006 em-?). This pulsar lies in the outer regions 
of the galaxy in a direction almost normal to the local 
spiral arm. The low dispersion could be attributed to a 
general decrease in the density of the ionized layer with 
inereasing distance from the nucleus or to absence of 
ionized hydrogen between the spiral arms. Another 
possibility is the presence of a window" in the obviously 
irregular distribution of the ionized medium. It is clear 
that, without other information, the dispersion eannot be 
regarded as a reliable indicator of distance. 

In conclusion, it seems that there is an irregular dispers- 
ing zone closely confined to the galactic plane which has 
so far prevented the detection of pulsars near the galactic 
plane in the inner spiral arms. PSR 1929+10 and PSR 
1749 — 28 may be seen through “windows” in this dispers- 
ing region. The dispersing material probably extends to 
about the local spiral arm radius, but perhaps not beyond 
because C P 0328 (at l= 145?) has very little dispersion. It 
is clearly necessary to test these ideas by searching on 
the galactic plane for pulsars of very high dispersion. A 
search at a frequency appreciably higher than 408 MHz 


The distribution of known pulsars plotted in galactic coordinates. 
represented by open circles. Major metre wavelength background isophotes are also shown. 
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Pulsars discovered at Molonglo are 


would be relatively more sensitive to high dispersion 
pulsars, and should reveal the true galactic distribution 
more clearly than lower frequency searches. H 1 absorption 
measurements on a sufficient number of pulsars would 
clarify many of these points and perhaps lead to a ealibra- 
tion of the dispersion distanee scale as a function of 
galactic position. 
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Further Observations of Pulsating Radio Sources at 13 cm 


by 
R. D. EKERS 
A. T. MOFFET 


Owens Valley Radio Observatory, 
California Institute of Technology 


Forrowixa the successful detection of the pulsating radio 
source CP 1919 using the facilities of the Goldstone 
Tracking Station’, we have made further observations of 
the other known pulsating sources’. The radiometer and 
data recording for the present series of observations were 


This article describes a series of measurements of the pulsating 
radio sources CP 0834, CP 0950, CP 1133 and CP 1919. 


the same as previously described’ except that most of 
these observations were made with a circularly polarized 
feed. 

In view of the very low flux level observed for CP 19191! 
at 2,205 MHz we were surprised to see individual pulses 
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on the chart record when we first observed CP 0950 and 
CP 1133. The observation of individual pulses has im- 
portant consequences because propagation effects present 
in the lower frequeney observations will have a different 
character and in general a much reduced effect at this 
frequeney. "Thus it may be possible to separate propaga- 
tion effects from the intrinsie properties of the sources. 


Pulse Intensities 

The mean pulse intensity was determined from the 
digital data by averaging all pulses in 20 min periods on 
a number of different days. These values are given in 
Table 1. The error in these intensities due to receiver 
noise is negligible, but there may be appreciable error due 
to long period variations which can only be evaluated 
after a longer series of observations. In view of the un- 
certainties involved these values are in reasonable agree- 
ment with those reported? at 11 cm, The beamwidth of 
the Goldstone telescope at 13 em is only 6 feet. so we are as 
yet unable to observe the pulsars reported recently because 
of their poorly determined positions. We detected C.P 0834 
only after obtaining an accurate position measured by 
Slee and Higgins with the Culgoora radio heliograph. (We 
are indebted to Dr Brian Marsden of the IAU Central 
Bureau for Astronomical Telegrams for providing us with 
this position while we were at Goldstone on August 15.) 
A search over the region containing HP 1506 was un- 
successful, giving an upper limit of about 10-?* J m-? Hz- 
for the intensity of pulses from this source. 


Table 1, PULSE INTENSITIES AND PERIODS 

Mean energy Stability 

Source density per pulse Mean period, p AD 

(1075 J m- Hz) (A.18) p 

CP 0834 0-002 — E 
CP 0950 0-006 0-253 065 0388+ 1 «1075 
CP 1133 0:020 1:187 911 019 £10 «10-75 
CP 1919 0:0018 1:327 301 1334+ 5 «10-1 


The information in Table 1 on the periods of the sources 
is discussed in a subsequent seetion. 

The mean pulse intensities for the four sources detected 
are plotted in Fig. 1 together with intensities measured at 
lower frequencies?**. These three pulsating sources have 
similar spectra, Socv-??, at the lower frequencies, but the 
spectra of CP 0834, CP 1919 and possibly CP 0950 show 
a cut-off near 1,000 MHz whereas the spectrum of CP 1133 
shows no such cut-off up to 2,295 MHz. Using the pulse 
intensities reported in ref. 4 we find the spectral index for 
CP 1919 between 408 MHz and 2,295 MHz is —2:3 and 
between 922 MHz and 2,295 MHz is — 3-3. The uncertainty 
in the latter number is very large. 


Pulse Shape 


The mean pulse shapes for the four sources detected 
have been determined from the data digitized at 1,000 
samples s~! by averaging over all the pulses for periods of 
~20 min (Fig. 2). Because the pulses have a linearly 
polarized structure’ we have considered only the observa- 
tions with a right-hand circular polarized feed in determin- 
ing these pulse shapes. It now seems, however, that these 
pulses also contain cireularly polarized structure (ref. 6 
and J. H. Taylor at the Conference on Rapidly Pulsating 
Radio Sources, New York, May 1968) so these results may 
still not correctly represent the total intensity pulse shape. 
A 1 ms output time constant was used for these observa- 
tions, but the data for CP 0834 and CP 1919 were later 
averaged over 2 ms intervals. There is no additional 
smearing due to dispersion within the receiver band- 
pass. The mean pulse shapes are similar to those observed 
at lower frequencies* except that for CP 1133 the first of 
the two eomponents is the stronger, whereas at lower 
frequencies the second component is stronger. Comparing 
the 408 MHz mean pulse profile* with that at 2,295 MHz 
we find a spectral index of — 0-6 for the first component 
and — 1-4 for the second. No marked difference in shape 
between 151 and 408 MHz can be seen‘, so it seems likely 


752. 





that the second component of CP 1133 has a cut-off in its 
spectrum similar to that found in the total intensity for 
CP 1919 and CP 0950. 

There is a striking similarity in component separation 
and width among the three sources with double pulses, 
as was pointed out by Lyne and Rickett*. This conclusion ; 
differs significantly from that of Drake and Crafts. In 
particular, we find no evidence for three distinet sub- 
pulses in CP 1919. The mean separation between the two 
components is the same (about 17 ms) for CP 0834 and 
CP 1133 and only slightly longer (about 23 ms) for CP 
1919, and the second component of CP 1133 is not of 
extremely short duration. These discrepancies are prob- 
ably due to the fact that Drake and Craft based their 
discussion on a small number of very strong pulses rather 
than a mean pulse profile. 

An interpulse has been reported? to occur 100 ms 
before the peak of the CP 0950 pulse. This can be seen at 
2,295 MHz where it has comparable intensity, 2-0 1 0-8 per 
cent of the peak, but occurs 108 42 ms before the main 
pulse (arrow in Fig. 25). This difference, if real, cannot be 
attributed to dispersion because the corresponding dif- 
ference between the 151 MHz and 408 MHz observations 
would be greater than is observed’. The only other alterna- 
tive is that the difference is an intrinsic variation with 
frequency, but the dispersion measurements* indicate that 
the time of emission is constant to within 5 ras for fre- 
quencies up to 922 MHz. Thus the change must occur af 
frequencies higher than this or apply only to the inter- 
pulse. 

Although the pulse shape averaged over a few minutes 
of data is quite stable there are large changes in strueture 
from pulse to pulse. These variatiens are being studied 
using an IBM 360/50 computer with interactive graphie 
display facilities. Fig. 3 shows a sequence of successive 
pulses for CP 1133, as displayed by the computer, taken 
from the data digitized at 1,000 samples s-*. It illustrates 
the great variation in shape, amplitude and time of onset 
from pulse to pulse. This behaviour is very similar to that 
reported? at 408 MHz and thus seems to be intrinsic to 
the source. Similar variations are also observed for CP 
0950. Occasional cases of a double pulse are also observed 
in this source. 

Because there are a number of possible experiments 
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Fig. 1. The mean pulse energy plotted against frequency. Values at 
81-5 MHz are from ref. 2 and at 151, 408 and 922 MHz from ref. 3. 
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relying on the aecurate pulse timing we have measured 
the variation in the time of onset of a pulse relative to the 
mean period. For strong pulses from CP 1133 with a 
well defined first component the r.m.s. variation in the 
arrival time is 2-0 ms. 


Sub-millisecond Structure 


The time resolution which can be obtained when 
observing the pulsating sources is limited either by the 
time dispersion within the receiver bandpass or by the 
reciprocal of the receiver bandwidth. In a noise-free 
receiver the shortest possible time resolution is obtained 
when these limits are equal, that is, when B-1= B|dv/dt|-!, 
or B-|dv/dt|*?, where B is the receiver bandpass and 
dv/dt is the frequency drift rate due to dispersion. Making 
the usual approximation that at all points along the line 
of sight vS>vp, where vp is the local plasma frequency, one 
finds that 


dy nme y? 


dt e DM 


where m and e are the electron mass and charge and the 
ha 


dispersion measure is defined by DM = f ne dl, the integral 


0 
of the eleetron density along the line of sight (in analogy 
with the emission measure). Thus the minimum time 
resolution is 


dy -1? e (DM)? 





a) 


Tmin = 





subject to the obvious restriction that B zv which re- 
quires that Tmin Zv if this is larger than the expression 
in equation (1). This consideration suggests that short 
time scale structure in pulsating sources is best observed 








a 
i 
it 
E 
íi 
B 
| id 
id 
bd 
|| 
Ef 
[d 
; | 
i d 
| | 
| | 
i 
ey 
pe ian A Em 
eI ALL Ae i feram al Mr SPI Pune 
5O ms 
b 


Fig. 2. a T 
August 15 at 1857 UT with a 2 ms averaging time. 
the position of the interpulse. 
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at high frequencies, provided that the structure of the 
pulses is not strongly dependent on frequency. For 
v= 2,295 MHz and DM — 3-2 cm pe (CP 0950, ref. 2), we 
have tmin= 15x 10-55. 

Further consideration of the optimum conditions for 
observing the details of pulse strueture requires some 
assumptions about the nature of the signal from the source 
and about the relative strengths of the signal and the 
noise present in the receiving system. Because the pulses 
are observed over a wide range of frequencies, it seems 
reasonable to assume that the signal is a random noise 
waveform modulated by an envelope which determines 
the appearance of the pulse when observed with different 
resolving times. Suppose that the mean antenna tempera- 
ture during the pulse is Tsig and the system temperature 
in the absence of a pulse is Tsys, so that the total system 
temperature during a pulse is Z=Tsig+TZ'sys. Then the 
noise fluctuations attributable to the random nature of 
the signal and the system noise are AT/T'e (Bc), 
where B is the radiometer bandwidth and + the integrating 
time constant. This is just the familiar radiometer equa- 
tion. We note that, in the absence of smoothing, that is, 
if B7= 1, any signal, no matter what its strength compared 
with the system noise, will have "short time seale fluctua- 
tions” of unit amplitude. But the condition (1) for 
minimum time resolution gives Bt = Thus to make a 
meaningful statement about structure within a pulse we 
must increase + to obtain some smoothing of the random 
noise fluctuations and test whether AT/T remains larger 
than (B x)! ?. The amount of smoothing required depends, 
of course, on the relative values of Tsig and T'sys. 

In our own observations we have used an RC filter with 
time constants as short as 5x 10-5 s and B —6x 10° Hz, 
giving smoothing factors (B«)-!?« 0-04, using +=2RC, 
the effective smoothing time for an RC filter. Because the 
system temperature of the Goldstone radio telescope is 
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295 I aged over ~20 min of data taken with a right-hand circular polarized feed. a, CP 0834 on 

Mn pe o ge aveneue tin b, CP 0950 on April 24 at 0812 UT with a 1 ms time constant. c 

e, CP 1133 on May 13 at 0651 UT with a 1 ms time constant. d, CP 1919 on May 13 at 0921 UT with a 
2 ms averaging time. 


The arrow indicates 
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Fig. 3. Sequence of successive pulses at 2,205 MHz as displayed by 
the computer (time increasing upwards). The data are for CP 1133 
observed on April 23 with a 1 ms time constant. 


16° to 20° K and peak antenna temperatures from CP 
0950 and CP 1133 are about equal to this, we can say that 
any apparent modulation of the pulses greater than 10 
per eent is due to a modulation of the basie noise wave- 
form of the pulses. As may be seen in Fig. 4, such modula- 
tion does occur with time scales less than 1 ms. These 
high resolution pulse profiles were obtained by photo- 
graphing the screen of a storage oscilloscope triggered at 
the pulse repetition frequency. The examples shown in 
Fig. 4 were chosen to show the wide variety of sub- 
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Fig. 4. High resolution profiles of single pulses at 2,205 MHz, 
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millisecond structure, but they do not reflect the true 
frequency of occurrence. On many occasions strong pulses. 
are observed with no detectable structure on this scale. 
The narrowest spikes.we see are still not resolved with our 
time constant. No obvious differenees in sub-millisecond 
structure are apparent between CP 0950 and CP i133. 

The difficulty of making observations of this sort at iow 
frequencies is illustrated in the paper by Craft, Comella 
and Drake*, who report sub-millisecond structure in pulses 
from CP 0950 and CP 1133 observed at Arecibo at 430 
MHz. To avoid smearing of the pulses by dispersion they 
were forced to use B=125 kHz. With te¢= 1075 s, they 
had a smoothing factor (Bq)? of 02. With this limited 
degree of smoothing, most of the Huetuations observed 
are entirely due to the random nature of the signal rather 
than to any modulation or strueture within the pulse. 
Some of the sub-millisecond structure does seem to be 
real, establishing the occurrence of this phenomenon at the 
lower frequency; however, in the examples reported all 
the real structure is correlated for the two polarizations. 
This casts some doubt on the authors’ contention that 
circularly polarized structure has been observed. 

It should be noted that our assuraption that the basie 
waveform of the pulsar signals is random is in no way in 
conflict with the frequent assertion that the radiation must 
be generated by a coherent meecbhanism**. Although 
fashionable, the word coherence is used rather too loosely 
in many circumstances. The high surface brightness 
temperatures of the sources, which we infer if their dimen- 
sions are ~ 20 light ms (6,000 km), require some sort of 
spatially coherent radiation mechanism, that is, one in 
which the electrons radiate in some cooperative manner. 
This says nothing about the temporal nature of the 
radiated waveform. 

Likewise, the fact that the pulsar signals are observed 
over a broad band extending to wavelengths as short as 
10 em does not necessarily require that the emitting 
regions have dimensions S10 em, as has also been 
asserted*^5. We might consider a hypothetical source in 
which a population inversion capable of maser amplifica- 
tion over a broad range of frequencies is established. A 
broad band signal with a random noise waveform may 
then be amplified by this region, achieving an arbitrarily 
large surface brightness. The characteristic pulse shape 
may then be produced either by a modulation of the 
amplified signal, or by the pumping mechanism which 
produces the population inversion. In the latter case the 
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Observations were taken with a right-hand circular polarized feed using a 
6 MHz bandwidth and an RC time constant, v, as indicated. , i i i F 


a, CP 0950 and, b, CP 1133. 
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Fig. 5. 
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UT 
'The integrated pulse energy at 2,205 MHz plotted against UT for CP 1133 on April 23. 


This was computed from the digital ‘data 


taken with a linear polarized feed. 


emitting volume can be as large as 20 light ms. In the 
former case it can be even larger in special circum- 
stances, 

Woe are not prepared to suggest a specific mechanism 
for the amplification in such a pulsar model, but we note 
that a broad band electron cyclotron maser has been 
proposed by Goldreich and Lynden-Bell to explain the 
decametre radiation from Jupiter*. In this model, there 
is spatial coherence over volumes of the order of 10* km 
in size, and a broad band signal with wavelengths as short 
as 10 m is emitted (P. Goldreich, private communication). 

It is difficult to explain the pulse-to-pulse variation in 
terms of scintillation in the interstellar medium"*, and it 
seems even more unlikely that the sub-millisecond varia- 
tions can be explained in this way, although it may be 
possible to do so if the diffracting screen is in the im- 
mediate neighbourhood of the source*. Alternatively, 
because the radiation may be produced by a coherent 
mechanism, the sub-milliseeond structure may be ana- 
logous to the “spiking” commonly observed in the coherent 
radiation from lasers. This is a result of the multimode 
excitation and is most prevalent when there are irregulari- 
ties in the lasing medium (ref. 11, for examplo). 


Intensity Variations 

Intensity variations have been observed over both long 
and short periods? *3?.?, We also see variations in the 
mean pulse intensity from day to day at 2,295 MHz, but 
we do not have continuous observations over a sufficiently 
long period to make detailed comparison with the long 
time scale variations observed at lower frequencies. Short 
period variations at 2,295 MHz are illustrated by the 
sample of integrated pulse intensities shown in Fig. 5 for 
a sample of data from CP 1133. "These large pulse-to- 
pulse variations seem to be similar to those reported at 
lower frequencies!?^, suggesting that they are intrinsic 
to the source. 

The distribution of the total intensities of individual 
pulses is shown in Fig. 6. Although the distribution for 
CP 0950 is more affected by receiver noise, it is obviously 
different from that for CP 1133. The extremely long tail 
on the CP 1133 distribution probably explains the re- 
ported! amplitude difference between odd and even 
pulses from CP 1133, for the inclusion of a few large 
amplitude pulses in a small sample could produce an 
apparent effect of this type. We have made an analysis 
of the CP 1133 and CP 0950 data to detect any even-odd 
effects and find no difference larger than expected for a 
random sequence of pulses with the observed distribution 


of intensities, in agreement with the conclusions of Scott 
and Collins’. 


Periods 

Although the arrival time for individual pulses has an 
r.m.s. scatter of 2-0 ms the stability of the average shape 
of many pulses from a given pulsar permits the deterrnina- 
tion of a representative epoch for the arrival of a pulse to 
an accuracy of better than a millisecond. It is necessary 
for us to average only a minute or two of data from CP 
0950 and CP 1133 to reduce the timing uncertainty due to 
noise and pulse fluctuations below 1 ms, while for CP 1919 
an average of 10 or 20 min is required. It is not necessary 
to know the expected period of the source with high 
accuracy to do this averaging; an uncertainty of one part 
in 108 will result in an error of less than 1 ms in a 20 min 
average. Table 2 gives a set of representative epochs for 
the time of arrival at Goldstone of pulses from the three 
sources we have observed on more than one occasion. 
Times are on the UTC scale as transmitted by WWY and 
should have absolute errors «2 ms. In favourable 
instances tho differences between these epochs may be 
determined with internal errors appreciably less than 
1 ms. 





Table 2. REPRESENTATIVE EPOCHS 
Time (UTC) 
Date CP 0950 CP 1133 CP 1919 
hm s hm 8 hom s 
March 16, 1968 20 37 00-8 
April 23, 1968 09 19 00-119 10 05 00-612 11 05 
April 24, 1968 08 12 00-169 09 08 00-684 12 10 
May 13, 1968 04 42 00-200 08 42 00-500 09 43 
May 30, 1968 04 33 10-079 06 04 00-569 11 06 





'To obtain the period in the Sun's frame of reference, 
the representative pulse arrival times must. be corrected 
for the time of propagation between the Earth and the 
Sun. Time corrections were calculated from the geocentric 
rectangular celestial coordinates of the Sun as tabulated 
in the American Ephemeris and Nautical Almanac and 
independently using ref. 16. An additional correction 
was included for the displacement of the observatory from 
the Earth's centre. These time corrections depend on 
the assumed position of the source. The positions used 
were those quoted by Ryle and Bailey? for CP 1919 and 
by Mackay et al." for CP 0950. For CP 1133 the position 
has been determined by position finding with the 210 foot 
telescope, as is described in the next section. The mean 
periods, determined from these data and corrected to the 
A.l atomic time scale, using AT'A. 4 (1--3x 10-*) AT ute, 
are given in Table 1. The errors quoted inelude the effects 
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of timing errors and errors in the source positions. In 
all cases the position uncertainties are the main contri- 
butors to the uncertainties in the periods. The periods 
for CP 0950 and CP 1133 which we reported in IAU 
Circular 2072 were in error because of a mistake in the 
correction for the Earth’s rotational velocity. 

We find no evidence for changes in the apparent pulse 
periods which could not be accounted for by the position 
uncertainties. When we have followed the sources for an 
appreciable fraction of a year it will be possible to separate 
out any secular effects and to obtain positions with an 
accuracy of better than a second of are. Upper limits in 
the secular change in period, per period, consistent with 
our present data are given in Table 1. 


Position 


The position of CP 1133 has been measured by observa- 
tions taken alternatively one half beamwidth (3^9 arc) 
on either side of the nominal position. The difference in 
the mean amplitude on each side gives a correction to the 
nominal position. The intensity variations are a problem 
in this type of single-dish measurement and it is necessary 
to make a long series of measurements to average them. 
The position we obtain for CP 1133 is 

a (1950) = 11h 33m 288 + 3s 
à (1950) = 16° 07' 36" + 18" 
where the errors are estimates of the r.m.s. deviation. The 














600 
i 400 
[2] 
S 
ó 
x 

200 | 
0 rt ÀÀÀ 1— D 
0 1 2 
Pulse energy (10-** J m H2-) 
a 

300 

200 - 
m 
E: 
& 
t 
-] 
wi 

100 

0 
0 5 10 
Pulse energy (1078 J m> Hz-!) 
b 
Fig. 6. Histogram of integrated pulse energies at 2,205 MHz, a for 


CP 0956 and b for CP 1133. 


761 





Fig. 7. Print of field of CP 1133. This is from a 90 min exposure on a 

III aJ plate with Wr 4 filter using the 48 inci: Schmidt camera, The 

error rectangles are shown for our position @olid Hnes) and for the 
position from ref. 17 (broken (ines). 


declination measurement is the result of a large number of 
observations; however, only a single measurement of the 
right ascension was made because this could be measured 
more accurately by the Cambridge group. Such a measure- 
ment has now been reported'’. 

The error rectangles for our position, and for the position 
reported in ref. 17, are shown on a print of a plate obtained 
by Jerome Kristian. This is a 90 min exposure on a ITI ad 
plate with a Wr 4 filter using the 48 inch Schmidt camera 
at the Mt Palomar Observatory. No objecta brighter than 
Mpg = 22 can be seen in the area. The faint image noted? 
on the sky survey print is a flaw. The object 14 west of 
our position is a compact galaxy. A speetrum of this 
object obtained by Maarten Schmid: shows the Balmer 
lines of hydrogen and weak H and E in absorption at a 
red-shift of 0-11. This object is exeluded as a possible 
identification by the better right ascension measurement", 
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gramme of research in radio astronomy at the California 
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Nature of the Pulsating Radio Sources 


by 
H. M. VAN HORN 


Department of Physics and Astronomy and 
C. E. Kenneth Mees Observatory, 
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Thorne and Ipser! have suggested that hydrogen burning 
in the thin, non-degenerate envelope of a white dwarf- 
which provides a very effective means of generating 
pulsations?—may explain the "clock" mechanism of the 
pulsars. An apparent difficulty with this hypothesis, 
however, is that normal white dwarfs are not observed to 
pulsate*, implying that the hydrogen abundance in the 
hot interior is so small that the nuclear burning is incapable 
of driving oscillations. Furthermore, while white dwarfs 
of spectral type DA do exhibit Balmer lines in their 
spectra* and must thus possess an adequate supply of 
hydrogen in the outer atmosphere, the envelopes of 
these stars are stable against convection®, so that there 
are no processes capable of transporting the hydrogen 
into regions where nuclear burning could take place. 
In most of the white dwarfs the suggested pulsation 
mechanism therefore cannot operate. 

There is a period during the evolution of a white dwarf, 
however, in which partial ionization in the envelope may 
lead to convective instability while the temperature is still 
high enough for some nuclear burning to take place at 
the edge of the degenerate core. Most white dwarfs are 
massive enough to have progressed beyond the stage of 
helium burning so they are probably composed of a mix- 
ture of about 60 per cent carbon and 40 per cent oxygen 
by mass®, with possibly an inner core of heavier elements. 
At temperatures of order 107 ^K. however, oxygen is 
incompletely ionized. This flattens the adiabatic tempera- 
ture gradient and steepens the radiative gradient, and may 
be sufficient to cause convective mixing of the entire non- 
degenerate envelope. If this actually is the case. there 
will exist a critical core temperature ~107 °K below 
which this outer convection zone of a cooling white 
dwarf can mix hydrogen from the surface layers into 
regions which are hot enough to ignite nuclear burning 
and initiate pulsations. An alternate, but perhaps less 
probable, driving mechanism is pulsational instability 
of the ionization zone itself. 

To caleulate the relevant pulsation period we use an 
approximate model of a thin, non-degenerate envelope 
overlying a rigid, isothermal core. Using the analytic 
white dwarf model discussed by Schwarzschild’, the 
linearized, adiabatic pulsation equation for the pressure 
perturbation 8p takes the simple form 

2 2 [^ 
(n gr) ei (3p) = 0 a) 
Qz* Oz o; zd 
where z = (R —)/ AR is the depth below the surface in units 
of AR, the thiekness of the non-degenerate envelope. 
The parameter B is 





B= vice, radiative envelope 
(2) 

uer 
where y = 5/3 is the ratio of specific heats, and the opacity 
is K= K,o9T-5, with x—1, and s=3-5 for Kramers law. 
The frequency ws is given by 


convective envelope 


(3) 


where Te is the core temperature, g is the surface gravity, 
and (ykT.juH)!” is the velocity of sound at the base of 
the envelope. 





Pulsations of the non-degenerate envelope of a white dwarf driven 
by hydrogen burning at the edge of the isothermal core are con- 
sidered as a possible model for pulsars. 


natural explanation for the pulsation mechanism and is consistent 
with observational evidence. 


The model provides a 


The eigensolutions of equation (1) are those for which 
the velocity is zero at the base of the envelope and for 
which the gradient of the total pressure vanishes at the 
surface, and are given by 


dpr=const x (21'?)8*1J5 _ (Enz!) e d exer (4) 


where J is the Bessel function of the first kind of order 
n and E; is the kth zero of Jg. These functions are actually 
only approximations to the true solutions. Because the 
perturbations are appreciable only over the outer per 
cent or less of the total radius, however, they correspond 
to very high modes of excitation of the star and are well 
approximated by equation (4). 

For Kramers’ opacity the parameter f equals 51/20 and 
£17: 5-83, while for a convective envelope $=3/2 and 
Ei 449. With these values the fundamental periods of 
the pulsations of the envelope become 


0 
P=2-16 oF = 0163717 ey Ro) s, radiative 
: (5) 


~ 8, convective 






Ri 
o 1277: C 


li 


—2:80 c 


where T, is the core temperature in units of 109 °K. With 
T,~10, which is typical of white dwarfs, equation (5) 
gives periods ranging from 0-2 to 2 s for masses in the 
range M/Mo~1-1 to 0:5. using the mass-radius relation 
for pure carbon white dwarfs?. This equation also pro- 
vides a natural explanation for the remarkable stability 
of the pulse repetition rate. For a given star, the period 
depends only on the core temperature, which changes 
appreciably only in a cooling time’ 
SMET, 
2AHL 
With Te~ 10° °K and A~ 10, this gives Tooling 2 x 108 
yr, so that the pulsation period should be stable to about 
one part in 10!*. 

If the energy source for the pulsations is hydrogen 
burning at the base of a convective envelope, the radio 
data on the pulsars are sufficient to permit construction of a 
completely detailed model. The radio luminosities of the 
known pulsars*-! (Table 1), which were obtained by 
integrating the mean flux density, averaged over pulses, 
over a spectrum extending up to ^1 GHz and using a 
distance scale based on an electron density!? of 0-1 em, 
yield a hydrogen burning temperature of 7,=17+3, 
where the uncertainty reflects the uncertainty both in 
the hydrogen abundance in the envelope and in the 
estimate of the radio luminosity. Because of the extremely 
steep temperature dependence of the nuclear reaction 
rates, this result is almost completely independent of the 
model and is only very weakly dependent on the actual 


7cooling ^v (6) 


Table 1. RADIO PROPERTIES OF THE PULSARS 
Flux 
Pulsar P d density Refs. Draai b C: 
(8) (pe) (flux units) 

CP 0950 0-253071 $2 Os 9 2x107 

PSR 1749-20 0-5621 — — 10 — 
CP 0328 0-71446 180 0-2 iL 1x10-* 
HP 1506 0:7397 200 0:3 12, 11 2x10* 
CP 1133 1-1880 60 0-3 9 3 x 10-7 
CP 0834 1.27379 120 0-3 9 1x 10-6 
CP 0808 1-29223 100 15 1i 4x10-5 
P1919 1:3373 126 0-35 9 1-5 x 10-8 


C 
PSR 2045-16 


F4 
Ei 
= 
| 
| 
- 
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Table 2, THEORETICAL PROPERTIES OF PULSATING ENVELOPE MODELS WITH 
CHARACTERISTICS WHICH MATCH THE PULSARS 
Log 

Pulsar MiM o RIUCO1R 5 Libo TCR) Me Hie U-V 
CP 0950 1:06 0-71 —197 22,000 1191 144 —130 
PSR 1749-29 (0-84 0-04 —2.08 18,100 11-58 — -115 
CP 0328 0:77 Loi -2-41 17,000 1151 17-8  —110 
HP 1506 0977 101 —2-11 16,900 11-51 174  —110 
CP 1133 0-62 118 —9.21 15,000 1144 153 -099 
CP 0834 0-60 1-20 —2.22 14,700 11:45 168 -098 
CP 0808 0-60 —2.22 14,700 11-46 165 -098 
CP 1919 0:59 —9.23 14,600 1143 16:9 -096 
PSR 2045-16 | 0-40 Le —2-30 13,300 11-46 — -0-88 


abundance of hydrogen. With zhis value for the tempera- 
ture, the known periods of the pulsars give unique values 
for the surface gravities of the white dwarf models from 
equation (5). Because the surface gravity of a white 
dwarf depends almost exclusively only on the total mass, 
however, the mass and radius separately can both be 
obtained, and as the luminosity of a white dwarf is a 
known function of the core temperature’, the model is 
thus completely determinate. In Table 2 we list the 
theoretically observable properties, obtained using the 
mass-radius relation for pure carbon white dwarfs*, for 
models with envelope pulsation properties which match 
those of the known pulsars. Although these characteris- 
ties are entirely normal for typical white dwarfst!, the 
models seem to be both too blue and too bright to be 
consistent with the limited optical information avail- 
able!^15-15, The discrepancy can be resolved, however, 
by consideration of some additional properties of the 
envelope pulsations. 

'The observed large variations in amplitude of the radio 
pulses? suggest that the process responsible for generat- 
ing the radio emission almost certainly involves dissipa- 
tion of shock waves in a turbulent medium. Because 
the pressure in the envelope of a white dwarf varies as 
poazyb, the ratio 3p/paxz-(-19 near the surface, and a 
pulse will rapidly steepen into a shock front as it propa- 
gates outward. The pulse width of 410 ms and the 
sub-ms frequency structure?! of the radio pulse may then 
be associated with the decay of turbulence generated by 
the shock; dissipation of an eddy of size comparable with 
a scale height would be expected to occur within a free-fall 
time 





» kT 
~ 

"7 g*uH 
which for a typical photospherie temperature ~ 10! ^K 
is ~10 ms for a 0-6 Me white dwarf. Smaller eddies 
would, of course, dissipate even more rapidly. If appre- 
ciable magnetic fields are present in the atmosphere, 
complex magneto-optie effects would also oceur, which 
might explain some of the complicated polarization 
phenomena that are observed'??, 

Passage of a shock front through the photosphere, 
however, will not only generate radio noise, but may also 
be expected to eject a thin shell of mass from the star, 
as in a nova. As this gas cloud expands and cools, it 
will reach a stage at which the carbon that has been 
convectively mixed into these layers ean condense to form 
solid carbon particles or * soot”, which is extreme ly 
effective in blocking and reddening the light from the 
parent star. This mechanism is much the same as that 
proposed to account for the light variations in stars of the 
R Coronae Borealis type, where decreases of 4-9 magni- 
tudes are observed. This would be entirely sufficient to 
explain the notable lack of optieal objeets associated with 
the pulsars. Depending on the exact nature of the 
dominant absorption process, the star would also appear 
to be 1-3 magnitudes redder than for normal white dwarfs. 
If radiation pressure on the grains goes mostly into 
mechanical motion, the energy will simply become invis- 
ible; however, if absorption and re-radiation at longer 
wavelengths are dominant, the pulsars would be expected 
to have a very strong excess of infrared, which might be 
detectable. 





(7) 
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After this paper had been submitted for publication 
three important, new observational findings were reported. 
Most significant for the present model was the 21 em 
observation?* which showed that the distance d to CP 0328 
was dz 4-2 kpc. While this implies a radio luminosity 
500 times larger than the value listed in Table 1, it does not 
exclude the present model, because the increased energy 
output ean be supplied either by an increase of the hydro- 
gen abundance from the value 5x 10-* used in these 
caleulations up to 0-1 by mass, or, beeause of the high 
temperature sensitivity of the nuclear reaction rates, by 
an increase of about 40 per cent in the value of the core 
temperature. This observation also makes the theoretical 
mys about 6 magnitudes fainter than the values given in 
Table 2; even in the absence of soot-cloud veiling this 
evidently places most of the models at or beyond the 
present limiting magnitude of the optical observations 
(my ~ 23). 

The other pertinent results are the discovery of a ~ 10 rns 
period within the main pulse?* and the observation of a high 
energy y-ray flux from two of the pulsars?. The interpreta- 
tion of the former observations is at best non-unique, 
however, and certainlv cannot yet be taken to prove 
that the pulsars are neutron stars; alternative explana- 
tions can also be found within the framework of the model 
presented here. On the other hand, it is difficult to see 
how the y-ray observations, if confirmed, can be under- 
stood without drastic changes of this picture. 

In summary, pulsars are pictured as a natural stage in 
the evolution of white dwarfs, which occurs when the core 
temperature becomes low enough for partial ionization to 
produce convective instability of the non-degenerate 
envelope. This leads to mixing of the hydrogen-rich 
outer layers into the hotter regions at the edge of 
the degenerate core where nuclear burning takes place 
and drives the pulsations. — The pulses develop into 
shock waves whieh generate the radio emission and eject 
clouds of "soot" from the surfaee, produeing strong 
absorption and reddening of the light of the parent star. 
The model does not seem to be in disagreement with any 
of the observational data available at present. 

I thank M. P. Savedoff for his valuable advice and 
encouragement, and G. D. Badhwar, H. L. Helfer and C. 
Sturch for several profitable discussions. This work has 
been supported by the US National Science Foundation. 
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Tue nature and extent of variation among immunoglo- 
bulin moleeules have placed important constraints on 
hypotheses concerning the mechanism of antibody for- 
mation'-?. Much of this information has been derived 
from the homogeneous immunoglobulins produced by 
plasmaeytomas of man and mouse. Such studies have 
shown that immunoglobulin light chains within one 
species contain a virtually constant C-terminal sequence 
(common region, C) ebaraeteristie of chain type (that is. 
lambda or kappa) and an N-terminal sequence (specificity 
or variable region, S) specific to each plasma cell elone!'5. 
'The specifieity regions of human kappa light chains (SK 
regions) can be divided into at least three diserete sub- 
classes on the basis of correlated amino-acid sequences and 
amino-acid gaps (or insertions)*-*. Each kappa specificity 
Subelass requires à minimum of one germ line gene, and 
so there must be at least three SK germ line genes. The 
human kappa common region (CK) is clearly encoded by 
a single gene. Because there are three germ line genes 
for one end of the molecule and a single gene for the other, 
the kappa chain must be encoded by two separate germ 
line genes (an SK and a CK) which are expressed as a 
single polypeptide chain (ref. 6 has a discussion of these 
arguments). 

We demonstrate here the existence of at least three 
lambda specificity region subclasses and discuss arguments 
which lead to the conclusion that two separate genes 
must encode the human lambda chain. 

Peptide fragments were obtained from a large number 
of lambda specificity regions by taking advantage of the 
blocked N-terminal amino-acid residue (pyrrolidone carb- 
oxylie acid) characteristic of most lambda chains*.?. 
These fragments were produced from most proteins by 
digesting heat denatured protein with pepsin. The 
resuiting peptides were passed over a column of ‘Dowex 
50 (H+) and the amino terminal peptide (lacking any 
positive charge) was eluted from the column in water. 
Oceasional lambda proteins (for example, HS 92 and 94) 
with a basic residue inside the first pepsin split were 
digested with trypsin and then with carboxypeptidase B 
to generate a large amino terminal peptide lacking a 
basic residue. These peptides were then characterized 
and sequenced as described earlier*. The proof of seven 
new amino terminal sequences is given in Fig. 1. 

Fig. 2 shows the amino terminal sequence of seventeen 
lambda proteins. The amino-acid variation in this region 
is highly restricted. In the stretch of nineteen residues 
compared for these proteins, four out of nineteen (21 per 
cent) are absolutely invariant (Fig. 1). Certain other 
residues, however, change only rarely (for example. 
residues 2, 7, 9, 14, 16 and 19), so that about 50 per 
cent (ten out of nineteen) of these residues are essentially 
invariant. 

Although certain of the remaining positions are ex- 


* Present address: Massachusetts General Hospital, 32 Fruit Street, 
Boston, Massachusetts. 


The lambda chain seems to be encoded by two separate germ-line 
genes (a specificity region gene and a common region gene) which 
are expressed as a single, continuous polypeptide chain. Antibody 
light chains appear to be an exception to the rule of "one gene, 
one polypeptide chain". 


tremely variable (for example, positions 3 and 17 each 
have five alternatives), most variable positions have only 
two or three amino-acid alternatives. Furthermore, 
there seem to be definite associations among certain 
of these variable amino-acid residues which serve to 
divide lambda chains into at least three subcla: 
Distinct residues at positions 3, 8, 10, 13, 17 and 18 define 
prototype sequences for these subclasses as shown in Fig. 
2. Six proteins fall into SL, seven into SL and two 
into SLyy. Smithies has recently proposed that all SL 
sequences can be generated by recombination between 
two S region genes!, and so it should be emphasized 
that no one of these subelasses ean be derived from the 
other two by simple linear recombination. For example, 
the distinguishing residue at position 10 in SLi cannot 
be generated by recombination of the corresponding codons 
at this position in the SLy and SLiy genes (even if one 
permits intracodon recombination) At the DNA level, 
to explain the SLrrr proteins as the result of recombination 
between SL; and Sly genes one must argue that (1) 
the alanine codon at position 3 is read from the SL; 
gene; (2) a recombinational event must then occur to 
pick up the proline codon at position 8 on the SLi gene; 
(3) recombination must again occur to include the serine 
codons at positions 13 and 17 on the SL; gene; (4) a 
third recombinational act must pick up the valine triplet 
on SL; gene at position 17; and finally (for this stretch 
of nineteen residues) (5) a mutational event must change 
the valine triplet to a proline triplet at position 10. "Thus 
to generate the SL sequences by recombination between 
SL; and SL; genes, it is necessary to postulate three 
recombinational events plus a mutation from valine to 
alanine at position 10 for every protein of the Slur 
subclass. The likelihood of finding two such identically 
recombined and mutated sequences in a sample of seven- 
teen is small. Thus the SLi sequences do seem to re- 
present a third subclass. 

There is preliminary evidence for the existence of two 
additional SL subclasses in that proteins X and Sh differ 
from the prototype sequences at many positions and both 
differ from each other and Ha in total number of residues 
in the S region!^9, Certain other deviations from the 
prototype sequences (for example, HBJ 11 and HBJ 7) 
indicate that additional subclasses may be defined as 
more information is obtained*. Because each subclass 
requires at least one germ line gene (as will be discussed 
later), these data imply that certainly more than two 
germ line genes encode the specificity regions of lambda 
chains. 


* It is, however, important to know whether or not a single individual is 
eapable of generating proteins from all subclasses or whether certain sub- 
classes are a reflexion of polymorphism among the SZ genes of the human 
population. This question should be resolved by studies on the SL regions of 
single individuals, identical twins and members of a family. The protein Sh 
was obtained from a Japanese individual, and so the question of SL poly- 
morphism between races must also be considered. It is interesting, however, 
that the Sh common region is identical to those from two Caucasian indivi- 
duals. Additional sequence analysis of lambda proteins frem different races 
should resolve this question. 
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Lambda subelasses have, up to this point, been defined 
in terms of sequence differences over a stretch of nineteen 
residues at their amino termini. Comparisons made 
throughout the entire specificity region for the only 
completely sequenced lambda chains (Sh, Bo and Ha) are 
shown in Table 1. 'These SL regions differ by 34—44 per 
cent of their amino-acid sequence and Sh differs in size 
from Bo and Ha. These differences are similar to those 
seen in comparing fully sequenced kappa SA regions 
from different subclasses (46-49 per cent and one gap, 
see Table 1). If SK regions from the same subclass are 
compared, there is a 14-16 per cent difference. When 
complete lambda sequences within a single subclass 
become available, one would predict intrasubclass 
sequence differences comparable with those of kappa 
chains (14~16 per cent). Clearly the fully sequenced lambda 
proteins differ from one another to the same extent as 
kappa proteins from different subclasses. This strengthens 
the thesis that each of the three fully sequenced lambda 
chains belongs in a different subclass (for example, Ha- 
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Table 1. COMPARISON OF INDIVIDUAL SPECIFICITY REGIONS BETWEEN AND 
WITHIN SUBCLASSES 





Sequence 
difference (%) Gayee 
Between subelasses SK,(Roy) SK, (Mil) 47 i 
SE,(Roy) SKi4 (Cum) 49 i 
SK,(Ag) SKa (Mil) 47 i 
SK;(Ag) SKa (Cum) 46 i 
SLa4(GRa) 8IíasCBo) $4 ü 
SL (Ha) SLíGR) 44 1 
Slyn( Bo) 8SLj4Gh) 42 i 
Within subclasses SK, (Roy) SK (Ag) i4 ü 
SK, 000) SK Cum) 16 0 


Proteins were aligned to maximize sequence homologies and percentage of 
sequence difference determined. Insertions (or deletions) are recorded aw 
gaps. The absence or presence of a single extra residue at the amino ter- 
minus was not included as a gap. The kappa subclasses are those asaignediby 
Milstein’. Proteins Ag, Ha, Bo and Sh were taken from ref. 12; Eoy and 
Cum from ref. 20; and Milfrom ref. 3. 


Thus it seems that there are at least three (and prob- 
ably five) SL subclasses which are defined by correlated 
amino-acid differences (and in some cases by amino-acid 





SIar Bo-SLigy and Sh-SLry). gaps or insertions). To argue that a single germ line 





Light 1 2 3 4 S 6 7 8 9 10 1) 12 13 14 105 16 17 18 19 
Chaine. cool nr o rne v o caf Lu c ciu o UL uen LEA 
68 Glp-Ser-Ala-Leu-Thr-Gin-Pro-Ala-Ser-Val-Ser-Gly-Ser-Pro-Gly-Gln-Ser-Ile-Thr 
—»——»* — -— » —» 
P p A —N—' 


M» 
70 Glp-Ser-Ala-Leu-Ser-Gln-Pro-Ala-Ser-Val-Ser-Gly-Ser-Pro-Gly-Gln-Ser-Ile-Thr 


prt dp hx T 
4 yp 


77 Glp-Ser-Ala-Leu-Thr-Gln-Pro-Ala-Ser-Val-Ser-Gly-Ser-Pro-Gly-Gln-Ser-Ile-Thr 
gq yn 

a P te *w——— d 

ae ——— 

78 Glp-Ser-Ala-Leu-Thr-Gln-Pro-Pro-Ser-Val-Ser-Gly-Thr-Pro-Gly-Gln-Thr-Val-Thr 


re ee a a 


4p ee 





86 Glp-Ser-Pro-Leu-Ala-Gln-Pro-Ala-Ser-Val-Ser-Gly-Ser-Pro-Gly-Glu-Ser-Ile-Thr 


Aur 4 Ay M M 
to-pe 


92 Glp-Ser-Val-Leu-Thr-Gln-Pro-Pro-Ser-Val-Ser-Gly-A la-Pro-Gly-Gln-Arg 
eq dM ———————M—— 


erp rrt 
4—————»— 


94 Glp-Ser-Val-Leu-Thr-Gln-Pro-Pro-Ser-Va 1-Ser-Ala-Ala-Pro-Gly-Gln-Arg 
«9 OO Oa 
atl ae a a ce a cr a 
4 
KEY 


4m Peptides with established amino-acid compositions. 


—p—p—p— Dansyl-Edman determined sequence, 


—-——«4-—  Carboxypeptidase A or hydrazinolysis sequence. 





Fig. 1, Sequence proof of amino terminal lambda peptides. Peptides including residues 1-4 and 5-19 came from 

chymotryptic digests of the original pepsin fragments (see text). The remaining peptides were produced by subtilisin 

di gests. Mild acid hydrolysis was used to open the pyrrolidone ring of the amino terminal peptide from HS 86, 

HS 92 and 94 were acetylated before trypsin-carboxypeptidase B digestion, hence arginine can be assigned to the 
C-terminal position. 
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Sub- Oz 
elass Protein 1 5 10 15 Group 
SL, pus GLP -SER -ALA -LEU -THR -GLN -PRO -ALA -SER -VAL -SER -GLY -SER -PRO -GLY -GLN -SER ALE -THR ARG 
877 HT * MEE VONT NER EEEI SEE 

HS70 SER —-— ES ARG 

HS86 PRO ALA - —— - LYS 

HBJ8* a ALA - a = LYS 

HBJ16* precio: ~ ] THR — LYS 

Sh, HM GLP -SER -VAL -LEU -THR -GLN -PRO -PRO -SER -VAL -SER -GLY -ALA -PRO -GLY -GLN-(ARG) LYS 
S84 LÁ — i a at E ae E aea . ARG 
BJost ARG 

Hat ARG 

HBJ11* - ARG 

HBJ7* ARG 

HS78 ARG 
Slim Bot ARG 
HBJ2* a 3 LYS 

Others a m i | SER -QLU -LEU -THR -GLN -ASP -PRO -ALA -VAL -SER -VAL -ALA -LEU -GLY -GLN -THR -VAL -ARG ARG 
x* L| 4 TYR -ASP -LEU -THR -GLN -PRO -PRO -SER -VAL -SER -VAL -SER -PRO -GLY -GLN -THR-ALA -SER ARG 

Fig. 2. Amino terminal sequences of human lambda chains divided into three subclasses on the basis of associated amino-acid residues at 


positions 3, 8, 10, 13, 17 and 18. The prototype sequence is completely written for the first protein of each subclass. In subsequent proteine only 

those residues which differ from the prototype sequence are included. Proteins Sh and X are probably members of two additional subclasses 

(see text). The Oz group refers to position 190 where proteins may have either arginine (Ox {——]) or lysine (Oz [+]) and this was determined 
as described before'*. Data assembled from ref. 6, * ref. 9, 1 ref. 12, 1 ref. 19. 


gene could generate SLy, SLi and SLi sequences would 
necessitate postulating a mechanism which could produce 
sets of proteins with correlated amino-acid differences 
(and in some cases size differences) from a single nucleo- 
tide sequence. It is much simpler to assume that each 
set of light chains must be encoded by a separate germ 
line gene (or genes). Thus it follows that at least three 
germ line genes must encode the specificity regions of 
lambda chains. The three kappa SA regions must also 
be encoded by at least three separate germ line genes by 
similar arguments$. 

At least three genes encode the specificity region of 
lambda (and kappa) chains, and so it seems reasonable 
to argue that a single primordial lambda (kappa) gene 
was triplicated and with subsequent. divergence the three 
subclass germ line genes were generated (Fig. 34). The 
complete lambda (kappa) gene triplieation model is, 
however, untenable in that it requires three copies of the 
common region gene. There is compelling evidence for 
the singularity of the common region gene in kappa chains 
and, although the situation is more complex in lambda 
chains, they also appear to have a separate common 
region gene. 

The evidence for the singularity of the CK gene has 
been discussed before and can be summarized as follows". 
The human CK regions from different light chains have 
identical amino-acid sequences except for the presence of 
an amino-acid substitution at CK (191) (leucine for valine). 
This subtle change can be detected by serological tech- 
niques and accordingly it can be demonstrated that 
certain individuals have only the leueine variant, others 
have only the valine variant, while others have both. 


A. Complete Gene Duplication 





B. Separate SL and CL Genes 


Sty 







2 
eY mos an 

Fig. 3. Two models of germ line genes encoding the lambda chain. 
The lambda specifieity region extends from residue positions 1-108, 
the lambda common region from 109-213 (numbering according to 
protein Sh {12}). X designates position 190, the arginine-lysine inter- 
charge. Model A postulates that the entire lambda gene was triplicated 
with subsequent divergence of the three specificity regions. Model B 
posits that three separate germ line genes encode the lambda specificity 

regions and a separate gene the lambda ecramen region. 


Appropriate genetic crosses involving homozygous (that 
is, only valine or only leucine) and heterozygous (that is, 
valine and leucine) individuals demonstrate that these 
two variants behave as alleles of a single gene. This 
observation argues strongly for the singleness of the 
gene controlling the CK region. Furthermore, if it were 
multiple, one would not expect that the same point 
mutation would occur in all the members of the gene 
complex. If the mutational divergence occurred before 
successive gene duplications had taken place, recombi- 
nation would have been expected to lead to randomization 
of the two alleles. This has not occurred and the CK 
region in humans is clearly encoded by a single gene. 

Unfortunately, the situation is not quite so simple 
for the lambda common region. An amino-acid inter- 
change which occurs at position 190 (arginine-lysine) is 
probably not due to allelie genes, for one of us has demon- 
strated by chemical techniques that each of ten randomly 
chosen individuals has both lysine and arginine lambda 
proteins!?-?, Nevertheless, there are strong arguments for 
the singularity of the lambda common region gene with 
arginine at position 190*. Three lambda proteins have 
been completely sequenced, Bo, Ha and Sh??, and a fourth 
has been sequenced in the CL region!*. Each probably 
belongs to a different SL subelass (three of the four 
proteins differ in size in the SL region); yet each CL 
region is identieal to the others (all have arginine at 
position 190 and will be termed CL-arg proteins). The 
lambda gene triplication model (Fig. 34) must explain 
how a sequence of 315 nucleotides (105 amino-acids) 
remains identical in each of three (or more) separate 
genes. To maintain such invariance requires that (1) 
extreme selective pressures have maintained the C regions 
invariant (while allowing extensive variation in the 8 
region); (2) the gene duplication (or in this case tripli- 
cation) is so recent that no mutational divergence has 
occurred; or (3) both mechanisms are operant. 

It is difficult to argue that extreme selective pressures 
have eonserved a stretch of 105 amino-acids because 
certain variations are permitted in the CL regions of 
humans. For example, variation can occur at position 
190 with an arginine-lysine interchange’. Furthermore, 
Milstein has found one lambda protein (of the CL-arg 
type) which has two additional variations at positions 
143 and 171 (valine-alanine and alanine-lysine respec- 
tively)!*. Thus it seems, even with the limited sequence 
information available, that CL region variants are per- 
missible. It should be pointed out that the CL region 


* Amino-acid sequence data on the common regions from two SL-lys 
proteinsindieate that both common regions are idemtical to those from the four 
C L-arg proteins except for the lysine interchange at position | 90 (ref. 21). Thus 
the C£-iys region is also probably encoded by a single gene. On gain this 
conclusion is only compatible with model B in Fig. 3, separate specifi ity and 
common regier genes. Beeause the C£-arg and CL-lys genes are not alleles 
at a single genetic locus, they must be explained either by an ambiguous codon 
at position 190 or a recent gene duplication (followed by a single mutation). 
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sequences of other animals (for example, baboon, monkey. 
sheep and BALB/e mouse) have diverged from those of 
man, which suggests that these regions are evolving in a 
normal manner without special selective constraints (ref. 
17 and unpublished results of L. H. and B. G. Sanders). 
In this regard, the longest invariant stretch of amino-acid 
sequence in evolutionarily related sets of proteins is a 
stretch of eleven residues in eytochrome c (ref. 18). Thus 
it seems unlikely that one ean posit extreme selective 
pressures which hold the common region invariant (or 
whieh permit three genes to evolve identieally). 

It is also difficult to argue for recent lambda gene 
duplication, for the SLi, SLy and SLyyy sequences have 
had ample time to diverge markedly from one another 
(varying at three to five positions out of nineteen). Any 
model (4) which postulates repeated complete lambda 
chain gene duplication becomes increasingly awkward as 
the number of SL subclasses (that is duplicated genes) 
increases. It seems likely that the CL-arg region is 
encoded by a single gene. 

The importance of this conclusion is related to the 
fact that we have previously concluded that the lambda 
specificity regions must be encoded by a minimum of 
three germ line genes. All three subclasses, SLy, SL 
and SLyy, have been found combined with the CL-arg 
region (Fig. 2). Thus there are at least three germ line 
genes for one end of the lambda chain and a separate 
gene for the other. An inescapable conclusion is there- 
fore that the lambda chain is eneoded by two genes (SL 
and CL) which are expressed as a single, continuous poly- 
peptide chain (Fig. 3B). Because the same arguments 
can be made for the kappa chain, the “one gene, one 
polypeptide chain” hypothesis must be broadened to 
include the special case of antibody light chains (lambda 
and kappa) which need “two genes, one polypeptide 
chain”. 

Thus it seems that light chains are encoded by two 
separate genes which must be joined during differentiation 
of the immunocyte by a special insertion mechanism at 
the transcriptional or translationallevel. Because lambda 
specificity and common region genes only combine with 
one another, and never with kappa C or S genes, the 
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proposed insertion mechanism must have a means or- 
recognizing and joining only the appropriate gene pairs. 
Whether the specificity of this insertion mechanism re- 

quires a certain positioning of coramon and specificity 

genes on the chromosome, the existence of a new cell 

organelle?, or an as yet unimagined genetic mechanism. 

understanding of these phenomena awaits further investi- 

gation. 
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Note added in proof. It has come 
N. Hilschmann and his co-workers 
lambda specificity region subclas are es 
consistent with the groupings assigned in this paper 
(Langer, von B., Steinmetz-Kayne, M.. and Hilschmann. 
N., Hoppe-Seyler's Z. Physiol. Chem., 349 945, 1968). 
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RusRATOXIN B is one of at least two toxins isolated from 
certain strains of Penicillium rubrum Stoll and is usually 
present as the major. and more toxic, component. The 
fungus has been isolated from toxie mouldy animal food- 
stuffs!-*. The toxin is isolated as a white crystalline 
material melting with decomposition at 170^ and show- 
ing an optical rotation [x]? -- 67^ (2 per cent solution in 
acetone). The high resolution mass spectrum shows a peak 
at mje 474 corresponding to C,,H,,0, (requires 474-189. 


N.m.r., infrared, mass spectra and chemical methods have provided 
a unique structure for rubratoxin B. 


found 474-189). Elemental analysis, however, indicates 
that the empirical formula is C,,H,,@,, (ref. 5) and on 
heating to its melting point the toxm is found to lose 
one molecule of carbon dioxide. The molecular formuli 
is confirmed by the high resolution mass spectrum and 
the elemental analysis of the triacetate C,,H,0,, (requires 
mie 644-210, found 644-209). 

Kuhn Roth oxidation of rubratoxin B gave one mole 
of volatile acid which demonstrates the presence of à 
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single C-methyl group in the molecule. A three proton 
triplet at 7—9-16 (J=6 Hz) in the nuclear magnetic 
resonance spectrum can be assigned to this methyl group 
and confirms that it terminates an aliphatic chain. 

The formation of n-heptaldehyde on vigorous pyrolysis 
and n-heptanoic acid by vigorous oxidation is good 
evidence for the presence of an n-hexyl chain. This is 
confirmed by the isolation of methyl n-hexyl ketone on 
alkaline treatment of the product C,,H,,0,, obtained by 
oxidation of rubratoxin B with Jones's chromium trioxide 
reagent at 0? C for à short time, and also by the appear- 
ance of fragments corresponding to C,H,,*, C;H,,*. C,H,*, 
C,H,* in the mass spectrum of rubratoxin B. A complex 
ten proton signal at t= 8-55-8-75 observed in the n.m.r. 
spectrum can be assigned to the five methylene groups of 
the n-hexyl chain. 

The presence of hydroxyl functions in the molecule is 
shown by the very strong absorption at 3,520 em in 
the infrared spectrum. The chromium trioxide oxidation 
product C,,H,,0,, still contains absorption at 3,540 and 
3,500 cm~, indicating that there are at least two, possibly 
three, hydroxyl groups. That there are three hydroxyl 
groups is confirmed by the formation of a triacetate 
C,,H,,0,, which no longer shows any absorption eor- 
responding to hydroxyl functions in the infrared spectrum. 
A comparison of the n.m.r. spectra of the toxin and its 
triacetate shows that the hydroxyl groups are all second- 
ary. The spectrum of the toxin in deuteroacetone has 
three signals at += 6:23, 5-6 and 4-38 which move down- 
field, to t= 4-9, 4-51 and 3-84, in that of the acetate. In 
dilute solutions of the toxin the three hydroxyl protons 
are resolved as well defined doublets at += 5-08, 5-42 and 
5-85 in deuteroacetone, and at 3-8, 413 and 492 in 
deuterodimethylsulphoxide. In both solvents these latter 
signals disappear on the addition of deuterium oxide. 

The CHOH. signal at += 5-6 is a broad, ill defined peak, 
but ib is much sharpened to a broad singlet by irradiation 
at t=8-55, which is the downfield edge of the signal 
already assigned to the five methylene groups of the 
n-hexyl chain. It is also sharpened slightly by irradiating 
at +=6-57 where there is a one proton quartet (with two 
distinguishable coupling constants, J, = 11, J,=2 Hz). 
This quartet is reduced to a sharp doublet (J=11) by 
irradiating at t= 5:6 and to a broad singlet by irradiating 
the CHOH signal at +=4-38. In the first product from 
oxidation with chromium trioxide, the signal at +=5-6 
has disappeared and those at t= 6-57 and 4-38 have moved 
down to 5:34 and 4-08 respectively. The evidence so far 
presented can be explained by the partial structure (I). 


OH g 
| 
brdom- -(CH4,,.CH, Hp (dd) 6-57, Jan=2, Joe= 11Hz 


OH Ha (m) 5-6 


a (1) He (d)4 -38, Jue 11 Hz 
The chromium trioxide oxidation product will then have 
the partial structure shown in (IT). 
OH 0 Hy (d) 5-34, Jpe= 11 Hz 
| 
bu. on, p»: (CH,,.CH,  He(d) 4-08, Jye= 11 Hz 


yt 
a (II) 


That the hydroxyl group next to the n-hexyl chain is, 
in fact, oxidized in the mild reaction with chromium 
trioxide is further confirmed by the observation that the 
signal at t= 8-5~8-75 in the n.m.r. spectrum of the oxida- 
tion product integrates for only eight protons, there being 
a new two proton signal at 7— 72 characteristic of a 
methylene group adjacent to a carbonyl group. This new 
signal is sharpened by irradiating at the downfield edge of 
the eight proton signal at +=8-5-8-75. Up to this point 
in the discussion of the structure it has been shown that 
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the CHOH at += 5:6 is positioned adjacent to a methylene 
group. We have now demonstrated that this methylene 
group is itself adjacent to another methylene group. We 
shall go on to show that the remaining protons in the 
molecular formula can be assigned and we will establish 
that it is only in the n-hexyl chain that there are two 
adjacent methylene groups. 

The system outlined in part structure (1) represents 
one of two isolated systems of coupled protons and eannot 
be extended further by decoupling experiments. The 
n.m.r. spectrum of rubratoxin B has in it two coupled 
one proton double triplets at += 3-00 (J,= 10, J,—4 Hz) 
and 7t=412 (J,=10, J,=1-:5 Hz) both of which are 
reduced to sharp doublets (J — 10 Hz) when a two proton 
signal at t= 7-55 is irradiated. These two double triplets 
are absent in the spectrum of the dihydro product 
C,,H;,,0, formed by hydrogenation over 5 per cent 
palladium charcoal in ethyl acetate at atmospheric pres- 
sure. They can thus be assigned to olefinie protons and 
the coupling constant of 10 Hz and absence of any absorp- 
tion peak near 1,000 cm~? in the infrared spectrum con- 
firm the presence of a cis double bond. The two proton 
signal at «4-755 is reduced to an ill defined doublet 
(J =8 Hz) by irradiating at += 3:00 and is also simplified 
by irradiation of a one proton double triplet at t= 5-35 
(J,=8, J,- 6 Hz). This signal is in its turn reduced to a 
doublet (J — 8 Hz) by irradiating at += 6:23, which is the 
signal assigned to the third secondary hydroxyl funetion 
HCOH. This evidence is consistent with the part struc- 
ture (ITT). 


He Ha 
| | Ha (dt) 4-12, Jae 10, Jarzz 1-5 Hz 
Hr; C=C 
us CON. He (dt) 3:00, Je =4 Hz 
C a 
PA Hy (m) 7-55, J15—8 Hz 
Hy C—- 
Hg (dt) 5:35, Jgy 6 Hz 
E -OH 
ZN Hy (dd) 6-23 
Hx 
(III) 


That part structure (IIT) is part of an alpha beta un- 
saturated delta lactone is indicated by the chemical shifts 
of Ha, He and Hg and also by the existence of a residual 
chromophore at approximately Amax= 212 my (e= 11,000) 
obtained by subtracting the ultraviolet spectrum of di- 
hydrorubratoxin B from that of rubratoxin B itself. The 
expansion of part structure (III) to (IV) is confirmed by 
the following chemical evidence. Although the toxin and 
its dihydro derivative are not attacked by periodate at a 
significant rate, both are attacked after alkaline hydrolysis. 
From the periodate cleavage of hydrolysed dihydrorubra- 
toxin B it was possible to isolate glutaric acid hemi- 
aldehyde which was completely characterized as its 2: 4 
dinitrophenylhydrazone. 


(IV) 


A strong peak at m/e 97 in the high resolution mass 
spectrum of rubratoxin B corresponding to the fragment 
C,H,0,* and at m/e 99 corresponding to C,H,O;* in that 
of dihydrorubratoxin B is acceptable evidence for a 
simple cleavage of the delta laetone in part structure (IV). 
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The signal due to Hy at t= 6-23 is simplified to a doublet 
on irradiation at +=7-9 where there is a one proton 
multiplet partially obscured by the deuteroacetone signal, 
but uncovered, though not well resolved, in deuterodi- 
methyl sulphoxide. Irradiation at t= 7-9 not only resulted 
in the simplification of the signal at t=6-23, but also 
removed the smaller coupling from a sharp one proton 
quartet at += 6-82 (J,=9, Ja=15 Hz) and sharpened a 
broad two proton signal at 7=7:2. By irradiating a 
doublet (J =15 Hz) centred at +=7-:3 with a low energy 
input it was possible to demonstrate that the quartet 
and this signal form part of an ABX system, the large 
coupling of 15 Hz showing that AB are geminal. To 
accommodate this evidence part structure (IV) must be 
expanded to (V). 


Hp Ha 
x PA Hy (dd) 6-23, Jii — 4 Hz 

m--C—CH,-C—- 

H: (m) 79, Jim=9, Jin=0 Hz 

Hp CH,OH Hg 

| Hg (dd) 6-82, Jug — 15 Hz 


CH, 
/ Hy (d) 78 
cH, 0 
| | Hy 72 
CH OC 
XY AS 
H Ò 
(V) 


The two part structures (I) and (V) account for C;,H 4,0; 
of the molecular formula C,,H4,0,, leaving a fragment of 
C,O, to be assigned. Although rubratoxin B behaves as 
a strong acid it is impossible to accommodate a free 
earboxyl group in the structure, and the absence of 
absorption between 3,000 and 2,500 cm~ in the infrared 
spectrum of rubratoxin B, or indeed of any hydroxyl 
absorption in that of the triacetate, confirms the absence 
of free earboxylie acid groups. 

Titration of rubratoxin B in 50 per cent aqueous ethanol 
showed an end point eorresponding to the uptake of 3:3 
equivalents of alkali; When rubratoxin B is dissolved in 
excess 0-1 N aqueous sodium hydroxide and the solution 
back titrated potentiometrieally, however, it is found 
that the toxin has absorbed up to 4-8 equivalents of alkali, 
one of these being by the hydrolysis of the unsaturated 
delta lactone. When dissolved in methanolic sodium 
methoxide the toxin consumes 2:0-2.2 equivalents of 
methoxide. These titration results strongly suggest the 
presence of two anhydride groups in the structure of the 
molecule and absorption of 1,860, 1,820 and 1,790 em~ 
in the infrared spectrum confirms the presence of at least 
one. The anomalous forward potentiometric titration of 
rubratoxin B reported earlier? has a precedent in the early 
work on the chemistry of glaueonie acid (XIII & — OH) 
and its pyrolysis product glauconin (IX). Although both 
are bis-anhydrides they consumed only between two and 
three equivalents when titrated cold against alkali'*. 
The ultraviolet spectrum of rubratoxin B is best explained 
by the presence of the alpha beta unsaturated delta 
lactone and two disubstituted maleic anhydride functions, 
while that of dihydrorubratoxin B is best explained by 
the presence of two disubstituted maleic anhydride func- 
tions only. The relevant ultraviolet data are set out in 


Table 1. 
CH, v 0 
P 


(VI) 


o 


SES 
í oO 


cH,” Y 
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Table 1. ULTRAVIOLET SPECTRA OF RUBRATOXIN B AND MODEL COMPOUNDS - 


IN CH,CN 
Compound Amax E Amin £ Amas g 
Rubratoxin B 204 30,050 232 6,8850 251 2700 
Dihydrorubratoxin B 204 19,750 232 5,750 250 8,900 


6-Hexenolactone (VI)* 205 10,700 _ — — — 


Dimethyl maleic anhy- 

dride (VII) 201 10,500 226 — 1,600 252 5,200 
Cyclohexene 1,2-dicarb- 

oxylic acid anhydride 

(VHI) 203 9,359 228 1,050 258 4,400: 
Rubratoxin B triacetate 204 34,350 232 8,950 245 11,860: 
Byssochlamic acid (XI) 203 19,100 229 4,600 250 11,200 


Glauconin (IX) 
* Tn ethanol (ref. 15). 





(VIII) 


(IX) 


The part formulae (I), (V) and two disubstituted maleic 
anhydride residues can be put together in only four ways, 
Two of these involve the maleic anhydride residues being 
conjugated, a situation which would be expected to affect 
the ultraviolet spectrum, and in addition would involve 
the coupling of Hp or He in part structure (1) to one or 
other of the two methylene groups in part structure (V). 
Neither of these coupling situations is in fact observed in 
the nuclear magnetic resonance spectrum. The other two 
possible structures differ only in the relative positions of 
the two methylene groups and both ean be represented 
by structure (X) which then represents a unique, non 
stereochemical structure for rubratoxin B. 


OH OH O 


CH, (CH,),CH dx Yt 
Naf e^ Y 





| ¢ e 
"d i off, 
/ 
No ^en,-cu 
b ud. zs OH 
H 
(r 
, CH 
d Noa 
(X) 





"4 s 
ó € CH, © 
No N CHCH 
n H 
Ó CH,.CH, 


(XI) 


The stereochemistry of the molecule must be such as 
to make the protons of one of the ring methylene groups 
non-equivalent and one of the protons of this group must 
have a zero coupling to the tertiary proton of the neigh- — 
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bouring carbon. atom. An examination of a Dreiding 
model of the nonadiene ring system in structure (X) 
shows that it is possible to construct a conformation which 
accommodates the observed coupling pattern of the nuclear 
magnetic resonance spectrum. The structure (XII) 
represents. one possible conformation 





VA 
C—C 
H, H 


R, = —CHOH-(CH, CH, 


The large coupling constant observed between Hy and He 
(11 Hz) shows that they must be either totally eclipsed 
or antiparallel. It is, however, only possible for the angle 
between C-—Hi and C—-H, to approximate 90° so that 
there will be a nearly zero coupling between these two 
protons, and for Hi and Hm to be antiparallel, as would 
be expected from the coupling constant Jim 9 Hz. if H» 
and He are antiparallel. Although the cyclononadienc 
system is not intrinsically rigid, steric factors and intra- 
moleeular hydrogen bonding would be expected to exert 
much influence on the conformation and its rigidity. 
There are a number of metabolites produced by fungi 
which may involve a reaction analogous to the citric acid 
synthetase reaction of the tricarboxylic acid cycle during 
their formation. One such group is that containing the 
nonadrides, byssoehlamie acid (XI), glauconic (XIII 
R— OH) and glaucanic (XIII R=H) acids. The structure 
(X) suggested for rubratoxin B may be looked on as a 
homologue of byssochlamie acid to which several oxygen 


functions have been added. Byssochlamic acid, first 
described by Raistrick and Smith in 1933 (ref. 8), is a 


metabolite of Byssochlamis fulva. the perfect stage of 
Paecilomyces variotii. Its structure, chemistry and bio- 
genetic relationship with glauconic and glaucanic acids. 
metabolites of Penicillium purpurogenum, a mould very 
closely related to Penicillium rubrum, were described in 
detail in a series of papers by Barton and his colleagues 
of Imperial College*.!*. 


Oo 
O CH, \ 
i p S 
o o 
R 


Et Et 
(XIII) 
The collective name, nonadrides, proposed for these 


metabolites? reflects their probable biogenetie origin from 
two C, units of the type (XIV). 
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This C, unit can itself be derived from a derivative of 
hexanoie acid and oxaloacetic acid by a coupling reaction 
essentially identical to that between acetyl coenzyme A 
and oxaloacetate brought about by citric acid synthetase 
in the normal metabolic functioning of the tricarboxylic 
acid cycle. Evidence for this biogenetic origin of glauconic 
acid has been described by Sutherland and his col- 
leagues!?", By analogy. rubratoxin B could well be 
derived from two C,, units each arising by the coupling 
of a decanoic acid derivative with oxaloacetic acid as 
outlined very schematically below. 





COOH 
ZO F NY AN, ^ “ 
c, MV 
Ne 
O0-;—000H `N 
— COOH 
COOH 
CH, B v^ tb d 
HO——COOH 
COOH 
i 
0 
“NS SAN 
ch, Y Ó 
uf us 
9 
LINKS 
CH, n 5 
i =o 
o ] CH; ~ ig 


——» Rubratoxin B 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Solar Coronal Effects on Pulsar Signals 


Tue discovery! of the southern pulsar PSR 2045-16 
suggests the possibility of detecting the influence of the 
solar corona on pulsar signals, for this pulsar is located 
only some 1:5? from the ecliptic, and will therefore at the 
end of January be located within some six solar radii of 
the solar eentre. This letter presents estimates of the 
influence of the corona on pulsar signals by considering 
the delay which the eorona will produce in the arrival 
times of the signal pulses, fluctuations in the arrival times 
of pulses due to statistical inhomogeneities in the coronal 
electron density, and the temporal “smearing” of pulse 
structure due to the propagation of waves over different 
electrical paths. Detection of the first and last of these 
effects may be possible for PSR 2045-16. 

For the form of the average coronal electron concen- 
tration I shall adopt 


Nolo) = 1:55 x 1050-9 + 4-0 x 10559? em? (1) 


where p is the distance from the solar centre in solar 
radii. Equation (1) is the Allen-Baumbach density (for 
ez 1-5), augmented by a term corresponding to the results 
of Parker? with 10 cm near the orbit of the Earth. The 
integrated eoronal electron concentration, N,, for a ray 
at perpendicular distance R (measured in solar radii) 
from the solar centre is then 

NAR) = 10°(9R-? + 1280275) em? (2) 
For R=6 we have Ng=1-7« 10% em- The average 
interstellar electron content for the known pulsars is 
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Fig.2. The r.m.s. fluctuation in arrival time of the signal as a function of 


path offset distance, for ty = 200 km. 


about?* 10 cem pe, or about two thousand times the 
integrated coronal electron density. The effect of the 
solar eorona on signal dispersion should be therefore 
completely negligible. 

For a coronal refractive index y. given by p pie, 
where cy is the plasma frequency and w/2: ts MR iu 
quency, the delay, 7', in the arrival times of signal pulses 
for the usual case o/yo*«1 is given by 


T = 14x 1079/2 N, s (3) 


where fioo is the signal frequency in hundreds of MHz. 
Combining equations (2) and (3), we find 


T(R) = (12R- + 17102-5)f2, ms (4) 


Fig. 1 illustrates how the coronal delay changes with R. 
We see that when the path offset of PSR 2045-16 ia six 
solar radii the coronal delay wil be 2-0 ms at 100 MHz. 
Measurement of a delay of this magnitude may he 
possible. 

The mean-square fluctuation in the arrival times of 
signal pulses has been discussed elsewhere*, and shown 
to depend on the mean-square fluctuation in eleetron : 
concentration, <>, and on the distance, v, (the 
correlation distance), for which the spatial autocorrelation 
function for the electron concentration (assumed Gaussian) 
falls to e-*. A particularly simple case is when the average 
electron concentration varies as the inverse second power 
of distance from the solar centre, as equation (1) indicates 
to be the ease beyond some six solar radii, and when te 
is constant. Then the r.m-s. fluctuation, 8t, in the arrival 
times of signal pulses is 


8t = lef R-U(1 + 900/72 R3) ms 


ipo (5) 
where e is a constant such that < 3?n > -—c?n?, the secord 
term on the right-hand side of equation (1) dis been used 
for n,, and a value? of 200 km has been used for ty. Fig. 2 
shows the behaviour of 8 with path offset distance, 
Even at a frequency as low as 50 MHz, the rama. pulse 
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Fig. 3. The temporal spread of signal due to multiple paths, at 100 MHz, 
as a function of path offset distance, for t= 200 km, 


arrival time fluctuation is only 0-5 e ms when R=6. e is 
probably less than 0-1, as indicated by studies of the solar 
coronal influence on natural radio sources*?, so fluctua- 
tions in the arrival times of signal pulses should not be 
detectable for any of the known pulsar sources. 

It is well known": that the refraction of radio signals 
by small seale coronal electron density irregularities can 
lead to an apparent angular broadening of the source. If 
the angular broadening is large compared with the angular 
size of an irregularity (0-28 s of are for 200 km irregu- 
larities), the signal received at the Earth will consist of 
components which reach the Earth via many different 
paths in the corona. Because the paths are of unequal 
length, the various signal components arrive at the Earth 
at different times, resulting in the temporal broadening of 
a signal pulse and the “smearing” of fine structure. If 
dy is the r.m.s. angular broadening, the path length 
difference, As, between a direct and refracted ray is 


" 
j 


As = 8 -] ) x 0-58(db)? (6) 


( 1 

cos 8y 
where s is the distance from the Earth to the point of 
the ray where the refraction occurs; we will take sx 1 A.U. 
The relative time delay, At, between a deviated and un- 
deviated ray is then At= As/c. Expressions for 89 have 
been developed elsewhere®*. With a correlation distance 
of 200 km and the electron density of equation (1), then 


At = 123 x 1058/75 (0 + 485R7 4-74 x 104-3) ms (7) 


Fig 3 illustrates the behaviour of A£ with path offset 
distance. For a path offset of six solar radii At— 80 et? ms 
at 100 MHz, or At—0-8 ms if we adopt a value of 0-1 
for s. An increase of pulse width of this amount will be 
difficult to recognize, but fine structure cf less than 0*8 ms 
Should be washed out by this process, and this may be 
observable. It should be emphasized that At is strongly 
dependent on frequency, varying as the inverse fourth 
power, and a steep function of R. Observations at lower 
frequeneies, or observation of possible future pulsars 
located closer to the Sun, could yield an appreciable 
multipath effeet. 
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Absorption Lines in the Spectra of 
Quasi-stellar Objects 


Weymann and Wilcox! have recently claimed that there 
is no evidence that the true occurrence of absorption 
lines in quasi-stellar objeets (QSOs) is a function of red- 
shift. Such a conclusion, if true, might be considered as 
evidence against the screening hypothesis discussed by 
several authors?-*, We feel, however, that the discussion 
of the data presented by Weymann and Wilcox does not 
warrant their strongly worded conclusion, and in faet 
that the data available indicate that the presence of C IV 
in absorption can be explained by the sereening hypo- 
thesis. 

We have calculated the probability that radiation from 
a remote object will pass through at least one intervening 
galaxy using various models of the universet. For the 
sake of the present discussion we adopt the world model 
recently suggested by Solheim® with a deceleration 
parameter q= — l-4 and a density parameter oy = 0-085. 
The probability, as a function of the red-shift of the 
emitter (ze, assumed to be given by the emission line 
red-shift), is shown in Fig. 1. 

If we fix attention on the C IV 41549 line as suggested 
by Weymann and Wilcox, we must choose a minimum 
red-shift at which this line can be expected to be observed; 
for the purposes of the test which follows, we choose 
Zmin = 1:35 (which is very close to their zmin= l'4). Now 
the QSOs with ze>2Zmin are not scattered uniformly over 
the interval up to z69— 2:36, the largest red-shift yet 
reported. If we wish to make use of the data of Fig. 1, 
it is therefore necessary to group the objects in order to 
improve statistics. Let us therefore consider red shift 
intervals of 0-2 centred at z= 1-45, 1-65, 1-85 and 2-05. 

The data on QSOs in this region are indicated in Table 1, 
which has been drawn up from the same sources as that 
used by Weymann and Wilcox ; it can be seen that we 
have thirty-three sources, the same sample size as Wey- 
mann and Wilcox, but we have not used PAS 0237-23 
(2,— 2-22) and 4C 25-5 (zg=2-37) because these objects 
would be alone in their intervals. In Table 1, the presence 
of the C IV 21549 line in absorption is indicated by an 
asterisk. 

If we presume that the line in absorption indicates 
sereening, then the probability, P, of finding the line as 
a function of red-shift is given by Fig. 1 and may be 
read off the graph at z= 1-45, and so on, corresponding 
to the four red.shifts noted. By treating the N QSOs 
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Table 1. QSOs WITH MEASURED RED-SEIFTS IN THE RANGE 1-35 Eze «2-15 
C IV CIV 

QSO p gabe 41549 Qso Ze Zabs ALSAD 

PES 1116412 2-118 1-947 * LB 384 1-691 

PES 0106 +01 2-107 BC 454 1757 

BSO 11 2-084 Abs? 3C 280-1 1-659 

B189 2-075 4C 31-38 1:557 

PKS 0229+13 2-07  1line 3C 280-1 1519 1498 * 

PHL 1305 2:064 AO 0952+17 1472 

Ton 1530 2-051 1:936, 1-980 * LB 9013 1-449 Lines? 

3C 9 2-012 1-99 3C 208 1439 1430 * 

BSO 6 1-956 PHL A377 1436 1419 * 

PHL 1127 1-990 1-99 3C 446 1-403 

PKS 1148-00 1-982 3C 268-4 1-400 

PHL 5200 1-98 1:90-1-98 * 8C 181 1382 

PHL 938 1 1:906, 0:613 * B201 1:375 

PKS0110-04 1 1-965 * 

8C 191 1-98 1:047 * 

B 194 1:864 Lines present 

PHE 3424 1:847 

PKS92354--14 1-810 

8C 432 1-805 

PKS 2146-18 1-800 1775 » 


* C IV 41549 present in absorption. 


Table 2, SCREENING PREDICTIONS AND OBSERVATIONS OF THE C IV 41549 
ABSORPTION LINE USING THE MODEL 80-085 go= — 1:4 
Interval P N n +o n~o mobs 
1T35«2,«1:55 0-234 9 241 3:36 0-82 3 
1:58 175 0:337 3 1-91 1:83 0:19 0 
1:75 1-95 0:425 6 2-55 3:70 1-34 1 
1:05 2:15 0-488 15 7.32 9-25 5-39 6 


contained in each interval as a set of N Bernoullian trials, 
we can predict the expected number of QSOs, ñ, in which 
the C IV line might appear in the spectra due to screening. 
The quantities P, N and Ā are shown in columns 2, 3 and 
4 of Table 2. "Taking the standard deviation, s, into 
account, we find the numbers shown in columns 5 and 6. 
We ean compare these numbers with the observed num- 
bers of QSOs, "gps, Which have the absorption line C IV 
41549 in their spectra. There is no discrepancy for any 
of the groups considered. 

Unfortunately, because of the small numbers involved, 
a x? test of the goodness of fit of predictions to observa- 
tions is not possible using the subdivisions of Table 2. 
We can, however, use the y? test to evaluate the hypothe- 
sis that over the complete range of red-shift, 1-35 Sze < 
2.15, the objects with C IV in absorption are being 
sereened. This hypothesis predicts 12-99 (— 13) objects 
with absorption features and twenty without, which 
leads to y?=1-14. With one degree of freedom, this is 
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significant at approximately the 70 per cent level; the 
hypothesis cannot therefore be rejected without a 30 per 
cent chance of error. 

More importantly, we note that if the two objects, 
PKS 0229+13 and B 194, which apparently have real, 
but unidentified, absorption features should turn out to 
have the C IV line, then a jade are of y? would 
yield the value of 0-127. This would be significant at 
approximately the 30 per cent level and would imply a 
very good fit of prediction to observation. 

The small sample sizes at low red-shifts and ab very 
large red-shifts prevent us from drawing any firm con- 
clusion. The screening hypothesis, however, seems 
adequately to explain the data regarding the presence of 
absorption lines. If this interpretation is correct, then 
the higher percentage of absorption line objects at large 
red-shift is definitely real. 

This work has been supported by the National Research 
Council of Canada. 
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Geomagnetic L Coordinates 


WE describe here a system of geomagnetic coordinates 
based on the actual configuration of the (quiet) geomagnetic 
field. The purpose of this coordinate system is the order- 
ing of geophysical data especially at auroral latitudes. 
The invariant latitude * defined by L cos? }= 1 (where L 
is the parameter introduced by Mellwain!) is used. Longi- 
tude and time are defined in the following way. 

A line from the centre of the Earth O (see Fig. 1) to 
the Sun (at zero declination) at a particular instant cuts 
through an infinite set of field lines at Ao, Bo, Co... and 
cuts the Earth's surface at P, which lies on the geographic 
equator. The field lines cut at Ao, Bo, Co . . . intersect 
the 100 km level at points Ay, By, Cx... in the northern 
hemisphere and their conjugat s, Bs, Cg... in the 
southern hemisphere. The line joining N, (the north 
L pole), Ay, By, Cy... P,..., Cs, Bs, As, and St (the 
south L pole) is defined as a line of L longitude. The L 
meridian passing through P is labelled with the same 
numerical value as the geographie meridian passing 
through P. 

The mean L time is defined as being the same at all 
points on an L meridian, and equal to the mean solar 
time on the geographic meridian with the same numerical 
label. 

We assume here that the important physical processes 
involved in the interaction of the solar wind with the 
geomagnetie field oceur at low latitudes in the magneto- 
sphere. The upper atmosphere manifestations of this 
interaetion are assumed to be linked with the magneto- 
sphere through the lines of force of the geomagnetic field, 

Instead of the centre of the Earth and the geographic 
equator, the position of the eceentrie dipole and the plane 
of best fit to the L equator could be used; or the inter- 
section of a line joining the L poles and the equatorial 
plane, and the L equator, and so on. These differ little in 
their final presentation from that used here, however, 
which we believe is the simplest approach and that which 
involves negligible loss of usefulness. 
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The changing declination of the Sun has not been 
allowed for, although in principle this could be done, but 
itis doubtful whether significantly better ordering of data 
would be achieved. 

This L coordinate system has the following advantages: 
(1) it is based on the actual field and not on a dipole 
approximation to it; (2) conjugate points have the same 
coordinates; (3) the longitudes are rationally labelled; 
(4) time-longitude equivalence is achieved in the L system 
as in the geographie system. 
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The^latitude used here has been referred to in the 
literature as the "invariant" latitude. We feel that “L” 
is a better name: it indieates the derivation of the system 
as well as does "invariant" but avoids the confusion that 
can arise through the intrinsic meaning ofthe word 
"invariant". 

This proposal incorporates some ideas put forward by 
Hultqvist?, Hakura? and Bond, but we feel that this 
formulation is inherently simpler and that this sim- 
plification involves no significant loss of usefulness. 








Fig. 1. Schematic diagram illustrating the derivation of an Z meridian. N and S are the north and south geographic poles and N; and Ss 
the north and south L poles. 








s S 
O 





Fig. 2. Polar equidistant geographic projection (light) of the northern 


hemisphere with the L coordinates (heavy) superimposed. 





Fig. 3. Polar equidistant geographie projeetion (light) of the southern 
hemisphere with the Z coordinates (heavy) superimposed. 
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Figs. 2 and 3 are polar equidistant geographie grids 
(light lines) with the geomagnetie L grids (heavy lines) 
superimposed. These grids were interpolated from data 
published by Hakura? and Campbell and Matsushita’. 
The accuracy is believed to be within 2° of great circle arc 
which is adequate for many purposes; however, they are 
included primarily for illustrative purposes. Copies of 
larger grids (23 x 26 em) are available. 
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Profile of Upper Atmosphere Density 
at Heights between 130 and 160 km, 
from the Orbit of the Satellite 1968-59B 


ANALYSIS of satellite orbits has provided a fairly complete 
picture of upper atmosphere density at heights between 
170 and 1,200 km, embodied, for example’, in the COSPAR 
International Reference Atmosphere 1965. At heights 
below 170 km, however, very few absolute values of air 
density have been obtained from orbital analysis, because 
satellites with perigee heights below 160 km usually 
decay quickly and have not yielded many useful data. 
Numerous measurements of air density have been made 
at heights between 80 and 110 km, by falling spheres 
ejected from rockets and other techniques. But the 
launchings are fewer and most of the techniques are less 
accurate above about 120 km. So the height range 
between 120 and 170 km has remained relatively 
uncharted. 

On July 11, 1968, a heavy sphere, of mass 272 kg and 
diameter 0-61 m, was launched by the US Air Force into 
a polar orbit with an initial perigee height of 150 km. 
This satellite, 1968-59B, was designed by the USAF 
Cambridge Research Laboratories? and carried accelero- 
meters to measure atmospherie drag in situ. Because 
of its exceptionally large ratio of mass to area, the 
satellite remained in orbit for 38 days, and analysis of 
its orbit offers the opportunity of finding values of air 
density at heights between 125 and 160 km. 

We have recently analysed? the sets of orbital data 
available in the USAF Spacetrack bulletins, and have 
obtained twenty-eight values of air density at heights 
between 124 and 160 km. These are shown as circles 
in Fig. 1, where the broken line indicates the variation 
of density with height given by CIRA 1965, for the 
appropriate level of solar activity (model 5). The nineteen 
values of density obtained from 1968-59B at heights 
between 148 and 158 km are extremely consistent among 
themselves, and when converted to densities at the mean 
height of 153 km, they show remarkably little variation 
from day to day, with no departures of more than 4 per 
cent from the mean value. "The relative errors in these 
values are estimated as +3 per cent (S.D.), caused chiefly 
by inaccuracy in the orbital elements. The values of 
density at heights between 141 and 148 km in Fig. 1, 
which lie above the unbroken curve, occur at a time of 
increased solar activity (August 14-16): if the values are 
corrected for the apparent effect of solar activity, the 
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Fig. 1. Values of air density given by 1968-5045. 

unbroken curve in Fig. 1 represents the profile of density 
versus height from our analysis of 1968-598. The 
numerical values are given in Table 1. 


Table 1. VALUES OF AIR DENSITY DETERMINED FROM THE ORBIT OF 1968-502 
Height (km) 130 140 150 180 
Density (10-* kg m?) T9 3:8 1-98 i5 

The values of air density from 1968-598 in Fig. | 
agree surprisingly well with the CIRA 1965 values, being 
about 9 per cent lower than CIRA on average. The 
errors in the absolute values of density obtained are 
estimated as +8 per cent (S.D.) at heights above 140 kin, 
due chiefly to possible bias errors in perigee height and 
drag coefficient. 

Any latitudinal or day-to-night variations in density 
were too small to be detected, although perigee travelled 
through a full range of latitude, from equator to north 
pole, and from mid-day tropical sunshine io the edge 
of the Earth's shadow. 
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Magnetite Content of a Type | 
Carbonaceous Meteorite 


Estimates of the amount of magnetite in a Type f 
carbonaceous meteorite have ranged from 6 per cent by 
weight! to about 40 per cent by weight*. We have 
applied the technique of quantitative X-ray diffractometry 
to a sample of the Orgueil meteorite in an attempt to 
narrow these limits. 

The technique depends on the fact that for a component 
in à mineral mixture the intensity of each of its X-ray 
reflexions is proportional, over an appreciable range, 
to the amount of that component which is present®, If 
this intensity is measured after successive dilutions with 
known amounts of the component its initial concentration 
can be calculated by extrapolation to zero intensity. 

A half gram sample of the Orgueil meteorite from the 
British Museum (catalogue number 1960, 331) was ground 
to a particle size of approximately 10 microns and mixed, 
with a small amount of nitrocellulose in acetone solution 
to act as a bonding agent. The powder was pressed 
gently into a 0-5 inch x 0:5 inch specimen holder and 
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placed in a Hilger and Watts Y 144 powder diffractometer 
operating with a cobalt tube at 35 kV and 17 mA. Step 
counting with steps of 0-02? and a counting time of 
approximately 2 min was used. Intensities were derived 
for three magnetite reflexions: 311, the 511, 333 doublet, 
and 440. These were chosen to avoid known interfering 
lines from other substances, but the possibility of super- 
position by unknown lines had to be borne in mind during 
assessment of the data. Integrated intensities were 
used, measurements being taken, wherever possible, 
over an angular range equal to five times the half-peak 
width. The intensity of each reflexion was normalized 
by reference to the background level in its immediate 
neighbourhood, for the meteorite contained no constituent 
giving a reflexion suitable for use as an internal standard. 

The magnetite reflexions were somewhat distorted, 
but there was no evidence of splitting of the peaks such 
as might have been expected if the magnetite population 
consisted, as has been suggested!, of two or three gener- 
ations each characterized by a different nickel content. 
The observed Bragg angles for the meteoritic magnetite 
corresponded to a unit cell dimension of 8-388 A, close to 
that of pure terrestrial magnetite, 8-396 A. 

After intensities had been obtained for the three 
magnetite reflexions the specimen was reground with a 
small addition of pure magnetite and the measurements 
repeated. Three successive magnetite dilutions were 
effected giving total magnetite additions of about 5, 15 
and 20 per cent by weight respectively. Plotting of the 
intensity data and extrapolation to zero intensity using a 
least squares analysis gave an initial magnetite content 
of 15-9 + 3-3 per cent by weight. 

If the bulk chemical composition of the meteorite 
and the proportions of the major mineral phases are 
known, it is possible to derive a figure for the iron content 
of the layer-lattice silicate which forms the principal 
constituent of the meteorite. This quantity cannot be 
determined directly because of the extremely fine grain 
size of this silicate which causes the electron microprobe 
to give values integrated over several silicate and mag- 
uetite grains. Spectroscopic measurements on separated 
silicate fractions are of questionable value because of 
the difficulty of removing all the magnetite which is, it 
seems, in intimate association with the silicate. 

Using the values in the literature"? for the amounts of 
epsomite, troilite and layer-lattice silicate, the present 
value for the magnetite content, and the bulk chemical 
analysis of Wiik‘, a value for the ratio Fe/Fe+ Mg in the 
silicate of about 25 per cent is obtained. It must be 
emphasized that this figure represents the mean compo- 
sition of an extremely heterogeneous phase. Selected 
area electron diffraction of individual silicate grains has 
shown a wide spread in lattice parameters covering 
virtually the entire range found in terrestrial clay 
mineralogy*. A mean Fe/Fe+Mg value of about 25 
per cent is markedly different from the corresponding 
figure for high-temperature silicates from Type II car- 
bonaceous meteorites (about 5 per cent’) but is not much 
different from the values found for high-temperature 
silicates in ordinary chondrites (about 18 per cent for H 
group and 23 per cent for L group’). 

Recent observations on the abundances of volatile trace 
elements have suggested that the major fraction of a 
Type I carbonaceous meteorite remained in contact with 
the solar gas down to quite low temperatures, about 
400° K, and has not been reheated significantly since 
then’. Consequently it is reasonable to suppose the 
iron content of the layer-lattice silicates was established 
during this period between condensation and aceretion. 
The Fe/Fe + Mg value calculated above would correspond 
to equilibrium with the solar gas at a temperature of 
about 600—700? K (refs. 8 and 9), but it seems likely that 
the silicate iron content would have been determined at 
least in part by the availability of iron ions and that 
therefore the observed composition does not represent 
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an equilibrium condition. The possibility must also be 
borne in mind that our sample may not be representative 
of the meteorite as a whole. It would be desirable to 
repeat this determination on further samples of the same 
meteorite. 

We thank Professor J. D. Bernal for encouragement, 
Dr M. H. Hey for suggesting this problem and supplying 
the sample of Orgueil, and Dr J. W. Jeffery and Mr J. 
Dugan for helpful assistance. 
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Mistastin Lake, Labrador: A New 
Canadian Crater 


MISTASTIN LAKE (55° 52' N, 63° 22’ W) occupies an elliptical, 
east-north-east trending depression, approximately 11 
by 7 miles in size, cut into moderately rugged, barren 
hills of Pre-Cambrian granitoid and anorthositie rocks. 
The presence of a butte of flat lying voleanie rocks at 
the western end of the lake attracted the attention of 
S. Duffell and F. C. Taylor in 1965. The radiometric age of 
a sample from this occurrence (202 million years), and the 
presence of a horseshoe-shaped central island of Pre- 
Cambrian rocks, led me to suppose that a new crater of the 
type of the Clearwater Lakes! and Manicouagan? had been 
discovered. This hvpothesis has now been confirmed by 
field mapping. 

The Mistastin Lake crater is unusual in three respects: 
(1) the volcanic apparatus is exposed with remarkable 
completeness; (2) the structure, as outlined by the 
voleanie feeders, is markedly elliptical rather than 
equant; (3) the strueture is the second in Canada the 
approximate position of which was predicted before 
discovery. 

Fig. 1 is a geological sketch of the structure. Volcanic 
rocks outerop in an areuate belt which has been traced 
for 25 miles around the northern, western and southern 
sides of the lake. To the east the presumed continuation 
of this belt is covered by the lake. Where the voleanie 
belt is dissected by canyons, the lower parts are found 
to consist of a composite ring dike about 100 feet wide. 
'The margins of the dike eomprise a few inches of intensely 
flow-banded vesicular breccia in sharp contact with the 
Pre-Cambrian rocks. Inward, the breccia grades abruptly 
to a dense black, or dark brown, very fine grained andesite. 
A central core of intensely vesicular material is usually 
present, but may be replaced by aphanitic andesite 
with perfect, thin, platy jointing along the trend of the 
dike. Just below the original surface, the dikes widen 
to steeply inward dipping funnels, with a central portion 
of platy andesite displaying V-shaped plates. Presumably 
these are the result of flow both laterally and up the 
conduit, producing a configuration similar, on a smaller 
scale, to that of the Muskox intrusion’. The flat lying 
voleanie rocks oceur in lobate or elliptical areas up to 
2.000 feet wide and 2,500 feet long. Their "string of 
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beads" arrangement along the dike suggests several 
separate sources, and the stratigraphie succession is 
sufficiently varied between differing occurrences to confirm 
this idea. Brecciation of the country rocks may be 
prominent below the volcanies with injection of tuffisite 
dikes, but in most cases the country rocks are little 
altered. The lowest layer is a seoriaceous volcanic breccia. 
rarely more than 1 foot thick. Irregular lumps, schlieren. 
or bombs of andesite are commonly found in this unit. 
Dikes of similar material up to 18 inches wide are abun- 
dant on the north-west shore of the central island. This 
layer may grade into dense black andesite, or there 
may be a sharp, slightly disconformable contact with 
overlying vesicular material which appears to be 
“spatter” (welded, flattened, droplets of material). 
In either case there is a rapid gradation upward into 
dark brown, fine-grained, massive andesite, which is 
traversed by a widely spaced net of intensely vesicular 
dikes, with abruptly gradational boundaries. Exam- 
ination of the dikes and their relation to the underlying 
ring dike leaves no doubt that they were the feeders of 
the andesitic sheets. Overlying the massive andesite 
in two places are remnants of a sheet of grey pumice- 
breccia, similar to suevite. Fragments of both basement 
and underlying volcanic rocks are found, with the latter 
generally predominating. The maximum thickness of 
volcanic section measured was 130 feet. 

The Pre-Cambrian rocks of the central island display 
the range of "shock metamorphic” petrographic features 
commonly found in similar structures. Poorly developed 
shatter cones on anorthositic rocks point downwards 
towards the centre of the structure. Multiple sets of 
deformation lamellae and related lamellar features are 
found on quartz and plagioclase. Maskelynite occurs in 
spectacular patches, particularly on the group of reefs 
at the centre of the lake. Pseudotachylite veins up to 
2 inches in width occur rarely in the anorthosite. A 
peculiar vesicular rock comprised of lenticles of hetero- 
geneous glass occurs on the central reefs. 

This association of shock-metamorphic features is 
commonly thought to be diagnostic of an impact scar‘, 
and rocks of igneous appearance associated with such 
features have been ascribed to melting and homogeniz- 
ation of impacted country rocks’. Apart from the demon- 
stration that this explanation of the igneous rocks 
encounters severe geochemical difficulties’, the Mistastin 
structure shows by direet observation that volcanic 
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Fig. 1. Geological sketch of Mistastin Lake Crater, Labrador. Blank, 

Pre-Cambrian anorthosite, augen granodiorite, syenite; hatched, areas of 

brecoiated rocks cut by breccia or tuffisite dikes; stippled, area of 

moderate to strong shock metamorphism” of Pre-Cambrian rocks: solid 

black, voleanie rocks. The dashed line shows the assumed course of the 
ring dike where not exposed. Seale bar, 1 mile. 
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processes are involved in formation of structures of this 
type. Further, the shape of the Mistastin structure 
confirms that large struetures of this kind need not be 
circular or even equant. Of the eight similar structures 
now well known on the Canadian shield, only two approach 
circularity. As pointed out by MeCall*, large voleanie 
edifices usually show marked departures from circularity, 
but there is no obvious reason why large impact scars in 
homogeneous rocks should not be nearly circular. Finally, 
if was noted some time ago that Canadian craters of this 
type seem to occur along belts uplifted during late 
Palaeozoic and Mesozoic time’, This led to'che prediction 
that craters of the Mistastin type might be found along 
the highlands north of the St Lawrence River, in the 
highlands of Labrador and in the mountains of northern 
Baffin Island. Structures of the same age and type have 
now been discovered in two of the three predicted local- 
ities. The probability that two structurally, petro- 
graphically and temporally unusual craters would appear 
at the predicted sites as the result of random impact 
of cosmic missiles seems to be negligible. 
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Density of Copper Thin Films 
measured by X-ray Absorption 


THE density of thin metal films deposited from vapour 
has been determined by several investigators'-*, "There 
is contradietory evidence on film densities in that some 
studies have shown film densities to be lower than that of 
bulk metal? whereas others have shown no such differ- 
ence?-. We have determined the density of vapour- 
deposited copper films in the thickness range 960-4000 A 
using X-ray absorption measurements. Up to now this 
method has not been reported in the literature. 

Copper films of 99-995 per cent purity were prepared by 
evaporation onto glass substrates coated with collodion. 
Deposition was carried out at a rate of approximately 
65 Å s- under a residual pressure of 2x 10-5 torr. The 
substrates were suitably masked so that each yielded 
twelve circular films 3 mm in diameter. Each masked 
substrate was overlaid onto another glass substrate in 
such a manner that a strip of copper was simultaneously 
deposited along the length and across the width of the 
overlaid substrate. This second substrate was sub- 
sequently coated with a layer of silver approximately 
1200 A thick and used to determine film thiekness by 
the Tolansky method of multiple beam interferometry’. 
Using this procedure, thickness was measured to within 
+20 A. 

The circular films were floated off their substrates by 
dissolving the collodion in iso-amyl acetate. They were 
then washed twice in iso-propyl alcohol and dried. The 
films from each deposition run were placed over a hole 
1-5 mm in diameter which had been machined in & monel 
strip. From one to six film layers were used. The monel 
strip was then placed in the scattering slit holder on a 
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Fig. 1, Loge (Zo/1) versus single layer film thickness for vapour deposited 
copper. The nuniber of film layers used for each measurement is noted. 
The dashed line is an extrapolation from published data for bulk copper*. 


Noreleo type 42267/0 diffractometer and positioned by 
means of a notch cut in the strip which snapped onto a 
pin in the holder. Chromium Ka radiation, monochrom- 
ated using the (111) reflexion from a silicon standard 
placed in the specimen holder, was passed through the 
films. The number of counts during a fixed time of 200 s 
was recorded three consecutive times for each thickness 
level. The films were then removed from the monel strip 
by air pressure without disturbing the position of the 
strip. The intensity of the beam through the hole was 
then recorded as before. 

The relationship between the intensity of the X-ray 
beam J,, the intensity J of the beam after passing through 
a film s of thickness x, the density pọ and the mass absorp- 
tion coefficient u/ o is 

I = I exp — (u/e) ex 

The mass absorption coefficient is insensitive to the phys- 
ical state of the material through which the X-ray beam 
passes and is well known. Thus the density can be cal- 
culated by measuring I, I, and z. Values of the ratio of 
loge (/,/I) versus single layer film thickness are plotted 
in Fig. 1. The number of film layers used to determine 
values of the intensity ratio is noted on the graph. Analy- 
sis of the data shows that loge (I,/I) increases linearly with 
film thickness. The straight line extrapolated from pub- 
lished data for bulk eopper? is also plotted in this figure. 
In this extrapolation we have assumed that the bulk den- 
sity of copper is 8-93 g cm-? and the mass absorption 
coefficient using Cr Ka radiation is 154 cm? g>. A differ- 
ence in slope between the experimental line for copper 
films and the extrapolated line for bulk copper is evident. 
This difference is attributed to a difference in linear 
absorption coefficient indieating a difference in density 
between bulk and thin film copper. If the slope of the 
line determined experimentally is divided by the mass 
absorption coefficient for bulk copper (Cr Ka radiation), 
then one obtains, in the first approximation, the density 
of the eopper thin films. The density thus calculated from 
our data is 8-10 + 0-10 g cm. The density of copper 
film in the thickness range 960 to 4000 A thus seems to be 
approximately 10 per cent lower than the value accepted 
for bulk copper. 

Because the absorption measurements made in this 
study are an indication of the number of atoms which the 
X-ray beam encounters (that is, the mass) one must ques- 
tion whether or not the thiekness measurements truly 
reflect the volume which these atoms occupy. If the 
accuracy of the interferometric, method of thickness 
measurement is accepted at + 20 A regardless of thickness 
then it would be expected that the thieker films would show 
less deviation from bulk behaviour. This is clearly not the 
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ease. It might also be argued that the interferometric 
method cannot detect irregularities in film topography or 
the presence of voids and other discontinuities in the film. 
Transmission electron microscopy studies? made on the 
same copper films, however. have revealed no such 
defects in any of the films. We therefore conclude that 
the density of these copper films is indeed lower than that 
of bulk copper. This lower density could possibly be 
explained in terms of inclusion of gases either from the 
system or the substrate during the standard deposition 
proeess used in this experiment. 
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Direct Observation of Thermal 
Decomposition produced by 
Fracture in Brittle Crystalline Solids 


WHEN a fast crack runs through a crystalline solid, the 
elastic strain energy which is released may be distributed 
within the lattice in several ways. The most essential 
eriterion for crack growth is that the surface energy 
requirements of the new surfaces created shall be met. 
For high velocity cracks, some energy will be absorbed as 
kinetic energy because the sides of the crack move apart 
rapidly, and for those materials which are ductile at the 
fracture temperature some of the elastic energy will be 
utilized in plastic flow processes involving dislocation 
movements at the crack tip. 

If the material contains small cracks of length c, the 
condition for crack growth adopted by Griffith, and sub- 
sequently modified by Mott, may be written 


d 
di (Ex, + By + E, — Ea) 2 0 


where the Es are the energy terms representing, respec- 
tively, kinetic energy, the energy absorbed in plastie pro- 
cesses at the crack tip, surface energy and elastic strain 
energy. In thermally unstable materials, some of the 
elastie energy may possibly be used in breaking chemical 
bonds. We describe here a direct measurement of such a 
thermal decomposition process which has the unique 
advantage of being sensitive only to that part of the 
energy available for the chemical reaction, and which is 
not complicated in its interpretation by the other dissi- 
pative processes which may take place at the crack tip. 

The method involves measuring the amount of gas 
evolved during the decomposition occurring in the fracture 
of some materials which react according to the scheme 
solid "x Cas 
In these experiments some metal carbonates and azides 
were used, and the refractory oxide MgO was used as a 
stable monitor for the fracture process. Finally, the much 
more complex reactions occurring during the fracture of 
the organic compound pentaerythritol tetranitrate (PETN) 
are briefly discussed. 

The fractures were made with a blunt chisel driven 
rapidly into a V notch cut parallel to a cleavage plane in 


satia Eas 


NATURE, VOL. 220, NOVEMBER 23. 1968 


the erystal, and because the amounts of gas evolved are in 
some cases rather small (typically ~ 10-5 em? em-? for cal- 
cite fracture), sensitive ultra high vacuum techniques were 
used to detect and measure the decomposition products. 
These include repeatedly monitoring the total composition 
of the gas phase with a partial pressure gauge. One 
complete mass spectrum (mass range 1-50 AMU) was 
recorded ten times per second. A summary of the results 
is given in Table 1 


Table 1. SUMMARY OF THE RESULTS 
Amount of Average No. 
Material No. of decomposition of monolayers 
expiís. (molecules em-?) decomposed 
Magnesium oxide 9 <12" « 0-001 
Calcium carbonate (calcite) 14 2 x 1075 0-09 
Magnesium carbonate (magnesite) 14 1 x 101 0-37 
Lead carbonate (cerussite) 8 ~7x10u ~2 
Sodium azide 5 1x10! 0-02 
B-Lead azide 10 -3x10!* ^10 
PETN 7 2 x 105 ~2 


{for mass 28) 


The results show that it is possible to observe the 
amount of decomposition produced by fracture. They 
also indicate that this amount of decomposition is quali- 
tatively proportional to the reactivity of the material 
involved. The possibility that the gas evolved was 
already occluded in the crystal lattice is ruled out by the 
observation that the amount of gas depends on the speed 
of the fracture and varies up to a maximum per unit 
area for cracks of maximum velocity. 

The behaviour of crystals of PETN is much more 
complex in this type of experiment. PETN has the 
symmetrical structure 


NO, 

cit, 
NO,—CH,——cH, NO, 

cu, 

NO, 


On fracturing the crystal, the molecule seems to cleave 
at each of the central C—C bonds, producing fragments 
of the type —-CH,—-NO, and also very small amounts of 
NO,—CH,—C—CH;—NO,. These, however, degrade 
very rapidly and the final gas phase composition is 
chiefly composed of CO and NO. 

We shall, at a later date, diseuss the implications of 
chemical decompositions induced by fracture in explosive 
reactions occurring in solids. 

We are indebted to the Science Research Council for a 
grant to the laboratory. This research has been sponsored 
in part by the Air Force Office of Scientific Research 
through the European Office of Aerospace Research, OAR, 
US Air Force. J. S-R. wishes to acknowledge the Funda- 
cion March and the Ramsay Memorial Fellowships Trust 
for support throughout this work. 
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Perturbations of an Arbitrary 
Spherically Symmetric Metric 


Recent discoveries of unusual astrophysical objects, such 
as pulsars and quasars, have given renewed impetus to 
the development of general relativistic astrophysics, of 
which a survey is found in ref. 1. In particular, the 
gravitational collapse of massive bodies has been exten- 
sively studied in the past few years". Most of this work has 


EU 
been done under the simplifying assumption of spherics 
symmetry. This assumption negates the possibility 
of studying such topies as the influence of rotation upon 
the rate of collapse and gravitational radiation during 
collapse. Some studies of these topics have been under- 
taken for very special types of perturbation of spherical 
symmetry?. Onthe other hand, a good beginning has been 
made in the study of arbitrary first-order perturbations 
around static spherically symmetric equilibrium states. 

I shall indicate a formulation of the equations of 
motion for arbitrary first order perturbations around any 
spherically symmetric metric, so that time-dependent 
metrics, such as collapsing ones, may be treated if they do 
not deviate too much from spherical symmetry. The 
gravitational application is a particular example of a 
method for treating the quadratic Lagrangian density 
for a linear tensorial field in a spherically symmetric 
background space. Expansion of the field in tensorial 
spherical harmonics of appropriate orders enables the 
angular dependence to be integrated out of the variational 
integral. Variation of the resulting reduced Lagrangian, 
which depends only on the two non-angular variables 
(which may be chosen arbitrarily), yields the equatior 
of motion for the coefficients of the spherical harmonics, 
which will obey linear partial differential equations in two 
variables. By working with the Lagrangian density, 
rather than the tensorial field equations directly, compu- 
tational difficulties are much lightened. Having a varia- 
tional principle for the equations also allows standard 
methods for optimizing approximate solutions to be used. 

To illustrate the technique, and because the results are 
useful in the study of the combined Einstein-Maxwell 
equations, I first outline the method for Maxwell’s 
equations in an arbitrary spherically symmetric back- 
ground metric. It is convenient to take this metric in the 
form (for discussion of canonical forms for spherically 
symmetrie metrics, see ref. 5) 


ds'—gry dzU dzY — R°? (xU) JAR drá deB, a 


where A, B, C, stand for coordinates on the unit sphere, 
such as the usual polar coordinates 0, 9; and gap is the 
metric of the unit sphere, d9? + sin?0 dọ? in polar co- 
ordinates. ggy (zW) is the two-metrie (of signature zero 
to assure signature — 2 for the full metric) in the surfaces 
orthogonal to the spheres (later letters of the alphabet 
will denote coordinates on these surfaces). The vector 
potential 9, for the electromagnetic field then decomposes 
naturally under coordinate transformations of the «4 
into two components or which behave like scalars, and 
9p which behaves like a two-component vector under 
these transformations. The oy can be expanded in scalar 
spherical harmonies Y; (r4); and gg can be expanded in 
the complete set of vector spherical harmonies? Fim, 4 
and c4PYj;,p. where the comma denotes ordinary 
differentiation and 4#% is the two-dimensional Levi-Civita 
tensor 
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Inserting this expansion into the standard Lagrangian 
density for Maxwell’s equations in a space with metrie (1) 
L-1j2 +/ ge g? Fin Fop and using the ortho- 
normality relations for the scalar and vector spherical 
harmonics, enable one to carry out the angular i integration 
in the variational integral T= [Ldix before its variation. 
Because the Lagrangian is invariant under rotations, due 
to the spherical symmetry of metric (1), angular momentum 
is conserved, and the spherical harmonies of different 
orders cannot mix. Integrating out the angular dependence 
from the Lagrangian results therefore in a reduced 
Lagrangian the variation of which with respect to the 
expansion coefficients ap,r.b;, and cy, yields the equs- 
tions of motion for these coefficients (as may also be 
checked directly from Maxwell's equations). 
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We proceed similarly in the gravitational case. The 
Lagrangian density for the first varied field equation is 
— l6zG . 

AST ST yy end 

+27 =g gre g% g (— Mops Vaio + huis hago + hog 
hy; — hyugh,,) (3) 


(the derivation of this Lagrangian from the second varia- 
tion of the Lagrangian density 4/—g R for the Einstein 
equations will be discussed elsewhere in a paper with 
Plebanski and Rothman). Here, h,, represent variations 
around the background metric (1), which is assumed to 
satisfy the Einstein equations G,,- — xT,,. such that 
h,, satisfy the first variations of these equations. They 
split up under transformations of the #4 into three com- 
ponents hgy which behave as scalars and can be expanded 
in scalar spherical harmonics; two two-vectors hya 
which can be expanded in vector spherical harmonies; 
and the second rank tensor kapg, which can be expanded 
into tensor spherical harmonies* 





hoy = z amu yl) V(r), 
hax et (bimx Yim,A + mx EAB Yin,p)- 
hap == {dim GAB Yin fim Y m:a p + Fil £4C Y imc 
i + EB Yim;ca) (4) 


(here the semicolon denotes covariant differentiation with 
respect to the g4p metric). Inserting this decomposition 
into (3), and using the orthonormality conditions for the 
scalar, veetor and tensorial spherieal harmonies enables 
us to integrate out the angular dependence and yields a 
reduced Lagrangian for the equations of motion of the 
expansion coefficients muyy, and so on. 

Note that while it is often eonvenient to use polar 
coordinates for the x4, this is not necessary. The <U may 
also be ehosen as eonvenient for application to a given 
problem; so that one may be a timelike and the other 
a spacelike variable, one or both null, and so forth. 
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Double Refraction on Optical Second 
Harmonic in Thin Crystals 


Tue first observations of second harmonic generation of 
light (SHG) were made with a high-power pulsed ruby 
laser. Since then these nonlinear effects have been success- 
fully observed with continuous wave He-Ne gas lasers!. 
Recently, the so-called aperture effect of SHG, which had 
been predicted? and which is equivalent to the familiar 
phenomenon of double refraction, was experimentally 
observed? in long crystals (of length 5 to 10 em). We 
report here that SHG double refraction has been detected 
in thin erystals 1 mm to 2 mm thick, using as an input 
beam the light from a gas laser. 
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The laser source was an He-Ne gas laser manufactured 
by Perkin-Elmer. The output wavelength was 6328 Ain 
the lowest order transverse mode TEM, and the power 
output was 8 mW. The fundamental beam from the source 
was first filtered with a Corning red filter before being 
incident normally into a thin plane-parallel plate of a 
potassium dihydrogen phosphate (KDP) crystal, cut with 
its optic axis inclined at approximately 42° to the plate 
surface. After passing through a copper sulphate solution 
filter, the emerging beam from the crystal fell onto the 
slit of a Hilger medium quartz spectrograph. The beam 
thus collimated and dispersed was then detected by a 
photomultiplier, the output from which was fed into a 
recorder. 

The experimental set-up was aligned so that the axis 
of the fundamental beam passed through the centre 
of the narrow slit of the spectrograph. The principal 
plane of the KDP crystal was initially set to be horizontal 
and the slit of the spectrograph was vertical. A second 
harmonic was detected at the spectrograph setting of 
3164 À. The plate was then rotated about the axis of the 
fundamental beam. The intensity reading as registered 
on the recorder first increased to à maximum and then 
fell off, as the KDP plate was rotated through 180°. 

Kleinman? has pointed out that SHG would ultimately 
be limited by the slightly different directions of propaga- 
tion of the energy of the laser and the second harmonic 
beams. Boyd e£ al? have mentioned that although the 
fundamental light ray is ordinary the second harmonie 
is extraordinary. According to Ashkin et al.*, the single- 
pass extraordinary wave harmonic field at the exit sur- 
face of a crystal is distributed asymmetrically with respect 
to the fundamental. If there is absorption, double refrac- 
tion causes the second harmonic intensity to peak some- 
where between the two beams of ordinary double-refrac- 
tion depending on the relative absorptions of the funda- 
mental and second harmonie light. Thus, with crystals 
5-10 cm long, the separation between the fundamental and 
the second harmonic at the exit surface of the crystal is 
a few mm wide, which could be successfully measured?. In 
the absence of absorption, the second harmonie intensity 
spreads uniformly over the region whieh lies between 
the two beams of ordinary double refraction. 

With thin erystals, the intensity distribution of the 
second harmonie would then be expected to be somewhat 
flat, though not exactly uniform. Furthermore, the beam 
will overlap to some extent with the ordinary fundamental 
beam. If the slit of the spectrograph is narrow enough, 
however, only à small fraetion of the second harmonie 
beam will be collected through the slit when the principal 
plane of the crystal plate is horizontal, as shown in Fig. 1. 
As the crystal is rotated, more and more of the beam can 
be expected to be received until the principal plane be- 
comes vertical when a maximum amount of the beam is 
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Fig. 1. Propagation of the fundamental and second harmonie beams 
relative to the slit. 
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collected. It may be concluded that the phenomenon 
observed was due to double refraction on second harmonie, 
the effect of which should not be neglected even in thin 
crystals. 


Lis-KUAN SU 
Bay-sune Hsu 
Department of Physies, 
New Asia College, 
Chinese University of Hong Kong, 
Kowloon, Hong Kong. 
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Optical Activity in a 
Non-enantiomorphous Crystal 
Cadmium Gallium Sulphide 


OPTICAL aetivity! can be present, aceording to theory, in 
eleven enantiomorphous classes (1, 2, 222, 4, 422, 3, 32, 6, 
622, 432 and 23) and four non-enantiomorphous classes 
(m, mm2, 4 and 42m). The first observation of the effect 
in non-enantiomorphous crystals was made recently* in 
AgÜaS, of class 42m. An accidental optical isotropy at 
4974 A allowed the effect to be observed perpendicular 
to the ¢ axis. 

A similar phenomenon has now been observed in 
CdGa,S, of class 4. This crystal has a structure? related 
to that of chalcopyrite with vacant sites. At room tem- 
perature this erystal is accidentally isotropic at 4872 A 
and the optical rotatory power can be measured at this 
wavelength in any direction without the complication 
of optical birefringence, For crystals of class 4 the form 
of the optical rotatory power in a direction specified by 
direction cosines l, la la with respect to the crystal axes 
should be 


p (nn) [Yur G = i5) t2gulhl 


where gı and gi are the two independent non-zero 
elements of the gyration tenscr, ^, is the free space wave- 
length and n is the refractive index. 

Polished plates of CdGa,8, up to 5 mm thick were 
prepared from a single crystal normal to the 100 and 010 
and also the 110 and 110 directions. By reducing the 
thickness of these plates it was found that the optical 
rotatory power was 17:3 degrees mm-! in magnitude but 
of opposite sign for the 100 and 010 directions. Similarly 
the optical rotatory power was 11-6 degrees mm in 
magnitude but of opposite sign for 110 and 110 directions. 
The refractive index of CdGa.S, at 4872 A is 2-494 giving 
fucb17x10-3 and g,,0-78x10-. Other specimens 
cut in general directions were in agreement with the 
above equation for the optical rotatory power using these 
data. There was no rotation along the c axis. 

The existence of optical activity in non-enantiomorphous 
erystals has now been confirmed for classes 4 and 42 m. 

I thank D. 8. Robertson for growing these crystals. 

M. V. HoBDEN 
Ministry of Technology, 
Royal Radar Establishment, 
Malvern, Worcestershire. 
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Tensile Strength of Boron Filament 
coated with Silicon Carbide and 

of Uncoated Boron Filament at 
Elevated Temperatures 


THE increasing use of boron filaments coated with boron 
and silieon carbide in composites has resulted in greater 
interest in the properties of these fibres at ambient and 
elevated temperatures. At present, commercial boron 
filaments coated in this way (produced and marketed by 
United Aircraft Corporation under the trade name 
‘Borsicpay’) are available with ultimate tensile strengths of 
greater than 400,000 pounds/inch? and moduli above 
55x10* pounds/inch?. This room temperature strength 
of filament coated with boron is seriously reduced by 
exposure to air a£ elevated temperature, while that of the 
filament coated with silicon carbide is not affected by 
exposure to air for up to 1,000 h at 600° C (refs. 1 and 2). 
The study described here was undertaken to further 
characterize these filaments by determining their elevated 
temperature strengths after exposure to air at the test 
temperatures for various times. 

Tensile strength was measured with testing apparatus 
such as that described previously by Schile and Rosica” 
with a furnace positioned between the jaws. The furnace 
was 2-5 inches long with a 0:5 inch bore and had a 1 inch 
hot zone which was maintained within 4^ C of the desired 
test temperature. 

For each measurement a 7 inch long commercial UAC 
(United Aireraft Corporation) filament was mouuted in 
the jaws, brought to the temperature of the furnace, 
held for 9, 30 or 60 min and then tested. At the higher 
temperatures care was taken to ensure that the fibre was 
not compressed before testing due to thermal expansion. 
The test data were then plotted (Fig. la and 6). Each 
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data point represents the average of ten 
tensile tests. 

Fig. la shows that the strength of boron 
filament decreases with increasing tempera- 
ture, with severe degradation above 500° C. 
Boron filaments held for 30 min in air at 
temperatures between 200°C and 400° C 
before testing have lower strengths than 
those held for 9 min, but no further reduction 
in strength is observed for filaments held at 
these temperatures for 60 min. The strength 
of the boron filament levels off at approxi- 
mately 60 per cent of the strength at room 
temperature for this range of temperatures. 
At 500° C and above, the strength of boron 
filament decreases continuously with in- 
creasing time of exposure to air. 

This variation in the strength of boron 
filament with time of exposure to air at 
elevated temperatures correlates well with 
the known behaviour of boron in air at these tempera- 
tures. Below 500°C boron oxidizes until the layer of 
oxide is sufficiently thick to impede further oxidation, 
and above 500°C the viscosity of the oxide decreases 
to a point where it flows and exposes the boron sur- 
face to further oxidation. In the case of the boron 
filament this oxidation at temperatures greater than 
500° C continues until the filament is completely degraded. 

Contrary to the case of uncoated boron filament, the 
high temperature strength of boron filament coated with 
silicon carbide does not vary with time of exposure to air 
before testing for the times used in this study. The rate 
of decrease in the strength of the coated boron filament 
below 500° C is similar to that for uncoated boron filament 
held at this temperature for only a short time. And at 
temperatures from 500° to 700° C the strength of coated 
boron filament remains nearly constant while the strength 
of uncoated filament decreases considerably in this range 
of temperatures. These results correlate well with those 
reported by Basche et al.*, who showed that the silicon 
carbide coating prevented the oxidation of the boron 
filament, thus making it suitable for use at elevated 
temperatures. 


SECTION 
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Explosive Fabrication of Composite 
Materials 


Frere or filament reinforcement of metals is usually 
carried out by the conventional processes of hot rolling, 
vacuum infiltration or diffusion bonding of the reinforce- 
ment with the matrix metal'. There is a danger that the 
high temperature attained in such processes, if main- 
tained for a long time, will cause a reaction between 
matrix and reinforcement with the production of inter- 
metallic compounds and possible weakening of the com- 
posite. There is also the problem of preventing the 
formation of oxide films when the use of fluxes or inert 
atmospheres are undesirable or inconvenient. We suggest 
that high pressure bonding by means of an explosive 
would avoid these types of reaction, because the shock 
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Fig. 1. Arrangement for explosive incorporation of reinforcing wire in metal matrix. 


temperature rise is of short duration and the residual 
temperature is only of the order of tens of degrees. 

The usual method of explosive bonding? involves 
inclining one metal plate with respect to another, placing 
a sheet of explosive over the top plate and allowing the 
detonation wave to run up the incline forcing the plate 
progressively on to the lower plate. The oblique impact 
produces a fast moving jet emanating from the collision 
point which partially melts the exposed surfaces, breaks 
up any impurity layer and facilitates the welding process. 
This technique is inconvenient when it is required to weld 
large surfaces and is difficult to apply when more than 
one layer is to be bonded. 

Accordingly, we tried a method whereby the plates were 
laid parallel to each other with a small air gap. Previous 
work? indicated that for successful welding the collision 
point veloeity must not exeeed the speed of sound in the 
metal. The usual way of complying with this requirement 
is to use an explosive with a velocity of detonation less 
than the appropriate speed of sound. In this laboratory 
we use a sheet explosive with a velocity of about 7-5 km/s 





Fig. 2. 


Cross-section of end sample from "eem composite, 
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500 pp 126s. net 130s. 6d. by post 
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Rare earth, that is 


We can offer you the widest range of rare earth 
products in the world. True rare earths are elements 
with atomic numbers from 58 to 71 inclusive. 
And we've got some of each. 

But you don't have to pay the earth for them — not 
since we discovered solvent extraction processes 
that yield separated rare earths of exceptional 
purity in large quantities. We also offer thorium 


products, made from concentrates obtained as a 
by-product of uranium extraction 

If you are not already making use of rare earth 
products in your research or industry, now is the 
time to discover the revolutionary things they can 
do. Contact two of the world authorities on the 
subject: Mr. Tennant (he handles the commercial 
side) or Mr. Sherman (he's the scientist). 


Thorium Limited 4 & 


Waterloo Road, Widnes, Lancashire, England. Tel: Widnes 4126. Telex 627366. 
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OF NUCLEAR FISSION; STATISTICAL THEORY 
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PRINCIPLES OF STELLAR STRUCTURE 


By John P. Cox in collaboration with R. Thomas Giuli, Joint 
Institute for Laboratory Astrophysics and Department of 
Physics and Astrophysics, University of Colorado 

Volume 1 Physical Principtes 

The first volume discusses thoroughly the basic physics 
underlying present theories of stellar interiors. 

Volume 2 Applications To Stars 

This second volume builds on the background in the basic 
physics of stellar interiors developed in Volume 1. It applies 
this background to practical problems encountered in the 
study of stars and stellar interiors. 

Volume 1 568 pages £18 Os Od 
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FLEXIBILITY.... 
TO MATCH YOUR GROWING NEEDS 


When anticipating the purchase of a UV-VIS spectro- 
photometer your important considerations are photo- 
metric accuracy, range, and resolution 


The basic Gilford Model 240 manual spectrophotometer 
has 0.001 A resolution throughout its 0.000 to 3.000 A 
range, and photometric accuracy of 0.5% A 


This unequaled photometric capability, combined with a 
group of versatile accessories, enables you to adapt the 
Model 240 Spectrophotometer to a wide variety of appli- 
cations 


Multiple sample handling, gel scanning, wavelength 
scanning and flow through monitoring are but a few 
capabilities provided by the building block design of 
Gilford spectrophotometric instruments 


Whether you are interested in a manual or an automatic 
spectrophotometer, with either single or multiple sample 
handling systems, call your Gilford representative and let 
him show you how the Gilford building block concept 
quarantees the flexibility to meet your growing needs. 


Phone: 216/774-1041 
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if you use a 


MICROSCOPE 


vou need a 


SINGER 


FULLY PATENTED 


MICROMANIPULATOR 


Singer micromanipulators are used in 
most laboratories all over the world. 
Three types available: 

Mk I Low power for magnifications 
xI to x200 

Mk H For magnifications X1 to 

x 500 

Mk IH High power for magniñcations 
x100 to x 1,000 plus 

The most advanced instruments for 
micromanipulation. As described by 
Barer and Saunders-Singer with further 
improvements, 

Full details and demonstrations upon 
request to : 

SINGER INSTRUMENT CO. LTD., 
Fountain Court, 83 London St., 
Reading, Berkshire, England. 
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AVAILABLE 
FOR 


IMMEDIATE 
DELIVERY 


T2 Virus 


The first fruit of the broad Miles viral production program, 
this £ coli bacteriophage is an excellent source of phage DNA 
or coat protein, or for biochemical and biophysical studies 
on the T2 virus, itself. 


Ref: Cooper and Fonder, Virology 20, 605(1963) 


21-790 T2 Virus (Miles) 1x10 5x10? 10x 1O'SIU* 
$60 $240 $440 


*SIU: Standard Infectivity Unit based on plaque formation. 


Further information in new product bulletin. 
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Finite Differences 


Did you know ?... that 
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This is a simple consequence of Thiele's theorem, 
itself the basis of an important method for numerical 
interpretation involving the reciprocal differences. 
The treatment of this topic in The Calculus of Finite 
Differences by Professor L. M. Milne-Thomson remains 
one of the outstanding features of that distinguished 
| book, first published in 1933. 

The technique based on reciprocal differences is a 
systematic way of interpolating between given values 
| of a function. Thiele’s theorem makes it possible to 
represent the function concerned by some rational 
function which is particularly suited to interpolation. 
| For many informal uses but also in machine calcula- 
| tions of various kinds, it has considerable advantages. 

But this is only one of the reasons why finite dif- 
ference techniques should not be forgotten. They 
are, of course, the basis of much of the numerical 
analysis carried out in engineering applications. They 
are also a natural development of the method of fluxions 
which Newton first invented. 

Professor Milne-Thomson's book remains, after 
| nearly a quarter of a century, the only comprehensive 
| treatment of the subject. 


The Calculus of Finite Differences by L. M. 
Milne-Thomson, £2 10 


Other classical mathematical works from Macmillan... 


A Treatise of Differential Equations by 
A. R. Forsyth, £1 10 


| Theoretical Hydrodynamics by L. M. Milne- 
Thomson, Third Edition, just published, £5 


Theoretical Aerodynamics by L. M. Milne- 
Thomson, £3 10 
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BIOGENIC AMINES 


Research Tools for the Elucidation of 
the Physiologic Role of Biogenic Amines 


CH-C-COOH "d -CHOH 


l D, L-DOPS 
D,L-Vanillylmandelic acid (D,L-threo-3,4-dihydroxyphenylserine) D,L-3,4-Dihydroxyphenylglycol 
| (VMA) Norepinephrine Precursor 
14880-6  500mg-$7.  5g- $45. | 14884-9 100mg. $16. 500mg-$62. | 148784  100mg-$12. 500mg- $40. 


D,L- o .3-Dimethyltyrosine 
; . f inhibitor of catecholamine synthesis 
D,L-4-Hydroxy-3-methoxyphenylglycol ipee. SECU ae e 500mg-$8. ^ 5g.$62. 
(Hs methyl ester hydrochloride, our | (Its methyl ester hydrochloride, our 


148792 100mg - $8. lg - $48. 14881-4, is available at the same price) | 14886-5, is available at 100mg for S4. 


and lg for $25.) 
"OX CONH, 


CHO 


Tyrosine and tryptophan Homovanillyl alcohol 


o -Propyldopacetamide (H22/54) 


hydroxylase inhibitor 


148830 — 1g-$1150  5g-$46. 
148873 100mg.$4.  1g-$29. 





* Catecholamine metabolites ** Catecholamine depleting agent 
RELATED COMPOUNDS 
13071-0 p-Chlorophenylalanine 5g- $7.00; 25g - $21.00 
F1380-0 p-Fluorophenylalanine lo- 8.50 
1-1180-1 m-lodo-L-tyrosine et ig- 8.00 


12069-3 alpha-Methyltyrosine (alpha-M T) lg - $4.00; 5g - 16.00; 259 - 65.00 
14888-1 alpha-Methyltyrosine methyl ester hydrochloride lg- 6.25; 5g- 25.00 
P2237-0 trans-2-Phenylcyclopropylamine : - 10g- 1200 
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and we were unable to obtain & weld in the plane geo- 
metry. By inserting a layer of tungsten wires between 
the plates, however, we achieved a successful bond. The 
wires were spaced an eighth of an inch apart in a direction 
parallel to the direction of the detonation wave. When 
the sample was tested in tension there was no appreciable 
"pull out" of wires, indicating that the wire to matrix 
bond was fairly good. By positioning multiple layers of 
alternate wires and foil (Fig. 1) a composite was made up 
which had a final volume fraction of wire of 17 per cent. 
Fig. 2 shows a photomicrograph of the cross-section of a 
sample made up from layers of copper foil (0-012 inch 
thick) and tungsten wires (0-006 inch thick). The bond 
between the layers of copper foil was good and there was 
no evidence of voids or cracks except near the edges of 
the composite. At higher magnification there is very 
little evidence of impurities or intermetallics but a good 
pieture was difficult to obtain because of polishing prob- 
lems with a hard material in a soft matrix. The central 
part of the sample was tensile tested and the ultimate 
strength was found to be that which would be predicted 
from the strengths of the two starting materials and their 
volume fraction. 

C. V. Jarvis 

P. M. B. SLATE 
UKAEA, 
Fovulness, 
Southend-on-Sea, Essex. 
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Magnetic Exchange in a 
Copper-Adenine Complex 


Tuere is an increasing interest in the ability of pyrimidine 
and purine bases to form eomplexes with metal ions. 
During physical studies on a variety of these compounds 
we obtaied evidence for antiferromagnetie coupling be- 
tween pairs of metal ions in one of the complexes formed 
between divalent copper and adenine(I), the deep blue inner 
complex Cu(C,H,N,), nHO first reported by Weiss and 
Venner!. Sletten has shown? that this compound is dimeric 
with a structure closely related to that of cupric acetate 
monohydrate. Pairs of copper atoms are held 2-947 Á 
apart by four adenine bridges, coordinated via N(3) and 
N(9) A water moleeule completes the coordination 
environment of each metal ion. The compound was 
originally formulated? with three molecules of water per 
metal ion, but our analytical results support Sletten's sug- 
gestion’, from crystal density measurements, that n= 4. 


Œ 
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Measurements of the bulk magnetic susceptibility gave 
a value of 1:55+0-05 BM at 296° K for the effective 
magnetic moment per copper ion, & value well below that 
normally found for magnetically dilute compounds. The 
temperature dependence of the susceptibility in the range 
90°-300° K (Fig. 1) is typical of an antiferromagnetically 
coupled pair of copper(II) ions, giving an S=0 ground 
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state, with an S=1 level at J em~ above this. The Néel 
temperature for the compound was about 190° K. Using 
the usual quantitative approach* for a system of this 
type, a satisfactory fit with the experimental results was 
obtained with the following parameters: J=210 emo, 
Na-60x10-9 egs. units, and g=2-06 (the caleulated 
eurve is shown as the full line in Fig. 1). 

The J value is less than that found? (286 em) for 
cupric acetate monohydrate, as would be expected if there 
is exchange only by direct copper-copper bonding, 
because the copper ions are farther apart in the adenine 
complex than in the acetate, for which Cu—Cu= 2-64 A 
As pointed out by Sletten’, however, exchange may take 
place here through the bridging adenine molecules. 
Taking the v and y axes of the metal ion orbitals to be 
directed along the Cu—N bonds (the copper atoms actually 
lie slightly out of the plane?) the dzy orbitals are suitably 
disposed for z-bonding with the adenine molecules. 
Applying Goodenough’s electron correlation exchange 
theory* to this z-delocalized system, magnetic coupling 
of antiferromagnetic sign for the unpaired electrons on 
the copper ions might be expeeted by overlap of the filled 
dzy orbital on each copper ion with one empty, antibonding 
z-moleeular orbital on the adenine molecule if this is 
delocalized over both N(3) and N(9). 

'The presence of pronounced magnetic exchange is also 
indicated by the X-band electron spin resonance spectra 
of polycrystalline samples of the compound (Fig. 2). Às 
in the electron spin resonance spectra of cuprie carboxylate 
dimers*~?, absorptions were observed at resonance fields 
both well above and well below the region (gera 2), where 
signals are normally found for copper(II) with Sah 
ground state. 

Using the approach employed by Wasserman, Snyder 
and Yager* for the spectra of randomly oriented organic 
triplets, we assign the pair of bands at 2,502 and 3,855 
gauss as the Am = 1 transitions H;y, and Hzy:. From these 
we obtain gzy = 2:03 and the zero-field splitting parameter 
D — 0:125 em-! (compare gzy= 2:08 and D - 0:34 em for 
cupric acetate’). The E splitting parameter appears to be 
zero, or at least very small, for the zy bands were unsplit 
in all spectra (obtained at 295, 113, 93 and 53? K). Assign- 
ment of the almost symmetrical absorption centred at 
1,378 gauss to the Am- 1 transition Hz, seems unlikely 
because this would require an abnormally high value of ge, 
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Fig. 1. Temperature dependence of the susceptibility of 
Cu(C,H N,4.H,0. 
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Fig. 2. X-band electron spin resonance spectrum (113? K) of poly- 


erystalline Cu(C,H,N,),.4H,0. 


~ 2-8. Moreover, we were unable to detect the correspond- 
ing high field line Hz, although scans were made to 13 
kgauss. The band at lowest field is probably the Am 2 
transition between the | 1» and |+1> levels. Such 
“half-field” transitions have been observed as strong lines 
for organic molecules in triplet states*. 

At 93° K the band at 1,378 gauss shows copper hyper- 
fine structure, with A= 70 gauss. Only six of the expected 
seven components were resolved, that at highest field 
being lost in the tail of the derivative curve, which was 
not completely isotropic. The observation of more than 
four hyperfine components, however, confirms that this 
band arises from the dimerie unit and not from an im- 
purity. 

The band at 3,140 gauss cannot be assigned with cer- 
tainty. Its intensity does not show the sensitivity to 
variations in microwave power expected for a double 
quantum transition. Whereas the other three bands 
become weaker on cooling to 53° K because of the de- 
population of the S=1 level (as found for cupric acetate!) 
the 3,140 gauss absorption becomes more intense and is 
the dominant feature of the spectrum. It also becomes 
anisotropic, being broader to low field. These facts, and 
its position at gem ^ 2-1, suggest that it may be due to 
an impurity with a ground state of S — 4. 

The electronic spectrum of the solid compound in the 
visible region showed a d-d band at 17,860 em. At 
~ 80° K a shoulder was observed at ~ 14,500 em~ and 
the absorption envelope probably contains all the d-d 
transitions, as is thought!? to be the case for the 14,400 
em! band of cupric acetate. The higher band energy for 
the adenine complex reflects the stronger ligand field com- 
pared with that due to the oxygen atoms in the acetate. 

We thank Dr J. F. Gibson for helpful diseussions and 
the SRC for a research studentship to K. A. P. 

D. M. L. GoobGAME 
K. ANGELA PRICE 
Department of Chemistry, 
Imperial College, 
University of London. 
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Cyclic Triad of Hydrogen Bonds in a 
Helical Polymer 


Frei and Preston! have described the discovery of a 
two-strand helical model for a §-1,3-linked xylan polymer 
which is the structural polysaecharide in some siphoneous 
green algae. We have recently proposed a new structure 
for this material? in which six f-1,3-linked xylose residues 
form a helix of pitch 18:36 A, three such helical chains 
intertwining with line symmetry sr’. The compound 
helices are regularly positioned in a hexagonal lattice. Pre- 
liminary results show that the diffraction intensities 
observed on the rather good X-ray fibre diagram agree 
well with the computed values for our model (to be 
described elsewhere). 

The purpose of the present communication is to describe 
a novel system of hydrogen bonding which we believe 
to exist in this material. The polarized infrared absorp- 
tion spectra of oriented specimens of Penicillus dumetosus 
show only a broad featureless absorption in the OH 
stretching region. Partial deuteration by exposure to 
D,O vapour in a cell reduces this absorption and reveals 
a sharp absorption of medium intensity at a frequency 
of 3.477 em~ which has perpendicular dichroism of 4: 1 
(with respect to the helix axis) This is the only dis- 
cernible sharp absorption and the observed dichroism indi- 
cates an —OH dipole making an angle at least 70? with 
the helix axis, and quite probably as much as 90°. 

The xylose residue in the f-1,3-linked polymer has 
—OH groups at the 2 position and 4 position only. 
Model building shows that within the range of flexibility 
of the chain every possible helical structure has the 
hydroxyl group in the 4 position on the outside away 
from the axis. Our explanation of the infrared results 
is that the hydroxyl group in the 2 position near the helix 
axis is inaccessible and resists deuteration. The dichroism 
and frequency of the peak at 3,477 em-! indicate a weak 
hydrogen bond perpendieular to the helix axis. When 
we examine the model and take into account the exaet 
three-fold symmetry relationship between the strands, 
the bonding pattern shown in Fig. 1 between the three 
—C-——OH groups in the 2 position appears probable. 

This pattern is repeated at levels every 3-06 A along 
the helix but is rotated through 60^ about the axis for 
each translation. Jt is possible that all the atoms in 
Fig. 1 are coplanar, but we have not been able to rule 
out non-eoplanar models. So far our model building 
has been based on generalized skeletal models using tetra- 
hedral earbon atoms and oxygen atoms with a valenee 
angle of 117°. Thus slight variations are probable if we 
utilize models with more accurate dimensions. At present 
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Fig. 1, Cyclic triad of hydrogen bonds. Each —COH group is contribu- 

ted by one chain of the three-strand helix. The individual ehains are 

denoted by the symbols I, 1H, IH and the hydrogen bonds are represented 
by dotted lines, 
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the model is built with an OL—OI! separation of 2-9 ALA 
direct application of the correlation graph of Nakamoto, 
Margoshes and Rundle? to the observed frequency 
gives an O—O separation of 2-90 A, but we do not place too 
much reliance on this value because of the unusual 
pattern of hydrogen bonds. 

The only crystal structure determination we have found 
in the literature which provides oxygen valence angle data 
for hydroxyl groups is in the neutron diffraction study 
of sucrose by Brown and Levy*. The oxygen valence 
angles of 106° to 112° at the hydroxyl groups given by 
these authors would give rise to a value of about 40° 
for the angle 0 (see Fig. 1). 

We thank Professor C. A. Coulson for informal dis- 
cussions about our triad hydrogen bond arrangement and 
Dr Eva Frei for preparing an orientated specimen of 
Penicillus dumetosus. 


E. D. T. ATKINS 
K. D. PARKER 
Astbury Department of Biophysics, 
University of Leeds. 


Received August 16, 1968. 


1 Frei, Eva, and Preston, R. D., Proc. Rog. Soc., B, 160, 293 (1964). 


2 Atkins, E. D. T., Parker, K. D., and Preston, R. D., Proc. Roy. Soe., B (in 
the press). 


? Klug, A., Crick, F. H. C, and Wyckoff, H. W., Acta Cryst., 11, 199 (1958). 


5 Nakamoto, K., Margoshes, M., and Rundle, R. E., J. Amer. Chem. Soc., 77, 
6480 (1955). 


è Brown, G. M., and Levy, H. A., Science, 141, 921 (1963). 


BIOLOGICAL SCIENCES 


Electron Spin Resonance Linewidths 
in Met Myoglobin 


We have published! a detailed account of the variation 
of electron resonance linewidth in both acid met myo- 
globin and met myoglobin azide as a function of orienta- 
tion. We explained the results in terms of a random 
misorientation of the moleeular axes within the single 
crystals, and showed that. because of the large g value 
anisotropy in the acid met derivative, a standard deviation 
of only 1:6? in angular distribution is sufficient to explain 
the results obtained. These measurements were carried 
out at Q-band frequencies and the slight deviations from 
the expected variations were adequately explained in 
terms of residual broadening mechanisms such as spin-spin 
interaction and unresolved hyperfine structure. It can be 
shown! that the misorientation produces a linewidth in 





8 (1) 


In this expression 8 is the angle to the haem normal or 
symmetry axis, AQ is the standard deviation and K is a 
constant which ineludes all the residual broadening 
mechanisms. In practice at 3 em and 8 mm wavelengths, 
the residual mechanisms give a linewidth of about 50 gauss 
when 0 — 90°. | 

These measurements have now been extended to 4 mm 
wavelengths and some very interesting effects observed. 
The spectrometer is a newly designed 4 mm system with 
a reflexion eavity and a Philips YK 1010 klystron, and 
will be described in detail elsewhere. The magnetie field 
is produced by a 50 kgauss superconducting solenoid and 
the orientation of the crystal relative to the field is 
achieved by rotating the erystal within the cavity from 
outside the eryostat. All the measurements were made 
at 4-2? K, but the linewidths were checked for temperature 
dependence at 20° K and 77? K using a conventional 
electromagnet. The variation in linewidth over a 65° 
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Fig. 1. Variation in line width in the ab plane. ===- ~, Experimental 
curve; ---, theoretical curve, 


rotation in the ab plane is shown in Fig. 1. The rotation 
is at present limited to 65° by the design of the cryostat 
and the fact that the superconducting magnet has to be 
used to observe resonance lines with g values approaching 
the free spin value at 4 mm wavelength. The dotted 
curve in Fig. 1 is a plot of equation (1), and it ean be seen 
that the theory provides a reasonable fit at angles removed 
from the haem plane (@= 90°). The discrepancy near the 
haem plane is very marked, however, and two points are 
particularly noticeable, First, the minimum linewidth 
does not coincide with the maximum g value (gj) as 
would be expected from the simple theory. 5 ond, the 
deviation of the minimum linewidth from zero, which was 
previously attributed to residual line broadening mech- 
anisms, has increased in proportion to the increase in 
frequency. 

A scatter in the azimuthal angle and a variation in gy 
was used to explain the linewidth variation in the azide 
derivative with considerable success’. 

The anisotropy in g; in the acid met derivative is so 
small?-i that a scatter of 50° would be necessary if the 
same mechanism were to be used to explain these results. 
A variation in linewidth around the haem plane was 
observed at Q-band and in order to explain these resulta 
it must be assumed that this variation is also frequeney 
dependent. The mechanism by which the residual broad- 
ening oceurs remains obscure, because all the normal 
broadening mechanisms except g value variation are 
independent of frequeney. Further investigation of these 
linewidths in different conditions is therefore planned, 
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Control of Chloroplast RNA 
Synthesis in 
Chlamydomonas reinhardi 


WHEN certain strains of Escherichia coli are deprived of a 
required amino-acid their production of ribosomal ribo- 
nucleie acid (rRNA) and soluble RNA is reduced. The 
removal of any amino-acid has this effect. Such strains 
are said to be stringent. Strains mutant at the RC locus 
do not respond in this way to the removal of a required 
amino-acid and are said to be relaxed? 

Jones, Kates and Keller? recently showed that rRNA 
synthesis continues in an arginine-requiring strain of 
Chlamydomonas reinhardi when deprived of arginine, and 
so they stated that RNA synthesis in C. reinhardé has 
the characteristics of a relaxed strain of E. coli. 

From our data, and those of Jones, Kates and Keller?, 
we consider that although RNA synthesis in the cyto- 
plasm of C. reinhardi is relaxed, that in the chloroplast 
is stringent. 

Figs. la and 6 show the elution pattern from a column 
of methylated albumin-coated kieselguhr of nucleic acids 
extracted from C. reinhardi. The column used was 
modified from that of Mandell and Hershey‘ and eluted 
at 35° C according to Ellem*. In Fig. la nucleic acid 
extracted from isolated chloroplasts of the wild-type 
strain is compared with *?P-labelled total nucleie acid from 
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whole cells of wild type. In Fig. 15, nucleic acid from the 
mutant strain acetate-20, whieh has a greatly reduced 
number of chloroplast ribosomes*, is compared with the 
total nucleic acids of wild type in the same way. The peak 
labelled 8, in Figs. la and b seems to be confined to the 
chloroplast, for it is present in nucleic acids from isolated 
chloroplasts, and absent from nucleic acids from acetate-20 
cells. Conversely, 3; is outside the chloroplast, for it can 
be extracted from acetate-20 cells, but is absent from the 
nucleic acids from isolated chloroplasts. The chloroplast 
rRNA subunits can also be distinguished from the cyto- 
plasmic ribosomal subunits in Figs. la and 6. The chloro- 
plast rRNA subunits are eluted on the leading edges of 
the 18S RNA and of the 25S RNA. "This fractionation 
makes it possible to determine whether “C-labelled nucleo- 
tide has been incorporated into chloroplast RNA, or 
cytoplasmic RNA, or both. Jones, Kates and Keller? do 
not seem to have fractionated the chloroplast rRNA from 
the cytoplasmic rRNA. From their elution patterns 8, 
can be distinguished from 8, RNA, which can be used to 
determine whether newly synthesized RNA is in the 
chloroplast or in the cytoplasm. 

Using this method of identifying chloroplast RNA, three 
points of evidence support the hypothesis that chloroplast 
RNA synthesis is under stringent control. 

(1) By labelling RNA with C-adenine at various times 
during the cell cycle in a synchronous culture, it is found 
that chloroplast RNA is synthesized only during times 
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Fig.1. Methylated albumin kieselguhr chromatography of nucleie acids of Chlamydomonas 
veinhardi from isolated chloroplasts (a), and from acetate grown acetate-20 cells (5), Optical 
density at 260 mg: — — — , e.p.m, of ?**P/0-1 ml. of each fraction collected. The columns 
were eluted with 200 ml. of sodium chloride in a linear gradient from 0-2 to 1-6 M. The 
salt gradient is shown in the figures. The eluent was collected in 1 ml. fractions. Each 
preparation contained **P-labelled total nucleic acids obtained from wild type cells. It was 
added at a concentration equivalent to 4 per cent of the total optical density units at 
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of active photosynthesis (our unpublished results). This 
would be expected if chloroplast RNA synthesis occurred 
only when amino-acids were abundant as in stringent 
strains of E. coli. It has been shown that carbon dioxide 
fixed by photosynthesis in C. reinhardi appears very 
rapidly in the amino-acid pool’. 

(2) Jones, Kates and Keller? show the elution pattern 
of nucleic acid extracted from cells of an arginine-requiring 
strain labelled during arginine starvation. It can be seen 
from their graph that 5, RNA is not being synthesized in 
these conditions. j 

(3) Jones, Kates and Keller? published graphs which 
show that 3, RNA is not synthesized during gametogenesis 
even in the presence of arginine. Experiments in this 
laboratory support this and also show that the high 
molecular weight RNA subunits of the chloroplast ribo- 
somes are not synthesized during gametogenesis (our 
unpublished results). Because gametogenesis in C. rein- 
hardi proceeds in conditions of nitrogen starvation, 
amino-acids would not be expected to be synthesized as a 
consequence of photosynthesis even when the cells are 
illuminated. 

These observations are compatible with the hypothesis 
that chloroplast RNA synthesis only occurs in the presence 
of abundant amino-acids; in other words, that the avail- 
ability of amino-acids controls chloroplast RNA synthesis. 
Thus chloroplast RNA synthesis in C. reinhardt is under 
stringent control, even though the chloroplast is found in a 
cytoplasm in which RNA synthesis is relaxed. 

From this hypothesis it can be predicted that chloro- 
plast RNA synthesis can be induced not only by turning 
on lights but also by supplying exogenous amino-acids. 
Experiments to test this prediction are in progress. 
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Spin-labelled Haemoglobin 
and the Haem-Haem Interaction 


RECENT studies of the paramagnetie resonance of spin- 
labelled haemoglobin provide significant new information 
on the structural basis of the haem-haem interaction and 
on conformational changes linked to the spin state of the 
iron atoms (refs. 1 and 2 and our unpublished results). It is 
appropriate to summarize here some conclusions based on 
these studies, because Bretscher* has recently concluded 
that (a) the spin state of the iron atom does not play a 
trigger part in the conformational changes associated with 
the haem-haem interaction, and (b) the conformational 
changes detected at eysteine B93 by spin-labels are not 
necessarily related to the mechanism of the haem-haem 
interaction. 

The labels used in our work are N-(1-oxyl-2.2.5,5-tetra- 
methyl-3-pyrrolidinyl)iodoacetamide (I) and N-(l-oxyl- 
2,2,6,6-tetramethyl-4-piperidinyl)iodoacetamide (II). 
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In brief, the paramagnetic resonance spectra of human 
or horse haemoglobin spin-labelled at eysteine 693 do 
change when the iron atoms are oxidized: oxy Hb-=met 
Hb'4. This spectral change is due to à small protei 
conformation change in the vicinity of £93 that is evidentiv 
linked to the spin state of the -chain iron atoms’. This 
change clearly cannot be essential for the haern-haem 
interaction, because this oxidation reaction is not cœ- 
operative. On the other hand, labels attached at B93 
show quite different spectral changes in the oxy genation 
process: deoxy Hb-»oxy Hb'. As suggested earlier‘, 
these changes almost certainly are related to the haem- 
haem interaction. Thus accumulating evidence indicates 
that the paramagnetic resonance of spin-labelled deoxy- 
haemoglobin in solution is uniquely different from the 
resonance of oxy, carbon-monoxy. met. met fluoride. 
met cyano or met azide haemoglobin. Except for deoxy- 
haemoglobin, the resonance spectra of all these haemo- 
globins show evidence for an equilibrium between two 
isomeric states of the label relative to the protein’. These 
isomeric states have different resonance spectra, and the 
relative proportion of the two states is a sensitive function 
of pH, ionic strength and temperature". The resonance 
change observed for the oxidation reaction oxy Hb-—met 
Hb is primarily due to a change in this equilibrium’. 
This probably only requires a very small change in protein 
structure. Conclusive evidence for the existence of this 
equilibrium for these derivatives (especially carbon- 
monoxy and met) has come from a comparative study of 
the resonance spectra in solution and in single erystals!. 
'The erystal speetra show the two label orientations corre- 
sponding to the two isomeric states to be identical for 
labelled met Hb and carbon-monoxy Hb; only the rela- 
tive proportions of the two label states differ. Tt is for 
this reason that we believe the difference in protein eon- 
formation for the two derivatives is very small In 
solution, deoxyhaemoglobin labelled with either I or IT 
shows no evidence for this isomeric equilibrium'-?*,. Thus 
the spin label resonance spectra in solution reflect the 
well known fact that the structure of deoxyhaemoglobin 
in erystals is uniquely different from the structure in 
crystals of the other haemoglobin derivatives enumer- 
ated*-7. 

















HO 
| 
N—C—CH,I 
ND N 
pan. V 
x E: 
ZINN N ENNI 
| | 
Oo Ó 
(D an 


In an earlier paper’, we stated that the resonance 
spectra of met and met fluoride haemoglobin were "some- 
what similar" to the spectrum of deoxybaemoglobin. 
We now understand that this similarity is only erficial, 
for the spectra of the met derivatives are inhomogeneous 
and arise from a superposition of two isomeric label spectra, 
both of which are different from the deoxy label spectrum. 
In other words, the met spectrum is a mixture of two 
spectra, one "strongly immobilized" and the other "weakly 
immobilized", whereas the labelled deoxy spectrum 
corresponds to "intermediate immobilization.” 

Cooperative oxygen binding to haemoglobin arises 
because the average distance between interacting atoms, 
or groups of atoms, depends on the state of oxygenation 
of more than one haem group. Molecular regions invelved 
in cooperative interactions can be identified with spin: 
labels when it can be shown that the resonance spectra, 
which reflect local protein conformation, depend on the 
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state of oxygenation of more than one haem group. This 
situation has now been observed for label II attached to 
cysteine 693 in human haemoglobin’. 

In contrast to label I, label II shows a small but definite 
deviation from isosbesty in resonance spectra as a func- 
tion of oxygenation. This means that the resonance 
experiment detects molecules in solution with an inter- 
mediate number of oxygen molecules bound, and in some 
or all of these molecules the protein structure in the 
vicinity of B93 is different from that in fully oxy Hb or 
in fully deoxy Hb. (Isosbestie points are observed for 
label IT in the reaction met Hb—-met CN Hb. Our un- 
published results.) This result suggested to us that the 
label at 693 might be sensitive to the state of oxygena- 
tion of the «-haem groups, as well as the 8-haem groups. 
This was shown to be the case in an experiment? that 
showed a large change in the label resonance in the oxy- 
genation of a,(met CN) B, (label, deoxy) and a small but 
quite definite change in the label resonance in the oxy- 
genation of (deoxy) B,(label, met CN). In accordance 
with the independent experiments on isosbesty, the 
oxygenation of e,(deoxy) @,(label, met CN) produces a 
change in the resonance signal only for label IL, and not 
label I. Evidently, labels I and II either sense slightly 
different regions of the protein, or label II has a shape and 
hyperfine axis system that makes it a more sensitive 
probe in this partieular case. Overlapping conformation 
changes are precisely what is required for allosteric 
eooperative interactions, and from the probable proxi- 
mity of the label to the «' — ^ contacts, we conclude that 
these contaets make a significant contribution to the 
overall haem-haem  interaetion?. Perutz ef al. have 
reached a similar conclusion on the importance of these 
contacts from a quite different line of evidence’. 

In summary, studies of the paramagnetic resonance of 
spin-labelled haemoglobin show that (a) there are small 
protein conformation changes in the vicinity of cysteine 
893 which are evidently linked to the spin state of the 
8 haem iron atom and which do not give rise to a haem— 
haem interaction, and (b) during the oxygenation of 
deoxyhaemoglobin there are other protein conformation 
changes in the vicinity of p93 that almost certainly are in- 
volved in the haem-haem interaction, because during oxy- 
genation the local protein structure in the vicinity of $93 
depends on the state of oxygenation of more than one haem 
group. The paramagnetic resonance spectra show the 
presence of molecules in solution with an intermediate 
number of molecules of oxygen bound, and the resonance 
spectra show that some of these molecules must have a 
protein structure in the vicinity of 893 that is different 
from this structure in either fully oxy or fully deoxy 
haemoglobin. 
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Haemoglobin Leiden: 
Deletion of 86 or 7 Glutamic Acid 


THE number of characterized mutants of human haemo- 
globin is rapidly increasing. Most abnormal haemoglobins 
are completely harmless to the carriers, but some are 
associated with more or less severe haematological dis- 
orders, and these in particular are interesting from 
genetical, biochemical and physiological points of view. 

We wish to report the chemical characterization of 
a new abnormal haemoglobin found in a Dutch family. 
The propositus. a 36 year old woman, was investigated 
after an acute episode of severe haemolysis which oceurred 
possibly in connexion with a viral infection. Starch gel 
electrophoresis of a haemolysate in tris-EDTA-borate 
buffer (pH 8-6) revealed the presence of two major 
haemoglobin fractions, one with a mobility like that of 
Hb A and the other with a mobility like that of Hb 8. 
A sickling test performed on the red cells was negative, 
and on agar gel electrophoresis at pH 6-2 (ref. 2) the 
abnormal fraction did not separate from Hb A. The same 
abnormal haemoglobin, which will be referred to as 
Hb Leiden, was found in the mother and two children 
of the propositus. In all four individuals the abnormal 
fraction comprised about one third of the total haemo- 
globin. The absence of an additional minor haemoglobin 
component besides Hb A, suggested the localization 
of the abnormality in the 8 chain. The levels of HbA, were 
normal (2-2-3-0 per cent). 

except for the haemolytic crisis and a history of some 
episodes of jaundice in the propositus, no clear clinical 
symptoms could be attributed to the presence of Hb 
Leiden in the carriers. The presence of this haemoglobin 
was, however, constantly associated with mild mor- 
phological abnormalities of the red cells and an appreci- 
able inerease in the number of reticulocytes. varying 
between 3 and 6 per cent. Detailed haematological and 
clinical data will be reported in full elsewhere. 

Globin was prepared from fresh haemolysate of the 
propositus by the acid-aeetone method at — 20° € (ref, 3). 
The chains of 500 mg of globin were separated by column 
chromatography on earboxymethyl cellulose in phosphate 
buffer (pH 6-7) containing 8 M urea and 0-05 M $-mer- 
captoethanol*. The elution pattern (Fig. 1) showed an 
additional peak behind the normal 64 chain. The protein 
recovery of the three fractions was 158 mg for 6A, 63 mg 
for the abnormal peak and 225 mg for x4. The chroma- 
tographie analysis of the whole globin thus clearly indi- 

cated that the abnormal chain was a $ chain variant, 
constituting about 30 per cent of the non-« chains present 
in the haemolysate. 

The globin chains were aminoethylated directly in 
the elution buffer* and digested with trypsin, in a ratio 
of 1 to 100, for 3 h at 30° C. The pH was kept at 9-0 by 
automatic titration with 0-2 M trimethylamine. Peptide 
maps were prepared by paper electrophoresis of the 
tryptic digest in pyridine : n-butanol : acetic acid: 
water (2-4-3-72) buffer, pH 4:5, followed by ascending 
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Fig. 2. Fingerprint of the abnormal 8 chain. 
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The normal position of 2^T-1 is indicated 


y the dotted circle. The arrow indicates the spot of leiden T-1. 


chromatography in n-butanol : pyridine : acetic acid: 
water (15-10-3-12)*. The fingerprint of the abnormal 
chain differed from that of the normal 8 chain in the 
position of only one peptide spot: peptide GT-1, which 
stains positively for histidine, was missing and a new 
histidine-positive spot was visible cathodically to peptide 
$T-10 (Fig. 2). This new peptide spot gave negative 
staining reactions for arginine, tyrosine, tryptophan and 
amino-acids containing sulphur. 

For preparative purposes the peptides of the abnormal 
chain were separated by column chromatography on 
'Aminex 50 W-X2' (200-325 mesh) with pyridine acetic 
acid buffers*, using the procedure modified by Jones’. 
The peptide composition of the sixteen fractions obtained 
in this way (Fig. 3) was established by combined paper 
electrophoresis and chromatography, using the same 
techniques as described for fingerprinting. Peptides 
were identified according to their position on the peptide 
map and by specific staining reactions. The abnormal 
peptide replacing 8^T-1 on the fingerprint was found 
in peak XI together with 8T-8,9 and 8T-11. Normal QAT-1, 
usually present in peak IX, was absent. Final purifi- 
cation of peptides was carried out by paper electro- 
phoresis at pH 4-5. The peptides were located by staining 
a guide strip with ninhydrin, eluted from the paper 
with 6 N HCl and hydrolysed under reduced pressure 
for 18 h at 107° C. Amino-acid analyses were performed 
with a Beckman ‘Unichrom’ amino-acid analyser accord- 
ing to Spackman, Stein and Moore’. 

The amino-acid sequence of normal $AT-1 is Val- 
His-Leu-Thr-Pro-Glu-Glu-Lys. Table 1 shows the amino- 
acid composition of gLeMenT.] and of control BAT-1. 
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One glutamie acid residue is missing in the abnormal 
peptide and is not replaced by another amino-acid, 
so [LeidemT.] apparently contains one amino-acid 
residue less than SAT-1. The possible explanations for 
this finding are: (1) a substitution of $7 Glu—-Lys; 
(2) a substitution of 86 or 7 Glu by an amino-acid which 
is degraded by acid hydrolysis; (3) a deletion of 66 or 
7 Glu. 


Table 1,  AMINO-ACID COMPOSITION. OF THE NORMAL AND ABNORMAL 


PEPTIDES fT-1 
fa BLeiden 
Lysine 0-90 1-00 
Histidine 0:74 0-86 
Threonine 0-98 1:00 
Glutamic acid 2-18 1-08 
Proline 1-22 1-14 
Valine 0:76 0-91 
Leucine 0-98 1-03 


Results are given as molar ratios, 


The substitution 87 Glu—Lys has been reported to occur 
in Hb Siriraj*. The identity of Hb Siriraj and Hb Leiden 
can be excluded chiefly because of their different electro- 
phoretic mobility on agar gel electrophoresis. On agar 
gel at pH 6, Hb Siriraj moves like Hb C, while Hb Leiden 
does not separate from Hb A. Moreover the peptide 
bond between 87 Lys and $8 Lys in Hb Siriraj is apparently 
completely resistant to trypsin*. It would therefore not 
be possible to obtain from § Siriraj by tryptic digestion 
a peptide similar to &T-1 Leiden. 

With the strietly controlled conditions in which peptide 
hydrolysis was carried out, tryptophan is the only amino- 
acid which is completely destroyed, while cysteine and 
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by drying a 0-5 ml. sample from alternate fractions and ng 


the residue with Folin-Ciocalteu reagent. 
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Table 2, AMINO-ACID COMPOSITION OF NORMAL AND ABNORMAL B CHAINS 


plriden chain BA chain 
24 h hydro- 72hhydro- 24h hydro- 72 h hydro- Expected 
lysate lysate lysate lysate BA chain 

Lys 11-2 11-3 11:0 11-1 11 
His 8-8 8-7 9-0 8-9 9 
Arg 91 3-0 3-0 3-0 3 
Asp 13-2 12:8 13-1 13-2 13 
Thr 0:7 03 6-9 6-2 7 
Ser 47 4-3 4:8 +3 5 
Glu 10.3 10.3 11-2 Wd 11 
Pro a 78 71 76 TO T 
Gly 12-9 12:8 13-0 12-9 13 
Ala 15-3 154 15:5 15-3 15 
Cys ° . 0-9 17 2 
Val 16:5 18:1 16-8 17:7 18 
Met 07 Os 0-9 1-0 1 
Leu 17:4 17-7 18:1 18-1 18 
Tyr 3:0 31 2-9 3-2 3 
m» 7^7 7-9 7-8 77 8 
rp 2 
146 

The data are given in terms of residues per chain of 140 residues (BA) or 


145 residues (flee), All amino-acid analyses were done in duplicate. 

* Cysteine could not be determined in the SLeiden chain because this chain 
was aminoethylated, ved yox however, showed a positive sulphur 
staining for peptides 8T-10 and ?T-12a, which normally contain cysteine. 

TF ints of both 5^ and fleien showed a positive staining reaction 
for tryptophan of peptides 7T-2 and 2T-4. 


methionine ean be partially destroyed. Specific staining 
reactions showed that the abnormal peptide contains 
neither tryptophan nor cysteine and methionine. 

Thus the only possible explanation for the observed 
amino-acid composition of gLeidenT.] js a deletion of a 
glutamic acid residue, either in position 6 or 7 of the 8 
cham. This interpretation is supported by quantitative 
amino-acid analyses of Leiden and $A chains after 
acid hydrolysis for 24 and 72 h (Table 2). Hb Leiden 
can therefore be described as aA B, 6 or 7 Glu deleted. 

Two other inherited haemoglobin variants carrying 
deletions have been described. In Hb Freiburg a valine 
residue is deleted in position 23 of the 8 chain", A deletion 
of five consecutive amino-acids in the haem-binding 
region of the 8 chain is observed in Hb Gun Hill", The 
occurrence of an unequal crossing-over between homo- 
logous f$ chain genes, leading to the deletion of one or 
more base triplets, has been put forward as an explanation 
for the origin of these two variants. The deletion in 
the $Leden chain can be explained in the same way. 
An unequal and non-homologous crossing-over between 
ò and $ chain genes cannot be excluded, however, because 
the first eight residues of 8 and 8 chains are identical. 
In this case Hb Leiden could be considered a Lepore- 
like haemoglobin. 

This work was supported by a grant from the Nether- 
lands Organization for the advancement of Pure Research 
(Z.W.O.). We thank Dr J. F. L. Fontein for referring 
the propositus to us, Dr C. H. Monfoort for performing 
a preliminary amino-acid analysis and Mrs G. Tavenier 
for technical assistance. 
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Subunits of Alpha-Crystallin from 
Adult and Embryonic Cattle Lens 


THE lens has recently been used to study protein biosyn- 
thesis both in vitro’ and in organ culture’. Lens tissue 
is attraetive because it is one of the few mammalian 
systems which manufacture only a very limited number 
of specific proteins, in casu the crystallins. In order to 
study protein biosynthesis in vitro or in vivo, exact know- 
ledge of the nature of the biosynthetie produet is a 
prerequisite. Previous work*-* has provided evidence for 
a subunit structure of a-erystallin. The electrophoresis 
patterns of «-crystallin on polyacrylamide gel containing 
6 M urea at alkaline pH suggest a considerable hetero- 
geneity of the subunits (Fig. la). On the other hand, 
only two bands can be observed either at acid pH (Fig. 1b) 
or in 1 per cent sodium dodecylsulphate at alkaline pH*. 

We recently demonstrated* that after dissociation of x- 
erystallin in 8 M urea thiol groups undergo rapid oxidation. 
The formation of disulphide bonds between the subunits 
seems to be at least one of the reasons for the complexity 
of the gel electrophoretic pattern of «-crystallin at alkaline 
pH. Fig. lc clearly shows that this pattern has markedly 
simplified after carboxymethylation of x-crystallin because 
essentially four bands are left. To find out whether the 
remaining bands represent different polypeptide chains, 
a more detailed study was undertaken. For this purpose 
«-crystallin was carboxymethylated with "C.iodoacetate 
and separated into two distinct fractions on an *SE- 
Sephadex’ column in 7 M urea at pH 3-2, essentially by 
the same method as described for native x-erystallin*. 
When each chromatographie fraction was analysed for 
radioactivity all counts seemed to be located in the first 
peak, while the second peak was completely unlabelled. 
This distribution of radioactivity is in excellent agree- 
ment with our earlier observation that the subunits of 
peak 1 contain free sulphydryl groups while cysteine is 
absent in the other!9.1, 

Both separated fractions—designated I and II—swere 
further characterized by a recently introduced electro- 
phoretie technique called isofocusing. The handling 
instructions of the manufacturer (LKB, Stockholm) were 
essentially followed, but a number of modifications 


— Ep 
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Fig. 1. Polyacrylamide gel electrophoresis of a-erystallin. (a) At pH 8:9: 

(b) at pH 3:2; (c) S-carboxymethylated stallin at g 8:9 (adult); 

(d) S-carboxymethylated a-crystallin at pH 8-9 (embryonic). The 

electrophoretie run was for 90 min at 5 mA/tube. The gels were L prepsieg 

as described earlier'?, All electrophoretic experiments were performed in 
the presence of 6 M urea. 
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necessary for our own purpose were introduced". Fig. 2 
shows the patterns of fractions I and II derived from 
4C-carboxymethylated a-erystallin after isofocusing in 
pH gradients of 4-6 and 6-8, respectively, both in the 
presenee of 6 M urea. Fraction I which contains the total 
radioactivity gives rise to two distinet peaks with Ip 
values of 5-60 and 5:92. The specific radioactivity of 
both polypeptide chains is quite similar. Hence it may be 
concluded that the same number of thiol groups is present 
in both chains. Fraction II which is devoid of label 
splits into two peaks with Ip values of 7-42 and 7-07, 
respectively. These results provide evidence for the 
presence of four different polypeptide chains in adult 
a-erystallin. Fig. 3 shows the gel electrophoretic homo- 
geneity of each fraction obtained in the isofocusing 
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Fig. 2. Separation of the subunits of “C-carboxymethylated a-crystallin 
by isoelectric focusing. The sucrose gradient ranging from_0 to 50 per 
cent contained 1 per cent ampholytes. (a) Elution pattern of " SE-Sepha- 


dex’ fraction I in a pH gradient 4-6. , Extinction at mg; 

(x), radioactivity ; (@) pH gradient. (b) Elution pattern of 'SE- 

lex’ fraction II in a pH gradient 6-8, , Extinction at 280 

30° 'c VU Lond never Rei 1-2 W until final en iof 800 V 

d never ex Y until a ntial o. V 

was reached. A Gifford 2000 spectrophotometer gave an automatic 
recording of the effluent. 
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Fig. 3. Gel patterns of tide chains of a-crystallin obtained after 
isoclectric focusing 3 (à). Carboxymethylated ru (b) EA 
de chain with Ip of 7-42; (o) pot tide with Ip of H 
: OT chain with Ip of 
ig. 
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experiments. The Ip values reflect exactly the differences 
in electrophoretic mobility of the fractions on polyacryl- 
amide gels in 6 M urea at alkaline pH. 

A striking result was obtained when similar studies 
were carried out with S-carboxymethylated «- i 
isolated from embryonic cattle lenses. In the latter 
case only three polypeptide chains could be detected 
(Fig. 1d). The missing zone on the polyacrylamide gel 
appears gradually with increasing age of the embryo. 
This finding will have interesting implications for the 
study of protein biosynthesis in relation to embryonic 
development and differentiation. 

Joun G. G. SCHOENMAKERS 
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Mechanism of Diacetyl Formation 
in Yeast Fermentation 


DiACETYL is an important component in the flavour 
of food and it is known to be the chief component of 
the aroma of butter. We have shown that it is also 
found in distilled aleoholie beverages, such as whisky 
and cognac. The formation of diaeetyl in yeast fermen- 
tation has long been known! and extensive studies have 
been made of its appearance and influence on the aroma 
of beer. 'lhere is still much confusion about the mech- 
anism of its formation?-*, however, partly because of 
analytical difficulties. Maule et al.* have proved that the 
colorimetric determination of diacetyl requiring frac- 
tionation by distillation may give values which are 
erroneous and too high in comparison with those ob- 
tained by gas chromatography with an electron capture 
detector. 


[^] 














10 


Fig. 1. Head-space vapour chromatogram of glucose (8 per cent) solu- 

tion fermented for 3 h by baker's yeast (8 per cent) at 30? C. The 

vapour sampling has been carried out after removing the yeast and 

equilibrating the solution for 15 min at 40° C, Conditions: electron 

capture detector; column (length 2 m) contains 40 cm of diglycerol 

(20 per cent) on 'Celite 545’ and 155 em of TCEP (20 per cent) on 'Celite 
545'. 1, Gas; 2, ethanol; 3, diacetyl; 4, 2,3-pentanedione. 


' The oxidation of acetoin to diacetyl is repeatedly 
presented as the way of its formation, but Portno* has 
clearly proved that diacetyl is not formed by the oxida- 
tion of acetoin in veast fermentation. We have studied 
the appearance of diacetyl in yeast fermentation in 
completely anaerobie conditions, by applieation of the 
head-space technique and an electron capture detector, 
recommended by Harrison et al.” for the determination 
of vicinal diketones. A gas chromatogram, typical of 
the head-space vapour of anaerobic glucose fermen- 
tation by baker's yeast, is reproduced in Fig. 1. It can be 
estimated that the medium contained 4 mg/l. of diacetyl 
and 0-3 mg/l. of 2,3-pentanedione. 

Lewis and Weinhouse? showed that baker's yeast can 
synthesize a-acetolactate from pyruvate, and we found? 
that appreciable amounts of all the keto acids syn- 
thesized by baker's yeast are transferred from the yeast 
cells into the fermenting medium. For this reason, 
we have studied the anaerobie decomposition of syn- 


NATURE, VOL. 220. NOVEMBER 23, 1968 


thetic x-acetolactic acid’ and its ethyl ester in a solu- 
tion corresponding to the fermentation conditions. We 
used the head-space technique and an electron capture 
deteetor and observed the spontaneous formation of 
diacetyl. The amounts of diacetyl formed from aceto- 
lactic acid and its ethyl ester in a nitrogen atmosphere 
in a phosphate-buffered solution are presented in Table 1. 
Both compounds gave diacetyl although the decompo- 
sition rate of the free acid was markedly higher. Even a 
small reduction of pH, from 6 to 5-5, increased the rate 
of formation of diacetyl and the same effect was achieved 
if the temperature was increased. The molar amount 
of diacetyl appearing during the breakdown of aceto- 
lactic acid was about 4 per cent of the acetolactic acid 
added. Previous investigations by Yoshizawa" also seem 
to indicate spontaneous formation of diacetyl in fer- 
mentation conditions. 


Table 1, SPONTANEOUS FORMATION OF DIACETYL FROM ACETOLACTIC ACID 


AND ETHYL ACETOLAOTATE 
Diacetyl (mg/l.) 


From acetolactic — From ethylaceto- 
h acid (1-7 mM) lactate (5 mM) 
pH 5:5 pH 6-0 pH 55 
0:5 0-8 0:3 0-01 
1 3-9 2:9 0-02 
2 48 42 0:05 
3 51 48 0-08 
8 55 5:5 0:13 


Phosphate buffer of Sorensen; anaerobie conditions at 40? C; head-space 
technique applied, 


With 1-4C and 2-"C-pyruvate, Holzer et al393 
have shown that pyruvate decarboxylase (EC 4.1.1.1) 
from brewer's yeast, together with pyruvate, delivers 
"active pyruvate" (a-lactyl-2-thiaminepyrophosphate) and 
that "active acetaldehyde” (a-hydroxyethyl-2-thiamine- 
pyrophosphate) is formed by the decarboxylation of 
"active pyruvate". The “active acetaldehyde” gives 
acetoin with acetaldehyde and pyruvate decarboxylase 
of yeast; with pyruvate and pyruvate oxidase system 
from mitochondria of baker's yeast it gives «-acetolactate 
and acetyl-CoA, and with «-ketobutyrate, a-aceto-«- 
hydroxybutyrate is formed. Carlson and Brown have 
further shown that hydroxyethylthiaminepyrophosphate 
occurs in several micro-organisms, including baker's 
yeast, and that this evidently serves as an acetaldehyde- 
donor. We have studied the formation of diacetyl by 
means of pyruvate decarboxylase, isolated from brewer's 
yeast by the method of Ullrich et al.'^. When the purified 
enzyme was used, the formation of diacetyl could not be 
observed in a weak pyruvate concentration (0-05 M), but 
when the concentration was increased to 0-5 M, diacetyl 
was rapidly formed in completely anaerobie conditions 
(Table 2). When acetyl-CoA (Sigma) was used in ad- 
dition to pyruvate decarboxylase, diacetyl was formed, 
even in a pyruvate concentration of 0-05 M (Table 3). 





Table 2, FORMATION OF DIACETYL FROM 0-5 M PYRUVATE BY PYRUVATE 
DECARBOXYLASE 
h Diacetyl (mg/l) 
0-5 0-05 
1 0-2 
2 0-9 
3 1:8 
5 2-2 


Medium containing pyruvate decarboxylase (1,000 0/100 ml; specific 
activity 22 ru/mg protein), MgSO,- 7H,O (0-02 M) and TPP (1-5 «10-9 M), 
buffered to pH 6-0 with Sorensen’s phosphate buffer; anaerobie conditions 
at 40? C; head-space technique applied. 


Table 3, FORMATION OF DIACETYL FROM 0-05 M PYRUVATE BY PYRUVATE 
DECARBOXYLASE TOGETHER WITH ACETYL-COA 
h Diacetyl (mg/l) 
0-5 0-1 
1-5 0-3 
25 05 
45 07 
10-5 r5 


Medium containing acetyl-CoA (2 mg/100 ml), pyruvate decarboxylase 
(1,000 Ev/100 ml.; specific activity 23 BU/mg protein), MgSO,7H,0 (0-02 M) 
and TPP (1:5 x 10- M), buffered to pH 6:0 with Serensen's phosphate buffer; 
anaerobic conditions at 40^ C; head-space technique applied. 
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The compound which appears in the medium and produces 
diacetyl behaves like x-acetolactic acid because, as in 
the experiments with synthetic acetolactic acid, both a 
lowering of the pH and a rise in the temperature increased 
the rate of diacetyl formation. Collins et al.!* have found 
that addition of acetyl-CoA is a presupposition for the 
formation of diacetyl in cell-free extracts of Strepto- 
coccus diacetilactis and Leuconostoc citrovorum, and 
quite recently* of some other specimens of bacteria and 
of a strain of Saccharomyces cerevisiae, but they reject the 
concept that a-acetolactie acid acts as a precursor of 
diacetyl. 

When the yeast was present in glucose fermentation 
by baker’s yeast, diacetyl and 2,3-pentanedione appeared 
in minor amounts, and only in rather acid solutions 
(pH about 3-5); moreover, the amounts did not increase 
until the yeast had been removed (Fig. 1). The more 
neutral the fermentation medium, the larger are the 
amounts produced. Here again, with synthetic aceto- 
laetie acid and in the enzymatic experiments, the rise in 
temperature or the reduction of pH increases the form- 
ation rate of the diketones. If baker's yeast is added to a 
solution in which appreciable amounts of diacetyl and 
pentanedione had appeared after removal of the yeast, 
the amounts of these diketones again diminish markedly. 
The effect of baker’s yeast in consuming the diacetyl 
and the results obtained by the head-space technique 
thus confirm our earlier findings!. 

We consider that the experimental results show that 
diacetyl is formed in yeast fermentation by decompo- 
sition of the a-acetolactie acid synthesized by yeast. 
which was transferred from the cells into the fermenting 
medium. 2,3-Pentanedione is apparently formed in an 
analogous way from  e-aceto-x-hydroxybutyrie acid. 
The suggestion that diacetyl in yeast fermentation is 
formed by decomposition of acetolactate also explains 
the observation of Owades et al.", later confirmed''!*, 
that the addition of valine inhibits the formation of 
diacetyl by yeast, while valine causes a feed-back inhi- 
bition on acetolactate formation, by the inhibition of 
a-acetohydroxyacid synthetase!*. 

We thank Mrs Saara Brummer for assistance in the 
experimental work and Mr Lauri Jalkanen for the prep- 
aration of pyruvate decarboxylase. 
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Vocalization possibly initiated by 
the Minor Hemisphere 


NevnoLoGiCAL evidence has favoured the view that 
language is a function of only one of the cerebral hemi- 
spheres, usually the left hemisphere in right handed 
people. This aspect of cerebral dominance has been 
studied in experiments in which it was possible to examine 
each hemisphere separately for its ability to comprehend 
language'-. The subjects in these experiments were 
patients who had undergone forebrain commissurotor 
during therapy for epilepsy?. After such surgery the inter- 
hemispherie transfer of highly structured visual informa- 
tion is abolished and each hemisphere is restricted to that 
gained through its primary projection pathways. These 
subjects were unable to give verbal reports of words 
presented tachistoscopically in the left visual half field — 
that is, when the relevant input was to the minor hemi- 
sphere. Objects corresponding to the words could he 
retrieved by touch with the left hand, however, so the 
minor hemisphere was eapable of some measure of com- 
prehension. 1t was suggested that the lateral specialization 
lies more in expressive function than in eomprehension. 
After removal of the dominant left hemisphere, a patient 
has been reported! to be able to comprehend simple 
instructions. He could also articulate words and simple 
phrases. This case may be an exception to the observation 
that the minor hemisphere is incapable of initiating speech, 
but, alternatively, the minor hemisphere may be prevented 
from doing so normally by the influence of the major. If 
so, speech could perhaps be elicited from the minor heni- 
sphere of the commissurotomy patients in certain condi- 
tions. We have used long exposures in the left, visual field 
to take advantage of the effects of temporal summation, 
while visual input to the major hemisphere is minirnized. 

Our subject was a 15 year old boy in whom the corpus 
callosum and anterior commissure had been transected 
3 yr earlier (case III in ref. 2). He was fitted with spectal 
spectacle frames which incorporated an arrangement for 
viewing transparencies with the right eye. For this 
purpose a positive lens, a transparency holder and a neon 
light source were attached to the frame. Words, numbers 
or letters were displayed on the transparencies between 
6 and 10 degrees to the left or to the nght of a central 
fixation point. Testing was carried out in the dark so that 
these images could be read only when the neon lamp was 
on. Direct current potentials corresponding to the direc- 
tion of the subject’s gaze in the horizontal plane were 
recorded through Ag-AgCl electrodes situated close to the 
temporal canthi (eleetro-oeulography). These potentials 
were used to drive an electronic switching system which 
turned off the neon lamps whenever the subject's fixation 
deviated more than 2-5 degrees either side of the central 
fixation point. The EOG was checked and corrected for 
DC drift at least every 60 s. With these procedures long 
exposures of images confined to a single half-field were 
obtained. 

Objects named in either half-field were correctly re- 
trieved by touch with the ipsilateral hand. Words in the 
right field were vocalized at once. The images displayed 
in the left visual field were sometimes narned as well, 
but after longer exposures. These verbal reports were 
usually obtained about 20 s after first exposure, the 
subject being able to keep the illumination on for at least 
a quarter of this period. During the best session the 
subject was able to say six out of eight words, letters or 
numbers presented in the left half of the field. The words 
were all short; he said "clap", “eup” and * but 
"key" and "nut" did not elicit a verbal response. 

The electro-oculogram was recorded on a pen writer. 
'The on/off state of the lamps was simultaneously moni- 
tored by a photosensor and displayed on a parallel 
channel (Fig. 1). 

Fig. 1 shows the eye movements and duration of expo- 
Sure during presentation of the word "cup" in the left field. 
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Fig. 1. The lower trace depicts the electro-ocul 
of the word “cup” in the left visual half-fleld. 


on the ordinate relates to free fleld movements of the eyes +10 per cent. 
respons to the central fixation point is shown on this axis. The upper trace shows t 
whic 





aphic record of horizontal movements of the eyes during display 
requency response d.c. 50 Hz. 


'The angular calibration indicated 
The ingen of the word “cup” with 
* on/off state of the illumination 


was first turned on at the moment indicated by the left arrow, The subject's response occurred at the moment 


indicated by the right hand arrow. 


The subject turned his eyes to the left in repeated attempts 
to bring the word into his central field of vision. Every 
attempt was frustrated by the lights going off. After a 
while the subject returned his eyes to the central position 
and the lights would come on again. ‘The word was 
finally vocalized at the moment indieated in the top right 
corner. 

Several explanations could account for the subject's 
ability to name symbols confined to the left visual field. 
The images may have been presented closely enough to 
the midline to be available to the major hemisphere if 
there were bilateral representation of the central visual 
field. In another study (unpublished), however, we have 
been unable to demonstrate macular sparing sufficient to 
eneompass the images in this experiment. "The lateney 
which precedes the response may be necessary for the 
minor hemisphere to overeome the influence of the major 
before effecting speech. This time may, on the other hand, 
equally well be occupied by the elaborate strategies such 
patients attempt to use for peripheral cross-cueing of 
information when tested for interhemispherie transfer. Yet 
none of the strategies we have been able to identify and 
test so far is accurate or fast enough to account for the 
observed results. It is, however, clear that in order to 
establish whether the minor hemisphere is talking, the 
major hemisphere must be tested to find out whether it 
"knows" the correct answer prior to vocalization. 

This work was supported by grants from the US Public 
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Perfusion Pressure in Kidney Preservation 


Tue preservation of cadaver donor kidneys is becoming 
an important aspect of transplantation, and we recently 
developed a system which seemed te provide preservation 
of canine kidneys for up to 3 days with satisfactory 


No d.c. drift occurred 


uring this recording. 


subsequent funetion. The method consisted essentially 
of continuous perfusion with a homologous plasma per- 
fusate combined with hypothermia at 10° C, a pulsatile 
pump and a membrane oxygenator!. One of the principal 
difficulties in perfusing isolated organs, such as the kidney, 
with plasma or blood at hypothermie temperatures is 
the development of a steady rise in perfusion pressure 
within a few hours, accompanied by a fall-off in flow 
rate, marked oedema and increase in weight of the organ, 
and a degree of eellular damage incompatible with subse- 
quent functional recovery. Until reeently the cause 
remained obscure, but evidence is now available which 
indicates a possible aetiology. 

In our early experiments the perfusate was undiluted 
homologous plasma prepared from ACD blood. The 
plasma was either used fresh or stored at — 20°C and 
thawed when required by standing at room temperature. 
The use of this perfusate always led to a rise in perfusion 
pressure usually associated with an increase in the glom- 
erular ultrafiltration rate, resulting in a high "urine" 
output from the perfused kidney. Dilution of the plasma 
with dextran or eleetrolyte solutions, and the use of a 
pulsatile pump and membrane oxygenator, did little to 
lessen this effect. Biopsy material from kidneys which 
had been perfused in this way failed to show an aetio- 
logical factor with ordinary staining of paraffin sections. 
But when frozen section techniques and fat stains such 
as oil red O were used, there was clear evidence of fat 
emboli in the renal arterioles and lipid aggregates in the 
tubules (Figs. 1 and 2). 





Fat emboli in the renal arterioles. 


Fig. 1. 
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Fig.2. Lipid aggregates in the renal tubules, 


We found, however, that if frozen plasma was thawed 
more rapidly by standing in warm water at 56 —60^ C, 
a cloudy flocculation formed in the plasma, which was 
removed by filtration (‘Millipore’ 0-224). When this 
cleared plasma was used as the perfusate, there was no 
rise in perfusion pressure, no oedema of the kidney and 
no cell damage, even after many hours of perfusion at 
high flow rates (1 ml./min/g of kidney tissue). 

Investigations showed that 30-35 per cent of the total 
plasma lipids was removed from the plasma by freezing, 
rapid thawing and filtration. Chromatography on the 
filter residues indicated that they were mostly lipid 
materials. Possibly these were derived from unstable 
lipid or lipoprotein substances which were little affeeted 
by slow thawing of plasma at room temperature, but 
became denatured during perfusion at hypothermic 
temperatures, liberating the lipid complexes which 
damaged the kidney. The detailed nature of the sub- 
stances removed from the plasma by freezing and rapid 
thawing is not yet fully elucidated, but further investi- 
gations are in progress. 

Successful preservation of kidneys from canine and 
human corpses has been possible using hypothermic per- 
fusion with homologous plasma which has been treated in 
this way. We have had no further trouble with rising 
perfusion pressure, and histological studies on frozen 
seetion biopsies have shown complete absence of lipid 
material from the kidneys. The high flow rates that were 
maintained for long periods allowed adequate oxygenation 
with the oxygen in simple solution in the plasma, only 
using air in the oxygenator. 
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Block by LSD of the Increase in Brain 
Serotonin Turnover induced by 
Elevated Ambient Temperature 


AN increased turnover of brain serotonin (5-hydroxy- 
tryptamine; 5-HT) occurs in rats exposed to high 
environmental temperature; when the synthesis of 5-HT 
is blocked a more rapid depletion of brain 5-HT occurs at 
an ambient temperature of 40° C (ref. 1). In addition, the 
concentration of the principal metabolite of 5-HT, 5- 
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hydroxyindoleacetie acid (5-HIAA), is increesed in the 
brain at this temperature (personal unication from 
R. K. MeDonald). The mechanism his activation of 
5-HT turnover at high enviro temperature is 
not known, but a similar inerease i AA is seen when 
the neurones containing 5-HT (situated in the caudal 
midbrain raphé?) are electrically stimulated**. It 
follows that the increased turnover of 5-HT at high 
ambient temperatures could result from an acceleration 
of the firing rate of the neurones containing 5-HT. 
(+ )-Lysergic acid diethylamide (LSD) completely inhibits 
the firing of neurones containing 5-HT (ref. 5). We have 
given LSD to rats exposed to high environmental temper- 
atures to test the possibility that the inerease in brain 
5-HIAA found in these eonditions is prevented by a drug 
which inhibits the firing of 5-HT-containing neurones. 

Sprague-Dawley (Charles River) male rats weighing 
150-250 g were used. Before the experiment the rats 
were placed in individual cages and kept in à quiet. room 
at 23° C for 4h. An adaptation period is important for 
establishing uniformly low baseline levels of 5-HIAA 
because any alteration in environment, including transfer 
to a new cage, can induce a temporary increase in brain 
5-HIAA concentration (unpublished results of A. Schwartz 
and G. K. A.). After the adaptation period, the rats 
(in individual cages) were either placed in an incubator 
at 40° C for 45 min or allowed to remain at 23^ C for 
45 min. Some rats received intraperitoneal injections of 
LSD (bitartrate salt), the bitartrate salt of 2-brom-lysergic 
acid diethylamide (BOL), or an equivalent volume of 
saline free of pyrogen just before the 45 min test period. 
Immediately after the 45 min had elapsed, the rats were 
decapitated (no anaesthesia) and their brains were removed 
and frozen before fluorimetrie assay for 5-HT and 5-HIAA. 
The assay procedure we used‘ incorporated modifications 
of the methods of Bogdanski et al.*, Udenfriend e£ al.* 
and Wise*. 


Table 1. EFFECT OF LSD AND BOL ON BRAIN 5-HIAA AND 5-HT CONCENTRA- 
TIONS IN THE RAT AFTER 45 MIN p^ AMBIENT TEMPERATURES OF 23° © OR 
0° c 


No. Ambient 
of temp- 5-HIAA Per 5-HT Per 
ani- Drug  erature ng/g cent P* ng/g cent P* 
mals (€) (-S.E.M.) change CT S.E.M.) change 
8 No injec- 
tion 23 $21+ 7 — 430 +12 - — 
4 No injec- 
tion 40 471223 +467 «04001 408-18 -51 N8. 
12 Saline 40 439-11 +368 «(001 8974138 -77 NS. 
4 LSD 500 
ngikg 23 293+ 13 -8:7 «005 444% 3 +32 NS. 
4 LSD 500 
nuglkg 40 313414 -29:5 N.S. 425416 -12 NS. 
4 LSD 250 
uglkg 23 292+ 3 -00 «0-02 410413 -46 NS. 
4 LSD 250 
ugikg 40 320412 -03 NS. 416418 -32 NS. 
4 BOL 300 
ngikg 40 442+16 +377 «0:00 408418 -51 NS. 


* P values were determined using Student's? test. SE. M., standard error 
of the mean. 


There was an increase of approximately 40 per cent 
in the concentration of 5-HIAA in the brains of animals 
kept at 40° C for 45 min (Table 1). We thus confirm the 
finding of McDonald that an elevated ambient temperature 
induces an increase in brain 5-HIAA concentration. It 
can be seen from Table 1 that this increase is blocked by 
previous injection of 250 or 500 ug of LSD. In contrast, 
BOL, the non-psychoactive congener of LSD, is ineffi etive 
in preventing the increase in 5-HIAA concentration. 
In other experiments it was found that if the period of 
incubation at 40? C was longer than 45 min, previous 
injection of LSD (250 ug/kg) did not block increases 
in 5-HIAA entirely. Diminution of the effect of LSD 
after 45 min can be correlated with its loss through 
metabolic destruction’. In accord with the findings of 
Rosecrans et al, LSD produced a significant decrease 
(9 per cent) in 5-HIAA in rats kept at 23° C compared 
with control rats at the same temperature, At the 
elevated temperature this depression after LSD is 
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abolished. None of the differences in 5-HT concentrations 
is significant (P > 0-05) when compared with the controls 
ab room temperature or with each other. 

Colonie temperatures were recorded for a group of 
four rats given 250 ugikg of LSD and four rats receiving 
an equivalent volume of the pyrogen-free saline. The 
rats were first allowed to adapt in a quiet room for 4 h 
at 23^ C, then were injected and placed in an incubator 
at 40? C for 45 min. The mean colonie temperature for 
the LSD group before incubation was 37-4T^ C (S.E.M. 
t 0:11) and for the saline group, 37-57? C (S.E.M. 0:21). 
The values after incubation were 41-80? C (S.E.M. + 0-43) 
for the LSD rats, and 40-75? C (S.4.M.+0-2) for the 
saline rats. Although LSD prevented the rise in 5-HIAA 
concentration, it did not prevent a rise in body 
temperature. 

These results demonstrate that LSD (but not its non- 
psychoactive congener, BOL) blocks the accelerated 
turnover of 5-HT induced by the exposure of rats to an 
elevated ambient temperature. This is consistent with 
the hypothesis that LSD prevents an increase in 5-HIAA 
concentration by blocking an activation of firing of the 
neurones containing 5-HT. LSD could, however, have 
an inhibitory influence on 5-HT metabolism by means 
other than that of an effect on neuronal firing. For 
instance, LSD might prevent increases in 5-HIAA by 
directly enhancing the "binding" or storage of 5-HT, 
by inhibiting its release}? or by inhibiting monoamine 
oxidase. But LSD interferes with the binding of 5-HT 
in vitro" and has no inhibitory effect on monoamine 
oxidase!'*. The fact that LSD does inhibit the firing of 
neurones containing 5-HT represents a sufficient, if not 
exclusive, explanation for the block observed in 5-HT 
metabolism. Inhibition of the firing of 5-HT-containing 
neurones by LSD may, however, be an indirect rather than 
a direct effect. 

Although there have been many studies concerned 
with the possible role of 5-HT in the regulation of body 
temperature (for example, experiments involving intra- 
ventricular injections of 5-HT (refs. 13-15), pharmacolog- 
ical manipulation of 5-HT concentration in the brait Y, 
measures of amine metabolism after induction of fever with 
leucocytie pyrogen?5, and the direct stimulation of neurones 
containing 5-HT (ref. 19)), no definitive conclusion can 
be drawn about the role (if any) of brain 5-HT in temp- 
erature regulation. Our study was not directly con- 
cerned with temperature regulation. We have merely 
utilized, as a model system, the activation of 5-HT turn- 
over by high ambient temperatures to test the possibility 
that LSD, a drug which inhibits the firing of neurones 
containing 5-HT, may similarly block an activation of 
metabolic turnover. It is therefore significant that the 
observed inhibitory effect of LSD on 5-HT metabolism 
exactly parallels data’ on the time course of the LSD 
effect on the firing of 5-HT-containing neuronal units. 
To our knowledge this is the first instance in which an 
effect of a drug on the metabolism of a presumptive 
transmitter substance in the brain has been predicted on 
the basis of known effects of the drug on the unit activity 
of the specific neurones containing that substance. 

We thank the FDA-PHS Psychotomimetic Agents 
Advisory Committee for providing us with the LSD used 
in these studies. This work was supported in part by a 
US Public Health Service research career development 
award (to G. K. À.). 
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Synaptosomes : Different Populations 
storing Catecholamines and 
Gamma-aminobutyric Acid in 
Homogenates of Rat Brain 


Ir is well established that when brain tissue is homo- 
genized large numbers of nerve terminals pinch off to 
form intact membrane-bound particles known as ''syn- 
aptosomes". These can be isolated from brain homogen- 
ates by density gradient centrifugation! ?. Such particles 
contain various presumptive transmitter substances such 
as acetylcholine, noradrenaline (NE), dopamine (DA) and 
5-hydroxytryptamine (5-HT)'-*. Knowledge of synaptic 
organization could be greatly advanced if a differential 
morphology for nerve terminals using various transmitters 
could be established. Attempts to separate synaptosomes 
storing different transmitters, however, have met with 
only limited success!-*, 

Brain slices incubated in physiological media accumu- 
late radioactive catecholamines’ and gamma-amino- 
butyric acid (GABA)! by specific transport mechanisms, 
so that, if they are accumulated by different neurones, 
a selective labelling of different types of nerve terminals 
may be achieved. We have labelled brain slices in this 
way with various mixtures of catecholamines and GABA 
labelled with *C and *H. By centrifuging homogenates 
of such slices on sucrose density gradients, we have 
separated distinct populations of synaptosomes storing 
catecholamines or GABA. We have so far restricted 
our attention to slices from two areas of the rat brain, 
the hypothalamus and the striatum (including the 
caudate nucleus, the putamen and the globus pallidus)". 
These two regions of the brain contain an abundance 
of catecholamine terminals of two distinct types, the 
striatal storing dopamine and the hypothalamic storing 
norepinephrine. Both types of amine terminals can 
concentrate labelled catecholamines (NE and DA) 
although the uptake mechanisms in the DA and NE 
terminals are not identical'-?. 

Sprague-Dawley female rats (weighing 150-180 g) 
were killed by decapitation. Brains were removed rapidly, 
chilled and dissected as deseribed previously. Small 
pieces of tissue (10-15 mg) from striatum or hypothalamus 
were incubated with shaking in 2 ml. of Krebs-Henseleit 
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solution at 37? C, gassed with a mixture of 95 per cent 
oxygen and 5 per cent dioxide. The following radio- 
aetive compounds were added at the concentrations 
indicated: 0-2 uM *H-dopamine (81 Ci/mmole); 0-2 uM 
pu-*H-noradrenaline (9-7 Ci/mmole); 0:2 uM *H-GABA 
(2-0 Ci/mmole); 01 mM HC.GABA (2-3 mCi/mmole); 
2.5 uM pr-'C-noradrenaline (48 mCi/mmole). In experi- 
ments utilizing NE or DA, the slices were incubated for 
10 min with the monoamine oxidase inhibitor pargyline 
(01 mM) EDTA (0-05 mg/ml.) and ascorbic acid (0-2 
mg/ml.) before the addition of the labelled catecholamine, 
to prevent their enzymatic or non-enzymatic degradation. 
After incubation for 20 min with the labelled compounds. 
the slices were lightly blotted, and homogenized for 
60 s with 0-75 ml. of ice-cold 0-32 M sucrose in a glass 
homogenizer with a motor-driven ‘Teflon’ pestle. A 
sample of the homogenate (0-4 ml.) was layered onto a 
continuous suerose gradient (4-6 ml.) which ranged from 
L5 M to 0-32 M. The gradients were centrifuged for 
2 h at 130,000g and between thirty and thirty-four 
fractions were obtained by piercing the bottom of 
the centrifuge tube and collecting samples of ten 
drops each in vials containing 15 ml. of Bray's phosphor’’. 
Each fraction was then assayed for *C and *H by liquid 
scintillation counting. Previous studies have shown that 
in the conditions of our experiments virtually all of the 
accumulated radioactivity in the brain slices is asso- 
ciated with unchanged catecholamine’ or GABA”. 
When striatal slices were labelled by incubation with 
a mixture of 9C-NE and *H-GABA, and subjected to 
homogenization and density gradient centrifugation, a 
clear separation of particle populations containing the 
two labelled substances was obtained (Fig. 1). In each 
case the radioactive substances were found in both the 
soluble supernatant fraction at the top of the tube and 
in a particulate fraction which floated in 0-9-1-2 M sucrose, 
a density characteristic of synaptosomal particles!-*1*, 
The peak of C-NE, however, was at a denser level of 
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sucrose than that of ?H-GABA. In other experiments 
of this type a similar separation of “C-GABA particles 
from those binding *H-DA was observed. In experiments 
in which slices of striatum were labelled with *H-DA and 
HMO.NE both amines were ‘recovered in an identical | 
region of the gradient (Fig. 2A). Thus in the striatum 
labelled GABA is stored in particles with different sedimen- 
tation characteristics from those storing labelled cate- 
cholamines. 

In other experiments striatal slices were labelled with 
3H-DA and hypothalamic slices with *C-NE, When the 
slices were combined, homogenized and centrifuged, 
the two amines separated at layers of different density 
as illustrated in Fig. 2B, the hypothalamie NE particles 
being distributed in a less dense layer above the striatal 
DA particles. When the order of labelling was reversed 
(MC-NE, striatum; *H-DA, hypothalamus), the hypo- 
thalamic and striatal peaks of labelled amine separated 
as before: in this case, however, hypothalamie particles 
labelled with DA were recovered above the striatal 
particles containing NE (Fig. 2C). In the hypothalamus, 
therefore, the catecholamine storing terminals (which 
normally contain large amounts of NE) differ in their 
sedimentation properties from those of the striatum 
(which normally contain DA). 

Whereas the catecholamine terminals in the striatum 
were readily separated from the GABA particles, this 
was not found to be the case in the hypothalamus. In 
experiments in which hypothalamic slices were labelled 
with “C-NE and *H-GABA the distribution of these 
two compounds was closely similar. While catecholamine 
binding terminals in the hypothalamus and striatum had 
different sedimentation behaviour, the GABA storing 
particles in these two areas of the brain labelled respec- 
tively with *H-GABA and "C.GABA showed similar 
sedimentation properties. 

Our results indicate that there are different popu- 
lations of synaptosomes in brain homogenates. Using a 
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Fig. 1. 


Percentage of total recovered radioactivity 


Separation of synaptosomes storing *H-gammia-aminobutyric acid ("H-GABA) and “C- 


noradrenaline (4C-NE) in the corpus striatum. A slice of striatum (15 mg) was incubated with 2 ml. 


of Krebs-Henseleit solution conta’ 


ining pargyline (0-1 mM), EDTA (0-05 mg/ml.) and ascorbic acid (0-2 


mg/ml.), for 10 min after which *H-GABA (0-2 pM) and !*C-NE (2-5 uM) were added and the incuba- 
tion continued for 20 min. Slices were homogenized in sucrose, centrifuged on a continuous linear 
sucrose density gradient (1-5 M-0:82 M) and *H and '*C in thirty-three fractions determined as des- 


eribed in the text. Although the s 


aptosomal, myelin, microsomal and mitochondrial layers were not 


characterized by microscopic morphology, their relative positions in the gradients and gross appearance 
were the same as those characterized in similar sucrose gradients by Potter and Axelrod?*. 
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Fig.2. Synaptosomes storing radioactive catecholamines in the striatum and hypothalamus. A, Striatum labelled with “C-NE and *H-dopamine, 
B, Striatum labelled with *H-dopamine and hypothalamus with *C-NE. C, Striatum labelled with "C-NE and hypothalamus with *H-dopamine. 
Each experiment was repeated five times, 


variety of modified sucrose gradients we have not yet 
succeeded in separating completely these overlapping 
populations. Several factors may account for the partial 
separations we have achieved: for example, histochemical 
studies have suggested that the dopamine-containing 
terminals in the striatum are smaller in diameter than 
those containing NE in the hypothalamus. Studies of 
the electron microscopic morphology of the different 
synaptosomal populations deseribed here are in progress. 
and may help to determine whether the differences in 
sedimentation properties are associated with characteristic 
morphological differences. 

This work was supported by a grant from the US 
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LESLIE L. IvERSEN* 
SotLoMoN H. SNYDER 


Departments of Pharmacology and 
Experimental Therapeuties and Psyehiatry 
and the Behavioral Sciences, 

The Johns Hopkins University 

School of Medicine, 

Baltimore, Maryland 21205. 


Received October 14, 1908, 


* Present address: Department of Pharmacology, University of Cam- 


bridge, Cambridge, England. 


t Whittaker, V. P., Prog. Biophys. Mol. Biol.,15, 39 (1965). 
2 Whittaker, V. P., Pharmacol. Rev., 18, 401 (19066). 
? De Robertis, E., Science, 186, 907 (1967). 
1 o ae I. A, and Whittaker, V. P., Biochem. Pharmacol.. 12, 
(1963). 
* Fonnurm, F., Biochem. J.,106, 401 (1968). 
5 Whittaker, V. P., Biochem. J.,106, 412 (1968). 
* Dengler, H. J., Michaelson, I. A., Spiegel, H. E., and Titus, E., Intern. J. 
Neuropharm..1, 23 (1962). 
» Sader S. H., Green, A., Hendley, E. D., and Gfeller, E., Nature, 218, 174 
(1968). 
* Hendley, E. D., Coyle, J., and Snyder, 8. H., Fed. Proe., 27, 468 (1968). 
7 Tversen, L. L., and Neal, M. J., J. Neurochem., 15, 1141 (1968). 
u Glowinski, J., and Iversen, L. L., J. Neurochem., 18, 655 (1966). 
" Bray, G. A.. Analyt. Biochem. 1, 279 (1060), 
1 Fuxe, K., Z. Zellforsch., 65, 573 (1965). 
n Potter, L. T., and Axelrod, J., J. Pharm. Exp. Ther. 142, 281 (1983). 


203 


Mortality Rates in the Offspring of 
Schizophrenic Parents and a 
Physiological Advantage Hypothesis 


Huxley, Mayr, Osmond and Hoffer have advanced the 
hypothesis that the persistence of schizophrenia at its 
currently high frequency of at least 1 per cent in most 
populations represented a polymorphic balance main- 
tained by selectively favourable physiological properties. 
The evidence advanced in support of their hypothesis 
was fragmentary and inconclusive and, although their 
work has received considerable attention? *, the physio- 
logical advantage hypothesis seems to have been given 
little credence in the literature. 

In reviewing the various hypotheses concerned with 
selection and schizophrenia in terms of a balance between 
the known reproductive disadvantage of the disorder?-!* 
and possible beneficial characteristics, Paradowski and 1* 
pointed out that the critical data relating to the physio- 
logieal advantage hypothesis would be those pertaining 
to the differential survival to reproductive age of in- 
dividuals carrying the implieated genes as opposed to non- 
earriers*. The hypothesis may be evaluated through 
comparison of survival rates among the offspring of 
affected parents with rates pertaining to control groups. 
Although it cannot be assumed that all offspring of affeeted 
parents are necessarily carriers—for example, according 
to a monogenic dominant theory, approximately 50 per 
cent of the children would be assumed to earry the gene 
and to be prospective schizophrenics and, according to a 
heterogeneity theory, with some forms being dominant 
and others recessive, the proportion of carriers (all types 
combined) would be assumed to lie between 50 per cent 
and 100 per cent-—-it is to be expected, whatever the 
mode(s) of inheritance, that the proportion of carriers 
will be much greater than among control children with 
two unaffected parents. 

During a longitudinal survey of marriage and fertility 
trends in schizophrenic patients admitted to state hospi- 
tals in New York®, data became available on the infant and 
childhood survival rates of the 1,718 liveborn offspringt 









* In the absence of a well established genetic model to deseribe schizo- 
phrenia, terminology is used broadly here to provide as wide a representation 
of the various popular theories as possible. . 

+A further twenty-one children born before 1900 and fifty-two children 
born after 1959 were not inchided in the analyses because the birth cohorts 
were too small for meaningful comparison. 
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of 691 patients. Years of birth, 1900 to 1959, were 
grouped into 10 yr cohorts (1900-09, 1910-19 . . . 
1950-59), and data were compared with figures published 
by Jacobson? on US birth cohorts of the same decades. 
Mortality and survival rates were calculated for four 
age bands: (i) birth to first birthday; (ii) first to fifth 
birthday; (iii) fifth to fifteenth birthday; and (iv) cumu- 
lative from birth to fifteenth birthday. The fifteenth 
birthday was selected arbitrarily as approximating the 
beginning of the reproductive period. —— 

The base used in calculating rates for each successive 
age band excluded the children who had died before the 
beginning of that band, as well as the children who had 
not reached the end of the band at last information and 
who were therefore "unknown" with respect to survival. 
Because relatively few of the children in the 1950-59 
cohort could be followed to age fifteen (interviewing of 
the families took place between 1961 and 1965), the data 
for all cohorts combined refer to 1900-59 in age bands (i) 
and (ii) and to 1900-49 in age bands (ii) and (iv). The 
distribution of births, deaths and survivor bases is shown 
in Table 1 by sex and birth cohort. In the analyses, the 
nine children of unknown sex were counted twice, once 
as male and once as female. 


Table 1. NUMBERS OF LIVEBORN CHILDREN, DEATHS IN EACH AGE BAND 
AND SURVIVORS COUNTED IN THE BASE FOR EACH AGE BAND, BY SEX AND 
BIRTH COHORT 


Birth cohort 
Births and 1900 1910 1920 1980 1940 1950 1900 1900 
deaths by sex 1909 1919 1920 1939 1949 1959 1959 1949 
Males 
No. of live births 52 191 218 163 195 148 892 644 
'No. of deaths 
Age band (i) E 7 12 7 3 2 44 — 
at » Gi) 3 6 5 2 0 0 16 
Ri » (ii) 2 4 4 3 0 0 — 13 
xi » (v) 18 17 21 12 3 2 — 71 
Base" for cale. of rates 
Age band (i) 52 121 213 163 195 148 892 — 
a » (iD) 30 114 201 150 192 145 R45 — 
6 » (iii) 35 108 195 140 190 118 = 568 
Se 5 (v) 50 118 170 144 143 5 -— 625 
Females 
No. of live births 35 102 180 157 204 138 817 678 
No. of deaths 
Age band (i) 2 7 2 3 2 1 17 — 
+ » Gi) 3 0 4 3 1 0 11 — 
E s» (ii) 2 4 4 1 0 0 — li 
» » (Qv) 7 11 10 7 3 1 x 38 
Base* for calc. of rates 
Age band (i) 35 102 180 157 204 138 Bi? -— 
” » GH) 33 95 178 159 202 137 799 — 
B » (ili) 30 95 174 137 201 117 — 637 
3» » (v) 35 96 150 121 169 6 — 571 
Sex unknown 
No. of live births 1 1 1 3 3 0 9 9 
Agebandofdeathor dd dd Not 2dd 1dd -— — — 
last follow-up (ii) (iD dead (i) () 


3rd 2nd and 
not 3rd not 
foll foll. 
Age bands were: (i) below age 1; (ii) ages 1 to 5; (iil) ages 5 to 15; and 
(iv) birth to 15. 
* Base excludes eumulative deaths to the age band and children not 
followed through the age band. 


Table 2. 


Mortality rates of offspring 
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As shown in Table 2, the offspring of the sehizophrenie 
ts had lower mortality rates during the first vear of 
life than did same-sexed infants in the population of the 
United States in all birth cohorts except that of 1900-09 
for the males. In each sex, the difference for all cohorts 
combined, was significant when tested by the z statistic, 
p-— P/A/(PQ/N). The subsequent age bands, first to fifth 
and fifth to fifteenth birthdays, did not show stable 
trends and the differences between the offspring and 
the US cohorts for all cohorts combined were unimport- 
ant. The noteworthy finding, however, is that the 
female offspring of the schizophrenie parents displayed a 
significantly lower mortality rate for the cumulative 
period from birth to age fifteen than did females of the 
general population; male offspring revealed neither an. 
advantage nor a disadvantage in contrast to the US 
males. Essentially the same results are obtained whether 
or not the nine children of unknown sex are included: 

The same results held when the confidence intervals 
were calculated for the mean mortality rates, for combined 
decades, and were compared for the offspring and the 
US cohorts. 

The data for the United States were also used to derive 
expected numbers of deaths and survivors among the 
offspring in each cohort. The expected and observed 
numbers could then be contrasted in a 2x 2 contingency 
table. The individual y? values for each cohort were 
summed provided that all of the differences within the 
cohorts were in the same direction. In the case of the 
female data for the first year of life, the differences were 
all in the same direction (see Table 2), and yiz 14-73, 
P «0:025, which is in agreement with the previous two 
tests. For the males in the first year of life, the 1900-09 
cohort deviated in direction from the others; the statistic 
Xy/4/n (=1-30) was therefore appropriate and was not 
significant (P<0-10). A similar reversal appeared for 
the cumulative female data from birth to age fifteen 
(yv n= 115, P «0:12). 

While the data are thus not conclusive, they do suggest 
that both male and female offspring of schizophrenic 
parents enjoy increased survival during the first year of 
life, and, especially, that the females are more likely than 
their general population peers to survive to an age which 
roughly represents the beginning of the reproductive 
period. Even a slim differential in the probability of 
reaching childbearing age would be important in the 
balance of selection relating to schizophrenia, and core 
vincing evidence of this type of relative fitness differential 
between the offspring and members of the population sè 
large would constitute powerful support for the hypothesis 
that the genes associated with schizophrenia eonfer some 
compensatory advantages on their carriers. Moreover, 
the evidence would overwhelmingly support a phys 
logical advantage hypothesis along the lines suggested by 






MORTALITY RATES COMPARED IN EACH AGE BAND FOR OFFSPRING OF SCHIZOPHRENIC PARENTS AND US COHORTS 


Mortality rates of US cohorts!? 


Birth p in the four age bands in the four age bands z =p = Pix/(PQ/N) 
eohort (i) Gi) ai tiv) a) (ii) (ii) v) a di Gi) iv) 
Males 
1900-09 0:250 0:077 0-057 0-360 0-127 0-054 0-027 0-196 
1910-19 0-055 0-053 0-037 0-144 0-100 0-036 0-022 0:152 
1020-20 0:056 0-025 0-020 0-123 0-071 0-024 0-015 0-108 
1930-39 0-043 0-013 9-021 0-083 0-055 0-015 0:010 0-078 
1940-49 0-015 — — 0:021 6-039 6-007 0-006 0-652 
1950-590 0-014 TE — E 0-028 0-004 9-005 0-037 
1900-50 0-049 0-019 E x 0.072 0-024 — — 2.57* 1:00 — ; 
1900-49 co —— 0:010 $114 — — 0-016 0:119 — — 0:72 Oa 
Females 
1900-09 0:057 0-090 0-067 0-200 0-105 0-050 0:024 0-170 
1810-19 0€:000  — 0-042 0115 0-082 0-033 0-018 0-128 
1920-29 OT 0-022 (0-023 0-067 0-057 0-022 0-012 G-O88 
1936-39 0-019 0-018 0-807 0-058 0-044 0:013 0-007 0.063 
1940-49 6:010 0-005 — 0-018 0-831 0-006 0-604 0:041 
1956-89 0-007 — n 022 0-004 0-003 0-028 
1900-59 0-021 98.014 — — ul 0.022 a EN 453+ 159 ie 
1900-49 — — 6017 0-067 — — 0-013 86-100 — 0-92 


* Pz0-01, twe-tailed. 
+ P «0-00008, two-tailed. 
+ P«0-000, two-tailed. 
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Huxley et aL), although not necessarily of the same 
eategories as proposed by the latter authors. If, for 
example, the difference were found in repeated investiga- 
tions to hold only for the daughters, and not the sons, of 
the schizophrenic parents, a search for possible physio- 
logical advantages would have to take into account 
sex-related properties. The sex of the affected parent 
was not found to have a bearing on the survival data 
either for male or for female offspring. 

These data are offered as a tentative, rather than a 
firm, clue to the problem of selection and schizophrenia. 
1t should be noted that there are possible biases in method 
of data collection and that carefully selected cohort 
controls, rather than general population cohorts, are 
needed. Mortality data on the children of schizophrenic 
parents in three earlier studies!*.4.15 do not give evidence 
of a survival advantage—Sobel's data!5 demonstrate a 
sharply contradictory trend, but they refer only to 
children (n — 232) born to schizophrenic women in mental 
hospitals presumably during àn aeute phase of the 
mother’s illness. In the study discussed here, the 213 
children born within 3 yr of the parent’s first hospital- 
ization had higher death rates than the remainder of 
the children with earlier and later birth in the parental 
history. 

Recently, it has been argued that discussion of selection, 
evolution and schizophrenia is premature until the specific 
genetic aetiology is better understood**. Admittedly it 
is awkward to attempt to discuss the problems of selection 
in an eclectic framework; admittedly, also, it is premature 
to attempt elegant mathematical formulations in response 
to negative and positive fitness differentials or to venture 
beyond the crudest statements with respect to the pos- 
sible population dynamies of schizophrenia. Nevertheless, 
selection works in only two ways, and there are a fairly 
large number of research approaches that are capable not 
only of testing hypotheses about the selective balance in 
the recent past but also of contributing to a clearer assess- 
ment of the genetic mechanisms and the pathways of 
gene action in schizophrenia. Further exploration of 
possible differences in childhood survival between offspring 
of schizophrenie parents (also siblings of schizophrenie 
patients) and the non-carriers, for example, could provide 
the opportunity not only for successful evaluation of the 
hypothesis of a physiological advantage as a selective 
force in evolutionary history of schizophrenia, but for 
the possible clarification of pleiotropic action of the genes 
involved in schizophrenia. Many of the hypotheses 
advanced in speculations about selection and schizophrenia 
have testable bases—the physiological advantage hypo- 
thesis certainly does—and there is no reason why 
argumentation should not give way to research. 

This work was supported in part by a grant from the 
National Institutes of Health, US Public Health Service. 
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Behavioural Effects of Some 4-Substituted 
Amphetamines 


IN previous studies, Smythies et al. have developed a 
behavioural test for animals, predietive of psychoto- 
mimetic activity in man. This test is based on a Sidman 
avoidance schedule and the results are presented in the 
form of a modified Bovet-Gatti profile. Using this test, 
Smythies et al.* tested a series of tri, di and mono-methoxy 
phenylisopropylamines (amphetamines). Their results 
indicated that the essential feature of the ‘“hallucino- 
genic” molecule in the series of compounds tested was the 
para-methoxy group. All compounds lacking this were 
inactive and compounds with additional groups were 
variously weaker. Para-methoxy amphetamine (PMA) 
proved to be the most potent hallucinogen tested. With 
a low dose a typical "low dose hallucinogenic” profile was 
obtained. With double this dose, bizarre behaviour was 
induced in both rats tested, and both rats died within a 
week of being injected with PMA. 

Two hypotheses were suggested for the severe prolonged 
disruption of behaviour produced by PMA: (1) the 
irreversible inhibition of an enzyme—possible catechol 
o-methyl transferase, and (2) because amphetamine is 
normally para-hydroxylated in the rat, the presence of the 
para-methoxy group may have interfered with this 
reaction. 

In the investigation reported here we examined the 
effects of three other para substituted amphetamines 
on behaviour: para-chloro, para-fluoro and para-methyl 
amphetamine. Each eompound was tested twice on two 
animals, once in a concentration of 5 mg/kg and once in a 
concentration of 10 mg/kg. The animals were highly 
trained on the diseriminated Sidman avoidance schedule 
used previously! (for full details of the parameters of this 
schedule see this ref.). The compounds were dissolved in 
isotonic saline and injected intraperitoneally in a volume 
of 0-5 ml. All drug days were preceded and followed by a 
control day, on which 0:5 ml. of saline was injected. Each 
treatment was separated by 14 days of normal training. 

Of the three compounds tested the para-methyl 
amphetamine was the least active. In a concentration of 
5-0 mg/kg a “low dose stimulant” profile was obtained. 
With this dose of the other two compounds a “high dose 
stimulant" profile was obtained. In a concentration of 
10-0 mg/kg. para-methyl amphetamine gave a “high dose 
stimulant" profile, while with the chloro and fluoro- 
amphetamines bar pressing was completely disrupted. 
Although the animals were able to walk around the ex- 
perimental chamber quite normally, they did not press the 
lever. Approximately 10 min after the compounds were 
administered the animals began taking continuous shocks 
and had to be removed. When returned to their home 
cages the animals walked round and round their cages and 
gave exaggerated startle responses in the absence of 
external stimuli. All animals injected with 10 mg/kg of 
either the para-chloro or the para-fluoro-amphetamine 
died between 6 and 26 h after being injected. During this 
period no animal was observed to eat or drink, and no 
faeces were found in the sawdust under the home cage. 

Para-methoxy-amphetamine gives a purely hallucino- 
genie profile, and so the methyl group alone cannot 
substitute for the methoxy group. Snyder ef al? have 
shown that DOM (2,5 dimethoxy-4-methyl-ampheta- 
mine) has properties more akin to amphetamine at low 
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dosage and properties more akin to a hallucinogen at high 
dosage. Using the Sidman schedule, we have obtained 
similar results in rats (our unpublished results). This sug- 
gests that the effect of the 4-methyl group can be modified 
by the 2 and 5-methoxy groups. 

The toxicity of the 4-chloro and 4-fluoro derivatives 
in the rat may be connected with the predominance of the 
4-hydroxylation pathway in this species. 

This work was conducted with the help of a grant from 
the Medical Research Council to one of us (J. M. B.). 
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Metabolic Origins of Thermogenesis 
induced by Diet 


Ly this communication we discuss the possible origins of 
dietary induced thermogenesis and attempt to describe 
the role of energetically non-eonservative metabolie path- 
ways in energy homeostasis. 

Miller and Payne! have demonstrated that rats and pigs 
possess the capacity to increase heat production in response 
to increased caloric intakes such that body energy content 
remains constant. More recently, Miller et al.*^? have 
shown that thermogenesis can be similarly induced in 
adult men. These findings lend support to and have 
revitalized the concept of "Luxuskonsumption" —the 
disposal of excess calories by increased heat production—— 
originally proposed by Neumann‘. The regulation of 
energy balance by dietary induction of thermogenesis is 
probably of greater importance in man than the control 
of intake, and the development of obesity is more likely 
to be due to a thermogenic defect than to aberrations in 
appetite. Elucidation of the mechanisms involved in 
the produetion of thermie energy will therefore provide 
an insight into aspects of nutrition ranging from the 
efficiency of livestock production to the aetiology of 
obesity. 

Thermogenesis induced by diet is similar to cold- 
induced thermogenesis—in both there is a decrease in 
feed efficiency caused by increased heat production. For 
this reason we have examined two systems that have been 
suggested to be responsible for heat production in cold 
adaptation. The first is the increased calorigenic response 
to catecholamines and the second is the increased activity 
of hepatic L-a-glycerophosphate oxidase. 

Rats were maintained on diets similar to those used 
before’. One group was fed a normal stock diet (HP diet) 

-in amounts sufficient to maintain weight, while the other 
group was fed the same stock diet but diluted with fat. 
sugar and starch (LP diet) such that the concentration of 
protein was small enough for the rats to maintain weight 
when fed freely. Several such experiments were set up 
at various times and the rats were kept on diets for 15-20 
days. Table 1 summarizes the energy balances and body 
weight changes for one experiment. 
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Fig. 1. Effect of noradrenaline (400 ug/kg, given subcutaneously) om the 
rate of oxygen consumption. B, Iwa rats on HP diet; @, two reta on 
LP diet. 


The animals on the LP diet ate considerably more than: 
their controls on the HP diet and they produced more: 
heat (690 kealories more). This amount of energy is 
equivalent to the total carcass energy content of the. 
rats, and if thermogenesis had not been induced the 
animals would have been considerably heavier. 1n f 
the weight of the rats remained constant (S.D. 212 gi. 
Rats on the other experiments behaved in a similar 
manner and confirm the findings of Miller and Paynet. 

Towards the end of the experiment the response: 
oxygen consumption to a standard dose of noradrenali 
was measured in fasting animals and in those that were 
being fed. The results (Table 2) show that the sensitivity 
to noradrenaline was very much greater in rats in h 
thermogenesis had been induced. This difference is rot . | 
the consequence of a delayed response to noradrenaline l 
in those rats on the HP diet (Fig. 1). 

At the end of the experiment L-z-glycerophosphute 
oxidase (EC 1.1.2.1) was assayed polarographieally in 20 
per cent sucrose homogenates of the liver with methylene 
blue (Eg at pH. 7-0— 0-010 V) as an electron acceptor, 
The levels of this enzyme in the livers of the group fed 
on diet HP were barely detectable, 3:75 mymoles/h/mg N, 
but were easily detected in the group fed on diet LP, 
150 mymoles/h/mg N. The assay conditions were on. 
tially those used by Ringer and Singer*. 






















Table 1. ENERGY BALANCE RESULTS FOR RATS MAINTAINED ON HP ACD LP... 
DIETS FOR 20 DAYS I 


HP diet LP diet 


Intake (metabolizable energy) 1,340 kealories 2,260 koptortes 
Carcass energy 450, 680  ., 





(1) Difference in intake = 920 ji 
(2) Difference in carcass energy = 230 ES 
(3) Difference in heat production (1-2) 690 i 


Average body weight during 20 days + 8.0. 


HP diet LP diet 
59-4g.t178 80-4gx2:12 


There were ten rats on each diet. 


Table 2. 





EFFECT OF NORADRENALINE ON RATE OF OXYGEN CO 
Mean per cent increase (cf. baseline rate) + S.E. 
HP diet LP diet 
Fed 131483 62-8490 
Fasting 27512 9724 8-6 
Noradrenaline (400 ug/kg) was given subcutaneously. RU TUE 
Results represent the average increase measured during 30 mim. There os 
were four rats on each diet. d 


* Rats anaesthetized (30 mg/kg of ‘Nembutal’ given intraperitone:dly). 
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The role of increased sensitivity to noradrenaline in 
the sympathetie control of thermogenesis induced by 
cold has been well described/-!? and the origin of the 
catecholamine stimulated thermogenesis has been sug- 
gested to be a consequence of increased activity of the 
"lipolysis-fatty acid esterification cycle” 12. The increases 
in sensitivity to noradrenaline in rats exhibiting thermo- 
genesis induced by diet are strikingly similar to the 
responses found in cold adaptation and suggest that the 
lipolysis-fatty acid theory could be equally applicable to 
thermogenesis induced by diet. 

The investigations of Smith et al.13-15 on enzyme changes 
associated with thermogenesis induced by cold have 
shown that the only appreciable change was the increase 
in the activity of r-«-glycerophosphate oxidase. The 
importance of the enzyme in the utilization of eytoplasmic 
NADH +H* by the «-glycerophosphate shuttle and the 
low ratios of P : O attainable by this system (that is, a 
maximum of 2) have led Smith?3 to postulate a thermo- 
genic role for this pathway. 

Both systems discussed here have been studied with a 
view to showing differences in lipogenesis and lipolysis 
between lean and obese individuals. Decreases in the 
lipolytie response to catecholamines have been shown in 
human obesity and experimental obesity in rats!®-18 
although there are several contradictory reports!*:9, The 
confusion existing around this topie (and obesity generally) 
is probably partly caused by the tendency to measure 
transient fluctuations in blood constituents?! and also by 
workers not differentiating between the “static” and 
“dynamic” phases of obesity?*. Furthermore, the estab- 
lishment of a thermogenie difference, rather than a 
lipolytic one (although the two may be connected), would 
be more meaningful because variations in fat mobilization 
do not necessarily indieate changes in energy balance. 

Galton and Bray? have shown that the oxidation of 
«-glycerophosphate by mitochondria is very much less 
in the obese than the lean, and they suggest that this 
difference is responsible for the increased lipogenesis of 
obesity. This interpretation is valid but ignores its corol- 
lary, that is, the thermogenic capacity of the system in 
lean subjects. 

In conclusion, the metabolic consequences of thermo- 
genesis induced by diet seem to be similar to those of 
thermogenesis induced by cold. Two possible thermogenic 
mechanisms have been implicated and reports of decreased 
activity of these mechanisms in obesity are consistent 
with the concept that defective thermogenesis is respon- 
sible for the development of obesity. 

We thank D. S. Miller for advice and encouragement. 
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Transport of Marine Life between 
Oceans through the Panama Canal 


THE water in most of the Panama Canal is fresh with no 
measurable salinity (Fig. 1). Because of this, the inter- 
mingling of Atlantic and Pacifie marine fauna, after the 
projected United States sea level canal is completed, is a 
subject of speculation and interest!. The towing of an 
assortment of marine animals through the canal with a 
limited in-transit mortality as a result of the low salinity 
suggests that there is a continued gene flow among fouling 
animals on either side of the canal. This experiment does 
not suggest that the freshwater of the Panama Canal is 
not a barrier to most intertidal non-sessile organisms in 
their normal mode of transport by larvae or adult move- 
ments. For these animals it is probably a most effective 
barrier and quite unlike the situation at Suez where 
migrations are commonly recorded?. But for typical foul- 
ing organisms, such as barnacles and the like, a con- 
servative estimate of the marine fouling transported 
between each ocean by normal ship traffic is 252,000 kg/yr. 

The experiment, which was a chance opportunity and 
could not be repeated, was a deliberate attempt to trans- 
port marine life from one ocean to the other in the course 
of normal ship traffic. It was done to discover something 
about the probable contemporary gene flow between 
Atlantie and Pacifie populations of the marine wood-boring 
crustacean Limnoria tripunctata Menzies. Other marine 
species, including non-fouling types, were added to the 
experiment. 

It is usually assumed that the freshwater of Gatun 
Lake (Fig. 1) is an effective barrier against normal migra- 
tions. Indeed, this is probably the case, but the experi- 
ments suggest that there is a continued daily flow of 
fouling organisms on the bottom of ships between both 
oceans. Because of this, fouling organisms become an 
excellent source of materials for experimental laboratory 
and field studies in Panama and would be very suitable 
for tests on the ecological compatibility of an Atlantic 
or Pacific site of colonization before the sea level canal is 
finished. Such simple experiments could be designed 
around the question of the proportion of Atlantic species, 
in the absence of predators, that can survive in the 
Pacific or Atlantic environment today. The question 
is suited to controlled laboratory experimentation and is 
simply arranged. 

Today the number of species common to both the 
Atlantic and Pacific, exclusive of pantropical species, is 
very low, amounting to ? per cent of the warm water 
brachyuran crabs and only 0-3 per cent of the Echino- 
dermata’, The percentage of similarity between normal 
fouling or sessile species of invertebrates on either side of 
the canal has not yet been determined. The widespread 
distribution of fouling species has been the subject of 
much observation and speculation’. A priori, it is these 
few species that might be capable of interbreeding. The 
possibility of twin or geminate species hybridization could 
also be investigated even though the chance for successful 
interbreeding between distinct species is obviously reduced. 

Specimens of marine organisms were wrapped in cheese- 
cloth and towed alongside the ship (US Navy LST). Ship 
speed varied between 10 knots, when the ship was 
approaching or leaving a lock or cruising in Lake Gatun, 
to zero knots in the locks. When the ship was moving, the 
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Fig. 1. 
collection of animals planed and skipped over the water 
and was thus not totally submerged. It was not possible 


to submerge the animals totally at high speed. In the 
locks, however, when the ship was stopped, the animals 
were totally submerged in about 3 ft of freshwater. The 
entire trip from one ocean to the other took 8-5 h and of 
this time the animals were submerged in and subjected 
to the freshwater of the locks for a known total of 3 h. 
Water temperature was almost uniform through the canal, 
but the water salinity varied greatly from start to finish 
(Fig. 1) and it is obvious that the animals encountered 
freshwater between the Gatun (Atlantic) and the Mira 
Flores locks (Pacific). It is this freshwater that has been 
considered an effective barrier against marine animal 
migrations between the Atlantic and the Pacific!. 

The marine animals used in the towing experiment 
consisted of a chance collection of miscellaneous inverte- 
brates at the high intertidal at Coco Solo (Atlantic), some 
Pacific snails, and a sample of wood infested with Limnoria 
from the Pacific. The Pacific animals were transported 
by motor car to the ship at Coco Solo. The following 
species and numbers of animals were used. 

(1) Limnoria tripunctata Menzies (Crustacea Isopoda). 
Pacific sample containing several thousand specimens. 
Survival after transit was between 9:5 and 39 per cent. 
This species is not known from water of a salinity below 15 
parts per thousand (ref. 5). (2) Eriphia squamata (Fab- 
ricius), crab. Four Atlantic specimens; all survived 
transit. This species can live in brackish watert, (3) Clibin- 
arius antillensis Stimpson, hermit crab. Four Atlantic 
specimens; all survived transit. (4) Balanus sp. Atlantic 
barnacle. More than one hundred specimens on a sand- 
stone rock; about 50 per cent survived the transit; those 
killed were destroyed by being removed by water pressure 
and not low salinity One surface of the rock with half the 
barnacles was denuded by water striking it. (5) Chthalamus 
sp. Atlantic barnacle. More than one hundred, also on 
rock ; about 50 per cent survived. Death due to same cause 
as for Balanus. (6) Porcellanid crabs. Ten Atlantic 
specimens, all crushed by water pressure. (7) Nerita 
scabricosta. ornata (Sowerby). Ten Pacific snails; all 
survived. (8) Nerita tesselata Gmelin. Ten Atlantic snails; 
all survived, (9) Polyclad flat worm. One Atlantic speci- 
men emerged alive from the rock with the barnacles after 
the transit. It is not known how many were originally in 
the rock. 
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At the end of the transit the animals were brought into 
the laboratory and they were watched to see if any were 
still alive. Survival by Limnoria was determined by 
observing living animals and by comparing population 
density of wood samples before and after the experiment. 
Two samples examined before transit showed a density 
of 416 and 298 animals per square inch. Density after 
transit was 162 and 28 animals per square inch, showing 
that there had been between 61 per cent and 90-5 per 
cent mortalities. 

It is clear that most animals survived the experiment 
and that in conditions of normal ship traffie fouling 
animals attached to the hull might well survive the trip. 
Each day (24 h) about forty ships pass through the canal 
from one ocean to the other. If only one ship out of twenty 
was heavily fouled, and if this ship was only a very small 
100 ft LOA freighter with an area of about 1,400 square 
feet ii pag under water, and if the fouhng density were 
as low as 0-5 kg/foot, then 700 kg of fouling per ship 
would be transmitted from one ocean to the other each 
day. This would amount to an annual transport of 
252,000 kg a year by only one such ship in daily transit. 
Recorded fouling accumulations on buoys amount to 
25-35 pounds/foot (ref. 2), or ten times the figure used 
in these calculations®. dee most freighters in transit 
are well over 100 feet LOA and, if the condition of paint 
above the water level can be used as an index of com- 
parable underwater care, then the number of ships carry- 
ing fouling to and from each ocean is more like five in 
twenty instead of one in twenty. The estimate seems to 
be very conservative. 

I thank Dr Ira Rubinoff and Dr Peter Glynn, of the 
Smithsonian Tropical Research Institute in the Panarna 
Canal Zone, for arranging the use of the US Navy ship 
and for other aid with this project. 
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Phenotypic Reversion to Ancestral 
Form and Habit in a Marine Snail 


Iw separating the polyphyletie Vermetidae (s.l) into its 
separate lineages, Morton! noted the extreme anatomical 
similarity between Vermicularia and the coiled turritellids: 
"It is in fact little more than a turritellid which has taken 
on a sessile posture embedded in a hard substratum and 
proceeded to uncoil its shell whorls” (page 80 of ref. 1). 
Vermicularia is a ciliary suspension feeder, a common 
condition among sessile gastropods?. Only a few free 
living forms feed in this manner and one of these is 
Turritella. T. communis burrows into mud and may 
remain indefinitely in its favoured position. (Apex down 
and inclined at a high angle to the horizontal. The habits 
of T'urritella are deseribed in refs. 3 and 4.) The juvenile, 
regularly coiled Vermieularia lives in the same manner; 
its later attachment and uncoiling is a response to the 
availability of firm objects providing a substrate for rapid 
upgrowth, 

In June 1967 I found what I first thought to be Turritella 
living in great numbers in Walsingham Pond, Bermuda-— 
a landlocked water body of normal marine salinity main- 
tained by transport through underground caves. Yet 
the lack of opereular bristles and the presence of a very 
few uncoiled shells (Fig. 1) identified these animals as 
Vermicularia spirata Philippi; Turritella is unknown in 
Bermuda. The floor of Walsingham Pond is covered by 
fine mud composed of decaying organie matter, faeeal 
pellets and shell fragments. Less than 1 per cent of the 
largest empty shells show any sign of uncoiling. Most of 
these animals live and die with the external morphology 
and habits of their ancestor, Turritella, Provided with the 
typical Walsingham Pond environment in a laboratory 
tank, they burrow into the substrate as does Turritella. 
Placed in the sandy branching coral environment of most 
Bermudian Vermicwaria, they cement and uncoil. Most 
uncoiled Walsingham Pond specimens unwind gradually 
and lack an attachment scar; the few scarred shells are 
joined to other Vermicularia. 





Fig. 1. Left, specimen of V. spirata from reef off north shore of Bermuda. 

Note three scars on uncoiled portion marking points of attachment to 

Oeulina. Right, uncoiled V. spirata from Walsingham Pond. Noattach- 
ment scars. (Actual size.) 


Almost all Bermudian Vermicularia in open marine 
habitats attach to the branching coral Oculina. Massive 
brain corals, large molluse shells, sponges and calcareous 
algae are host to a few Vermicularia in habitats lacking 
Oculina. If the primary advantage of uncoiling is rapid 
upgrowth (both to avoid sedimentary clogging of the 
ciliary feeding mechanism and to provide earlier access 
to suspended matter raining down from above), then the 
strong preference for Bermuda's only common branching 
coral is easily explained. Table 1 shows the correlation 
between length at uncoiling and attachment host. Vermi- 
cularia spirata uncoils at à smaller size when Oculina, its 
preferred host, is available. A further correlation may 
occur between length at uncoiling and bottom turbulence. 
The largest Oculina-based Vermicularia come from the 
calm inland waters of Harrington Sound; others are from 
reef tracts off the north shore of Bermuda. Harrington 
Sound specimens not attached to Oculina are significantly 
larger than those cemented to the branching coral (t= 3-70 
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at 32 d.f.). Bottom turbulence may induce early attach- 
ment. Walsingham Pond specimens not only lack potential 
attachment sites, but also inhabit the calmest marine 
locality of Bermuda. 





Table 1. RELATION OF HABITAT TO LENGTH AT UNCOILING IN V. spirata 
Mean Standard No. 
i length at devi- of 
Locality Substrate uncoiling ation speci- 
(mm) (mm) mens 
Attached to Oculina 
Castle Harbour Oculina 5-00 149 21 
Three Hills Shoals Oculina 640 162 29 
North of Whaiebone Bay Oculina, 7-79 1-77 35 
Harrington Sound Oculina $87 — 2434 27 
Not attached to Oculina 
Various north reef localities Brain corals 1:68 5 
North of Tobacco Bay Sponge 1:37 22 
North of Whalebcne Bay Alga (Udotea) 1 
Harrington Sound Clam (Area) 1-82 1 
No available attachment site 
Walsingham Pond Mud 18-16 46 31 
F. fargoi, Tampa Bay, Florida* Mud 3 4-18 14 





* Including Olsson s type and paratypes. 


The discovery of such marked plasticity in length at 
uncoiling must call into question some Vermicularia 
species distinguished on mean values of this character. 
Olsson®, for example, established Vermicularia fargoi for 
specimens from Tampa Bay. Florida, with a large coiled 
juvenile shell; no other character separates it from 
typical V. spirata. With the Walsingham Pond specimens 
it shares the large coiled portion, the gradual unwinding 
without attachment sear and, indeed, the muddy habitat. 
(Olsson's Tampa Bay Vermicularia were described as 
crawling about on the mud flats*.) Their coiled portions 
are somewhat larger than those of Walsingham Pond 
(Table 1), but this result may be spurious because only 
uncoiled shells were used to compute the Walsingham 
mean and many Walsingham specimens showing no sign 
of uncoiling exceed the largest uncoiled individual. 
Olsson's V. fargoi is therefore rejected as a synonym of 
V. spirata. 

The onset of uncoiling in V. spirata is so variable that 
in certain special conditions this defining character of the 
genus may not appear at all—thus causing a phenotypic 
reversion to the form of a fully coiled ancestral Turritella. 
This seems to occur when V. spirata is transported from 
its usual sandy reef environment to the muddy habitats 
preferred by Turritella. Vermicularia and Turritella were 
once placed in separate families, later in well distinguished 
genera. Given the plasticity of the defining generic 
character, I wonder if the world Vermicularia fauna can 
be traced to a single Turritella offshoot. It is tempting 
to think that several lineages of Turritella might have 
independently produced uncoiled derivatives. 

I thank Dr R. T. Abbott, of the Philadelphia Academy 
of Natural Sciences, and Dr K. J. Boss, of the Museum 
of Comparative Zoclogy, Harvard University, for lending 
the type and paratypes of Vermicularia fargoi. 
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lon Uptake and Root Age 


Ir has been widely assumed that the translocation of 
nutrient ions to plant shoots occurs chiefly from young 
extending zones of tissue within 1 cm of the apical meri- 
stems of roots. "The rapid accumulation of ions which can 
occur in this zone'-?, its high metabolic activity’? and 
the fact that considerable thickening of the endodermis 
seems to create a barrier to the entry of ions into the 
stele have been regarded as evidence for this. Results 
of more recent studies have indieated, however, that 
translocation occurs to an approximately constant extent 
over the apical 6 em of cereal roots?/* despite the pro- 
gressive development of the endodermis*. These findings 
encourage the study of nutrient absorption and trans- 
location by older parts of the root axis. Information on 
this question is relevant both to the elucidation of the 
effecta of the strueture of roots on their eapacity to absorb 
ions, and to the assessment of the limitations which the 
rate of ionie diffusion in soil':!? may impose on plant 
nutrition. 

The apparatus used in our experiments has been de- 
scribed in detail elsewhere!*. Small segments of intact 
roots are sealed into flow cells through which solutions 
containing carrier and radioactive tracers are circulated 
by a peristaltic pump. The bulk of the root system is in 
an outer tank containing unlabelled solution of ionic 
concentration similar to that in the flow cell. The cir- 
culating solution was double labelled with phosphorus-32 
and strontium-85 so that simultaneous measurements of 
phosphorus and strontium uptake could be made; the 
latter ion is translocated to shoots in a manner comparable 
with calcium!®! and the use of strontium-85 as tracer 
permits simpler assay procedures than if calcium-45 were 
used. During uptake periods of 24 h the plants were 
given one cycle of 16 h light (1,800 foot-candles) and 8 h 
dark at a constant temperature of 20? C; relative 
humidity varied in the range 60-70 per cent. 

Barley plants, variety ‘Maris Badger’, were grown for 
2-3 weeks in a culture solution which was rieh in 
nutrients before they were used in experiments. At this 
stage their seminal root axes were 45—70 em long. The 
uptake and translocation of segments (0.35 cm) either 
1 em from the root apex or at the base of seminal axes 
were compared in two series of experiments at different 
ionic concentration (Table 1). 

Irrespective of the external concentration, a consider- 
ably larger fraction of the absorbed phosphate was trans- 
located from the basal segments, the actual quantity 
translocated being four times greater when the external 
ionie concentration was low. By contrast, very little 
strontium was transferred to other parts of the plant 
frorn the basal segment, though considerable local accumu- 
lation occurred. The behaviour of the two ions differed 
most markedly when the external concentration was low: 
relative to strontium, phosphate was translocated more 
than 100 times more readily from basal segments. 

The plants used in the foregoing experiments had been 
grown with their roots fully submerged in culture solution 
80 that the cortex remained intact along the entire length 
of the axes. It proved possible to curtail drastically the 
uptake and transfer of phosphate from basal segments if 
the cortical cells in that zone were desiccated by lowering 
the culture solution and passing a current of dry air over 
the root bases (Table 2). This treatment reduced the 
cortex to little more than a mantle of cell debris, separated 
from the stele by an endodermis which was distinctly 
brown in colour; the roots thus resembled those of cereal 
plants growing in dry soil. The continued elongation of 
the axis below the dried basal region indicated that the 
principal effect of desiccation was on the cortical cells 
themselves rather than on the entire root. 

A comparison of the results in Table 2 with those in 
Table 1 shows that less than one-twentieth of the phos- 
phate was translocated from basal segments when the 
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cortex was desiccated; the total uptake of phosphate was 
reduced and the ratio of translocated phesphate to 
strontium was much smaller. To show the distribution of 
absorbed phosphate, transverse sections were cub from 
basal segments in a eryostat™® and placed in contact 
with Kodak AR10 stripping film to produce mieroauto- 
radiographs!*. When the cortex was desiccated most of 
the phosphorus-32 was irregularly distributed in the cell 
debris outside the stele (Fig. 14), little being readily 
exchangeable?. This is compatible with its location, in 
bacterial colonies luxuriating among the degenerating 
cells of the cortex. The distribution was quite different 
when the cortex was intact (Fig. 1B); there was then à 
large accumulation of radioactivity within the stele and 
much less in the cortex, a situation strongly resembling 
that seen in younger portions of barley?" and maize? roots. 
The irregularly distributed areas of high grain density ab 
the periphery of the section may have resulted from the 
accumulation of phosphorus-32 in bacterial colonies", 
The autoradiographs indicate that the failure of basal 
segments to translocate phosphate when the cortex had: 
collapsed was the result of the failure of phosphate entry 
into the stele. : i 
The two regions of the root axis compared in these 
experiments differ considerably in their anatomy, par- 
ticularly in the structure of the endodermis. In the 
younger tissue the endodermis is in its primary condition 
with casparian strips forming on the radial walls of the 
endodermal cells*-. In older tissue the endodermis 1s 
heavily thickened and its secondary walls are impregnated 
with hydrophobic molecules such as suberin*. This 
secondary development apparently places no more 
restraint on the transfer of phosphorus from the external 
solution to the stele than when the endodermis is in ite 
primary state. It is therefore clear that the endodermis: 
is less of a barrier than its composition and appearance 


Table 1. COMPARISON OF THE UPTAKE AND TRANSLOCATION OF TWO IONS BY 


3-5 MM SEGMENTS OF ROOT LOCATED AT TWO REGIONS ON THE SEMINAL AXIS... 


OF 2 WEEK OLD BARLEY PLANTS 
Uptake solution. 


H,PO',3x10*M HPO, 104 M 
Ion Plant part (Sr + Ca)" (Sr 4 Cay** 
125x107*M 104 M 
iem Basal iom Basal 
(44 em) (44 em) 
Pico-molesion/plant/day — 
H,PO', Treated segment 895 335 2,070 710 
Remaining plant 58 9241 330 580 
"Total 448 $7 1,830 1,930 
95 Translocated 12 42 i4 42 
Pico-moles ion/plant/day 
(Sr + Cay* Treated segment 89 58 2,910 2,940 
Remaining plant 51 24 1,100 200 
Total 140 60 4,010 2,440 
% Translocated 36 3 27 
Ratio: 
H,PO'/ ‘Treated segment 4d 5-5 "n 0-3 
(Sr--Cay* Remaining plant ro 190-7 03 29 


Values are means of eleven observations made in three replicate experi: 
ments, and have been corrected for small amounts of radioactivity sbsorbed 
by the treated planta from the external solution; this radioactivity resulted 
from longitudinal migration of ions in the free space of the root, Correction 
factors derived from control plants not included in the flow cell. 


Table 2. COMPARISON OF THE UPTAKE AND TRANSLOCATION OF TWO JONS BY 
3-5 MM SEGMENTS OF ROOT 1 CM FROM THE ROOX APEX AND AT THE DESICCATED 
BASE OF A SEMINAL AXIS OF A 3 WEEK OLD BARLEY PLANT 


Uptake solution 
; x10 





Ton Plant part H,PO', M 
Sr? 1-25 x 104 3 
Lem Basal (59 om) 
Pico-moles/plant/day 
HPO Treated segment 244 112 
Remaining piant 59 10 
Total 303 122 
% Translocation 19 a 
Pico-moles/plant/day 
Sri Treated segment 163 a6 
Remaining plant 43 24 
Total 206 88 
% Translocation 22 3 
Ratio: 
H,PO’,/S** Treated segment r5 i4 
Remaining plant l4 43 


Each value is the mean of fifteen observations made in four replicate 
ne Values corrected for plant background factor (see footnote 
to Table 1). 
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Fig. 1. Autoradiographs showing the distribution of phosphorus-32 in transverse sections of the basal zones 
of seminal roots of barley plants to which 3 x 10-* M potassium dihydrogen phosphate containing 2-5 Ci ?*P/ml. 


had been supplied for 24 h, 


suggest. A possible explanation for this is suggested by 
evidence that protoplasmie connexion is maintained 
between the pericycle and the cortex by numerous pits 
in the tangential walls of the endodermis?. It seems 
likely that this is the pathway followed by phosphate 
during its passage into the stele; indeed, it is difficult to 
envisage an alternative route because of the infrequent 
oceurrence of unthickened passage cells in the endodermis. 
The low rate at which strontium is translocated from 

basal segments appears superficially compatible with the 
suggestion that strontium is prevented from crossing the 
endodermis. The studies of Biddulph® and our own 
preliminary autoradiographs using strontium-89 suggest, 
however, that entry of strontium into the xylem may be 
controlled by the stellar parenehyma rather than by the 
endodermis. 
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A, Cortex desiccated; B, cortex intact 


Relevance of a Freshwater Cytherid 
(Crustacea, Ostracoda) to the 
Continental Drift Hypothesis 


BioLOGists concerned with an examination of the con- 
tinental drift hypothesis usually begin by assuming 
biological continuity for their test organisms. This being 
granted, taxonomic assessments and the resultant bio- 
geographic patterns, especially those of the faunas of 
southern continents, should provide useful tests for the 
validity of the hypothesis from a biologieal point of view 
—as long as suitable test organisms are used. 

There are several suitable groups of arthropods'; in 
particular the Crustacea*, one large division of which, the 
Ostracoda, contains excellent test organisms. Repre- 
sentatives of these small bivalved crustaceans, which are 
restricted to continental environments, range geologically 
from Carboniferous to Recent, and are the subject of a 
large and increasing taxonomic literature attesting to 
their abundance as fossils and allowing the distribution 
of extant taxa to be more or less readily abstracted. 

The families involved are Darwinulidae, Cytheridae and 
Cyprididae. Of these, the Cytheridae are predominantly 
marine, but have included several freshwater genera since 
the middle Mesozoic*. The Darwinulidae have been almost 
exclusively freshwater since their origin in the Carboni- 
ferous with only a few estuarine or marginal fenland 
records’, and the Cyprididae are predominantly fresh- 
water with only three marine subfamilies®. 

The biogeography of these families has rarely excited 
comment, mostly beeause of a partial misconception re- 
garding their life cyele: that their eggs can withstand 
desiccation for long periods of time*. Such resistant eggs 
might readily survive passive transport by winds or 
birds, and then need only settle in a suitable aqueous 
environment to hatch and start a new population, thus 
expanding the distribution (even intercontinentally) of 
the taxon concerned, This is true. however, only for the 
Cyprididae and is documented particularly by G. O. Sars, 
many of whose descriptions were founded on populations 
of eypridids raised in his aquaria from parcels of dried 
mud sent to him from all over the world, including Aus- 
tralia. South Africa and South America?-*. But Sars 
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never raised any darwinulids or eytherids!? in this way; 
nor are there any records in the literature known to us 
of this ever having been achieved. 

Our suggestion that the eggs of Darwinulidae and 
Cytheridae are not resistant to desiccation is founded on 
the faet that brood care occurs in both families. For 
Darwinula, it has been observed in the type species" and 
in a species from south-west Tasmania (K. G. M., unpub- 
lished data). Among Cytheridae, brood care is known or 
suspected for several marine genera (for example, X estole- 
beris!?, Loculicytheretta?) and for the euryhaline genus 
Cyprideis“, but this is the first record of brood care in a 
true freshwater form, namely, Gomphocythere sp., which 
inhabits the littoral zone of Lake Purrumbete, a maar in 
the western district of Victoria, Australia, where it is 
associated with the cypridids Candonocypris cf. assimilis 
Sars 1894, Newnhamia fenestrata King 1855, Cypretta 
viridis (King) 1855, Diacypris sp., and, by inference (see 
later), Cypridopsis sp. Because Gomphocythere has an 
austral distribution!^!5-* the observations which we 
report here include some simple tests of the capacity of 
our species to survive intercontinental passive transport’ 

Five hundred individuals (254 males and 246 females) 
were taken from a laboratory culture of wet mud collected 
from the lake during July 1967. Almost all females were 
ovigerous and carried either eggs or juveniles or both. 
Forty-five females were dissected. The total of eggs plus 
juveniles brooded per female varied from two to twenty. 
but thirteen to eighteen were very common and no female 
carried juveniles older than the second larval stage 
(Fig. 1). Fifteen ovigerous females were isolated in a 
cavity block with water and organie detritus from the 
culture. Larvae were released from these females over a 
period of about 1 month, most (125) of them being second 
stage juveniles. Only one egg and two first stage juveniles 
were seen in the eup, but these could have come from a 
specimen which died during the experimental period. 

Having established brooding we decided to test the idea 
that freshwater eytherids do not lay because their eggs are 
not resistant to desiceation as are those of continental 
eypridids. Dry mud was collected a few feet away from 
the original locality, brought to the laboratory and kept 
at laboratory temperature for a week to ensure that it 
had completely dried. The mud was then cultured in 
filtered lake water. Two months later, the aquarium 
contained the eypridid Diacypris sp. and Cypridopsis sp. 
but no cytherids. In a second experiment, wet mud 
containing many individuals of Gomphocythere sp. was 
eollected from the littoral zone itself. In the laboratory 
this mud was kept in lake water at 71° F+2° F and was 
allowed to dry gradually for about 2 months. Filtered 
lake water was then added. So far, this second culture 
also is barren (after about 1 yr). 

In a test designed to indicate the survival of our 
species during hypothetical passive transport by an 
oceanic current, ten active adult males and ten similar 
females were transferred to seawater collected from Port 
Phillip Bay, Victoria. Within 10-15 min activity of the 
specimens was retarded and in 30 min they were motion- 
less, lying in groups with air bubbles adhering to each 
earapace. In 1 h they were dead. The dead females were 
dissected and it was found that all brooded juveniles were 
also dead and that eggs had collapsed (probably because of 
desiccation). In a different approach, lake water was 
condensed to 12-5 °/), TDS (total dissolved solids) and 
test animals were placed in this medium. Some specimens 
survived for 4 days in this environment. 

To test passive transport by humid winds or birds. 
fifteen adults of both sexes were isolated on a moist filter 
paper protected between two Petri dishes. One specimen 
was tested each day for the first 4 days and a fifth indi- 
vidual was tested on the seventh day. All five were alive 
when tested. After 9 days all fifteen animals were tested 
(by immersion in lake water), and revived to normal 
activity within 10 min. Juveniles carried by the ovigerous 


807 


females in this experiment were also active within their 
mothers’ brood chambers after 9 days. Fryer's experi- 
ment has indicated that survival is brief in a dry atmo- 
sphere or on an aquatic insect carrier caught up by a dry 
wind?*. 
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Fig. 1. Frequencies of total number of juveniles brooded by individual .. 
adult females of Gomphocythere. sp. from Lake Purrumbete, Vittoria, ^ 
ustralia. : 


These tests show that the passive transport of fresh- 
water ostracodes by oceanie eurrents or dry winds is 
not an effective dispersal mechanism, whereas transport, 
with or without insect carriers, by moist winds or else 
on wet mud clinging to the webbed feet or to the 
feathers of birds seems feasible even over intercontinental 
distances. Once they have been ferried successfully, sur- 
vival of the passenger ostracodes may be too brief to 
initiate viable populations in saline environments, in». 
cluding those freshwater lakes and ponds in which salinity 
has increased markedly as a result of evaporation during 
a prolonged dry spell. There is no direct evidence that 
living ostracodes are dispersed effectively by moist wind 
and the only indirect evidence in favour of this possib 
is the moistened filter paper experiment which we have 
reported here. With this qualification, the path of 
southern westerlies is a suitable avenue for the ch: 
dispersal of austral Ostracoda by either moist winds 
birds; the known distribution of Gomphocythere soer 
be adequately explained by an argument based on suc 
mechanisms (Fig. 2). UL 

Transport of modern ostracodes by birds has been oo) 
championed by Klie!* and Sandberg?*, and transport by | 
means of a human agency has been suggested by Fox? oo 

New records (K. G. M., unpublished data), which also 
suggest the feasibility of such mechanisms of transport for 
ostracodes which do not lay desiccation-resistant eggs 
(our hypothesis), include the presence of (1) Xestoleberis 
sp. & eytherid, on central St Helena; (2) Limnocythere 
sp., a eytherid, on South Island, Aldabra Atoll; (3) Dar- 
winula sp, a darwinulid, on Fakaofo Atoll, Tokelau 
Tsland, in the Pacific. 

Going back in time to the Jurassic, on the one hand, 
both birds and suitable carrier insects had just begun to 
appear in the fossil record; even in the Cretaceous, 
records of bird fossils in particular are rare, especially 
in the Southern Hemisphere?**?*. On the other hand, 
continental Upper Mesozoic ostracode faunules were 
diverse and widespread. From the Wealden facies of 
Brazil and West Africa, for example, more than one 
hundred non-marine species are known, including about 
forty eytherids and at least four darwinulids**“", Most 
of these cytherids are members of the subfamily Limno- 
eytherinae to which Gomphocythere also belongs. 

In a brief prospectus, Krommelbein® notes the high 
proportion of identical species, including several cytherids 
and possibly also a darwinulid in the Brazil and. West 
African Wealden assemblages, and comments, “Tt seems 
that these ostracodes lived in one single basin with com- 
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Vig. 2. The known distribution of Gomphocythere. ! The south-eastern Australia and New Zealand records include 
fossil deposits!?-15-21, 






pletely free interehange". Later in the same volume he 
writes??, “Such a distribution . . . is certainly best ex- 
plained by the assumption of direct continental con- 
nections between Africa and South America during early 
Cretaceous time . . ."— with the qualification that new 
data on dispersal are needed to enable a correct evaluation 
of the palaeontological evidence for continental drift in 
this region. 

Our experiments indicate that, although the desiccation- 
resistant eggs of Mesozoie cypridids may well have been 
readily transported by dust-laden moist or dry winds, 
cytherid (and, by implication, darwinulid) species could 
not be dispersed in this way beeause they do not possess 
such resistant eggs. Thus, until direct evidence is forth- 
coming that individual eytherids and darwinulids can be 
dispersed intercontinentally by moist winds, and survive 
such dispersal to produce new viable populations, some 
continental drift hypothesis is necessary to explain the 
observed distributions in Brazil and West Africa of Meso- 
Zoie species in these two families. 

We thank C. A. Fleming, B. J. Marples and J. D. 
Campbell for their help in tracking down a possible 
Cretaceous bird fossil, now accepted as Palaeocene in age, 
from Moeraki, New Zealand. 
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Temperature and Lifespan in Drosophila 


HOLLINGSWORTH? has reported the results of an experiment 
with Drosophila melanogaster which he claims are not 
consistent with either of the two theories which have been 
suggested to explain the fact that poikilothermous animals 
have a shorter lifespan at high temperatures than at low 
temperatures. These two theories are the rate of living 
theory first put forward by Pearl? and later reformulated 
by Shaw and Bereaw?, and the threshold theory of Clarke 
and Maynard Smith*. In this communication I deseribe 
experiments whieh support Hollingsworth's conclusion 
that neither theory is an adequate explanation of 
the observed effects of temperature on the lifespan of 
Drosophila, but I would first like to point out that Hollings- 
worth's conclusion seems to be based on misinterpretations 
of both the threshold theory and the rate of living theory. 

The rate of living theory suggests that the rate of loss 
of “vitality” or "longevity" substance is greater at high 
temperatures than at low temperatures. Death occurs 
when the level of vitality falls below some critical level. 
Consequently, according to Shaw and Bercaw, if flies are 
kept for time x at a low temperature and are then trans- 
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ferred to a higher temperature, their age at death, lą is 
given by 


i 
lel, z(l—.) 
1 


where l, and J, are the lifespans at the low and high 
temperatures respectively. Maynard Smith* has pointed 
Sout that if the rate of living theory is correct then it 
should not matter how the periods at the two temperatures 
are divided: if x is the total period spent at the low temper- 
ature then this equation should apply. Hollingsworth 
tested this suggestion by keeping flies in three different 
environmental conditions: (a) at 25? C, (b) at 30° C, (e) 
alternating 12 h periods at 25° C and 30° C. His results are 
given in Table 1, rows (a), (b) and (c). Row (d) is, according 
to Hollingsworth, the expected lifespan according to the 
rate of living theory of flies kept in the alternating 
environment. Unfortunately he does not state how this 
value was calculated. The expected lifespan of flies kept 
for half of their lives at 25° C and half at 30° C is, if the rate 
of living theory is correct, the harmonic mean of the 
lifespans of flies kept continuously at 25° C and 30° C. 
These values are given in row (e) of Table 1, and, with 
one exception, do not agree with Hollingsworth’s expected 
or observed values. 


Table 1.  HOLLINGSWORTH'S OBSERVED MEAN LIFESPANS (IN DAYS) OF 

D. melanogaster KEPT IN THREE TEMPERATURE ENVIRONMENTS TOGETHER 

WITH (d) THE EXPECTED LIFESPANS ACCORDING TO THE RATE OF LIVING 

THEORY AS CALOULATED BY HOLLINGSWORTH, AND (e) AS CALCULATED FROM 
THE HARMONIC MEAN OF (a) AND (b) 


Type A hybrids Type B hybrids 


d 9 3 9 

(a) Continuously at 25? € 49.9411 508z14 41-2407 4424211 
(b) Continuously at 30° C 203405 22:505 213240-5 244104 
(e) Alternating periods of 12h 

at 25? C and 12 h at 

30*C 27-5209 401z14 3260407 3806*08 
(d) Expectation according to 

the rate of living 

theory (Hollingsworth) — 27-4 33-7 29-2 33.2 
(e) Harmonie mean of (a) 

and (5) 97-4 31-2 28-0 31:4 


Hollingsworth also concludes that his data demand that 
"the original form of the threshold theory requires 
modification”. This, however, is not true. The essential 
features of the threshold theory are as follows. (i) The 
lifespan is divided into two phases, “ageing” and “dying”. 
(ii) “Ageing” is independent of temperature; it can be 
depicted as a loss in vitality with time. “Dying” begins 
when the level of vitality falls below some threshold level; 
this threshold is higher at high temperatures than at low 
temperatures. (ii) "Dying" is temperature dependent: 
its rate is greater at high temperatures than at low tem- 
peratures. (iv) The dying process can be reversed at 
least partially by transferring flies to a lower temperature. 
Hollingsworth seems to think that his results are not 
compatible with this theory, but does not say why. Accord- 
ing to the threshold theory, the rate of dying is dependent 
on temperature. The lifespan of flies kept in the alter- 
nating environment should therefore be intermediate 
between that of flies kept continuously at 25° C and that 
of those kept continuously at 30°C. The results that 
Hollingsworth obtained are therefore in good qualitative 
agreement with the predictions of this theory, and an 
estimate of their quantitative agreement could only be 
made if the lengths of the dying phases at the two tem- 
peratures were known. These values are not given. 

Although Hollingsworth’s data are not incompatible 
with the threshold theory, the results of the experiments 
described here cannot be explained completely by either 
the rate of living theory or the threshold theory. These 
experiments are essentially the same as those described by 
Clarke and Maynard Smitht. In experiments H2 and H4 
male hybrid D. melanogaster were raised at 24? C and were 
kept at this temperature for 4 days after emergence; 
this 4 day period is not included in any of the mean 
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lifespans given and the fourth day after emergence will be 
called day 0. Groups of 30 flies were transferred from 
24°C to 30? C on days 0, 6, 12, 18, 24, 30 and 36; approxi- 
mately 10 per cent of the flies kept continuously at 24° C. 
had died by day 36. All flies were kept six per tube and 
were transferred to fresh medium every 2 days. The 
mean lifespans of groups of sixty flies kept continnously 
at 24° C were 60-0 + 1-6 days (H2) and 57-4 + 2-7 days (H4). 
In experiments 76 and T7 hybrid male D. subobscura 


were raised at 20? C and were aged for 4 days at thia 


temperature before the beginning of the experiment 
(day 0). Groups of twenty flies were transferred from | 
20° C and 25:8? C at intervals between 0 and 38 days. 


The mean lifespans of control groups kept continuously at : 


20? C were 104-0 + 2-9 days (76) and 80-9 + 2-2 days (77). 
The flies were kept five per tube and were transferred to 
fresh medium every 2 days. 

Table 2 gives the results of these experiments and the 
expected lifespans (a) if the threshold theory is correct, 
(b) if the rate of living theory is correct. Values (@) are 
based on the assumption that the rate of ageing is tenipera- 
ture independent and therefore flies transferred from the 
low temperature to the high temperature should have the 
same lifespan as those kept continuously at the high 
temperature. The expected values (b) have been eal- 
culated from Shaw and Bercaw's equation. 


Table 2. MEAN LIFESPANS (IN DAYS) OF HYBRID MALE Drosophila TRANS- 


FERRED FROM A LOW TO A HIGH TEMPERATURE AT VARIOUS AGES AND THE |. 


EXPECTED LIFESPANS (a) ACCORDING TO THE THRESHOLD THEORY AND tb) 
ACCORDING TO THE RATE OF LIVING THEORY 





3 Age when Observed Expected lifespans 
Experiment transferred mean lifespan (a) (by 
H2 0 26-306 20-3 203 
6 304r012 20-3 20-7 

12 33-5415 26.3 850 

18 35-9413 26-3 8044 

24 374214 20-3 (7) 398 

30 4r4207 ? 42-2 

36 47.61 0.9 ? 4065 

H4 0 20-7 X 1-0 20-7 207 
6 24-6411 20-7 245 

12 20:43 0:5 20-7 284 

18 28-94 0-7 20-7 (2) 299 

24 31-7 £05 ? 86-0 

30 38.7 0-4 ? 89-9 

36 42-5 € 0-5 ? aye? 

T6 0 32112 32-1 32:1 
8 34°04 1-4 32-1 302 

12 37:2412 32-1 404 

18 39-24 1-3 32-1 44-6 

24 4VS4 0-7 32:1 ART 

30 59-4t41 32:107) 528 

38 82-6 £ 1:3 ? 584 

TT 0 42-242-9 42-2 42:2 
8 4065127 42-2 Mel 

12 5r3r245 42-2 47-9 

18 513431 42-2 50-8 

24 55:5 + 3-3 42:2 59.7 

30 60-3 + 2-7 42:2 50-8 

36 60-0 * 2-6 42:2 (?) 59-4 


The observed lifespans in experiments H2 and T7 are in 
fairly good agreement with those predicted by the rate of 
living theory, but those in H4 and T6 tend to be too low. 
The results are not consistent with the threshold theory. 
Hollingsworth's data agree qualitatively with the pre- 
dietions of the threshold theory, but are not consistent 
with the rate of living theory. It is clear therefore that 
neither of these two theories provides a complete explana- 
tion of the effects of temperature on the lifespan of 
Drosophila. 

This work was supported by a grant from the MRC. 
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Germination of Hormocysts of 
Scytonema javanicum and the Function 
of Blue-green Algal Heterocysts 


HETEROCYsTs are the most distinctive cells of the blue- 
green algae, Cyanophyta, where they occur in the great 
majority of the filamentous species. "There have been 
many hypotheses regarding their function, but none of 
these has been widely accepted and there is fairly general 
agreement with the conclusion of Fritsch! that heterocysts 
are still “a botanical enigma". De Pumaly?, however, has 
presented evidence for an essentially mechanical function 
of the heterocysts and he has compared them with the 
rhizoids of other algae. The observations reported here 
are in general agreement with this interpretation of 
heterocysts as attachment organs, but suggest that their 
function is distinct from that of ordinary rhizoids. 

The observations were made on unialgal cultures of 
Scytonema javanicum (Kiitzing) Bornet, originally pre- 
pared from culture B1473/1 supplied by the Cambridge 
Culture Collection of Algae and Protozoa. The experi- 
mental cultures were grown on a simple basal inorganic 
medium containing: K,HPO, (0-002 per cent), MgSO,. 
7H,O (0-002 per cent), NaNO, (0-02 per cent), agar 
(0-8 per cent). This medium was modified from a Cam- 
bridge Culture Collection medium by substitution of the 
KNO, by an equivalent amount of NaNO,, on the basis 
of the known sodium requirement. of various blue-green 
algae. Two separate media were prepared from the basal 
medium by addition of either (a) a trace element solution, 
or (b) 10 per cent by volume of a stock soil extract 
solution. Parallel cultures, on each medium, were grown 
both in the north window of the laboratory, with only 
natural daylight, and under fluorescent lighting, at 
approximately 200 foot-candles, in a culture room with 
a temperature regulated at 24°+2° C. The cultures were 
started on 30 ml. of media, in 10 em Petri dishes, from 
small inocula, three evenly spaced inocula per Petri dish. 

The cultures grew well under all four treatments forming 
circular brown colonies on the surface of the agar media. 
Microscopie examination of the cultures, after 2 months, 
showed that many hormocysts were present on the surface 
of the agar, beyond the macroscopically visible margin of 
the colonies. From the position of the hormocysts it 
seemed likely that they had been produced by the encyst- 
ment of motile hormogonia migrating from the colonies. 

A considerable proportion of the hormoeysts had begun 
to germinate by protrusion of cell filaments from both 





Agar mount of living material showing 


Fig. 1. 
four germinating hormocysts, each with a median heterocyst (A). 
(x 240.) 


Seutonema javanicum. 
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ends of the multicellular eysts, each filament growing 
beyond the fairly thick sheath and pushing aside a cap 
of dead flattened cells which had previously formed at 
the end of the cyst (Fig. 1). An interesting feature of 
these germination stages was that in every one examined 
a median heterocyst had developed, and as a consequence 
of its elose union with the sheath evidently provided a 
secure central attachment for the emergent. filaments. 

In similar cultures of Calothrix anomala Mitra (nomen 
nudum), Cambridge Collection 1410/4, the formation of 
one or more basal heterocysts during the germination 
of few-celled hormogonia was often observed, but is not 
deseribed in detail here because similar observations have 
been recorded in the literature for many other species of 
blue-green algae. 

These findings, and many others discussed by de 
Pumaly?, indicate that heterocysts indeed function as 
attachment organs; but my observations on Seytonema 
suggest that heterocysts are primarily concerned with the 
attachment of growing trichomes to the sheath material, 
rather than in acting as rhizoids as proposed by de Pumaly. 
In attached species it is the sheath that provides the 
direct connexion to the substratum. 

I thank Mr Geoffrey Grange for the photograph repro- 
duced in Fig. 1. 
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Is the Heterocyst the Site of Nitrogen 
Fixation in Blue-green Algae? 


Many blue-green algae produce a characteristic type of 
cell with rather hyaline contents and a thick, refractive 
wall (Fig. 1) to which the name heterocyst has been given. 
Heterocysts are formed from vegetative cells only in 
filamentous forms. It has been suggested that they are 
reproductive structures!, are involved in spore formation? 
or that they are storage cells‘, but on the whole the various 
explanations for their function have been unconvincing, 
and in reviewing the situation in 1951 Fritsch described 
them as a “botanical enigma”. 

In a previous communication? two of us reported on a 
method of “differential cell disruption" for the isolation 
of heterocysts from the filaments of Anabaena cylindrica. 
These isolated heterocysts were tested for nitrogen 
fixation using the nitrogen-15 technique, but no activity 
was detected. We have now found, however, using the 
nitrogen-15 method and the more sensitive acetylene 
reduction technique*'*, that the nitrogenase activity in all 
of the algal materia! is lost completely during the initial 
stages of the isolation procedure, in which heterocysts are 
separated from adjacent vegetative cells. At present we 
have no conclusive evidence from work on heterocyst 
isolates on the location of the nitrogen-fixing system in 
blue-green algae, but we have collated the following 
evidence which strongly suggests that it is sited in the 
heterocyst. 

The main feature which suggests that heteroeysts may 
fix nitrogen is the relationship between the possession 
of heterocysts by a blue-green alga and its capacity to fix 
nitrogen. All the strains of blue-green algae (about forty) 
for which there is unequivocal proof of nitrogen fixation 
are heterocystous algae and belong to one of the families 
Nostocaceae, Seytonemataceae, Stigonemataceae or Rivul- 
ariacene*!9, Until recently the evidence for a direct 
relationship between the presence of heterocysts and 
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nitrogen fixation was complicated on five counts: (1) 
Chlorogloea fritschii, a known nitrogen-fixing species", was 
originally described as a unicellular form?? but it has since 
been shown that this alga is a reduced filamentous type 
which does in fact produce heterocysts!? M. (ii) Aphanizo- 
menon flos-aquae, a heterocystous alga, was reported not to 
fix nitrogen” and thus Aphanizomenon became the first 
genus of heteroeystous algae for which negative data 
were obtained. Recent tests, however, carried out by 
Stewart, Fitzgerald and  Burris!'*"' on thirty-three 
samples of Aphanizomenon from laboratories in Canada 
and in the United States, and from the field, using the 
acetylene reduction technique or the nitrogen-15 tech- 
nique, all proved positive, showing that Aphanizomenon 
is a nitrogen-fixing alga. (iii) Kratz and Myers!* have 
reported that a strain of Anabaena variabilis does not fix 
nitrogen. This organism, however, seems to have been 
mis-identified, for we have examined it in our laboratory 
over a period of years and have obtained no evidence that 
it possesses heterocysts. (iv) Some strains of hetero- 
cystous blue-green algae which are non-nitrogen-fixing 
have been reported!*, but this is analogous to the occur- 
rence of root nodules on leguminous plants which are non- 
nitrogen-fixing, and as has been pointed out" no one 
suggests that legumes in general do not fix nitrogen 
because ineffective root nodules are known. (v) Nitrogen 
fixation is associated consistently with natural populations 
of Trichodesmium, a non-heterocystous blue-green alga?9:?!, 
The evidence that T'richodesmium rather than associated 
micro-organisms is fixing the nitrogen is equivocal, 
however, because this alga has not yet been tested for 
nitrogen fixation in culture. Now that pure cultures of this 
organism are available** it should be possible to clarify 
this situation. 

The second point, which supports the view that the 
heterocysts are the sites of nitrogen fixation, is that 
combined nitrogen suppresses both heterocyst formation? 
and nitrogen fixation?! as was first reported by Fogg and 
subsequently confirmed by other workers!?37.25-?7?, It has 
been shown that combined nitrogen inhibits nitrogenase 
synthesis without necessarily repressing nitrogenase 
activity in Klebsiella** and in Azotobacter**. Similarly, as 





Fig. 1. Ultraviolet light micrograph of heterocysts in filaments of 
Anabaena cylindrica, 
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has been shown by Stewart, Fitzgerald and Burris", the 
effect of low levels of combined nitrogen is to inhibit 
nitrogenase synthesis and heterocyst development in 
blue-green algae without affecting pre-formed heterocysts 
or the activity of existing nitrogenase. The effect of 
combined nitrogen on heterocyst formation is thus the 
same as the effect of combined nitrogen on the formation 
of root nodules in legumes and in root nodule-bearing 
angiosperms which are non-leguminous (see ref. 10). 

The third point concerns indications from patterns of 
heterocyst distribution, spore production and growth of 
certain blue-green algae that ammonia and other products 
of nitrogen fixation are formed in the heterocysts. The 
evidence is as follows. (i) In Anabaena cylindrica, as in 
many other members of the Nostocaceae, new heterocysts 
usually develop mid-way between two existing heterocysts 
as filaments grow by division of the vegetative cells. 
Fogg** postulated that periodic concentration gradients 
of an inhibitory substance arise along the length of the 
filament and that heterocysts form at the points of the 
lowest concentration. He produced evidence that the 
active substance is ammonia or some substance readily 
derived from it. The simplest explanation for the con- 
centration of a nitrogenous inhibitor being lowest mid- 
way between two heterocysts is that they are the sites of 
its production and that it is consumed in growth by the 
adjacent vegetative cells. (ii) We have found (P. F. and 
A.E. W., unpublished data) that spore formation in 
Anabaena cylindrica is stimulated by the presence of 
ammonia in the culture medium. Spores also form in 
nitrogen-fixing conditions, and in this case they always 
appear adjacent to heterocysts, suggesting that hetero- 
cysts are points of high concentration of ammonia, which 
again provides indirect evidence of their role in nitrogen 
fixation. This idea is corroborated by the observation that 
high concentrations of phosphate, which are inhibitory to 
nitrogen-fixing systems?*, result in decreased sporulation 
in Anabaena cylindrica?. (iii) In the whip-like filaments of 
Gloeotrichia and Calothrix as in other members of the 
Rivulariaceac, growth is restricted to cells near the basal 
heterocyst. As vegetative cells are displaced to the distal 
end of the filament they narrow, vacuolate and finally die 
off, forming a colourless, multicellular hair. This suggests 
that these cells are dependent on substances emanating 
from the heterocyst which become depleted as they are 
passed from cell to cell along the filament. It seems likely 
that these substances are nitrogenous ones, as we have 
found that when Gloeotrichia and Calothrix are cultured 
in the presence of ammonia the lengths of the filaments 
are not restricted in this way, and they are of uniform 
appearance throughout (A. E. W. and W. D. P. S. 
unpublished data). (iv) This line of argument is further 
supported by observations on the germination of spores, 
the asexual reproductive structures, which give rise 
to new filaments. The assumption that the hetero- 
cysts are the site of nitrogenase activity implies that on 
spore germination an early development of the hetero- 
cyst will be essential on combined nitrogen-free medium 
to supply nitrogen for subsequent development of the 
filament. Fig. 2 shows a typical example of this for 
Anabaena cylindrica, and Fritsch?! shows drawings of 
spore germlings of A. cylindrica, A. inaequalis and Fischer- 
ella major, all with heterocysts. 

The fourth point relates to the facts that nitrogen 
fixation is a reductive process, that nitrogen fixing systems 
are highly sensitive to oxygen and that blue-green algae 
evolve oxygen during photosynthesis. We have found that 
nitrogen fixation in blue-green algae is inhibited by oxygen, 
both in intact cells (W. D. P. S. and H. W. Pearson, 
unpublished data) and in cell-free preparations?*, just as 
in cell-free extracts of Azotobacter’ and Clostridium. 
Fay and Walsby* have shown that isolated heterocysts 
respire more vigorously than do vegetative cells, and 
strongly reducing conditions in heterocysts have been 
demonstrated histochemically with TTC  (triphenyl- 
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tetrazolium chloride)** and the Nadi reaction?**, It seems 
possible that high respiratory activity in the heterocyst 
may protect the nitrogenase from oxygen, in the same 
way that high respiratory activity plays a part in Azoto- 
bacter by maintaining low oxygen tensions within the 
cell*?. Jones and Myers?* have suggested that in blue-green 
algae phycocyanin is the pigment associated with photo- 
system II which is concerned with the photolysis of water 
and the evolution of oxygen. Fay (unpublished data) 
has shown that the amount of phycocyanin in heterocysts 
is much less than in vegetative cells and may even be absent, 
suggesting that photochemical production of oxygen is 
unlikely to occur in heteroeysts. It is reasonable to 
suppose that heteroeysts which do not evolve oxygen are 
more suitable for the location of an oxygen-sensitive 
nitrogenase than are the oxygen-evolving vegetative cells. 





re germling of Anabaena 
own is a spore case from 


Fig.2. Phase contrast light micrograph of a s 
eylindrica with a terminal heterocyst. Also 
which the germling has escaped, leaving its heterocyst behind. 


Our suggestion that heterocysts are the site of nitrogen 
fixation should be considered in relation to the hypothesis 
of Fogg and Than-Tun* that there is a close relationship 
between nitrogen fixation and photosynthesis. It has 
been shown that light stimulates nitrogen fixation in 
Anabaena cylindrica. This stimulation is not inhibited 
by CMU (p-chlorophenyl-1,1-dimethylurea), indicating 
that photosystem I only is involved**. Chlorophyll a, the 
pigment primarily involved in this system, is present in 
heterocysts in considerable quantities (P. F., unpublished 
data). It is therefore conceivable that the heterocyst is 
able to produce ATP, required in nitrogen fixation, by 
cyclic photophosphorylation. But without photosystem 
II heterocysts will certainly be dependent on exogenous 
supplies of hydrogen donors for the reduction of nitrogen. 
There seem to be certain resemblances between hetero- 
cysts and photosynthetic bacteria; both are anaerobic 
systems, have photosystem I alone, rely on exogenous 
supplies of hydrogen donors, and fix nitrogen. . 

Electron microscope studies*! have produced evidence 
for distinct intercellular connexions between heterocysts 
and vegetative cells, through which transfer of materials 
may occur. The heterocysts of blue-green algae must 
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depend on their attachment to vegetative cells for the 
supply of reducing power essential to nitrogen fixation 
and this may explain why isolated heterocysts do not fix 
nitrogen*. It is also possible that on isolation the nitrogen- 
fixing system in heterocysts becomes exposed to oxygen 
from air. We feel that direct evidence for the involvement 
of heterocysts in nitrogen fixation can be obtained from 
studies on isolated heterocysts, but that success depends 
on a fuller understanding of the interrelations which 
exist between heterocysts and their adjacent vegetative 
cells, so that the appropriate conditions can be reproduced 
in isolation experiments. Evidence might also be obtained 
from histochemical studies on intact filaments. In this 
connexion we are at present making use of an observation 
by the Kettering group*? that under carbon monoxide the 
nitrogenase of Azotobacter may act as a hydrogenase. It 
may be possible to locate the nitrogenase histochemically 
as a carbon monoxide-insensitive hydrogenase which 
would reduce TTC or other substrates in the presence of 
carbon monoxide but not in the presence of nitrogen in 
otherwise identical conditions. 
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Rust Infection protects Beans against 
Heat Injury 

Tur greater tolerance of rusted (uredinial stage of 
Urom phaesoli on Phaseolus vulgaris var. ‘Pinto’) 
than healthy bean tissue to heat has been reported!. 
This study shows that with a properly chosen age of 
infection, heat dosage and period in darkness, rusted 
plants may outyield healthy plants, and may survive 
when healthy plants are killed by the same heat dosage 
Fig. 1). 

i Fale leaves of beans in 3 inch pots of a mixture 
of sand, peat and fertilizer were inoculated at about 9 
days after seeding to give 50-200 rust pustules/cm*. 
The plants were heated by dipping the tops for 14 s at 
55° C in water between 0700 h and 1500 h at 4 or 5 days 
after inoculation, placed in darkness until the evening of 
the second day and weighed at 14-24 days after inocu- 
lation. The three experimental factors of inoculation, 
heat and dark were applied in all eight possible combi- 
nations. In all six independent trials during August 
and September with a total of twelve pairs of plants 
(one healthy and one inoculated) in each trial, the final 
green weight of the primary leaves + new growth of 
the heated, darkened, rusted plants averaged more 
than four times that of the non-rusted and was similar 
to that of rusted but untreated plants. Results are 
given in Table 1 and typical plants are illustrated in 


Fig. 1. . 
‘Table 1, GREEN WEIGHTS OF BRANS IN RELATION TO RUST INFECTION, HEAT 
AND DARK TREATMENTS 
Average green weight per plant (g) 
Healthy Rusted 


Treatment 
Non-heated controls 22-2 7-36 
Non-heated controls, held 48 h in darkness 19:4 3-66 
Heated 14 s at 55° C 137 1-58 
Heated 14 s at 55° C, held 48 h in darkness 1-73 7-99 


Each aspect of the treatment sequence has been shown 
to be important. Most of the preliminary results were 
secured with studies of half-rusted leaves (ref. 1; Fig. 7), 
but these results are not presented. With heavy rust 
infection there may be a transient increase in photo- 
synthesis’? and in green and dry weights*-* at 3-6 days 
after inoculation. After about 8 days from inoculation, 
infection caused a progressive decrease in green or dry 
weights. By 16-24 days after inoculation, heavily 
rusted, non-heated, non-darkened plants averaged 33 per 
cent of the green weight of the controls. This reduction 
in green weight was primarily in new growth, as the 
inoculated primary leaves were commonly increased in 
weight. as a result of rust infection. 

Plants inoculated at 8, 9 and 10 days after seeding, 
with primary leaves from 25-60 mm in width, gave 
greater increases in green weight as a result of rust than 
older plants with larger leaves. Plants heated at less 
than 3 days after inoculation or more than 6 days after 
inoculation have not shown this protective action of 
rust against heat injury. At 10 days after inoculation 
rusted leaves were more injured by the same dosage of 
heat than were healthy leaves. 

Heating of plants may be used to kill out rust infections!. 
The dosage of heat necessary to bring about the greater 
green weight of rusted than healthy plants was much 
greater than that necessary to kill the rust. The rust 
was killed out without host injury by 40 s at 45? C, 
4s at 50? C, or 0-5 s at 55° C, but to produce the increased 
growth associated with rust infection required 70-120 s 
at 50° C or 11-18 s at 55° C, which latter dosages caused 
injury to the host. 

Time in darkness was important. When unheated 
rusted and non-rusted leaves were placed in darkness for 
3-4 days, the rusted leaves or half-leaves were commonly 
more injured than the non-rusted. When similar leaves 
were heated for 14 s at 55° C and placed in darkness, the 
greater injury to healthy than to rusted tissue inereased 
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Fig. |. Representative plants, showing comparative response of healthy 

(A) and rusted (7, inoculated August 31) beans to heat. Both Ly a 

were seeded August 22, heated for 14 s at 55° € at 0700 h, Septem 5, 

and placed in the dark, returned to the greenhouse environment 0700 h, 

September 7, and photographed September 13. The leaves of the healthy 

(non-rusted) plants were killed, but these Jead leaves, but not stems, are 
included in values for green weight, as in Table 1. 


with time in darkness up to 2 days. More than 3 days 
in darkness caused severe injury to healthy and rusted 
tissue. 

This may be the first case where, with a properly 
chosen environmental niche’, plants heavily infected 
with a conventional pathogen have substantially out- 
yielded healthy plants. 
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Horn-like Structures as Rank Symbols, 
Guards and Weapons 


STONEHOUSE! has put forward a hypothesis on the 
thermoregulatory function of antlers which seems 
plausible but which rests on doubtful assumptions and 
fails to predict correctly. 

There is little to quarrel with in the idea that growing 
antlers can serve in thermoregulation—any well vascu- 
larized appendage can fulfil such a purpose—but to 
claim that antlers evolved as thermoregulatory organs 
is a different matter. It is not surprising that growing 
antlers and horns are well vascularized, for how else 
would a moose (Alces) grow up to 50 pounds of antler 
mass in a little more than 4 months ? To demonstrate that 
antlers or horns? can lose heat and that ruminants can 
control blood flow through these organs argues no more 
for their evolution as variable heat radiators than such 
a demonstration argues that fore and hind limbs evolved 
as variable heat radiators, other functions being secondary. 

The premise that deer grow antlers to rid the body of 
excessive heat during fattening in spring and summer 
does not hold for the roe deer (Capreolus). Roe deer grow 
antlers during winter (January to the end of March); 
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they never grow fat like their close relatives, moose 
(Alces) or caribou (Rangifer); they rub off their densely 
furred velvet in April and rut during July and August?. 

Even if Stonehouse's assumptions are valid, his 
hypothesis fails to meet the following requirements. 

(1) Cervids of similar body size of related lineages 
must have larger antlers in warm than in cold climates. 
If old world deer from the Mediterranean region and 
southern Asia are compared with those from northern 
Europe and Asia, by pairing off species and races of 
similar body size, it will be seen that all the warm climate 
deer of the plesiometecarpalian lineage listed in Table 1 
except Dama dama carry antlers distinctly smaller than 
their cold climate counterparts. All large antlered deer 
come from the temperate or even arctic climates; that is, 
C. elaphus, C. canadensis, Alces, Rangifer; no deer with 
comparable antler size exist in hot climates. 


Table 1 
Warm climates Cold climates 


Cervus unicolor ", canadensis 

C. duvauceli, eldi, equinus C. elaphus 

Axis axis C. nippon dybowski 
Dama dama C. n. dybowski 

A. porcinus C. n. nippon 


a 


(2) Related deer of similar body size must have 
similar antler size in similar climates. The large West 
Siberian moose carry much smaller and less palmate 
antlers than their East Siberian and American counter- 
parts. Manchurian moose carry small palmless antlers, 
and vet live in close proximity to the East Siberian 
moose which carries huge, palmed antlers. The Man- 
churian moose is somewhat smaller than other races, 
but the weights of American and West Siberian moose 
coincide closely‘. 

(3) Cervids from warm epochs should have larger 
antlers than deer from cold epochs. The fossil record 
does not confirm this. It does show that large antlers 
as well as large bovid and rhinoceros horns and gigantic 
tusks among proboscidians are a Pleistocene phenomenon. 
The evolution of large horns and tusks is almost explosive 
in the Villafranchian and continues to be so during the 
ice ages. The cervids with the largest antlers (Mega- 
loceros, Alces, Cervalces, Rangifer, Orthogonoceros, Eucla- 
doceros, Euetenoceros, Cervus elaphus, Paramegaceros) are 
all of Pleistocene age and nothing which compares with 
them is found in the warmer Pliocene and Miocene 
epochs. The same is true for bovid horns, giraffe horns, 
rhinoceros horns and elephant and mastodon tusks, the sole 
exception being the paenungulate Arsinoitherium from the 
Oligocene. The largest horns or tusks are carried by 
Recent and Pleistocene species. Moreover, species with 
giant horns, antlers or tusks are usually, but not always, 
confined to the periglacial areas, such exceptions being 
Syncerus, the African buffaloes, or Bubalus, the water 
buffalo. The relationship between cold climate and 
large horn-like structures is not causal; a theory explaining 
the rapid evolution of giant horn-like organs during the 
Pleistocene is being prepared for publication. ` 

It is thus evident that antlers have had a parallel 
evolutionary history to other horn-like organs, even those 
for whieh no thermoregulatory functions are likely to be 
advanced; that is, rhinoceros horns and elephant tusks. 
This is not surprising, for behaviour studies on ungulates 
indieate that horns, antlers and tusks are used similarly 
and are analogous organs’. 

Stonehouse makes a reference to caribou (Rangifer) 
when implying that the antlered females of a high Arctic 
deer need growing antlers to lose excessive heat during 
the spring "feeding flush", because they are insulated by 
thick fur and fat. This suggestion is ludicrous. Female 
caribou in May and June have just emerged from winter, 
they are carrying calves or are lactating, they are thin 
and almost devoid of fat while their hair is shedding and 
they are losing their insulation. To anyone familiar 
with northern Canada it must be evident that the ability 
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to regulate blood flow in growing antlers is adaptive. 
In the months mentioned, snow is commonly found on 
the ground, the lakes are still frozen or just breaking 
up, while snowstorms, frost and icy rain are common 
occurrences. Like the female caribou, the stags, as well 
as cow and bull moose and wapiti (Cervus), “have lost 
their last fat deposits, while the old fur is dropping out. 
In these circumstances all heat must be conserved. As in 
roe deer, antlers seem to grow not because of the climate 
but in spite of it. 

The hypothesis that antlers evolved as thermoregulatory 
organs does not meet the necessary requirements and 
fails to predict correctly. Behaviour studies of ruminants 
have shown that horn-like organs can function as weapons, 
as display organs or rank symbols‘, as shields to catch 
and neutralize attacks of conspecifics® and as determinants 
of dominance rank’, and as locks to hold the heads of op- 
ponents together during pushing and wrestling*. Hence 
they evolved as social adaptations and are of great 
importance to the reproductive success of the individuals, 
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Using the Rat as a 
Cholera ‘‘Model’’ 


AFTER the discovery of the Vibrio cholerae by Koch in 
1883, many investigators attempted to develop animal 
models in a wide variety of species. Results were erratic 
and it was not until 1953 that De and Chatterje? developed 
the ileal loop in adult rabbits as a model which gave 
consistent results. Shortly afterwards, Dutta and Habbu? 
developed the “suckling bunny" model which also gave 
consistent results. Since then, these two models have 
been widely used to study the effects of vibrios and their 
products on fluid accumulation into the gut lumen. 
Recently, Carpenter and his colleagues‘ developed an 
animal model using dogs with chronie Thiry-Vella loops 
in the jejunum and ileum. We report now that the rat 
can also be used as a cholera model. 

The fluid accumulation factor (FAF) in Vibrio cholerae 
culture filtrates rapidly loses its effectiveness even if 
the filtrates are stored at 4° C. Van Heyningen has 
suggested (personal communication) that stabilization 
might be achieved by the addition of glycerine to 
the filtrate in a ratio of 2:1. Twelve hour culture fil- 
trates of Vibrio cholerae Inaba 569B grown in 2 per cent 
peptone and 1 per cent NaCl were centrifuged, pooled 
and sterilized on ‘Millipore’ filters. This crude filtrate 
was concentrated 100-fold by ultrafiltration through 
dialysing tubes. Glycerine was added to this concen- 
trated product in a 2:1 ratio. This preparation has 
been stored in the refrigerator at 4° C for 4 months 
without measurable loss of FAF potency. On the day 
of an experiment one volume of the concentrated, glycer- 
inated filtrate was diluted 100-fold with a gel borate 
buffer (pH 7-5) before injection into the rat or rabbit loop. 
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The initial results of rat loop experiments were erratic 
until it was noted that both succus entericus and faeces 
would nullify FAF activity. Finally, the following pro- 
cedure was developed. Forty day old rats were given 
water and Nabiseo biseuits for 72 h. During the next 
72h they were given freely a 5 per cent solution of glucose 
in water. Laparotomy was then performed under ether 
anaesthesia and the lumen of the small intestine was 
washed thoroughly with 20 ml. of normal saline. Two 
loops measuring approximately 10 em were then pre- 
pared, starting about 2 cm above the caecum, with a 
1-2 em interloop between the study loops. The diluted 
glycerinated filtrate or the diluent was then injected into 
one end of the loop in a volume of 0-5 ml. and the injected 
site was ligatured. The intestine was replaced in the peri- 
toneal cavity, the wound was closed with sutures and 
the animal was allowed to recover from the anaesthetic. 
Water was supplied freely during the postoperative 
period. After 8 h the animal was killed by excessive 
ether anaesthesia. The peritoneal cavity was opened, 
the loops were examined, and the fluid accumulated 
in the loops and the loop lengths were measured. Table 1 
shows that of ninety-six loops in forty-eight rats only one 
loop recorded a false positive and there were no false 
negatives. Àn average of 3 ml. of fluid accumulated in 
àn average loop 12.8 em long which had received the 
equivalent of 0-05 ml. of the original unconcentrated 
filtrate. 


Table 1. RAT ILEAL LOOP MODEL FOR THE DETECTION OF FAF IN CHOLERA 
CULTURE FILTRATE 
Buffer* Cholera culture filtrate t 
Average Average Average Average 
Rat No. loop length fluid volume looplength fluid volume 
(em) (ral) (em) (ml.) 
1- 8 98 0 11:8 2-8 
9-16 10-0 01 115 2:5 
17-24 10-4 0 13-7 3:1 
25-32 9:5 0 14.0 3-0 
33-40 10-5 0 11-6 2.8 
41-48 10-5 0 142 3-9 
Average of 45 101 0 12:8 3-0 


* The quantity used was 0-5 ml. i 
The quantities used were 0-05 ml. of culture filtrate diluted to 0-5 ml. with 
buffer (see text). 


Table 2. FAF INHIBITION BY RAT INTESTINAL WASH FLUID (HEATED AND 


UNHEATED) 
Cholera Filtrate Filtrate and 
Rabbit No, culture filtrate and RIW heated* RIW Control 
1 L37t 0 0 0 
2 1-00 0-29 0:14 01 
3 0-68 9 0 0 
4 0-54 0 0 0 


* Subjected to 56? C for 30 min. 

+ Fluid accumulated in ml. divided by ileal loop length*. 

Cholera culture filtrate (0-02 ml.) was in 2 ml. of buffer in all cases, except 
the control which used 2 ml. of buffer. 


Table 3. FAF INHIBITION BY CENTRIFUGED AND ‘MILLIPORE’ STERILIZED RAT 
INTESTINAL WASH FLUID 


Filtrate and 


Rabbit No. Filtrate Filrate — RIWMt frozen Control 
and RIWMT and thawed 
1 0-99* 0 0 0 
2 r3 0 0 0 
3 TO 0 0 0 
4 1-08 0 0 0 


Filtrate (0-02 ml.) was used in 2 ml. of buffer in all cases, except the control 
which used 2 ml. of buffer. 

* Compare Table 2. 

t Rat intestinal wash passed through a ‘Millipore’ filter, gauge 220 mu. 


It was also established that rat faeces or saline washings 
of the small bowel of the rat (RIW) would render fil- 
trates containing FAF inactive. Studies were made in 
rabbit ileal loops using the technique of Burrows and 
Musteikis* except that the loops were collected after 8 
instead of 18 h. A sample (1ml.) of a suitable dilution 
of the conventional glyeerinated filtrate in buffer was 
mixed with 1 ml. of buffer, or 1 ml. of unheated RIW, 
or 1 ml. of RIW which had been heated for 30 min at 
56? C. Table 2 shows that both heated and unheated 
RIW are effective in nullifying FAF activity. Table 3 
shows that inhibitory activity is retained by RIW after 
‘Millipore’ filtration, freezing and thawing. 
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We have shown that a rat, after suitable pre-treatment, 
ean be used as a model for the study of FAF in cholera 
eulture filtrates. We are now investigating the nature of 
the inhibitory material in the intestine of the rat. 

This work was supported in part by a research agree- 
ment between the US National Institutes of Health and 
the Pakistan-SEATO Cholera Research Laboratory. 
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Structure of the Reaggregated Protein 
Shells of Two Spherical Viruses 


AFTER the reconstitution of the rod shaped tobacco 
mosaic virus (TMV) from its protein and RNA compo- 
nents!, several spherical viruses have now been recon- 
stituted?-, In the case of TMV, the protein component. 
alone can, in suitable conditions, 


the reaggregation of the protein of certain sph 

viruses into shells similar in size to the original vi 
particles has been reported!*:!!, they have not been show: 
to have the same arrangement of subunits. Nat: 

occurring empty protein shells (“top component") de 
of RNA are found associated with virus partieles ir 
many different systems, and artificial top components: 


can be made in some cases, for example from turnip 


yellow mosaic virus?, by removal of RNA from the 
virus particles. Both natural and artifieial top compo- 
nents of turnip yellow mosaie virus are strueturally very 
similar to the intact virus particles!?:*, In this commun- 
ieation we show that the structures of shells formed by 
the reaggregation of the protein subunits of two spherical 
viruses are identieal or very similar to those of the 
original RNA-containing virus particles. 

For both viruses considered here, the protein subunits 
lie in quasi-equivalent environments, in one of the 
ieosahedral surface lattices derived by Caspar and Klug!* 
in their theory for the formation of spherical shells 
from large numbers of identical subunits. On the basis 
of this theory Caspar and Klug suggested that the for- 
mation of such a shell would be possible without the need 
for another directing component, just as for simple 
struetures built of exactly equivalent subunits, provided 
that this aggregate represents a state of minimum energy 
for the subunits alone. This seems to be so in the work 
presented here. 

Low moleeular weight protein isolated from the small 
isometrie plant viruses, cowpea chlorotic mottle (CCMV) 
and brome mosaic (BMV), reaggregates in certain condi- 
tions to form spherical shells similar in size to the respec- 
tive original virus particles!!, and called "pseudo-top..: 
component”. While the surface charges of BMV and 
its top component are about the same, there is a marked 
difference between those of CCMV and its top component. 
Such a difference could be accounted for by 4 slight 
change in the packing of the subunits in the two shells 
or by the exposure of different groups by the absence 





be repolymermed .. 
into a form in which the arrangement of subunits is. 
closely similar to that in the original virus*?. Although — 
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(a) Virus 
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(b) Reaggregated protein shells 





Fig. 1. a, Electron microscope images of particles of cowpea chlorotic mottle virus and brome mosaic 


virus poqativety stained with uranyl acetate and seen in the direc: 
ponding 


tion of two-fold axes. b, Corres- 


mages of the self-assembled top component particles of the viruses in (a), which apart from 
a darker centre are identical to the images in (a). The arrangement of protein in the top component is 
thus the same or very similar to that in the virus particles, 


of RNA. To compare their structures, we have taken 
electron micrographs of negatively stained preparations of 
both viruses and their top components. 

The surfaces of both CCMV and BMV consist of thirty- 
two ring-shaped morphological units lying approximately 
at the vertices of a rhombic triacontahedron!* (in other 
words, the hexamer-pentamer clustering pattern of 180 
structure units on the T —3 icosahedral surface lattice!) 
Images of virus particles seen close to a two-fold axis 
show in the centre the characteristic rhombus of four 
morphological units (Fig. la). Images of the reaggre- 
gated top component partieles seen from the same 
direetion show the same pattern (Fig. 15), although the 
images appear darker than those of the virus particles, 
presumably as a consequence of the penetration by the 
negative stain into regions of the particle which, in the 
virus, would be oceupied by RNA. Other characteristic 
images for different views of this structure are also 
observed in the electron micrographs of both viruses 
and top components. 

The surfaces of both viruses and their top component 
particles are thus very similar, indicating that the protein 
subunits alone have assembled themselves into a shell 
of virtually the same structure as that of the virus 
particles. In other conditions various other protein 
aggregates occur’, but they all appear to be based on 
the same loeal bonding relationship between subunits 
as in the intact virus shell. The possible existence of 
such variants was also suggested by Caspar and Klug". 
and follows the analogy with TMV the protein of which 
can be reaggregated in several polymorphic forms'?:!5, The 
form morphologieally and strueturally similar to that 
of the intact virus particles only occurs in special 
conditions. 

One of us (J. B. B.) is supported by the US National 
Science Foundation. 
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Comparative Immunogenicity of 
Antilymphocytic Globulin in Solution 
and adsorbed on Lymphocytes 


ALTHOUGH heterospecific antilymphocytie IgG can sup- 
press the development of immunity to antigens of various 
kinds, including inter alia immunity in rodents to alum- 
precipitated bovine serum albumin, it is itself strongly 
antigenic. Thus it has been shown that animals which 
have received injections of antilymphoeytie globulin 
develop antibody to globulins of the species in which this 
material was raised*? and also show rapid elimination of 
isotopically labelled normal and antilymphocytie IgG 
from this species*^^, Some experiments have been 
carried out to try to resolve this apparent paradox. 

Female adult rats of an inbred hooded strain, weighing 
130-200 g, were placed in seven groups. Those of the 
first group were kept as controls; the others received a 
single intraperitoneal injection of either horse-anti-rat 
antilymphocytic TgG solution (ALG) or a washed suspen- 
sion of isogeneie thoracic duct lymphocytes which had 
been pre-incubated with ALG for 90 min at 37° C (using 
60 x 10* cells and 40 mg of IgG/ml. of suspension), in the 
dose shown in Figs. 1 and 2. Twenty-one days later, 
during which time all the animals including the controls 
had been given sodium iodide (50 mg/l.) in their drinking 
water, each animal received an intraperitoneal injection 
of 10 mg of normal horse IgG labelled with iodine-131. 
Elimination of the labelled IgG was followed by perform- 
ing daily total body counts. 

To estimate the amount of ALG adsorbed on the injected 
lymphocytes an aliquot of the same lymphocyte suspension 
was ineubated in similar conditions with a sample of the 
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Fig. 1. Elimination of normal horse IgG labelled with iodine-181 as determined by 


whole body counting in control rats and in rats which had previously recelved an 
intraperitoneal injection of antilymphocytic IgG (ALG) solution, 
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same batch of ALG which had been labelled with iodine- 
131 by the method of Hunter and Greenwood’, and the 
uptake of iodine was determined by washing the cells and 
counting them in a scintillation spectrometer. The mean 
uptake per cell was found to be 17-1 x 10-'? g (that is, 
6-4 million molecules). In the light of a previous observa- 
tion’ that the stimulating effect of a given amount of ALG 
on lymphocytes in vitro is not greatly altered by labelling 
with iodine-131 it was assumed that the uptake of un- 
labelled ALG did not differ significantly from this value. 

The other technical procedures, including the prepara- 
tion of antilymphocytic and normal IgG’, and total body 
counting’, have been described in previous papers from 
this laboratory. 

The results are shown in Figs. 1 and 2, in which each line 
represents the data obtained from a single animal. 

Elimination of the labelled normal IgG was remarkably 
uniform in the controls and in rats which had received 
the smallest dose (0-012 mg) of ALG in solution, but there 
was considerable variation in the other groups. If, as 
seems reasonable from inspection of the graphs, an animal 
is classified as immune if, and only if, the total body 
count 7 days after injection of labelled IgG was less than 
15 per cent of the initial count, it appears that seventeen 
out of eighteen animals which received ALG adsorbed on 
cells became immunized, including six out of six which 
received only 0-0012 mg of ALG. Among the rats given 
ALG in solution immunization occurred in six out of six 
which received 1-2 mg, but in only one out of four which 
received 0-12 mg and in none of the rats which received 
0-012 mg or the controls. Thus one hundredth of a dose 
of ALG which failed to immunize in three out of four 
animals when given in solution regularly immunized 
when given adsorbed on lymphocytes. 

It seems likely that in animals which received ALG 
solution some of the injected material became adsorbed 
on circulating lymphocytes. In animals which failed to 
become immunized, however, the amount so adsorbed 
was almost certainly less than 0-0012 mg, for otherwise 
they would have become immunized. It might be objected 
that this would not necessarily have occurred because the 
animals may have been effectively immunosuppressed; 
previous observations^?, however, make it seem very 
unlikely that this would have occurred with the doses 
of ALG used in this experiment. The findings thus 
indicate that ALG adsorbed on lymphocytes is much 
more antigenic than ALG which is not adsorbed in this 
way. The paradox which prompted this investigation 
is thus resolved because it is now easy to see that an 
animal whose capacity to form antibody to protein 
antigens in solution, and hence a fortiori to reject homo- 
grafts, is completely suppressed by ALG might neverthe- 
less be stimulated by lymphoeyte-adsorbed globulin to 
form antibody against the ALG itself. 

Torrigiani and Roitt? observed that 195 antibody pro- 
duction is much greater in rabbits injected with human 
thyroglobulin adsorbed on acrylic resin particles than in 
rabbits injected with the same protein in solution. "This 
finding, and later observations of Wilkinson and White!? 
on the antigenie properties of bentonite-adsorbed ovalbu- 
min, suggest that ALG is strongly antigenie when adsorbed 
on lymphocytes, because it is then presented in particulate 
form and readily gains entry to macrophages as the result 
of phagocytosis of the coated lymphocytes. This may well 
provide the whole explanation, but there is another 
possible factor to be considered. It has been shown"! 
that preparations of ALG contain molecules which differ 
in at least two respects, one of which is their capacity to 
bind to lymphocytes; molecules adsorbed on lymphocytes 
thus cannot be regarded as representative of the whole 
population. It is conceivable that structural differences 
between the molecules which are adsorbed and those which 
are not might be refleeted in differences in antigenicity, 
though it seems unlikely that these would be of more than 
minor significance. Further information which would 
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help to discriminate between these possibilities might be 
obtained by measuring the 78 and 198 antibody responses 
after injecting ALG in solution and adsorbed on lympho- 
cytes, and also by determining the extent to which these 
responses are altered by procedures such as irradiation 
which have been shown to modify the immunological 
activity of macrophages??. i 
. We thank Dr Keith James for labelling the IgG used 
in these experiments, Dr Norman Anderson for performing 
thoracic duet cannulation and Mr George Brooks for 
technical assistance. : 
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Mutability of Stored Spores of 
Bacillus subtilis 


THE problem of accumulation of mutations in dormant 
organisms is of considerable theoretieal and practieal 
interest (for a recent review, see ref. 1). 

The problem is different from the problem of occurrence 
of mutations in the "resting" vegetative cells of bacteria? 
because of the possibility of eryptie DNA turnover in such 
cells*. Dormant spores of Bacillus anthracis were reported 
to remain viable after more than 40 yr (review in ref. 4); 
this would make unlikely any considerable accumulation 
of mutations (usually harmful) in the survivors. On the 
other hand, there are reports of accumulation of mutations 
during storage of dry spores of Neurospora?, dry seeds* 
(review in ref, 7) and baeteriophage in broth*. Mutations 
(or “pre-mutational” events) also accumulate in dry 
spores of B. subtilis when heated for 16 mun at tem- 
peratures greater than 100? C (refs. 9 and 10), probably 
because of depurination of DNA (ref. 11). Because 
depurination can also proceed, albeit slowly, at lower 
temperatures, it seemed interesting to investigate the 
possible slow accumulation of mutations in spores stored 
at 23° C and 3° C. 

In one series of experiments washed spores of B. subtilis 
strain 23 in water (108 spores per ml.) were stored in sealed 
ampoules at 23? C and 3° C for 8 and 12 months. Water 
suspension, rather than dry spores, was used to investigate 
the effect of dormancy separately from the effect of 
desiccation. The proportion of azide-resistant mutants 
before and after storage was determined as described 
previously". In addition, a mixture of azide-sensitive 
parents (wild) and azide-resistant mutants (a large pro- 
portion of the latter) was stored in the same way in a 
“reconstruction experiment", to estimate viability and 
selection of the two strains when stored, irrespective of 
mutations. 

In another series of experiments, the spores were 
washed and resuspended in water (10* spores/ml.). 
Samples of 1 ml. were dried in glass bulbs over P,O; and 
under high vacuum, and sealed as described previously’. 
Some bulbs were opened immediately, to estimate the 
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Table 1, AZIDE-RESISTANT MUTANTS IN SPORES OF Bacillus subtilis STRAIN 23 STORED IN WATER* 


Poe 23°C 
Length of storage, months 0 8 12 0 R i2 
starti Wild Spore survival t 3-5 x 10-7 94x 107* i B-1lx lo? 3x ite? 
ae ‘ Mutant frequency 6x10 2x105 tix105 6x10-* 2x10 25x10 
Population Mixture t Spore survival 1 Tx10- 2:4 x 107 i i x 10 il 27 x ia 
y Per cent mutants 96 100 88 96 74 84 
* Results are the average of three determinations each. See text for details. , 
t Reconstruction experiment": mixture of azide-sensitive parental and azide-resistant mutant cells. 
Table 2. AZIDE-RESISTANT MUTANTS IN SPORES OF Bacillus subtilis STRAIN 23 STORED IN DRY STATE IN VACUUM 
Length of storage (months) i 0 ae ES 7 E 
Conditions Before drying After drying Dry Dry 
Starting population Wild Spore survivalt 1 67x10 Tx MES Bw 13 
ird 5 Mutant frequency 1:3 x 10-6 25x 1075 3-2 x 10-4 25x dns 
Increase in mutant frequency t 1 x19 x 250 x 180 
Mixture* Spore survival 1 $8x1 0 Tixi 
Per cent mutants 56 57 28 


The temperature was 23° C. Results are the average of four exper iments. See text for details. * See Table 1. + Over first column ("before drying”). 


effect of desiccation alone; others were stored for 7 
months at 23° C before opening. The spores from all the 
bulbs were resuspended in the original volume of 0-14 M 
saline and tested for survival and azide resistant mutants 
as described. 

The results (Table 1) indicate that the proportion of 
‘azide resistant mutants after storage at 23^ C or 3° C 
in water was essentially no higher than before storage; 
the slight changes in this proportion might be a conse- 
quence of somewhat different death rates of the azide- 
sensitive (wild) strain during storage (see “reconstruction 
experiment”). Thus substantial accumulation of mu- 
t tations in spores of B. subtilis stored in water for up to 
. 12 months at 3° C or 23° C could not be demonstrated. 
‘We conclude that either such accumulation did not 
_ oceur (protection of DNA against mutagenic reactions in 
he dormant state) or else that such accumulation was 
very small, that is of the same order of magnitude as 
(the selection against the mutant (somewhat lower 

viability of mutant spores). 

But the situation was different when the spores were 
desiccated and stored dry. Table 2 shows that desiccation 
alone increases mutant frequency nineteen-fold; 7 months 
storage after drying brings total increase up to 250-fold 
or thirteen-fold over drying alone. The reconstruction 
experiment (Table 2) indicates again that the death rate 
for the mutant spores is the same when they are dried 

though slightly higher on storage at 23°C. Thus the 

“actual increases in mutant frequency are not lower than 
those indicated. This slight selection pressure against 

the mutant also explains the lack of substantial accumu- 
lation of mutants during 91 months (Table 2). 

It is likely that the phenomena observed here (muta- 
genic effect of desiccation on spores and of spore storage 
in desiccated state) are parallel to the reported mutagenic 
effects of desiccation on vegetative cells!*-™; these 
phenomena might reflect the injurious effect of desic- 
cation on DNÀ'5 and of storage of DNA in injured 
state!*, 

This investigation was supported by grants from the 
US Publie Health Service and the US Atomie Energy 
Commission. 
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Relation between Blood Groups and 
Resistance to Infection with Influenz. 
and some Picornaviruses m 


SPECIFIC immunity, especially that conferred by 
on the respiratory mueosa, is probably the most 
factor in resistance to infection with respiratory 
But McDonald and Zuckermann‘ have shown! 
the first wave of Asian influenza relatively mor 
men admitted to hospital with this infection wer 
blood group O than of blood group A. i ; 

Later work has shown that in the general population 
there is a positive correlation between possession of blood: 
group O and of antibody against influenza^*. Antibody 
against adenoviruses types 3 and 7 is found more com- | 
monly in persons of group O than of group A. In other > 
studies using sera from other populations and other . 
viruses, no such differences were detected*. This may 
have been because the numbers of sera tested were small 
or because the situation is different with different popu- 
lations and different viruses. In a study of the islanders 
of Tristan da Cunha’ it was possible to select, a group of 
subjects with low antibody titres against one or other of 
three viruses, influenza C, parainfluenza 2 and coxsackie 
A21, and to show that within this group these infections 
were more common in those of group A and less in those 
of group O. 

During the past 7 years moderate numbers of volunteers 
have been exposed to coxsackie A21 virus as part of. 
studies on transmission of virus infections? io rhin : 
viruses in studies on antiviral drugs. Others have —— 
received egg-attenuated influenza viruses in studies of > 
live influenza virus vaccination! and antiviral drug tr 
ment. Paired sera were available from most of these 
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volunteers as well as the results of virus isolation tests 
and clinical examination. It was decided to use this 
material to find out whether blood group affected the 
frequeney with whieh volunteers who received a roughly 
uniform inoeulum became infected, and also to determine 
the frequeney with which infected volunteers developed 
symptoms. Other studies have shown that the various 
influenza, inocula used had rather similar effects on 
volunteers, but we excluded volunteers given UK2371, 
which had an antiviral effect in man!. We also excluded 
volunteers given coxsackie virus A21 material which 
turned out to be incapable of infecting man. Blood 
groups were determined by mixing 0-1 ml. of the volun- 
teers’ sera with 0-1 ml. of a 10 per cent suspension of 
human red cells, known to belong to group Al, B or O. 
The results were read by the pattern of settling after 2 h 
at room temperature. 


Table 1. RESULTS OF INTRANASAL INOCULATION OF 199 VOLUNTEERS WITH 
INFLUENZA VIRUSES 
Virus isolated, 
Blood . No. No, Virus Antibody antibody rise or both 
group inoculated with isolated rise No. with 
colds Total colds 
o 95 37 50 49 63 33 
A 80 44 37 36 43 30 
B 18 10 8 7 11 9 
AB 6 1 2 2 2 I 
A+B 
+A 104 55 AT 45 56 40 


Forty-one volunteers with serum antibody titres of 96 or more were 
excluded. Fifty voluntcers received A2/Len/4/65, seventy-three received 
B/Eng/101/62 and seventy-six received B Eng/13/65. 


Results of z* test 


Proportion of total Proportion of 


with laboratory Proportion of infected 
Comparing evidence of total developing developing 
infection colds colds 
Group O with group A 0-10>P>005 0-:05>P>0-02  010> P>0-05 
Group O with group 
A+B+AB O10> P> 0-05 0-05 > P > 0-02 0-05 > P > 0-02 


Table 2. RESULTS OF INOCULATING 216 VOLUNTEERS WITH RHINOVIRUSES 
OR COXSACKIE VIRUS A21 


Virns isolated, 


Blood No. No. Virus Antibody antibody rise or both 
group inoculated with isolated rise No. with 
colds Total colds 
0 95 37 47 35 54 32 
A 84 26 38 27 43 25 
B 28 11 14 9 17 11 
AB 9 4 5 4 6 1 


103 volunteers received coxsackie virus A21, Volunteers with antibody 


titres of 96 or greater were excluded. 


The results obtained are shown in Tables 1 and 2 and 
Fig. 1. These indicate that of the volunteers exposed to 
influenza viruses, more of those with blood group O 
became infected than of those with blood group A. 
This was particularly marked in volunteers given B Eng/ 
13/65; thirty out of forty (73 per cent) in group O were 
infeeted but only twelve of twenty-seven (44 per cent) 
in group A (y?*— 7-27; P<0-01). The effect was seen 
also when the results of virus isolation or antibody 
titrations were considered separately. On the other 
hand, of the volunteers who became infected with in- 
fluenza, as judged by the combined results of the two 
diagnostie tests, more in group A developed eolds than 
in group O. "These differences were seen in volunteers 
given all viruses, but were again most marked in those 
given B Eng/13/65. Altogether fourteen volunteers in 
group A developed clinical symptoms although there was 
no laboratory evidence of infection: clinical reactions 
were rare in volunteers who were not given a virus so we 
believe they represent virus infections, but their exact 
nature is unknown. Volunteers given picornaviruses, 
that is rhinoviruses or the enterovirus coxsackie A21, 
reacted in the same way irrespective of their blood groups 
(Table 2). 

The degree of statistical significance is not high, but it 
seems that our volunteers of group O were more than 
30 per cent more likely to be infected than those of 
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Rhinoviruses and 
coxsackie virus A21 
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group A. This susceptibility may have been more marked 
in those given the B/65 virus because relatively fewer 
volunteers would have been exposed to a relatively “new” 
virus of this antigenie type; for each such exposure 
would tend to immunize preferentially any specially 
susceptible subgroup of the population. The result is 
compatible with those of Potter and Schild in the general 
population*. The second effect is interesting, for although 
there are many examples of genetically controlled dif- 
ferenees in susceptibility to virus infeetion, it is not 
usually possible to separate an effect on the dose required 
to initiate infection from the amount of disease produced 
by an infection once it has started. In interpreting the 
results of MeDonald and Zuckermann we should have to 
assume that the effect on infection was more important 
in determining whether patients came into the hospital 
and were diagnosed as having influenza, than the effect 
on the severity of disease—if the latter occurred with the 
A2/57 viruses. 

Results such as this suggest that respiratory virus 
infections may be responsible for maintaining blood 
group polymorphism in man. Further observations, per- 
haps in areas where live influenza vaccine is administered 
to large numbers of subjects, are needed to establish our 
tentative eonclusions. 


D. A. J. TYRRELL 
P. Sparrow 
A. S. BEARE 


MRC Common Cold Research Unit, 
Salisbury, Wiltshire. 
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Early Experience and Immunity 


Many physiological and behavioural variables in adult 
life have been related to infantile experience. There 
have, however, been no large scale studies of the effects 
of infantile stimulation on the immunological system— 
influences on which might have important implications 
in host resistance to infectious disease, to cancer (in view 
of growing evidence that resistance to many tumours is 
immunological in nature^?) and possibly to auto-immune 
diseases, which may have an association with states of 
immunological insufficiency*. Emotions and stress have 
been related to the onset and course of infections, cancer 
and auto-immune diseases‘, and we have now studied 
differential immunological responses to flagellin in rats 
handled and not handled before weaning. 

Previous work showed that rats treated in infancy 
either by simply being picked up once daily and placed 
briefly in a different environment or by being given electric 
shocks for 3 min once daily until weaning at 21 days as 
adults explored a new environment more freely, defaecated 
less and seemed to show “more adaptive behaviour” by 
learning avoidance conditioning more rapidly**. Animals 
manipulated before weaning showed less change in adrenal 
weight under chronic stress? but greater adrenal cortical 
hormone response to electric shock’. It seemed possible 
that one of the chief consequences of infantile stimulation 
is to endow the organism with the capacity to make fine 
discriminations concerning the relevant aspects of the 
environment’, This view seems to be supported by 
evidence that manipulated animals showed less adrenal 
response to a new situation and quicker habituation’. 
Adaptive physiological as well as behavioural conse- 
quences of early experience have been noted, although 
the adequacy of a unitary concept of emotional reactivity 
for describing the effects of early stimulation has been 
questioned". Rats handled in infancy showed less physical 
change and lighter adrenal weight after immobilization 
and survived longer under severe deprivation of food and 
water, though the pre-weaning and post-weaning ex- 
periences of different experiments might not be compar- 
&ble!?-M, 

The only previous work on early experience and anti- 
body response was a pilot study in which non-manipulated 
rats showed greater production of haemolysin after injec- 
tion with 2 per cent sheep red cells but less antibody 
response when 0-5 per cent sheep cells were used*. On the 
other hand, changes in susceptibility to encephalomyo- 
earditis virus or murine leukaemia virus (Rauscher agent) 
were not found on the basis of differential early ex- 
perience!s. Somewhat conflicting results are found in 
the few studies of the effects of early experience on the 
growth of tumours. Rats which were held and stroked 
for 10 min daily after weaning (from mean age 22 days to 
45 days) and implanted with Walker carcinoma 256 
2 days after cessation of handling survived significantly 
longer and had smaller adrenals than did non-handled 
littermate controls'*. In another study, daily handling in 
the pre-weaning but not in the post-weaning period 
decreased the rate of growth of Walker 256 carcinoma, but 
electric shock had no effect". Mice handled for the first 
24 days of life showed shorter survival after transplanta- 
tion of lymphoid leukaemia as adults’. Animals "gentled" 
in early infancy lost more hair secondary to skin painting 
with the carcinogen methylcholanthrene than did controls 
or animals subjected to neonatal stress!*. 

We used pregnant inbred Fisher rats, obtained com- 
mercially. From parturition each pup in the handled 
group was picked up, removed from the nest, placed in a 
3 inch square box for 3 min, and then returned. Control 
(non-handled) animals were undisturbed. This procedure 
was continued daily for 21 days (until weaning). Handled 
and unhandled animals were then housed in separate 
cages, with two or three animals in each cage. At 9 weeks 
all animals were injected intraperitoneally with 100 ng 
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of flagellin polymer, at which low dosage we have produced 
consistent and vigorous antibody response ia the Fisher 
rat. Flagellin is prepared from the flagella cf Salmoneila 
adelaide and is a novel antigen to the rat, giving a true 
primary response (personal communication from G. dV. 
Nossal). We and others have found no pre-immunization 
antibody?. Animals were bled from the tail at 4, 7, 14. 
21 and 28 days after primary immunization. On day 28 
a booster of 100 ng of flagellin was given. Blood was 
drawn 7, 14 and 21 days after secondary immunization. 

The experiment was conducted twice in order to replie- 
ate initial findings. The first experiment invelved twenty- 
three handled and twenty-eight unhandled rats; theseeond, 
thirty-one handled and twenty-six unhandled. In so far as 
the replications did not differ statistically, the data were 
combined, except that only the second groups were 
titrated 21 days after the primary immunization. Titra- 
tions were done "blind" without the experimental group 
being known. Assay was regularly checked on sera of 
known titre to assure reliability. Serial dilutions of 
0-25 ml. volume were added to 0-25 ml. of a 20* organisms ` 
ml. concentration of living Salmonella adeiaide in. broth 
culture, which was freshly prepared each day. Antibody 
titre is expressed as the dilution of sera affecting immobil- 
ization of the swimming bacteria (geometrie progression), 
and as the serial dilution tube number at whieh immobiliza- 
tion took place (arithmetic progression). The first tube 
contained a 1:5 dilution of sera, tube 2, 1 : 10 dilution, 
tube 3, 1:20, and so on. Four, 7 and 14 days after 
primary immunization, titration was performed with and 
without the addition of mercaptoethanol, which destroys 
the 19S component (essentially IgM), and results at these 
points are expressed as total antibody and IgM. 

Statistical analysis was by a non-parametric method 
using only the rank order of the titres. All titres were 
ranked for each day and a Kruskal-Wallis test was used. 
to test the significance of the differences ameng the groups. 
Then the daily rank of each subject was averaged during 
primary response (days 4-28) and durmg secondary 
response (booster + 4— booster + 14). These average ranks 
were then ranked and a Kruskal-Wallis test used again. 
(This method avoids problems of geometric progression 
that might give misleadingly great differences at high 
titres and of distribution with the possibility of non- 
uniform errors.) 

Antibody response in male and female animals was 
calculated separately; there were no signifieant differences, 
so these data are not included. Only three handled and 
three unhandled animals did not show antibody at the 
fourth day after primary immunization. 

Table 1 shows that the serum antibody titre was 
higher in every case after primary and secondary im- 
munization in handled than in unhandled animals. The 
initial 19S response of handled animals was double that 
of unhandled. The secondary response t:tre dropped. off 
more quickly in unhandled animals. Botl-overall primary 
response (P«0-001) and overall secondary response 
(P <0-02) were significantly greater in handled than in 
unhandled animals, the primary response differing more 
impressively. 

Thus the immunological responsivity of the adult 
seems to be modified by early experience. We can only 
speculate about possible mechanisms. Environmentally 
responsive hormones may affect thymie function, which 
plays a part in the establishment of immunologieal com- 
petenee?, Our data might be interpreted as supporting 
evidence that the hypothalamus has a regulating role in 
immunity?^?! because other physiological parameters 
modified by early experience are thought to have hypo- 
thalamic mediation’. 

We thank Professor G. J. V. Nossal and Dr Gorden 
Ada of the Walter and Eliza Hall Institute of Medical 
Research, Melbourne, for their help and advice, and for 
providing the flagellin; Dr Alfred Amkraut for consul: 
tation in immunology; Dr Helena Kraeraer for statistical 
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Table 1. ANTIBODY RESPONSE IN HANDLED AND UNHANDLED RATS 


Primary response 


Secondary response 


Booster Booster Booster 
Day 7 14 21 28 +4 +7 +414 
Total 195 
Handled — antibody antibody Total 195 Total 19S 
No. of animals 58 47/50 52 42 54 47 31 58 54 53 50 
Mean titre. 1:44 1:10 1:384 1:1 1:2816 1:55 1:9728 1:1152 1:3840 1:3072 1:1280 
Mean dilution number 4-1 2-0 T2 21 10-1 13i ire &8 0:5 10:2 9.0 
Unhandled 
No. of animals 54 40/43 54 49 52 44 26 54 51 51 54 
Mean titre 1:24 1:5 1:272 1:8 1:1152 1:6 1:3840 1:768 1:3072 1:1408 1:832 
Mean dilution number 3:2 10 6-7 r6 8-8 i2 i045 8-2 10-2 9:1 8&3 


consultation; and Suzanne Donohue for technical assist- 
ance. This work was supported by the Veterans Admin- 
istration Hospital and a grant from the US Public 
Health Service. S. L. holds a US Public Health Service 
research scientist award. 
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Differential Inhibition by Phagicin 
of DNA Synthesis in Cells infected 
with Vaccinia 


CENTIFANTO^? reported the isolation of an antiviral 
agent (phagicin), active against vaccinia and herpes 
simplex viruses, from cultures of Escherichia coli infected 
with bacteriophage. Its production is associated with 
the phage infection and does not take place in uninfected 
cells, 

In the work reported here, phagicin was prepared from 
a strain of E. coli (K12 (X—)) infected with 2-b2b5e 
(kindly supplied by Dr Centifanto). The technique for 
the production of phagicin? consists essentially of lysis 
of E. coli by the coliphage, followed by purification of the 
erude lysate by centrifugation and gel filtration on 
‘Sephadex’ columns. Chick embryo cell cultures were 
grown in 50 ml. flat bottles in Eagle’s minimal essential 
medium with 10 per cent heat-inactivated calf serum; 


these were inoculated with vaccinia virus (concentration 
10- pPrv/ml.) Phagicin was added to test for toxicity 
towards the hest cells, the final concentration being 
slightly below that necessary for total inhibition of 
plaque formation. At this concentration the number of 
plaques was reduced by 94-6 per cent compared with that 
of uninfected controls. After 48 h with phagicin present, 
the chick embryo cells showed no morphological evidence 
of toxicity. 

Using synthesis of DNA as a more sensitive indicator 
of possible cell damage, the experiment was repeated with 
a three-fold increase in concentration of phagiein. Triti- 
ated thymidine (specific activity 3 Ci/mmole ; Radio- 
chemical Centre, Amersham), was added 3 h after the 
phagicin to a final concentration of either LO or 2-0 
uCi/ml. Cultures were terminated by fixation 8 h after 
infection, and autoradiographs prepared aecording to the 
technique of Drown ef al.3. Results showed no reduction 
in either the percentage of cell nuclei labelled or the 
intensity of their labelling. At the same time, the centres 
of viral DNA synthesis present in the cytoplasm of control 
culture cells were suppressed completely. 

The results indicate a differential inhibition of viral 
DNA synthesis by phagicin at a concentration which has 
no effect on host-eell DNA synthesis. Tests were repeated, 
delaying the addition of phagicin up to 3:5 h after infection 
of the cells without loss of antiviral effect. 

We thank the British Empire Cancer Campaign for 
Research and Hoechst Pharmaceuticals for financial 
support. 
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Platelet Accumulation observed by 
Electron Microscopy in the Early 
Phase of Renal Allotransplant Rejection 


Tue rejection of skin allografts depends on an immuno- 
logical response of the recipient! which can be transferred 
with whole cells?. The contribution of soluble antibody 
to rejection of solid tissue grafts remains an open question?. 
Although antibody may react directly with donor cells to 
produce a cytotoxic effect, other destructive mechanisms 
are equally possible. For example, Gardner, Guttman 
and Merrill! have observed an ischaemic response during 
rejeetion of rat kidney transplants. Indeed, interference 
with the blood supply leading to cell destruetion in grafts 
undergoing rejectien has previously been deduced from 
metabolic studies?#. Such vascular blockades could be 
produced by platelet aggregates, as noted by Porter? in 
acute rejection of human kidney transplants. The work 
reported here shows that substantial numbers of platelets 
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ig. l. Autotransplant of dog's kidney with vascular lumen free of blood elements. 


Fig. 
(a) Glomerular vessel, 10 


min after transplantation (306,000); (b) peritubular vessels 


after 5 h ( x 5,000). 


aceumulate in dog kidneys within minutes of renal trans- 
plantation to sensitized recipients. These platelets may 
be important contributors to the set of reactions respon- 
sible for allotransplant rejection*’. 

Sensitized dogs were selected as a model system for this 
study because they react promptly to a specifie donor 
kidney, and thereby permit an examination of the early 
phases of rejection. In fifteen experiments, a specific host 
was sensitized by four skin allografts. The area of each 
graft was approximately 2 cm*. The rejection of these 
all oecurred within 10 to 16 days. Three weeks 
after placement of the initial grafts, a second set of donor 
skin was transferred as we have described. These grafts 
were rejected in less than 12 days. Three weeks after the 
second procedure, the first donor kidney was transplanted 
by vascular anastomoses into the groin of the recipient 
and removed after 3 days. Two days later, the donor's 
second kidney was transplanted into the recipient’s 
opposite groin. These second kidneys placed in the 
highly sensitized hosts provided the best models for the 
present experiments. Ischaemia during the operation for 
all renal transplants lasted for approximately 10 min. 

Three other experimental designs used in this work 
have eontributed control data for comparison with the 
model system described. (1) In sixteen experiments, first- 
set kidneys were transferred to unsensitized dogs for 7 
days. One week after their removal, each dog in the 
series received a second-set organ from its specifie donor. 
(2) Renal autotransplants were performed in eight experi- 
ments in which the donor organ was transferred from its 
normal position to the dog's groin. (3) In three experi- 
ments, recipients, sensitized by skin grafts and specifie 


kidneys, received renal transplants from indifferent donors 
2 days after the removal of their first kidney transplants. 
Eleven days after removal of these indifferent kidneys 
from unrelated donors, the specifie hosts received the 
paired donors' remaining kidneys as a third renal trans- 
lant. 

á Biopsies from the renal transplants were taken between 
10 min and 5 h after connexion of the kidneys to the 
circulation of the recipients. The tissue samples were 
kept at 4° C during fixation and dehydration. All the 
biopsies were fixed in buffered 5-6 per cent glutaralde- 
hyde! and post-fixed in buffered 1 per cent osmium 
tetroxide. The fixed tissue was dehydrated and em- 
bedded in ‘Araldite’. Thin sections were double stained 
with uranyl acetate followed by lead citrate and examined 
by electron microscopy. 

The tissue sections prepared from the renal biopsies 
taken 10 min or 5 h after autotransplantation (Fig. la 
and b) and 10 min after allotransplantation (Fig. 2a) show 
blood vessels relatively free of platelets and other blood 
elements. It is evident that the ischaemia and trauma 
of the operative procedures do not cause marked changes 
in the normal state of the renal vessels. The tissue shown 
in Fig. 2b is a 10 min biopsy of the specifie second-set 
kidney in a host previously sensitized by a primary renal 
transplant. Many platelets are present in the peritubular 
capillary. These platelets accumulate near the endothelial 
cells of the small blood vessels. Many of the cytoplasmic 
granules remain intact within the platelets and pseudopod 
formation is prominent at this early stage of the reaction. 

The specificity of the platelet response in the kidney 
transplants is best illustrated in recipients presensitized 





Fig. 2. Allotransplants of dog's kidney with accumulation of platelets evident only in 
second-set kidney. (a) Doer of first-set kidney after 10 min i 4,000); (b) second-set 


kidney after 10 min ( x 4, 


. END, Endothelium; RBC, red 
gium; PL, platelet. 


blood cell; MES, mesan- 


si 
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. 8. Renal allotransplants to sensitized recipient with platelet ti x 
5 ^ p wi d atelet aggregation only in specific kidney: : (a) First-set et n host sensitized 


kin, 10 min biopsy ( x 6,000); (5) indifferent. 


dney in this host, 10 min biopsy ( x 6. 


(c) second-specific kidney in the same 


host, 10 min biopsy ( x 6,000). PL, Platelet. 


with skin. For brevity, the experiment illustrated is à 
combination of the model system and the third control 
design described earlier. The responses in the kidneys 
are demonstrated in a hypersensitized dog which received 
one indifferent and two specific renal transplants (Fig. 3) 
after the skin grafts. A biopsy sample removed 10 min 
after transplantation of the first specific kidney into the 
sensitized host demonstrates aggregating platelets in a 
peritubular eapillary (top of Fig. 3a) and in a glomerular 
vessel (lower part of Fig. 3a). Subsequently, as men- 
tioned earlier, a third unrelated dog provided an indifferent 
kidney for transplantation to this recipient. Ten minutes 


after the operation, the peritubular vessels are relatively 
free of platelet clumps (Fig. 35). The indifferent kidney 
was removed in 3 days. Eleven days later, the second 
specifie kidney was transplanted into the recipient. A 
10 min biopsy specimen shows almost every vessel filled 
with platelets (Fig. 3c) which are in close contact with 
each other and the endothelial cells. Degranulation is 
evident in some of these platelets and cytoplasmic granules 
appear to be free in the vaseular lumen (arrows, Fig. 3c). 

Fig. 4a was prepared from a 1 h biopsy specimen taken 
from the indifferent kidney shown in Fig. 35. The lumen 
of the vessel remains essentially free of platelets. The 





Fig.4. Additional biopsies obtained from the renal allotransplants shown In Fig. 3. (a) 

One hour biopsy of the indifferent kidney ( x e. 7,125). (b) One hour biopsy of the second- 

specific kidney (= e. 5,300). PL, Platelet. i, = separation of capillary endothelial 
ning. 
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.5, Renal allotransplants to skin sensitized recipients. 
^" biopsy € S 4,800); (b) 5 hour biopsy ( x 5,600). PL, Platelets. 





(See text.) (a) One hour 
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endothelial lining appears normal. Fig. 4b shows the 1 h 
biopsy from the second-specific kidney previously shown 
in Fig. 3c. Many platelets are evident in the capillary 
lumen, but their number does not exceed that seen in the 
10 min specimen. Degranulation, however, is quite 
evident in this 1 h biopsy and in this specimen there is 
evidence of microthrombi formation in the centre of the 
vessel. The endothelial lining near the bottom of Fig. 4b 
(—) appears to be separating from the basement mem- 
brane of the capillary. 

Specimens from two additional experiments are shown 
in Fig. 5. The 1 h biopsy from a second transplant in a 
skin-sensitized host shows accumulation of platelets in 
the capillary lumen (Fig. 5a) No mierothrombi are 
visible; however, degranulation is advanced in many of 
the platelets. Nuclei of two endothelial cells are seen in 
the pieture and these should not be confused with infil- 
trating cells. Fig. 5b was prepared from a 5 h biopsy 
obtained from the second donor kidney placed in a host 

“prepared according to the model system previously 
deseribed. The vessel in the figure is completely obstructed 
by & platelet thrombus.  Degranulation and extensive 
fusion are evident in the platelets. A polymorphonuclear 
leucocyte is seen at the edge of the figure. The mass of 
material at the top of the vessel is probably protein; 
however, the staining quality does not suggest that this 
is fibrin. The thrombus illustrated is clearly sufficient to 
block the flow of blood in this small vessel. 

In our observations, neither white blood cells nor pro- 
tein strands were prominent in the blood vessels during 

“the early stages of rejection, although leucocytes did 
‘appear in the vessels several hours after the kidney was 

|, conneeted to the circulation of a hypersensitized recipient. 

In sensitized dogs, platelets were the first blood element 
to accumulate in the vasculature of the renal transplant. 
Within a few hours of the operation, the platelets filled 
the renal vessels, forming aggregates which could block 
the blood flow. In view of the free granules, it seems 
possible that the vasoactive substances, known to be 
present in platelets, are released to produce constriction 
of the renal vessels. Fusion of the platelets to form thrombi 
is often seen after a kidney has been in a sensitized 
recipient for 5h. At this stage of the reaction, some platelet 
pseudopods have been observed to protrude through the 
endothelium and touch the basement membrane. 

Gorer!? noted that circulating antibody with donor 
specificity is produced after allografting. Antigen-anti- 
body reactions are known to cause platelet aggregation??, 
although platelets themselves do not possess specificity 
ordinarily attributed to antibody. Our observations show 
that & renal transplant in a specifically hypersensitized 
dog aecumulated platelets in the renal vessels within 
minutes of transplantation. With these eonsiderations in 
mind, we suggest the following working hypothesis to 
describe transplantation rejection. 

The presence of the grafts permits the production of 
eireulating antibody!* which subsequently binds to anti- 
gen in the transplant. The antigen-antibody complexes 
induce platelet aggregation in the capillaries and adhesion 
of the platelets to the surface of the endothelial cells. 
Platelets may release agents which promote further 
clumping, vascular constriction and eytotoxieity!5:15.16, 
Tn later stages of the reaction, infiltrating host cells could 
contribute to the rejection process. Blockade or destruc- 
tion of the blood vessels in the transplant may lead to 
ischaemic death of the graft cells. 

We thank Mrs Charlotte Jackson for technical assist- 
ance. 
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Electrophoretic Studies of Proteins 
in Avena in relation to Genome 
Homology 


COMPARISONS of the spectra of protein bands identified 
after electrophoresis of extracts of diploid, tetraploid and 
hexaploid species of Triticum have confirmed the current 
concept of the evolution of the hexaploid wheat}. Similar 
studies were undertaken in the Avenae in an attempt to` 
trace the diploid progenitors of the cultivated hexaploid 
species Avena sativa. 

A. sativa is a natural hexaploid combining three genomes. 
A, C and D. By means of genomic analysis it has been co 
possible to identify the strigosa group of diploid species 
of Avena as the putative donor of the A genomet. The. 
identification of progenitors of the C and D genomes 
is not, however, clear. It has been recently suggested ; 
that A. ventricosa, a rare diploid species found in only 
two small populations near Oran, Algeria and the Apshe 
peninsula on the Caspian sea, could be the put 
donor of the C genome of A. sativa. This hypothesis is 
based primarily on the asymmetrical karyotype of A. 
ventricosa, compared with the more symmetrical chromo- 
somes of the other diploid species of Avena, and also on 
similarities in certain morpbological features between 
A. sativa and A. ventricosa. Moreover, chromosome 
pairing in the F, hybrid A. ventricosa x A. sativa does 
indicate that the ventricosa genome is related to one of 
the genomes of A. sativa. 

Electrophoretic studies of the seed proteins of all the 
diploid species of Avena and of Avena sativa were under- 
taken to trace homologous protein bands. More than one 
genotype was examined for each species, but no significant, 
differences between genotypes within species were 
observed. Samples of milled grain were extracted over- 
night with 1 M urea (1 g to 4 ml.) at 4° C and centrifuged 
at 5,000g to remove coarse debris. The supernatant was 
recentrifuged at 180,000g for 30 min, and the resulting 
solution was applied directly to the gel columns (100 gl. 
per column). Dise electrophoresis was carried out as 
described by Ornstein® and Davis’ using 7.5 per cent 
polyacrylamide gel prepared from ‘Cyanogum 41' (B.D.H., 
Ltd) in tris buffer (pH 8-9) with a running current of 
4 mA per tube. The gels were stained in amido-black 
10B (Hopkin and Williams, Ltd) for 1 h and de-stained 
eleetrophoretically overnight at 3-4 mA per tube. The 
distances travelled by each band were then measured 
and expressed as a proportion of the distance travelled 
by the fastest band. The results for A. sativa, A. strigosa: 
and A. ventricosa are presented diagrammatically in Fig. 
1, and this report is confined to these three species. 

Qualitative and quantitative differenees in the distri- 
bution of protein bands were apparent (Fig. 1) ‘The 
bands in A. sativa have been labelled a to j, a being the 
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Fig. 1. Schematic representation of protein bands in (a) Avena sativa, 


(b) Avena strigosa and (c) Avena ventricosa. 


slowest band. Seven of the ten readily discernible 
bands in A. sativa are also found in A. strigosa. A. 
ventricosa has six bands in common with A. sativa; two 
of these, however, a and g, are not found in A. strigosa. 
The d band in A. sativa was not present in any of the 
diploid species. The only other diploid species which 
has the a band is A. pilosa, a species closely related to 
A. ventricosa’. Cytogenetic data indicate that A. ventricosa 
is more likely to have been the donor of the C genome 
than A. pilosa’. Homology between protein bands of 
the diploid species and the cultivated hexaploid oat 
confirms the tentative conclusion for genome analysis 
that A, ventricosa is the donor of the C genome. Because 
the d band was not found in any species other than the 
hexaploid, it is probably characteristic of the D genome. 
Cytogenetic investigation of species relationships in the 
Avena has thus far produced no indications as to the 
origin of the D genome. 

The distinct zonation of protein bands attributable to 
the A, B and D genomes of Triticum species! is not 
readily apparent in the Avenae. In wheat, for example, 
the B genome contributed a zone of bands with a migration 
velocity greater than that of the A genome. Asstuning 
that the interpretation of electrophoretic studies of 
proteins in indicating genetic affinity is as valid for 
Avena as it seems to be for other plant genotypes!® 
the large number of homologous bands in Avena species 
points to extensive genetic similarities between the 
component genomes of A. sativa. Tolerance to deficiency 
of various chromosomes in aneuploids of A. sativa is 
evidence for such genetic similarities. The regular 
bivalent pairing characteristic of euploid A. sativa is 
the result of a genetic system analogous to the 5B system 
in Triticum aestivum which prevents homoeologous 
pairing. This system in A. sativa is revealed by the 
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increase in chromosome pairing in a nullihaploid!* as 
compared with the euhaploid!*, 
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Situational Factors in Forgetting 


EXPERIMENTS! showing that interference theory? can 
account for the forgetting of learned responses have 
often involved an experimental group of subjects (i) 
learning n responses to n stimuli by the paired asso- 
ciates procedure. (i) learning a new set of responses to 
the same stimuli and (ii) after a delay relearning the 
first set of responses. The speed of relearning of this 
group is compared with that of a control group which 
does nothing during stage (i). The experimental group 
usually takes more trials to relearn than the control, 
displaying forgetting attributable to retroactive inter- 
ference. But initially it seems difficult to apply the results 
of such experiments to everyday forgetting because in 
this case different responses are apparently rarely learned 
to identical stimuli. An experiment of Bilodeau and 
Schlosberg* seems to ease the general application of 
interference theory. It showed that if stage (ii) of the 
paradigm we have just described occurs in a different 
situation from that of stages (i) and (iil), less retroactive 
interference is found than if it occurs in the same sit- 
uation. Situations, then, are stimuli which can have 
different responses learned to them in everyday life 
thus causing forgetting. 

We have tested whether this situational effect, applies 
also to proactive interference which is regarded by 
Underwood as a greater factor in everyday forgetting 
than retroactive interference and the paradigm of which 
is (i) learn a set of n responses to n stimuli, (ii) learn a 
new set of shoe dba to the same stimuli and (ii) after a 
delay relearn the set of responses learned in stage (ii). 
This relearning is compared with that of a control group 
which does nothing in stage (1). 

Two rooms were prepared as experimental situations. 
Situation A was a warm darkroom lit by a desk lamp 
directed at the table. Subjects (Ss) were required to 
stand in this room. Situation B was a daylit, airy, small 
psychological test cubicle in which subjects were required 
to sit. Thus the situations differed exteroceptively and 
interoceptively. One experimental group of subjects 
received all stages of the paradigm in situation A and 
the control for this group differed from it in simply 
being present and learning nothing in stage (1). A third 
group received stage (1) in situation B and then stages 
Gi) and (ii) in situation A, while the control for this 
group differed from it in simply being present and learning 
nothing in stage (i) Four further groups, identical to 
the first, but with the situations reversed, were used to 
test the effect of the situations on learning. Twenty-four 
subjects were randomly allotted, three to each of these 
eight groups. 


NATURE, NOVEMBER 23, 1968 


ACADEMIC PRESS 


London and New York 


Berkeley Square House, Berkeley Square, London, W1X 6BA 
111 Fifth Avenue, New York, New York 10003 














Advances in Parasitology Volume 6 


Edited by Ben Dawes 
November 1968, xx+416 pp., 90s. 


The Editor's aim is to provide authentic, well-documented reviews of various subjects which extend 

to the limits of existing knowledge, and to indicate where future research effort can be expended 
most profitably. In Volume 6 emphasis is placed once again on the Protozoa; there are also reviews = 
dealing with the epidemiology of amoebiasis, Chagas' disease and trichomoniasis. 








CONTENTS: The Epidemiology of Amoebiasis. Chagas’ Disease and Chagas’ Syndromes: The Pathology of American 
Trypanosomiasis. Trichomonas vaginalis and Trichomoniasis. Liver Involvement in Acute Mammalian Malaria with Special 
Reference to Plasmodium knowlesi Malaria. Experimental Chemotherapy of Schistosomiasis mansoni, SHORT REVIEWS. 
SUPPLEMENTING THE CONTRIBUTIONS OF VOLUME 1, Recent Experimental Research on Avian Malaria. Coceidia 
and Coccidiosis in the Domestic Fowl, The Infectious Process, and its Relation to the Development of Early Parasitic Stages 
of Nematodes. Parasitic Bronchitis. Experimental Trichiniasis. Larvae and Larval Development of Monogeneans, Author 
Index. Subject Index. 


Thyroid Neoplasia 

Proceedings of the 2nd Imperial Cancer Research Fund Symposium, London 1967 - 
Edited by Stretton Young and D. R. Inman 

November 1968, xviii--470 pp., 126s. 


This authoritative collection of articles, which represents a comprehensive review of the present o : 
state of knowledge and progress in thyroid research, will be useful and stimulating to any clinical .- 
or scientific worker who is interested in human or animal thyroid neoplasia. uo 






CONTENTS: PART I. CLINICAL AND PATHOLOGICAL ASSESSMENT OF THYROID CARCINOMA. 

PART II, FACTORS INFLUENCING MALIGNANCY. 

PART Ill. CARCINOGENESIS AND RADIOBIOLOGY. 

PART IV. CYTOLOGICAL, CHEMICAL AND IMMUNOLOGICAL ASPECTS OF THYROID NEOPLASIA, 





Programming Languages 
A NATO Advanced Study Institute Summer School 


Edited by F. Genuys 
December 1968, x4-395 pp., 100s. 


This book contains the lectures given at a three week Summer School held in Villard-de-Lans, France, 
with the purpose of collecting and distributing information on the present state of knowledge, 
synthesizing some of the recent developments of the subject and developing technical exchanges 
among workers in various countries. 

The authors are all experts and cover fully and lucidly the problems of formalizing computers in 
order to give precise meaning to the semantics of programming languages; the difficulties met.” 
with in the parallel execution of processes; the various methods used for compiling programs written 
in high level languages; the representation of data of a complex structure; and simulation languages, 
on which a great deal of work has been done. 





CONTENTS. Abstract Algorithms and Diagram Closure. Cooperating Sequential Processes. Compiler Writing Techniques. 
Record Handling. Discrete Event Simulation Languages. 


Advances in Marine Biology Volume 6 


Edited by Frederick S. Russell and Maurice Yonge 
December 1968, x+406 pp., 126s. 


This volume contains three articles on widely different subjects. The first is a reprint of a paper 
published by the Food and Agriculture Organization, which deals with conservation, one of the 
ultimate aims of marine biological research. The second is on the ecology of mangrove swamps and 
forests which fringe extensive coast lines in the Indo-West-Pacific region. The final article concerns 
the biology of chaetognaths, concentrating particularly on their reproduction. ‘ 





CONTENTS. Management of Fishery Resources. A General Account of the Fauna and Flora of Mangrove. Swamp 
and Forests in the Indo-West-Pacific Region. Some Aspects of the Biology of the Chaetognaths. : 


XXVII 





In fact it is the spindle bearing of an MSE Super 
Speed Centrifuge. The chances of its having to be 
replaced before its rated "life" (or even long after- 
wards) are very remote indeed—even though your 
model may have to operate for long periods at 
its full 40,000, 50,000 or 65,000 r.p.m. But if you do 
reach the point where you need a new spindle, be 
glad you have an MSE centrifuge. The dismantling 
and replacement cost of this vital component 
will be a mere fraction of what you could be 
faced with on centrifuges in which the spindle 
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This is the 
heart of an 
MSE Super Speed 
Centrifuge 


bearing is integral with the motor and gear box. 


This is an essentially practical matter, well worth 
considering when you choose your next prepara- 
tive ultracentrifuge. 


Other advantages of MSE Super Speed Centri- 
fuges are more immediately obvious :—Fully auto- 
matic operation, accurate control of speed and 
temperature, exceptional rotor stability, automatic 
oil recirculation, wide choice of angle and swing- 
out rotors—plus zonal centrifuging capability. 


MSE SUPER SPEED PREPARATIVE ULTRACENTRIFUGES 


SUPER SPEED 40 (40,000 rpm 176,000 x g) 
SUPER SPEED 50 (50,000 rpm 260,000 x g) 
SUPER SPEED 65 (65,000 rpm 407,000 x g) 


Telephone: 01-834 5426 


MEASURING & SCIENTIFIC EQUIPMENT LTD. 
25-28 BUCKINGHAM GATE, LONDON S.W.1. ENGLAND 
Telex: 22666 


Cables: Emesetool, Sowest, London 














In USA: MSE INCORPORATED, 811 SHARON DRIVE, WESTLAKE, OHIO 44145 
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Fig. 1. Graph showing nature of the place x conditions interaction. 


Each point is the mean of six values. 


Seven pairs of low association nonsense syllables 
(CVC) were used in each stage when learning was required, 
the stimulus item of each pair remaining the same through- 
out all stages and groups and the response item changing 
according to the paradigm we have described. The items 
of each pair were printed side by side on a separate card. 
On any one trial the experimenter shuffled these cards 
and placed them one at a time on the table in front of 
the subject. For the first four of the eight seconds that 
each card was visible the response item was covered and, 
on all trials after the first, the subject was required to state 
what this item was before it was uncovered for the last 
4s. The criterion of learning was two successive trials with 
all responses correct. The timing was guided by a muffled 
solenoid which produced a light bulb flash every 4 s in 
situation A and by the same unmuffled and loudly 
clicking device in situation B. This further differen- 
tiated the situations. Because for the groups which 
changed situations between stages (i) and (ii) (the "'diff- 
erent" groups) a short walk was necessary, members of 
the other (“same”) groups were then taken for an equiva- 
lent walk. For the controls who learned nothing in stage 
(i) the length of this stage was fixed at 10 min. The delay, 
or retention interval, in stage (iii) was 15 min for all 
groups and was filled by the subjects performing a 
series of randomly alternating addition and subtraction 
problems. 

The results are shown in Table 1, which gives for each 
group the mean number of trials to relearn in stage (iii). 
The data were treated by analysis of variance, a summary 
of which is given in Table 2. 

The significant place by condition interaction is 
expected if the situational effect applies also to pro- 
active interference. Fig. 1 graphs this interaction. 

When all stages oceur in the same situation the learn- 
ing of an interfering set of responses in stage (i) leads 


Table 1. MEAN NUMBER OF TRIALS TO CRITERION FOR EACH GROUP IN 
STAGE (1H) 
Situation of stages 
(ii) and (iii) A B 


Place of stage (i) in 
relation to above 
Condition (experi- 
mentalorcontrol) Exp. Cont. Exp. Cont. 
Mean trials to re- 
learn in stage (iii) 8-3 4-3 18 l4 


Same Different Same Different 


Exp. Cont. Exp. Cont, 


40 28 20 56 


Table 2. SUMMARY OF ANALYSIS OF VARIANCE 
Source S.S. a.f. M.S. Far, =1, df,=16 
Situation (8) 7-042 1 7-042 1334 
Place (P) 12-042 i 12-042 1:940 
Condition (C) 0-042 1 0:042 <1 
SxP 26-042 1 26-042 4-195 
8xC 5-042 H 5-042 x1 
PxC 51:042 1 51042 8-222% 
SxPxC 0-375 1 £:375 «1 
Error 99-331 16 6-208 
Total 200-958 23 


* 0:025 > P 0-01. 
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to more proactive interference than when stage (1) occurs 
in a different situation from that of the other stages. 
The interaction seems to be due as much to facilitation 
in the “different” groups as to interference in the "same" 
groups. Separately tested, neither the inerease in the 
"same" groups (F;,,—3-88) nor the decrease in the 
"different" groups (F,,,,7 4-35) is significant at the 0-05 
level, even when no allowanee is made for the post hoc 
nature of the tests, although they come close to being so. 
This interaction is not a result of more efficient learning 
by the "different" groups in stage (ii), for an analysis, 
of the same form aa that described, of the number of trials — 
to criterion in that stage gave no significant results. The 
explanation may be that "different" experimental groups 
had the advantage of having learned the stimuli in stage 
(i) without the disadvantage, suffered by "same" groups, 
of competing responses from that stage arising in stage 
(ii), because of the association here of both sets of res- 
ponses to the same situation. Bilodeau and Schlosberg 
did not find facilitation, but their items were adjectives 
requiring no learning. Facilitation also might not oecur 
if the stages had no items in common, for example when 
one list of items was rote learned in stage (i) and another, 
dissimilar, list was rote learned in the other two stages. 

Place of learning, then, may be an important index 
for the retrieval of learned information. If it is, several 
principles follow; for example classes should go to the 
teacher and not vice versa. Indeed, Luria? has shown 
how spatial associations can aid memory vastly. 

C. S. HELLIWELL 
J. D. VALENTINE 

Psychology Department, 
Bedford College, 
University of London. 
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Visual Illusions : Peripheral or Central? 


ALTHOUGH visual illusions have been studied experi- 
mentally for more than 100 years, there is still controversy 
about their explanation. Some authors claim that most 
geometrical illusions are caused by peripheral factors such 
as retinal mechanisms. Ganz', for example, suggests that 
those illusions involving intersecting lines (Zóllner, Poggen- 
dorff and Müller-Lyer) ean be explained by lateral in- 
hibition producing a relative shift in the positions of the 
intersecting lines. Other authors favour a more "central" 
explanation such as apparent perspective cues suggesting 
depth in the figure?, or inappropriate constancy scaling’. 
Still others favour an explanation in terms of general 
principles such as convergence-divergence', 

Whether any partieular illusion is determined chiefly 
by peripheral or central factors can be tested by a simple 
experiment. Part of the illusion figure is presented to 
one eye, and the remainder to the equivalent retinal area 
of the other eye, so that the complete figure is still per- 
ceived. If any two lines which cross are always presented 
to different eyes, then no lateral inhibitory mechanism 
will be active because there are no intersecting lines 
in either retina. The non-appearance of the illusion in 
these conditions would suggest that peripheral factors 
are normally responsible. If the illusion is still present, 
then it must be caused by factors acting after the nerve 
pathways from the two eyes have joined together. 

This experimental test was performed on a number of 
illusions, which are described in detail in standard refer- 
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Table Í, NUMBER OF OBSERVERS JUDGING EXTENT OF DIFFERENT ILLUSIONS 


" Iitusion Present Slight Absent 
Poggendorff 45? 0 4 17 
Poggendortf 30° 3 6 12 
Zöllner 45° 4 13 4 
Zöllner 30* 14 6 1 

‘Hering 12 6 3 
Ponzo 4 7 T 
Müller-Lyer 15 2 4 


ences on the subjeet?-*. Five of the illusions tested are 
shown in Figs. 1-5. Each figure shows the normal com- 
plete illusion, and the parts of it presented, respectively, 
to the left and right eyes. 

The figures were drawn in black on white card. One 
part of each illusion was viewed directly with the left eye, 
and the other part was seen reflected by a mirror, at 
&bout 45? to the line of sight in front of the right eye. 
The cards were 60 em from the eyes, and the maximum 
dimension of the figures was 5 em. A small red spot in 
the centre of each part of the figure helped the observer 
to maintain correct convergence of the eyes. All twenty- 
one observers had normal binoeular vision and no uncor- 
rected visual defects. In each case they were shown 
the normal complete illusion first, and then, with the 
binocular presentation, they were asked if the illusion was 
present to the same extent, slightly present or absent. 

The numbers of observers giving responses in each 
category for the different illusions are shown in Table 1. 

All observers could clearly see the normal complete 
illusions, except for three observers who did not see the 
Ponzo illusion (Fig. 4) under either normal or binocular 
conditions. These three reports are not included in 
Table 1. Most observers were able to make reasonably 
confident reports, but in some cases binocular rivalry or 
diffieulty in focusing or eonverging the eyes made the 
judgment difficult. This may account for some of the 
variability between observers. 

Two forms of the Poggendorff and Zóllner illusions were 
used. One had the diagonal lines at 45° to the vertical, 
as illustrated in Figs. 1 and 2; in the other the diagonal 
lines were inclined at 30° to the vertical. Both these 
illusions are usually stronger with the smaller angle 
between the intersecting lines. 


Left eye Right eye 
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Fig. 1. Poggendorff’s illusion. 
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Fig.3. Hering’s illusion. 
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Left eye Right eye 
i 
Fig. 4. Ponzo illusion. 
Left eye Right eve 
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Fig. 5. Müller-Lyer illusion. 


In Poggendorff's illusion (Fig. 1) the diagonal line a 
the left appears to continue as the upper of the two line: 
on the right, although it is aetually in line with the lowe 
one. With an angle of 45? between the lines, the illusior 
disappeared fcr most observers when the diagonal anc 
vertical lines were presented to different eyes. Thi 
stronger normal illusion, with an angle of 30?, did no 
disappear for so many observers. This suggests that th 
illusion is determined by peripheral factors, but tha 
some central factors also influence the magnitude of thi 
illusion. 

In Zóllner's illusion (Fig. 2) the vertical lines do no 
usually appear parallel. For most observers the illusior 
was present to a slight extent with the diagonal lines a 
45° to the vertical, and more clearly present at an angl 
of 30^. This suggests that a combination of central anc 
peripheral factors‘. responsible for the illusion, with th 
central factors having more weight than in Poggendorff’: 
illusion. 

Hering's fan illusion (Fig. 3), where the parallel line 
usually appear eurved, is often regarded as a version o 
Zóllner's illusion, where the angle of the crossing lines i: 
continually changing. The results of the experimenta 
test confirm this similarity, again suggesting a combina 
tion of central and peripheral factors. Another version o 
Zóliner's illusion devised by Wundt, where the paralle 
lines curve towards each other in the centre, gave very 
similar results. 

The Ponzo illusion (Fig. 4), where the two horizonta 
lines normally seem to be of different length, also seems te 
be caused by both central and peripheral factors. 

The Miller-Lyer illusion (Fig. 5) is more commonly 
presented with two equal horizontal lines joining the 
points of the arrows. The illusion, of unequal distanc: 
between the points, is still present if the lines are omitted 
This version was used, so that no intersecting lines wer 
presented to the same eye. This illusion was the mos 
persistent with binocular presentation of the two parts 
and is probably determined mainly by central faetors. 

All the illusions which were tested seem to be influencec 
to some extent by both peripheral and central faetors 
but differ considerably in the relative magnitude of thes 
factors. Retinal mechanisms such as lateral inhibitior 
may thus provide a partial explanation for some illusions 
but à complete explanation must also involve centra 
mechanisms. 

ANDREW H. GREGORY 
Department of Psychology, 
University of Manchester. 
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Book Reviews 


PHRASES OF MELODY 


iChant of Pleasant Exploration 
"By Wilfrid Le Gros Clark. Pp. vii+250. (Livingstone: 
Edinburgh and London, 1968.) 30s. 


"To present publicly a summary view over the past 
sseventy-odd years of one's existence is no easy task. 
From the penultimate paragraph of the tenth and last 
@hapter of this short book, Sir Wilfrid Le Gros Clark lets 
ius know that, as its apt title borrowed from Walt Whitman 
indicates, this essay dwells on some of the incidents that 
have isolated themselves from the continuity of the 
aliverse experiences he has enjoyed during his full and 
fruitful life; and he has singled out as "particularly happy 
phrases of melody". 

The lack of an index handicaps any review, but the 
conversational form of analysis attracts the reader and 
‘has enabled the colleague I first met in 1919 on the way 
to. à Cambridge anatomical meeting to replace “an auto- 
biography of orthodox type" with a “medley of autobio- 
graphical fragments", three chapters of which are lectures 
chosen to illustrate "interests at the time" of their 
presentation. Having been born in 1895, the last chapter 
‘on “Islands and Mountains and Rivers" also links his 
boyhood reading and rambling pleasures with his post- 
world war (1920-23), pre-professorial and largely riverine 
and mountain, forest and jungle adventures amidst his 
‘serious problems as government medical officer in 
Sarawak, Borneo (dealt with more extensively in the 
opening two ehapters); and also with the few happy days’ 
stay on a Barrier Reef coral island off the Queensland 
coast in 1952, Incidentally they typify the global contacts 
few such eminent scientists can escape nowadays. 

So the ten chapters form an unexpectedly mixed yet 
variegated bag. They are replete with pleasant remin- 
‘iscence for those associated either personally with him in 
his successive stays in Indonesia; or as members of his 
staff, student body, or associates in London at St Bartholo- 
mew's and St Thomas’s—as professor of anatomy (1930-34) 
on the retirement of his old professor—and later in Oxford 
(1934-66). The solid contributions Le Gros Clark made 
during this period to comparative primate anatomical, 
neurological and embryological science, by means of the 
collections of shrews and tarsiers sent to England and 
brought back (and shared with his friend, H. Woollard, 
who succeeded him at St Bartholomew's), established his 
pre-eminence among the younger British anatomists 
during that vital inter-world war London period through 
their intimate contaet with the late Sir Grafton Elliot 
Smith, Sir Arthur Keith and other prominent anatomists 
in that era. 

The fourth chapter is the historical lecture that deals 
suitably with the quadricentenary of Berengario of Carpi 
and was delivered (1930) to the Osler Club at St Bar- 
tholomew's on this pre-Vesalian surgeon's contribution to 
anatomical illustration; the fifth records a rapid but 
revealing visit to Russia with a party of scientists and 
medieal men (1931). 

In 1934 Le Gros Clark was elected to the Oxford chair 
in suecession to Professor Thomson, and after the death 
of Sir Grafton Elliot Smith in 1939 he was offered the 
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chair at University College, London. The outbreak of the 
Second World War a few weeks before taking up this 
London post led to its deferment for post-war reconsidera- 
tion. Science came to play so vast a part in war, however, 
both physically and medically, that it had revolutionized 
political attitudes throughout the world to the significance 
of science in general, and also to that of man's structure 
and function and to their emergence in partieular. So the 
pace of modernizing antiquated anatomy departments. 
which Le Gros Clark had already demonstrated his 
capacity to undertake in London and had initiated in 
1931 at Oxford, had been accelerated and diversified so 
far beyond anybody's pre-war expectations by 1945 that 
he remained in Oxford until his retirement, and spent his 
last two years there in rebuilding and extending for his 
successors the present department to almost three times 
its pre-war accommodation. 

Hence the sixth chapter deals with that thirty-odd 
years of congenial and rewarding Oxford retrospeetions. 
The seventh summarizes objectively the neurological 
research work undertaken there: of analysing the mam- 
malian thalamus experimentally and its functional 
relationships to the central nervous system in general and 
to cerebral cortical evolution in particular. These had 
been his major inter-war experimental pursuits after 
completing his comparative anatomical studies. 

By 1946, however, the evidence aecumulated during 
the previous two decades not only in the far east of Asia 
but also in the far south of Africa about man’s prehistory 
could no longer safely be ignored by Sir Arthur Keith. 
So Le Gros Clark visited the chief australopithecine sites 
in South Africa and attended the first Pan-African Con- 
gress for Prehistory organized by Dr Louis B. Leakey in 
Nairobi (1947). 

His eighth chapter touches briefly on how his boyhood 
fascination with man's antiquity was awakened, and the 
unwelcome disputational role the discovery of these 
prehistorie ereatures, and undue reliance by doubting 
fellow anatomists on statistical evidence, thrust on him 
after visiting South and East Africa. The ninth chapter 
tells of his part in, and reproduces his lecture at the 
Royal Institution on, the exposure of the Piltdown forgery. 
Dr Kenneth Oakley had also visited South Africa, and 
Professor J. S. Weiner, like Dr Max Cowan (who had 
participated with Le Gros Clark in his neurological work 
at Oxford), had previously been Witwatersrand Medical 
School students. So the removal of the Piltdown barrier 
had especial interest for their South African colleagues, 
as well as profound effeets on all those anatomis 
had been dubious about accepting the australopithecines 
as ancestral hominids. 

Belonging to his own generation, I sympathize with 
the enormity of the task imposed on the head of any 
individual anatomical department of a medieal school--- 
especially when that headship earried with it so onerous 
a part as conserving the reputation of Oxford University 
—in evaluating the extraordinary incidents necessarily 
experienced and the diversity of the personalities un- 
avoidably encountered by them during the first half of 
this century. 

How little, too, can any reader-—even though he be an 
anatomist—-of 50 years or less today and born since the 
end of the First World War into the world of radio and 
aeroplane, comprehend of our world of pre-1914 youths 
and adolescents and its dreams ? Their inability in that 
regard can only be matched by their own progeny's 
incapacity— born into this new pandemonium of aerial 
travel and computerized industry, of satellites and space 
probes and quasars on the one side, and of electronic 
microscopy and molecular biology on the other—to 
understand the pre-1939 scientific world, including its 
human anatomy, that their parents learned about in 
medical schools. 

His own grandfather's attitude to anaesthetics in 1889 
called up to Le Gros Clark’s mind a grim picture of 
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operative surgery in the pre-anaesthetic days. He has 
discovered happy "phrases of melody" amidst the grim 
picture our war-bedevilled, transitional atomic generation 
also presents. The more widely informed and perchance 
saner world of our generation's grandchildren may thereby 
be encouraged to cultivate harmonious perspectives 
amidst its inevitable turmoils. Meanwhile, his explorative 
attitude to the science of living has not only rewarded 
him, but also enlightens the present international audience 
of readers this book is bound to reach. 
RAYMOND A. Dart 


OUR NATIVE VEGETATION 


Britain’s Green Mantle 

Past, Present and Future. By A. G. Tansley. Second 
edition. Pp. 327+ 140 plates. (Allen and Unwin: London, 
1968.) 50s. 


Ir is good to see a second edition of Sir Arthur Tansley's 
excellent account of Britain's green mantle of vegetation. 
Its aim was to provide for non-specialists who wished to 
know more about our native vegetation. The author 
claimed that it was written ''so as to be easily intelligible”, 
the few technical terms used being clearly explained; but 
also so as “to furnish a good deal of solid information". 
There can be no doubt that it achieved both aims and 
that it remains by far the best general introduction to 
the scientific study of our vegetation. We are therefore 
grateful to the publisher for this second edition and to 
Dr Proctor for his judicious and sensitive handling of the 
task of revision. He has for the most part retained the 
original wording and has brought the text up to date by 
additions and & certain amount of rearrangement. On 
page 197, for example, he has inserted à new paragraph 
about the south-western type of dry heath in which 
western gorse (Ulex gallii) replaces the eastern dwarf 
gorse (Ulex minor) and in which the bristle bent (Agrostis 
setacea) is often prominent. At the bottom of the same 
page a second new paragraph deals with the vegetation 
of the serpentine plateau of the Lizard Peninsula and its 
rich assemblage of species rare or absent elsewhere in the 
country. These two paragraphs have been inserted with- 
out altering the original text and without interrupting 
the descriptive flow. 

In an equally skilful manner Proctor has added a 
valuable section on limestone grasslands in the north and 
west, drawing on his own intimate knowledge of these 
areas. He has also provided an important section on the 
origin of the Norfolk Broads based on researches by Dr 
Lambert and Dr Jennings carried out since the first 
edition appeared. Other chapters have required more 
substantial alteration in the light of new knowledge, 
including those on pollen-analysis and prehistory and on 
mountain vegetation. The final chapter on "Conservation 
and the Future" was written by Sir Arthur Tansley at 
the height of his efforts for the setting up of a “Biological 
Service", efforts that resulted in 1949 in the establish- 
ment of the Nature Conservancy. lt is very fitting 
that the last chapter of this second edition of his book 
should pay tribute to his long devotion to the cause 
of nature conservation in Britain and to its successful 
outcome. 

Those familiar with the first edition will find unexpected 
changes in the illustrations. Proctor explains that the 
bloeks for the original plates were no longer available 
and that he had had to select a new set of illustrations. 
He may be warmly congratulated on that selection. It 
includes some from the first edition, notably the very 
beautiful photographs of beechwoods by R. J. Lythgoe 
and H. Godwin, the detail of fen in east Norfolk by 
Marietta Pallis (which appeared in “Types of British 
Vegetation" as long ago as 1911) and G. E. Briggs's fine 
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study of old Cladium leaves caught up in bushes c 
Frangula. It includes for the first time several of J. F 
St Joseph's very striking and informative aerial phot« 
graphs and some beautiful studies of native Scots pir 
forest by R. M. Adam. A very substantial proportion « 
the new set, however, are vegetational studies and. plax 
portraits taken by Proctor himself, and they are superl 
In all, there has been some shift of emphasis but quit 
certainly no fall in quality in the illustrations. 

A. R. CLAPHAM 


SURVEY OF VIRUSES 
The Biology of Animal Viruses 


By Frank Fenner. Vol. 1: Molecular and Cellular Biology 
Pp. xii--474.-27. (Academie Press: New York am 
London, March 1968.) 172s Sd. 


To make a comprehensive account of animal virology a 
its present stage of development is clearly a major under 
taking, and most of the other recent books on the subjec 
have, in fact, been the work of several authors. Thi 
amount of subject matter covered in this book is reflectec 
in its division into two volumes and unfortunately also i 
their price. 

In the first volume the layout is by groups of viruses 
based on a classification which occupies the first chapter 
The classification and nomenclature of the virus group 
adopted will not appeal to all animal virologists, but i 
is impossible to devise a classification or nomenclatur 
which does. One scheme of classification, based or 
Bellett's work, is presented as a dendrogram, giving thi 
impression that viruses may have evolved in much th: 
same way as other organisms. This is unfortunate because 
as is pointed out later in this chapter, almost nothing i: 
known about the origin of viruses and different group: 
of viruses may have had separate and very differeni 
origins. Apart from this, the adoption of widely usec 
names for the groups in conjunction with eryptogram: 
and the avoidance of latinized names make for a very 
workable system. 

The structure and composition of viruses of the various 
groups are presented in turn, and the tables summarizing 
the properties of the virus particles are particularly useful 
Some of the numerical values given will be subject. tc 
change, but it is an indication of how successful the 
author has been in keeping the book up to date that there 
are so few changes needed now. Having eleseribed the 
virus particle in detail, the structure and function of the 
animal cell is then covered in outline. This serves as a 
preliminary to an extensive treatment of virus replication, 
The early stages of virus infection are sufficiently similar 
for all animal viruses to allow them to be described 
together. Later stages of the replication of representative 
viruses from each group are then described in more 
detail, with a summary at the end of each section and 
clear diagrams of intracellular events during replication. 
Some of the other illustrations in the book, particularly 
electron micrographs, are not so successful. A few seem 
to have suffered in reproduction to such an extent that 
they lose much of their value. 

Host cells are changed in many different ways by virus 
infection, and the changes observed are often highly 
characteristic of the virus concerned. Effects such as 
antigenic changes, transformation and formation of poly- 
karyocytes are mentioned here in what is unavoidably a 
rather heterogeneous section. Interactions between viruses 
are becoming increasingly important in both biological 
and biochemical studies of animal viruses, and these are 
dealt with in some detail. The characteristics of the 
various types of mutants such as temperature sensitive, 
plaque type and host range, which have been reported 
for different viruses are described here, and comments 
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&de on the use of such mutants in elucidating the bio- 
emistry of virus replication. The last chapter is con- 
ened with interferon and with its mode of action. 
This completes the first part of this survey of animal 
"uses, showing very successfully the extent to which 
ey are now understood in the terms of molecular biology. 
ae format, with chapter summaries and a good selection 
recent references, will make this a particularly valuable 
wk for teaching, and for any virologist who wants to 
t information on the basic properties of a given virus 
ückly. L. V. CRAWFORD 


MEMBRANOLOGY 


iembrane Models and the Formation of Biological 
Membranes 

dited by Liana Bolis and B. A. Pathiea. (Proceedings of 
ae 1967 meeting of the International Conference on 
iological Membranes. NATO Advanced Study Insti- 
ate.) Pp. xv-- 337. (North-Holland: Amsterdam, 1968.) 
12s. 


WELCOME this volume because of the tribute to, and 
botographie reminder of, Jack Henry Schulman. He was 
unique contributor to our knowledge of membranes, in 
rint and in conference. Few readers will remain unmoved 
y the spontaneous dedication of an included article to 
chulman’s memory. 

The printed contributions to the conference reflect, the 
inportant growing areas of membrane research; predic- 
ably one finds articles on water, lipid, protein structure 
ind. function, of both real and artificial membranes (are 
sposomes not to be taken seriously yet ?). One sincerely 
„opes that the monolayer model will not fall into dis- 
apute as a result of Schulman's untimely death. 

'The authoritative articles are too numerous to comment 
¡pon individually, but I am now delighted to possess an 
aithentic and up to date version of Torsten Teorell’s 
iotted history of membranology. 

The inevitable type errors are present including a 
harming pair which suggest that both Proceedings of the 
National Academy of Sciences and Nature were in pro- 
uction in the eleventh century AD. A more serious over- 
ight by the editors is a set of figures with illegible scripts. 

A catch phrase by Tom Lehrer came to my mind after 
ieading the editorial preface; the phrase, "doing well by 
loing good", cynically aimed by Lehrer at drug pedlars, 
sould be slyly directed towards the publishers. One 
wonders which side of the Lehrer equation is the primary 
driving force for this sort of publication which was openly 
aibsidized by the sponsors of the original conference. I 
uppose the economic fact of the situation is that only 
contributors, reviewers and some libraries will end up 
with copies. A. D. BANGHAM 


HAPTOGLOBINS IN MAN 


The Haptoglobin Groups in Man 

By R. L. Kirk. (Monographs in Human Genetics, Vol. 4.) 
Pp. vi--77. (S. Karger: Basle and New York, June 
1868.) 20 Sw. frances; 403; $4.80. 


Asout one fifth of the «,globulin fraction of human 
plasma is haptoglobin, a glycoprotein that binds free 
haemoglobin and conserves iron by prevention of glomer- 
alar excretion. A haptoglobinaemia, through depletion, 
occurs in conditions causing intravascular haemolysis, but 
a puzzling feature is the absence or virtual absence of 
haptoglobin in quite numerous healthy persons.  Pro- 
duction is probably dependent on genetic factors other 
than those responsible for the haptoglobin polymorphism 
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revealed by the elegant starch-gel electrophoresis tech- 
nique devised by Smithies and his colleagues. 

On starch-gel electrophoresis at pH 6:8 in borate buffer, 
sera from Hp 1-1 persons give a single band a little 
behind that formed by free haemoglobin. Hp 2-2 persons 
show no band in the position of the Hp 1-1 component 
but a series of slower moving bands of diminishing 
intensity towards the origin. The heterozygote Hp 2-1 
pattern is a series of bands of slightly greater mobility 
than those of Hp 2-2, together with a band in the Hp 1-1 
position. An Hp 2-1 (modified) phenotype fairly common 
in Africans shows a pattern in which the slower bands of 
Hp 2-1 are absent with increased density of the fastest 
bands. The multiple band formation is consequent on a 
tendency of the Hp? gene to form polymers, incorporating 
the product of the Hp! gene where this is present. Dif- 
ferences in mobility result partly from molecular size, 
the larger Hp 2 molecule moving more slowly through the 
starch-gel pores. 

Though mainly concerned with the haptoglobin groups, 
this excellent monograph is more comprehensive than its 
title indicates; almost all that is known about the hapto- 
globins is covered in less than eighty easily readable pages. 
There is a well-selected bibliography. Tables showing 
group frequencies reported in most parts of the world 
are provided but, it is pointed out, are of limited anthro- 
pological value because of undoubted observation errors. 
The author deals especially well with the African types 
considered to have been the main cause of difficulty. 
Forensic application of the haptoglobin groups is rather 
briefly considered. The bock is illustrated with some 
good diagrams, but addition of photographs would assist 
the reader not familiar with the appearances described. 

It is disappointing to find a work of this standard 
blemished by poor proof correction, but this is a minor 
fault in an excellent monograph assured of recognition as 
a standard text on the haptoglobin groups. A. GRANT 


ANCIENT LAKE BASINS 


Introduction to Paleolimnology 

By C. C. Reeves, jun. (Developments in Sedimentology, 
Vol 11.) Pp. xii+ 228. (Elsevier: Amsterdam, London 
and New York, 1968.) 130s. 


Tuts book is written by a geologist and adopts the geo- 
logical definition of palaeolimnology. This is "the study 
of ancient lake basins", most of which no longer contain 
lakes but are dry flat areas which may intermittently 
be eovered by water. Professor Reeves devotes two 
of the three parts into which the book is divided to a 
discussion of certain principles of limnology—the study 
of existing lakes; these sections, entitled respectively 
“The Lake Basin" and “The Lake", are illustrated by 
reference to existing as well as to extinct lakes. Three 
chapters in the second section deal with the sediments 
of extinct lakes. The third section, called “The Paleolake 
Basin", includes a comprehensive account of the techniques 
by which the sediments of palaeolakes may be studied, 
and the deductions as to Pleistocene climates which 
can be made from such studies. 

The practising limnologist will look in vain, in this 
book, for any mention of the study of the sediments 
and history of existing lakes, which is what '"palaeolim- 
nology" usually means to limnologists. The interpre- 
tation of palaeolimnology as the study of extinct lakes 
has the support of that distinguished geologist and 
palacolimnologist W. H. Bradley, whose chapter on 
palaeolimnology in Limnology in North America (1963, 
edited by D. G. Frey) also deals with the sediments and 
history of extinct lakes. Nevertheless, in view of the 
volume of knowledge of the sediment profiles of existing 
lakes in all parts of the world which has accumulated 
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during the past fifty years, it is to be regretted that 


Reeves omits all mention of their study and interpre- 
tation. This would have formed the logical link between 
his eompetent summary of the principles of limnology 
on the one hand, and his discussion of the interpretation 
of past environments from the sediments of extinct 
lakes on the other hand. 

The book is clearly and concisely written and profusely 
illustrated. Tt provides a very useful compilation of 
present knowledge of the basins of extinct lakes in North 
America, with oceasional illustrations from other parts 
of the world. It devotes much attention to what would 
appear to be one of Reeves’ own particular interests. the 
study of the basins of pluvial lakes in arid parts of the 
United States, with reference to others in Africa and 
Australia. The emphasis being what it is, it is under- 
standable that no examples from Europe are given, but 
it seems a real omission that no mention is made of the 
contribution to an understanding of Pleistocene climatic 
changes which is emerging from the study of existing 
ancient lakes such as Balaton, as well as some of the 
African lakes. In view of the limited field which is 
covered, the price of 130 shillings is high. 

WINIFRED TUTIN 


BASALTIC ROCKS 


Basalts 

The Poldervaart Treatise on Rocks of Basaltie Composition. 
By H. H. Hess and the late Arie Poldervaart. Vol. 1: 
Pp. xvi4512. 205s. Vol. 2: Pp. vii--400--21. 206s. 
(Interscienee (Wiley): London and New York, 1968.) 


‘THESE comprehensive tomes on rocks of basaltic compo- 
sition form an elegant and appropriate tribute to their 
instigator, Professor Arie Poldervaart, although they do 
not, of course, necessarily represent his points of view on 
the numerous unresolved problems diseussed. There are 
twenty-one authors and the quality of their contributions 
is high. There are twenty chapters. The descriptive, mainly 
qualitative, ones include those on forms and structures 
of extrusive and intrusive basaltie rocks, the petrography 
of basaltic rocks and rhythmic and eryptie layering in 
mafic and ultramafic plutons. Chapters dealing with 
quantitative aspects include those on physical properties, 
cooling and solidification of igneous rocks (applicable to 
acidic as well as basic rocks), mineralogy, geochemistry 
(major elements, minor elements and isotopes), the 
origin and differentiation of basalt magmas, the problems 
of basaltic andesites and spilites, eclogites, the meta- 
morphism of mafic rocks and the results of the laboratory 
approach on high pressure, water and oxygen effects on 
crystallization of basaltic magmas and silicate systems 
related to basaltic rocks. 

Even with the diversity of subjects indicated by the 
chapter headings there is a little overlap and some incon- 
sistencies. Chemical compositions and norms are con- 
sidered in the petrography and geochemistry chapters 
while questions on the number and origin of basalt 
magmas are clearly in the minds of several authors. 
Differing views are taken on high alumina basalts and 
different definitions of tholeiite occur in different chapters. 
Readers may be anxious to treat compositional data 
along the lines of Le Maitre in dealing with approaches 
to the chemical variations within and between volcanic 
rock series (J. Petrol., 9, 220; 1968). 

The volumes contain authoritative and readable ac- 
counts on the results and state of research on basaltic 
rocks up to 1967 and their presence in a nearby library 
is desirable. Individuals who cannot afford their very 
high price will reflect that at least a few of the chapters 
may have historieal rather than topical value in a year 
or two. J. R. BUTLER 
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NUCLEAR STRUCTURE 


| The Nucleus 


By Albert J. Dalton and Francoise Haguenau. (Ultr 
structure in Biological Systems, Vol. 3.) Pp. xvi+ 24 
(Academie Press: London and New York, April 196% 
1358 4d. 





Tus is the third volume in a series dealing with the fi 

structure of biological systems. The series is not intend 

to provide comprehensive reviews of the title subjec 

but to survey those areas which have not recently be 

the subject of a general critique. The main topics, selects 
towards that end, for the present volume are on t. 

whole well chosen, although it is unfortunate that it w 
not found possible to include a section on the morphy 
logical aspects of nueleoeytoplasmie relationships. Sor 

attempt has been made to compensate for this, howeve: 
in the editor's introductory note and it is also brief 
referred to in the chapter by Hay. 

The prefatory chapter by Allfrey is a short but mog 
stimulating discussion of some of the chemical aspec: 
of nuclear fine structure which serves to outline tM 
eurrent boundaries of knowledge in the field. 

The first two chapters of the text proper, contribute: 
by Hay and by Bernhard and Granboulan, are comp 
mentary. They together provide a good general deseri 
tion of structure/function relationships in the nucleolus « 
animal cells and although the two accounts frequent? 
approach common ground there is, in fact, little duplie 
tion. 

Hay begins the first chapter by describing the definitiv 
features of nucleolar fine structure and goes on to des 
with the nucleolar organizing chromosome and synthet 
activities of the nucleolus. These deliberations are 
necessary prelude to the second half of the chapter » 
which she covers the behaviour of nucleolar componen 
during development. The discussions, which draw c 
work from a wide variety of species, are free of excessiv 
detail, well balanced and develop a scheme of nucleola 
events which extend from early oogenesis through # 
early embryogenesis. The final section of concludir 
remarks is a most worthwhile addendum. 

The earlier sections of the chapter contributed b 
Bernhard and Granboulan are concerned with the dynam: 
aspects of nucleolar ribonucleic acids and proteins an 
are based on results from fine structural cytochemistr 
and autoradiography. As is to be expected from th 
leading workers in this field, their presentation is thoroug, 
and up to date. In the section entitled “Pathology of th 
Nucleolus" they describe the fine structural change 
induced by a number of physical, chemical and vira 
agents; however, as in this area much remains to b 
known about the functional significance of observe 
changes the section is largely descriptive. 

Lafontaine’s chapter on the plant cell nucleus i 
especially good concerning the fine structure of mitoti 
chromosomes and the nucleolus. Here again, care ha 
been taken to avoid duplicating material which is pre 
sented in the other chapters of the book or has bee 
recently reviewed elsewhere. 

Finally, the fine structure of the centrioles and th 
mitotic spindle is described and discussed by Etienne d 
Harven. The author’s treatment of this topic, which ha 
not previously been the subject of such a wide rangin 
review, is comprehensive and authoritative. The chapte 
will be of importance not only to those concerned wit 
the fine structural basis of mitosis but also to thos 
primarily interested in cytoplasmic organization, as 
description of the centriole and microtubular structure 
of non-dividing cells is also included. 

Throughout the book the electron micrographs are of 
high standard and are well reproduced. The reference: 
which are an important feature of a book of this kind, a1 
numerous and fully documented. 
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The book will be of some value to everyone interested 


cell fine structure, providing a timely review of some. 


yportant topies for those with a particular interest in 
© organization of the nucleus and allowing others with 
anore general interest to keep in touch with the views 
the leading workers in the field. 

Coni R. HOPKINS 


COORDINATION CHEMISTRY 


n Introduction to Coordination Chemistry 
y D. P. Graddon. Second edition. (International Series 

* Monographs in Inorganic Chemistry, Vol. 3.) Pp. vii+ 
34. (Pergamon: Oxford, London and New York, 
868.) 42s 6d. 
HE first edition of this book was published in 1961, and 
ac demand for a second edition is a sign of its value. It is 

straightforward account, with very few frills, of an 
icreasingly important field of chemistry. The present 
dition is about fifty per cent longer than the earlier one. 
b gains by this, because rather more attention can be 
iven to the historical development of the subject and to 
e stereochemistry of the transition metals. New, and 
seful, material has been added in the description of 
lectronie absorption spectra, and there are more tables of 
bability constants and oxidation potentials. 

'The author is clearly most at home when describing 
xperimental results. He is less sure about their theoretical 
xplanation. A few errors still remain (for example, 
either the d$ or dj subgroups are spherically symmet- 
ical, as stated on page 39; and in ferrocene (page 134) 
here is no X-orbital that can be made up out of atomic 
:-orbitals). In this aspect Orgel's book is still the better. 
Jut these are minor blemishes, and the new edition can 
recommended to those who want a clear experimentally 
sed account of this highly important and exciting field 
f modern chemistry. The presentation is very clear, and 
he printing is an improvement on that of the first edition. 

C. A. COULSON 


ORGANIC MOLECULES 


'roperties and Reactions of Bonds in Organic Molecules 
3y K. F. Reid. Pp. xii--556. (Longmans: London, 
968.) 60s. 


Molecular Orbital Theories of Bonding in Organic 
Molecules 

3y Robert L. Flurry, jun. (Applied Quantum Chemistry 

jeries.) Pp. x--334. (Arnold: London and New York, 

.968.) 160s. 


Vw interesting feature of the publishing scene in recent 
rears has been the very considerable increase in the 
1umber of relatively elementary organic chemistry texts 
hat have been produced, so that books are now available 
io supplement almost any kind of approach that a teacher 
nay care to use. It is equally interesting that the majority 
of these texts have come from the United States, so much 
io that it has been all but impossible in the past few years 
io recommend to students at this level any text of United 
Kingdom origin; this makes K. F. Reid's book, designed 
‘or part 1 degree courses, particularly welcome. 

The general construction and arrangement of the book 
are admirable; the detailed discussion of the behaviour of 
)rganie compounds is preceded by a very thorough 
theoretical introduction (230 pages) covering atomic 
structures, dimensions and electronegativities, bonding, 
stereoisomerism, electronic movements in molecules and 
ions, physical properties (including nuclear magnetic 
resonance, infrared and electronic absorption spectra), 
general principles of organic reaction mechanisms (71 
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pages), and mass spectra. The arrangement of the 
detailed discussion of organic compounds is also to be 
applauded in that there is no specific separation into 
aliphatic and aromatic, acids and their derivatives are 
treated as variant carbonyl compounds, there is a chapter 
on compounds containing sulphur, also a brief one on 
heterocyclic compounds and an interesting final chapter 
on intramolecular group interactions. The way the 
material is arranged, principally according to reaction 
type, under each of the chapter headings is also much to 
be commended. For all this, and for seeking to relate 
the properties of compounds to the types of bonds present 
in them, one can have nothing but praise; it is only 
when one comes to some of the detailed arguments and 
explanations offered in interpreting the behaviour of 
individual organic compounds that enthusiasm may begin 
to wane a little; for here the treatment does not always 
quite live up to what has gone before. 

The text is fairly neatly set out, but the structural 
formulae are not always as good as they might be, and 
curly arrows go awry in a number of places. In its general 
order, structure and arrangement this book is absolutely 
first rate; a good deal of the detailed explanatory matter 
is also of high standard. Unfortunately, the working out, 
page by page, of the author’s ideas does not quite live 
up to the excellence of his overall conception. The book 
should, nevertheless, be looked at closely by anyone 
engaged in teaching organic chemistry at this level. 

The element of theory that has proved most fruitful 
in recent times in interpreting the structure and properties 
of organie compounds has almost certainly been that of 
molecular orbitals. Despite its avowed success and utility, 
most organic chemists have remained rather chary about 
using molecular orbital theory in other than the broadest 
qualitative contexts: R. L. Flurry's book is designed to 
assist them in doing rather more than that. It seeks to 
provide a conceptual understanding of the principles of 
chemical bonding as explained by molecular orbital. . 
theory, and then goes on to establish a working knowledge 
of the methods most commonly used in carrying out 
semi-empirical molecular orbital calculations on the 


normal range of organic molecules. The auther's approach = 


breaks away to some extent from a purely rigorous and 
formal treatment, and this, coupled with his emphasis on 
the actual use of working methods, will recommend the 
book to many organic chemists. The author suggests that 
the text can be used by undergraduates as well as by 
graduate students, but I feel that most of the former are 
going to find parts of it difficult going. PETER SYKES 


POWDER TECHNOLOGY 


The Packing of Solid Particles 
By W. A. Gray. Pp. 134. (Chapman and Hall: London, 
June 1968.) 35s. 


Tuis book ean be recommended to all in the feld of 
powder technology. It is doubtful whether the appeal 
wil extend to the wider audience who could use the 
principles involved but are unaware of the scope of 
powder technology. 

The author has attempted to provide a eritical review 
of the information available on packing and leaves the 
reader to infer that which is not. As the majority of the 
text is concerned with published work on close packing 
in ideal systems and only ten pages are devoted to indus- 
trial applications, the reader may be disposed to draw the 
erroneous conclusion that it has limited practical applica- 
tion. The opportunity of directing attention to the 
qualitative results which have been obtained on real 
systems has been missed. 

Although the literature has been competently sums 
marized, there is little constructive criticism. We read 
that à vacuum of 70 to 75 em Hg assisted White and 
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Walton in achieving close packing, but this is offered 
without explanation or hypothesis. Again, the perme- 
ability apparatus sketched in Fig. 5.12 is essentially 
similar to streaming potential cells for electrokinetic 
studies. The validity of using bulk fluid viscosity when the 
fluid is in narrow channels has been doubted in electro- 
kineties and could be questionable in permeametry. 
Packing of solid particles in liquids receives scant atten- 
tion; CPVC studies in paints are not mentioned. This 
is surprising when one might postulate that paint films 
approximated to two-dimensional packings and were 
worthy of mention for this alone. 

The gaps between theory, experiment and practice are 
wide and an opinion on present and future lines of investi- 
gation whieh might narrow these gaps would bring the 
book to a more definite conclusion. 

Despite these minor shortcomings, W. A. Gray has 
produced an eminently readable book on a complex 
subject, and he is to be congratulated. D. P. BRYANT 


RADIATION BELTS 


The Radiation Belt and Magnetosphere 
By Wilmot N. Hess. Pp. xii+ 548. (Blaisdell, a Division 
of Ginn: Waltham, Mass., and London, 1968.) $16.30. 


Propasiy the greatest scientific achievement of space 
research has been the discovery of the radiation belt and 
the advance in knowledge of the magnetosphere; in- 
cidentally this has been almost entirely American work. 
In the past decade the subject has advanced from very 
indirect observations, coupled with rather speculative 
theory, to an established branch of science. This is not 
to say that the magnetosphere is fully understood and, 
of course, further advance requires further observations 
with satellites. The general layout of the magnetosphere 
is known, however, and the now numerous workers in the 
field need a book of the sort reviewed here. There have 
been several conference reports covering the subject. but 
Hess has been so energetic as to cover the whole field, 
while his book has the advantages of a single author, 
particularly in the interrelating of the chapters. He also 
writes in a readable, informal style, and keeps theory and 
observations well balanced. 

The short but interesting introduction includes a 
summary and list of problems for the future. Basic 
theory is given in the second chapter, including a thorough 
account of particle motion in a magnetie field with all 
three adiabatie invariants and some plasma theory. The 
chapter ends with a painstaking and clear description of 
the various coordinate systems used, and explanations 
of how particle observations are expressed and related to 
coordinates. The third chapter concerns the physical 
mechanisms which have been proposed for the sources and 
loss of trapped particles, though some of these mechanisms 
are not now believed to be important. 

The fourth chapter concerns the inner zone, particularly 
such questions as spectrum, time decay and solar cycle 
changes, and includes theoretical discussion. Chapter five 
concerns radiation belts produced by bombs, which are 
scientifically useful because the source is known. The 
sixth chapter, on the outer belt, contains some of the 
most interesting physics developed in this subject, which 
is very close to the plasma theory developed in connexion 
with fusion research. Hess gives extensive accounts of 
the theory of the "pumping" mechanism and of the 
interaction of the trapped particles with VLF and ELF 
waves. These are believed to be important, the former as 
an energy source and the latter in controlling the loss rate. 
Chapter seven on the magnetopause includes considerable 
theoretical discussion of instabilities and the eighth chapter 
on aurorae also includes recent theoretical studies. The 
short ninth chapter on synchrotron radiation discusses 
radiation from the belt produced by the large Starfish 
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explosion and radio noise from Jupiter. Chapter i 
on low energy partieles discusses magnetie storms a 
whistlers and other VLF phenomena. Finally, there | 
three useful appendixes tabulating basic information. 

This book is attractive partieularly because of : 
wealth of high quality diagrams, about as many as th 
are pages. Hess also uses the colourful jargon of i 
subject, such as the leaky bucket and the windshii 
wiper. The very first diagram is open fo criticism; 
shows the 1950s view of the geomagnetic field as a dip 
in vacuum, which is unfair to theorists. This is rec 
nizable as the influence of Brian O’Brien, which & 
appears at one or two other points. As a whole, howev 
the book is pleasing and timely and should be warn 
welcomed. J. W. Dencry 


Correspondence 


Is Botany Dead ? 


THESE correspondents refer to two articles which appear 
in the November 9 issue of Nature, one on page 521 and o 
on page 541. 


SiR,— You ask if botany is dead. You may be interest 
to hear, therefore, that the British Association has recent 
set up a committee, of which I am chairman, to consid 
the “Future of Botany”. 
Yours faithfully, 

P. W. Brian 
Botany School, 
Downing Street, 
Cambridge, CB2 3EA. 


histories « 
selected representative plants at A-level. Are all fer 
prothalh heart shaped ? 

If teachers would digress from these A-level species an 
inject some enthusiasm into the lessons of their chose 
subject, the situation might change. The Nuffield scheme 
through its scientific approach by Investigating problem 
experimentally, should help to introduce some vitalit 
into the subject. Botany could also be brought int 
perspective by emphasizing the ecological, physiologice 
and economic aspects and in particular the importance « 
these subjects to man. 

If this fails, then we think that the pundits will have 
dubious pleasure in being correct. 


Yours faithfully, 
A. MACKIE 
C. Scarp 
P. J. WINFIELD 





Botany Department, 
University of Southampton. 


StrR,—As long as there are people on Earth to feed and ai 
environment fit for plants and humans to grow in, the 
service of botanists will continue to be needed. Curiosity 
and love of nature will ensure that many young men anc 
women are attracted into this field. But the teaching the 
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eive and their prospects for the future leave much to 
desired. 

l'here are far too many departments with only a handful 
staff teaching small classes of students. The teaching 
ff will certainly give of their best, but the spectrum of 
tany that they are able to cover is bound to be severely 
uted. Moreover, where staff are few there is little or no 
zibility for students to choose botanical courses 
sording to their interest. Unlike physical sciences, 
ay botanical disciplines do not have to follow a 
orous step by step progression. Coupled with the 
sence of any movement of undergraduate students 
tween universities, it is little wonder that many are 
satisfied. It can be very disheartening for a young 
im or woman interested in plant diseases, for example, 
find that in three years they are scarcely mentioned. 
Out of botany have developed the applied departments 
agriculture, forestry and horticulture. Yet the modern 
wre” botany department is completely divorced from 
ese “applied” branches. Surely this is the greatest 
stake of all. Apart from the very real disadvantages to 
tanical education, it has meant that too much of 
tanical research is now in areas for which the training of 
biochemist is more appropriate. Whereas the whole- 
ant botanist finds the lack of ground space available, the 
2k of good glasshouses and of sites to place them, and of 
tined gardeners to tend them, extremely frustrating, it 
a regrettable truth that many botanists are simply not 
terested in plants except as homogenates. 

Biologists have often to handle a multiplicity of 
riables as complicated to analyse as any facing an 
igineer, yet there is a common reluctance to include in 
eir teaching programmes even the simplest statistical 
ethods of analysis, and the planning of experiments goes 
iheeded. On the other hand, we find departments priding 
iemselves on the fact that over the last decade they have 
cessfully displaced the monotony of the detailed 
arning of the principal characteristics of the families and 
mera of flowering plants; instead the modern student 
arns the intricate details of metabolic pathways. Thus 
ie kind of descriptive botany is replaced by another, and 
i overall approach to training botanists is no more 
üentific than before. 

If today the function of botanists in society is in ques- 
on, then university departments must carry some of the 
iame, for without doubt many potential and existing 
»tanists, not to mention the general publie, are struggling 
trough the trees looking for the wood. 


Yours faithfully, 
R. A. E. TILNEY-BASSETT 
iniversity College of Swansea, 
epartment of Geneties, 
ingleton Park, 
wansea, Wales. 


lew Materials Make their Mark 


&R,—Our attention has been drawn to a letter by A. E. 
tandage in the October 26 issue of Nature (220, 412; 
968). While Standage is correct in saying that the 
rst worker to make carbon fibres from polyacrylonitrile 
as A. Shindo!, it must be pointed out that the highest 
'oung's modulus he obtained was 24 x 10° pounds inch? 
nd the highest fibre strength was 141 x 10? pounds inch-?. 
b was only when we used tension applied to the fibres 
t an early stage of the preparation, whieh Shindo did 
ot do, that we obtained carbon fibres of moduli in the 
ange 60 to 70 x 10* pounds inch? and of strengths about 
00 x 10? pounds inch-?. These values are more than twice 
hose obtained by Shindo. Our initial publication? 
mnouncing the properties and applications of high- 
aodulus high-strength carbon fibres was postponed for 
everal months and Dr Standage was made aware of our 
weparative methods and results well in advance of the 
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publication by Prescott and Standage’. We compared 
the results obtained by Shindo with our own results in & 
letter to Nature? and recently presented a paper at an 
Ameriean Chemical Society symposium on carbon and 
graphite fibres (September 10, 1968) in which we gave 
the results of laboratory experiments showing the effect 
of tension applied to the fibres at the first stage of prepara- 
tion. The work of Shindo was fully acknowledged and 
contrasted with our own. The fact that patents for our 
method of making carbon fibres from PAN fibres have 
been granted in the UK® and the US* shows that we do 
have a new technology of making high-modulus high- 
strength carbon fibres from PAN fibres. 


Yours faithfully, 
WiLtiAM Watt 
WiLLIAM JOHNSON 
Ministry of Technology, 
Royal Aircraft Establishment, 
Materials Department, 
R.49 Building, 
Farnborough, Hants. 


1 Shindo, A., Rep. No. 317, Gov. Ind. Res. Inat. (Osaka, Dec., 1961). 

2 Watt, W., Phillips, L. N., and Johnson, W., The Engineer, 221 (1966). 
3 Prescott, R., and Standage, A. E., Nature, 211, 169 (1966). 

4 Moreton, R., Watt, W., and Johnson, W., Nature, 218, 690 (1967). 

* British Patent No. 1,110,791. 

* United States Patent No. 3,412,062. 


Parapsychology 


Sim,—I was interested to see “parapsychology” as a 
subject heading in the contents list for Nature (220, xv; 
1968). I find the word parapsychology odd: almost as 
odd as "extrasensory" when used in conjunction with 
perception. At the least it indicates muddled thinking, 
and at the worst an untenable attitude to research. 1f 
one allows that any or all of the range of phenomena 
endearingly called parapsychology exist, one must also 
allow that an objective experiment is impossible. An 
amusing example of what I mean can be found in the 
tortuous attempts to separate telepathie from precogni- 
tive, or, worse, psychokinetie effects on the part of the 
parapsychologists themselves. 

Let us consider a parable, which I believe is relevant, 
A poor man had only one hundred pence, but a certain 
statistical insight. ^ Wishing to enrich himself, he 
approached a wealthy and_ still optimistic gambler, 
telling him that he had an infallible method for selecting 
lucky coins which had the apparently marvellous property 
of consistently coming up heads (or tails, if the gentleman 
preferred) more often than not. His potential client was 
somewhat sceptical, but his optimism made him realize 
that he at least could not lose by watching the demon- 
stration. The poor man tossed all one hundred coins ten 
times; twenty-two of them came up heads seven times 
or more. These twenty-two seeming relatively talented. 
he tossed them again, ten times each. This time selective 
pressure was more intense and only five coins survived 
with seven or more heads (although one had ten). The 
gambler was by now fascinated and could scarcely wait 
for the climax. It came; on the third series of trials 
only one coin came up heads even as much as seven 
times. However, it had already come up heads more 
than seven times in both the previous trials and the 
cumulative odds against its particular performance were 
apparently at least 107* to 1, quite enough to impress 
any gambling man. 

The parable unfortunately ends here, the scroll on 
which it is written having been torn asunder, possibly by 
someone in a considerable fury. 


Yours faithfully, 
ANTHONY ROBERTSON 
The University of Chicago, 
Chicago, Ilinois 60637. 
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Who's Paid What 


Sin, —With reference to your observations on the recent 
salary survey of the Royal Institute of Chemistry and 
related professional bodies (Nature, 220, 211; 1968), the 
comments you make are, I think, quite misleading. 
Unlike the full surveys, you appear to consider only 
median salaries. 'This causes, for example, the median 
for chemists in central government, age 26-30, to be 
£1,640, whereas the SSO grade (persons age on appoint- 
ment 26-31) has a salary scale £1,866-£2,306, excluding 
London weighting. Clearly many chemists in central 
government are not on the SSO seale, but in other 
grades whieh lower the median. Considering, now, 
university staff, it might be reasonable to equate at age 
30 the lecturer grade with SSO as requiring people of 
comparable ability. If this is so, comparison with the 
median salaries in industry, or central government, is 
quite misleading as the above figures show. A comparison 
might have been more realistie if in universities there was 
a comparable proportion of lower grades with a level of 
ability which qualified them for membership of the pro- 
fessional institutions. Such people would be mainly 
equivalent to technical officers and the like, of whom at 
present there are relatively few in universities. 

If you consider that university staff as a whole should 
have no better median salary than the median in industry, 
perhaps you would make your arguments for this clear in 
your columns. If, however, you accept that the scientific 
officer seales of the civil service are a more acceptable 
comparison, I would point out that the career grade in 
the civil service (PSO) is much better than that in 
universities, which the National Incomes Commission 
took to be the lecturer grade, rising to a maximum of 
£2,630 at age 40, and for whom further promotion is 
re by a quota of 35 per cent of the total academic 
staff, 

Yours faithfully, 
B. R. MALCOLM 
123a Captains Road, 
Edinburgh 9. 


Why do Students Fail? 


SrR,—Mr Owens in his letter on “Why do Students Fail ?” 
(Nature, 220, 517; 1968) raises some important points 
which have been and are being widely diseussed. But one 
cannot allow his last paragraph to pass without comment. 

I eannot claim to speak for every university, but I am 
sure that for the vast majority it is complete nonsense to 
state: "It is the university administrators who make the 
decisions on dismissing students and the academics who 
supply the courses. Maybe if there were more cooperation 
between the two, failure rates would go down”. At 
Bristol (and I am confident at most universities) these 
decisions are made by the boards of faculties which are 
composed entirely of academies under the chairmanship 
of the dean of faculty. Even in the least democratic 
university of which I have knowledge, the decision is 
taken by the dean after consultation with the head of 
department. If Mr Owens classes the deans as university 
administrators he should remember that in British 
universities deans are academics on whom the temporary 
(and often heavy) load of faculty administration has been 
imposed. There are, I believe, few schizophrenics among 
us, and in coming to decisions on the progress of students, 
what is best for the student’s future, both academic and 
personal, is given overriding consideration. 


Yours faithfully, 
D. H. Evererr 
School of Chemistry, 
The University, 
Cantock’s Close, 
Bristol 8. 
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University News 


Professor O. T. Solbrig, Michigan, has been appoin 
professor of botany in Harvard University. 


Dr Peter Kunkler, Welsh National School of Medici 
Cardiff, has been appointed professor and head of : 
Department of Radiotherapy in the University of Lee: 


Dr G. Matthews, Nuffield Foundation, has be 
appointed to the Shell chair of mathematies educat 
tenable at Chelsea College of Science and Technolo, 
The title of professor of bacteriology has been confer 
on Dr C. H. Lack in respect of his post at the Instit 
of Orthopaedics. 


Professor Paul E. Gray of the Department of Electri 
Engineering has been appointed Class of 1922 Profes: 
at the Massachusetts Institute of Technology. | 
sueceeds Professor John Wulff of the Department 
Metallurgy and Materials Science who retired in June. 


Dr A. M. Thomson has been appointed to a persor 
professorship in social obstetries in the University 
Newcastle upon Tyne. 


Appointments 


Dr A. A. Moss has been appointed keeper of mineralo, 
and Dr J. D. H. Wiseman deputy keeper of mineralo; 
in the British Museum (Natural History). 


Dr W. W. Rubey, California, has been appointed direct 
of the Lunar Science Institute in Houston, Texas. T! 
chief objective of the institute, which was established 
March this year, is to provide a base for scientists taki 
part in the lunar exploration programme, working in tl 
Lunar Receiving Laboratory or using other facilities 
the Manned Spacecraft Centre devoted to study of tl 
moon. 


Announcements 


The Geological Society of America has awarded tl 
Penrose Medal to Professor John Tuzo Wilsoi 
professor of geophysics in the University of Toronto, f 
his research in pure geology. The Arthur L. Day Med: 
has been awarded to Dr F. J. Vine of the Department : 
Geological and Geophysical Sciences at Princeton Unive 
sity, for his contributions to geological knowledge mad 
through the application of physics and chemistry t 
geological problems. 


Dr F. J. C. Roe has been awarded a gold medal by th 
scientific council of Centro Sociale Studio Precancerosi i 
recognition of his research in the field of carcinogenesi: 
The medal was presented on October 5 during the secor 
International Seminarium on Cancer Prophylaxis. 


Erratum. In the advertisement under the headin 
"Finite Differences" on page xxv of this issue, A J'reatis 
on Differential Equations by A. R. Forsyth costs £1 15s 
the edition of Theoretical Hydrodynamics by L. M. Milne 
Thomson which has just been published is the fift 
edition and costs £5 5s. 


Erratum. In the News and Views article “Dividends fo 
Societies” (Nature, 220, 5; 1968) it was wrongly stated tha 
the Fulmer Research Institute was in Sussex. It is, c 
course, in Stoke Poges, Buckinghamshire. 


Erratum. In the obituary notice of Professor J. E 
Harris (Nature, 220, 626; 1968) it was incorrectly state: 
that Professor Harris died on July 1, 1968— he died o: 
June 24. 
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ernational Meetings 


sember 4, Preparation of Analytical Papers for 
blication, London (The Society for Analytical 
smistry, 9-10 Savile Row, London W1). 


eember 16, Atomic Scattering Resonance Effects, 
ndon (The Meetings Officer, Institute of Physics and 
: Physical Society, 47 Belgrave Square, London SW1). 


wary 7-8, Recent Advances in Inorganic Reaction 
tchanisms, Manchester (The Registrar, The University 
Manchester Institute of Science and Technology, 
! Box No 88, Manchester M60 1QD). 


nuary 7-9, Orbital Symmetry Correlations in 
'éanic Reactions, Cambridge (Dr J. R. Gibson, 
& Chemical Society, Burlington House, London W1V 
3N). 

nuary 8-9, Adsorption from Solution, Manchester 
he Registrar, The University of Manchester Institute 
Science and Technology, PO Box No. 88, Manchester 
30 1QD). 

bruary 13, Preparation of Thin Films by the 
ethod of Sputtering, London (The Meetings Officer, 
stitute of Physics and the Physical Society, 47 Belgrave 
uare, London SW1). 


arch 23-24, Laser Safety, Cincinnati (Dr Leon Goldman, 
iser Laboratory, Medical Center, University of Cin- 
mati, Cincinnati, Ohio 45229, USA). 

arch 25-27, Interactions among Elementary Ex- 
tations in Solids and Liquids, Nottingham (The 
eetings Officer, Institute of Physics and the Physical 
ciety, 47 Belgrave Square, London SW1). 

arch 25-28, Autoclaved Calcium Silicate Building 
terials, Hannover (Secretariat of the 2nd International 
mposium 1969, “Haus der Kalksandsteinindustrie", 
9 Box 210 160—3 Hannover-Herrenhausen, Germany). 


pri 9-11, Technical Advances in Gas Turbine 
esión, Warwick (International Combustion Engines 
voup, Institution of Mechanical Engineers, 1 Birdeage 
‘alk, London SW1). 


pril 9-11, Logopedics, Rome (Professor J. Van Den 
ackhaut, Hópital Saint-Pierre, 69 rue de Bruxelles, 
guvain, Belgium). 


pri 13-18, Fracture, Brighton (R. W. Nichols, 
KAEA, Reactor Materials Laboratory, Wigshaw Lane, 
aleheth, Warrington, Lancashire). 


pril 13-23, Irrigation and Drainage, Mexico (Ing. 
anuel Anaya Sorribas, Reforma 69-Piso 12, Mexico 1, 
T, Mexico). 


pril 15-16, Crystallization, London (The Institution 
* Chemical Engineers, 16 Belgrave Square, London 
W1). 

pril 15-17, Civil Engineering Problems of the 
outh Wales Valleys, Cardiff (The Institute of Civil 
ngineers, Great George Street, London SW1). 

pril 15-18, Computer Aided Design, Southampton 
Jonference Department, Institution of Electrical Engin- 
ars, Savoy Place, London WC2). 


pri 16-17, Feeding and Nutrition of Animals, 
lian (Professor T. Bonnadonna, Società Italiana per 
1 Progresso della Zootecnica, Via Monte Ortigara 
* 35, Milan, Italy). 

pril 21-25, Structure, Solid Mechanics and Engi- 
eering Design in Civil Engineering Design in 
ivil Engineering Materials, Southampton (M. Teeni, 
lepartment of Civil Engineering, University of Southamp- 
3n, Southampton). 

pril 25-27, Biological Chemistry, Mosbach (Dr H. 
übian, Secretary General, Society for Biological Chem- 
sry, Mullerstr. 170-172, 1 Berlin 65, Germany). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


From December 7, 1968, meetings and other events in this column will be 
restricted to meetings al which attendance is not confined to members af 
particular societies. 


Monday, November 25 


ROYAL INSTITUTION (at 21 Albemarle Street, London, WI), at 2,30 ym 
Professor G. Porter, FRS: '"Thermodynamies and Chemical Change (Civil 
Service Lecture). 


MEDICAL RESEARCH COUNCIL (at the National Institute for Medical 
Research, Mill Hill, London, NW7), at 4.80 p.m.— Professor Herman X. 
Eisen (Washington University): "Degeneracy in the Immune Response to a 
Simple Determinant”. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.— Discussion meeting on "Using Vocational Selection "Tests in 
Industry", opened by Mr J. Copeland. 


INSTITUTION OF MECHANICAL ENGINEERS, INTERNAL COMBUSTION ENGINE 
Gror? (at 1 Birdcage Walk, Westminster, London, SW1), at 6 p.rn.— Dis- 
cussion meeting on “What are the Barriers to Piston Speed for the Diesel 
Engine ?" 

ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, WC2), at 
6 p.m.—Dr A. H. Cottrell, FRS: "Science and Technology” (second of three 
Cantor Lectures on “Technology in Great Britain"). 


PLASTICS INSTITUTE, REINFORCED PLASTICS SUBGROUP (at the "Coach 
makers Arms", 88 Marylebone Lane, London, W1), at 7.30 p.m.—Mr J. M. M. 
Winkelman: “GRP versus Pressure Diecastings". 


Monday, November 25—Tuesday, November 26 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMOBILE DIVISION (at 1 
Birdcage Walk, Westminster, London, S8W1)—Symposium on "Motor 
Vehicle Air Pollution Control". 


Tuesday, November 26 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WEZ), 
at 5.30 p.m.—Mr D. W. Draper and Mr R. J. Goodridge: “A "Thyristor 
Supplied Tandem Cold Mill". 


INSTITUTION OF ELECTRICAL ENGINEERS (joint meeting with the Automatic 
Control Group of the Institution of Mechanical Engineers, at i Birdcage 
Walk, Westminster, London, SW1), at 6 p.m.—Discussion Meeting on 
“Designing Servos that work on Machine Tools”. 

INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, INSTRUMENTATION 
AND CONTROL GROUP (at 9 Bedford Square, London, WC1), at 6 p.m.—Mr 
J. Agar: “Frequency Modulating Transducers”. 

SOCIETY OF CHEMICAL INDUSTRY, PLASTICS AND POLYMER GROUP (at 
14 Belgrave Square, London, SW1), at 6 p.m.— Dr C. B. Bucknall: "Meehan- 
ism of Yielding and Fracture in ABS". 

SOCIETY FOR ANALYTICAL CHEMISTRY, PARTICLE SIZE ANALYSIS GROUF 
(in the Physics Building, Imperial College of Science and "Technology. Prince 
Consort Road, London, SW7), at 6.30 p.m.—Meeting on " Adso: À 
of Surface Area Measurement". rta, 
Area by Dye Adsorption"; Mr A. J. Groszek: “Determination of Burfuce. 
Areas by Flow Calorimetry”. 

UNIVERSITY OF LONDON, DEPARTMENT OF EXTRA MURAL STUDIES; ani. 
the LINNEAN SOCIETY OF LONDON (at the Linnean Society, Burlington. 
House, Piccadilly, London, W1), at 6.30 p.m.—Dr R. Bellairs: “The Begin- 
nings of Embryology”. (Ninth of twelve lectures on "The Historical Back~ 
ground to Modern Zoology") 

INSTITUTION OF THE RUBBER INDUSTRY (at the Eccleston Hotel, Eccleston 
Square, London, SW1), at 7 p.m.—Mr M. Williams: “Value Analysis-—-a 
Management Technique". 


Tuesday, November 26—Wednesday, November 27 


IRON AND STEEL INSTITUTE (at the Royal Garden Hotel, London, WE)— 
Autumn General Meeting. Technical session on “The Challenge for Steet”, 


Wednesday, November 27 


ROYAL SOCIETY (at 6 Carlton House Terrace, London, SW1), af 10 a.m. 
Discussion meeting on “Cosmic X-ray Astronomy". 

ROYAL INSTITUTION, HISTORY OF SCIENCE DISCUSSION GROUP (at 21 
Albemarle Street, London, W1), at 1 p.m.—Dr W. T. Stearn: "Measurement 
in Botany’’.* 

INSTITUTE OF NAVIGATION (at the Royal Institution of Naval Architects, 
10 Upper Belgrave Street, London, SW1), at 5 p.m.—Captain D. S. Tibbits, 
DSC: “The Control of Traffic in the Entrances to Ports". 

INSTITUTION OF CIVIL ENGINEERS; and BRITISH SECTION——INTERNATIONAL 
ASSOCIATION FOR EARTHQUAKE ENGINEERING (at Great George Street, 
London, SW1), at 5.30 p.m.— Informal Discussion on “Engineering Aspects 
of the Turkish Earthquake, 1967", introduced by Dr N. Ambraseys. 

INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.80 p.m.—Mr P. D. Mathewman and Professor H. Nicholson: '"fech- 
niques for Load Prediction in the Electricity Supply Industry". 

INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, COMMUNICATIONS 
GROUP (at 9 Bedford Square, London, WC1), at 6 p.m.—Mr 8. Welsh: “World 
‘Telephone Communication”. 

INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, West- 
minster, London, SW1), at 6 p.m.—Mr A. F. Earle: "Management and the 
Engineer” (Thomas Hawksley Lecture). 

INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND 
STUDENT SECTION (joint meeting with the Graduate and Student Section of 
the Institution of Chemical Engineers, at Savoy Place, London, WEZ), at 
6.30 p.m.—Dr A. R. Blake: “New Uses of Electricity in Chemical Synthesis", 


Thursday, November 28 
INSTITUTION OF MECHANICAL ENGINEERS, RAILWAY ENGINEERING GEOUP 


(at 1 Birdeage Walk, Westminster, London, SW1)—All-day Meeting on 
“Hydrostatic and Hydrodynamic Transmission". 


tion Methods ^ 
Dr C. H. Giles: "Determination of Surface ii 
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, INSTITUTION OF CIVIL ENGINEERS, EDUCATION AND TRAINING GROUP (at 
Great George Street, London, SW1), at 5.30 p.m.—Informal Discussion on 
“The Gaps in my Training" introduced by Mr 8. Myers, Mr M. St. C. Baird 
and Mr M. Foulkes. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.—Mr H. F. R. Catherwood: “The Work of "Neddy' ”. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 5.30 p.m.— 
Mr J. P. Hudson: ‘‘Manuseripts in the British Museum”. 


Friday, November 29 


., INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2)— 
Colloquium on “Computer Methods in Network Design and Synthesis". 


ROYAL INSTITUTION, PHOTOCHEMISTRY DISCUSSION GROUP (at 21 Albe- 
marle Street, London, W1), at 1 p.m.—Dr C. Clark: “Photochemistry of 
Anthraquinone Sulphonates in Water".* 


ROYAL ASTRONOMICAL SOCIETY (at Burlington House, Piccadilly, London: 
W1), at 3 p.m.—Geophysical Discussion on "The Lunar Surface". 


, BOCIETY FOR ANALYTICAL CHEMISTRY, MICROCHEMICAL METHODS GROUP 
(in the Department of Mechanical Engineering, Imperial College of Science 
and Technology, London, 8W7), at 6.30 p.m.—-Twenty-fifth Annual General 
Meeting. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 9 p.m.-~ 
Professor Dorothy Crowfoot Hodgkin, OM, FRS: “Vitamin B”. 


Saturday, November 30 


SOCIETY FOR THE STUDY OF HUMAN BIOLOGY (in the Manson Theatre, 
London School of Hygiene and Tropical Medicine, Keppel Street, London. 
WON, at 10 a.m.—Symposium on “Climatic Challenge and Population 
Pressure”. 


ROYAL Society (at 6 Carlton House Terrace, London, SW1), at 2.30 p.m.— 
Anniversary Meetíng. 


INNER LONDON EDUCATION AUTHORITY (at the Horniman Museum, 
London Road, Forest Hill, London, SE23), at 3.30 p.m.—Mr Norman Cook: 
"Recent Archaeological Discoveries in London". * 


Monday, December 2 


INSTITUTION OF CHEMICAL ENGINEERS (joint meeting with the Society of 
Chemical Industry, at the Royal Society, 6 Carlton House Terrace, London, 
SW), at 2 p.m.—Symposium on "Waste Water Treatment and Re-Use", 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 2.30 p.m.— 
Professor R. J. Harrison: The Living Cell" (Civil Service Lecture). 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m,— Discussion meeting on ''Eleetric Lifts with particular reference 
to High-Speed High-Rise Applications", opened by Mr C. G. L. Morley. 

INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2) 


at 5.90 p.m.— Discussion meeting on “Terminology for Use in Electrical 
Measurements", 


INSTITUTION OF MECHANICAL ENGINEERS, MEDICAL ENGINEERING WORK- 
ING PARTY (at 1 Birdcage Walk, Westminster, London, SW1), at 6 p.m.— 
Discussion Meeting. 

ROYAL SOCIETY or ARTS (at John Adam Street, Adelphi, London, WC2), at 
6 p.m.—Sir Paul Chambers, KBE, CB: ‘Technology and the Profit Motive" 
(Last of three Cantor Lectures on "Technology in Great Britain’’.) 

SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (at 14 Belgrave Square, 
London, SW1), at 6.30 p.m.—Dr F. N. Woodward, CBE: “The Scientific 
Diplomat" (Jubilee Memorial Lecture). 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Grassland Research Institute. Annual Report 1967. (Hurley, 
Maidenhead: Grassland Research Institute, 1968.) 10s. {3110 
The Committee of Vice-Chancellors and Principals of the Universities of 
the United Kingdom. Report on the Quinquennium 1962-1967. Pp. 62. 
(London: Committee of Viee-Chancellors and Principals of the Universities 


Pp. 96. 


of the United Kingdom, 86 Gordon Square, 1968). {411 
Safety Precautions in the Use of Electrical Equipment. Pp. iv +24. 
(London: Imperial College of Science and Technology, 1968.) {411 
University of Strathclyde. Calendar 1968/60, Pp. 687. (Glasgow: 
University of Strathclyde, 1968.) 21s. [411 


HOW TO BUY NATURE 


Volumes start in January, April, July and October, but subscriptions 
may begin with any issue. 
The direct postai price per subscription for one copy of NATURE 
each week is: 

*12 MONTHS (52 issues and 4 indexes) 
Great Britain and Eire 
United States of America. 
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.. $48 each 


Elsewhere overseas by surface mail 
(Charge for delivery by air mail on application) 
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Ministry of Agriculture, Fisheries and Food: Fisheries Radiobiok 

boratory. Technical Report FRL 2: Radioactivity in Surface 
Coastal Waters of the British Isles 1967. By N. T, Mitchell. Pp.41. (L 
toft: Fisheries Kadiobiological Laboratory, 1968.) 

Tin Research Institute. Soft-Solders and Soldering in the Elec 
Industry. By C. J. Thwaites. Pp. 8. Effect of Tin Coatings on the T. 
ability of Stee! Sheet. By R. Duckett, B. T. K. Barry and D. A. Ro 
Pp. 5. (Reprinted from Sheet Metal Industries, September, 1968) | 
Special Aspects of Continuous Electro-Tinning of Wide Steel Strip, By 
Hoare. Pp. 10. (London: Tin Research Institute, 1968.) 

Proceedings of the Royal Irish Academy. Vol. 67, Section A, No. 2: 
Radiation of a Charge Under the Influence of a Constant External F 
By N. L. Balazs. Pp. 15-25. 3s. Vol. 67, Section B, No. 2: Agromy 
(Diptera) from Ireland. By G. C, D. Griffiths. Pp. 37-69. 38. 6d. Vo 
Section B, No. 3: The Dalradian Rocks of Slieve Gamph, Western fre 
By W. E. G. Taylor. Pp. 63-82 plate 3. 5s. (Dublin: Royal 
Academy, 1068.) 


$ 








Other Countries 


Studia Forestalia Suecica. Nr. 56: Luftóroreningars Inverkan pa Et 
floran hos Barrtrád i Stockholmsomradet (The Effect of Air Poll: 
on the Epiphytie Flora of Conifers in the Stockholm Region) Av | 
Lundström. Pp. 55. 6 kr. Nr. 61: An Attempt to Assess the Opti 
Nitrogen Level in Norway Spruce Under Field Conditions, By Carl 
Tamm. Pp. 67, Nr. 62: Germination Studies on Scots Pine (Z 
silvestris L.) Seed of Different Provenances Under Constant Temperat 
By 8. K. Kamra and M. Simak. Pp. 14. 5 kr. (Stockholm: Skogshdgsk 
Royal College of Forestry, 1968.) 

National Hydatids Council. Eighth Annual Report and Stateme: 
Accounts for the year ended 31 March 1968. Pp, 24. (Wellington: Nat 
Hydatida Council, 1968.) { 

International Institute for Peace and Conflict Research, Seismic Met 
for Monitoring Underground Explosions: an Assessment of the Status 
Outlook. Pp. 130. (Stockholm: International Institute for Peace and 
flict Research (SIPRA), 1968.) 20s.; $2.50; Sw.kr. 10. { 

The National Research Council of Canada. Review 1968, Pp. 237. € 
UN 10159). (Ottawa: The National Research Council of Car 
1968.) 

Indian Forest Records (New Series . . . Forest Pathology. Vol. 2, N 
Temperature Relation of Indian Species of Polypores. By H. 8. Se 
Manjusri Sen and B. K, Bakshi. Pp, 131-1379 plates, Rs, 0.85; 
Indian Forest Leaflet No. 181 (T. E.) Design Data on Nail Joints in Th 
Structures Through Research Solutions in Pinus rorburghii (Chir). 
N. J. Masani, K, 8. Prighi and S. K, Aggarwal. Pp. 29. (Delhi: Mar 
of Publications, 1907.) 1966 and 1967. 

New Zealand Marine Department. Fisheries Technical Report No 
Feeding Habits of Paua. By B. R. Tunbridge. Pp. 16. Fisheries Tech 
Report No. 25: Cultivated New Zealand Rock Oysters. By L. Cu 
Pp. po. wenington, New Zealand: New Zealand Marine Department, 
and 1968. 

Université Officielle du Congo à Lubumbashi. Programme des C 
Année Académique 1967-1968. Pp. 161. (Lubumbashi, Congo: Unive 
Officielle du Congo, 1968.) [ 

Harvard University Program on Technology and Society. Rese 
Review No. 1: Implications of Biomedical Technology. By Irene T. 
and Judith Koivumaki. Pp. v+53. (Cambridge, Mass.: Harvard U 
sity, 1 3 

Metropolitan Life. Statistical Bulletin, July 1968: Gains from Re 
tions in Principal Causes of Death. How Fatal Home Firearm Acei 
Occur. Canada’s Growing Population. Catastrophe Death Tol! in 
Half of 1968. Causes of Long-Term Disabilities. Pp. 12. (New Y 
Metropolitan Life, 1968.) j . 

Western Australia. Report of the Government Chemical Laborat 
for the year 1967. (Extract from the Report of the Department of Mi 
Pp. 38. (Perth: Government Laboratories, 1968.) { 

United States National Museum Bulletin 237: Life Histories of N 
American Cardinals, Grosbeaks, Buntings, Towhees, Finches, Sparr 
and Allies, Order Passeriformes: Family Fringilidae. Part 1: Ge 
Richmondena through Piplo (part) Pp. xxvii+1~602+ plates J 
Part 2: Genera Piplo (part) through Spizella. Pp. xi +603 —1248 p 
33-67, Part 3: Genera Zonotrichia through Emberiaz, Literature € 
and Index. Pp. viiit+ 1249~1889+ plates 68-78. (Washington, 1 
Smithsonian Institution Press, 1968. Available from U.S. Governi 
Printing Office.) $8.25 per set of 3 books. Sold only in sets. 

Proceedings of the United States National Museum, Vol. 125, No. 3 
Neotropical Microlepidoptera, XVIL—Notes and New Species of Pha 





idae. By J. F. Gates Clarke. Pp. 58. (Washington, D.C.: Simithso 
Institution Press, 1968. Available from U.S. Government Prir 


Office.) i 

Central Arecanut Research Station. Technical Bulletin No. 1.: Bi 
graphy on Arecanut, up to December 1966. Compiled by P. R. Ramacha 
and K. V. Ahamed Bavappa. Pp. 44-r vi. (Vittal, Mysore State: Cei 
Arecanut Research Station, 1967.) [ 
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eHigh luminosity 

Double spectrometer with optical coupling 
` arranged for additive dispersion 

gives at least double the intensity for 

a given resolution. 


eLow instrumental scatter 
<10°8 at 25 cm? from 6328A 
—10-'2at250 cm from 6328A 


eResolution 
Lines as close as 0.08A (0.2 cm-! at 6328A) 
can be resolved 


eLinear wavenumber drive 
Read-out in wavenumber and Delta wavenumber, 
the latter easily resettable to zero at 
any excitation line. 
Scanning speed range: 
' 0.8to 2000 cmt /min in 20 steps. 


eQuickly interchangeable sample holders 
for liquids, solids, single crystals or gases. 
eHighest sensitivity detection and 
recording system including photon counting 
and DC amplification from extended S-20 
response photomultiplier. 
e@Full flexibility for incorporation of 
new accessories currently under development. 
Please write or telephone for full particulars, prices 
and demonstration, quotíng reference NA/68 LR 


GLEN CRESTON 


The Red House, 37 The Broadway, 
Stanmore, Middlesex, England. 
Telephone 01-954 4218 
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Lipid biochemists! Consider the advantages of a 
part subscription to.... 


BIOCHIMICA ET BIOPHYSICA ACTA 


LI PIDS & LIPID 


METABOLISM 


_... for your own desk or departmental library: 

a /mmediate access to papers at the forefront of 
research on lipids - chemical, metabolic, enzyme 
ological and biophysical topics - and papers on 
sterols, steroids and bile acids. 

a Jn every issue a listing of current papers in other 
sections of BBA that could be of relevance to lipid 
research. 

a Airmail delivery every 6 weeks. 


A sample of forthcoming papers: 

Microbial metabolism of tetra- and hexahydroindan- 

propionic acid derivatives - E. Kondo, B. Stein & C.J. Sih 
(Madison, USA) 

The absorption of tristearin and stearic acid and tripalmitin 

and palmitic acid: studies on the rate-limiting steps in rats 
- J.D. Hamilton, J.P.W. Webb & A.M. Dawson (London) 

The distribution of odd-numbered essential and other poly- 

enoic fatty acids in rat liver lipids - D.M, Sand & H. Schlenk 
(Austin, USA) 

Biosynthesis of unsaturated fatty acids by a free-living 

spirochete - H. Meyer & F. Meyer (Syracuse, USA) 

Absorption and metabolism of prostaglandin Ey by per 

fused rat jejunum in vitro - T.M. Parkinson & J.C, Schneider 
(Kalamazoo, USA) 

Phospholipases of the membrane fraction of Myco- 

bacterium phlei - Y. Ono & S. Nojima (Tokyo, Japan) 

The occurrence and nature of free ceramides in human 

plasma - K. Samuelsson (Stockholm, Sweden) 

Studies on simple and mixed bile salt micelles by NMR - 
D.M. Small, S.A. Penkett & D. Chapman (Welwyn, UK 
& Boston, USA) 

Inhibition of ín vitro sterol biosynthesis by phenylalanine 
- S.N. Shah, N.A. Peterson & C.M. McKean (Eldridge) 

Tentative revised rules for the nomenclature of steroids - 
IUPAC-IUB Commission on Biochemical Nomenclature 


Subscription details for 1969: 
BBA-Lipids & Lipid Metabolism Vols. L11 & 
L12: 8 issues; total price Df. 130.00 (post- 
free). Airmail surcharge for USA & Canada: 
Dfl. 4.00 total. 


Back volumes (1963 - 1968): 
BBA-Lipids & Lipid Metabolism Vols. LI - 
L10 (Biochim. Biophys, Acta, Vols. 70, 84, 
98, 106, 116, 125, 137, 144, 152, 164): 
Dfl. 72.00 per volume (post-free). 


Send orders to your regular bookseller or to: 
ELSEVIER PUBLISHING COMPANY 


P.O. BOX 211, JAN VAN GALENSTRAAT 335 
AMSTERDAM (THE NETHERLANDS) 





ia s= Elsevier 

«e : 
4 Publishing 
Company 
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Classified Advertisements 


All copy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion. 
The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers’ errors, 
although every care is taken to avoid mistakes. 
Semi-displayed £6 per single column inch, 
Minimum £3, each additional 1/!2th of an inch 
10s. Full page £158, Half page across £80. 
Colour (orange) £20 extra. 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number. 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement's 
Inn, Strand, London, W.C.2. Telephone: 
017405 4743; Telegrams: Textualist, London, 





APPOINTMENTS VACANT 


DEPARTMENT OF PHYSICS 
UNIVERSITY OF WINDSOR 
WINDSOR, ONTARIO, CANADA 


Applications are invited for the following staff 
appointments : 

1. EXPERIMENTAL PHYSICIST (Atomic 
Physics). Preference will be given to candidates 
with interests in atomic collisions, optica! pump- 
ing, or similar phenomena. 

2. THEORETICAL PHYSICIST. Preference 
wil be given to candidates with interests in the 
physics of atomic collisions. 

Successful candidates will be expected to in- 
struct in undergraduate and postgraduate courses 
and to devote a part of their time to research. 
Appointments may be made at the ranks of 
tant Professor, Associate Professor or Pro- 
r at which properly qualified candidates can 
expect salaries of not less than $10,000, $13,000, 
and $16,000 per annum respectively. 

Inquiries should be addressed to Dr. L. 
Krause, Head, Department of Physics. 











(1682) 


INSTITUTE OF OPHTHALMOLOGY 
Judd Street, W.C.1 


DEPARTMENT OF PATHOLOGY 


Applications are invited from medical 
and non-medical graduates for the post of 


RESEARCH ASSISTANT 


in ophthalmic pathology for one year in 
the first instance. The Research Assistant 
will be expected to work on problems con- 
nected with diseases of the retinal vessels, 
of which previous knowledge is not essen- 
tial. Salary in the range £1,105 to £1,740 
per annum, according to qualifications with 
F.S.S.U. provision. 


Further particulars available from the 
Director of Pathology, to whom applica- 
tions should be made by December 5, 1968. 

(1660) 





UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF ANATOMY 


RESEARCH FELLOWSHIPS IN 
REPRODUCTIVE PHYSIOLOGY AND 
FERTILITY CONTROL 
Applications are invited for two Senior Re- 
search Fellowships (one in Reproductive Biology 
and one in Reproductive Biochemistry) in the 
Department of Anatomy for graduates in Medi- 
cine, Veterinary Medicine, Biochemistry or Zoo- 
logy, to undertake research in the physiology of 
reproduction of primates and lower mammals, 
and in particular to investigate the biology and 
biochemistry of the endouterine environment. 
The project is part of a long-term study, directed 
by Dr. Peter Eckstein, on the mode of action of 
intrauterine contraceptive devices which is spon- 
sored by the Ford Foundation of New York. 
The salary, which will be attractive. and carry 
F.S.S.U. benefits, will depend on qualifications 
and postgraduate research experience. The ap- 
pointments will be, initially, for a period of up 

io three years, and may then be extended. 
Further details may be obtained from the Head 
of the Department of Anatomy, Medical School, 
Birmingham 15, to whom applications, including 
a curriculum vitae and the names of two referees, 
should be sent by November 30, 1968. — (1602) 
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British Technical 
Assistance 
Government of Ghana 


The Ministry of Overseas Development in conjunction with the 
Centre for Curriculum Renewa! and Educational Development 
Overseas invite applications for 2 posts of Adviser/Trainer in 


$ New " mathematics (1) at Primary level and (2) at Secondary 
evet. 


A new mathematics project called the Joint School Project was 
started in 1964 by the Mathematics Association of Ghana and the 
experts will be required to organise and take part in the training 
of teachers and supervise the teaching of * New " mathematics. 


Qualifications : Candidates, who should be citizens of, and nor- 
mally resident in, the United Kingdom and between 25-55 years 
of age. must have: 


(1) the equivalent of “A” level in mathematics, a professional 
qualification for primary school teaching, special competence 
in " new " mathematics, and 2 or more years of primary school 
teaching experience, 


(2) a degree in mathematics from a recognised university, special 
competence in “new” mathematics, and several years’ post 


primary teaching experience in mathematics. 


The appointments, which are for 3 years in the first instance, carry 
a salary (subject to U.K. tax) according to qualifications and experi- 
ence and a variable overseas allowance (tax free) Children's 
education allowances, free passages and accommodation. Gener- 
ous terminal leave on full pay. Superannuation rights may be 
safeguarded. All emoluments paid by British Government. 


Further details and application forms (quoting RC 203/70/018) 
from: 

Appointments Officer, Room E.443, 

MINISTRY OF OVERSEAS DEVELOPMENT, 

Eland House, Stag Place, London, S.W.1. (1573) 


ALLIED BREWERIES LIMITED 





Research Manager 


Applicants for the above-mentioned post should be over 35 years 
of age and should have an appropriate research degree and post- 
graduate experience in directing a research team. 

The Group Research Department, situated at Burton-on-Trent, has 


an establishment of sixty scientific staff comprising chemical, chemi- 
cal engineering and biological divisions. 


The position of Research Manager will command a salary which 
reflects qualifications, experience and ability. 

The Company operates an excellent pension scheme with immediate 
life assurance cover. i 

Applications in writing giving details of age, experience and 
present salary should be sent to: The Research Director, Allied 
Breweries Ltd., Burton-on-Trent, Staffordshire. 


702) 
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Inner London Education Authority 


NORWOOD TECHNICAL 
COLLEGE 

KNIGHT'S HILL, LONDON, 
S.E.27 


BIOLOGY & GEOLOGY 
DEPARTMENT 
LECTURER GRADE 1 

in Biochemistry/Physiology 


required for January 1, 1959. 


The department provides courses mainly 10 
GCE. “A” level, with some part-time 
General B.Sc, Degree work; an important 
section of the work involves the prepara- 
tion of medical laboratory technicians for 
Ordinary and Higher National Certificates. 


Research facilities may be made available 
in suitable cases. 


Applicants should hold an appropriate de- 
grec of a British University or a high quali- 
fication in applied biology. 


Salary in accordance with Burnham Tezh- 
nical Scale £1,035 to £1,735 (plus London 
alowance £70) with additions for qualifi- 
cations ; starting point depends on qualifi- 
cations, training and experience. 


Assistance may be given towards household 
removal expenses. 


Application form from College Secretary, 
returnable within 14 days of this advertise- 
ment. Enclose self-addressed — foolscap 
envelope, (1698) 





BRISBANE, AUSTRALIA 
SENIOR LECTURER/LECTURER IN 
VETERINARY MICROBIOLOGY 


The University invites applications for the posi- 
‘ion of Senior Lecturer/Lecturer in Veterinary 
Microbiology in the Department of Veterinary 
Preventive Medicine. An applicant should have 
a veterinary degree and suitable postgraduate ex- 
perience. A candidate with a similar degree and 
outstanding experience or qualifications in other 
directions would also be considered. The ap- 
pointee will participate in the teaching of micro- 
biology and in the diagnostic work of the 
Department, and have a special responsibility 
for the course in meat hygiene. It is proposed 
that his main research interest might be in this 
field and previous experience would be an advan- 
tage. The salary range for a Senior Lecturer is 
$47,500 by $4250 (5) to $48,750, and for a 
Lecturer $45,400 by $4250 (4) by $4300 (3) to 
$47,300 per annum. The University provides 
superannuation similar to F.S.8.U., housing assist- 
ance, study leave and travel grants. 

Additional information and application forms 
will be supplied upon request to the Association 
of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, S.W.1. 
Applications close in London and Brisbane on 
QG718) 





SCHOOL OF AGRICULTURE 
DEPARTMENT OF APPLIED BIOCHEMISTRY 
AND NUTRITION 


Applications are invited for the post of ASSIS- 
TANT LECTURER in Biochemistry within the 
Department of Applied Biochemistry and Nutri- 
tion at the University. Preference will be given 
to graduates with initial degrees in biochemistry, 
chemistry or botany and with postgraduate ex- 
perience in biochemistry. Facilities for research 
can be provided in the areas of biochemistry or 
microbiology. but a particular interest in plant 
biochemistry would bc an advantage. 

Further details can be obtained from the Regis- 
trar, University of Nottingham, University Park, 
Nottingham. NG? 2RD. Closing date for appli- 
tations 









SCIENTIFIC ASSIS- 


Royal Cancer Hospital. 
TANT required in Department of Clinical Re- 
search of Royal Marsden Hospital and Institute 
of Cancer Research, to work in leucocyte typing 
and tissue antigens. Candidates must have had 
previous laboratory experience in immunological 
techniques and possess a degree or comparable 


qualification. Starting salary in region of £1,500 
per annum according to qualifications and ex- 
perience.—Apply with names of two referees to 
the Secretary, 34 Sumner Place, S.W 7, quoting 
Ref. 300/G/37. 736 


CSIRO 


RESEARCH © 


AGRONOMIST 


DIVISION OF PLANT INDUSTRY 


GENERAL The Tobacco Research Institute at Mareeba is a unit of the Division of Plant 
Industry of the Commonwealth Scientific and Industrial Research Organization and is located 
40 miles inland from Cairns, North Queensland, in the centre of a district in which tobacco 


AUSTRALIA 


growing under irrigation has expanded rapidly in recent years. 


Work at the institute 


includes physiological, nutritional, and agronomic studies to determine factors responsible 


for the yield and quality of the cured tobacco leaf. 
laboratory and field research, including well 


and experiment station. 


The institute has excellent facilities for 


-equipped laboratories, glasshouses, library 
In addition it has strong links with the Headquarters of the 


Division in Canberra, A.C.T. which is engaged in research in many fields of plant biology, 
Secondary education is available and housing will be provided at a nominal rental in the 


case of a married male appointee. 


DUTIES The appointee will collaborate with existing research workers to study the 
effects of legume and other rotational crops on the nitrogen and fertility status of the soil 


for tobacco growing in the Mareeba area. 


QUALIFICATIONS Applicants should ha 
of equivalent standard and duration, supporte 


ve a Ph.D. degree or postgraduate experience 
d by satisfactory evidence of research ability. 


A background in crop agronomy and crop physiology is desirable. 


SALARY Depending upon qualifications and experience. the appointment will be made 
within the salary range of Research Scientist, $A5,250-$A6,622 p.a., or Senior Research 


Scientist, $A6,892-$A7,974 p.a. 
corresponding rates for men. 


(married) and $A70 p.a. (single) is payable. 


classification is determined by merit. 


Salary rates for women are $A428 p.a. less than the 
In addition to salary a District Allowance of $A140 p.a. 


Promotion within CSIRO to a higher 


CONDITIONS The appointment will be initially for a fixed term of three years, after 
which, if mutually desired, either an extension of tenure or appointment for an indefinite 


period will be considered. The appointment 


will be conditional upon passing a medical 


examination and an initial probationary period of twelve months may be specified. An 
indefinite appointment carries with it Commonwealth Superannuation Fund or Provident 


Account privileges. 


Applications (quoting Appointment No. 815/75) and stating full name, place, dare and year 
of birth, nationality, marital status, present employment, details of qualifications and 
experience, together with the names of not more than four persons acquainted with the 
applicant's academic and professional standing, should reach: 


Mr. R. F. Turnbull, 
Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
64-78, Kingsway, 
LONDON, W.C.2, 


UNIVERSITY OF EAST ANGLIA 

SCHOOL OF ENVIRONMENTAL SCIENCES 

Applications are invited for three further ap- 
pointments in October, 1969, on the SENIOR 
LECTURER, LECTURER and ASSISTANT 
LECTURER grades, from those with experience 
ir the following fields: 1. solution chemistry 


(.g.. soil chemistry, sediment geochemistry, 
chemical oceanography); 2. urban geography, 
demography and planning; 3. engineering / 


economic geology; 4. agriculture, land use and 
applied ecology ; 5. structural geology (with par- 


ticular emphasis on large scale processes). 
Stipends will be on the scales: Senior Lec- 
turer, £2,575 to £3,310; Lecturer, £1,470 to 


£2,630; Assistant Lecturer, £1,105 to £1,340, plus 
F.§.S.U. benefits. 

Further particulars may be obtained from the 
Registrar and Secretary, University of East 
Anglia, Earlham Hall, Norwich, NOR 88C, with 
whom applications (one copy only), together with 
the names and addresses of three persons to 
whom reference may be made should be lodged 
not later than December 15, 1968. (0737) 





INIVERSITY COLLEGE OF 
NORTH WALES 
BANGOR 


invited for the Chair of 
Organic Chemistry within the Department of 
Chemistry. The salary will be mot less than 
£3,570 per annum, together with F.S.S.U. bene- 
fits. s the appointment will date from October 
i, 1969. 

Ten copies of the application (one from over- 
seas candidates) should be sent by January 6. 
1959, to the Secretary and Registrar, University 
College of North Wales, Bangor, from whom 
further particulars may be obtained. — (1735) 





Applications are 


by the 20th December, 1968. 





DEPARTMENT OF PHYSICS 
UNIVERSITY OF WINDSOR 
WINDSOR, ONTARIO, CANADA 
GRADUATE ASSISTANTSHIPS 





search is proceeding 10 
atomic physics, E.S.R. and optical properties of 
solids, in non-linear optics, nuclear physics and 
relativistic physics.  Stipends up to $4,000 per 
annum, depending on qualifications and duties im 
the department. 

Inquiries should be addressed to Professor L. 
Krause, Head, Department of Physics. 

0720 


UNIVERSITY OF ALBERTA 
DEPARTMENT OF BOTANY 

Applications are invited for the position of 
ENVIRONMENTAL PLANT PHYSIOLOGIST 
Related areas of research offered by the Depa 
ment are Ecology, Developmental Physiology 
Piant Biochemistry. Research opportunities v 
be greatly enhanced by the completion « 
entirely new facilities in the fall of 1969. Teac 
ing duties would involve participation in elemen- 
tary biology and physiology courses. Depending 
upon the candidates’ qualifications, rank and be 
salary for the position are: Assistant Profess 
$9,500: Associate Professor, $13,000; Fall Pi 
fessor, $17,500. 

Applicants should send curriculum vitae, publi- 












E 








cation list, and names of three referees to Dr. 
Wilson N. Stewart, Chairman, Deparument of 
Botany. University of Alberia, | Edmontoc. 
Alberta, Canada. 723) 































(A) Medical Information and (B) Research Information. 


graduate experience in Research or information work is desirable. 


Please write with brief but relevant details to ~ 


A. S. Napier, Personnel Officer, 


Mundells, Welwyn Garden City, Herts 
Ref No. A 41263. 
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AUSTRALIAN ATOMIC 
ENERGY COMMISSION 


RESEARCH ESTABLISHMENT, 
LUCAS HEIGHTS, NEAR SYDNEY 


SURFACE GHEMIST 


RESEARCH SCIENTIST 


A vacancy exists in the Surface Chemistry Group, Materials Science Section, for a 
research chemist with experience in infra-red spectroscopy. The research activities 
of the Group cover surface chemistry and physical chemistry studies related to the 
application of materials in nuclear reactors including surface behaviour of oxide 
powders, sols and gels, and the thermal decomposition processes leading to the 
formation of oxide powders. The work may be extended to include aspects of corrosion 
and oxidation of zirconium metal. 


A range of advanced equipment is available, including recording thermobalances 
with digital printout, differential thermal analysis apparatus, and high resolution 
infra-red spectrophotometers. 


The successful applicant will be expected to participate in the general research activ- 
ities of the Group as well as accepting responsibility for infra-red spectroscopy 
equipment and the application of infra-red spectroscopy techniques to the problems of 
the group. 


Applicants must possess a Ph.D. degree (or post-graduate research experience of 
equivalent standard and duration) supported by satisfactory evidence of research ability. 


Salary, dependent upon qualifications and experience, will be in the following range ~ 
RESEARCH SCIENTIST  $Aus. 5250- SAus. 6622 
(Female salary is $Aus. 428 p.a. less than male rates quoted above). 


Application forms may be obtained by writing to the Atomic Energy Advisor, 
Office of the High Commissioner for Australia, Canberra House, 10-16 
Maltravers Street, LONDON, W.C.2. Please quote Position L.14. 


(173% 





INFORMATION 
"I^ SCIENTISTS 


We are the British Division of a leading Pharmaceutical Company of high international standing. Our head 
Office is pleasantly situated adjacent to open countryside, yet within easy reach of London. 


We wish to recruit two Information Scientists for vacancies in the areas of 


Candidates for (A) must have a degree in a Biological Science, with a knowledge of Physiology, Pharma- 
cology or Biochemístry. For (B), a degree in Chemistry or Biochemistry. and an interest in Drug Research, 
will be sought. The ability to read Scientific work in a Foreign Language would be an advantage. Post- 


The work is interesting and varied, with considerable scope for initiative, and involves close co-operation 
with other Departments within the Company, The Medical Information Department provides aff types of 
Technical Information support for marketed products and background irformation on investigational com- 
pounds. The Research Department provides support for Pharmacology. Biochemistry, and Organic Chemistry 
research teams, These posts carry competitive salaries and conditions of service are first class. 


Smith Kline and French Laboratories Limited, 


NATURE. NOVEMBER 23. 1968 


aai» 





SOUTH-EASTERN REGIONAL 
HOSPITAL BOARD 
SCOTLAND 
CONSULTANT GASTROENTEROLOGIST 


Applications are invited for the post of Con- 
sukant Gastroenterologist, to the Gastrointestinal 
Unit at the Western General Hospital, Edin- 
burgh. The successful applicant would be ex- 
pected to pursue the programmes of applied 
research which impinge upon the investigation 
and care of patients with alimentary disease. 
The required facilities will be made available in 
the new Wolfson Research Laboratories of the 
Unit. The post will be maximum part-time or 
whole-time and it is envisaged that the successful 
candidate wil also be a part-time Senior Lecturer 
in the University of Edinburgh and that his con- 
tract with the Regional Board will include a 
specific allocation of sessions for academic duties. 
In certain circumstances, however, the appoint- 
ment may be one with maximum part-time or 
whole-time duties to the Regional Board without 
a University Component. Further particulars are 
available on application. 

Apply by December 14, 1968, giving particu- 
lars of age, qualifications, and previous experi- 
ence together with the names and addresses of 
three referees to the Secretary, 11 Drumsheugh 
Gardens, Edinburgh, 3. (1679) 





DEPARTMENT OF ANATOMY 
UNIVERSITY COLLEGE, CARDIFF 
RESEARCH ASSISTANT wanted for three- 
year investigation of kidney structure and func- 
tion. Work involves electron microscopy, auto- 
radiography and micropancture. Good honours 
degree in Physiology preferable but consideration 
will be given to graduates in other biological 


sciences. Initial salary up to £1,155, denending 
on experience. 
Applications by December 12, giving names of 





three referees, to Dr. D. B. Moffat, from whom 
further details may be obtained. 708) 
JUNIOR POST] 
toxicology. Academic position open at Univer- 
sity of California, Davis. Duties research and 
leaching in environmestal toxicology. Educa- 
tional preresguisiie Ph.D. in chemistry, bio- 
chemistry, chemical engineering or closely related 
discipline. Experience in field desirable but nat 
essential. Prefer person under 40 years of age 
Send curriculum vitae to Dr. G. F. Stewart. 
Agricultural Toxicology Laboratory, University 
of California, Davis, California, US.A., 95616. 
(1600) 
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SURREY EDUCATION 
COMMITTEE 


EWELL COUNTY TECHNICAL COLLEGE 
REIGATE ROAD, EWELL 
DEPARTMENT OF BIOLOGICAL SCIENCES 

Required as soon as possible: 

HEAD OF DEPARTMENT-—-GRADE IV. To 
be responsible for this department of about 100 
fulitime and 700 part-time students; should 
have good degrees and considerable experience 
of teaching and research in applied biology. 
Salary: £2,850 by 4 increments to £3,170 per 
annum. 

RESEARCH DIRECTOR 
chemistry or Biochemical Pharmacology. To 
administer research throughout the department 
and. direct staff and student research in his own 
field; must have a Ph.D. and solid record of 
published work. Salary: Principal Lecturer 
£2,530 by 4 increments to £2,850 per annum. 

SENIOR. LECTURER in Biochemical Pharma- 
cology or Immunology. To teach M.IBicl. 
students and assist in development of C.N A.A. 
courses; must hold Ph.D. Salary: £2,280 by 5 
increments to £2,595 per annum. 

SENIOR LECTURER OR LECTURER II IN 
‘BIOCHEMISTRY and LECTURER H IN 
PHARMACOLOGY to teach these subjects at 
M.LBiol. and H.N.C, levels. Salary: £1,725 by 
10 increments to £2,280. 

LECTURER II IN PHYSIOLOGICAL BIO- 
PHYSICS. To be responsible for the physio- 
logical aspects of biophysics teaching to H.N.C. 
and H.N.D. students; should have qualifications 
and/or experience including physiology and 
physies, Salary: as above. 

iLondon Allowance £85. Generous removal and 
disturbance allowances available in approved 
cases, 

S.a.e. for further particulars and application 
forms from the Vice-Principal, Applications to 
be returned within M4 days. (1750) 


GEOPHYSICISTS 


Continued expansion of Hunting Geology and 
"Geophysics Limited has created openings for 


in Microbial Bio- 





(A) A man with a minimum of five years’ ex- 
perience of Ground Geophysics including Hydro- 
geological problems. 


(B) Men with several years experience of Air- 
borne and/or Mining Geophysics. 


All posts are based in Hertfordshire and will 
be attractive to men who wish to travel abroad 
while retaining a U.K. base. A formal qualifi- 
cation, preferably a higher degree in Geophysics, 
is necessary. 


Essential details only in the first instance to 
'The Personnel Manager, Hunting Surveys and 
Consultants Ltd., 6 Elstree Way, Boreham Wood, 
Herts. (163D 





COUNTY BOROUGH OF 
STOCKPORT 
STOCKPORT COLLEGE OF TECHNOLOGY 


APPLICATIONS are invited for the following 
full-time appointments, to commence not later 
than September 1, 1969 (earlier if possible): 


DEPARTMENT OF SCIENCE 
(Re-advertisement) 


LECTURER GRADE II (Ref. NI17D in 
PHARMACOLOGY to H.N.C. and M.I.Biol. 
courses. Applicants should have an appropriate 
degree. Industrial and/or research experience 
an advantage. 

Scales of Salaries for Teachers in establish- 
ments for Further Education, 1967: Lecturer 
Grade H, £1,725 to £2,280 per annum. Agreed 
conditions of tenure. 

Forms of application and further particulars 
from the Principal, Stockport College of Techno- 
logy, Wellington Road South, Stockport, Cheshire 
{quoting appropriate reference). Applications to 
be returned by December 5, 1968. (2603) 

QUEEN MARY COLLEGE 
(UNIVERSITY OF LONDON) 

SENIOR TECHNICIAN (Male) required for 
Zoology Department, Queen Mary College. Ap- 
plicants must have had good experience in Zoo- 
logy and Laboratory techniques. Salary accord- 
ing to age and ability on scale £957 to £1,195 per 
annum plus London Weighting and possible 
qualification awards. Five-day week. Five weeks 
annual leave. Pension Scheme. 

Letters only to Registrar (Z/ST) stating full 
details of age, experience and present work. 

(1712) 





XXXiH 


University of Strathclyde 


CENTRE FOR 


INDUSTRIAL 


INNOVATION 


Production Engineering 


Manager 


Applications are invited for the above post. 


The appointee will be responsible for the manufacturing of 
prototypes and the assembly of test equipment in the workshop 
section of the Centre for Industrial Innovation. 


Applicants should have a Degree or H.N.C. qualifications in 
Production or Mechanical Engineering. 


Salary within the scale £1,470—£2,630 per annum, with super- 


annuation benefits. 


Application forms and further particulars (quoting 59/68) 
may be obtained from the Registrar, University of Strathclyde, 


George Street, Glasgow, C.1., 


with whom applications should 


be lodged by December 7th, 1968. 


UNIVERSITY OF LONDON 


INSTITUTE OF LARYNGOLOGY AND 
OTOLOGY 


LECTURER IN MORBID ANATOMY AND 
HISTOPATHOLOGY 


The duties of this post include diagnostics, 
teaching and research work. The Lecturer ap- 
pointed will hold an honorary contract with the 
associated Royal National Throat, Nose, and Ear 
Hospital as Senior Registrar. Salary scale, £1,745 
to £2,820. (The Department of Pathology and 
Bacteriology of the Institute is recognized for 
Final Examination training of pathologists in 
morbid anatomy and histopathology and medical 
microbiology). 

Applications, including the names of two 
referees, should be received not later than 
December 31, 1968, by the Secretary-Administra- 
tor, Institute of Laryngology and Otology, 330/ 
332 Gray's Inn Road, London, W.C.1. 

(1628) 





NEW ZEALAND 


DEPARTMENT OF SCIENTIFIC AND 
INDUSTRIAL RESEARCH 
Applications are invited for the undermentioned 

vacancy: 


Vacancy B 13/2/127/3611 
SCIENTIST 
RUAKURA SOIL RESEARCH STATION 


Salary SNZ2,260 to $NZ5,300. Further pro- 
motion available to $NZ7,300 per annum on 
scientific merit. 

Duties: Take charge of the fertiliser laboratory 
and assume responsibility for the analysis of 
fertiliser carried out under the Fertilisers Act and 
the Agricultural Chemicals Act. Assist in main- 
taining and developing analytical services relating 
to fertilisers, soils and other agricultural materials. 
ae and investigation of problems in this 

id. 

Qualifications desired. BSc. or M.Sc. in 
Chemistry. Experience in the analysis of ferti- 
lisers and agricultural chemicals would be an ad- 
vantage. 

Passages: Fares for appointee and his wife and 
family, if married, will be paid. 

Incidental expenses: Up to £35 for a single 
man and £100 for a married man can be claimed 
to cover the cost of taking personal effects to 
New Zealand. 

Application forms and general information are 
available from the High Commissioner for New 
Zealand, New Zealand House, Haymarket, Lon- 
don, S.W.1, with whom applications will close on 
January 17, 1969. Please quote reference B 13/ 
3/127/3611 when inquiring. (1607) 





(1744) 


CHAIR IN RANGE MANAGEMENT 


Lincoln College, a University College of Astis 
cukture located in Canterbury, New Zealand, and. 
the Tussocks Grasslands and Mountain Land. 
Institute, the Management Committee of whith iso. 
a Committee of College Council, invite applicate o- 
tions for appointment to the foundation Chair 
in Range Management, the appointee to whith. 
wil be the Director of the Tussocks Grasslands: 
and Mountain Lands Institute. 

Applicants should hold a University degree 
and be experienced in the advisory, research or 
advanced teaching fields. A close knowledge of 
the tussock grasslands and mountain lands would 
be desirable. Commencing salary according to 
qualifications and experience within the Profes- 
sorial salary range nominated in the conditions 
of appointment. Superannuation availabie, The 
opportunities associated with the dual appoint- 
ment are stimulating and challenging. 

Intending applicants are advised ro obtain by 


airmail the detailed conditions of appointment 
from the undersigned, with whom applications 
close on January 27, 1969. 
H. G. HUNT, 
Registrar, Lincoln College, Canterbury, 
New Zealand. 
Secretary, Tussock Grasslands and 


Mountain Lands Institute. 
(621) 


GL ASSHOUSE CROPS RESEARCH 


INSTITUTE 

WORTHING ROAD, LITTLEHAMPTON, 

SUSSEX 

Applications invited for post of HEAD of 
BIOMETRICS DEPARTMENT, to be responsible 
for mathematical aspects of major new research 
programme aiming to develop mathematical 
models of crop growth processes. Person ap- 
pointed will collaborate with team of physiolo- 
gists and physicists concerned with plant and 
micrometeorological aspects of the model. The 
Biometrics Department will incorporate present 
Statistics Section, the Head of which will con- 
tinue to supervise general statistical work in the 
Institute. 

Applicants should have a good honours degree 
or equivalent in mathematics, physics or a re» 
lated subject, together with aptitude in model 
building and simulation, and an interest im data 
logging and computing systems, Appointment: 
in grade of Senior Scientific Officer (£1,925 to 
£2,372) or Principal Scientific Officer (£2,475 to 
£3,423). Superannuation under P.S.S.U. 

Further details available from Secretary of the i 
Institute, to whom applications, with nenes of 
three referees, should be sent before December 
30, 1968. 604) 7 
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UNIVERSITY OF 
STRATHCLYDE 


DEPARTMENT OF BIOCHEMISTRY 


SENIOR TECHNICIAN, 
TECHNICIAN, 
JUNIOR TECHNICIAN 


Vacancies exist 
these gradings : 

SENIOR TECHNICIAN is to assist in 
the development of a training course in 
advanced biochemical techniques, and will 
be closely involved in the appropriate ex- 
tensive experimentation carried out under 
the guidance of staff members. 


TECHNICIAN to assist in the develop- 
ment of the undergraduate teaching 
courses, and the JUNIOR TECHNICIAN 
will be attached initially to a member of 
staff to assist in teaching and research, 


Salary scales: Senior Technician, £987 to 
£1,225; Technician, £722 to £1,007. 


Salary range: Junior Technician, £352 to 
£595, 

Applications in writing, quoting reference 
B.C.41, giving details of age, experience 
and qualificaitons, to Mr. G. M. Boyd, 


for appointments for 


Finance Office, University of Strathclyde, 
George Street, Glasgow, C.1. 


(1727) 


PLANT PATHOLOGY 
LABORATORY 
MINISTRY OF AGRICULTURE, 
FISHERIES AND FOOD 
HARPENDEN, HERTS 


BIOLOGIST (graded S.8.0./5.0.) with 
background knowledge of agriculture and/ 
or horticulure and an interest ín the 
chemical control of pests and diseases. 
Duties will include acting as Secretary to 
the Agricultural Chemicals Approval Or- 
ganisation and its Scientific Advisory Com- 
mittee ; assisting in the assessment of 
technical data provided by firms in support 
of applications for approval of products 
and the inspection of firms' field trials on 
insecticides and fungicides ; assisting in the 
compilation of the annual List of Approved 
Products for Farmers and Growers, 


Non-contributory 
prospects. 


_APPLICATION FORMS from Civil Ser- 
vice Commission, Savile Row, London, 
WIX 2AA, or telephone 01-734 6010, ext. 
229 (after 4.30 p.m. 01-734 6464 * Ansa- 
fone “ Service). Please quote S/52-53/68/ 
MAFP/8. Closing date December 16, 1968. 


(1725) 


pension. Promotion 





THE 
UNIVERSITY OF 


LEEDS 


invited for appoint- 





Applications are 
ment to a 


PROFESSORSHIP 
OF PHYSICS 


at a salary of not less than £3,570 a 
year. 


Applications (sixteen copies), stating 
age, qualifications and experience, and 
naming three referees, should reach the 
Registrar and Secretary, The University, 
Leeds, 2, not Jater than December 31, 
1968; applicants from overseas may 
apply in the first instance by cable, 
naming three referees, preferably in the 
United Kingdom. (1742) 





UNIVERSITY OF BRISTOL 


The University proposes as soon as pos- 
sible to make an appointment to a CHAIR 
OF PHYSICS. The vacancy will arise as 
a result of the retirement of Professor 
C. F. Powell, F.R.S., at the end of the 
present session. 

Suitably qualified candidates are invited 
to submit applications by January 1, 1969, 

Further particulars. of the appointment 
may be obtained from the Registrar, Uni- 
versity Senate House, Bristol BS& ae 













PUBLIC HEALTH 
LABORATORY SERVICE 


A research group is being formed by Dr. 
E. S. Anderson, F.R.S., Director of the 
Enteric Reference Laboratory, Coliadale, 


London, N.W.9, to investigate problems 
connected with transferable drug resist- 
ance. 


Vacancies exist for the following staff : 


SCIENCE GRADUATE (Senior grade)— 
preferably Ph.D. Experience in microbial 
genetics essential. Starting salary £1,96i 
per annum plus £90 London Weighting. 


Two SCIENCE GRADUATES (Basic grade) 
-—honours degree (preferably at least 2.1 
in a biological subject). Minimum starting 
salary £1,030 per annum plus £90 London 
Weighting. 


TECHNICIAN (Senior I grade)—A.LM.L.T, 
or equivalent qualification, 


JUNIOR TECHNICIAN. 


Applications, with full curriculum vitae, to 
Personnel Officer, Central Public Health 
Laboratory, Colindale, N.W.9, (1710) 


VICTORIA UNIVERSITY OF 


WELLINGTON 
NEW ZEALAND 
LECTURESHIP IN GEOGRAPHY 


Applications are invited for the above- 
mentioned post. Candidates should be qualified 
to teach courses in the fields of social and buman 
geography ; special competence in the field of 
historical geography or ecology would be an 
advantage. As from April 1, 1969 the salary 
scale for Lecturers will be from $N23,100 rising 
to $NZA,800 per annum. The initial salary will 
be determíned in accordance with qualifications 
and experience. Approved fares to Wellington 
will be allowed for the appointee and his de- 
pendent family, together with actual removal ex- 
penses within specified limits. Superannuation is 
available on an F.S.S.U. basis. 

Further particulars and method of application 
should be obtained from the Association of 
Commonwealth Universities (Branch Office), Mari- 
borough House, Pail Mall, London, S.W.1. Ap- 
plications close on January 15, 1969. (1633) 


LIVERPOOL REGIONAL 
COLLEGE OF TECHNOLOGY 


DEPARTMENT OF CHEMISTRY AND 
BIOLOGY 
RESEARCH ASSISTANTSHIP IN ORGANIC 
CHEMISTRY 


(£820 to £1,020 per annum) 
(APD 

Applications are invited from Honours Gradu- 
ates in Chemistry and from Graduate Members 
of the Royal Institute of Chemistry for appoint- 
ment to the above post. The successful candi- 
date will be registered for a higher degree 
(M,Phil/Ph.D) of the Council for National 
Academic Awards and will work under the super- 
vision of Dr, Bhati. The topic wil be in the 
field of natural product chemistry and will prob- 
ably be concerned with the synthesis of tetra- 
cyclines. General local government conditions 

apply. s 
Application forms, returnable to the Principal 
by December 3, 1968, can be obtained from 
the Director of Education, Education Offices, 14 

Sir Thomas Street, Liverpool, 1, Li 6BJ. 
STANLEY HOLMES, 
Town Clerk. 
00728 





UNIVERSITY OF EXETER 


Applications are invited for two posts 
of DEMONSTRATOR in the Department 
of Chemistry, tenable from January 1, 
1969, for two years. Applicants should 


hold the degree of Ph.D. and have special 
interests 
chemistry. 


in either inorganic or physical 
Salary scale: £955 to £1,030 per annum, 
with F.S.S.U. benefits. 


Further particulars may be obtained from 
the Secretary of the University, Northcote 
House, the Queen's Drive, Exeter, to 
whom applications (six copies; overseas 
candidates, one copy) should be sent not 
later than. December 2, 1968. (1734) 





BIOCHEMIST 


(preferably post Ph.D.) to join a new group 
investigating problems of growth in chil- 
dren. This post would suit a microbiologist 
interested in steroid chemistry but previous 
experience in both these fields not essen- 
tial. This is a progressive post with 
prospects of permanency for suitable can- 
At first in central London but 


didate. 
moving shorty to new Medical Research 
Council Research Centre, Northwick Park. 

Salary depending on age and experience 
on normal M.R.C. scales. 

F,S.S.U. Superannuation. 

Apply, giving full particulars to Clinical 


Research Centre, 164 
Road. WIP 9LH, 
M.F.B. 


Tottenham Court 
quoting reference 
(1749) 





UNIVERSITY OF SYDNEY 
CHAIR OF PHYSICS 


Applications are invited for a newly established 
Chair of Physics. The School of Physics has at 
present six deparuments concerned with the fields 
of electronic computing, optical astronomy, radio- 
astronomy, plasma physics, theoretical physics and 
cosmic ray physics. Applicants with the neces- 
sary qualifications and interests in the study of 
physics of the earth and the earth's environment 
using the latest technological advances, such as 
artificial earth satellites, rockets, etc., are invited 
to apply. k is intended that the work of the 
new department should integrate closely with that 
of the other six departments presently in the 
School. Salary will be at the rate of $A12,000 
per annum. There is retirement provision under 
either the Sydney University Professorial Super- 
annuation Scheme or the New South Wales State 
Superannuation Scheme. Under the Staff Mem- 
bers’ Housing Scheme, in cases approved by the 
University and its Bankers, members of staff may 
be assisted by loans to purchase a house. The 
Senate reserves the right to fill the Chair by 
invitation. 

A statement of Conditions of Appointment 
and Information for Candidates may be obtained 
from the Secretary-General, Association of Com- 
monwealth Universities (Branch Office), Marl- 
borough House, Pall Mall, London, S.W.1, or 
from the Registrar of the University. Applica- 
tions close in Australia and London on December 
16, 1968. (1752) 





PHARMACOLOGIST 


Very experienced Pharmacologist of British 
nationality with British University Ph.D. degree 
is required by an expanding French Pharmaceuti- 
cal firm tor a new research laboratory which is 
being set up in Monte Carlo (Principality of 
Monaco). Higher qualification and/or special in- 
terest in the Endocrinological, metabolic, inflam- 
matory, vascular and renal fields are desirable. 
The salary, which will be £4,000 per annum, will 
not be subject to income tax. A working know- 
ledge of French is necessary. 

A Technical Assistant is also required, and it 
would be preferred if the successful candidate 
could be accompanied by his own technician, 
(This vacancy would be suitable for an appro- 
priately qualified husband and wife). 

Write to '" THERAMEX ''—Boite Postale 56, 
MONTE CARLO (Principality of Monaco) with 
curriculum vitae and references. (0707) 





dent) are required in the Department of immu- 
nology at the Institute of Child Health and 
Hospital for Sick Children for immunochemical 
studies, including work on diseases of immunity 
in children. Salary ín accordance with the Whit- 
ley Scale.—Applications to Professor J. F, Soot- 
hil, Department of Immunology, Institute of 
Child Health, 30 Guilford Street, London, T2 
(1724 
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NEW ZEALAND 
AGRICULTURE DEPARTMENT 


Applications are invited for the undermen- 
Wioned vacancy: 

Vacancy B 13/2/128/3638 
SCIENTIST 
Ruakura Agricultural Research Centre 

Salary. Payable up to $N25,300 acccrding to 

qualifications and experience. Opportunity exists 
sfor further promotion on scientific merit. 
. Duties. Field and laboratory research in meta- 
bolic diseases of livestock. These are of particu- 
jar importance in New Zealand agriculture and 
every encouragement will be given to develop a 
vigorous programme. 

Qualifications desired. A degree in Agricul- 
ture, Science or Veterinary Science, with some 
field and/or research experience. . 

Passages. Fares for appointee and his wife 
and family, if married, will be paid. 

Incidental expenses. Up to £35 for a single 
man and £100 for a married man can be claimed 
to cover the cost of taking personal effects to 
New Zealand. 

Application forms and general information are 
available from the High Commissioner for New 
Zealand, New Zealand House, Haymarket, Lon- 
don, S.W.1, with whom applications will close 
on December 20, 1968. Please quote reference 
B 13/2/128/3638 when inquiring. (1716) 


UNIVERSITY OF 
MANCHESTER 


LECTURER AND 
ASSISTANT LECTURER 
IN PHYSICS 


Applications invited for these posts. 


Candidates with research interests in low 
temperature physics, particularly liquid 
helium or in superconductivity preferred. 
Salary range per annum : Lecturer, £1,470 
to £2,630; Assistant Lecturer, £1,105 to 
£1,340. F.S.S.U. 


Particulars and application forms (return- 
able by December 7) from the Registrar, 
The University, Manchester M13  9PL. 
Quote Ref. 203/68/NA. (1722) 


UNIVERSITY OF DURHAM 
DEPARTMENT OF GEOLOGY 


2v: Applications are invited for the post of RE- 
; SEARCH ASSISTANT to work under a contract 
with the Institute of Geological Sciences to study 
earthquakes occurring within and around Britain. 
Applicants should preferably have some geo- 
physical background. The post will be for one 
year in the first instance with a possible renewal 
for a further period and will date from as soon 
after the closing date as can be arranged. Salary 
will be on the scale £850 to £1,100 per annum. 
Applications (three copies), giving the names 
and addresses of three referees, should be sent 
by December 6, 1968, to the Registrar and Secre- 
tary, Old Shire Hall, Durham, from whom further 
particulars may be obtained. (1715) 





DEPARTMENT OF PHYSICS 


Applications are invited for a post of LEC- 
TURER or ASSISTANT LECTURER in 
PHYSICS tenable from October 1, 1969. Pre- 
ference will be given to candidates having re- 
search experience in experimental high energy 
particle physics. It is intended that the successful 
Candidate should take part in the experimental 
physics programme at the 5 Gev electron 
synchroton at Daresbury. Initial salary in the 
range: Lecturer, £1,470 to £2,630; Assistant Lec- 
turer, £1,105 to £1,340 with F.S.S.U. provision. 

r particulars from the Registrar to whom 
applications (four copies), should be sent by 
December 12, 1968. Quote Ref.: E j 

1714. 


APPLICATIONS ARE INVITED FOR THE 
post of Senior Technician (age 24 or over) in 
the Physiology Department, The person appointed 
while having Physiology as hís main subject 
should possess an interest i3 Pharmacological 
and Biochemical techniques. A general training 
in photographic and workshop techniques would 
be of a further advantage. — Salary will be on 
the scale £1,112 to £1,400 per annum.—Applica- 
tions, stating age, qualifications — (LS.T./ 
C.G.L.L, O.N.C., H.N.C., etc) and experience, 
should be sent to the Superintendent of Labora- 
tories, Physiology Department, Chelsea College 

;;0f Science and Technology, Manresa Road. Lon- 
don, S.W.3. 0757) 











UNIVERSITY OF 
NEW ENGLAND 
ARMIDALE, NEW SOUTH WALES 


Applications are invited for the follow- 
ing appointments: 


LECTURER/SENIOR LECTURER IN 
ANATOMY 


FACULTY OF RURAL SCIENCE: 
The Anatomy course for which the ap- 
pointee will be responsible includes gross 
anatomy, histology and ultrastructure with 
emphasis on structure in relation to func- 
tion, and where appropriate, the properties 
of livestock products. Depending on inter- 
ests and qualifications, the appointment will 
be made in either Agricultural Biology, 
Livestock Husbandry or Physiology and the 
appointee could undertake research and 
postgraduate supervision ín these Depart- 
ments, participate in experimental surgery 
teaching and practice or take responsibility 
for the Faculty animal health service. Fur- 
ther information may be obtained from the 
Dean of the Faculty, Professor G. L. 
McCiymont. The appointment will com- 
mence after June, 1969. 


LECTURESHIP IN LIVESTOCK HUS- 
BANDRY: The appointee will teach 
undergraduate courses in Livestock Hus- 
bandry for students in the Faculties of 
Rural Science and Agricultural Economics, 
undertake research and supervise postgradu- 
ate students. Applicants should have post- 
graduate research experience and preferably 
possess a Ph.D. A broad knowledge of 
animal production with specialised know- 
ledge in a particular field such as reproduc- 
tion, growth, lactation, climatic adaptation 
is essential; a research interest in endo- 
crinology would be an advantage. The ap- 
pointment will commence in May, 1969. 


LECTURER/SENIOR LECTURER IN 
BIOCHEMISTRY: Biochemistry is taught 
in the Faculty of Science to Honours level 
and in the Faculty of Rural Science. The 
appointee will be expected to teach and 
supervise undergraduate and postgraduate 
students. Research is being undertaken in 
aspects of ruminant metabolism and appli- 
canis with these interests will be con- 
sidered. However, it is hoped to strengthen 
the Department by developing another field 
of Biochemistry, 


DEMONSTRATOR IN ZOOLOGY: The 
appointee will be required to assist with 
first year teaching, and in senior years in- 
volving one or more of the following 
fields: Morphogenesis, comparative inverte- 
brate and vertebrate zoology, comparative 
physiology, adaptation and population 
ecology, behaviour, ecological energetics. 


TEACHING FELLOWS IN FARM 
MANAGEMENT (2 Positions): Applicants 
should have, or expect to obtain this year, 
a good honours or master’s degree in Agri- 
cultural Economics, Economics, or Agricul- 
tural Science with a major in Agricultural 
Economics. The appointees will assist in 
tutoring in Farm Management, Farm 
Economics and Quantitative Business Man- 
agement courses, 


TEACHING _FELLOW/TUTOR IN 
ECONOMIC STATISTICS: Applicants 
should have, or expect to obtain this year, 
a good honours degree in Economic Statis- 
tics or Economics with a major in 
Economic Statistics. 

Salaries: 

Senior Lecturer: $A7,600 per annum by 

$A230 to $48,750. 

Lecturer: $45,400 per annum by $A270 

to $A7,020 by $A280 to $A7,300. 

Tutor/ Demonstrator/ Teaching Fellow: 

epit: per annum by $A225 to 
pida 


Conditions for lecturers and senior lec- 
turers include provision for travel and re- 
moval expenses, superannuation, assistance 
in buying or building a home, and study 
leave. Study leave travel grants are avail- 
able and credit may be granted for existing 
study leave entitlement. 


Conditions for other positions include 
travel and removal expenses and, for 
married appointees, subsidised rental. 


Further particulars and details as to 
method of application should be obtained 
from the Association of Commonwealth 
Universities (Branch Office), Marlborough 
House, Pall Mall, London, S.W.1. 


Applications close on December 15, 1968, 
(1741) 





INFORMATION SCIENTIST 


Borax Consolidated Limited require an Infor- 
mation Scientist for the Informatien Department 
at its Research Centre in Chessington, Surrey. 

Applicants should have a degree (or equiva- 
lent qualification) in chemistry or a related 
science. Previous experience in information work 
is desirable and a readable knowledge of Russian 
and other foreign languages will be a definite 
advantage. The duties will include searching and 
abstracting of patents and scientific literature, 
preparation of abstracts bulletins, literature sur- 
veys, and answering inquiries, Early encourage- 
ment will be given to the successful candidate 
who wishes to apply his initiative and abilities 
to the fullest extent. A good salary, according 
to qualifications and experience, is envisaged. 
There is a non-contributory pension scheme and 
other benefits. l 

Please write, giving brief details of qualifica- 
tions and experience, to : The Personnel Manager, 
Borax House, Carlisle Place, London, Sei 

(746 


UNIVERSITY OF MANCHESTER. 
INSTITUTE OF SCIENCE & 
TECHNOLOGY 
LECTURERS in 
(D MATHEMATICAL PHYSICS 
CD RHEOLOGY 
G) STATISTICS 
(4) OPERATIONAL RESEARCH 


Appointments are to be made in the Depart- 
ment of Mathematics in the subiects mentioned 
below and applications are invited from suitably 
qualified people. 


The Mathematics Department is divided into 
groups with special interests and the appoint 
ments are being made within some of the groups, 
Lecturers are expected to share the general activi- 
ties of the department although most of their 
responsibilities are within their special group. 

(D The lecturer in MATHEMATICAL 
PHYSICS will join a group of many-body physi- 
cists anxious to develop links with the depart- 
ment of solid-state physics. 

(2) The RHEOLOGICAL group is a vigorous 
group concerned with both theoretical and exe 
perimental examination of fundamental piot 
lems. 

(G3) The STATISTICS group is remming an 
M.Sc. course in applied statistics and stochastic 
processes. The group is interested in time-series 
analysis but hope to develop links in stochastic 
control theory. 

(4) A new development is the appointment of 
an experienced theoretician in OPERATIONAL 
RESEARCH methods to collaborate with the 
other proponents of the subject in the Institute 
and nearby. A special interest in mathematical 
Programming is valuable but not essential. 

Salary within the scale £1,470 to £2,630 with 
superannuation under F.S.S.U. 


Requests for application form, quoting refer- 
ence M/L/2 should be addressed to the Regis. 
trar, U.M.LS.T., Sackville Street, Manchester 
M60 IQD. Completed forms to be returned by 
December 31, 1968. (0700) 


UNIVERSITY OF READING 


RESEARCH ASSISTANT required in Depart 
ment of Soil Science for work on a research 
project aimed at establishing the nature and 
aerial significance of modal solis and soil inter- 
grades. Appointment for 18 months with pos- 
sible extension by similar period. Salary accord- 
ing to experience and qualifications in range to 
£1,250 per annum. A recent graduate permitted 
to read for a higher degree would receive £700 
Per annum with increments of £25 per annum. 

Applications, quoting M.20, to Assistant Bur- 
Sar (Personnel), University of Reading, Reading, 
Berks, with the names and addresses of two 
referees before the closing date of December 31. 

0729) 





UNIVERSITY OF BRISTOL 


Applications are invited for the post of 
LECTURER or ASSISTANT LECTURER 
in the Department of BIOCHEMISTRY 
tenable from August 1, 1969. The salary 
scale for a Lecturer is £1,470 to £2,630 per 
annum and for an Assistant Lecturer £1,105 


to £1,340. The initial salary for an ap- 
poinument in the Lecturer grade will be 
within the range £1,470 to £2,180. 


Further particulars may be obtained from 
the Registrar, University Senate House, 
Tyndall Avenue, Bristol BS8 ITH, 1o whom 
applications should be sent bw December 
16, 1968. 697) — 























INSTITUTE OF ORTHOPAEDICS 
LONDON, W.i 

1. SENIOR TECHNICIAN II required to take 
charge of laboratory concerned with preparation 
of sections embedded in various media including 
celoidin and synthetic resins, for examination by 
modern methods of microscopy. Good experi- 
ence of histological methods essential. 

2. SENIOR TECHNICIAN I required with ex- 
perience of histological methods. Good facilities 
for further training. 

3. TECHNICIAN OR JUNIOR TECHNICIAN 


required with interest and some experience in 
histopathology technique. Good facilities for 
training, 


Salary for all posts according to qualifications, 
age and experience. Whitley Council rates of 
pay. 

Applications 
Chief Technician, 
Institute. of Orthopaedics, 
Street, W.L 


in writing with full details to: 

Morbid Anatomy Department, 

234 Great Portland 
(1699) 





COMPUTING ASSISTANT required in De- 
partment of Psychology to work on three-year 
project concerned to analyse mechanisms of 
attention. Duties include helping with prepara- 
tion of programmes and development of interface 
Equipment for on-line experiments using Depart- 
ments Elliott 903C computer. Salary £722 to 
£903 per annum with basic qualification. Sup- 
plement tor approved higher qualification. 

Write, stating qualifications, experience and 
names and addresses of two referees, to the 
Bursar, The University, Sheffield, $.10 a 

(1701) 


PATHOLOGIST 


Very experienced Pathologist of British nation- 
ality, with British University Ph.D. degree, is 
required by an expanding French Pharmaceutical 
firm for a new research laboratory which ís being 
set up in Monte Carlo, Principality of Monaco, 
to investigate the pharmacology and toxicology 
of drugs. Candidates should have a special in- 
terest in cytology, morbid anatomy and histo- 
logy. The salary which will be £4,000 per 
annum, will not be subject to income tax. A 
working knowledge of French is necessary. 

A Technical Assistant is also required, and it 
would be preferred if the successful candidate 
could be accompanied by his own technician. 
(This vacancy would be suitable for an appro- 
priately qualified husband and wife). 

Write to “ THERAMEX "—Boite Postale 56, 
MONTE CARLO (Principality of Monaco) with 
curriculum vitae and references. (1706) 

COVENTRY HOSPITAL 

MANAGEMENT COMMITTEE 

SENIOR  BIOCHEMIST required for tkis 
Group of hospitals (2,306 beds) which includes a 
new District Hospital. The successful applicant 
will be responsible for the group chromatographic 
service and should have experience in this field. 
Consideration would be given to candidates with- 
out previous hospital experience. Salary (Senior, 
£1,961 rising to £2,435 or, if basic grade, £1,030 
rising to £1,774), Assistance with removal ex- 
penses may be given to a Senior Biochemist. 

Applications, stating qualifications, age, experi- 
ence and quoting the names of two referees, 
should be submitted not later than November 30, 
1968, 10 the Group Secretary, Coventry H.M.C., 
The Birches, Tamworth Road, _ Keresley, 
Coventry, Further information from Dr. Troun- 
son, Coventry and Warwickshire Hospital, Stoney 








CHAIR OF MICROBIOLOGY 

Applications are invited for appointment to the 
Chair of Microbiology in the Faculty of Science, 
which has become vacant by the death of Pro- 
fessor J. R. W. Lominski. 

Applications (20 copies), in the case of over- 
seas applicants one copy, with the names of three 
persons to whom reference may be made, should 
be submitted not later than December 14, 1968, 
to the undersigned from whom further particulars 


may be obtained. 
ROBT. T. HUTCHESON. 
Secretary of the University Court. 
(1709) 


~ ADMINISTRATIVE ASSISTANT 


Electron Microscopist required for Department 
of Botany in University of Aberdeen. Applicants 
should have experience of the operation and 
maintenance of an Electron Microscope. | H.N.C. 
or equivalent required. Salary within scale £1,294 
to £1,475 with appropriate placing. 

Applications should reach the Secretary, Uni- 
versity of Aberdeen, Marischal College, Aberdeen, 
ABS 1AS, by November 30, mentioning age, 
qualifications and experience and quoting Refer- 
ence No. 231/68. (L717) 


UNIVERSITY OF VICTORIA 
DEPARTMENT OF CHEMISTRY 
ASSISTANT PROFESSOR 


Applications will be received until February 
15, 1969, for appointment July 1, 1969, to the 
above position in a department with active in- 
tereats in both teaching and research. Usual 
major equipment available including N.M.R. Mass 
and Móssbauer spectrometers, and an IBM 360/ 
44 computer. Graduate school to Ph.D. level. 
Preference is for application from the fields of 
chemical spectroscopy, analytical or radiation 
chemistry. 

For further details, write: 
of Chemistry, 
B.C., Canada. 


UNIVERSITY OF SYDNEY _ 


LECTURESHIP/SENIOR LECTURESHIP IN 
MATHEMATICAL STATISTICS 


Applications are invited for the above-men- 
tioned post. Salary: Lecturer, $A5.400 by 
$A270 to $A7,300 per annum; Senior Lecturer, 
$47,600 by $A230 to $A8.750 per annum. 
Information about superannuation, housing 
scheme, sabbatical leave, etc., and method of 
application should be obtained from the Asso- 
ciation of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mali, London, 
S.W.l. Applications close in Australia and 
London on December 18, 1968. (1751) 


dis, « Head, Department 
University of Victoria, Victoria, 
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UNIVERSITY OF WESTERN 
ONTARIO 
DEPARTME, jF ZOOLOGY 


Applications are invited for positions at assist- 
ant professor level or higher in the following 
fields: Vertebrate Zoology, Invertebrate Zoology, 
Animal Genetics, Animal Ecology, and  Bio- 
metrics. 

Address replies to Head, Department of Zoo- 
logy. University of Western Ontario, London. 
Canada. 


SCOTTISH HORTICULTURAL 
RESEARCH INSTITUTE 
INVERGOWRIE, DUNDEE, DD2 5DA 
PLANT VIROLOGIST 


Applications are invited for the post of Scien- 
tific Officer to work in the Virology Section on 
the properties and behaviour of viruses infecting 
raspberry. The post is tenable for three years 
in the first instance, starting on July 1, 1969. 
The minimum qualification is a First or Second 
Class Honours Degree. Salary scale: £1,020 to 
£1,740 plus appropriate allowance for recognized 
postgraduate experience. 

Further particulars may be had from the Sec- 
retary, with whom applications, giving full de- 
tails of age, education and experience, together 
with the names of two referees, should be lodged 
by December 13, 1968. (1745) 








FELLOWSHIPS AND STUDENTSHIPS 


CSIRO 


POSTDOCTORAL 
FELLOWSHIP IN 


THEORETICAL 


PHYSICAL CHEMISTRY 


AUSTRALIA 


DIVISION OF APPLIED CHEMISTRY 


GENERAL The Division of Applied Chemistry is a constituent Division of the Chemical 
Research Laboratories of the Commonwealth Scientific and Industrial Research Organization, 
and is concerned with the application of chemistry to problems of importance to Australian 
industry. The appointee will be located at Fishermen's Bend, Victoria. 


DUTIES The appointee will be required to initiate and take part in theoretical investi- 


gations associated with the general activities of the Division. 


The present theoretical work 


of the Division is concerned with the application of thermodynamics and statístical mechanics 
to problems in physical chemistry, particularly those relating to surface. phenomena, 
electrolyte solutions, membrane phenomena and the behaviour of materials at high pressures 


and high temperatures. 


A further parc, in which the appointee will be required to parti- 


cipate, deals with the interpretation of molecular spectra of organic systems and the 
determination of molecular and crystal structures by spectroscopic method. The Division 
has access to the Organization's competing system based on a CDC 3600-3200 network. 


QUALIFICATIONS Applicants should have a Ph.D. degree in an appropriate field or 
postgraduate research experience of equivalent standard and duration, supported by 


satisfactory evidence of research ability. 


SALARY Depending upon qualifications and experience, the appointment will be made 
within the salary range of Research Scientist, $A5,250-$A6,622 p.a., or Senior Research 


Scientist, $A6,892-$A7,974 p.a. 
corresponding rates for men. 
determined by merit. 


Promotion 


Salary rates for women are $A428 p.a. less than the 


within CSIRO to a higher classification is 


CONDITIONS The Fellowship is offered for a period of three years with the possibility 


of extension, or subsequent appointment to the staff of the Division. 


The appointment 


will be conditional upon passing a medical examination and an initial probationary period 
of twelve months may be specified. Fares paid for the appointee and his dependent family. 


Further particulars supplied on application. 


Applications (quoting Appointment No, 586/63) and stating full name, place, date and year 
of birth, nationality, marital status, present employment, details of qualifications and 
experience, together with the names of not more than four persons acquainted with che 
applicant's academic and professional standing, should reach:— 


Mr, R, F. Turnbull, 
Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office. 
64-78, Kingsway, 
LONDON, W.C.2, 


by the 20th. December, 1968. 
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GRANTS & SCHOLARSHIPS 


THE ROYAL SOCIETY 
ROYAL SOCIETY LEVERHULME 
SCHOLARSHIPS 


Applications are invited by the Council of the 
Royal Society Leverhulme Scholarships, the in- 
tention of which is to enable young graduates 
irom the United Kingdom to gain practical ex- 
perience of scientific problems overseas and 
especially in the developing countries. Each 
scholar will be expected to work under the 
general direction of a senior scientist in the 
country to which he goes. Only those who have 
recently graduated in natural science, or expect 
to graduate this summer will be considered, 
Owing to difficulties of travel and accommoda- 
tion applications from married graduates who 
wish their wives to accompany them will not 
ordinarily be considered. 

Candidates should supply the usual personal 
details and give the names of two referees, as 
well as details of their proposed research and the 
name of the senior scientist under whom they 
wish to work, whose consent should first be 
obtained. Testimonials will not be considered. 

The Scholarships will cover the cost of travel 
to and from the country of choice, as well as 
local travel within the country, and a mainten- 
ance allowance at a rate based on the local cost 
of living but in no case exceeding £1,000 per 
annum. They will be tenable for a period of 
between six and twelve months. 

If the proposed work necessitates the use of 
à motor vehicle, the Royal Society will conduct 
negotiations with the proposed overseas super- 
visor for such a vehicle to be provided, if neces- 
sary providing the supervisor with an advance to 
purchase one, and in addition an allowance will 
be made for running expenses. A grant may 
also be made for the purchase of equipment 
essential to the research on the understanding 
that the equipment is insured and is returned to 
the Society at the end of the scholarship period. 

Applications should be made on forms obtain- 
able from the Executive Secretary, The Royal 
Society, 6 Carlton House Terrace, London, 
S.W.l.. and should be received as early as 
possible, in any case not later than January 15. 
1969. (1738) 


DUBLIN INSTITUTE FOR 
ADVANCED STUDIES 
SCHOOL OF THEORETICAL PHYSICS 


The Governing Board of the School of 
Theoretical Physics invites applications for re- 
search Scholarships tenable in the School during 
the academic year 1969-70. A limited number 
of stipends is available up to a maximum value 
of £900 per annum according to qualifications, 
plus a marriage aliowance. 

For further particulars and Forms of Applica- 
tion candidates should apply immediately to The 
Registrar, Dublin Institute for Advanced Studies, 
10 Burlington Road, Dublin, 4, Ireland. Com- 
pleted applications should reach the Registrar on 
or before February 1, 1969. (1705) 


UNIVERSITY OF BRITISH 
COLUMBIA 
FACULTY OF FORESTRY 

Excellent facilities available for posigraduate 
study, at the M.Sc. and Ph.D. levels, into the 
basic physiology and biochemistry of defence of 
coniferous trees to aphid attack. Financial sup- 
port at current National Research Council of 
Canada rates. The research programme is 
generally tissue specific and involves such areas 
as organic chemistry of natural products, bio- 
chemistry, physiology, histochemistry and electron 
microscopy. 

Further information and application forms may 
be obtained by writing to the Graduate Program 
Officer, Faculty of Forestry, University of British 
Columbia, Vancouver 8, B.C., Canada. (1719) 








FELLOWSHIPS AND 





STUDENTSHIPS 
RESEARCH  FELLOWSHIPS, TEACHING 
FELLOWSHIPS for M.S. and/or Ph.D. pro- 


grammes in chemisiry. Stipend $2,600 to $3,600 
plus free tuition. Applications invited from stu- 
dents having or expecting first or upper second 
class honours degrees or equivalent. 
Chemistry Department is well established, 
major scientific city. Research offered in analyti- 
cal, physical, theoretical, inorganic, organic, and 
biochemistry —Send curriculum vitae, area of 
interest, and have three letters of reference sent 
to Chemistry Department, Georgetown Univer- 
sity. Washington, D.C, 20007, U.S.A. (1722) 





UNIVERSITY OF MIAMI 
DEPARTMENT OF BICCHEMISTRY 
POSTGRADUATE RESEARCH 
FELLOWSHIPS 


Applications are invited for Fellowships for 
training and research in biochemistry, leading to 
the Ph.D, degree. Candidates should possess a 
first- or upper-second-class honours degree in 
biochemistry or chemistry or the equivalent, or 
may be proceeding to the honours degree in 
1969. Stipends begin at $2,400 plus tuition fees. 

Inquiries should be sent to: Professor W. J. 
Whelan, Chairman, Department of Biochemistry, 
University ef Miami Schoo! of Medicine, P.O. 
Box 875, Biscayne Annexe, Miami, Florida 33132, 
USA (£720) 








GIRTON COLLEGE, CAMBRIDGE 
RESEARCH FELLOWSHIP IN SCIENCE 
Applications are invited for a Scientific Re- 
search Fellowship offered for Research in Mathe- 
matics, Natural Sciences and allied subjects, and 
Geography, open to women graduates and ten- 
able for three years from October 1. 1969, 
Particulars are available from the Secretary to 
tbe Council, Girton College, Cambridge, to whom 
applications should be sent by January 8, 1969. 
(1629) 


UNIVERSITY OF DUNDEE 
N.C.R. FELLOWSHIPS 


in the 
DEPARTMENT OF MATHEMATICS 


The University, in association with the 
National Cash Register Company (Manu- 
facturing) Limited, invites applications for 
one Research Fellow. Applications will be 
welcomed from anyone with suitable previ- 
ous university. industrial or Government 
experience within Numerical Analysis and 
Computational Science. 

An N.CAR, Fellow will be remunerated 
according to the University’s academic 
salary scale in the range £1,105 to £2.200 
per annum plus membership of the F.S.S.U. 
system, Placing on the scale will be 
according to qualifications and experience. 

Applications (six copies), containing the 
names of three referees, to be lodged not 
later than December 14, 1968, with the 
Secretary, The University, Dundee, from 
whom further particulars may be obtained. 

(1730) 
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AUSTRALIAN NATIONAL 
UNIVERSITY 
THE JOHN CURTIN SCHOOL OF 
MEDICAL RESEARCH 

RESEARCH FELLOWSHIP IN PHYSIOLOGY 
Applications are invited for the position of 
Research Fellow in the Deparument of Physio- 
logy (Head of Department: Profe P, OQ. 
Bishop) The successful applicant be gx- 










determined in the range of $A5.400 to $ 
according to qualifications and experi 
pointment is usually for three 5 
instance with a possible extension to five years. 
Superannuation is on the F.S.S.U, pasern with 
supplementary benefits, ‘Reasonable travel ex- 
penses are paid and assistance with housing is 
provided. 

Fusther particulars and information as to the 
method of application should be obtained from 
the Association of Commonwealth — Universities 
(Branch Office), Marlborough House, Pall Mai, 
London, S.W.1. Applications chase on Decem- 
ber 16, 1968 0719 


SALTERS' INSTITUTE OF 
INDUSTRIAL CHEMISTRY 
FELLOWSHIPS 
Applications are invited jor — SALTERS" 
FELLOWSHIPS, of value in the range £1,200 
to £1,600 per annum according to qualifications 
and experience (plus cost of Jving allowance 
when held abroad and 10 per cem as contribution 
to FSS.U). These Fellowships may be held by 
Honours graduates, or holders of equivalent 
qualifications in Chemistry, Biochemistry, Physics 
or Engineering who desire to obtain further traire 
ing in research in Chemistry. Biochemistry, 
Chemical Engineering or Chemical Technology. 
Candidates should have obtained a doctor's de- 
gree or have had not less than three years’ post- 
graduate experience by the time of their taking 
up the Fellowship. A high standard will be re- 
quired. Generally Fellowships will be tenable 
for one year from September 1, 1969, and may 
be renewed for one further year. 
Applications should be received by the Clerk 

















of the Salers’ Company, 36 Fortland Place, 
London. W.l, by January 15, 1959. Forms of 


application may be had on reques:. 

Applications may also be made at any timc 
during the year but such late applications will 
only receive consideration if there are vacancies. 
Intending applicants for 1970-71, who propose to 
spend an intervening year abroad, may complete 
forms of application now. These should be re- 
turned by January 15, 1969. No applicant can 
be appointed without interview. (1688) 


Shell Research 
Fellowships 


Shell International Petroleum Company Limited invites applications 
for post-doctoral Fellowships in any of the following disciplines : 


Engineering 
Mathematics 


Physics 


Biochemisiry Zoology 
Chemistry Botany 


Geology 
Microbiology Geophysics 


These awards are to enable recipients to pursue research in a Held 


of their own choice. 
tenable for two years in universities. colleges of technology or other 
recognized centres of research in the United Kingdom or the Republic 
of Ireland. Candidates may be of any nationality but must hold a 
Ph.D degree or equivalent at the time of application and preferably 
be under the age of 30 on October 1 of the year of appointment. 


Three Fellowships are given each year. 


Their value is £1,400 per annum and they are 


Further details and applica- 


tion forms for the 1969-70 awards may be obtained from the Secretary, 


Shell 


Grants Committee, 


Shell Centre, London, 


S.E.l. to whom completed forms should be returned 
by February 1, 1969. Short-listed candidates will be 


invited to attend interviews in March and 


those 


successful will be expected to start their work in 


October 1969. 
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UNIVERSITY OF STIRLING 
DEPARTMENT OF EDUCATION 


Research Fellowship 


CURRICULUM STUDIES IN 
SECONDARY SCHOOL BIOLOGY 


Applications are invited for the post of 
Research Fellow in the Department of 
Education. The Fellowship is sponsored 
by the Scottish Education Department for 
à project on curriculum studies in secon- 


dary school biology under the direction of 
Professor Elizabeth Perrott. 


Applicants should be honours graduates 
in Biology with appropriate teaching qual- 


fications. Experience of educational re- 
search would be an advantage. The 
Fellowship is tenable for up to three and 
a half years from January 1, 1969. Salary 
in range £1,260 to £1,560 plus F.S.S.U. 


Further particulars from the Secretary 
(NAT), University of Stirling, Stirling, to 
whom applications, including full details of 
reseatch experience, current position and 
salary, and names and addresses of three 
referees, should be submitted by Decem- 
ber 15, 1968. (1743) 





STUDY IN THE U.S.S.R. 


Subject to confirmation, studentships at Soviet 
universities in 1969/70 will be offered for the 
academic year or for shorter periods of three to 
six months. Postgraduates in all academic sub- 
jects will be considered including those graduat- 
ing in 1969, Some awards will be made to 
undergraduates studying Russian who have com- 
pleted at least the second year of the coutse. 
Applicants must be British and must have a 
working knowledge of Russian.—Undergraduates 
should approach their Head of Department and 
postgraduates should write (quoting R) for further 
details and application forms to the address be- 
low. Closing date: January 10, 1969. 


CULTURAL EXCHANGE PROGRAMMES 
WITH EAST EUROPEAN COUNTRIES 


Scholarships are offered for study in Czecho- 
slovakia and Hungary and also, subiect to con- 
firmation, in Bulgaria and Rumania for the aca- 
demic year 1969/70, and for shorter periods. 
Candidates, who must be British, should be uni- 
versity graduates or have equivalent qualifica- 
tions. Some knowledge of the relevant language 
is highly desirable, but for some subjects (e.g. 
music, archaeology), not essential—-Write, quot- 
ing E and naming country, for further details 
and application forms. Closing date: February 
21, 1969, 


Universities Department, 
The British Council, 
State House, 

High Holborn, 

London, W.C.1. 


(1652) 





MILK MARKETING BOARD 


AWARDS IN AGRICULTURAL 
ECONOMICS 
The Milk Marketing Board invite appli- 








cations for their awards for vocational 
study and for research in agricultural 
economics. The awards are open to men 





and women who are graduates of univer- 
sities in the United Kingdom in any sub- 
ject, but preference is given to those whose 
degrees have been obtained in agriculture, 
in economics, or in social or business 
studies. Candidates are expected to have 
gained a first<lass or good second-class 
Honours degree but any qualifications of 
similar status may be accepted. 

There are two categories of awards: 

(a) STUDENTSHIPS (£700 to £750 rer 
annum) are for postgraduate students auali- 
fied to study for a postgraduate degree or 
diploma or to take up research work in 
agricultural economics ; 

(b) FELLOWSHIPS (£300 to £1,200 per 
annum) are for persons who have already 
had experience in postgraduate study in 
some subject cognate with agricultural 
economics, 

Applications shouid be sent not later 
than January 31, 1969, to the Secretary, 
Awards in Agricultural Economics, Miik 
Marketing Board, Thames Ditton, Surrey, 
from whom further particulars and forms 
of application may be obtained. (171) 
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AND 


SCIENTISTS 


CSIRO 
FELLOWSHIPS 


The Division of Forest Products of the Commonwealth Scientific and Industrial 
Research Organization, Australia, offers excellent opportunities for engineers and 
scientists to undertake original research in a multidisciplinary team of 250 {including 
80 graduates) and to bring the results to bear on practical problems in industry. 


Projects cover all facets of the production of timber and paper including wood- 
based products as well as basic properties of wood. Research fellows are urgently 
required to investigate the engineering science, technology and equipment for 
converting forest trees to manufactured products, Vacancies exist as well for the 
appointment of suitable applicants to the chemical and biological areas of wood 
science. 


LOCATION: 
PERIOD: 


Melbourne, Australia, 


Two or three years (return fares include wife and 
dependent family). 


Alternative arrangements 


terms are possible, 


QUALIFICATIONS: 


for longer 


Applicants should have a Ph.D. degree or have had 


postgraduate research experience of equivalent standard 
and duration, supported by satisfactory evidence of 


research ability. 


Upwards from minimum $A5,250 p,a. for a person 
to substantially higher 


SALARY: 


competing a Ph.D, 
(maximum over 


$A10,000 p.a.) dependent 


fications and experience, 
Further particulars and applications from Mr. R. F. Turnbull, Chief Scientific 
Liaison Officer, Australian Scientific Liaison Office, 64-78, Kingsway, 
London,W.C.2, England. Applications should quote Appointment No. 290/846 
and must reach the above address by the 24th January, 1969. 


Interviews with senior staff from Australia can be arranged in London. 


UNIVERSITY OF 
SOUTHAMPTON 


POSTDOCTORAL FELLOWSHIP 
PHYSICAL CHEMISTRY 


IN 


Applications are invited from wel- 
qualified chemists and physicists to join an 
active research group engaged in the de- 
tection and measurement of infra-red 
radiation from simple gaseous atom- 


molecule reactions and analysis of the data 


in terms of interaction potential between 
the reacting species. Experience in some 
branch of spectroscopy or experimental and 
theoretical gas kinetics is essential. The 
appointment, which will be for one year 
in the first instance will carry a salary de- 
pendent on age and experience. 
Applications, stating the names of two 
referees, should be sent to Dr. N. Jonathan, 
Department of Chemistry, The University, 
Southampton, SO9 SNH. (1754) 


MISCELLANEOUS 





SCIENTIFIC AND TECHNICAL TYPE- 
writing Service. Confidential —Julia Pratt, B.Sc., 
30 Craven Street, Strand, London, W.C.2. Tele- 
phone 01-839 2861. (X1004) 


grades 
on quali- 


SYMPOSIUM 


INSTITUTE OF MEDICAL 
LABORATORY TECHNOLOGY 


—SOUTH WEST 





REGION 


A Symposium on 
" PROGRESS IN IMMUNOLOGY " 


University of Exeter, April 
Topics include: 


10, 11, 12, 1969 


“Some modern concepts in immunology '"' 
“The role of the iymphocyte in immunity ” 
* Immunology and the bacteriologist ** 
“Immunity and tissue transplantation "' 


“ Immunodiffusion 


Regional Secretary, 





FOR SALE AND WANTED 
WM. DAWSON & SONS LTD. , 


techniques.” 
Programme and booking forms available from: 
Department of Pathology, 
Neath Generali Hospital, 


Glam. 
(1635) 


Back Issues Department, 


16 West Street, Farn 
England. 
Tel: 


ham, Surrey, 


Farnham 4664. 


Offer top prices for: 
JOURNALS 
HUMANITIES 


BACK RUNS OF 
IN SCIENCE AND THE 





St 








TURE. NOVEMBER 23, 1968 














ICI POSTDOCTORAL 
RESEARCH 


J FELLOWSHIPS 


Applications are invited for awards under the ICI Research Fellowship Scheme for 
the academic year 1969/70. Fellowships may be held at the following universities : 


University of Aberdeen 

University of Aston in Birmingham 
Bath University of Technology 
The Queen’s University of Belfast 
University of Birmingham 
University of Bradford 

University of Bristol 

Brunel University 

University of Cambridge 

The City University 


University of Dundee 
University of Durham 
University of East Anglia 
University of Edinburgh 
University of Essex 
University of Exeter 
University of Glasgow 


The Fellowships, normally tenable for two 
years, may be held in any field that falls within 
ICI’s general sphere of interest: this includes 
many branches of chemistry, physics, the bio- 
logical sciences, applied mathematics, engineer- 
ing, and technology. Candidates should not be 
more than 28 years of age on taking up their 
awards and must hold the Ph.D. degree or have 
equivalent research experience. Successful 
candidates will be expected to commence their 
Fellowships on 1st October, 1969. 

The initial stipend will depend upon quali- 
fications and experience but will generally be 
within the range £1,175-£1,400 per annum, 
together with FssU benefits. Awards of up to 
£1,680 may be made to engineers and technolo- 
gists where industrial experience or other 
special circumstances warrant it. Up to one year 
of the tenure of an award may be spent at an 
approved European research centre. Insuch cases 
a grant may be made towards travel expenses. 

Forms of application may be obtained from 


Heriot-Watt University 

University of Hull 

The National University of Ireland 
(Dublin, Cork, Galway) 

University of Keele 

University of Kent at Canterbury 

University of Lancaster 

University of Leeds 

University of Leicester 

University of Liverpool 

University of Dublin, Trinity College University of London 

Loughborough University of 
Technology 

University of Manchester 

(including University of Manchester 

Institute of Science and Technology) 

University of Newcastle upon Tyne 

University of Nottingham 


University of Oxford 
University of Reading 
University of St. Andrews 
University of Salford 
University of Sheffield 
University of Southampton 
University of Stirling 
University of Strathclyde 
University of Surrey 
University of Sussex 
University of Ulster 
University of Wales 

( including University of Wales 
Institute of Science and Technology 
University of Warwick 
University of York 


the Registrar/Secretary of the university at 
which the candidate wishes to pursue his re- 
search, and must be returned duly completed by 
1rth February, 1969 (except in the case of 
London University, where inquiries should be 
directed to the Academic Registrar, and the 
closing date is 3rd February, 1969). Candidates 
need apply to only one university, but may 
apply to not more than three if they so wish. In 
the case of multiple applications, separate forms 
must be completed in respect of each university. 
Among other information, candidates will be 
required to submit a brief curriculum vitae, a 
clear summary of the research programme pro- 
posed, and the names of two referees. Other 
things being equal, preference will be given to 
candidates proposing to carry out their research 
at institutions other than that from which they 
make application. 

The final choice of candidates will be made by 
a National Selection Committce, comprising 
representatives of the universities and of ICI. 
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For accurately counting bacterial ond mould colonies 


in biology, botany, zoology, bact iology, patbajopil and public 
health investigations. .' 
fel ^w ~*~ , a 
Digital display of colony count E . 
Bright, dazzle-free peripheral Mapa over light or dark grounds 


A 
" 
W Contact and marker probes suppitéd: hand held push switch available 
@ Easily cleaned outer case with replaceable dish holder 

e 


Dish holder diameter 12.4 cm—accepts all usual dishes including those 
to BS 611 


@ — Adjustable full-field magnifier accessory easily mounted on case 


only £68.5.0 


new transistorised COLONY COUNtET 
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Please write for 
further information to:- 


A. GALLENKAMP & CO. L 


LONDON 

P.O. Box 290, 

Technico House, Christopher Stream — 
London, E.C.2 

Tel: 01-247 3211 

Telex : 886041 


WIDNES 
P.O. Box 19, Victoria House. Widne 
Lancs. Tel: 051—424 2040 


STOCKTON-ON-TEES 
Portrack Lane, 
Stockton-on-Tees, Teesside 
Tel: 0642 63441 


Gallenhamp 
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e LKB Minimum Space 
maction volactor EEN 


wesigned for space saving ] E est N 
Hs ii - 
'esigned for coldroom use - 


eweesigned for standard test tubes 2A" v2 ~ i 
'ompact, removable electronic unit o, Ap 
ç 













tainless steel support rods—polypropylene A rm E A 
Lor time, drop and volumetric capabilities ais 


ack to accommodate 8 to 13 or 15 to 18 mm dia. 
Pwubes 


low stop valve for positive flow control 
electronic counting system 
?ower outlet for flow pump 


"rovision for event 
emarking 


1-900 test-tube capacity 


LKB INSTRUMENTS LTD. e LKB HOUSE 
232 Addington Road eS. Croydon, Surrey CR2 8YD e TEL: SANderstead 01-657-0286 


HQ LKB-PRODUKTER ABe STOCKHOLM, SWEDEN 
INTERNATIONAL SUBSIDIARIES: WASHINGTON, THE HAGUE, COPENHAGEN, VIENNA. STOCKHOLM 
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old-fashioned 


service and quality 
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j 
Remember the good old days when people things that add up to good old-fashioned 
cared and gave you the best service possible? service 
Well, some people still care. The people at Every order, large or small, gets the most 
Nutritional Biochemicals. careful attention. It's simply because we 
Sure, we have the most modern facilities. | want our customers all over the world to be 
Spacious new buildings. Lightning-fast dis- the most satisfied customers in the world. 
patch and delivery systems. The largest That’s the slant we take when it comes to 
supplies of the finest quality biochemicals. service. Old-fashioned satisfaction. There's 


The newest biochemicals. All of the modern no other angle. 


Send for our free catalog contain- 


| 
| | 
N UT RIT i Oo N AL ing more than 3000 items | 
| BIOCHEMICALS | ‘ve | 
| CORPORATION | *» 
| E | 
| | 
| | 
| 


eure. 


26201 Miles Road 
Cleveland, Ohio 44128 U.S.A. City — 
Phone 216-662-0212 State E Zip. - 
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Seravac announce 


ENZITE 


water insoluble 
catalytic reagents 





. Who supplies an inverted 





microscope specifically - 






designed for tissue culture 
studies ? 


** 
D 
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Type MIC á 





(1) Enzite is an enzyme modified by attachment to a 
solid matrix. 


Enzite is water insoluble but retains thé specific 
enzyme catalytic activity. 


(3) Enzite is simply removed from the reaction 
mixture by filtration or contrifugation and can be 
re-used. 


Enzite can be used in the form of a column. 
Enzite is stable, easily manipulated, and non-sticky. 






(2 


< 








(4 
(5 


— 





= 








nzite Availability 


e following enzymes are available at present 












Tryf sin Enzite-TRY Code CM-A3/BT 
Chymotrypsin Enzite-CHT Code CM-A3/BC 

. Ribonuclease Enzite-RNase Code CM-A4/BR 
Glucose Oxidase Enzite-GO Code CM-AP/AGO 
Ficin Enzite-FIC Code CM-AT/F 
Papain Enzite-PAP Code CM-1/T 









A long working distance phase Polaron have available _ 
objective allows up to 5.8 mm with | 2 Wide range of « 

: a microscopes, photo- 
a X40 objective. The condenser microscopes and 
has a working distance of 25 mm. stereo-microscopes. 
Complete still photographic facili- Demonstration and 
ties, cine and television are available. — s M. 
Accessories include incubators and are maintained at our 
special glassware with cover slide North London centre, 


mounted in the base. 







All the facts about 'Enzite' are contained in this brochure. 
Please write for a complimentary copy to: 
Seravac Laboratories (PTY) Limited, 
Moneyrow Green, 
Holyport, Maidenhead. 
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sent on request 


EQUIPMENT . LTD. 





‘aad Office: Shakespeare Road, Finchley, London, 3. — [mmm nenne 
slephone: 01-349 9241 Seravac products are available in the U.S.A. from 


ce: Unioptique, 88 Gabriel Faure 92 Reuil-Malmaison, S & O. $64 Mine Anger Chorical Mig, Corp. 11514 
4ium, Holland, Luxembourg: Contact Head Office. 4 Pape De sds 
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SORVALL. 


CENTRIFUGES & LABORATORY INSTRUMENTS 





RC2-B AUTOMATIC SUPERSPEED REFRIGER- 
ATED CENTRIFUGE — 20,000 RPM — 49,500 x G 
with 24 x 15 ml SM-24 Rotor — 48,200 x G with 
standard 8 x 50 ml SS-34 Rotor — Capacity to 
3,000 ml with GS-3 Rotor. Eight Angle and Hor- 
izontal Rotors. Automatic with all Rotors. 





SS-4 MANUAL SUPERSPEED CENTRIFUGE — 
17,000 RPM — 34,800 x G with standard 8 x 50 ml 
SS-34 Rotor. The modern manually-controlled 
centrifuge. Complete control panel snaps out 
for remote control. Six Rotors — more under 
development. 





GLC-1 GENERAL LABORATORY CENTRIFUGE 
— Up to 6,000 RPM — 4,950 x G — This gen- 
eral laboratory centrifuge incorporates features 
not found in competitive instruments. The GLC- 
1 accepts standard SORVALL Angle Rotors, 
plus the new HL-4 Horizontal Rotor for different 
carriers to take various size tube inserts. Re- 
movable rotor guard chamber is unique clean- 
ing feature, The GLC-1 is a completely advanced 
concept in table-top centrifuges. 





SORVALL RIBI CELL FRACTIONATORS — RF-1 
Refrigerated and RM — for the controlled dis- 
ruption of bacteria fungi and tissue cells. High 
yield of useable material. 


*"SZENT-GYORGYI & BLUM" KSB TUBE-TYPE 
CONTINUOUS FLOW SYSTEMS — Available for 
65-1. SS-3, SS-4, & RC2-B. Separates in 8, 4 or 
2 Tubes speedily and conveniently. Standard 8 x 
50 m! SS-34 Rotor adapts. Forces to top g's of 
centrifuge used. 


SS-1 SUPERSPEED ANGLE CENTRIFUGE — 
16,000 RPM — 31,000 x G. The original concept 
in Superspeed Angle Centrifuges. The SS-1 was 
the first "work horse" of the busy laboratory. 
Performance and reliability are built-in features. 


Å aw 


SMALL & MEDIUM CENTRIFUGES — versatile, 
inexpensive instruments offering a motor base 
that accepts two 35° angle rotors. Up to 3,440 
x G. For routine laboratory centrifuging. 








CW-1 CELL WASHING CENTRIFUGE — two fixed 

speeds— 3600 RPM and 1,200 RPM — for 
Coombs Tests and other blood work, The CW-1 
has standardized the Coombs Tests procedures 
and provides hitherto unobtainable reproduci- 
bility. 





OMNI-MIXER HOMOGENIZER — For the rapid, 
high-speed, safe homogenizing of many organic 
and inorganic materials. Direct overhead drive. 
Stainless Steel, plastic, and glass mixing cham- 
bers, Chambers may be lowered into tempera- 
ture regulating bath. Capacities from 0.5 mi to 
2 quarts. 


PRODUCT GUIDE — 8-page descriptive bulletin 
giving brief details of all SORVALL products and 
several accessories. Includes centrifuge rotor 
information. Comprehensive Price List and Or- 
dering Specifications included. 





SS-3 AUTOMATIC SUPERSPEED CENTRIFUG 
— 17,000 RPM — 34,800 x G with standard 8 x 
mi SS-34 Rotor. Easily the most advanced tab 
top centrifuge available today. Designed for E 
busy laboratory. Six Rotors — more under 
velopment. 








RC-3 GENERAL-PURPOSE AUTOMATIC RF 
FRIGERATED CENTRIFUGE — 5,000 RPM 
6,975 x G with HG-4 General-Purpose and Blow 
Bag Swinging-Bucket Rotor — Twelve Rotors 
Huge Tube/Adapter versatility. 60 seconds maw 
imum to top speed. 





"PORTER-BLUM'' ULTRA-MICROTOMES 
MT-1—1/40 to '/: u. The ideal ultra-microtome t 
routine research and teaching. Reliable, simp 
to operate. MT-2 — 100 A to 4 u, The most a 
vanced ultra-microtome available anywhere. 9 
corporates all the tried principles of the MT 
and converts them to automatic operation. Ade 
tional features make the MT-2 "an extension 

the operator's will." 





SMITH & FARQUHAR TC-2 TISSUE SECTIONE 
— 5 to 230 & —for specimen preparation 

immuno-chemistry, pathology, cytochemist 
and histology. Cuts fixed and non-fixed tisst 
Prevents disruption of fine structure and loss 
enzymatic activity caused by a freeze/thaw CyC 


WRITE FOR BULLETIN NA-1 


man SORVALL 


NORWALK * CONNECTICUT * O68! 
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NOW 
THE QUANTIMET 
COMPUTER MICROSCOPE 


SPECIMEN X478/P 


Total No. No. Wo. No. No. No. Area 
No. >Sy >6p >? »b5u »94u »)0u £* 
0026 0016 0014 0009 09 00 0001 0085 
0019 0016 0011 0007 5 0005 0003 0073 
0017 0014 0013 0010 000 95 0003 0076 
0028 0023 0023 0016 003 0002 0102 
0020 0017 0006 0005 0003 0002 0000 O 
2030 OQ 0027 0022 22 


Adds another dimension to 
the work of your laboratory 


The Quantimet is a special purpose analogue Computer directly coupled to a 
microscope. Quantitative measurements that have before taken tedious hours can 
now be made within seconds, automatically and accurately. Accurate Quantitative 

measurements from a large number of specimens now become a practical possibility. 





* The Quantimet will count and measure the area occupied by mucus containing cells 
in this section of bronchus at a rate of 1000 fields per hour. Results for individual 
fields are automatically printed out and running totals accumulated on a digital 
display. Micrograph reproduced by permission of Dr. L. E. Mawdesley Thomas, 
Huntingdon Research Centre, England. 


mE 


a subsidiary company of Metals Research Limited 


Image Analysing Computers Limited 


Melbourn Royston Herts England tel: Melbourn Cambs 611 cables: Metres Cambridge telex: 81124 
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Get the facts on the new JEM-100 


a brand new design with 
outstanding performance 

























The JEM-100 is the latest addition to the range of JEOL 
Electron Microscopes. 


With a guaranteed resolution of 2A (lattice), it 
achieves a consistently high standard of performance. 
Operation is simple, rapid and safe. 


Principal features include: 

m Guaranteed resolution of 2A (lattice) 

m Magnification from x500 to x500,000 

m Accelerating voltage stepped from 20 to 100kV 
m Contamination rate less than 0.1 A/min 

m High image quality at low magnification 

E3 


Very bright illumination at even the highest 
magnification 


m Drift-free specimen holder 
m Simultaneous loading of six specimens 


W Automatic gun airlock system for rapid 
filament change 


W Automatic camera and vacuum systems Ul 

gw Automatic plate numbering 

m CRT display for accurate 
specimen positioning 

W Digital display of magnification 


Fully detailed specification 
and brochure sent on request 
to JEOLCO (U.K.) Ltd. 





JEOLCO (U.K.) Ltd., has been formed as a 

subsidiary of JEOL, Tokyo, to provide sales, E —————7Á 
installation and service facilities in the United 

Kingdom and Eire. 


The company incorporates the former Delviljem The range of JEOL electron optical instruments includes; 
organisation. A new Applications Centre will be High Voltage Electron Microscopes, JEM-1000. JEM-750. JEM-500 
opened to display and operate a wide range of Metallurgical Electron Microscopes, JEM-200. JEM-120. JEM-100U 
equipment and to facilitate investigation of pros- Biological Electron Microscopes, JEM-100B. JEM-7A. JEM-T7 
pective users’ particular problems and applications Compact Type Electron Microscopes, JEM-30B. JEM-50 


Electron Probe Microanalysers, JXA-5. JXA-3SM 
Scanning Microscope, JSM-2 
Other equipment for; 


Finchley, N.M.R. and E.S.R. 
JEOLCO (U.K.) Ltd. London, N.3. Liquid Column Chromatography 


Tel: 01-349 9241 


4 Shakespeare Road, 





D ———ÀÀ 


NATURE. NOVEMBER 30, 1968 


E ECTRICALLY 
CONTROLLED 
STOPWATCHES 


These Stopwatches 
Beries 312-315 
ere designed for 
incorporation into 
equipment without the 
limitations imposed 
by a fixed front panel. 
They can be supplied 
with or without 
electrical rewind. 






















The electrically wound 
version allows the unit to 

be mains operated without 
the limitation of accuracy 
imposed by variations in the 
frequency supply. 













Electrical contacts can aiso be fitted, but details are required as to 
the function and loading of the contacts. 


CAMERER CUSS 


Timing and Instrument Division 
54/56 New Oxford Street, London, W.C.1. 
Tel.: 01-636 4861. 









New Stop Watch Catalogue now available on request 





University 
Life Assurance Society 


Established 1825 


Incorporated by Royal Charter 


The Society invites enquiries for life assurance from 
past and present members of Universities, Public 
Schools, and similar educational institutions within 
the United. Kingdom, for whose exclusive benefit the 
Society was established. 

The Society does not pay commission for the intro- 
duction of new business. 


Special plans for Students or Young Graduates 
The “Minimax” Policy Reduced Premium Policy 
Young Graduate's Policy 
Other plans include 
Whole-life and Endowment assurance 
Educational Policies Children's Policies 
Pension Policies Family Protection 
Annuities 


4 Coleman Street, London, E.C.2 


Telephone : 01-606 6225 


We are a clear and 
precise reference for 
all who are interested 
in untraditional 
products 





We do not ignore tne past. If we did, we should be de 
nying a long experience and neglecting a wealth of 
knowledge and technological skill acquired-over eighty 
years of activity.There is ample room in our catalogue for, 
let's call them, “routine” plastics, but our eyes are turn 
ed to the future, since the more advancec converter 
industries need semi-finished products having new and 
futuristic characteristics To get an idea of what we are 
producing with a mind to the future, a glance at the 
following will be sufficient. 





Styrene-acrylonitrile copolymer 





Oriented and unoriented polypropylene film 





Ethylene-propylene rubbers 


Fluorinated rubbers 





Vinyl-based thermoplastic alloy 





Fluorinated oils 





Polytetrafluoroethylene in powder, dispersion and 
paint form 





High-purity silicon for electronics 





Sulphur hexafluoride 





MONTECATINI EDISON S.p.A. 


Divisione Estero 20121 Milano (Italia) 


> 
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The effectiveness of 
disruption by ultrasonics 
is well proved... 








The MSE 100W 
Ultrasonic Disintegrator 
adds REPRODUCIBILITY 






MSE Ultrasonic Disintegrators have long been used for the disruption 
of tissue cells, bacteria, etc., without destruction of the morphological 
components. 

They are also used for the preparation of antigenically active extracts, 
the preparation of DNA, the study of subcellular fractions, enzyme 
systems and other biological subjects. 

Now, the variable output of the MSE 100 Watt Disintegrator gives 
greater selective possibilities of disruption, whilst measurement and 
control of probe amplitude permit accurate reproducibility of 
experiments. 


The cell shown above is from an electron micrograph of pseudomonas 
after treatment with an MSE Ultrasonic Disintegrator. 


MEASURING & SCIENTIFIC EQUIPMENT LTD. 
25-28 BUCKINGHAM GATE, LONDON S.W.1. ENGLAND 
Telephone: 01-834 5426 Telex: 22666 Cables: Emesetool, Sowest, London 





jn USA: MSE INCORPORATED, 811 SHARON DRIVE, WESTLAKE, OHIO 44145 d moun 


GD 460 
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PYE UNICAIVI 


How low 
can we get? 


Down to pesticides and steroid 
derivatives* which demand 
detection levels of fractions of a 
part per million. With the 
introduction of System 3's 
Electron Capture Detection 
device, Pye Unicam's range of 
Liquid Chromatographs.can now 
detect practically every known 
organic compound. Extras like 
sample-saving glass columns; 
syringes and pulse-free pump 
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make these Liquid Chromat- 
ographs every analyst's dream. 
Write or telephone now 

for a free copy of "Column", our 
own chromatography bulletin for 
a full assessment of System 3. 
Better still, ask fora 
demonstration in your own 
laboratory. 

* Molecular model (left) of steroid 
derivative Cholesteryl lodide (C27Hasl) 
by Crystal Structures Ltd. 
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DYES FOR USE IN ALL INDUSTRIES 


RESEARCH & PRODUCTION CHEMISTS: if you 
are looking for dyes with specific chemical and physical 
properties suitable for particular manufacturing and/or 
testing processes you are invited to contact 


EDWARD GURR LIMITED 


for supplies. 


We hold stocks of an enormous variety of dyes, ready for immediate 
despatch, including: 


Cyanine, Dicyanine, Fast Bordeaux O, Aurantia, Crystal violet, BPC 
Scarlet R, BPC, Diazonium salts, Neutral violet, Lacmoid, Nile blue 
Janus green, Brilliant green BPC, Rosolic acid, Methyl green, p- Ethoxy - 
chrysoidin, Methyl red, Nitrazine yellow, Pinacryptol green, etc. 


Industrial Research Establishments 


are invited to make use of our professional services as 
consultants on the selection and use of dyes as research 1:1 Im lusion Viewer 
and production tools. I 


BIOLOGISTS are invited to send for our catalogue of: F.O.E, Minneapolis 


‘MII CIHURO MIP? A clear interpretation at last! 


The E121 viewer provides rapid interpretation of 
STAINS & REAGENTS FOR BIOLOGY ec pali - P P aie 
E qui» immune precipitates in agar. 
Acridine orange, Aquamount, Fluormount, Lipid crimson, Matamount, 





May-Grünwald, Leishman, Giemsa, Toluidine blue, Cresyl fast violet, Order number E121 or write for catalogue describing 
Papanicolaou stains, Thioflavine S, Brilliant cresyl blue, Nile blue, M : E . . Y 
Pyronin Y, Trifalgic acid, Rhodanile blue, Haplo, etc. our complete immunochemistry equipment and reagent 
line. 
Moe idle fal Wat ooa ENG AM E ESTAD LABORATORIES, INC. 
Cables: Micromlabs London SW14. Telephone : 01-876 8228/9 4005 Vernon Avenue, 


Minneapolis, Minnesota 55416, U.S.A. 











Precision Instruments 
The Improved Type 


This instrument, in its modern styling, still Pualfrich 


embodies the requirements laid down by 


Mr. Guild of the National Physical Labora- Retfractometer 


tory and the advice of research workers in 
various laboratories. 





* CAN BE SUPPLIED WITH A DIFFERENTIAL 
CELL COMPLETE WITH COLLIMATOR AND 
SLIT FOR MEASUREMENT OF REFRACTIVE 
INDICES OVER THE RANGE 1:26 TO 1:95. 


The interchangeable prisms, each covering a 
recommended range of refractive index, are of 
60° refracting angle and are mounted in individual 
water jackets. 


We now have capacity for aluminising certain 


types of mirrors, at short notice. 





SOLE DISTRIBUTORS IN U.K. OF SCHOTT INTERFERENCE FILTERS 


61, MARKFIELO FD. LONDON N25. TEL.O1-608 2675 
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British Higher Education in Flux 


PEOPLE have been talking for so long about the crisis 
in British universities that the mere passage of time 
seems to have eroded the sense of urgency which 
should now be keeping academics awake at night. 
The appearance this week of the report on the last 
quinquennium by the University Grants Committee 
(see page 852) will only help to damp down still further 
the will to change. The real trouble and a part of the 
reason why the University Grants Committee is 
able justly to congratulate itself on the past five years 
when there is so much uncertainty about the years 
ahead is that British universities have been evolving 
quite rapidly for some time and have been able to do this 
without radical changes in the pattern of university 
education. In round numbers, the university system 
in Britain inereased by something like two thirds in 
the five years of the quinquennium, partly by allowing 
existing institutions to grow and partly by the creation 
of new universities. The signs are now that the targets 
laid down by the Robbins Commission in 1963 for the 
university population of the seventies will be exceeded 
by a substantial margin but without any dispropor- 
tionate increase in cost. That all this has been accom- 
plished when money has been scarce, when the universi- 
ties have been under all kinds of attacks and when the 
British Government itself seems to have shifted its 
enthusiasm to other kinds of higher education than 
universities is a personal triumph for Sir John Wolfen- 
den (soon to be replaced by Mr Kenneth Berrill) and, 
on the face of things, a justification for the perpetuation 
of the University Grants Committee. Unfortunately, 
however, this cheerful picture is also something of an 
illusion. Even if there were no other pressures on the 
system, the sheer scale of the recent expansion would 
dictate the need of qualitative change. 

The article by Professor John Vaizey on page 859 
should serve as a kind of antidote to the complacency 
to which academics seem particularly prone. Even. 
those who dissent from his analysis and his proposals 
for reform will nevertheless be persuaded that some 
different pattern needs urgently to be evolved. More- 
over, there are several important questions which have 
hardly yet been formulated, let alone answered. What 
is to be done about these ? 

What, for example, is to be the relationship between 
the universities and the polytechnics ? The University 
Grants Committee in its report hopes that the two types 
of institutions will find ways of working closely to- 
gether, but at the same time seems to be convinced that 
it will be possible for them to coexist indefinitely 
without stepping outside supposedly distinct territories. 
But is this sensible ? Is it reasonable to ask the good 


polytechnics, which will be filled with students reading 
for degrees equivalent to those awarded by the uni- 
versities, to refrain from regarding themselves not just 
as equals but as the same ? And even if flesh and blood 
(in the polytechnies) were prepared indefinitely to 
accept this alternative status, would not a blurring of 
the distinetion between polytechnies and universities 
often imply that better use is made of the better 
teachers? It is understandable, of course, that a 
government which has, broadly speaking, doubled the 
number of fully fledged universities in Britain would 
have seemed a somewhat reckless government if it had 
then gone on to add the 26 polytechnics to the list of 
universities, but it is also reckless to raise the expec- 
tations of these institutions without giving them much 
more support, financially and with people, than they 
are likely to be able to attract with the resources at 
their present command. Might it not have been a 
better eourse to have begun by working out means by 
which polytechnics and universities could share facili- 
ties and teachers and even, on some occasions, the same 
boards of governors and Privy Council charters ? And 
is it even now too late ? 

The pattern of the universities themselves is also 
much in need of re-examination. When asked, aca- 
demics will now admit that Britain probably does. not 
need the 46 universities which now exist, particularly 
when the balkanization of London University still 
further fragments the system. Many institutions are 
numerically too small to sustain the range of activities 
expected of a university—they would make quite 
respectable liberal arts colleges but cannot hope, as 
most of them do, to support vigorous graduate pro- 
grammes as well as a full range of undergraduate 
courses. 'This is not merely dispiriting for people who 
teach at these universities but often— not always— 
needlessly cramping for the students and a souree of 
inefficiency as well. The UGC has for some time been 
trying to encourage a concentration of resources within 
the universities and can boast (as it does in its latest 
report) of having persuaded three sehools of agriculture 
to go out of existence. But this is a very small begin- 
ning and, although the schemes for collaboration which 
numbers of universities have set up for themselves seem 
to promise well, they too are only scratching the surface 
of the problem. In short, if the universities are not to 
amalgamate with polvtechnies, then should not some 
of them seriously consider amalgamating with each 
other? And should not the Government encourage 
a tendency in this direction by giving an assurance that | 
universities which take such drastic steps (for them} 
will afterwards be able to enjoy the benefits of size ? 












840 


The way in which the old Manchester College of 
Seience and "Technology has become the University of 
Manchester Institute of Science and Technology is 
something of a precedent. 

There remains the issue of the relationship between 
universities and the Government. Much will depend, 
in the months ahead, on Mr Kenneth Berrill’s con- 
ception of the job. Will he be a Treasury man, or will 
he break sharply with his background and emerge as a 
champion of the universities ? It is probably too soon 
even for Mr Berrill to know which way to go, but it does 
seem unreasonably complacent of the latest report of 
the University Grants Committee to insist that there 
has been no real change, in the past few years, in the 
committee’s function as an intermediary—sometimes 
called a buffer—between the paymaster and his pen- 
sioners. The biggest change, and the most obvious one, 
is that the amount of public money spent by the 
central Government on the universities has multiplied 
by ten in the years since before the war, which means 
that the Government must necessarily take a more 
particular interest in how the money is spent. In 
circumstances like these, however virtuous the UGC 
may be, it is inevitable that the interests of the uni- 
versities will be better served if there is also a strong 
Committee of Vice-Chancellors and Principals. Merci- 
fully, there are now some signs that universities are 
prepared to recognize this need. Through the Committee 
of Vice-Chancellors the universities have already volun- 
tarily surrendered a little of their individual autonomy 
for the sake of collective bargaining, and the UGC 





Growth beyond Bounds 


THE contraceptive pill, with its discrete effect on the 
reproductive cycle, has engineered a quiet social revolu- 
tion. Jontraception, declared by a committee of 
Anglican bishops in 1902 to be a subject unfit for con- 
versation between Christian people, has now edged its 
way into public discussion. At the same time there 
are very few populations in the world who have genuine 
access to effective contraceptive advice. Even in 
Britain, a surprising number of women who ask for 
abortions prove to be unaware that contraceptives 
exist, a form of illiteracy hardly less inapposite in an 
educated society than the alphabetic kind. 

There ere those who argue both on ethical and social 
grounds that no unwanted children should be born. 
On this view, governments should make contraception 
accessible to all who need it, which includes educating 
children and providing advice to adults in the use 
of contraceptives. The reality is very different. In 
France it isa government objective to raise 100 million 
Frenchmen by the end of the century, so that it is not 
surprising that the availability of contraceptives is 
restrieted. In Latin Ameriea the birth rate is con- 
trolled, or rather restrained, by an epidemic of back 
street abortions. The United States repealed its last 
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believes, rightly. that this is where the future lies. 
The UGC also says that several of the decisions 
it has been customarily responsible for might more 
appropriately be made in the future by the vice- 
chancellors. As Sir John Wolfenden said while intro- 
ducing the report, the Committee of Vice-Chancellors 
is at the moment making surveys of the use of univer- 
sity buildings and provision of student accommodation. 
And it has, of course, been instrumental in the 
establishment of the Universities Central Council on 
Admissions. These are obviously fields where an 
active Committee of Vice-Chancellors can and should 
do a great deal of vital work. It, after all, knows the 
problems at first hand and the UGC will inevitably 
become increasingly preoccupied with the overall 
strategy of Britain’s universities. 

It remains to be seen how freely the univers- 
ities will allow the Committee of Vice-Chancel- 
lors to speak on their behalf and how far they will 
go in using it as a means of settling among them- 
selves the kinds of questions which now tend to go 
to arbitration at the UGC. If there is an alternative 
source of funds for the universities, their case and their 
freedom to act will evidently be much stronger, which 
is why it is encouraging that the discussions on the fees 
to be paid by students seem at last to be nearing a 
decision. But when it is recalled that these adminis- 
trative questions are almost necessary preliminaries to 
the really difficuit problems of designing undergraduate 
curricula more suited to the modern world, it is plain 
that there is very little time to spare. 


state anti- contraception law only in 1966. Canada, still 
has stringent laws against contraception. 

The prejudices which these laws enshrine have in the 
past prevented biologists from attending to the prob- 
lems of contraception, and it is to the enterprise of 
firms, rot the social objectives of governments, that 
the development of the first technically efficient and 
aesthetically acceptable contraceptive is owed. 

The British Government has recently taken two steps 
towards meeting the problem of unwanted children. The 
Abortion Act and the Family Planning Act were 
sensible pieces of legislation on their own merits, 
though it is hard to say to what extent the entirely 
independent issue of population growth was a motive 
of the Bills’ supporters. More than half the members 
of parliament have now signed a motion expressing 
concern ebout the country’s predicted population 
growth and calling for machinery to keep watch on 
the likely dangers. Certainly the Elizabethans were 
erying wolf when they warned that at a population of 
five millions the country was becoming impossibly over- 
crowded; but there are few grounds for comfort in the 
prospect that the population will reach 73 million by 
2000. Indeed, with three million families living in 
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slums, near slums or in overcrowded conditions, Britain 
may already be overpopulated. Certainly it will not be 
possible to reconcile the present trend with the tradi- 
tional fondness for dispersed living in Britain. 

The two Acts that have now been passed show little 
sign either of meeting the ideal of preventing unwanted 
children or of making substantial inroads on the rate of 
population growth. Despite the apparently liberal 
trends and the so-called permissiveness of society, the 
old prejudices are still active. The British Medical 
Association has set its face against the social clause of 
the Abortion Act. More seriously, by July of this year, a 
year after the Family Planning Act came into force, less 
than one sixth of local health authorities had provided 
the full family planning service empowered by the Act. 
Two-thirds of the authorities had set up a restricted 
service while another sixth had taken no action (Family 
Planning, October 1968, supplement). 

Why are the local health authorities dragging their 
feet ? Why are they being allowed to do so? The 
Family Planning Act is merely permissive. Compul- 
sory powers, it is argued, would be incompatible with 
the democratic process. But no individual is being 
forced to use family planning services; local authori- 
ties have merely been asked to make them available. 
And such arguments are not presented when the 
Ministry of Health decides, for example, to vaccinate 
the child population against measles. 

Local health authorities apart, there are other 
grounds for dissatisfaction at the role of individual 
doctors in giving contraceptive advice. For one thing, 
not all of them are as well informed of modern practice 
as could be wished. For another, there have been 
instances of the sort where a university health service 
doctor has recommended contraceptives for a patient 
and informed the patient’s family doctor, who has then 
disagreed with the decision. 

There are a number of cogent reasons why govern- 
ment action should ensue to attenuate the widespread 
prejudice now thwarting the intention of its recent 
Acts. There is also a job for the medical association to 
do. As for religious organizations, the Church of 
England has long arrived at a liberal attitude towards 
contraception, while whatever the Roman Catholic 
hierarchy may say, a survey by Professor D. V. Glass 
has claimed that about 80 per cent of Catholic women in 
England have used contraceptive methods—other than 
the so-called safe period—at one time or another. 
Another question to which attention should be given is 
the support of demography. In Britain, the only 
government funds for demography are a handful of 
studentships awarded by the SSRC: demographic 
researeh at the London School of Economies, for 
example, is supported in the main by the Ford Founda- 
tion. Demographic predictions in the past have been 
highly inexact; no one expects that they could 
be made absolutely precise, but more research funds 
would at least open the way to a significant improve- 
ment in accuracy. It is, after all, important to know 
if the population is likely to inerease beyond control 
and, if so, what steps should be taken and when. 
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NUCLEAR POWER 


Cheaper Fuel by Centrifuge 


Great BürrAIN, West Germany and the Netherlands 
have agreed to explore the possibility of collaborating 
in the development of the gas centrifuge method for 
enriching uranium. This important announcement was 
made after a meeting which took place in the Hague 
on November 25. The terse communiqué which was 
issued conveys little, but there will be plenty of political 
and economie speculation to fill the gaps left by the 
six ministers who were present. 

For one thing, the agreement to exchange informa- 
tion (subject to Government approval) clearly implies 
a recognition that the centrifuge has become a serious 
rival to the traditional method of enrichment, gas 
diffusion. Reports, principally from the Netherlands, 
had begun to make this seem likely some months ago, 
and the meeting will be taken as a confirmation that 
the breakthrough is a real one. The plan is to get the 
approval of the three governments before holding 
another meeting, which will take place in London early 
in the New Year. If, as seems likely, it is then clear 
that collaboration would be worthwhile, it can be put 
on a proper footing. After that, it may be possible to 
proceed immediately to the building of a plant. To 
start with, it could be relatively small—the beauty of 
the method is that it is possible to add extra capacity 
as the demand inereases. With the gas diffusion 
method, the very heavy capital investment must all 
be made right at the start. 

The centrifuge method offers two principal advant- 
ages. The initial capital investment is very much 
smaller, and the electricity consumption of the plant, 
when running, is only one-seventh of the consumption 
of a diffusion plant of similar size. Quite clearly, there 
is now a general recognition that centrifuge plants are 
mechanically feasible and that they would produce 
enriched uranium at a cheaper cost. For the United 
Kingdom, this is an important point, because British 
reactors are designed for use with enriched fuel. The 
greater the number of sources of supply, and the 
cheaper the enriched fuel is, the more likely. foreign 
buyers are to look favourably at British designs. Cos. 
operation also looks a good bet for Britain—although 
Mr Wedgwood Benn’s answer in the House of Commons 
on November 22 says that the UKAEA has been 
pursuing centrifuge development for some years, there 
is not much doubt that Britain has more to learn from 
the Dutch, particularly, than they have to learn from 
Britain. An indication of the seriousness with which 
the Ministry of Technology regards the new develop- 
ments is given by the information that it has delayed 
the decision which would have sanctioned the second 
stage of the development of the Capenhurst gas dif- 
fusion plant. The first stage of the reactivation of 
Capenhurst, decided on in 1965, is complete, and the 
second stage is about to begin. Until information about 
the centrifuge is available, the ministry has delayed 
the decision. 

The decision to collaborate. of course. raises politieal 
issues of some delicacy. The centrifuge method of 
enrichment, because it offers a much greater chance 
of concealment than gas diffusion, weuld appeal to 
any country hoping to make nuclear bombs on the 
quiet. For this reason, the communiqué states that 
any collaborative agreement reached will have to be 
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consistent with the three governments' policies to the 
non-proliferation treaty. In the sense that Britain is 
offering to West Germany information which might 
make it easier for her to build nuclear weapons, the 
agreement is controversial. But, of course, it would 
be better that this information formed part of a tri- 
partite agreement than if West Germany were to 
proceed alone. Besides, if West Germany's civil nuclear 
plans go as is hoped, it will become a substantial 
plutonium producer in the next ten years or so, offering 
an alternative route to nuclear weapons. 


MEDICAL EXAMINATIONS 


New Ways of Finding Doctors 


Many have criticized the system of examinations for 
medical students, but few—particularly among the 
students themselves—have set out practicable alterna- 
tives. A step in this direction has now been taken, in a 
World Health Organization publication by J. Charvat, 
professor of medicine at the University of Prague, 
Christine McGuire, of the College of Medicine, Chicago, 
and Vietor Parsons, senior lecturer in medicine at 
King's College Hospital Medical School, London (Public 


Health Papers, 36; A Review of the Nature and Uses of 


Examinations in Medical Education). 

Any technique for measuring competence should 
fulfil three criteria. It should yield objective data— 
that is, independent observations of different experts 
should agree. It should be valid in the sense that it 
should measure what it claims to measure. Third, 
examinations should be reliable, yielding consistent 
scores when given repeatedly to the same group under 
the same conditions. They should be designed to meas- 
ure not only knowledge but also skill in solving prob- 
lems, the ability to communicate with patients. 
colleagues and other members of health teams as well 
as the capacity for original work. Under the present 
system, the report suggests, examinations tend to 
sample only a narrow range of the requisite knowledge 
and skills. The questions are sometimes trivial, and 
the student may be forced to answer in terms of the 
provincialism or personal views of the examiner. 

One new development is the "process approach" to 
determining whether an examination measures simple 
recall of isolated information or, at the other extreme, 
the ability to solve complex problems. Most of the 
studies in which this approach has been used show that 
75-95 per cent of questions currently in use in the 
United States and Canada measure only r recall of infor- 
mation. A number of new tests have been designed to 
measure the achievements of the student in the cog- 
nitive and psychomotor domains. These range from 

multiple-choice tests and questionnaires to objectively 
rated diagnostic or therapeutic interviews with an 
assigned patient. New approaches to the design of 
essay and oral examinations can be used to measure the 
student’s ability to communicate with a colleague or a 
patient or to assess his ability in taking a patient's 
history and his judgment in determining and defending 
a plan, of management for a specific patient. Two new 
methods are being introduced as a means of objectively 
assessing a student’s professional habits, attitudes and 
values. "Objective anecdotal statements of a student's 
professional behaviour, by an instructor accumulated 
during medical school, are used to identify his chief 
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qualities. The second approach is to set out to identify 
certain variables in professional behaviour such as 
response to criticism. 





GERMAN SATELLITES 


Up with the Mark 


from our Special Correspondent 

Munich, November 26 

THE reconstruction of Germany's aerospace industry 
has involved several famous names of German aviation 
—admittedly now only shadows of their former selves-— 
inanambitious space programme. For some years now, 
the Bólkow group of companies has strenuously 
searched for a merger within the German aircraft indus- 
try with the intention, it seems, of forming an aerospace 
industry on a European scale. In this it has been 
encouraged by the German Government, which has 
wanted to see a merger of the aerospace industry in 
south Germary. Last month, Bólkow managed to 
acquire the Messerschmitt company, and the new 
Messerschmitt-Bólkow group located at Munich is 
involved with the HEOS.A satellite which, with luck, 
should become ESRO's third successful satellite early 
in December, with a third stage of Europa I, with the 
first German research satellite and with a proposed 
solar probe in cooperation with the Americans. 

Another historical name, Junkers, also has a part 
in the merger, having been acquired by Messerschmitts 
in 1965. Junkers is primarily contractor for HEOS- 
A, responsible for the satellite's basic structure and the 
integration of its experiments. 

The novelty of HEOS is its highly eccentric orbit 
taking it to a distance of between 200,000 and 300,000 
kilometres from the Earth at apogee. "This orbit was 
chosen so that HEOS would traverse the largely 
unknown boundary of the magnetosphere, the near- 
Earth region dominated by the terrestrial magnetic 
field. A measure of the eccentricity of the orbit— 
which H EOS takes five days to complete—is that the 
satellite is influenced by the masses of the Sun and the 
Moon. The scheduled launeh date for HEOS is 
December 5, when it will be fired from Cape Kennedy 
by a Thor-Delta vehicle. If the launch is successful, 
HEOS wil then become ESRO’s third satellite 
launched this year, and the value of the experiments 
it is carrying into à comparatively unexplored region 
of space shoukl go a long way to appeasing scientists' 
doubts about the organization. 

Looking further ahead, the Messerschmitt-Bólkow 
group will be responsible next year for launching the 
first German research satellite Azur—a 78 kilogram 
vehicle for inner radiation belt measurements. A more 
important project is an interplanetary solar observa- 
tion satellite. So far it is still in the design stage; the 
specification calls for a probe to explore the solar plasma 
and interplanetary matter up to a perihelion of 0-3 
astronomical units, by German and NASA experi- 
menters. The talk is of a launch date in 1973-74. 











PLANNING 


How to keep Everybody Happy 


At last planners are realizing that countryside planning 
is as vital as urban planning. Tn a country as small as 
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Britain there already has to be multiple use of land ; 
for example, mountain moorland may be used for 
grazing, for open publie access and parts may be a 
nature reserve. 

Àn attempt to reconcile such conflicting uses through 
a new technique of rural planning was discussed at a 
meeting in London last week called by the Countryside 
Commission. Even if the technique goes no further 
than the drawing board, it was unique in Britain as a 
planning exercise. Its most valuable contribution was 
that for the first time important authorities concerned 
with the countryside showed that they can work 
together on a coordinated plan. In this particular 
plan, or research study as the people concerned prefer 
to call it, the Ministries of Agriculture, Housing, the 
Forestry Commission, the Nature Conservancy and 
the planning department of Hampshire County Council 
were involved. The study was based on evaluating 
the area covered by each land using interest, assessing 
the degree to which they may be complementary or 
in conflict, and on this basis suggesting land manage- 
ment policies which allow each interest to make the 
most efficient use of resources compatible with the 
other interests, 

These studies first defined the interests involved 
in the study area—the East Hampshire designated 
Area of Outstanding Natural Beauty--and then 
graded the land according to the importance each 
interest placed on it (the interests were agriculture, 
forestry, wildlife and landscape). By superimposing 
the grading (or evaluation) maps, it has been possible to 
describe the zones by the importance of each interest 
relative to the others. Within these zones, it has 
been possible to define the level of activity of par- 
tieular interests which are acceptable to the others 
without damage. In the study area, there were 
relatively few cases of severe conflict of use. 


OIL POLLUTION 


Where Cleansing goes Wrong 


AFTER the wreck of the Torrey Canyon in March 1967, 
Some 8,000 seabirds were taken to cleansing stations 
in Britain—but well under ten per cent and probably 
only about five per cent of these birds were rehabili- 
tated and returned to the sea. Even this figure gives 
too optimistic a picture of the cleansing operation, for 
a large proportion of the so-called rehabilitated birds 
were recovered dead within a few days. Although 
exact figures are hard to come by, the Torrey Canyon 
episode revealed the complete inadequacy of the 
current methods of rehabilitating oiled birds, and oil 
pollution of the sea will continue for as long as oil is 
transported. Legislation can never totally eliminate 
accidental pollution and it is estimated that even the 
much vaunted “load on top" system of washing 
tankers, although a great improvement on previous 
practice, produces pollution at a rate of 400,000 tons 
a year. 

As a direct result of the Torrey Canyon disaster, a 
Sub-Committee on the Rehabilitation of Oiled Sea- 
birds of the Advisory Committee on Oil Pollution of 
the Sea decided to set up a research unit at the Univer- 
sity of Newcastle upon Tyne to study oil pollution of 
birds. At the moment the unit consists only of Professor 
R. B. Clark and Dr J. R. Kennedy, and all the money 
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has been raised from charities—the World Wildlife 
Fund, the RSPCA and the Royal Society for the 
Protection of Birds. As a first step, Kennedy and 
Clark were commissioned to produce a review of the 
literature on the problems of rehabilitation, to outline 
promising lines of research and to preduce separate 
proposals for definite research projeets. Now that this 
has been done, the advisory committee will--with 
luck—be able to persuade the oil companies, the 
Government or the research councils to finance a fuil 
sized research unit at Newcastle. 

In their report Rehabilitation of Oiled Seabirds (10s), 
which is in the main a catalogue of unanswered ques- 
tions about bird physiology, Clark and Kennedy point 
out that the best index of the real effect of oil pollution 
on seabirds is the effect it has had on breeding popula- 
tions. Using this criterion, the large auks of the North 
Atlantie are the most threatened birds.  Razorbills, 
for example, have in the last 20 vears become almost 
extinet in many of their former breeding grounds off 
the coasts of Newfoundland and Labrador. Guillemots, 
which suffered worst from the Torrey Canyon disaster 
(see Nature, 215, 1123: 1967), are, at the present rate of 
mortality from oiling in the east Atlantie, in danger of 
extinction from many of their former breeding grounds. 
Clark and Kennedy take the gloomy view that there is 
little hope of greatly reducing levels of pollution and 
the only answer is to improve methods of rehabilitation. 
Not everyone may be so pessimistic about reducing 
pollution at its source, but it is undeniable that, with 
existing methods, cleansing "satisfies a human need 
but has no biological significance whatsoever". 

The problem is that little is known of the biology 
and physiology of seabirds; even the most trivial 
information, such as the normal fluctuations in body 
temperature and weight, is generally lacking, and 
normal diets are only sketchily understood, As a 
result, when oiled birds are taken to cleansing stations 
remedial measures are at best inspired guesses. There 
are also problems of persuading cleaned and very often 
tamed birds to return to the breeding population. 
Clark and Kennedy believe that the two most erucial 
phases in rehabilitation, which must be significantly 
improved, are the first few davs of acute illness and the 
time it takes to restore the water repellent properties of 
the plumage. They suggest investigating the use of 
tranquillizing drugs to reduce stress and feeding energy- 
rich liquid foods during the earlv stages of rehabilita- 
tion. To hasten the restoration of water repelleney of 
plumage they suggest hormonal treatment to inerease 
the secretion of the preen gland. Waterproofing of the 
plumage is in fact being studied at Newcastle, but it is 
obvious that with the existing funds they will barely 
scratch the surface of the problem. There will be little 
improvement in cleansing methods until an adequate 
research programme is set up. 





INFORMATION RETRIEVAL 


Delays on Medlars 


ALTHOUGH there seem to have been substantial index- 
ing delays affecting Medlars (Medical Literature 
Analysis and Retrieval System) in 1967, the situation 
has considerably improved this year. According to 
Dr A. J. Harley, who is in charge of the UK Medlars 
service, this improvement is likely to continue as more 
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indexing is decentralized. Already, indexing for 50 
out of 200 British medical journals—8-10 per cent of 
the total input to the Medlars system—is done at the 
National Lending Library at Boston Spa, the head- 
quarters of the UK Medlars service. This in effect 
means that the indexing records for these journals 
arrive at the National Library of Medicine in Wash- 
ington at about the same time as the journals them- 
selves. 

The situation was not, however, as cheerful in 1967— 
at least not. according to two librarians in Oxford, 
L. S. Freneis of the Department of Zoology and P. J. R. 
Warren of the Radcliffe Science Library w ‘ho are critical 
of Index Medicus for 1967 in a recent issue of the 
Bulletin, Medical Section of the Library Association, 
London (No. 75, page 5, November mes): They took 
random samples of references (about 1-25 per cent of the 
total) from the author sequence of the monthly issues 
of Indea Medicus for 1961 and 1967, and tabulated the 
difference between the month of publication quoted in 
each reference and that of the issue in which it appeared. 
The results for 1967 are shown in the first histogram. 
Compared with 1961, the results for 1967 came out 
very badly—-the 1961 Index Medicus had 100 per cent 
of its references listed within 12 months, whereas in 
1967 only 98 per cent of the references had been listed 
in two years. To be sure, there were 25,000 more 
references listed in Index Medicus in 1967 than in 
1961 (165,000 compared with 140,000—an increase 
of 18 per cent). 

Since the publication of this article, Mr Francis and 
Mr Warren have updated their survey to September 
1968 and find that the time lag for English-language 
material is decreasing (see the second histogram). 
This is not so for the foreign language publications 
indexed in Index Medicus, which were found to be 

very out of date in 1967. Dr Harley agreed this week 
that foreign language material is appearing late in 
Index Medicus and is consequently being retrieved late 
ina Medlars search. He said, however, that the situa- 
tion was definitely improving for the most important 
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foreign language journals, particularly those in French, 
Russian and German, for which there is now only a 
few months' indexing delay. 


INDUSTRY 


Talking about Innovation 


Brrrat has a small group of highly articulate indus- 
trialists. Intelligent, literate and thoroughly eultivated 
men, they seem to spend a good deal of their time 
talking to each other at conferences like a one organ- 
ized last week by Lord Jackson and the Financial 
Times on technological innovation. The past two 
weeks have seen a spate of conferences like these, and 
Dr F. E. Jones, managing director of Mullard, has been 
at them all. At last week's conference, his subject was 
the problem of managing a multi-national company, 
but he is equally good at national science policy or 
successful research management. Mr 8. L. Bragg, 
chief scientist with Rolls-Royce, is another regular, 
and this time he spoke on the development of the 
RB 211 engine. 

The conference, which la 





sted two days, covered the 
whole feld with commendable thoroughness. Dr 
Teuan Maddock, from the Ministry of Technology, 
described how the ministry was pre pared to "go out 
and invade the industrialist’s territory. Dr J. Leices- 
ter, of the British Launderers Research Association, 
put in a word for the RAs. A study made of 14 
projeets carried out by researeh associations had 
shown that for an investment of £395,000, returns of 
£4-8 million had been achieved in a single year. He 
also spoke kindly of the work Harwell is doing for 
industry, but w ondered if there might not be a risk of 
confusing the industrialist by the plethora of sources of 
advice. 

There was also talk on the first day of the "interface" 
between industry and the univ ersities. Professor H. 
Ford of Imperial College said that old attitudes 
which held that industry did not innovate, and that 
universities stifled innovation wherever they found it— 
should be thrown away, to be replaced by the concept 
of "involvement". Professor T. T. Paterson from the 
University of Strathelyde described how the university 
carries out research work on contract to industry, and 
Dr H. Rose of International Research and Develop- 
ment discussed sponsored research at IRD. 

On the second day, several speakers gave examples 
of innovation in practice. Mr Bragg discussed the 
concepts underlying the Rolls-Royce advanced re- 
search laboratory. One of the crucial factors, he said, 
was that the people who have ideas should be allowed, 
or compelled, to follow them through to production 
and marketing. Dr A. A. L. Challis from the petro- 
chemical and polymer laboratory of ICI described 
the discovery and development of bipyridyl weed- 
killers—non-persistent and extremely active herbicides 
which could be used to replace ploughing as a means of 
weed control. Used on mountainsides in Wales, he 
said, the weedkillers had enabled sheep to increase in 
weight by 90 Ib, while control animals showed only a 
9 Ib gain. But the pace of work in proving a major 
development like this was, he confessed, "agonizingly 
slow". The danger was that by the time the herbicide 
was proved to everybody's satisfaction, the patent 
rights would have run out, so that those who had 
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developed it would not be the ones to reap the best 
profits. 

One of the most compelling—and depressing—con- 
tributions was made by Mr John Chown, tax corre- 
spondent of the Financial Times. He demonstrated 
how very difficult it is to find gaps in the taxation 
system in Great Britain, and said that even if all 
the other obstacles to innovation disappeared, the tax 
system alone would be a positive disincentive. One 
who agreed wholeheartedly was Mr B. Newsam, 
managing director of Telecommunications Instruments 
Ltd, who appeared to prove by an economic model all 
his own that innovation was impossible—or at least 
unprofitable, which is the same thing for the small 
businessman. Happily there was some disagreement 
with this view, but most people agreed that the private 
inventor in Britain works in a climate which is extra- 
ordinarily hostile to innovation. This, it seems, is an 
area where tax incentives could make a real difference. 





DEFENCE 


Combat Aircraft for Europe ? 


THE "mini-TSR-2"—otherwise the advanced combat 
aircraft (Britain’s name) or the MRCA, the name the 
Germans use—seems to have run into trouble. This is 
not likely to be relieved by the ascendancy of the 
Deutsch-mark and the aggressive explosion of the 
German aerospace industry that goes with it. "What 
it is I know not, but it shall be the terror of the Earth” 
seems to have been the message conveyed by British 
Defence Minister, Denis Healey, in his recent talks in 
Bonn. The plan seems to have been that it should 
provide the dream military aircraft to carry Western 
Europe through the mid-seventies. The British dream 
was expected to appeal to Germany, Italy, Holland, 
Belgium and possibly Canada and be worth "hundreds 
of millions of pounds" in Mr Healey's estimation. 
Politically it would be valuable as cement for a joint 
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project on the lines outlined earlier this year in the 
so-called Harmel plan proposed by the Belgian Foreign 
Minister, said Mr Healey. 

The first difficulty seems to have been that Britain 
wants a two-seater strike-interceptor to fulfil its needs 
in the seventies while the other countries in the deal 
have less ambitious requirements calling only for a 
single-seater machine. Actual numbers likely to be 
involved also put Britain at a disadvantage—the 
maximum British requirement is for 300-350 aircraft 
while Germany wants from 400 to 450. At the same 
time the British Aircraft Corporation is seen by 
Mr Healey as the best candidate firm for the main 
construction, not least because of its expertise in 
the development of swing-wing joints. Germany's 
Bólkow-Messersehmitt company thinks otherwise, and 
the German Federal Government's view appears to 
have hardened despite German Defence Minister Dr 
Schroeder's expressed view that it would be inadvisable 
to give German industry too big a role in the plane's 
system engineering and design. "The official line was 
certainly influenced by the inept offer by British 
ministers to trade promises of support for a German- 
inspired airbus project for agreement that British 
industry should have the main slice of the advanced 
military aircraft contract. Despite all this, Mr Healey 
still expeets agreement with Germany on the advanced 
aireraft and the distribution of contracts to be com- 
pleted before the end of the year. 


TURKEY DISEASE 


No Shadow over Christmas 


Tue Ministry of Agriculture seems satisfied that 
Britain’s Christmas dinners are in no way threatened 
by the six cases of Arizona paracolon which have 
oceurred since August on turkey farms in Yorkshire, 
Montgomeryshire, Cheshire and Norfolk. The cases 
are nevertheless the first ever recorded in Britain, and 





Part of the new Saltfleetby-Theddlethorpe Dunes National Nature Reserve in Lincolnshire. 
stretching along 4:5 miles of the Lincolnshire coast between Saltfleet Haven and Mablethorpe North End, have been 


purchased from the Ministry of Defence, as announced by the Nature Conservancy last week. 
foreshore have been leased from the Crown Estate Commissioners. 


The 293 acres of land, 


A further 795 acres of 
The main dune ridge at Saltfleetby is thought to have 


been in existence for several centuries and its plant communities are more mature than those elsewhere on the Lincoln- 


shire coast. 


Not only is the land valuable from the point of view of rare plants growing on the lime-rich sand, but because 


salt-marshes and dunes develop rapidly on this stretch of coast, it is particularly suitable for ecological and physiographic 
studies. 
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the disease seems to have been introduced from the 
US where it is endemie. Bacteria of the Arizona 
paracolon group are closely related to the salmonellae, 
but are fortunately not particularly pathogenic to 
man except in very high doses. Arizona paracolon is 
clearly not the foot and mouth disease of the poultry 
world. In the US, for example, poultry farmers have 
learned to live with it as a nuisance rather than a 
major plague, although it can be economically serious; 
once established in a stock, it is virtually impossible to 
eradicate and can cause losses among young birds of 
anything between 10 and 90 per cent. Clearly it is 
important that it should not be allowed to gain a 
permanent foothold, and the recent outbreaks, which 
seem to have caught everyone unawares, reveal a gap 
in import arrangements which are designed to protect 
against its introduction. 

The problem is that the disease is exceptionally 
difficult to diagnose. Often there are no definite 
symptoms, although some of the birds affected in the 
recent outbreak began to go blind. The birds sicken 
and die of septicaemia, and diagnosis depends on 
laboratory tests for the bacteria. To complicate 
matters further, birds which survive infection become 
symptomless carriers and can transmit the disease in 
fertile eggs. 

Since the British Government adopted vaccination 
instead of slaughter as a control of fowl pest, importa- 
tion of live poultry under licence and subject to fairly 
strict control has been permitted. Under the existing 
regulations, imported birds or eggs have to be covered 
by a veterinary certificate and are held in quarantine 
for six months and regularly inspected. By all accounts 
the Arizona paracolon was introduced in a bat ch of day- 
old poults of the Williams strain which were imported 
from the United States to quarantine premises in 
Wales. This strain, Big W to American breeders, 
has two characters—broad breasts and a good food 
conversion ratio—which British poultry farmers are 
anxious to introduce, but unfortunately the strain is 
particularly susceptible to Arizona paracolon. Appar- 
ently some of the poults imported for breeding were 
carriers of the disease and went undetected during 
quarantine; it was their progeny whieh were found 
with the disease on the six farms. 

At present, Arizona paracolon is not a notifiable 
disease and the ministry has no power to enforce inspee- 
tion of birds or slaughter. Mr J. Mackie, in a written 
parliamentary answer for the ministry on November 20, 
said that an eradication campaign was not practicable 
but the ministry has recommended farmers not to 
breed from the Williams strain or from birds exposed 
to the risk of infection. In the meantime, the ministry 
is considering whether to introduce further safeguards. 
The recent outbreak has proved that the existing ones 
should be tightened; one possible alternative would be 
to insist that all imported turkeys should not be 
released from quarantine until the first generation 
progeny had been proved free of the disease. 


INSTITUTIONS 


Interdisciplinarians 


Iv will come as a surprise to many British scientists 
and engineers to learn of the existence of a special 
body, set up by a group of scientific institutions, whose 
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aim is to probe and develop scientific work which does 
not fall uniquely into any of the conventional diseip- 
lines. The status of the body is that of an informal com- 
mittee, and it is known as the Interdisciplinary Work- 
ing Party (IWP). It seems that the absence of publicity 
has its origins in the nature of the IWP, which has an 
almost pathological dislike of officialdom and the other 
strings normally attached to being a "committee". 
The chairman of the group, Dr J. A. Ratcliffe, stresses 
that each of the nine members of the IWP represents 
nobody but himself and has no outside obligations. 

The history and aims of the IWP are straightforward. 
In February 1967 the scientific institutions representing 
chemistry, biology, physies, metallurgy and mathe- 
maties invited the Council of Engineering Institutions 
to participate in the activities of an IWP. The idea 
was that this unit should be independent and should 
have an informal action group to galvanize the institu- 
tions into interdisciplinary functions—meetings and 
conferences, for example. The management of the 
working party has been in the hands of the Institution 
of Metallurgy since the IWP was set up in July 1967. 
It is due to be transferred to the Institution of Mech- 
anical Engineers in the new year, and there may also 
be a new secretary to replace Mr D. W. Harding. 

The original committee consisted of eight members 
taken from universities and industry and appointed 
by the scientific institutions. Extra members can be 
added to the group either by invitation or by recom- 
mendation, and there has been one addition to date. 
The EWP has already had some success in enticing the 
Institution of Metallurgists to hold several meetings 
of an interdisciplinary nature, covering subjects like 
“Tribology” and “Plastics, Materials and Ceramics". 
The secretary and chairman of the [WP are both 
confident that the functions of the group will inerease 
in the coming year. 





FERTILIZERS 


Hazards of Progress 


INCREASING use of artificial fertilizers has resulted in 
a tendency to separate crop and animal farming. In 
a lecture “Fertilizers and Animal Production” Dr K. L. 
Blaxter of the Rowett Research Institute told the 
Fertilizer Society on November 28 that during the 
past fifty years the role of livestock on the arable farm 
has changed from a central feature of an ancient fer- 
tility rite to a separate enterprise to be judged solely 
on its economie validity. This has meant that in 
arable farming less attention has been paid to the 
effects of arable manuring practice on animal produc- 
tion, although the stock farmer still depends absolutely 
on the quantity and quality of the crops produced for 
his animals to feed on. 

There is evidence, Dr Blaxter said, that, although 
most farm crops and grass are grown for consumption 
by stock, fertilizer policy is decided according to the 
economics of the primary crop response rather than 
the secondary animal response. This can lead to prob- 
lems, because crops giving high yields as a result of 
treatment with fertilizer may not provide the best 
nutritive value for the stock feeding on them. Sodium, 
iodine and selenium, for example, are essential to 
animals but not to plants. 1f the optimal needs of 
many plants for cobalt, magnesium and iron are met, 
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the plant tissues often contain less than the optimal 
needs of animals. Certain fertilizer treatments seem to 
depress the concentration of magnesium in herbage 
to the extent that cows feeding on the herbage develop 
hypomagnesaemia which ends in tetany and death. 

Copper and molybdenum present particular problems 
because one affects the other. In some conditions, for 
example when the soil is limed, plants may take up so 
much molybdenum that their content of copper is 
decreased, and symptoms of copper deficiency may 
appear in livestock feeding on the plants. When 
farmers practised rotation, manure was an important 
source of copper, not only that originating in the soil, 
but also copper provided in feeding stuffs such as 
protein-rich meal and cake. 

Although mineral deficiencies and excesses influence 
animal production considerably, the supply of energy 
and protein is usually a more important determinant 
of animal production. Fertilizers increase the carbo- 
hydrate, lipid and protein of a crop, but not always in 
proportion to each other. And such an increase induced 
by fertilizers does not necessarily result in a propor- 
tional inerease in animal production. Dr Blaxter said 
he feels strongly that when a crop is to be fed to animals 
trials of fertilizers should involve tests of their effects 
on animal production. 


OCEANOGRAPHY 


German Research Ship in London 


OcEANOGRAPHERS from the research ship Meteor are 
visiting London on their way home after three months 
at sea trying to find out how safe it is to dump radio- 
active waste in the deep sea west of the Iberian penin- 
sula. 

The German Hydrographie Institute owns the ship 
and is responsible for half the research work it does, 
while the German Research Association is responsible 
for the other half. The ship was commissioned in 1964 
and has made fifteen cruises so far, carrying out re- 
search in physical oceanography and hydrology. It is 
designed to be easily manoeuvrable, to be relatively 
noise and vibration free and to have laboratories and 
working decks where there is little pitching. Facilities 
on board include deep sea wiiches, television cameras, 
radar sets, specialized echo sounders, a temperature 
controlled aquarium and a helicopter. 

The long-term research programme is to investigate 
the as yet untapped food, mineral and energy resources 
of the oceans. During the present cruise, the scientists 
have been measuring horizontal and vertical currents 
in the deep sea so that they can calculate how fast 
radioaetive material released from the ocean floor 
would move and how soon the biological accumulation 
of trace elements such as heavy metals would become 
part of the food chain from marine plants to man. 
French, Spanish, Portuguese and British scientists are 
also cooperating in this project. 

There are many difficulties involved in measuring 
parameters such as current in the deep seas. The most 
obvious, perhaps, is the danger of losing the instru- 
ments. During this trip the Meteor crew lost none 
of the thirty-eight current meters they had moored at 
depths of about five kilometres—usually, 60 to 70 per 
cent of the instruments are lost. One problem is that 
five kilometres of steel wire weigh so much that it is 
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very difficult to haul up any respectably sized instru- 
ments, The German scientists have been using almost 
weightless plastic ropes and a mechanism to release the 
instrument from its anchor. The first kilometre of the 
rope is made of steel to prevent sharks near the surface 
from severing the rope. 

During a previous cruise, the ship was powered as 
an experiment by three jet engines, so that the thrust 
on the ship could be accurately measured. Together 
with accurate measurements of the ship's velocity, these 





The Meteor research vessel. 


enable the resistance of the water to be ealculated so 
that extrapolations from model ships in tanks to real 
ships in the sea can be made more reliable. On its 
next cruise the Meteor will drift with other British, 
American and German ships in the trade wind area so 
that the oceanographers can measure quantitatively 
how energy is exchanged between the oceans and the 
atmosphere, They will also investigate the height and 
electromagnetic structure of the ionosphere which will 
be particularly interesting because the Sun will be in 
a period of maximum activity at the time. 


QUALIFICATIONS 


Chemists and Teaching 


Tux Royal Institute of Chemistry is annoyed that the 
Burnham Committee does not recognize the Graduate 
Membership and Associateship of the institute as a 
teaching qualification comparable to a university 
honours degree. The institute’s case is put in a pam- 
phlet just published, called Chemists and Teaching. 
The chemist with the Royal Institute of Chemistry 
qualifications starts on a salary which is £120 lower 
than that earned by the honours graduate, the pam- 
phlet says, and this sort of salary difference continues 
throughout his teaching career. 

Although the majority of the institute’s 25,000 
members were admitted because they held a university 
degree in chemistry, there are some 3,500 chemists 
who became members by taking the Graduate Member- 
ship examination which is their main chemistry 
qualification. The course given by the institute for the 
Membership examination is identical in structure and 
in duration to that for a university degree and the 
examiners also examine in universities. The qualifica- 
tion itself is considered to be of the same standard as 
a good honours degree and is accepted as such for 
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postgraduate work by all universities in Britain, by 
the Seienee Research Council, by the Civil Service 
Commissioners and by employers in industry. The 
number of people taking the institute examinations is 
increasing. In 1966, 274 chemists qualified, while in 
1968 the number was 410. The universities produced 
1,150 graduates with honours degrees in chemistry in 
1966, hence those who obtain their qualification from 
the Royal Institute of Chemistry form 20 per cent of 
the whole. 

This pool of qualified people could be particularly 
valuable in the teaching profession, especially as many 
of them have spent some time in industry and could 
therefore encourage an awareness of industry i in schools. 
The Scottish Education Department recognizes the 
associateship as being worth an honours degree even 
though the Burnham Committee does not. The institute 
now intends to bring the matter to the attention of 
Parliament. It feels that it would be in the interests 
of the Department of Education and Science to improve 
the status of Graduate Membership and Associateship 
of the institute and thus increase the supply of science 
teachers. 


FUEL 


Economy on d Computer 


THE computer model of the fuel economy, on which 
the Ministry of Power has been working for the past 
two years, ‘has reached the stage where each of the 
five sub-models is ready to be incorporated into a 
uu model covering ‘all the fuel industries, Mr 

. I. K. Forster, director of statistics at the Ministry 
5i Power, said at a press conference last "Tuesday. 
however, that it was still likely to be years rather than 
months before the model was really complete. 

The reasons for this slow development seem to lie 
both in the complexities of the model itself and in the 
administrative problems that accompany a new project 
of this sort. For each of the five sub-models—four for 
supply from each of the four fuel industries and one for 
consumer demand—the computational facilities have 
been provided by the industry concerned or by a special 
purchase of computer time. In order to operate the 
integrated model the ministry is negotiating through 
the Stationery Office for the purchase of large quantities 
of computer time from a computer bureau. 

What does the model actually consist of physically ? 
Mr I. J. Whitting, chief statistician at the ministry, 
had some difficulty in answering this question, but it 
seems to be a combination of magnetic tapes, computer 
programmes, books of equations and certain relevant 
brains. The transfer of information between the 
different sub-models is still carried out by old-fashioned 
manual methods. 

The main aim of the model is to be able to give 
quiek foreeasts of how fuel supply and demand will 
vary as functions of numerous factors. The model 
incorporates à whole range of assumptions, each of 
which is the result of detailed analysis carried out by 
experts, but it is nevertheless essential that reliable 
tests should be carried out to check that the assump- 
tions are not producing absurd results. So far the sub- 
models have only undergone minor tests, and one of 
the major problems here is to find suitable test cases 
on which to try out the model. It is unfortunately 
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impossible to dcuble the cost of oil purely to test the 
model. 

The long-term aim, to ineorporate the fuel economy 
model into one of the w hole economy, still seems to be 
a long way off. 


Parliament in Britain 


Scientific Exchanges 

AGREEMENTS between the British and Russian govern- 
ments cater for scientific and technical exchanges 
between the two countries for the period 1965 to 1969, 
and Mr Goronwy Roberts, Minister of State in the 
Department of Foreign and Commonwealth Affairs, 
listed the exchanges which have taken place so far. 
Altogether 74 Soviet scientists have visited Britain 
and 20 British scientists have visited Russia to carry 
out research work. These scientists pay their own 
expenses, the Department of Education and Science 
and the British Council being largely responsible at the 
British end. Six British and 7 Russian scientists have 
made short visits, the host governments paying the 
internal expenses. The governments have exchanged 
specialists and delegations interested in architecture 
and construction, industrial design, coal research, 

metrology, plastics, informetion, accident prevention 
and footwear manufacture. Di rect exchanges hetween 
the Royal Society and the Soviet Academy of Sciences 
are encouraged. (Written answer, Nove mber 18.) 


Nuclear Tests 

Mr MICHAEL STEWART, Secretary of State for Foreign 
Affairs, stated that recent developments described by 
the International Institute for Peace ard Conflict 
Research enable seismologists to distinguish between 
earthquakes and explosions down to the. equivalent of 
10 kilotons in hard rock. It was more difficult to iden- 
tify explosions carried out in less dense material or 
in underground c caves, (Written answer, November 18.) 


Mentally Handicapped Children 

Tue Prime Minister, admitting that he had been giving 
line-holding replies to questions on the tronsfer of 
responsibility for mentally handicapped children from 
the Social Services Department to the Department of 
Education and Science, said that he would definitely 
give his decision in a few days’ time. Although the 
Seebohm Committee had recommended the transfer, 
consultations with the organizations involved were still 
necessary and were taking time. Complaints were made 
that the delay was holding up the release of money 
raised for the benefit of the children, that there was a 
waiting list for special places of about 10,000, and that 
the training of teachers for the handicapped children 
was being held up. (Oral answer, November 19.) 
Anarchy over the Ocean Floor 

Tux Prime Minister agreed that anarchy over the ocean 
floor was becoming increasingly important as a result of 
extensive explorations in the Indian Ocean and the 
North Sea and the discoveries of important minerals 
under the sea bed, and that some sort of international 
regime would have to be adopted. He said that the 
Labour Government was at least as internationalist 
over this as the United States, but he thought that 
prolonged negotiations would be necessary before any 
agreement could be reached. (Oral answer, November 
21.) 
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Suspended Sentence for Irradiated Food 


Tun US Army, long the most fervent advocate of 
irradiation as a means of preserving food, will have to 
wait until the next Congress for news of a verdict 
by the Joint Committee on Atomic Energy on the 
future of its programme for preserving food. So 
much is clear from the preface by the Joint Committee 
to the record of the hearings held in Washington in 
the second half of July (Status of the Food Irradiation 
Program, US Government Printing Office, $3.00). 
Although the record suggests that the Army has its 
back to the wall on irradiated food, Dr Edward 
Josephson of the Army’s Natick laboratory did 
firmly tell the joint committee that "I am confident 
that we can, if given the green light, prove to the 
FDA’s satisfaction that irradiated foods are indeed 
safe". So far as the committee is concerned, however, 
the green light will wait on the time at which the 
Army puts together final plans for a further programme 
of research to test the safety of irradiated food. 

The hearings this summer were prompted by some 
sceptical comments by the Food and Drug Administra- 
tion about the safety of irradiated ham produced as 
part of the Army’s experimental programme, so that 
it is inevitable that the hearings should have been 
preoccupied with this issue. In the course of the 
diseussions, however, doubt was cast on the safety of 
various samples of canned peaches and bacon preserved 


by irradiation as part of the same programme. The 
combined effeet of these criticisms, however, is to 


vast doubt on the design of the Army's programme 
of experiment in the preservation of food by irradia- 
tion. 

The Food and Drug Administration has responsibil- 
ity in the United States for approving the use of irradi- 
ated foodstuffs as food for human consumption, but 
so far has issued no licences applicable in the civilian 
field. Its objection to the Army's proposed manu- 
facture of irradiated ham was based on a series of 
animal feeding experiments carried out at the Univer- 
sity of California, Los Angeles, and elsewhere. 

In its letter of April 19, 1968, to the US Army, the 
Food and Drug Administration argued that the 
feeding of irradiated bacon and fruit to rats had been 
followed by marked reductions of the viability of the 
offspring of the animals. In one series of experiments 
with bacon and fruit irradiated to the kind of level 
contemplated in the Army experiments, the numbers 
of offspring born to experimental rats turned out to be 
23 per cent less than the numbers born to control 
animals. Similar but less striking tendencies were 
apparent in experiments with dogs, while there were 
also less significant signs of a reduction of body weight 
in another series of experiments. 

The case against irradiated ham was also supported 
by evidence of reductions of red cell counts and body 
weight and of an increase of mortality in mice and rats 
fed irradiated pork and other materials. The letter 
of April also quoted in a thoroughly tentative way a 
report of the incidence of pituitary cancer in a group of 
rats fed with irradiated bacon. 

Evidently the Food and Drug Administration had 
been thoroughly alarmed by the accumulation of 


evidence against the safety of irradiated food by 
this time, when it invited the Army to withdraw its 
application for permission to go ahead with the irradia- 
tion of canned ham. Dr James Goddard, then Com- 
missioner of Food and Drugs, also wrote on April 19 
to the AEC to say that he had been "most disappointed 
at some of the material presented" in support of the 
proposal that canned ham should be irradiated. Dr 
Goddard went on to urge that, in future experiments to 
establish the safety of irradiated food. mueh more 
care should be taken to ensure that the design of 
experiments was such as to conform with the pro- 
cedures laid down for this purpose by the AEC. In 
the circumstances it was inevitable that the protocols 
governing the conduct of these experiments should have 
played à prominent part in the hearings before the 
joint committee. 

The immediate consequence of the refusal of permis- 
sion by the Food and Drug Administration was that 
the food irradiation programme has been suspended. 
The manufacture of the canned ham was to have been 
undertaken by a commercial consortium known as 
IRRADCO in association with the AEC. The intention 
was that the AEC would pay for part cf the cost of 
the cobalt-60 gamma source and that the plant would 
have produced roughly 150 tons of irradiated food each 
year during the first three years of the radiation. 
Thereafter, the cz apacity of the plant would have been 





increased to something like 25,000 tons a year. Experi- 
ments which have already been carried out suggest 





that ham would have to be exposed to between 35 
and 5:6 Mrads of gamma radiation. After the FDA 
refusal, the US Army and its commercial associates 
were forced to reconsider the future of its 8 experiment 
and IRRADCO said, at a meeting on June 19 this 
year, that it would welcome independent evidence 
to support the refusal by the Food and Drug Adminis- 
tration. Clearly IRRADCO is at once sceptical of the 
way in which this decision has been taken and also 
understandably annoyed that it has spent the best 
part of $250,000 on its preparatory work. At the 
hearings in July, Mr James Ramey, the commissioner, 
said that from the point of view of the AEC the future 
of the project "is now in doubt”. 

During the hearing, the Food and Drug Administra- 
tion was closely questioned by the joimt committee. 
Dr Daniel Banes, Assistant Commissioner for Science at 
the FDA, explained that the administration's earlier 
agreement that irradiated bacon shouid be fed to 
soldiers as part of an experiment in 1966 was taken 
before evidence had accumulated from foeding experi- 
ments with laboratory animals. Since then, the FDA 
seems to have been impressed with the way in which 
rats fed irradiated peaches were found to have an 
increased incidence of tumour formation. presumably 
as a result of the transformation of sugars into other 
chemicals. Dr Banes did, however, resist the sugges- 
tion that some of this evidence shouid have been 
available much earlier, and that indeed there had been 
suggestions that animals fed irradiated bacon were 
known to be especially prone to cancer 

The outstanding question now is how the joint 
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committee will choose, in the next session of Congress, 
to resolve this situation. It is unlikely that the US 
Army and the AEC will willingly abandon the work 
they have been doing. No doubt much weight will be 
given to the recommendation of the Committee on 
Radiation Preservation of Food of the National Acad- 
emy of Sciences which said in a report on July 25 
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1968, that the evidence against irradiated ham is not 
conclusive, that irradiation may still become an 
important method of food preservation and that the 
best course now would be a study by an independent 
group under the aegis of the National Academy of 
Sciences with the first objective of establishing criteria 
of wholesomeness. i 


Double Vision in Fine Optics 


PEoPLE in Jena will not have been surprised by the 
news that the United States District Court in New 
York has ruled in favour of the West German version 
of the Carl Zeiss Foundation. The legal battle between 
Carl Zeiss of Oberkochen in West Germany and Carl 
Zeiss of Jena in the German Democratic Republic 
has become something of a saga. So far, judiciaries in 
various parts of the world have tended to rule along 
political lines; in the eastern bloc, for instance, every 
court decision has been in favour of Jena, while in the 
west—most recently in France, Italy and Egypt— 
Oberkochen has had the better of it. 

The argument arose after the war, when Jena fell 
into the Russian zone. As the American forces left, 
they took with them a group of Zeiss scientists and 
engineers from Jena, where the optical firm of Carl 
Zeiss had long been established. The emigrés went to 
Oberkochen in Baden-Württemberg, where they set 
up a new firm, making identical products and bearing 
the Carl Zeiss name. Those that had remained in 
Jena rebuilt the firm there and met with increasing 
success, as did the West Germans. The growing sales 
of both organizations was bound in the end to provoke 
an outright clash, which came in 1954, when legal 
proceedings began. They are still in progress in many 
parts of the world, including Britain. 


Claim for Sustained Boom 


A COMMITTEE of the National Academy of Sciences in 
Washington has now come out with a powerful argu- 
ment for sustained support of research and education in 
mathematics (The Mathematical Sciences—A Report, 
National Academy of Sciences publication 1681). 
The report is one of a series commissioned by the Com- 
mittee on Science and Public Policy, and has been 
prepared by a committee of mathematicians with 
Professor Lipman Bers of Columbia as chairman. 
The committee says in its report that the community 
of mathematicians “has no obligations more important 
than those concerned with education”, which is why 
the committee is planning to publish separately a 
volume dealing with undergradutae education. 
Even where the report will be regarded as a piece of 
special pleading by the mathematicians, its demonstra- 
tion of the importance of mathematics in the modern 
world will be exceedingly hard to counter. The flat 
statement that there are already more computer 
programmers than high school teachers of mathematics 
in the United States shows which way the wind is 
blowing. In making its claim for further support for 
mathematics, however, the committee does not belittle 


Judge Walter R. Mansfield, delivering the District. 
Court verdict, declared that the East German version 
of Zeiss was a "pseudo-type organization, deliberately 
established in East Germany as a sham or facade for 
litigation purposes", a judgment with which few who 
have visited Jena would concur. He said that Carl 
Zeiss of West Germany is the exclusive owner in the 
United States of the trade name Carl Zeiss, and that 
Zeiss Ikon AG of Stuttgart was the exclusive owner of 
the Zeiss Ikon name. Subject to the resolution of 
certain issues which remain to be tried, West German 
Zeiss will be able to prevent the East German company 
from using the trademark. ` 

This is likely to produce a difficult situation for 
Jena. Barring appeals, the most likely course for the 
Jena concern to take would be to sell in the US under 
another name— perhaps the "Aus Jena" name which 
they have already used in West Germany. Whatever 
the legal intrieacies, scientists are inclined to say that 
both versions of Carl Zeiss produce good products, and 
are likely to go on buying from both. In Britain, there 
seems to be no immediate prospect that the legal battle 
can be settled. The most recent decision, involving a 
technieality about the position of the West German 
solicitors, went in favour of Oberkochen. 


in Mathematics 


what it ealls the "stupendous" effect of government 
support for mathematics in the past twenty years, 
which has turned the United States from a consumer of 
mathematical talent elsewhere into a “leading produ- 
cer". By way of illustration, the committee points 
out that a third of the invited speakers at the past 
four international congresses have been from the 
United States, that there has been a steady increase in 
the number of references to the American mathematical 
literature in journals published outside the United 
States, and that there has also been a steady increase 
in the number of foreign mathematicians visiting the 
United States. l E: 

On the level of federal support for research in mathe- 
maties, the committee acknowledges the quite rapid 
increases of recent years. Between them, Federal 
agencies seem to have spent $23-6 million on mathe- 
matical researeh of all kinds in 1960, and just under 
$125 million—or more than five times as much—in 
1966. Of the Federal agencies, the US Air Force is 
the most generous supporter (with $33 million in 1966.) 
Roughly $35 million of the US Government's expendi- 
ture on mathematies seems to find its way directly to 
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PERGAMON PUBLICATIONS 


ORIGIN AND DISTRIBUTION OF THE ELEMENTS 
Edited by L. H. Ahrens University of Cape Town, South Africa 


Contains papers presented at an international symposium co-sponsored by UNESCO and IUGS 
and held at the headquarters of UNESCO in Paris in May 1967. The symposium was in a sense 
unique for it had a tendency towards counter specialization: a movement that is. in the direction of 
breaking down the sometimes too rigid boundaries between disciplines such as biophysics, bio- 
chemistry, geophysics, geochemistry and cosmochemistry. Partia/ Contents: Ww. A, FOWLER: 
The empirical foundation of nucleosynthesis: E. A. MOLLER: The solar abundances; R. O. PEPIN: 
Neon and xenon in carbonaceous chondrites; T. F. W. BARTH: The geochemical avolution of 
continental rocks. A model; K. SUGAWARA: Secular change of the chemical composition of sea 
water. 


1202 pages £18/$48.00 


FREE VIBRATIONS OF CIRCULAR CYLINDRICAL SHELLS 

A. E. Armenakas, University of Florida, Gainesville; D. C. Gazis, International Business Machines, 
Yorktown Heights, N.Y., G. Herrmann, Northwestern University, Evanston 

Includes a self-contained treatment of the problem of propagation of plane harmonic waves along 
a hollow circular cylinder, within the framework of the three-dimensional theory of elasticity. The 
tables present frequencies of free vibrations for a wide range of axial and circumferential wavelengths 
and shell dimensions. Graphs of frequency spectra and associated mode shapes are included. 


216 pages £5 5s./$14.00 


PROGRESS IN NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY, Vol. 4 
Editors: J. W. Emsley, Chemistry Department, The University, Southampton; J. Feeney, Varian 
A.G., Zurich; L. H. Sutcliffe, Donnan Chemical Laboratory, The University, Liverpool. 

The latest in a well-received series of authoritative reviews. 

Contents: R. FOSTER and C. A. FYFE: Nuclear Magnetic Resonance of Organic Charge Transfer 
Complexes; N.S. HAM and T. MOLE: The application of NMR to organometallic exchange Reactions; 
L. W. REEVES : The Study of Water in Hydrate Crystals by Nuclear Magnetic Resonance; C. DUERELL: 
Nuclear Magnetic Resonance studies of Electrolyte Solutions; M. BOSE: Nuclear Magnetic 
Resonance in Magnetic Materials. 


458 pages £7/$18.00 


ANNUAL REVIEW IN AUTOMATIC PROGRAMMING—Volume 5 
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Now prove it! 


It's not easy without a lot of notes. Unless you use 
a printing calculator. Monroe make a range of desk- 
top calculators which do complex calculations with 
electronic speed and accuracy - and Eo one better. 


They print. Not just the answer, but the whole calcu- 
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Think of the advantages. The printed tape can: 





Epic 3000: a compact, 21 digit 
capacity desk-top computor. 
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speed calculator. Two-step 
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accumulative products; automatic 
constant - and much more besides 





be kept as a permanent record; used as source mat- 
erial for invoicing, stock-taking, etc; personally an- 
notated; show each stage of a calculation so that in- 
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All you need is on the tape. A lot of advantages at 
no extra cost. 
It pays to prove it with Monroe printing calculators. 
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the universities, with something like $16 million going 
to contract research centres. Some of the latter—the 
Lawrence Radiation Laboratory, for example, are 
almost integral parts of universities. What the com- 
mittee would like to see in the years ahead is the 
maintenance of what it calls a natural" rate of growth 
determined by the supply of people qualified to carry 
out researeh or to follow graduate courses in mathe- 
matics. But even if this is done, the committee 
considers that the supply of mathematicians will “lag 
substantially behind society's need" 

Among the several agencies, the committee says 
that it would like to see the National Science Founda- 
tion retain its "central role" in the support of basic 
research and of higher education. The rough and 
out of date figures at the committee’s disposal suggest 
that the foundation has provided roughly a third of all 
the Federal money spent on basic research in mathe- 
matics in recent years, and roughly a half of the funds 
in mathematics available to the universities. The 
committee seems to be por fond of the svstem 
by means of which the National Science F oundation 
allocates most of its support for mathematical research 
in the form of project grants, principally because 
of the way in which decisions on grants are made 
chiefly by mathematicians sitting on the several 
panels of the foundation, but also because of the 
way in which funds have found their way to institu- 
tions “best qualified" to provide graduate education 
in mathematics. 

Tt is understandable that a committee of mathemati- 
cians should be somewhat smug about the relative 
cheapness of mathematical research. In 1966, the 
National Science Foundation spent some $20 million 
on project grants on behalf of 920 investigators with 
tenure at a university, which works out at something 
like $22,000 per head. The comparable figure in the 
physical sciences, derived from the Pake Report, works 
out at $67,000 per man per year, and may well in 
practice be somewhat higher. Of the $22,000 spent 
each year on each mathematical researcher, roughly 
$5,000 goes on summer research costs and the rest on 
the stipends of research assistants, publication costs 
and travel. Hitherto, it seems, comparatively little 
has been spent on computer time, but this is expected 
to change in the next few years, so that the cost of 
supporting a qualified man for a year is likely to in- 
crease to $30,600 or thereabouts. 

Computer sciences are singled out as being in need of 
special attention, which the committee would like to see 
in the form of financial support for the development 
of new courses, for research projects and for the hire 
of computer time. Universities are urged to pay atten- 
tion to the development of undergraduate courses in 
computer science even though—-or perhaps even 
because—the rapid growth of "demand for graduate 
courses has uncovered a shor tage of university teachers. 
(In much the same spirit, the committee tartly points 
out that the departments of statistics which at present 
complain of alack of graduate students “have the remedy 
in their own hands" and should set up more under- 
graduate courses in statistics.) 

The committee does, however, have a few reservations 
to make about the way in which the advisory panels 
of the National Science Foundation operate. For one 
thing, the committee considers that the advisory panels 
have not always been "sufficiently responsive to the 
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newer areas of research", and that younger investigators, 
less distinguished universities, and the liberal arts 
colleges have not always obtained a fair share of the 
funds available. The committee is also somewhat 
disturbed at what seems to be an impending change in 
the rate of overhead payable on mathematical grants 
from 30 per cent in 1966 to something like 40 per cent 
in the next few years. What worries “the committee is 
that if there is no compensating increase in the funds 
available for mathematics, there will necessarily be 
a decline in the numbers of mathematicians who can 
be kept in research. The committee is cheerful about 
the way in which the National Science Foundation has 
used public money to create strong departments of 
mathematies—the Mathematics Department at Stanford 
University and the Courant Institute at New York 
University “could not have been created except for 
massive infusion of Federal fund The report does, 
however, take up cudgels against the now vanished. 
target of the procedures under which, earlier this year, 

the Federal Government sought for a time to persuade 
academic researchers to apportion their time between 
different forms of activities. 

The committee is strongest on the need for Federal 
support for education. Its most immediate anxiety is 
that there threatens to be a shortage of mathematicians 
qualified to teach at the college level. The committee 
estimates that between now and 1971 it will be neces- 

sary to recruit some 8,000 mathematics teachers to the 
four year colleges, which implies that it is “in the 
national interest” that there should be federal support 
for each potential PhD graduate in the mathematical 
sciences, which in turn implies that the Federal 
Government should support one-third of the graduate 
population. The reasons why these teachers are neces- 
sary seems to be plain enough. There appears to be 
a sustained boom in mathematics education. In the 
decade to 1965, bachelor degrees in mathematies 

multiplied by five while college enrolments merely 
doubled. The committee estimates that the demand for 
degrees in mathematics will multiply by a further factor 
of three by 1975-76, when it is estimated that there will 
be 65,000 bachelor degrees in mathematics, 46,000 in 
engineering, 35,000 in the physical sciences and 53,000 
in the biological sciences. Given the general pattern 
of college education whieh carries large numbers of 
general students into mathematics classes, it seems to 
be accepted that there will be an increase of 74 per cent 
in the numbers of students enrolled in mathematics 
classes during 1965-70 compared with a general increase 
of class enrolments of 29 per cent. Even if things go 
well, the committee estimates that the proportion of 
PhD graduates joining mathematics faculties during 
1965-70 will be rather less than the fraction of 53 per 
cent which now constitutes the teaching staff. 

The committee would also like to see the Federal 
Government provide more deliberate encouragement 
for programmes of research in undergraduate education. 
The objective—and " we do not yet know how effectively 
this can be done"—is to develop courses which w ill 
allow those who follow them to appreciate "in breadth 
the applications of mathematics in the physical sciences, 
in the biological and behavioural sciences, in engineering 
and medicine, and in the partly mathematical sciences" 
The committee asks that there should be a programme 
of eurrieulum development supported by the Federal 
Government. 
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Universities Five Years after Robbins 


On November 25 the University Grants Committee 
published its report on the last quinquennium, **Univer- 
sity Development 1962-67" (HMSO 19s 6d). During 
the quinquennium ministerial responsibility for financ- 
ing university education was transferred from the 
Treasury to the Department of Education and Science, 
the university population almost doubled—as did the 
number of universities—and the Robbins, Dainton, 
Swann and Jones reports on various aspects of higher 
education were made. As a result the role and 
activities of the UGC have had to change to meet the 
increasing demands for a central agency responsible 
for coordinating the strategy of the British universities. 
Sir John Wolfenden, who is off to the British Museum 
next year, obviously enjoyed his swansong as chairman 
of the UGC introducing the report, outlining his com- 
mittee’s achievements during the five years under 
review and pointing to some of the problems his 
successor, Mr Kenneth Birrell, will face. 

The UGC and the universities more than met the 
short-term targets set in the Robbins report; during 
the quinquennium the number of full-time students 
increased by just over 62 per cent (see Table 1) and 
the number of full-time academic staff rose by 65 per 
cent from 14,276 to 23,609. Thus despite a great 
expansion of the university population the staff to 
student ratio was reduced marginally during the five 
years from 1: 7-9 to 1: 7-8. The UGC also agreed with 
the Government in July 1967 to maintain the propor- 
tion of professors, readers and senior lecturers at not 
more than 35 per cent of the total university staff during 
the present quinquennium. The expansion of the 
Student population has continued unabated during the 
first two years of the present quinquennium and Sir 
John announced during his introduction that from 
October this year the full-time student population in 
Britain is nearly 212,000, well above the target of 


Table l. NUMBERS OF FULL-TIME STUDENTS 
Percentage 
lst yr Last yr increase 
1962-63 1966-67 1961-62 to 
1966-67 
Undergraduates 
First degree 93,770 148,803 66-8 
First diploma 3,412 2,089 — 43-4 
Total 97,182 150,897 62-4 
Courses not leading 
to an award 1,029 1,333 52-5 
Total 98,211 152,230 62-3 
Postgraduates 
Excluding teachers’ 
. diplomas pee 31,973 65-1 
‘Teachers’ diplomas 3,755 
Total 20,793 31,973 65-1 


197,000 set in the Robbins Report and approaching 
the 1971-72 total of 225,000 agreed by the UGC and 
the Government. Sir John foresees that the pressure 
for higher education from the schools will continue to 
increase and that may force centralization of student 
finance. He also suggested that as the new universities 
reach critical size they should become more economic. 
At present 17 universities have less than 2,000 students. 


Table 2. UNDERGRADUATES BY FIELD OF STUDY 
Percentage 
increase 
1961-62 1966-67 1961-62 to 
By faculty By faculty 1966-67 
Field of study (on a faculty 
basis) 
Arts 28,962 36,639 26-5 
Social studies 10,554 29,675 181.2 
Pure science 23,041 35,232 52-9 
Applied science/ 
engineering and 
technology 14,240 31,362 120.2 
Medicine 11,138 12,887 15-7 
Dentistry 2,991 3,327 112 
Agriculture and 
forestry 1,682 1,894 12-6 
Veterinary science 1,173 1,214 35 
Total 93,781 152,230 62-3 


As the quinquennial report makes clear (see Tables 
2 and 3) the demand for places varied enormously 
between the faculties and did not meet the supposed 
national need. In general the universities were, and 
are, producing too many social scientists and too few 
technologists and natural scientists, but Sir John said 
he saw no point in the UGC providing inereasing 
numbers of unfilled science places when the demand was 
for social seiences and the arts. He suggested that the 
answer to the problem of fulfilling the national man- 
power needs lay in providing more general first degrees 
and then transferring to vocational study at the post- 
graduate level. As the report says, the universities and 
the UGC cannot determine the interests of applicants 
for higher education. Furthermore the UGC believes 
that it is “entirely healthy" that the precise nature of 
the qualifieations of the university graduate i8 not 
directly related to his subsequent career, except of 
course in the specifically vocational fields of university 
training, and that no serious problems of employment 
for graduates have arisen. Nevertheless the report 
calls for “the need for greater flexibility in training" 
and some "diminution of the intensity of specializa- 
tion". 

The UGC weleomes the development of Polytechnics 
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so long as they become "a strong and distinctive sector 
of higher education which is complementary to the 
universities and colleges of education". As far as the 
UGC is concerned the emphasis must be on complement- 
ary education. The committee says that with limited 
resources for higher education it would be a waste of 
money to try to establish broad fields of arts and social 
science studies at Polytechnies rather than develop 
the potential of the existing universities. It also feels 
that "undue emphasis on the development of degree 
courses might restrict the proper development of other 
courses of higher education which are of vital national 
concern and which could not be so effectively carried 
out in universities". Sir John made it clear that the 
committee was not implying that the Polytechnies 
should be the second class citizens of the higher educa- 
tion world but that they should be distinct from, rather 
than mimics of, universities. 


Table 3. NUMBER OF APPLICATIONS FOR PLACES, BY SUBJECT 


GROUP (OCTOBER 1966) 
Applicants through UCCA 


Col. (b) 

Numbers Numbers as a 

Subject group applying accepted percentage 

(a) (b) of Col. (a) 

(e) 
Arts 20,013 10,495 50-2 
Social studies 25,307 9,626 38-0 
Pure science 17,685 12,542 70-9 
Applied science 14,048 7,907 56-3 
Medicine 6,274 1,399 22-3 
Dentistry 833 448 53-8 
Agriculture and 

forestry 1,123 656 58-4 
Veterinary science 866 240 27-7 


In the 1957-62 quinquennium the UGC budget was 
£99 million; during the five years 1962-67 that had 
risen to £295:5 million. This increase in university 
education has forced on the UGC new relationships 
with the Government, the research councils and the 
universities and at the conclusion of the report the 
UGC has attempted to state what it considers to be its 
role in the future. The committee sees itself as some- 
thing more than the traditional buffer between the 
Government and the universities. While remaining as 
a buffer the committee is “now inescapably involved in 
making positive judgments". It believes it is the only 
body capable of an independent assessment of overall 
university strategy. The report says, “This is not to 
say that the committee aspires to a detailed planning 
of each university's development or to a detailed over- 
sight of such planning. But it is to say that in the 
increasing complexity of university affairs there should 
somewhere be a broad strategic picture. And it is 
today regarded as the committee's responsibility to 
sketch that pieture". With the advice of an increasing 
number of expert sub-committees it has become respon- 
sible for deciding in which university or group of 
universities some fields of study should be encouraged 
or discouraged. It has, for example, recommended 
that undergraduate teaching in agriculture should be 
discontinued at three universities—Cambridge Glas- 
gow and Leeds—and that development of more 
new schools of biological sciences is not desirable. 
The committee recognizes that there is a danger 
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in such centralized planning; on the other hand, 
the universities can no longer expect to develop regard- 
less of national needs under the guise of academic 
freedom. Unlike the vice-chancellors committee the 
UGC believes that establishing a single ministry respon- 
sible for all levels of education was sensible. "Inevit- 
ably, therefore, plans for the expansion of the universi- 
ties and plans for the expansion of other forms of higher 
education came to have, and to be seen to have, 
implications for each other. Neither could sensibly be 
planned without reference to the other." But the UGC 
maintains that the new situation in no way com- 
promises its independence and the committee discounts 
the universities’ fears that politics will come into their 
lives for the first time or that they will lose out to the 
schools in a competition for the funds available to the 
DES. The report says that the new organization has 
in no sense introduced politics into the UGC's activities, 
that no minister has shown the slightest inclination to 
reduce the independence of the committee and that, 
although the procedure of channelling financial requests 
to the DES and from it to the Treasury, instead of 
direct to the Treasury, has sometimes caused delays, 
once the DES has been convinced of the propriety of 
the requests the advocacy of the Minister has been 
invaluable. The report admits, however, that only 





Sir John Wolfenden. Mr Kenneth Berrill. 


the universities can say the extent to which their fears 
were justified. The committee also hopes that grant- 
ing the Public Accounts Committee access to universi- 
ties' books will strengthen Parliamentary and publie 
confidence in both the UGC and the universities. 
The issue in its simplest form was: could Parliament 
continue to exempt from the normal procedures of 
publie accountability expenditure of £200 million and, 
on the other hand, can academic freedom be reconciled 
with Parliamentary scrutiny? The UGC's position 
*was, in broad terms, that there was no need for a 
change in the existing arrangements, that Parliament's 
interests were sufficiently safeguarded by the obliga- 
tions of the accounting officer". None the less, now 
that access has been granted to the Public Accounts 
Committee, the UGC seems determined to make the 
best of the situation, although, as the report says, 
"nobody can tell what the outcome will be". The 
other side of the coin, relations with the university 
vice-chancellors, is also changing and the UGC 
believes that the future lies in a dialogue between 
itself and the universities collectively and not, as in 
the past, individually. 
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What Next in Nuclear Power? 


THE attempts to set the British nuclear industry to 
rights continue to meet with frustrating setbacks. 
Last week Clarke Chapman Ltd, one of the boiler- 
makers which was to form part of the second nuclear 
company, decided that for the time being it was 
remaining independent. This means that the attempt 
by the Industrial Reorganization Corporation to create 
two companies has failed, at least for the time being. 
“We've fallen flat on our faces", an IRC man admitted. 

It would be understandable if most readers of 
Nature were by now thoroughly confused by the com- 
bined attempts of the IRC, Ministry of Technology 
and other bodies to establish the new structure. On 
these grounds, a short history can be justified. Once 
there were three consortia, all busily bidding for power 
station contracts—ignoring the distant past, when 
there were four. But the market in Britain was too 
small to support them all, and the Ministry of Tech- 
nology only liked companies that were big. So it was 
determined that at least one, and possibly two, should 
disappear, giving way to larger, stronger companies to 
compete for contracts all over the world. 

One group of people, led by the Atomic Energy 
Authority, said that there should be only one large 
design and construction organization. Another group, 
which included the Central Electricity Generating 
Board, said that there should be at least two, to pre- 
serve domestic competition. So the House of Commons 
Select Committee on Science and Technology did some 
thinking. To start with, the Minister of Technology 
thought that there should be only one company, and 
he told members of the committee, privately, that it 
would be nice if they thought so too. By a narrow 
majority, they came up with the solution the minister 
wanted, but such are the vicissitudes of politics that 
he had by then changed his mind. Instead of using the 
report of the select committee to support him, as he had 
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originally intended, he had to pretend that it didn't 
eount. He had evidently decided that the difficulties 
of squeezing three into one would be too difficult, even 
for the wizards of the IRC. 

The decision was therefore taken to reduce the 
industry to two competing companies, and the IRC 
was given the task of organizing it. The first company, 
Babeock English Electrie Nuclear Ltd, was created 
from one of the old consortia without much difficulty 
(partly because it needed the work). As a reward for 
being first, it won the contract for the Hartlepools 
nuclear station, an AGR (the first it had ever won). 
Actually, it was its turn for a contract, in any case, 
so not too much should be made of this. More signif- 
icant was the fact that the AEA conceded the building 
of the prototype fast reactor to BEEN—quite a coup 
for the new company, which had never built anything 
more advanced than a magnox before. Some of those 
who have been designing and building the fast reactor 
are very upset by this decision. 

Next the IRC got to work on the second company. 
Here the problem was to persuade three boilermakers 
——International Combustion Ltd, John Thompson and 
Clarke Chapman, to come together to form the nucleus 
of the company. All seems to have gone well until 
International Combustion admitted that it was in 
trouble with the contract at Dungeness B, the first 
commercial AGR. The actual work that will be 
involved may not be too expensive, but the delay to the 
completion of Dungeness B could well cost more than 
£l million. Two other contracts on which ICL is 
engaged, for coal fired stations at Kingsnorth and 
Fiddler’s Ferry, are also behind schedule. There have 
been labour difficulties, particularly at Fiddler's 
Ferry, and ICL may not be liable for these. But faced 
with these uncertainties, Clarke Chapman evidently 
decided that the merger was too much of a risk just now. 

The IRC now feels that there are two problems to be 
solved. First, some rapid work will have to be done at 
Dungeness, deciding what to do next. One rumour is 
that Atomie Power Constructions, responsible for the 
Dungeness contract, will callin Whessoe Ltd (which is a 
member of the Nuclear Power Group) to act as trouble- 
shooters. Once the full extent of the delay can be 
forecast with more accuracy, Clarke Chapman may be 
persuaded to come back to the conference table. The 
IRC's second problem is to decide how the second 
company can be put together if the three boilermakers 
cannot agree on merger terms. The IRC is still talking 
in terms of a few weeks, though others are less optimis- 
tic. Two possibilities have so far emerged. One is 
that a more limited merger, perhaps between John 
Thompson and Clarke Chapman (who already collabor- 
ate closely) could produce some of the benefits of the 
full scale merger. It might later be possible for a 
merger to be arranged between the John Thompson/ 
Clarke Chapman company and International Combus- 
tion. The same conclusion might ultimately emerge if 
the alternative approach were tried-—that. of a takeover 
of APC by TNPG. It is, however, far from clear how 
this last suggestion could be organized. Meanwhile 
the feeling at APC, beyond that of anxiety at the 
continuing uncertainty, is of determination to finish 
the Dungeness contract successfully. 
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NEWS AND VIEWS 


Why so Long Delayed ? 


Tue pressure to rush into print with even the most 
trivial observation, the swelling and multiplication of 
journals and the sense of being increasingly over- 
whelmed by the amount of published information are 
the commonest of laments in most fields of science, 
taking precedence even over complaints about short- 
ages of funds or the burdens of teaching. But at least 
in most fields information is quickly made available. 
It is surely preferable to be haunted by the accumula- 
ting journals in the library, even if there never seems 
to be enough time to read them, than to have to wait 
half a working life or longer for the publication of data 
which might be useful. That, however, seems to be the 
fate of marine biologists and oceanographers interested 
in the reports on material collected on research voyages. 
The time-scale for the publication of these reports 
seems to be measured in decades rather than weeks 
or even months. 

In this spirit, the tenth report on material collected 
during the Danish Atlantide expedition to the coasts 
of tropical West Africa 1945-46 has just been published 
—although the first report of the series appeared in 
1950, a mere four years after the expedition. And 
by comparison with the delays in producing reports of 
other expeditions, the Atlantide reports have appeared 
quickly. The National Institute of Oceanography, 
for example, can still boast of material collected before 
the war on Discovery expeditions to the Antarctic 
seas; Challenger reports still trickle out, as do reports 
of the Dana cireumnavigations of 1928-30. 

Why are these delays apparently so inescapable, and 
how valuable is information when it is so out of date ? 
Obviously specimens collected 50 years ago are as 
valuable to taxonomists as those collected yesterday, 
but biogeographers and ecologists would surely benefit 
from being told before they are old men the results of 
expeditions which set out in their youth. No doubt 
the greatest problem is locating people who can work 
on the obscure material dragged up in the trawls. 
But is there much point in colleeting so much material 
that there is little hope of ever analysing it? Would 
not expeditions be more useful if they restricted collect- 
ing and devoted more of their resources to speeding 
up the analysis and publication of their collections ? 
Like archaeologists, who for one reason or another are 
better at excavating than thev are at publishing, the 
marine biologists seem to forget that their work on 
expeditions is only useful when it has been published. 


CHEMISTRY 


Coupling Reactions Galore 


from a Correspondent 


Ix the hundred or so years since Peter Griess discovered 
first the diazotization and later the coupling reaction, 
tens if not hundreds of thousands of diazo compounds 
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have been synthesized. A large industry for making 
azo dyes and pigments has grown up, but, despite all 
this, Professor H. Zollinger of Zurich could truthfully 
remark at a symposium on some aspects of diazo 
chemistry, held at the University of Leeds on November 
15, that there are still surprises in store in this field of 
chemistry. 

The papers read at this symposium, organized by the 
Society of Chemical Industry, ranged from industrial 
processes to chemotherapy. Dr G. Booth (ICI Dye- 
stuffs Division) gave details of a four stage process for 
making aryl hydrazines from amines in which the first 
stage was diazotization. The diazotate was converted 
to diazosulphonate and then to hydrazinosulphonate, 
which was finally reduced to the hydrazine. At no 
stage were intermediates isolated, but control tests were 
available to ensure the completion of the various steps. 

Continuous eoupling processes for making azo pig- 
ments were advocated by Dr D. Patterson (University 
of Leeds) He contrasted the continuously varying 
environment in which pigment molecules are syni 
thesized in conventional batch processes with the 
constant conditions possible in a continuous process. 
The theoretical arguments were supported by results 
obtained on a laboratory scale. Particle size measure- 
ments on toluidine red pigments made by continuous 
and batch processes in otherwise similar conditions 
showed that the former had a smaller geometric mean 
size and a narrower size range, and were stronger in 
colouring power. The effect on other technologically 
important properties needed further investigation. 

A survey of the reactivity of aromatic diazonium 
compounds was given by Professor Zollinger. It is 
not surprising that these are very reactive, because the 
diazonium ion has four reactive characteristics. It 
can behave as a Lewis acid, can undergo homolytie 
dissociation at the C-N bond, acts as a "nucleofugie 
leaving group" and has the highest electron-withdraw- 
ing capacity of any known group. Among examples of 
these were the fact that NMR showed that the bromina- 
tion of G acid (2-naphthol-6,8-disulphonic acid) pro- 
ceeded by the formation of a non-planar z-complex, 
while iodination and coupling to a diazonium ion 
oceurred through ac-(planar) route. The effect of non- 
planar bases such as diazabicyclo-octane in catalysing 
the loss of a proton from the transition state, thus 
leading to increased coupling rate in certain ca was 
discussed. 

On diazoalkanes, Dr A. Ledwith (University of 
Liverpool) noted that, by contrast, these can aet either 
as Lewis bases or Lewis acids. The thermal and photo- 
chemical decompositions were closely linked and both 
ketonie and epoxy products could be obtained. In 
many reactions, nitrogen was eliminated early, produ- 
cing carbene fragments which started further reaction 
chains. Reactions between naphthaquinones and 
diazomethane, followed by coupling to a secondary 
amine, gave rise to interesting tertiary amines which 
are thermochromic as a result of intra-molecular charge 
transfer processes. 

The problems of using the reactivity of the diazonium 
ion for chemotherapeutie purposes, as an enzyme 
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inhibitor to prevent the growth of microorganisms or 
cancer cells, are now being tackled. The basic require- 
ments are that the compound used should be able to be 
transported to the enzyme in the host body, and that it 
should be selective in action. Dr M. F. G. Stevens 
(Heriot-Watt University) concluded the symposium by 
giving details of the triazinobenzotriazines he had been 
preparing in attempts to make masked diazo com- 
pami which would meet the exacting requirements in 
this field. 


COSMETICS 


More than Skin Deep 


from a Correspondent 


ABOUT two hundred people attended the Symposium on 
Skin, at Eastbourne, on November 19 and 20, organized 
by the Society of Cosmetie Chemists of Great Britain. 
Among the topies covered were the properties of skin 
relating to its function as a barrier to external stimuli, 
the effect of substances modifying its biochemical 
properties, and the mechanisms by which the skin is 
penetrated by substances used to combat infection or 
treat disease. 

In the first session, the need for official methods of 
testing the hazard to health of cosmetic products or for 
an adequate code of practice was stressed by Dr G. B. 
West (BIBRA). Accounts of the mechanical properties 
of skin and of its microcirculation were given by R. T. 
Tregear (ARC Unit, Oxford) and W. Harston (London 
Hospital), emphasis being placed on the fact that all 
hypersensitivity reactions in the skin, whether of endo- 
genous or exogenous origin, involve the microcircula- 
tion. As a result of the development of a reliable tape- 
stripping method for investigating the structure of the 
skin’s surface (H. L. Jenkins, Unilever Research Labora- 
tory, Sharnbrook), three distinet stages in the matura- 
tion of corneum cells are now recognized, similar cell 
types being found in similar patterns in the mouse, rat, 
hamster, guinea-pig, rabbit and man. Dr K. H. 
Harper and R. E. Davies reported that interspecies 
variation in dermal reactivity does, however, occur, 
and the mouse and rabbit usually have sensitivity 
equal to or greater than that of man. 

During the second session, tests for skin irritancy 
based on biochemical determinations were reported by 
V. K. H. Brown and J. D. Middleton to be generally 
unpredictable. According to D. Bass, however, such 
tests are not needed for compounds such as cyclo- 
imidinium amphoteric surfactants which were lacking 
in irritancy to skin and eyes. Discussing corticosteroids, 
Dr C. W. Marsden (ICI) said that their long chain 
esters (for example, triamcinolone acetonide) show 
increased penetration through the skin compared with 
that of the parent substances. An account of contact 
allergy by Dr C. N. D. Cruickshank (MRC Unit, 
Birmingham) contained the satisfying statement that 
there has been no evidence of any increase in the inci- 
dence of sensitization to eosmetie products in recent 
years, 

In the third session, it was made all too apparent, 
for example by Mr C. W. Barrett (London Hospital), that 
further work is needed to follow the pathways and 
mechanies of penetration of the skin by chemicals. 
With fewer medicaments of greater specificity now in 
use, Dr H. Baker (St John's Hospital for Diseases of the 
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Skin) said that interest has centred more on the effect 
of the vehicle on skin penetration. 

Germicides, discussed by Mr R. Hall (ICI), are used 
in the home for their skin-deodorant properties and 
other purposes, in hospitals for the disinfection of the 
operation site as well as of the staff, and in the food 
industry to reduce contamination. Whereas some 
bacterial populations are eliminated by this process, 
others are, however, increased. Most cosmetics tend to 
be nutritive towards certain types of organism, and 
preservatives are therefore necessary to maintain the 
integrity of the preparation during manufacture and 
storage as well as during use. Mr G. Sykes (Boots 
Pure Drug Co. Ltd) reported that the popular preserva- 
tives in use today include formaldehyde, esters of 
p-hydroxybenzoic acid, and quaternary ammonium 
compounds. The feeling was, however, expressed that 
the ideal preservative for cosmetics has yet to be 
discovered. 


PROTEIN SYNTHESIS 


Termination of Peptide Chains 


from our Molecular Genetics Correspondent 


DURING protein synthesis the growing peptide chain is 
esterified to a {RNA molecule. The final act in the 
completion of the polypeptide is its release from this 
tRNA molecule and thus from the ribosome. Both 
biochemical and genetical studies have indicated that 
there are three triplets in the genetic code of Escherichia 
coli which can cause the release of the growing peptide 
chain. Thus chain termination occurs when the amber 
triplet UAG, the ochre triplet UAA or the triplet UGA 
is encountered in the messenger RNA. How does chain 
termination oceur ? It has been supposed for some time 
that there might be a ¢RNA, or tRNAs, which read 
these triplets and, in some unknown way, thereby cause 
chain termination. There are, however, at least two 
alternative mechanisms: (1) there is no (RNA and 
termination occurs if there is nothing to read these 
three triplets; (2) these triplets are recognized by one 
or more protein molecules. 

Evidence has recently appeared which shows that 
an unreadable triplet in the messenger RNA does not 
lead to chain termination, nor does a {RNA for chain 
termination seem to exist (Bretscher, M. S., J. Mol. 
Biol., 34, 131; 1968). Earlier, evidence that a protein 
factor was implicated in chain termination was pre- 
sented by Ganoza (Cold Spring Harbor Symp. Quant. 
Biol., 31, 273; 1966). This observation was confirmed 
and extended by Capecchi (Proc. US Nat. Acad. Sci., 
58, 114; 1967), who has isolated and purified a protein 
required for chain termination at the triplet UAG. 

Two important papers have now appeared which 
provide considerably more insight into how these three 
triplets are recognized. The first (Caskey, Tompkins, 
Scolnick and Nirenberg, Science, 162, 135; 1968) 
describes a new and simple assay for chain termination. 
Formylmethionvl-tRNAg is bound to ribosomes in the 
presence of its appropriate triplet, AUG. The hydro- 
lysis of this bound initiator (RNA is then assayed and 
Caskey and his collaborators were able to show that the 
rate of hydrolysis of formylmethionyl-RNAÀ could be 
inereased by the addition of Capecchi’s release factor in 
the presence of any one of the three trinucleotides 
which code for chain termination. This assay system 
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has been used to separate the protein release factor into 
two components (Scolnick, Tompkins, Caskey and 
Nirenberg, Proc. US Nat. Acad. Sci., 61, 768; 1968). 
One eomponent, called R1, will effect the hydrolysis 
of formylmethionyl-£RN A—bound to a ribosome in 
the presence of either of the triplets UAA or UAG. 
The second component, R2, will do the same thing in 
the presence of either UAA or UGA. These discoveries 
help to clarify one problem, but raise another. Pre- 
viously, it had been difficult to imagine how one 
molecule (either RNA or protein) could recognize the 
threetriplets, UAG, UAA and UGA, without recognizing 
the related triplet UGG, which codes for the amino- 
acid tryptophane. With two proteins each doing part 
of the job, this now seems clearer. 

It is widely assumed that the codon used for chain 
termination in vivo is UAA, and that UAG and UGA 
are rarely, if ever, used. This belief stems from the 
observation that strains of E. coli can be made in which 
UAG is principally read as an amino-acid rather than 
as chain termination, and yet these strains appear 
quite healthy. If UAG were used frequently as a 
signal for chain termination, these strains would be 
expected to grow poorly. A similar argument holds 
for UGA. Strains in which UAA is largely read as an 
amino-acid have not, however, been isolated, and it is 
thus supposed that such a change would be lethal. 
UAA is therefore indispensable for chain termination. 
But why retain both UAG and UGA? Loss of either 
R1 or R2 by mutation should not, on these arguments, 
be harmful, since either factor would cause termination 
at UAA. Perhaps UAG and UGA are sometimes, 
though infrequently, used t^ sional chain termination. 


RIBOSOME FUNCTION 


Ribosome Dissociation 


from our Cell Biology Correspondent 


Tux current model of protein synthesis in bacteria 
postulates the binding of 30S ribosomal subunits with 
mRNA, F-met tRNA and initiation factors to form an 
initiation complex, followed by the binding of a 508 
subunit to form the 70S ribosome which is active in 
translation. This implies a cyclical association and 
dissociation of the two ribosomal subunits at the 
beginning and end of translation, and the question 
arises whether there may be factors which are specifically 
required for the dissociation of the 70S ribosome. 

In the latest issue of Proc. US Nat. Acad. Sci. 
(61, 761; 1968), Subramanian, Ron and Davis report 
experiments which indicate that in E. coli there is a 
specific dissociation factor which stoichiometrically 
causes the release of 30S subunits from the 705 ribo- 
some. The search for the factor was prompted by the 
observation that when protein synthesis is blocked in 
various ways—with actinomycin D, puromycin or by 
starving of a required amino-acid or a carbon source— 
708 ribosomes accumulate although the concentration 
of the two ribosomal subunits remains constant. By 
extracting native 30S subunits with 1-0 M NH,Cl, 
they isolated a protein which causes a rapid dissociation 
of 70S ribosomes. All the evidence suggests that this 
factor acts by a stoichiometric rather than a catalytic 
reaction and, because it works in the absence of 
metabolite, the dissociation is apparently independent 
of a source of energy. Its relation to the other initiation 
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factors has still to be established, but Subramanian 
et al. have found that Mg** ions antagonize the response 
of the 70S ribosome to the factor. This may imply 
that the factor, 70S ribosomes, ribosome subunits and 
Mg** ions are all in equilibrium, which suggests a model 
in which the factor causes the dissociation of free 708 
ribosomes and is then displaced at the formation of new 
708 ribosomes at initiation. 

In the same issue of Proc. US Nat. Acad. Sei. 
(page 651), Colombo, Vesco and Baglioni report that 
the presence of ribosomal subunits may be necessary 
for the initiation of protein synthesis in mammalian 
cells as in bacteria and, moreover, that the dissociation 
of the 80S ribosome may require energy. Their experi- 
ments were essentially to determine the changes in 
ribosome and subunit populations in reticulocytes and 
HeLa cells after blocking metabolism by the addition 
of NaF alone or with cyclohexamide, an inhibitor of 
protein synthesis. After treatment with NaF alone, the 
concentration of ribosome subunits decreases, indicating 
that free subunits are being used up at initiation and 
not reformed by the dissociation of free 808 ribosomes. 
There is also a drop in the numbers of polysomes. 
The NaF apparently blocks dissociation of ribosomes 
but not initiation of protein synthesis or dissociation 
of polysomes. On the other hand, treatment with 
cyclohexamide before treatment with NaF prevents the 
dissociation of polysomes and initiation of new chains, 
so the concentration of subunits remains more or less: 


constant. On removal of NaF, the reappearance of | 
subunits precedes restoration of normal protein ^ 
synthesis. These data support the notion that in 


eukaryotie cells there is a cyclical association and 
dissociation of ribosome subunits and that energy is 
probably required for the dissociation. 


HAEMOGLOBIN STRUCTURE 


Dimers or Tetramers Again 


from our Molecular Biology Correspondent 


THE mechanism of haem-haem interactions in haemo- 
globin, which give rise to the sigmoidal oxygen binding 
curve, has absorbed innumerable man-years of re- 
search: frequently during the past forty or so years the 
problem has seemed all but solved, only to surface 
again undiminished to fascinate and plague its devotees. 
Not long ago, the Benesches gave clear demonstration, 
strongly supported by the work of Guidotti, that 
interchange between dimer subunits occurs during 
oxygenation, and that the shape of the oxygen uptake 
curve can be described in terms of such a mechanism. 
This led to the hypothesis that the functional entity 
in haemoglobin is the symmetrical dimer. 

The generality of this notion has been challenged 
by some kinetic experiments reported by Gibson and 
Parkhurst (J. Biol. Chem., 248, 5521; 1968) on the 
reaction of haemoglobin with carbon monoxide. 
Exposure of earboxyhaemoglobin to a high-intensity 
light flash causes the carbon monoxide to dissociate, 
with formation of a spectroscopically distinct produet. 
This is "rapid" haemoglobin, presumed to be deoxy- 
haemoglobin which has not had time to revert to the 
characteristic conformation of this speeies at equili- 
brium. When deoxyhaemoglobin is then allowed to 
react with carbon monoxide, and the mixture is exposed 
to a flash at various reaction times (on a msec time- 
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scale) the amount of rapid haemoglobin produced 
varies with the extent of saturation with carbon 
monoxide. At low carbon monoxide saturation no 
rapid haemoglobin is formed. This is difficult to 
account for on any scheme governed by the reaction 
of dimers. Gibson and Parkhurst suggest instead that 
the ehange from the low to high reactivity conforma- 
tion oceurs after three ligands have combined with the 
haemoglobin tetramer—a scheme which can be fitted 
(with a sprinkling of adjustable parameters) to the 
observed data. 

In support of this, Gibson and Parkhurst refer to 
results of flash photolysis experiments on hybrids, in 
which the two a-chains bear nitric oxide ligands and 
the B-chains are in the deoxy-state. "The nitrie oxide 
is not subjeet to photolysis, and it is therefore possible 
to follow the carbon monoxide equilibrium of the £- 
chains alone. It is argued that if the functional unit 
is the dimer, only one carbon monoxide molecule is 
bound, and there must be only a single rate process. 
In practice it turns out that the rate of recombination 
with carbon monoxide after flash photolysis is again a 
function of the extent of dissociation. Because aggrega- 
tion-disaggregation of the protein is presumed to be 
slow on this time seale, it is deduced that tetramers 
rather than dimers must be the operational species. 
Just how these results relate to the dimer mechanism 
which has been demonstrated under different circum- 
stances is not clear. Carboxy and nitric oxide-haemo- 
globins, of course, are not oxyhaemoglobin, and one 
might well wish to reserve one's judgment on the bear- 
ing of these interesting results on oxygen binding under 
physiological conditions. 

Another interesting finding on the conformational 
behaviour of haemoglobin during oxygenation comes 
from the electron spin label experiments of McConnell, 
Ogawa and Horwitz (Nature, 220, 787; 1968). The 
label is attached to cys-93 of the B-chains, and the 
electron paramagnetic resonance spectrum responds 
to changes in the magnetic environment of the label. 
There is a large difference between the EPR spectra 
of deoxy and oxyhaemoglobins, and it has now been 
found that the spectra over a range of oxygen satura- 
tion do not show an isosbestic point. There are thus 
more than two components in the system, and it is 
inferred that states of intermediate oxygenation 
possess minor conformational differences in the region 
of the spin label, compared with pure oxy and deoxy- 
haemoglobins. It follows that the local conformation 
near 8-93 is to some extent influenced by the state of 
oxygenation of the a-chains. This was borne out by 
oxygenation of species in which either the a or the 
B-haem iron atoms were in the ferric and therefore 
non-functional state: oxygenation of the f-chains 
(a-haems ferric) led to the usual large change in the 
speetrum of the label, whereas oxygenation of the 
a-haems, with the B-haems ferric, led to a small, but 
also definite, ehange. "The proximity of the label to a 
critical a-B-chain contact is consistent with the 
observations of Perutz and his group of changes in 
this region on oxygenation. 

A further contribution by Enoki et al. (J. Mol. Biol., 
37, 345; 1968) on the isolation and properties of 
y-chains (the foetal counterpart of the B-chains) shows 
that this species, like the adult B-chains, forms tetra- 
mers, and reaffirms that such homotetramers show no 
haem-haem interactions, and no Bohr effect. 
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MEDICINE 


Daily Enzyme Variations 


from our Medical Biochemistry Correspondent 

Tue traditional “three times a day after meals" dosage 
schedule is more an aid to the patient’s memory than a 
rational system of drug therapy. Recent work with 
mice has shown that the response to some drugs includ- 
ing ouabain, pentobarbital, lidocaine and chlordiaz- 
epoxide may depend on the time of day the drug was 
given. 

Radzialowski and Bousquet (J. Pharmacol. Exp. 
Therapeut., 168, 229; 1968) have now shown that there 
are very large daily variations in the activities of 
enzymes metabolizing drugs in the livers of rats and 
mice. They measured the demethylation of the drugs 
aminopyrine and p-nitroanisole, the oxidation of 
hexobarbital and reduction of 4-dimethyl aminoazo- 
benzene (4-DAB) in the microsomes and 9,000 g super- 
natant from homogenates of rat and mouse liver. 
Normal rats showed a diurnal rhythm in all the enzyme 
activities with maximum activity at 0200 hours and a 
minimum at 1400 hours: the maxima and minima were 
exactly 12 hours different from the maximum and 
minimum values for plasma corticosterone in the rats. 
Removal of the adrenals reduced the enzyme activities 
for the first three drugs to below the minimum found in 
the normal animals and the activity remained constant 
during the day, but adrenalectomy did not affect the 
diurnal rhythm in the metabolism of 4-DAB. The daily 
rhythm could also be abolished by maintaining the 
plasma corticosterone levels, but the rhythm was not 
affected by fasting. The variation in enzyme activity 
is probably due to synthesis of new enzyme, for the 
increase in activity was found chiefly in the microsomal 
fraction which is synthesizing new protein. 

Because the maximum activity in normal rats was 
often almost double the minimum activity, the rate of 
metabolism of some drugs, and therefore their effec- 
tiveness, must differ considerably at different times of 
day. Does the same thing happen in man? Indirect 
evidence from studies of amino-acid variations suggests 
that it does. Earlier this year, Wurtman ef al. (New 
Engl. J. Med., 9/79, 171; 1968) showed that the plasma 
concentrations of tyrosine, tryptophane and phenyl. 
alanine in normal humans varied during the day with a 
minimum value at 0200 and maximum in the morning, 
with possibly a secondary peak in concentration in the 
evening. The samples showing the highest and lowest 
concentrations of tyrosine were analysed for 16 other 
amino-acids, and all the amino-acids showed some 
diurnal variation in plasma concentration. "The per- 
centage variation was very large for amino-acids whose 
concentration was low, and less spectacular for those 
normally present in large quantities. The diurnal 
rhythm was not affected by large differences in the 
quantity of protein ingested, though there was some 
evidence that more frequent ingestion of protein 
reduced the amplitude of the variation. The authors 
suggested that the variation was therefore due to 
differences in the rate of utilization of the amino-acids, 
similar to the well established variations in tyrosine and 
tryptophane-metabolizing enzymes, which are known 
to be affected by the adrenocortical hormones. Thus in 
man, enzyme synthesis probably shows a diurnal 
variation, and the effectiveness of a drug may depend 
on the time of administration. 
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People's Universities 


by 
JOHN VAIZEY 


This is a critical discussion of some of the points made by Eric 


Robinson in his recent book The New Polytechnics*. 


Brunel University, 
Middlesex 


Hicuer education in Britain is very diverse. It includes 
at least four principal sectors—universities, colleges of 
education, technical colleges and specialist colleges, and 
adult education in a variety of institutions. Each of 
these sectors is diverse within itself. The universities 
include mainly residential collegiate universities (Durham), 
mainly day urban universities (Glasgow, Manchester), 
federal institutions (London, Wales), as well as Oxford 
and Cambridge. The colleges of education, again, range 
from colleges integrated into the university (Bede at 
Durham, Goldsmith's in London) to those thirty miles 
away from the university to which they are affiliated 
through the School of Education; but all of them offer a 
university degree. The technical colleges range from 
polytechnics (like Lanchester at Coventry), offering a 
great deal of full time degree work, either for London 
external degrees or for the new Council for National 
Academie Awards degrees, to local further education 
centres. All colleges include substantial part-time 
work, and many include work for 15 to 18 year olds, and 
short-term and evening courses for adults at all levels, 
both vocational, “cultural”, and recreational. There 
are further education and adult education centres that 
concentrate entirely on this work. Nor must we forget 
the independent and permanent research establishments 
(such as the Atomic Energy Research Establishment at 
Harwell), and the industry and business sponsored col- 
leges aud eourses, which form an important part of the 
complex process of communieating and updating know- 
ledge. 

The administrative system for organizing and running 
these institutions is complex and inchoate. It includes 
the Department of Education and Science, the Depart- 
ment of Employment and Productivity, and (in varying 
degrees) many other departments responsible for sponsor- 
ing industrial work. There is the University Grants 
Committee, the Council for National Academic Awards, 
the research councils and the regional advisory councils. 
There are the churches, the local authorities and the 
industrial training boards. There is the National Health 
Service, educating many thousands of nurses. All have 
different fingers in different pies ; all pies have many 
different fingers in them. 

The Robbins Report, like the Labour Party’s Taylor 
Report, defined higher education as education available 
to those with two A-levels, in full-time post-18 institu- 
tions, adding to this a penumbra (chiefly the colleges of 
education) which was cursorily considered by Robbins. 
This “Robbins system” is deeply divided by history and 
administration into a university sector (forty-four univer- 
sities, plus associated institutions), under the UGC; the 
local authority sector (colleges of education, technical 
colleges) which also has links with universities and private 
bodies, like the churches; and a "free enterprise" sector— 
the defenee institutions, industry, commerce and corre- 
spondence colleges. But “higher education", on a wider 
definition, say, “quaternary education" (tertiary education 
is what Uneseo ealls it) includes, as suggested above, a 
much wider range of institutions and activities. Thus 
quaternary education equals Robbins plus a greal deal 
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more. Robinson (and this article) is concerned with 
quaternary education. 

The interactions of these different bits and pieces with 
each other determine the pattern of the whole; and the 
rapid growth of quaternary education (whi i , 
dominating fact) is the result of differing rates of growth 
of different bits and pieces. Recently, the technical 















Sir Edward Boyle, adumbrated by Mr Crosland, and now 
enthusiastically embraced by Secretary of State Edward 
Short and his officials. 

The series of questions that arise are: will (and should) 
the divisions at present prevailing continue? Is the 
administration now prevailing, and now evolving, satis- 
factory ? Is the educational content of the total package 
satisfactory ? Are publie control and the responsiveness 
of institutions to public need adequately defined ? Are 
people working in the set-up content? Are the financial 
support and evaluation of the system adequate ? To these 
questions the replies are a muted, hesitant or resounding 
no. Each diagnostician has a different remedy-—Robin- 
son's is based on a hostility to the university—but about 
the symptoms there is (viewed synoptically) little dispute. 

The first major difficulty is that the present divisions 
break up a spectrum, and lead to arbitrarmess, unfairness, 
waste, inefficiency and lack of effective control and 
responsibility. Robinson documents this for the technical 
colleges; it has been often documented for the colleges 
of education and for adult education; it is increasingly 
felt in the universities. 

The next major difficulty is that each bit of the total 
includes, as I have argued, a highly diverse range of 
institutions. Nothing is more irritating than to read 
Robinson's diatribe against "the university", and to 
realize that not only does he not know what he is talking 
about but that his assumption of uniformity within the 
university sector in fact may be brought about, despite 
the universities, by the very process of government control 
(and organization to cope with that eontrol) that is 
justifiable on other grounds and which is supposed to lead 
to greater satisfaction all round (especially satisfaetion of 
the community’s needs). For example, there is one salary 
scale for all staff, despite the diversity of jobs, skills 
labour market situations which they enjoy; tł TGC 
lays down increasingly detailed and uniform policies with 
regard to buildings and equipment; in consequence, the 
Committee of Vice-Chancellors is obliged to speak with 
one voice on all sorts of issues on which (in fact) university 
practice is exceedingly diverse, because the forty-four 
universities are-—justifiably—-responding to differing situa- 
tions in different ways. 

The catalogue of crisis could be made into an excep- 
tionally long one. Policies differ, irrationally, for such 
things as research, salaries, conditions of work, admissions, 
transfer, degree and diploma standards, residence, internal 
government and administration. relationship with external 
bodies, status—in fact for about everything; and in every 
area there is conflict and dissatisfaction. The official 
response to the problem is to divide—and then not to rule. 
The Government has decided that it is cheaper to back 
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polytechnics, hold back universities, separate colleges of 
education from the universities, and that this policy can 
be justified on the grounds that universities are ivory 
towers—expensive, idle, preoccupied with useless 
research, and producing unemployable graduates. "This 
is not paredy. Every remark has been made to me by 
responsible officials, and many are repeated by Robinson 
in this book—while the other sector is responsive to public 
needs, cheap and produces workers for the economy. 
This binary doctrine (which I have presented crudely 
but accurately) is palpably absurd; Sir Edward Boyle, 
now four years absent from his officials, has repudiated 
it; it will not endure; but in what direction should we 
move, and in what way ? 

First, it clearly makes sense to have an overview of the 
whole quaternary sector. To some extent DES has it, but 
even so other departments (Employment and Productivity, 
Technology) have responsibilities which overlap, and 
within DES different branches seem occasionally to act 
virtually independently of each other. But, more than 
this, poliey making and policy influencing bodies need 
to take overall views because, if they do not, then, cumula- 
tively, a series of wrong (and almost irreversible) policies 
will be adopted. 

The process of containing the universities means that 
many new developments will be stifled, and the universi- 
ties will be forced into an ivory tower posture. It is not 
tenable in the long run—first, because, obviously, except 
in countries like Albania, a poliey of containing universi- 
ties is so absurd that it would accelerate the brain drain, 
and, second, that families will not put up with an alloca- 
tion of students to second rank non-university institutions. 
For second rank institutions have never, in anyone's 
experience, had a drawing power equal to that of first 
rank institutions. The boundary will therefore shift 
(either gradually or in jerks) to include the polytechnics 
(some of them) and the colleges of education in the univer- 
sity sector; and the Government will be forced, arbi- 
trarily, to intervene more and more in the university sector. 
(The relationship of universities to government, and the 
UGC to DES, is utterly unlike what the conventional 
wisdom of 1963 held it would eternally be.) 

What can be done? First, there is a good argument for 
recognizing the quaternary sector as a sector. There are 
fringe diffieulties—exceptionally part time evening insti- 
tute recreational courses, and the 15-18 work in technical 
colleges. A bold, if arbitrary, decision would be that all 
predominantly post-18 work for any qualification, however 
simple or advanced, which had public support, fell within 
the quaternary sector. This would include all part time 
work for that age group. 

The next problem is the relation of local authorities to 
this work. The Maud Report on local government may be 
& failure, like the Donovan Report on trade unions, or 
the Newsom Report on public schools, by seeking to be 
all things to all powerful interests. Robinson’s strictures 
on local authorities are well justified. But there is a strong 
apguinent for local participation in and local finance of 
a good deal of quaternary education. Why not have 
Quaternary Education Boards, corresponding roughly to 
counties, or to groups of counties, that could finance any 
work they thought worth while, anywhere in quaternary 
education, and precept the local authorities for it ? 
How should central government relate itself to quaternary 
education ? Direct intervention seems inefficient—central 
government should concentrate on strategy, not tactics, 
wherever it is possible for it to do so. Is it not possible to 
maintain and extend the research councils’ procedur.s for 
supporting research in quaternary education? These 
procedures seem to be flexible and effective. And should 
not a range of grant giving bodies, like the UGC, be estab- 
lished to give grants to universities and to quaternary 
education boards, for different purposes? We might call 
it a Higher Education Board. This would ensure a diver- 
sity of sources for finance for all institutions, and especially 
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the universities. Another central funetion would be a 
substitute for CNAA, and the other academic assessing 
bodies (such as inspectors, regional advisory councils 
and so on) which vetted the standards of courses, degrees 
and diplomas, to establish equivalence, and to insist that 
unreasonable requirements are not placed on schools, 
colleges and universities by individual courses and (especi- 
ally) by professional examining bodies (like the account- 
ants, or the lawyers, or the engineers). Could not a 
Manpower Committee advise authoritatively on job 
opportunities and skill requirements for the economy, 
and seek its judgment with finance ? 

Within this framework, the relationship between indi- 
vidual institutions could be sorted out. The colleges of 
education could—some or all of them—join the universi- 
ties. So might some of the technical colleges and poly- 
technies. It would be absurd, for example, to postpone 
indefinitely the merger of Warwick University, Coventry 
College of Education and Lanchester College of Tech- 
nology, provided that the merger did not involve, on 
prestige grounds, the throwing out of all non-honours 
degree work and part time students. (There might be 
—though there are probably not— grounds for such a 
policy on grounds of the efficient use of resources, and 
concentrating Coventry's non-degree work in a separate 
series of institutions.) But, I would suggest, a bold 
policy is needed te overcome the problems of the rest of 
quaternary education. These problems are problems of 
administration (despite recent efforts by DES some 
local officials still treat the teachers and principals in 
technical colleges like dirt), prestige, sense of direction 
and relations to universities. For some of their courses, 
CNAA has given a kind of extra-mural degree, often 
admirably constituted; but, as Robinson points out, the 
necessary financial and administrative backing for success- 
ful degree work often does not exist, and the CNAA work 
is increasingly split off from the rest of the college. Has 
the time not arrived to call all the higher education bodies 
in a county (or group of counties, or part of a big county) 
a university ? To make clear that I do not mean by this 
the existing universities, I will call them quniversities. 

l see no reason why, within the revised framework I 
have outlined above, the quniversities should not organize 
their own finance, administration, degree and diploma 
awarding, and so on. Of course, the Higher Education 
Board, exercising its grant giving powers, would have to 
ensure that all necessary developments found a home 
somewhere in the local quniversities and universities, 
but so would the research councils, the Manpower Com- 
mittee, and other departments, like the National Health 
Serviee. In some areas, a quniversity might merge with a 
university. Elsewhere (London, for example), several 
quniversities might overlap with the existing universities. 

I realize that this is a radical proposal. It is, I believe, 
implicit in Robinson's suggestions, though it may not be. 
But it is an attempt to face up constructively to what has 
become a more and more difficult series of situations. 

Implicit in this reformulation of policies and structures 
in quaternary edueation is, of course, a recognition of the 
diversity of institutions that exist or may come to exist. 
One of the major questions that immediately arises is the 
assimilation of all teachers and researchers in quaternary 
education to a common salary scale. This would imply 
that the scale should be longer (at both ends) and that 
there should be more grades; otherwise a situation that 
many people (including all DES administrators) would 
consider unacceptable would arise, namely, that all 
quaternary teaehers would be assimilated to (present) 
university scales. 

Above all, there is the need to ensure diversity by 
having several sources of finance, and of administrative 
responsibility. The way in which universities and quniver- 
sities might respond to these diverse pressures would (one 
hopes) be more creative and exciting than a pattern laid 
down in the Department of Education and Science. 
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The Demokritos Nuclear Research Centre, Greece 


by 
PAUL N. DIMOTAKIS 


Greek Atomic Energy Commission 


GREECE entered the atomic era in the late nineteen fifties, 
when President Eisenhower's decision to encourage the 
growth of nuclear science in smaller countries by donating 
small research reactors was implemented. A nuclear 
reactor, even if it is too small to produce power, necessarily 
initiates research projects by creating an “atomie centre", 
and in 1956 Greece decided to establish such a centre, to 
house the swimming-pool type of reactor then expected to 
arrive in Athens in the next year or so. At that time the 
only Greek scientists who had any connexion with nuclear 
science were a few doctors in the Alexandra Hospital, 
Athens, who used radioisotopes imported from Amersham. 


First Steps 

The Greek Atomic Energy Commission first approached 
its problems by sending about ten scientists to be trained 
in the United States under various nuclear projects at 
Argonne and Oak Ridge National Laboratories. At the 
same time a contract was signed with American Machine 
and Foundry for the construction of a 1 MW open-type 
water-moderated research reactor--the type then com- 
monly in use. The selection of the site for the atomic 
centre in Athens was difficult: it had to be outside the 
city but not difficult of access, and the place finally 
chosen was about 8 miles north-east of the centre of 
Athens, beside Mount Hymetos near the suburb of Aghia 
Paraskevi. The inevitable alarm of the local people 
subsided as the years passed and they realized there was 
no danger. 

The centre was named after the great philosopher 
Demokritos. The plans for the new Demokritos Centre 
included the reactor building and the physics, chemistry 
and biology laboratories essential to an atomic centre. 
The construction of the reactor building by Greek 
engineers started in 1959, and was completed by the end 
of July 1961, when the trained scientists of the Greek 
AEC started tests with the reactor which went critical 
after an inaugural ceremony. 

To supply the immediate need for laboratory space, a 
small building was constructed for chemistry, physics and 
electronics, while biological research started later in a 
small barracks, and the technical staff of the reactor was 
trained in temporary buildings. 

The Greek AEC drew up a sizable programme for 
training scientific personnel abroad. To date, two hundred 
young Greek scientists have been sent to various countries 
to carry out basic and more advanced studies in universities, 
nuclear centres and other research institutes. In this 
programme Greece has been greatly assisted by the United 
States, Britain, France and Germany, the training pro- 
grammes having been organized and financed by the US 
International Cooperation Administration, the Inter- 
national Atomic Energy Agency, the British Council, the 
Commissariat à l Énergie Atomique (France), CERN, and 
others. 


Fields of Research 


The cost of the buildings, instruments, salaries and 
Greece’s contribution to CERN has amounted to some 
500 million drachmas. The result, as the activities of the 
Demokritos Centre clearly demonstrate, is the establish- 
ment of Greece as a confirmed participant in the develop- 
ment of nuclear science. The fields covered by the groups 
at work include theoretical physics, solid state physics, 
nuclear physics, high energy physics, nuclear chemistry, 


The establishment of an atomic research centre in Greece has 
contributed to the growth of scientific research. 


activation analysis, hot-atom chemistry in solids and 
liquids, radiation chemistry, physical chemistry, and the 
application of radioisotopes. The faculty of biology is 
making contributions to the fields of protein chemistry, 
enzymology, photosynthesis, lipids, physiology and gen- 
eties of fungi, marine biology and the control of Daeue 
oleae fly; soil science and plant nutrition groups are in- 
vestigating problems of genetic classification, fertility and 
nutrition. The geology group deals mainly with uranium 
prospecting and exploring in Greece, in collaboration with 
the Technical University of Athens, with the objeet of 
producing “yellow cake” from uranium ores. In electronics 
and cybernetics, investigations are in progress in nuclear 
instrumentation, on-line applications of computer systems 
and pattern generation and recognition. The Health 
Physics Department has sections for dosimetry, radio- 
logical survey, environmental monitoring and waste 
disposal. Technological research is also under way in 
reactor technology, including work on heat transfer, 
reactor characteristics, delayed neutron research and 
reactor dosimetry. Finally, there is the production of 
radioisotopes, especially the short-lived variety needed 
in Greek hospitals. 


Facilities 

The centre has now expanded considerably into s 
roughly circular complex of buildings at the foot of Mount. 
Hymetos. The 150 scientists who work there, most of 
whom hold a PhD, are aided by more than 200 laboratory 
technicians. The administrative staff bring the totel 
number of workers up to 550. The units in which they 
work now include: the reactor; laboratories attached 
to the reactor; waste disposal; health physies; physies; 
library; aecelerator; temporary building for chemistry; 
biology and biological applications; and administration. 
The permanent chemistry and biology building, a very 
large building designed to house the research laboratories 
of the two departments, is almost finished. 

The centre is almost self-sufficient, with facilities for 
glass-blowing and other workshops as well as general 
stores. There are technical services for construction and 
maintenance, and the centre also includes an IBM come 
puter used in experimental and theoretical research. 
Gamma irradiation is carried out using various sources 
of cobalt, and there is a liquid nitrogen production mach- 
ine. The 0-4 MeV Van de Graaff accelerator is used chiefly 
in the field of low energy nuclear physics. The laboratories 
attached to the reactor include radiochemical laboratories 
with hot cells and a rabbit system for handling radio- 
active material in the reactor. 

The reactor itself contains a thermal column facility, 
two neutron spectrometers, a time-of-flight installation, 
an irradiation facility for delayed neutron research, a dry 
irradiation chamber for gamma irradiation with spent 
fuel elements and a liquid nitrogen loop for low tempera- 
ture irradiations. 

The centre, of course, also deals with the practical 
application of research, which has been of great help to 
Greek industry. Gamma radiography has proved a valu- 
able asset, and tracing with radioisotopes has solved many 
hydrological problems, such as water leakage from natural 
reservoirs, groundwater characteristics, sink holes còn- 
nected with springs and so forth. 

Education is, naturally enough, a major concern. The 
School of Radioisotope Techniques has been in operation 
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since 1956, and to date 300 scientists, including chemists, 
physicists, physicians, engineers, agronomists and bio- 
logists, have attended lectures and training courses on 
radioisotopes. The Centre of Advanced Studies in Physics 
and the Philosophy of Science, established with the 
cooperation of the Royal National Institute and the 
Greek AEC, was set up in the centre in 1961. Young 
scientists are awarded internal fellowships which combine 
both training and laboratory work in the physics faculty, 
and a school has been set up to train health physicists for 
hospital work. The library contains 5,700 volumes and 
35,000 reports, and regularly receives issues of current 
journals, of which there is a large supply of back numbers. 
Demokritos collaborates with many universities in a 
variety of subjects and provides research facilities and 
irradiation sources, including the use of the reactor. 


Future Plans 


Future expansion will include inereasing the power of 
the reactor up to 5 MW and installing a linear accelerator 
of 4-8 MeV. The installation of this accelerator will 
enable physicists to expand research into the solid state, 
especially in radiation damage, to study nuclear reactions 


Cosmic X-rays 


by 
H. FRIEDMAN 


E. O. Hulburt Center for Space Research, 
US Naval Research Laboratory, 
Washington, DC 


Tue existence of cosmie X-ray sources ranks with the 
Van Allen radiation belts among the most surprising 
scientific discoveries of space research. Although searches 
so far have been restricted to a few small rockets and 
balloons, some 40 discrete X-ray sources have already 
been resolved against a diffuse, nearly isotropie back- 
ground radiation*?. The strongest source is about 2.000 
times as bright as the weakest detectable with present 
rocket instruments. Nearly all of the discrete sources 
lie close to the galactic plane and most likely are members 
of the spiral arms of the Milky Way. Variability is a 
common feature. The X-ray powers (1 to 10 keV) are 
typically about 10?9 erg s-!, a thousand times the total 
luminosity of the Sun, and Sco X R-1, one of the optically 
identified sources, is a thousand times as bright in X-rays 
as in visible light. One X-ray source at high galactie 
latitude is identifiable with a distant radio galaxy, Virgo 
A, and its X-ray luminosity is 70 times its radio power. 
The diffuse background radiation seems to be resolvable 
into at least two components: one may be associated 
with the interaction of cosmic rays and the microwave 
photons of the cosmological 3° K background; the other 
with bremsstrahlung from hot, intergalactic gas. If this 
interpretation is correct, most of the matter in the uni- 
verse is observable only by means of such X-ray emission. 
A few of the discrete sources have been identified with 
optical objects and will be discussed here in some detail. 
Attempts to establish broader correlations with Wolf- 
Rayet stars, old novae, planetary nebulae and OB star 
associations amount to little more than speculation, and 
substantive progress can only come from more accurate 
position measurements of X-ray sources. 
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with threshold energies of 4-8 MeV and their nuclear 
cross-sections, to examine short life-times, fission, strip- 
ping and pick-up reactions. Biologists will be able to use 
the accelerator in basic and applied research, for example, 
to study the genetie effects of radiation. The completion 
of the chemistry and biology building will provide space 
for more modern laboratories, where the biologists will 
have the opportunity to enter the new world of molecular 
biology. Research in radiation chemistry, especially pulsed 
radiolysis, will be expanded, as will the study of inter- 
mediate short-lived products and nuclear chemistry in 
the domain of short-lived radioisotopes, transuranic 
elements and hot-atom chemistry. 

The first atomic research establishment in Greece has 
greatly contributed to many aspects of scientific and 
academic life. The scientists working there, some of whom 
have posts in universities, are now in a position to con- 
tribute to international research literature, and have in 
fact done so. The precise role of Demokritos in relation 
to the national economy of Greece will naturally depend 
on the problems presented by industries and national 
organizations. The centre has matured sufficiently to be 
able to help Greeee: it remains only to be seen how. 


Searches for cosmic X-ray sources have led to a development of a 
new branch of astronomy. Dr Friedman talked about this subject 
at a meeting on cosmic X-ray astronomy held at the Royal Society 
on November 27. 


Discrete Sources 

Tau XR-1 in the Crab Nebula and Sco XR-1, which 
has been identified with a 13th magnitude blue starlike 
object, are the two X-ray sources that have been most 
intensively studied. Tau NX R-1 is nebulous (about 2 
light yr in diameter), has an extended spectrum which 
matches a power law to 500 keV, is perhaps the most 
luminous galactic X-ray source (Ly-sop key ~ 1077 
erg s~), and is also a very powerful radio source. Sco 
XR-1 is starlike (<0-5 are s), seems to follow a brems- 
strahlung spectrum, may be an order of magnitude less 
luminous (L;-;eg key ^ 5x 10° erg s~, if its distance 
x270 pe) and is just barely detectable at radio wave- 
lengths. Yet the body of observational evidence is stil 
so incomplete and often marginal that serious arguments 
ean be made for thermal X-ray processes in the Crab 
and synchrotron emission in Seco X E-1. 


Tau XR-1 


The Crab Nebula surrounds the centre of a supernova 
explosion seen by oriental observers in 1054 ap. Now, 
the gaseous debris seems to fill an ellipsoidal volume 
about six light years across its major axis and the envelope 
is still expanding at about 1,000 km s-'. The nebula 
consists of an amorphous core of white light enmeshed 
in tangled filaments of red glowing hydrogen. Because 
the white light continuum is strongly polarized, it was 
recognized that the radiation is magnetic bremsstrahlung 
(synehrotron) Powerful radio emission originates in a 
volume somewhat larger than the white light nebula 
and is also strongly polarized. Furthermore, the spectrum 
matches a power law of index 0-3 from radio through 
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visible wavelengths. It is therefore tempting to interpret 
the X-ray emission also as synchrotron; the index in- 
creases to near unity in the X-ray spectrum. 

The magnetic field in the Crab is not known by 
direct measurement, but is inferred from theoretical 
arguments to have values between 10-3 and 10-* gauss. 
The electrons responsible for the synchrotron emission 
must therefore have energies of the order of tens of 
MeV to produce radio frequencies, 10! to 10% eV for 
optical frequencies, and about 101 eV for X-ray fre- 
quencies. The electron lifetime against synchrotron 
emission varies inversely as the square root of the fre- 
quency and the 3/2 power of the magnetic field, so 
eleetrons of different energies have different lifetimes. 
Lifetimes of electrons emitting radio waves are measured 
in thousands of years and thus exceed the age of the 
nebula. At optieal frequencies, however, the lifetimes 
are of the order of hundreds of years, and in the X-ray 
spectrum the lifetimes become exceedingly short—less 
than a year. Continuous injection and acceleration to 
relativistic energies must therefore take place on a 
time scale of less than a year to account for continuing 
X-ray emission. Furthermore, as the diameter of the 
X-ray source is approximately two light years, it is 
difficult to attribute the injection of new electrons to a 
central point source. 

Optical observations over the past half century have 
shown changes in fine details of the amorphous mass of 
the Crab. Wisps of brightness "ripple" from the centre 
of the nebula every few months and expand at 20 to 25 
times the overall expansion velocity of the nebula. From 
the dimensions of a wisp, its energy content is estimated 
as 10*! to 10% erg. The wisps thus imply a central 
energy source capable of releasing 1059 erg in 10* yr 
compared with the X-ray emission of 10” erg in 10? yr. 

In response to the dilemmas of lifetime and size, 
arguments have been offered for the existence of many 
hot regions, with a range of temperatures, that produce 
X-ray bremsstrahlung. No clear theory has been ad- 
vanced for the development of such a multiplicity of 
hot regions. If even the highest X-ray energies (~ 500 
keV) are to be explained by a thermal process, the tem- 
perature would need to exceed 5 x 10* °K. 

Arguments for thermal mechanisms have been advanced 
by Hayakawa, Matsuoka and Sugimoto*. A generalized 
model, applicable to all X-ray sources, has been proposed 
by Morrison and Sartori*. In the aftermath of a supernova 
explosion, they postulate that the energy is largely 
Stored in mass gas motions, magnetie fields and shock 
waves. As a by-product of energy exchange processes, 
eleetrons are accelerated to relativistie energies; even- 
tually all the energy is transformed to kinetic energy of 
hot plasma. 'The heating phase in the Crab may have 
lasted ten years and has been followed by a nearly free 
expansion of the nebula. Over the course of about a 
thousand years of expansion, the temperature may have 
remained nearly constant or even risen. 

Definitive observations are needed to provide evidence 
of thermal or non-thermal processes. Detection of X-ray 
polarization would point strongly to the synchrotron 
process; detection of X-ray emission lines would reveal 
& thermal mechanism. Both types of measurement are 
just marginally possible with Aerobeeclass rockets; both 
could be easily accomplished with an orbiting observatory. 


Sco XR-1 


When first discovered, Sco X E-1 presented the puzzling 
contrast of being seven times as bright (1-10 À) as Tau 
XR-1 but having no obvious visible or radio counterparts. 
It was therefore tempting to speculate on the possibility 
of its being a neutron star, radiating as a black body at a 
temperature of some tens of millions of degrees K. But 
physicists quickly pointed out that the escape of neutrinos 
provided very rapid cooling. Within the uncertainties of 
our knowledge of the cross-sections of various neutrino 
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processes, cooling below 107 ^K takes ess than a year 
and after a millennium the temperature must be lower 
than 3 x 108 °K. 

Many observations have been made of Sco XH-1 
during the past few years and all seem to fit best with 
thermal bremsstrahlung spectra at temperatures in the 
range (4-9) x 10' °K. Furthermore, there is strong 
evidence that it is associated with a blue starlike object? 
of magnitude 12-5. Extrapolation of the bremsstrahlung 
X-ray spectrum to the visible predicted a 13th magnitude 
object. Variability is indicated in both temperature and 
X-ray flux and one balloon observatior detected what 
may be described as a flare—-a four-fold increase in flux 
within a matter of minutes. Perhaps the most remarkable 
feature of the X-ray star is that more than 99 per 
cent of its total luminosity is concentrated in the X-ray 
range. The challenge to theorists is to explain how some 
primary energy source is transformed sc efficiently into 
high energy particles that produce synebrotron radiation 
or into superheated, optically thin plasma.at temperatures 
in the tens to hundreds of millions of degrees. Our only 
previously known source of stellar X-rays, the Sun, 
produces hot coronal plasma by eompara:ively inefficient 
energy transfer processes involving acoustic waves 
emerging from the photosphere. To produce an X-ray 
luminosity of 1035 erg s- requires that 1,000 times the 
total thermal flux of a star like the Sur be channelled 
exclusively into the narrow X.ray band (1-100 keV). 

Identification of the optical counterpart of Seo X1 
has been followed by intensive optical studies. ‘The 
optical object has some of the variability characteristics 
of an old nova, but its spectrum shows significant. dif- 
ferences. Briefly summarized, its main optical variations. 
are as follows: V and B magnitudes vary in the range 
12-2-13-2, on the average as rapidly as 0-3 magnitude 
h-; the brightness variations are accompanied by a 
variation in colour; near maximum brigh:ness, it flickers 
-the intensity and duration of the flickers are roughly 
constant and the flickers often appear ir triplets about 
10 min apart. Harvard Observatory plates provide a 
70 year record which shows no secular change in average 
brightness level. 

The simplest interpretation of the X-ray evidence is 
that Sco XH-1l is a nearly homogeneous plasma at a 
temperature of about 5 x 107°K. The possible diameter 
of this fireball ranges from 10!5 cm (the optical souree is 
less than this size) to 10! em. The corresponding particle 
densities would be 10° and 10% em and the thermal 
energy contents 10%’ and 10** ergs, respectively. Radiative 
cooling times are about 10 yr for the larzer model and 
about 10-7 yr for the more compact model. Clearly, a 
continuous supply of energy is needed te maintain the 
X-ray luminosity. 

Because of the nova-like optical variations and because 
ex-novae are generally elose binary systems, there has 
been much discussion concerning binarr models that 
could account for the observed X-ray emission. ‘The 
optical features suggest that it may be pessible to trace 
the origin of the time variations to orbizal motions of 
a bright source and a flickering source with various 
possible eclipsing configurations. There is, as yet, no 
clearly demonstrated periodicity in either the light 
curve or the X-ray emission, but the orbi-al plane eould 
be perpendicular to the line of sight or the period could 
be very short. 

One eomponent of a nova-like binary is typically 
highly evolved, possibly a white dwarf: the other is 
usually a red giant. In such a system, Streams to 
the compact star forming a ring or disk i the plane of 
the orbit. Shklovsky* has proposed a binary model in 
which one component is a neutron star. The gravitational 
field is so great at the surface of the star that the energy 
gained by infall far exceeds the energy that would be 
released by thermonuclear conversion of the same material, 
Thus a comparatively modest rate of aceretion of gas 
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on the surface of the neutron star could produce a 5 x 
107 °K photosphere capable of continuously sustaining the 
observed X.ray flux. Shklovsky proposed further that 
where the X-ray flux of about 10!* erg cm~ s-! reaches 
the surface of the red companion star, its temperature 
could be increased to 30,000 °K or more, and its colour 
ehanged to blue. Fluctuations in X-ray brightness 
would be accompanied by colour changes, which are in 
fact observed. In this model, the visible object is not 
the X.ray source, but the companion star and the visible 
extension of the bremsstrahlung spectrum is presumably 
strongly reduced by the opacity of cooler gas outside 
the fireball. The optical emission line spectrum implies 
that, whatever the nature of the fireball, it must be 
surrounded by a cooler sheath of gas at about 10*-10° °K 
and a density of 5 x 107 cm~, or greater. 

Cameron and Mock’ have given further consideration 
to mass accretion models and find that accretion onto a 
white dwarf (10 g s-!, or 1 solar mass in 105 yr) fits 
the observed parameters of Sco X R-1 better than Shklov- 
sky's neutron star model. Hayakawa and Sugimoto in 
some unpublished work invoke aceretion as a way of 
raising the surface temperature to the point of nuclear 
burning, which supplies the energy of the hot plasma. 
The hydrogen burning would be sporadic and might 
account for the optical flicker. Their picture is some- 
what analogous to conditions associated with planetary 
nebulae, where variations of visible luminosity are 
attributed to pulsations of the stellar nucleus. 

lt is interesting to note the part played by neutron 
stars, or very compact white dwarfs, in most current 
hypotheses about the nature of radio pulsars. There is 
no evidence yet of X-ray emission from the known 
pulsars, and searches for radio pulsations from X-ray 
sources have thus far yielded only negative results. The 
searches have been only preliminary, however, and can be 
repeated with much greater refinement. Much more 
precise X-ray positions are needed and X-ray periodicities 
must be searched in the frequency range from a few milli- 
seconds to one or two seconds. 

Fritz et al.* have observed Sco X E-1 from 10 keV to 
0-25 keV with as much spectral resolution as can be 
gained by pulse height analysis. No evidence of an 
excess of iron line emission (> 3 per cent) was detected 
in the neighbourhood of 6 keV, as might be expected 
from the remnant of a supernova which had evolved to 
an iron core before explosion. The X.ray spectrum may 
be said to resemble that predicted for normal cosmic 
abundance of the elements, although the observations are 
not highly definitive. 

If the flux observed at 0-25 keV is to be fitted to the 
5 x 107 °K bremsstrahlung spectrum, it is necessary to 
assume an optical thickness of 0-5. Assuming that the 
opacity is produced by interstellar gas at a density of 
1 atom cm~, the distance to the source would need to be 
only 25 pe. But if, as the Ca* K line absorption suggests, 
the distance is at least 270 pe, then the interstellar 
hydrogen content must be closer to 0-1 cem. This low 
value is consistent with recent rocket observations of 
the profile of the Lyman-« absorption line in the spectra 
of early-type stars and is an order of magnitude less 
than the density derived from the 21 cm radio line 
observations. Certainly, the resolution of these differences 
is of profound importance, and it seems that observations 
of the X-ray spectrum can yield much information 
about interstellar gas. 

Chodil et al., in a 1968 preprint (UCRL-71012), have 
concluded from extrapolation to the optical region of 
their 2~20 keV spectral measurements that the predicted 
flux is from four to ten times higher than observed. 
They attribute the discrepancy to optical opacity in the 
source. At the long wavelengths of the radio spectrum, 
Andrew and Purton® have detected a very faint signal of 
about 2 x 10-? flux units (1 flux unit — 10-?* W m- Hz-!), 
which lies almost two orders of magnitude below the 
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thermal flux predicted by extrapolation from the X-ray 
range. They suggest a fit of the entire spectrum of 
Seo XR-1 to synehrotron radiation, following an earlier 
proposal by Manley in which the corresponding electron 
energy spectrum has a high energy cut-off corresponding 
to an emission frequency of 10!5 Hz. 


Cyg XR=2 

The position of Cyg X E-2 has been defined to within 
+7 are min in right ascension and declination. Although 
the error box is much greater than for Sco XR-1, and 
although it includes a great number of stars, again there 
has been found a most likely candidate star, a spectro- 
scopie binary. Furthermore, it is à very short period 
binary (5to 7 h) and one of the components seems to bea 
normal G-type star the distance of which is about 600 pc. 
Unlike Sco XR-i, however, the optical radiation of the 
Sun-like star is mueh brighter than the extrapolated 
bremsstrahlung of the 4 x 107 °K X-ray spectrum. Some 
doubt is therefore still associated with the identification. 
Peimbert e£ al.}° propose that the spectral continuum can 
be explained by the summation of the expeeted optical 
bremsstrahlung from the compact star and the con- 
tinuum of its G-type binary companion. Assuming the 
eorrectness of the identification, Prendergast and Bur- 
bidge have devised a binary star model to explain it. 
They suggest that there is nothing in the optical observa- 
tions of both Sco X E-1 and Cyg X K-2 that has not been 
reported in other complicated binary systems. The rarity 
is X-ray emission, which may require that the components 
be especially elose and that one of the stars be relatively 
small and. dense 


Centaurus XR-2 

Centaurus Xf#~2 has shown a most remarkable varia- 
bility. Some time between October 1965, when it was not 
deteetable, and April 1967 it became the brightest X-ray 
source so far observed in the 1-10 keV range. It then 
diminished rapidly in strength and disappeared in Sep- 
tember 1967, six months after having reached its peak. 
It has been noted™ that this behaviour parallels a typical 
nova outburst in visible light and that extrapolation of a 
bremsstrahlung spectrum would have made it appear as 
bright as a +10 to +5 magnitude object at maximum. 
From such considerations, a distance of 5 to 14 kpe is 
inferred together with a maximum X-ray luminosity, 
possibly as high as 10% erg sl, one thousand times the 
power of Sco X E-1. 

An optical identification with the variable star WX CEN 
has been suggested!*. The star has a very blue colour, 
similar to Sco XR-1, and varies from night to night by 
AVs0-4 magnitude, but scattered optical observations 
in May 1967 and March 1968 do not support the idea of 
a nova eruption in March or April 1967. Optical records 
of this star go back 60 years, but contain no evidence of 
violent outbursts. In many details the spectrum closely 
resembles that of Sco XR-1 and suggests a comparable 
distance, of the order of 600 pe, and luminosity about 
10?5 erg s~. 


X-ray Galaxies 


Searches of the sky in regions that contain three of the 
most powerful radio galaxies have yielded only one con- 
vineing identification with X-ray emission—Virgo A 
(M. 87) (refs. 14 and 15). Its X-ray power is seventy times 
its radio power, even though it ranks second among radio 
galaxies. No X-ray emission has been detected from 
Cygnus A (ref. 16) to an upper limit of 10 per cent of 
Virgo A, even though Cygnus A is ten times as bright in 
radio emission. There is marginal evidence of X-rays 
from Centaurus 4, which is comparable in radio flux with 
Virgo A (unpublished results of E. T. Byram, T. A. Chubb 
and H. Friedman). From such meagre data, one can 
only speculate about the relationship of radio flux and 
X-ray flux. All three galaxies mentioned bear evidence 
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of galactic explosions, The radio emitting plasma clouds 
ejected most recently are separated from the galactic 
centres by about 3,000 light yr in Virgo A, 10,000 light yr 
in Centaurus A, and 100,000 light yr in Cygnus A. Per- 
haps the X-ray emission is associated primarily with the 
early phase of a galactic explosion, whereas the radio 
emission is a long, persistent remnant. 


Diffuse X-ray Background 

An unresolved diffuse background of X-rays, which 
appears to be isotropic and steady, has been observed 
over the spectral range from 1 keV to 1 MeV. lt was 
immediately recognized that the observations set an 
upper limit to the temperature of intergalactic gas. If 
the gas is dense enough (10-5 protons em-?) to provide 
a closed universe, the X-ray flux must be much lower 
than predicted by the hot universe (10° ^K) steady state 
model of Gold and Hoyle. Two theories have been offered 
to explain the background at energies above 1 keV. 
Gould and Burbidge’ attributed the background to the 
integrated flux of diserete extragalaetic sources. If we 
estimate the X-ray luminosity of our own galaxy and 
assume that all galaxies are similar on the average, the 
summation of contributions from all space is lower by 
one or two orders of magnitude than the observed back- 
ground. A cosmological model in which it is assumed 
that galaxies evolve through a period of very much 
stronger X-ray emission early in the life of the universe 
would permit a larger contribution from distant sources 
and thus a eloser fit to the observations. 

Felten and Morrison! proposed that the background is 
generated by inverse Compton scattering of starlight 
photons by cosmic ray electrons. It was clear, however, 
that our galaxy would not provide sufficient flux and so 
it was required that the process involve metagalactic 
electrons and photons. With the discovery of the 3 °K 
background radiation in the microwave spectrum, it was 
recognized that the number of microwave photons avail- 
able for scattering was a thousand-fold greater than the 
number of starlight photons. The background could now 
be explained by an intergalactic cosmic ray electron 
density acting on the intergalactic microwave photons, 
provided the energy density of cosmic rays was every- 
where comparable with the density observed in the galaxy. 
The electrons might be ejected into intergalactic space by 
radio galaxies or they could be produced as secondaries, 
resulting from collisions between cosmic ray protons and 
intergalactic gas. The origin of the background flux 
(1 keV to 1 MeV) is thus linked to two fundamental 
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questions: How large is the cosmic ray flux in inter- 
galactic space, and how dense is the intergalactic gas ? 

Recent extensions of the measurements of background 
speetrum to lower energies (0-25 keV) imply a soft com- 
ponent due to bremsstrahlung from intergalaetie gas. 
According to Henry et al., the required density is about 
10-5 em, just sufficient to close the universe, and the 
temperature is 300,000 °K to 105 °K. If this interpretation 
is correct, X-ray astronomy has provided the first evide 
for the existenee of nearly one hundred times as mueh 
mass in the form of intergalaetie gas as in the galaxies 
themselves. 





Future of X-ray Astronomy 

X-ray astronomy is a late entry into the programing 
of astronomical observations from space platforms. So 
far, all observational efforts add up to little more than an 
hour or two of rocket flight time and a comparatively 
small number of balloon flights. 1n the future we may 
hope for opportunities to instrument satellites, and plans 
have been drafted for X.ray detectors with sensitive 
areas as great as 100 square feet, and for X-ray reflecting 
telescopes with apertures as large as a metre in diameter. 
If opportunities are granted to fly such instruments on 
satellites, we may expect to reap some of the richest 
rewards of space research. 
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Tex years ago Gordon? proposed a method of studying 
the ionosphere from the ground using a powerful radar to 
detect the incoherent scattering of radio waves by free 
electrons, Subsequent experimental and theoretical 


A new high power radar at Malvern is being used to investigate 
the ionosphere by the incoherent scatter technique. 


work has demonstrated that the technique is even more 
valuable than was at first envisaged. The method can 
provide data over a great range of heights not only on the 
concentration and temperature of the electrons but also 
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on the constitution and temperature of the positive ions. 
The observations complement satellite data which provide 
wider geographical coverage but only transient informa- 
tion for any one location. Moreover, the required 
radar installation, based on modern developments 
in radar technology, costs far less than a- scientific 
satellite. At the Royal Radar Establishment an investi- 
gation of incoherent scatter was carried out in 1962 
(ref. 2) using the 25 m diameter radio telescopes at Defford. 
This article describes a new incoherent scatter radar 
equipment using a 43 m diameter aerial and a very high 
power transmitter recently installed at Malvern. Electron 
densities as low as 10% and 10! cm are detectable at 
heights of 100 and 1,000 km, respectively. 


Physical Principles 

The intensity of the scattering of electromagnetic 
waves by free electrons was first deduced by J. J. Thomson. 
The radar scattering cross-section per electron is oe = 10-28 
m* and is independent of frequency. For a plasma ob- 
served at wavelengths greater than the Debye length, 
however, the classical mechanism is modified by electro- 
static. coupling between the electrons and ions of the 
plasma. This property makes it possible to calculate 
ionospherie parameters from measurements the 
scattered wave, 


on 
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of the spectral peaks carries information on this ratio, on 
which the mean scattering cross section ¢ also depends’. 
These considerations apply when the wavelength is much 
greater than the Debye length, and subject to this proviso 
great latitude is possible in the choice of radar frequency. 
In practice the frequency chosen is less than 1,000 MHz 
to satisfy the Debye condition, and greater than 50 MHz 
to be well above the F region penetration frequency. 


Experimental Approach 


The most straightforward measurement is that of the 
signal to noise power ratio S, which varies with eleetron 
density Ne and height h through 


rPAc] Nes 


^N 
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where the bracketed factor determines the equipment 
sensitivity in terms of the peak transmitted power P, the 
effective area A of the aerial. the pulse length +, the 
system noise temperature T' and the bandwidth B of the 
receiver, The measured variation of S with k can be used 
to obtain a height profile of Ne provided that 5 is known. 
The latter varies rather slowly with h through its depen- 


n = 
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Fig. 1. The 42-7 m diameter fixed paraboloid aerial at Malvern. 


The received signal includes contributions from all 
parts of the ionosphere illuminated by the radar pulse and 
resembles noise because of the irregular spatial distribu- 
tion of the seattering electrons. The mean electron 
scattering cross-section depends on electron and ion 
temperatures, and the Doppler broadening of the incident 
spectrum is largely controlled by the thermal velocities 
of the ions*-*, The spectrum broadening function is sym- 
metrical with twin peaks. This can be most easily 
explained by thinking of the scattering as arising from 
thermal fluctuations of electron density associated with 
travelling acoustic waves in the plasma. The radar selects 
two of these thermally excited collisionless waves with 
equal but oppositely directed wave vectors. These 
produce upward and downward Doppler-shifted lines, 
which are very broad and merge with one another because 
of strong Landau damping of the plasma waves. 

The scattered power and its spectral distribution have 
been fully caleulated for a model plasma in which different 
temperatures are assumed for the ions and the electrons. 
The acoustic wave damping depends strongly on the ratio 
of electron and ion temperatures, Te/Ti, so the sharpness 








Ti (ref. 6), 


dence on 4 
a — Ge/ (1 + «| T) 


The second, and more complex, measurement is that of 
the signal power speetrum. For this purpose, integration 
must be continued longer to achieve the same degree of 
noise smoothing as in the total power measurements. 
Temporal changes in the ionospheric parameters limit the 
acceptable integration time, so useful speetra are obtained 
only from those height ranges where the signals are strong. 
From these spectra, the parameters Ti. T./T; and some 
information on ionic masses can be obtained by a numerical 
fitting process. T';/T; is used to determines from equa- 
tion (2) and hence to give Ne from equation (1). 

The effects of changes in ionic composition are difficult 
to distinguish from those of temperature variations except 
in cases where two of very different masses are 
present in comparable proportions. It is assumed that the 
composition is known in the first analysis, and where 
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Fig. 2. N (A) profile of the ionosphere at 1812 UT on June 24,1968. 
‘Temperature measurements have been used to correct for variations of 5, 


necessary it is subsequently adjusted to be consistent with 
the scale height measurements. 


Equipment and Data Handling 


The radar operates at 400-5 MHz. and a peak power of 
8 MW with a normal pulse repetition rate of 50 s-! is 
generated by a high power klystron manufactured by GEC 
Ltd, Wembley, England. For spectral measurements 
the longest pulse length, 200 us, is used to minimize the 
broadening of the ionospherie spectrum by the trans- 
mitter. Pulse lengths of 67 us or less at a repetition rate 
of 150 s^' are used when better height resolution is 
required. The aerial is a fixed focal plane paraboloid 
pointing vertically, with a diameter of 42-7 m and an 
effective area of 800 m? (Fig. 1). The first stage of the 
receiver is à varactor diode parametrice amplifier, and the 
system noise temperature is about 150° K. The system 
bandwidth is either 20 kHz or 40 kHz, defined by filters 
in the final intermediate frequency amplifier of the 
receiver. The transmitted power has circular polariza- 
tion, with a linearly polarized component of less than 1 
per cent. The polarization is generated in a waveguide 
turnstile junction, which also allows reception of signals 
polarized in the opposite cireular sense and provides 50 dB 
of passive isolation between the transmitter and receiver. 
The use of a vertex plate in the aerial cancels reflexions 
which would otherwise degrade the isolation, and enables 
break-through power from the transmitter to be kept 
down to a level which is readily suppressed. 

Measurements of signal to noise power ratio are made 
with a digital integrator after switching the output of the 
receiver successively to 100 adjacent range intervals. The 
integrator accepts a frequeney-modulated pulse train 
derived from the output of the final intermediate frequency 
amplifier by way of a linear detector and a voltage-to- 
frequency converter. Integration continues for a preset 
period, usually 5 min, at the end of which the accumulated 
count in each channel is punched on paper tape together 
with subsidiary data such as time and date. The informa- 
tion on the paper tapes is analysed by computer. 
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Spectral information is obtained by measurement of the 
signal autocorrelation function (Fourier transform of the 
power spectrum) using the one-bit correlation technique™*. 
The intermediate frequency signal is hard limited and 
sampled at a rate appropriate to the bandwidth. The 
samples are one-bit numbers representing the sign of the 
waveform and are readily encoded for recording on mag- 
netic tape. These tapes are later replayed, using the 100 
channel integrator in an alternative mode as an auto- 
correlator, following the scheme of Weinreb*. Integrated 
estimates of the autocorrelation functions are punched on 
paper tape. Taking account of the transmitter spectrum, 
the receiver frequency response and the known signal to 
noise ratio, theoretical autocorrelation functions are 
compared in the computer with the measured functions. 
In this way, the values of the temperature and composi- 
tion parameters which give the best fit are obtained. 

Autocorrelation function analysis is very suitable for 
the present experiment because of its flexibility in band- 
width and frequency resolution and its compatibility with 
digital techniques. Also the complications of a second 
spectrum convolution brought about by range gating can 
easily be avoided and there are no problems of differential 
gain variations between channels, which are often trouble- 
some with spectrometers using analogue filters. The one- 
bit technique leads to a considerable simplification of 
hardware as compared with a many-bit process, at. à cost 
of a slight loss in sensitivity, and the off-line analysis 
allows any number of range intervals to be examined for 
the same interval of real time. 
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Fig. 3. Variations of Te and T. with height on June 24, 1968, at (1) 
1815, (2) 1845, (3) 1915, (4) 1945 UT. Changes in F: during the period 
were less than the experimental errors. 


The equipment has now been operating for several 
months. The site at Malvern is me a high ee 
having geographic coordinates 521° N, 2-37 W, and a 
magnetic L parameter of 2-6. W e present here some 
results obtained during the summer daytime, which 
E cud es the adv P a of the technique. 

Fig. 2 shows an N,(h) profile obtained with 5 min 
integration starting at 1812 UT on June 24, 1968, covering 
heights from 100 to 1,100 km with 30 km height resolution. 
This profile has the rather flat F region peak typical of 
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the season, and shows a change of seale height at about 
800 km altitude. The entire curve is normalized to NmF2 
measured at Slough, 135 km away. Fig. 3 gives profiles of 
Te and Ti on the same day for four successive periods 
centred on 1815, 1845, 1915 and 1945 UT, not long before 
sunset, with typieal estimates of standard deviation. 
Changes in 7T; with time were less than the error of 
measurement. but Te is seen to be decreasing rapidly with 
time at all heights. 
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Fig. 4. .N.(À) profiles of the lower ionosphere at (1) 1422 UT on May 21, 

1968, (2) 1920 UT on May 20, 1968, (3) 0200 U' on May 21, 1968, These 

have been corrected for the variation of F with Debye length but not 
with Za T: The dashed line represents the noise level, 


The ions in the plasma have been assumed in the 
analysis to be entirely O* above 200 km; in fact the data 
would be consistent with the presence of up to 10 per cent 
of He* at a height of 730 km and smaller proportions at 
lower heights. 'Phe temperature measurements do not 
extend above this height because the signal becomes too 
weak, or below 200 km because of inadequate height and 
spectral resolutions. The corrections to 9 beyond these 
limits have been obtained by extrapolation above 
730 km, and by interpolation below 200 km, assuming 
that Te/Ti= 1 at 110 km. 

Because of the low sidelobe level given by the focal 
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plane design of the aerial, clutter signals are restricted to 
short ranges, and the high passive isolation between the 
transmitter and the receiver ensures rapid recovery after 
the transmitter pulse. Consequently, ionospheric signals 
can be recorded at ranges down to 80 km. Fig. 4 shows 
N,(h) profiles of the E and upper D regions taken in May 
1968 with 5 min integration and a 33 us (5 km) pulse. The 
wide pulse speetrum  precludes meaningful speetral 
analysis and T,/Ti is assumed constant with height. The 
Ne scale is referred to Slough N&E and the profiles have 
been corrected for a dependence of g on Debye length, 
which modifies equation (2) significantly when Ne is 
small. The figure illustrates the large dynamic range of 
the equipment, and shows the great variability in the form 
of the lower ionosphere, which will be discussed in detail 
elsewhere. Unresolved sporadic peaks can be seen on 
profiles 1 and 3. and profile 2 shows an unusual double 
stratification. 

The construction of a continuous wave facility to 
complement the pulse radar is well advanced. The con- 
tinuous wave transmitter will feed the present aerial, and 
remote reception with a steerable paraboloid will provide 
height resolution by the interseetion of the aerial beams. 
This method removes the limitation on spectral measure- 
ment imposed by the pulse spectrum, and the ionospheric 
spectrum will consequently be determined more precisely. 
Small shifts of the whole spectrum will also be detectable 
enabling ionospheric winds to be measured as well as 
highly accurate temperatures. In contrast with the pulse 
radar. observations of only one altitude at a time can be 
made unless multiple receiving "ms are used. 

We thank those whose encouragement and assistance 





particularly Mr N. S. Nicholls and his colleagues for the 
development of the transmitter. 
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Motion of the Sun with respect to the Galaxies and the 
Kinematics of the Local Supercluster 


by 


GERARD de VAUCOULEURS 
WILLIAM L. PETERS 


Department of Astronomy, 
University of Texas, 
Austin, 

Texas 


Tue discovery of the 3° K microwave background radia- 
tion, apparently of cosmological origin, has renewed 
interest in studies of the solar motion with respect to the 
extragalactic universe. 

Stewart and Sciama! have recently discussed the slight 
anisotropy in the intensity of the radiation that should 
arise from the peculiar velocity of the Sun with respect 
to the presumed distant source(s). Preliminary results? 


The directions toward which the Sun and our galaxy are moving 
in space change rapidly, with increasing distance of the galaxies used 
as a reference frame. 
kinematics of the local supercluster, has an important bearing on 
the derivation of the Hubble constant. 


This effect, which is a manifestation of the 


indicate that theanisotropy along the parallel of declination 
— 8° is probabiy less than 0-1 per cent, corresponding to 
a solar motion component of the order of 300 km s~ or 
less (the unit km s~ will not be repeated). 

The classical studies of the solar motion with respect 
to galaxies have almost always been limited to galaxies 
in or near the Local Group?-*. All solutions agree to 
indicate a velocity vector in a direction close to that of 
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galactic rotation and with an amplitude, about 300, barely 
in excess of the still uncertain value of the rotation 
velocity at the Sun. Surprisingly, little attention has yet 
been paid to the motion of the Sun with respeet to galaxies 
beyond the Local Group. Apparently the tacit assump- 
tion was made by most investigators that, except perhaps 
for some unimportant "random" motions, the general 
Hubble expansion is dominant. Until recently the latter 
was almost always presumed to be linear and isotropie, 
as if it were an obvious necessity (and much for the same 
reasons that ancient astronomers insisted that the motions 
of the planets must be circular and uniform). Yet the 
laws of motion of planets or galaxies are not questions to 
be decided by aesthetic prejudices or reasons of theoretical 
simplicity, but by a study of the empirical evidence. 

Several analyses of the radial velocities of nearby 
galaxies in the past 15 years have demonstrated more and 
more clearly with the growth of red-shift data that in 
reality the extragalactic velocity field is neither linear 
nor isotropic, at least out to several tens of Mpe (refs. 6-9). 
This anisotropy reflects that of the surface distribution 
of bright galaxies which was first interpreted in 1953 by 
the natural hypothesis that the Local Group is an out- 
lying minor condensation in a vast, flattened supercluster 
of galaxies!!! having an equatorial diameter of 30 to 
60 Mpe, depending on the distance seale. The strong 
flattening of the supersystem suggested that it might be 
rotating and an analysis of the radial velocities of several 
hundred bright galaxies indicated in 1958 that the 
observed non-linearity and anisotropy of the velocity 
field could indeed be interpreted by a simple kinematical 
model of the local supercluster involving differential 
rotation and expansion*?. Additional radial velocities 
measured during the past 10 years?!* have only 
strengthened the evidence, in particular, in the previously 
unobserved sector of the southern sky between super- 
galactic longitudes 180° and 270°, where the new data 
agree well with values predicted by the kinematical 
model (Figs. 1 and 2). 










Kinematics of Local Supercluster 


In this model the rotation velocity at the Local Group 
was about 500 km s~ (with an estimated uncertainty of 
+100) in a direction normal to the radius vector to the 
supergalactic centre (located in or near the Virgo Cluster). 
In their recent discussion of the peculiar velocity of the 
Sun, Stewart and Sciama! derived a tangential component 
§~-340+ 120 from a first-order Oort-type analysis of the 
motions of eight nearby groups of galaxies. In ‘fact, there 
is no special need so to restrict the data unless it is to 
show once more that the effeets of differential rotation in 
the radial velocities can be detected even for the nearest 
galaxies. This was already clear from the 1958 analysis*® 
(especially in Fig. 2 for 8<m<10 and Fig. 4 for 
r/R,=0-25). More important, however, is the fact that 
even for nearby systems the effeets of differential expan- 
sion cannot be neglected, and that, contrary to the case 
of stellar motions, the distances of even the nearest groups 
of galaxies are not small encugh compared with the radius 
of the supercluster to justify using the first-order approx- 
imation. The full expressions must be used, in which case 
there is no necessity to limit the data to a small domain 
in our immediate neighbourhood where the major effects 
tend to be blurred by peculiar motions. At greatest 
distances the anisotropy is eonspieuous*?, as shown by 
Fig. 3, which is a plot in polar coordinates of the mean 
red-shift (radius vector) versus supergalactie longitude 
L for galaxies in different magnitude intervals. 

The particular forms of the rotation and expansion laws 
used in 1958 were to a large extent arbitrary; they were 
used primarily to demonstrate that differential rotation 
and expansion in a flat system could account for the 
general properties of the observed veloeity field for 
galaxies within 30° from the supergalactic plane. Their 
choice was dictated merely by reasons of convenience in 
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illustrating the simplest possible kinematieal model and 
with no claim or intention of constructing a proper con- 
sistent dynamical model. Criticism in this respeet!5 is well 
taken, but evidently the first step in the study of a new 
phenomenon is that its existence must be recognized and 
the principle of its interpretation established; more 
refined models can be constructed later. 


Solar and Galactic Motions 

Now that the reality of the phenomenon seems to be 
gaining general acceptance’, the time has come to 
present the first results of a more detailed study of the 
solar motion with respect to galaxies (without itrictions 
to low supergalaetie latitudes). We have made use of th 
recently published radial velocities'*U, which increas 
by some 30 per cent the material available for analysis. 
Whereas 10 years ago the analysis had to depend entirely 
on apparent magnitude as a statistical indicator of dis- 
tance we now have consistent and reliable estimates of 
relative distances for more than 100 groups of galaxies 
derived from two recent systematic surveys!*!* of all 
groups represented in the Reference Catalogue”? 

The basic data are the standard B(0) magnitudes and 
mean radial velocities V as given in columns (16) and 
(23) of the Reference Catalogue supplemented by the new 
surveys of groups and red-shifts mentioned. 

First we derived again the solar motion with respeet to 
thirteen galaxies of the Local Group (including JC 10)?— 
the results (315 toward 95°, — 8°) are in agreement with 

earlier solutions*-*—to show that galactic rotation is the 
major component of this local motion (Table D. Sab- 
tracting standard values for the peculiar motion of the 
Sun with respect to the nearby stars (20 toward «= 18 h, 

= +30°), and for galactic rotation (250 toward I= 90", 
b=0°), the velocity of the centre of the galaxy with 
respect to the Local Group is 80 toward 130°, ~ 42°. 
Note that in this traditional approach all members of the 
group are given equal weight irrespective of masa; in 
other words, the frame of reference defined by the solution 
is not attached to the centre of gravity of the group but 
rather to a centroid of the velocities. In what follows: 
we give solutions both for the total solar motion and for 
the motion of the galactice centre. 























Table 1. SOLAR AND GALACTIC MOTIONS WITH RESPECT TO LOCAL GROUP* 
N Vv i b o 
Sun 13 315415 95+ 6 ~8+ 8 67 
Galaxy 13 80x19 130 + 24 —42x18 


* Errors are standard errors; ¢ is r.m.s. velocity residual from solution. 

A large number of exploratory solutions were made for 
770 individual galaxies (ellipticals, lenticulars and spirals, 
excluding irregular and peculiar systems and Local Group 
members) sorted by intervals of B(0) magnitude. The 
solutions were (a) not corrected for galactic absorption, 
and (b) corrected for galactic absorption?*, and in each 
ease individual velocities being used first with equal 
weights, and second with the weights given in the 
Reference Catalogue. The solutions are insensitive to 
weights. 

The unweighted solutions for the corrected magnitudes 
are listed in Table 2a, where A = mean velocity of galaxies 
having a magnitude corrected for galac tie pd 
B(0). in each of the intervals shown in column 1, N= 
number of galaxies used in final solution after 2s rejection 
from trial solution (this rule excluded one to four objects 
in intervals having N > 20; none was rejected for N < 20): 
Vo=velocity of Sun and mean error, Í, b= galactic 
coordinates (in system H) of solar apex and mean errors, 
c-r.m.s. residual of solution. The apex and velocity 
veetor of the solar motion is plotted as a funetion of 
DB(0). in Fig. 4. We see that with respect to the brighter 
galaxies (m « 11) the solar apex is still close to the direct 
of galactic rotation (90°, 0°), but the total velocity of 
400 to 500 km s~ is about twice that of galactic rotation. 
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Fig.1. Radial velocities of spiral galaxies of types SO/a to Sc in supergalactic equatorial belt, 1B) « 30°, as a function of supergalactic longitude 

L in five magnitude intervals 9 « m «15. Dots represent individual objects, circles are mean points. Note the natic trend from generally 

iow velocities in 0° < E< 180^ (corresponding to northern galactie hemisphere) to high velocities in 180^ < L < 36: (corresponding to southern 

galactic hemisphere). Gaps near L=0° and L-180* correspond to the "zone of avoidance” due to obscuration by the galaxy, There is no 
unusual velocity residual in the Virgo Cluster (95° < L < 115°). 






NATURE. VOL. 220. NOVEMBER 30. 1968 


When we consider fainter galaxies (l1 <m <14) the 
solar apex moves steadily from the direction of galactic 
rotation to a direction (295°, +40°) which is mainly the 
resultant of the tangential and radial components of 
the motion of the galaxy in the local supereluster, the 
resultant, that is, of the rotational component T toward 
(319°, —14°) and the differential expansion component 


9,000 


—— ANE. " me 
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È toward (287°, +72°). The latter is directed toward the 


supergalactic centre as predicted by the kinematical model 
in which the expansion rate increases outwards from 
small value in the dense nuclear regions (Virgo cluster) 
to the asymptotie value of the Hubble expansi 

regions of lower density outside the supersystem. This: 
at least is a plausible interpretation because it is reason- 
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Fig. 2. Radial velocities of elliptical and lenticular galaxies in supergalactic equatorial belt, iB) «30^, asa function of supergalactic longitude 
Lin 5 magnitude intervals 9< m <15. Dots represent individual objects; circles are mean points. Compare Fig. 1. i 
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Fig. 3. Non-linearity and anisotropy of the velocity field for bright galaxies, The mean racia: velocity of galaxies in different magnitude 
intervals 11 « m « 18 is plotted in polar coordinates versus supergalactic longitude L for two zones of supergalactie latitude B. At left, galaxies 
in the supergalactic polar caps, iB| > 30°, exhibit a velocity distribution roughly consistent with isotzopy (the curves of constant mean velocity are 
circles) and a linear Hubble law (the radii of the circles increase more or less in proportion with 10-*?"), At right, galaxies in the supergalactic 


equatorial belt, IBI < 30°, exhibit a conspicuously non-linear and anisotropic velocity distribution. 





Note in particular for m= 12-13 the low 


velocities near L=90° contrasting with high velocities near Z = 30°, 210° and 300°, and for m= 13-14 and 14-15, the low velocities near LZ = 60° 
and high velocities near L= 330°. ‘The narrow vacant sectors near L = 0° and 180° are caused by obscuration in our galaxy, the scarcity of points 
in the large sector 150° < L< 270° illustrates the incompleteness of red-shift data in the southern hemisphere, 


able to assume that within the system gravitational 
attraction tends to counteract and reduce the universal 
expansion. If so, the supercluster is not expanding as 
fast as the background and relative to it the galaxy has 
a velocity component toward the centre of the system. 
The trend is even clearer if we consider (see Table 25) 
the motion of the galaxy the apex of which drifts along 
an arc of great circle from about (180°, + 15°) with respect 
to the brighter galaxies (m- 11:5) to about (290°, -- 35^) 
with respect to the fainter galaxies (mc 13-5). The solar 
and galactic apices do not quite reach the are of great 
circle from T' to È (Fig. 5) because increasing numbers of 
galaxies fainter than m c 13 are members of more distant, 
independent elusters or superclusters and the motion of 
the supercluster as a whole with respect to the more 
distant background becomes significant. This is possibly 
the principal reason why the apex rapidly shifts to (285°, 
— 30°) for galaxies fainter than m ~ 14 which, as indicated 
by their mean red-shift A ~ 4,000 km s-!, are well outside 
the sphere of influence of the local condensation. Another 
contributive effect is the decreasing sample size and 
inereasing bias toward northern hemisphere objects in 
the velocity data. The mean red-shift magnitude relation 
is given in Fig. 6 by a plot of A against B(0).. The straight 
line has the theoretical slope 0-2, and the close fit (except 
for a few departures near mx 13-5, due perhaps to the 
inelusion of members of the Coma Cluster) shows that 
when the effects of the local kinematies are removed a 
linear Hubble law applies closely in the mean (over the 
whole sky) as well as in detail in different directions. 


Solutions with a Hubble Constant 


Further information on the velocity—distance relation 
and on the "total" solar motion, including the motion of 
the local supercluster, may be derived from solutions 
which make explicit allowance for a linear expansion 
term A=HD (the K-term). Solutions have been derived 
for the groups of galaxies for which relative distances D 
are known!*!*, The total material of 109 groups or 
clusters (D « 75 Mpe, V «10! km s-!) was large enough to 
permit separate solutions for fifty-four nearby groups 
(D«18 Mpe, V«3x10* km s7). Again, many solutions 
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Fig. 4. Space motious of Sun and galaxy with respeet to bright galaxies, 

Velocity (upper panels) and galaetie coordinates Lb of apex (lower 

panels) are plotted versus mean apparent magnitude B(0)e correeted for 

galactic absorption. Open circles show motion of Sun with respect to 

Local Group. Note rapid urs of apex When magnitude increases from 
10-11 to 13-14. 
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Table 2a. SOLAR MOTION SOLUTIONS FOR GALAXIES IN INTERVALS OF B(0) 


MAGNITUDE CORRECTED FOR ABSORPTION (EXCLUDING LOCAL GROUP MEMBERS) 
Vo t b a 


75 855+ 228 


B0% N A 


7-00- 9-99 28 
10-00-10-99 80 
11-00-1129 50 
11-30-11-59 70 
1160-11-70 46 
11-80-1199 59 
12-00-1219 62 
12-20-12-39 60 
12-40-12-59 50 


62+ 11 —3+ 6 363 
+11+10 
+69+30 484 
+31+ 8 475 
+5+ 9 578 
+39 +20 694 
+8218 614 
+184 7 643 
+28+10 734 





12 60-12-79 58 7 +77435 1,085 
12-80-12-99 38 + 83% 3 +41427 1,282 
13-00-13-19 30 2,663+376 1,551+ 713 296+ 20 4138422 1,321 
13-20-13-39 25 3,9844424 1,107: 412 297+ 93 +67+42 1,530 
13-40-138-59 16 3,894352 1,5744 359 299+ 29 +53+32 1,009 
13.60-13.80 27 3,913+497 1826+ 780 201+ 88 431-43 1,798 
13-90-1439 31 4,5074837 2,0524+1,673 269+ 85 ~29+12 1,780 
1440-14-99 20 3,987603 3,845+1,389 303+ 13 -—36+10 1,419 


Table 2b. MOTION OF GALAXY CORRESPONDING TO SOLAR MOTION SOLUTIONS 
OF TABLE 2a 
B(0)e Ve i b 

7-00- 9-99 628: 239 5114 -5- 8 
10-00-10-99 3544 150 177 X22 +1213 
11-00-1129 4244 105 300 +71 +64 +20 
11:30-11:59 521+ 154 176 £21 +41 +13 
11-60-11-79 761+ 202 18516 +4+ 9 
11:80-11:99 318+ 154 181 +61 +52 +32 
12-00-12-19 537+ 199 215419 +5415 
1220-12-39 1,069+ 181 210 +10 6+ 6 
1240-12-59 1,320+ 241 249+12 3+ 8 
12:60-12-79 622+ 275 255 4 47 : +27 
12-80-12-99 1,0474 417 300 + 38 2 
13-00-13-19 1,782 + 724 292417 8 
13-20-13-39 1275+ 453 286 + 59 +39 
13-40-13-59 1,721 £ 358 292 + 23 9 
13:60-13:89 1,540x 834 286 +31 5 
13-90-14-39 2,292 + 1,069 269 + 31 1 
14-40-14-99 4,080 + 1,390 300413 9 





were made (a) for linear or quadratic expressions for the 
K-term, with or without constant, (b) for the whole sky 
or separately for the supergalactic equatorial belt (|B| < 
30°) and polar caps (|B|2307), (c) with and without 
weights. The tests showed that no constant term, such 
as could be introduced by systematic errors in the red- 
shift measurements, was needed and that solutions with 
a quadratic term were poorer than the simple linear 
solutions. In Table 3a we give only the adopted solutions 
for the solar motion and the coefficient H of a linear 
K-term A=HD (that is, the Hubble constant for the 
distance scale used in the survey). The solution for all 
109 groups gives an average Hubble constant H =133 + 
3 km s~! Mpc-! and a solar velocity V —382 + 104 toward 
(206°, +49°) corresponding to the average magnitude 
m 712-5 of the galaxies in the groups. A solution for 204 
galaxies in groups treated individually with distances 
assigned from group membership gives H=109+2, 
V = 299-45 toward (167°, +25°). Separating the groups 
according to SG latitude, we find that eighty groups in 
the SG equatorial belt give V=425+131 toward (199°, 
431?) with H — 130 £3, while twenty-six groups in the 
SG polar caps give an essentially indeterminate solution: 
V = 265+ 310 toward (304^, + 54°) with H —128. Making 
further restrictions of the data to |B| « 30? in SG longi- 
tudes (0< L «180?)—that is, including the SG centre— 
we find from fifty-two groups that V —690-- 117 toward 
(188, +50) with H=143+5, while in the anticentre 


sector {180° < L< 360°) twenty-six groups for which 
|B| <30° give V=413+406 toward (218, —34) with 
H=140+7. In the SG polar caps |B| 2 307^, there are 


too few groups to give significant solutions (Table 3a). 
If we restrict the sample to the fifty-two nearer groups 
(A«18 Mpc), we find (Table 3b) a solar apex at (177, 
+26) with V=409+99 (and H —113- 4) corresponding 
to the brighter average magnitude m ~ 11:5 of the member 
galaxies. The forty-three groups in the SG equatorial 
belt |B| «30 give H=118+4, V=539+143 toward 
(196, +19) and too few are in the polar eaps for a mean- 
ingful solution. 


Conclusions that can be Drawn 


For a tentative interpretation cf the various velocity 
components of the motions of the galaxy and the Local 
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Group, and of the Local Supercluster as a whole, it is 
convenient to use the X, Y, Z supergalactie coordinates 
system*:?, The velocity field is obviously more com. 
plieated than the simple minded thin disk model of tho 
Local Supercluster adopted in the initial analysis". In 
particular, all solutions give a fairly large velocity corn- 
ponent of the Local Group of the order of zz ~ 300 
normal to the supergalactic plane (X, Y), as shown by 
the apex locations south of the supergalactie equator 
(Fig. 5). Further, the separate solutions for the centre 
and anti-centre hemispheres give widely different values 
for the X, Y components. This fact may reflect in part 
the (as yet undefined) systemic motion of the super- 
cluster with respect to independent groups and clusters 
(especially in the anti-centre sector), but it is more prob- 
ably caused to a large extent by the uneven distribution 
of galaxies in both SG longitude and latitude (in par- 
tieular there are more galaxies south of the SG plane; 
see maps in refs 8, 10, 11 and 20) aggravated by the 
severe incompleteness of the red-shift data in the southern 
sky. Subject to these reservations, we provisionally draw 
the following conclusions. 

(1) The dominant influence of the Local Supercluster 
on the velocity field of galaxies with red-shifts z < 0-01—0-02 
is confirmed. (2) The (tangential) rotational velocity 





component is of the order of T~ —400 (- 100). (3) The 
(radial) differential expansion component remaining after 
subtraction of the linear Hubble expansion of the baek- 
ground is directed toward the supergalactic centre and is 
of the order of R~HR,~ 


300 (+100). 












Fig. 5. The solar apex SS’ (full curve} shown here in galactic coordinates 
drifts steadily from a direction dominated by galactic rotation as reflected 





by the Local Group apex (LG) toward directions ir isingly dontinated 

by the supergalactie rotation (T) and expansion (A) velocity components 

as fainter galaxies (m- 11, 12, 13) are used for frame of reference. 

Dashed curve shows corresponding drift of galactic apex GG’. Triangles 

show solar apex with respect to 109 galaxy groupsg;( ^), SO groups in the 

supergalactic equatorial belt (A) m 5 groups in the supergalactic polar 
caps CW). 






(4) The third velocity component normal to the 8G 
plane is of the order of z ~ — 300 (+ 100), as already noted, 
and is not negligible as was previously assumed ^*; this 
conclusion should not be surprising if one recalls that the 
(idealized) equidensity surfaces of the supercluster are 
only moderately oblate, with an estimated axis ratio 
c|jac 113. and that, in any ease, the great irregularity 
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and elumpiness (sub-elustering) of the internal structure 
implies that a large fraction of the kinetic energy is in the 
random motions. 

(5) The anisotropy of the order of +40 per cent in the 
observed velocities (compare Figs. 1, 2 and 3) accounts 
for the low values of the Hubble factor recently derived 
by Sandage and others™:*> from nearby northern hemi- 
sphere galaxies and, in particular, for the Virgo Cluster?*. 
From data such as those in Figs. 1 and 2 we can predict 
that when distance determinations are made from reliable 
primary or secondary distance indieators for individual 
galaxies of the southern sky (beyond the nearby Sculptor 
group?" the apparent values of H will tend to be high, 
and in some directions up to twice the corresponding 
values in the northern sky (compare Fig. 3). On the 
distance scale used in the surveys of nearby groups!*:!*, 
H =133 (Table 3a) for 109 groups in the distance range 
2<A<75 Mpe (A=19 Mpe), such that a majority is 
outside the sphere of influence of the Local Supercluster, 
but H — 113 (Table 35) for fifty-two groups in the distance 
range 25« A<17-5 Mpe (A=12:7 Mpe), which places a 
majority well within the boundaries of the supercluster. 

(6) When the effects of the local kinematies are ignored, 
as was the rule in the past, this apparent anisotropy and 
nonlinearity of the velocity-magnitude relation (Figs. 1, 
2 and 3) can introduce systematic errors of +40 per cent 
in the distance moduli of galaxies or groups computed 
from the velocity ratio V/H. This incorrect practice 
should be abandoned. Examples of applications of the 
thin-disk kinematical model to estimate distances from 
velocities have been given elsewhere?*; as more realistic 
models are developed more accurate velocity-distances 
will be obtained. 

(7) The departure of the Virgo Cluster(s) from the 
velocity-distanee relation defined by the background of 
distant clusters is probably less than the value H/H c — 1-58 
corresponding to the arbitrary parameters of the 1958 
kinematical model’ (which, as explained earlier, was chosen 
not in order to give the best possible fit to the data but to 
demonstrate the principle of an interpretation), but it is 
probably greater than the value H/Hy=1-:17+0-09 
estimated by Sandage?* from a possible interpretation of 
one measurement. of one bright star cluster in one galaxy 
in the eore of the Virgo E group. 


10* 


- 10* 





105 
6 8 10 12 14 16 


B (0)e 


Fig. 6. Mean magnitude-red-shift relation from solar motion solutions 
for bright galaxies. In the mean (averaged over all directions) the 
linear Hubble expansion law is closely verified, even by the brighter 
galaxies (m « 10), when allowance is made for solar motion with respect 


to galaxies in each magnitude interval. 
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Table 3a. SOLUTIONS FOR THE SOLAR MOTION AND THE HUBBLE CONSTANT 
DERIVED FROM GALAXY GROUPS WITH KNOWN RELATIVE DISTANCES 


SGL iB x H Y i b D] 









07-360" 0-00? 108 3 382-104 2064290 449-20 649 
07-3609 | © 307 80 = 3 425 x 131 199420 431417 432 

| 2830 26 L6 2654310 804490 +54474 770 

09-180 | < 30" 52 5 6904117 188216 450413 329 

i >30° 5 1 234 + 619 (67) +80480 813 

180°-380° | $ 30° 26 ded 4134406 218442 —34+37 477 
(2307 12 (2,342 £828) (334) -73415 737 





Table 3b. SOLUTIONS FOR SOLAR MOTION AND HUBBLE CONSTANT DERIVED 


FROM FIFTY-TWO NEARBY GROUPS (4<18 Mpc) 








SGL (SGB N H y l b D 
07-360? 52 LUBE 4 409+ 99 177518 +2041 
05-360? ' 43  118z 4 539-143 196 «10 294 

i 8 97411 2564400 44x B8 409 
Table 3e. SOLAR MOTION AND HUBBLE CONSTANT FROM 204 GALAXIES WITH 
KNOWN DISTAN( FROM GROUP MEMBERSHIP 
SGL ISGB; N H y i b a 
0^-360* 0°, 90° 204 10942 299445 1674138 +2546 278 


From the data in Figs. 1, 2 and 3 and other studies*: *?5 
we estimate H/Hcc 135x015. corresponding in. the 
velocity-magnitude plot to a velocity residual 8 log V 
— 0:13 +0-05 or to à magnitude residual 8m x -- 0:65 + 0-25; 
this is well within the scatter in the log (z — m) diagram'* 
because of the combined uncertainties of the photometry 
and red-shift determinations (complicated by the unknown 
systematic errors in the absorption and A corrections). 

(8) When the effects of the local kinematics are removed 
and allowance is made for the solar motion, the back- 
ground expansion field is linear and isotropic within the 
errors of the analysis (a few per cent; compare Fig. 6). 
In particular, the fifty-six and twenty-six groups in the 
centre (N) and anti-centre (S) sectors of the SG equatorial 
belt (Table 3a) give Hn/H s = 1-02 + 0-06 (after 26 rejection, 
or Hy/Hs=0-93+0-08 for 54/28 groups before 26 rejec- 
tion). 

Thus, while it is essential to take into account the local 
kinematics in estimating the numerical value of the Hubble 
constant, there is nothing in the bright galaxy data to 
contradict the assumption that the large scale cosmo- 
logical red-shift is linear and isotropic, and Fig. 6 demon- 
strates that its effect is present in the radical velocities 
of the nearest groups of galaxies. 
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Intensity Variations of the Pulsar CP 1919 


by 
R. V. E. LOVELACE 
H. D. CRAFT, jun. 


Cornell-Sydney University Astronomy Center, 
Arecibo lonospheric Observatory, 

Arecibo, 

Puerto Rico 


PursARs display an amazing variety of radio intensity 
variations. The time scales observed range from sub- 
milliseconds! to months’. Extensive observations and 
analysis will be required to determine the origins of these 
variations. Preliminary results have already appeared in 
the literature?-*, 
the fluctuations of pulse intensity for CP 1919, with time 
seales less than an hour but longer than the pulse width. 
"These include (i) intensity distributions, (ii) power spectra 
and (ii) the eross correlations between several closely 
spaced radio frequencies. The intensity distributions and 
the power spectra indicate that the strong intensity 
variations of CP 1919 with time scales of minutes at 
100 MHz and about an hour at 430 MHz could be strong 
seintillations. The cross correlations between frequencies 
are not inconsistent with this. 


1,000 


We give here the results of a study of 


Inference about the origin of the variations can be drawn from 
measurements of intensity distributions, power spectra and cross 
correlations between several frequencies. 


Observations 

All observations were made with the 1,000 foot diameter 
radio telescope of the Arecibo Ionospheric Observatory. 
The pulsar CP 1919 was continuously observed for 
periods of about 1 or 2 hours at radio frequencies of 111-5 
and 430 MHz. In addition, this souree was observed 
continuously for about 1 hour using a seven channel filter 
bank centred on the intermediate frequeney of the 430 
MHz receiver. The filters in this bank had bandwidths 
of 500 kHz and centre frequencies staggered by 500 kHz, 
covering the band from 428-25 to 431.75 MHz. Band- 
widths for the other 430 MHz observations were: 1. and 

3 MHz. On 111-5 MHz the bandwidth was 50 kHz; In 
an observations, the deteeted output was sampled. 
digitized and recorded on magnetic tape for later reduc- 
tion. The outputs of the detectors are known to be 
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Fig. 1. Pulse energy distribution for CP 1919 at 111-5 MHz with a 50 kHz bandwidth. 


The straight line through 


the observed points is an exponential distribution discussed in the text, 


876 


accurately proportional to the square of the input voltage 
over the range used. For all observations at 430 MHz 
the antenna was circularly polarized in the right-hand 
sense, At 111-5 MHz the antenna was linearly polarized. 
Polarization measurements of CP 1919 made at this 
observatory indicate that polarization can have no strong 
effect on the statistical results to be discussed later. 


Data Reduction 


The recorded digital data were used to obtain the 
integrals under the pulse envelopes which represent the 
energy in each pulse. To obtain the integral the centre 
of the first pulse on the recorder was determined. With 
this information, three contiguous windows were defined: 
a window centred on the first pulse and of width in time 
just slightly greater than the width of an average pulse 
of CP 1919, and two windows, one on either side of the 
pulse, each half the width of the centre window. 
Averages of the data points in the side windows were 
determined and used to define a baseline. The data points 
in the centre window referred to this baseline were 
summed. The sum is proportional to the pulse energy. 
The process was repeated at suecessive pulse positions 
which were determined by the position of the first pulse 
and the known pulsar period. Care was taken that the 
position of the centre window did not drift systematically 
with respect to the pulse location for the full length of 
data. These analyses gave a sequence of numbers cor- 
responding to the energy (intensity) of successive pulses. 
To determine the effects of noise. a second sequence of 
numbers was generated with the same arrangement of 
windows positioned well off the pulses. This set of numbers 
has an average value of zero, in that the baseline is sub- 
tracted from the points in the centre window. The two 
sequences of numbers are designated ON and OFF respec- 
tively in the remainder of this discussion. All analysis 
was done on these two sequences. 





Intensity Distributions 

The digital record and programme just described give 
a number every 1-3373 s with the window at the pulse 
location and a second number with the same window 
well clear of the pulse. The ON window gives the pulse 
energy plus à noise contribution, whereas the OFF inten- 
sity is due to noise only. Consequently. the distribution 
of the ON intensity, Won (J), (the number of times the 
intensity is in the range 3/ at an intensity Z) is the con- 
volution of the noise distribution. Weg (Z). with the 
intensity distribution of the pulses. Wouises (1) 


Won (Z) = i Woutses U) Wo (1 — 1) dl’ 
( 


The distribution of pulse intensities may be obtained 
from the charaeteristie functions of the ON and OFF 
distributions. This additional caleulation is unnecessary 
when the noise contribution is sufficiently less than the 
pulse contribution. We give ON and OFF distributions 
only. 

On 1Ilb5 MHz CP 1919 was observed for 6.144 
pulse periods or about 2-25 h. Fig. 1 shows the ON 
and OFF intensity distributions. These are normalized 
by the average ON intensity for the full interval, 
which corresponds to about 85 flux units for a 40 ms 
square pulse. The straight line in the figure represents 
an exponential distribution, the significance of which is 
discussed later. Averages within six equal subdivisions 
of the 111-5 MHz data varied from 0-85 to 1-3 times 
this average. The modulation index. m, defined as 

m? = Qon — ond — Por > | log? 
is independent of the noise and represents the relative 
energy in the pulse fluctuations. (The angular brackets 
denote sample averages.) For the full stretch of data 
on 111-5 MHz, m=1-1. Within the six subdivisions, 
m varied from 0-95 to 1-3. 

On 430 MHz CP 1919 was observed for 4,096 pulse 
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periods with a radio frequency bandwidth of 3 MHz. ON 
and OFF distributions are shown in Fig. 2 again normal- 
ized by the average ON intensity, which corresponds to 
about 10 flux units over a 40 ms square pulse. The straight 
line in the figure represents an exponential distribution 
which is discussed later. Averages within four equal 
subdivisions of these data were 0-7. 1-3, 1-6 and 0-4 times 
this average. The corresponding modulation indices were 
0-37, 0-79, 0-44 and 0-89. For the full length of data 
m — 0-79. (Observations of CP 1919 on another occasions 
on 430 MHz for 3,072 pulse periods with a radio frequency 
bandwidth of 1 MHz give m — 0-85.) These average quan- 
tities show greater variations than those obtained from 
the 111-5 MHz data, which is no surprise. The very first 
observations of CP 1919 showed that at 111-5 MHz the 
envelope of pulse intensities varied with a period of the 
order of minutes while at 430 MHz the variations were 
over à much longer period, nearly an hour. 


Power Spectra 

Fourier spectra were obtained directly for each block 
of 1,024 samples of pulse intensity using the Cooley~Tukey 
algorithm. The power coefficients from the different blocks 
were added (without gain or scale changes) in order to 
reduce the variance of the spectral estimates. The 
accumulated spectra for CP 1919 consisted of 512 points 
extending from the zero frequency point to the Nyquist 
frequency, fx, equal to 0-374 Hz=I/(twice the pulse 
period). The zero frequency point for a single block is 
the square of the average ON intensity of the block. In 
the accumulated spectrum the square of the average ON 
intensity for the full record (all of the blocks) has been 
subtracted from the zero frequency point. With this 
convention all of the spectral points represent fluctuation 
power. The lowest frequency variations which contribute 
power to the spectrum are those with periods of the order 
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Fig. 3. Power spectrum of the pulse energy variations of CP 1919 at 


1115 MHz. Note that the OFF or noise spectrum is reasonably flat. 


of twice the length of the full record. The lowest frequency 
that can be resolved, however, corresponds to a period 
equal to the block length or about 22-8 min. Fourier 
components in the pulse fluctuations with frequencies 
higher than the Nyquist frequency are reflected into the 
fundamental range through “aliasing”. Frequencies higher 
than fw may arise if the emitted pulses are modulated by 
a process varying more rapidly than the Nyquist fre- 
quency. The power in frequencies higher than the recip- 
rocal pulse width is lost, because of the method of meas- 
uring pulse intensities, however. Both ON and OFF 
spectra were calculated. If Pon(f) denotes the ON power 
density and Por(f) the OFF density, then Ppuises(f)= 
Ponlf)— Por(f). With the proper normalization, the 
integral of Pputses(f) divided by the square of the average 
ON intensity is the square of the modulation index. For 
some purposes, the accumulated 512 point spectra were 
smoothed over adjacent frequency bands to obtain more 
reliable power estimates. ON and OFF spectra smoothed 
over nine bands are shown in Figs. 3 and 5. Low frequency 
spectra with no smoothing are shown in Fig. 4. The 
number of degrees of freedom indicated on these figures 
is a measure of the reliability of the power estimates. 

Power spectra of the pulse fluetuations usually show 
(i) a "red" eomponent—the enormous component near 
zero frequency. (i) a "white" component—the nearly 
uniform power density out to the Nyquist frequency, and 
(ii) a significant feature at about 4-4 pulse periods. The 
"red" component is shown in detail in Fig. 4 for the 
111-5 and 430 MHz data. It shows a marked radio fre- 
queney dependence. becoming increasingly "red" at 
higher radio frequencies. Of course. this corresponds to 
the noticeable change in the time scale of the modulation 
envelope mentioned earlier. 

The "white" component is visible from about 0-03 Hz 
to the Nyquist frequency, where the spectrum is roughly 
flat. In this range of frequencies aliasing is probably 
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severe, because the fact that the spectrum is flat out to 
the Nyquist frequency suggests that it is fat well beyond, 
The ratio of the power in the “white” component (0:03 Hz 
to 0-374 Hz) to the total power is 0-12 at 111-5 MHz and 
0-06 for the 430 MHz observations. 

The spectral component at 44 pulse pr 
in detail in Fig. 5. The width of the feature may be a 
result of poor signal-to-noise. This second periodicity of 
CP 1919 can sometimes be seen on analogue chart 
recordings as an effect where roughly every fourth pulse 
seems substantially weaker than the preceding three. 
Conklin et al. have also discovered this phenomenon in 
a correlation function. Drake and Craft, iun.*, have pro- 
posed an explanation for this effect. They show that the 
subpulse structure for CP 1919 (and AP 2015+ 28) 
results from the modulation of a sequence of pulses wit! 
a period corresponding to the interval between subpulse: 
(about 15 ms for CP 1919) by a second periodic function 
with a period of 1-3373 s (called the clase 1 period in the 
terminology of ref. 6). Because the twe periods are in- 
commensurate, the subpulse positions seer to change sys- 
tematically when seen in successive class 1 pulses. This 
apparent motion is such that every 4:39 class 1 periods 
the subpulse structure has moved one "wavelength" 
within the pulse, so that the class 1 and 2 pulsations 
reappear with the same mutual phase. The beating will 
create a 4-39 pulse period periodicity. Thus the 44 pulse 
period component in our power spectra may be an alias 
resulting from the modulation of the class 1 pulses by a 
frequency much higher than the Nyquist frequency, the 
subpulse frequency. 







Hiods is shown 















Cross Correlation of Frequencies 


For the cross correlation of different but closely spaced. 
frequencies, seven adjacent channels were used with equal 
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Fig.4. Low frequency section of the power spectrum of the pulse inten- 

sity variations of CP 1919. The spectrum of the variations at 111-5 and 

430 MHz are shown. The scale between the 111-5 MHz spectra and the 
430 MHz speetra is arbitrary. 
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Fig. 5. Expanded section of the power spectrum of pulse energy 
variations of CP 1919. This section shows the excess power near 4-4 pulse 
periods. 


bandwidths of 500 kHz. The centre frequencies were 
428-5 MHz (channel No. 1), 429-0 MHz (No. 2)... up 
to 431-5 MHz (No. 7). Our analysis was applied to 2,048 
ON samples and the same number of OFF samples of 
CP 1919 pulses. Simple cross correlation coefficients 
were calculated with the following normalization 


Cop = Ragloa 0g 
Rage <U 7 485) Uf - GÀ» 
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(x and B denote different channels). With this convention 
the correlation is independent of gain differences between 
channels and automatically Caa= 

The results shown in Fig. 6 are for the eross correlation 
of the end channels with each of the intermediate ones. 
These results usually show a strong correlation in pulse 
energy between different frequency bands out to the 
maximum separation of 3 MHz. There seems to be a 
gradual fall-off in the correlation with increasing fre- 
quency separation of the bands, and there is also a 
suggestion of even finer scale frequency structure, which 
for these data is centred on channel 6. On the latter point, 
analogue records obtained on several other occasions with 
the same frequencies and bandwidths are revealing in 
that they show CP 1919 pulses strongly on, say, channels 
land 3 but with no visible pulses on channel 2. This 
behaviour has been observed to persist for periods of 
the order of an hour. 

There seem to be only a few suggestions for the origins 
of pulsar intensity variations of long time scale. They 
may be intrinsie to the pulsar, or they may be scintilla- 
tions caused by the medium between the pulsar and the 
Earth (a possibility already considered by Scheuer’). 
The results described here for the intensity distributions 
and power spectra of CP 1919 are compatible with strong 
scintillations. The “red” frequency mentioned previously 
contains most of the fluctuation power; therefore the 
long exponential tail on the distribution function on 
111-5 MHz (Fig. 1) is due to this component. The straight 
line following the measured distribution function in Fig. | 
(and Fig. 2) is the exponential distribution function 
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There are no arbitrary parameters for this relation. The 
measured modulation index on 111-5 MHz is in agreement 
with the fact that the intensity distribution is closely 
exponential; for an exact exponential distribution the 
modulation index is unity, whereas that measured is L1. 
An exponential distribution of intensities arises in strong 
scintillation from the interference of the many beams of 
coherent radiation which exist in these circumstances’, 
The “red” frequency component in the power spectra 
shows a marked radio frequency dependence (Fig. 4)— 
shifting to longer periods for shorter radio wavelengths. 
Qualitatively, this is what is expected if the fluetuations 
are caused by strong seintillations. For a quantitative 
explanation we assume that a range of sizes of electron 
density irregularities exist in a medium and that these 
diffraet the radio wave as it propagates from the pulsar 
to the Earth. Further, we assume that the strongest 
effect on the amplitude of the wave observed at the Earth 
arises from irregularities with linear dimeusions of the 
order of the Fresnel radius 4/Z, where » is the radio 
wavelength and Z is the effective distance to the medium. 
One possibility is that the medium along the line of sight 
to the pulsar is irregular on a large scale and one region 
with a high electron density has a dominant effect on the 
radio wave. In this case the appropriate Z is the har- 
monic mean of the distance from the Earth to this region 
and the distance from the region to the pulsar. Included 
here is the possibility that the scintillations arise in the 
shell of a supernova. These irregularities cause phase 
variations which must be much larger than unity for the 
scintillations to be strong. It ean be shown that the 
relative motion of the pulsar, the medium and the Earth 
and the random motion of different parts of the medium 
transverse to the line of sight may produce strong intensity 
variations in the radio wave with time scales of the order 
of A/AZ[(Vo), where V is the appropriate transverse 
velocity and q is the r.m.s. phase variation in radians. 
As an illustration, consider a radio wavelength of 3 m 
and a distance Z for the scattering medium of 20 pe. 
Then the Fresnel radius is about 10* km, and for a velocity 
V=60 km s“, the Fresnel radius/V is about 300 min. 
Henee if the r.m.s. phase variation at 100 MHz is of the 
order of 100 radians the time scale for strong intensity 
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Fig. 6. Cross correlations between energies received in the seven'ehannel 

experiment at 430 MHz. as described in the text. The cross correlations 

are between the end channels (1 and 7) and the remaining six in turn. 
The correlation of, say, channel 1 with 1 is unity by definition. 
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variations at the Earth is about 3 min. The integrated 
electron density tc CP 1919 of roughly 10!* electrons em- 
corresponds to a phase shift of about 10* radians for a 
radio wavelength of 3 m, so that even a random phase shift 
of a hundred radians requires a small fraetion of the total 
eleetron eontent in the irregularities with dimensions of 
the order of 109 km. 
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We have analysed on a computer the electroencephalo- 
graphic (EEG) data recorded from stereotaxically im- 
planted chimpanzees playing an electronie version of the 
game of tic-tac-toe (noughts and crosses). We have sought 
to characterize two different situations by EEG para- 
meters alone, and can do so provided that enough 
parameters are used. We can also distinguish between 
correct and incorrect decisions. 

The matrix analysis of EEG parameters used here has 
also been applied successfully to scalp EEG records in 
performing man!. This pattern recognition method was 
applied to two situations: (i) with the chimpanzee seated 
not performing, but attending to the game, awaiting his 
opponent's move; and (ii) performing with a response to 
the opponent's move. 

A series of 156 EEG samples was analysed for the two 
situations from three chimpanzees. Ten samples for right 
and wrong decisions were analysed from a fourth animal. 
In most sets of data, only one or two parameters from one 
or two structures allowed more than 90 per cent accuracy 
in diserimination. 

Electrodes were stereotaxically placed in the amygdala, 
hippocampus, frontocentral and temporoparietal cortical 
areas, and in midbrain reticular formation and nucleus 
centrum medianum. Hippocampal placements were 
bilateral in all three animals. In the fourth animal, used 
in the right versus wrong experiment, electrodes were also 
placed in the left caudate nucleus and the paracentral and 
left ventral anterior thalamic nucleus. 


Computer Analysis 


EEG magnetic tape recordings were analysed in two 
steps. Variables were first generated by digital spectral 
analysis. These parameters were then used in the develop- 
ment of a multivariate matrix by stepwise discriminant 
analysis'. Each EEG channel was separated into different 
frequency bands by digital filtering techniques*. This 
mathematical approach to EEG analysis?-* preserves both 


Electroencephalograms were recorded from chimpanzees trained 
to play tic-tac-toe. Parameters selected by computer analysis served 
to discriminate between two phases of the game and between 
correct and incorrect decisions. 


power density distributions at each frequency and phase 
information necessary for comparison of wave trains from 
different locations. Bands in the first two examples were 
1-3 Hz (delta), 4-7 Hz (theta), 8-12 Hz alpha) and 
13-25 Hz (beta). The bandwidth was extended in later 
runs to include 13-18 Hz (beta 1), 19-25 Hz (beta 2) and 
26-29 Hz (beta 3). In the first analysis the frequency. 
resolution was | Hz. Four parameters were selected in 
each band. 

(1) Sum of spectral densities at each frequency. This is 
proportional to the mean square of the EEG amplitude and 
is a measure of the power in that filter pass-band. 

(2) Mean frequeney within the band. This is close to the 
dominant frequeney if one is present. 

(3) Bandwidth within the band. This expresses in- 
variability of the dominant frequency’. 

(4) Coherence. This is analogous to the correlation eo- 
efficient of classical statisties*. It can be determined at 


'Table 1 


Case 1 Sample size: sixteen J . 
Parameter Direction with 
in order of choice Location Band performance 
1. Sum of spectra R F-C Beta Increased 
2. Mean frequency L Amyg Theta Slowed 
3. Mean frequency L Hipp Theta Slowed 
Not performing Performing 
Fig. 1 


Table 1 and Fig. 1. These three variables correctly assigned the sixteen 
samples to the situations in which they were recorded. All samples 
were recorded the same day; all responses were correct, 
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Table 2 
Case 2 Sample size: twenty-six 
, Parameter Direetion with 
in order of choice Location Band performance 
1. Sum of spectra L Hipp Delta Decreased 
2. Mean frequency R F.T Alpha Slowed 
3. Sum of spectra L Amyg Theta Decreased 
4. Bandwidth L Hipp Alpha Narrowed 
5. Mean frequency R CM Alpha . 3 Increased 
Not performing Performing 
Fig. 2 


Table 2 and Fig, 2. Five steps were required to separate completely 

twenty-six samples of the two situations; however, the first selection 

correctly classified them with more than 90 per cent accuracy, AN 
sampies were obtained the same day and all were correct, 


each frequency, or band of frequencies, across the spec- 
trum. In the fourth animal, phase relations between wave 
trains were also determined. 

EEG epochs were selected in relation to the animal's 
touching the response panel. Epochs were 7-0 s long, 
beginning 7 s before the response. The computer auto- 
matically positioned the digital tape according to the 
initiation of the response.  Post-response epochs were 
similarly automatically edited. The analogue records were 
digitized at 200 samples/s. 


Arrangement of Experiment 


The game was played as follows. The chimpanzee was 
seated at the tic-tac-toe board. This consisted of nine 
panels in à 3x 3x 3 array corresponding to squares which 
frame the possible zero and plus plays. A light appeared 
in the top row of the board, signalling the adversary's 
initial move. The move itself was registered by the lighting 
up in colour of two panels. The animal then responded by 
touching the adjacent panel, which completed a set of 
three lit panels for a correct decision. Selection of a remote 
panel constituted an incorrect response. The panel lights 
were then extinguished and the signal light reappeared, 
heralding the start of a new game. The chimpanzee was 


Table 3 
Case 3 Sample size: fifty 
Parameter Direction with 
in order of choice Location Band performance 
1, Sum of spectra L T-O Beta-3 Increased 
2. COH L MBRF/ Theta Decreased 
L Hipp 
3. Sum of spectra L Hipp Beta-1 Decreased 
4. COD L MBRF/ Beta-1 Decreased 
L Hipp 
5. COH TL Amyg/ Delta Decreased 
L T-O 
Not perfarming Performing 
* 
Fig. 3 


Table 3 and Fig. 3. The first animal was used again in this experiment 

with the addition of a left midbrain reticular formation lead. Though 

nineteen variables were required to discriminate perfectly between the 

fifty samples, 90 per cent accuracy was attained after the selection of the 

first two variables. Runson different days were used here: two responses 
were incorrect, 
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rewarded with a food pellet. for a correct move. There was 
no active negative reinforcement. After training, the 
animals performed close to the 100 per cent correct 
response level with extremely rare errors. 

These spectral estimators, the degrees of freedom of 
which have a chi-square distribution, are the input data 
for a stepwise discriminant analysis programme. In this 
programme, a hybrid offspring of pattern recognition and 
classical discriminant analysis!*:!!, the computer considers 
all the measurements from each of the many EEG seg- 
ments and selects that parameter which best discriminates 
between traces recorded in different situations. After 
selection of the first variable, the programme re-examines 
the remaining data and chooses that parameter which is 
expected to add most to the power of the initial selection. 
The process is continued until further selection cannot 
improve the diserimination sufficiently to warrant inclu- 
sion. 


Experimental Results 

Results of the discrimination are shown in ‘Tables 
1-6. Accompanying the tables are schematic diagrams 
which illustrate the separation (Figs. 1-6). The boun- 
daries enclose all the samples of the particular situation; 
the asterisks indicate the position of the group means. The 


Table 4 
Case 4 Sample size: sixty 
Parameter . Direction with 
in order of choice Location Band performance 
1. Mean frequency R FP/K Delta Slowed 
2. Sum of spectra L P/P-O Delta | Increased 
3. Mean frequency R FP/F Beta-3 Slowed 
4. COH R Amyg/ Beta-1 Decreased 
L Hipp 
^. Bandwidth L MBRF Beta-3 Widened 
Not performing Performing 
* 
Fig. 4 


‘Table 4 and Fig. 4. Again, nineteen steps were required for 100 per cent 
correct discrimination, More than 80 percent were properly chosen, how- 
ever, after four selec 3s. The samples were collected on different days; 
one response was incorrect. 








“distance” between the means is obtained by calculating 
the sum of the products of the selected parameters and 
their respective canonical coefficients. In the cases of 
the competing parameters, the best discrimination was 
chosen for the diagram. 

The parameters which distinguished the two situations 
cannot be seen by ordinary visual analysis of the EEG. 
They do not merely reflect the focusing of attention; the 
animal is already intent on the coming move. Nor do they 
rely on muscle movement artefact: signals from implanted 
leads are not corrupted by muscle frequencies. We may 
consider, for example, the behaviour of the sum of spectra: 
this (see tables) was the only parameter to be selected in 
all four cases and further, in performance, its value 
inereased at the surface and decreased in the depth (based 
on group means), thus discriminating between a high 
percentage of the cases. In cases l and 3, the increase in 
beta band activity is barely noticeable to the eye, yet it 
discriminated with 87 per cent and 88 per cent sueces 
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respectively. Indeed, the beta band rarely receives 
attention except in stage II sleep and barbiturate spindling. 
In these conditions the beta band is obvious because of its 
dominance; in the cases discussed here, selection took 
place in the presence of lower dominant frequencies. 

The intriguing selection of theta band mean frequencies 
in the amygdala and hippocampus in case l recalls the 
extensive work which revealed the importance of these 
structures in the acquisition of a learned discriminatory 
task in the cat*-*, Mean frequency was chosen six times; 
five of those times it slowed. Walter, Rhodes and Adey 
observed slowing of theta from vertex scalp recording in 
man during two stressful discrimination tasks. 

Coherence was discovered to have electroencephalo- 
graphic significance by Walter and co-workers!. It appears 
as second, fourth and fifth choice in ease 3. On inclusion 
of a left midbrain reticular formation lead in the animal 
used in case l, its coherence with the left hippocampus 
in the theta and beta 1 bands was selected. Walter noted 
an increase in theta band coherence between L parieto- 
occipital derivation and vertex in the scalp EEG of man 
when the speed of a visual discrimination task was in- 
creased. Here, surface-depth coherence also increased in 
case 3 while depth-depth coherences decreased (case 4). 


Discrimination between Correct and Incorrect 


Decisions 


We are well aware that our sample of incorrect responses 
is small. We offer only five because this is the largest 
number of errors committed by one fully trained animal. 
Examination of these data allowed discrimination both 
in the epoch before the response and in the one after 
(cases and Tables 5 and 6). The discriminant analysis of 
the decision-making aspect of the performance contained 
the added feature of competing successful variables. 
Thus, though we found three sets of two parameters which 
were successful, the last set achieved the best separation. 
In the "before" epoch, one parameter, the bandwidth in 
the theta band from the left ventral nucleus of the thala- 
mus, survived the final stage of the competition, but in the 
"after" epoch, none of the first choices survived. It is 
also worth noting that in the “before” epoch all the para- 
meters decreased with eorrect decisions; similarly in the 
"after" situation with one exception: the inerease of 
left ventral anterior nucleus mean frequency in the delta 
band. Again, though it required two parameters to 
achieve 100 per cent correct selection, only one parameter 
in one band from one structure was sufficient to classify 
with a high degree of success. The sum of spectra in the 






Table 5 
Case 5 Before 
, Parameter g Comparison with correct 
in order of choice Location Band and incorrect decision 
I Sum of Left ventral anterior Theta Decreased in correct 
spectra thalamic nucleus decision 
Coherence Paracentral Left Delta Decreased in correct 
nuclei caudate decision 
Il Bandwidth Left ventralanterior Alpha Decreased in correct 
thalamic nueleus decision 
Phase Left Hipp Left Alpha Decreased in correct 
Amyg decision 
HI Bandwidth Left ventral anterior Alpha Decreased in correct 
thalamie nueleus decision 
Phase Left V.A, Left Beta-1 Decreased in correct 
Nuc. Thal. Hipp decision 
Correct Incorrect 
Fig. 5 


Table band Fig. 5. Each set of two parameters classified the decision with 
100 per cent accuracy; the sets are in order of increasing success. 
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Table 6 
Case 6 After 
Parameter Comparison with c 
in order of choice Location Band and incorrect d 


correct 


Delta Increased in 
decision 


Left ventral anterior 
thalamic nucleus 


I Mean frequency 





Coherence |  Paracenira! LVA Delta Decreased in correct 
* nucleus on 

Mean frequency Paracentral Beta-1 Decreased in correct 
nucleus decision 

Coherence LVA L Hipp Alpha Decreased in correct 
decision 

Coherence LHipp LAmyg  Beta-l Decreased in correct 
decision 

Coherence LVA L Caudate Beta-1 Decreased in correct 
decision 
Correct Incorrect 


Fig. 6 


Table 6 and Fig. 6. Each set of two parameters classified the decision 
with 100 per cent accuracy; the sets are in order of increasing au 








theta band from the left ventral anterior nucleus, for 
example, accurately identified all the correct decisions 
and misassigned only one incorrect response (Table 5). 
Review of cases 5 and 6 reveals the striking incidence with 
which some parameter of the left ventral anterior nucleus 
of the thalamus was selected: it appears in all the sets. 
The elegant physiological mapping of connexions between 
the thalamus and striatal systems carried out by Buchwald 
and eo-workers!? shows this nucleus to be an integral part 
of their suggested “caudate loop": transmission and 
generation of caudate-induced cortical spindles depended 
primarily on the nucleus ventralis anterior as did caudate- 
induced cortical desynchronization. Because the game 
included a willed motor act, it is also worth noting that, 
although the physiological basis of willed movement still 
remains uncertain, there is strong evidence favouring 
subcortical rather than cortical structures. and the 
findings emphasize the role of the striatum". 

The recognition of EEG patterns that correlate with 
behavioural states has long been a goal of clinical and 
research scientists. The success of visual analysis of the 
record has been limited to situations such as the alpha- 
blocking phenomenon, the three per second spike and 
wave characteristic of petit-mal epilepsy and stages of sleep. 
Powerful and sensitive computer analysis techniques 
have expanded those limits and have permitted us in this 
experiment to separate visually indistinguishable epochs 
and, perhaps more importantly, to give further evidence 
that brain wave phenomena are intimately involved with 
the state of the organism and are not irrelevant noise. 
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Mouse Myelomas producing Precipitating Antibody to Nucleic 
Acid Bases and/or Nitrophenyl Derivatives 


by 
DAVID SCHUBERT 
ALAN JOBE 


MELVIN COHN 


Salk Institute for Biological Studies, 
San Diego, California 


ALTHOUGH myeloma proteins have been invaluable in the 
elucidation of immunoglobulin structure, their use in the 
study of the antibody eombining site has been limited 
by the lack of demonstrable antibody activity against 
stereochemically defined determinants. Several human 
myeloma macroglobulins have antibody activity directed 
against protein antigenie determinants!, and one human 
myeloma protein has been described with low affinity for 
dinitrophenol?. In the mouse, two myeloma proteins 
with antibody activity have been reported (refs. 3 and 4 
and unpublished results of H. Eisen, E. S. Simms and 
M. Potter). We have sereened 240 mouse myelomas 
against twenty-one hapten-protein conjugates. About 10 
per cent of these myeloma proteins have antibody activity 
direeted against various combinations of purine, 5-acetyl 
uracil, adenosine monophosphate, dinitrophenyl and 
trinitrophenyl groups. 

Haptens and their protein conjugates were prepared 
as described elsewhere’. Each conjugate was dialysed 
exhaustively at 4°C against phosphate buffered saline 
(PBS, 0-9 per cent sodium chloride, 0-01 M sodium 
phosphate, pH 7-4) and passed over a column of ‘Sephadex 
;25' in the same buffer immediately before use. Two 
hundred and forty individual sera from transplant genera- 
tions 1 and 2 of a collection of oil-induced mouse mye- 
lomas? were screened by agar gel diffusion® against various 
hapten-bovine serum albumin (BSA) conjugates in a con- 
centration of 1 mg/ml. Gels were examined at 4 and 16 h 
for precipitation lines. Positive sera were then scored 
against the hapten-bovine gamma globulin (BGG) con- 
jugate. All positive sera reacted with both BSA and BGG 
conjugates; neither BSA nor BGG reacted. 

For titration and hapten inhibition experiments, the 
immunoglobulin in serum or ascites fluid from transplant 
generations 4 or 5 was partially purified by precipitation 
at 4? C fromm ammonium sulphate neutralized to pH 7-4 
and at 55 per cent of saturation in the presence of 10-4 M 
ethylene-diaminetetraacetate (EDTA). The precipitate 
was washed twice with the ammonium sulphate-EDTA 
solution and resuspended in PBS. Ammonium sulphate 
precipitation was repeated twice, and the protein was 
dialysed against PBS at 4° C. 

Antibody titrations and hapten inhibition experiments 
were carried out by standard methods*, using PBS as 
solvent. The concentration of the partially purified 
myeloma protein was about 1-3 mg per tube in all experi- 
ments. The precipitates were washed three times with 
cold saline and dissolved in 0-01 N NaOH to determine 
absorbancy at 280 my. 5-Acetyl uracil-(1)-caproic acid 
was synthesized as previously described’.  2,4-Dinitro- 
benzene-e-aminocaproic acid was purchased from Calbio- 
chem. Purine 6-oyl-c-aminocaproie acid was a gift from 
Dr S. Beiser. Dinitrophenyl (DNP)-BSA, 5-acetyl uracil 
(5-AU)-BSA and purine-BSA had approximately 40, 23 





About 10 per cent of mouse myeloma proteins have antibody activity 
directed against various combinations of purine, 5-acetyl uracil, 
dinitrophenyl and trinitrophenyl groups. 


and 25 haptenic groups respectively per molecule of BSA 
based on dry weight determinations and the appropriate 
extinction coefficients-5. 

The following hapten—BSA conjugates were screened for 
precipitation against 240 mouse sera: acetanilide, 5-acetyl- 
uracil, adenylie acid, p-arsenilie acid, benzene, p-benzene- 
sulphonie acid, p-benzoie acid, p-chlorobenzene, p-di- 
methylamine phenyl sulphone, 2,4-dinitrobenzene, oest- 
rone, 7.naphthylene, o-nitrobenzene, m-nitrobenzene, 
p-nitrobenzene, penicillamine, phenylazobenzene, purine, 
7-quinoline, toluene and 2,4,6-trinitrobenzene. Only five 
precipitated with myeloma sera. These sera were grouped 
according to the pattern of their reaetion with the five 
haptens as shown in Table 1. Included in this table are 
the properties of mouse myeloma MOPC.315B! and 
rabbit anti-dinitrophenol. All except one of the myeloma 
sera in Table 1 was typed IgA. The property of some 
myeloma proteins to react with all three haptens, DNP, 
5-AU and purine, is also shared by rabbit anti-DNP. 
The fact that anti-DNP often cross-reacts with purine 
and pyrimidine determinants raises the question of 
whether there is a common binding site for all three 
specificities. The following hapten inhibition experiments 
support the conclusion that there is indeed one site. 


Table 1. 
Total No. of 


ANTI-HAPTEN SPECIFICITIES OF MYELOMA PROTEINS 
Precipitin reaction with hapten 
myelomas in as BSA and BGG conjugate 
each category DNP TNP 5-AU Purine AMP 
1 J502 + os oe EE + 
1 $133 - 4 - - - 
10 $67, 8113, $150, 3176, J564, 
J570, 4570, J599, J627, 
J646 


Designation 


x v: - = = 
2 5129, J504 + F “2 is - 
5 P2, 823, Jé54, J667, J688 * + + os E 
3 $179, 8225, J689 + * - ES E 
3 8142, 8194, J604 * + + i - 
1 45090 * + + + + 

Rabbit anti-dinitrophenyl* — 4 + + n d 

MOPC-318B t + + + + à 


Myeloma sera were tested by precipitation in gels as described in the text. 
(+), Precipitation; (—), no precipitation; BSA, bovine serum albumin; 
BGG, bovine gamma globulin; DNP, dinitrophenyl; 5-AU, 5-acetyl uracil; 
AMP, adenosine monophosphate. 


* Purified rabbit anti-dinitrophenyl (a gift from Dr S, J. Singer). 
T Mouse myeloma IgA protein from Potter collection’ (a gift from Dr 
Herman Eisen). 


Fig. 1 shows she titration curves of three purified 
myeloma proteins with different specificities (Table 1). 
Each protein, in agreement with the agar diffusion data 
(Table 1), has unique properties with respect to the pre- 
cipitation of DNP, purine and 5-AU-BSA conjugates. 
The less complete precipitation of S23 myeloma protein 
by 5-AU-BSA (Fig. la) and 8194 protein by both 5-AU- 
BSA and purine~BSA (Fig. 1c) probably reflects their low 
affinity for purine and 5-AU relative to DNP. S176 
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OD; of precipitate 


30 40 


0-2 0-4 0-6 
Antigen (mg) 


> 
to 





OD.,, of precipitate 


> 
En 





* 


- 


0:3 0.6 0-9 12 6 
Antigen (mg) 


OD. of precipitate 








A 


0-3 0-6 0-9 12 15 6 
Antigen (ma) 


Fig. 1. Titration of 823, 8176 and S194 myeloma proteins. About 1-3 

mg or partially purified myeloma protein was added to increasing 

amounts of hapten-protein conjugate and the precipitates monitored as 

described in the text. (a) 823; (x), DNP-BSA; (O), 5-AU-BSA; 

CA), putine-BSA, (b) 8176; (x), 5-AU-BSA; (©), DNP-BSA; (A), 

purine-BSA, (c) 8194; (x) DNP-BSA: (©), 5-AU-BSA; (<A), 
purine-BSA. 


(Fig. 15) is representative of the largest class of mouse 
myeloma proteins with known precipitating activity; it 
precipitates the 5-AU conjugate only. 823 myeloma pro- 
tein preeipitates denatured DNA as defined by agar gel 
diffusion; S176 and S194 do not react. 

The competition between the different haptens for an 
individual myeloma protein was carried out at a point 
on each titration eurve near maximum precipitation in the 
antigen excess region. Increasing amounts of the e-amino- 
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caproic acid derivatives of DNP, 5-AU and purine were 
added to a constant amount of myeloma protein and 
antigen. These hapten inhibition data are shown in 
Fig. 2. Figs. 2a and b represent an experiment with S23 
protein using the two haptens, DNP and 5-AU, as pre- 
cipitants by conjugating them to BSA, and their caproic 
acid derivatives as inhibitors of precipitation. Fig. 2a 
shows that DNP-caproic acid inhibits the precipitation of 
5-AU-BSA by S23 at a much lower concentration than 
the homologous hapten, 5-AU--caproie acid. This difference 
is again shown in Fig. 25, although the insolubility of the 
5-AU and purine-caproic acid derivatives prohibits the 
demonstration of complete inhibition. Purine-caproie acid 
inhibits precipitation less well than 5-AU-caproie acid, 
and this slight difference is reflected in the inability of 
823 to precipitate purine-BSA (Fig. la). The relative 
affinities for haptens are, however, approximately the 
same, as measured when either the 5-AU or DNP.-BSA 
conjugate is used as the precipitating antigen (Fig. 2a 
and b). In Fig. 2c, d and e a similar experiment is shown 
involving 8194, a protein with three demonstrable speci- 
ficities (Table 1, Fig. 1c). Both purine and 5-AU caproie 
acids inhibit the precipitation of any one of the three 
hapten-protein conjugates. DNP-caproic acid does not 
inhibit at 0-005 M, its solubility limit. $176, a protein 
which precipitates only 5-AU-BSA (Table 1, Fig. 15), is 
inhibited to decreasing extents by 5-AU, DNP, and purine 
caproie acids (Fig. 2f). DNP-s-aminolysine inhibits the 
precipitation of 823 and S176 at concentrations com- 
parable with DNP- c-aminocaproie acid. The hapten in- 
hibition curves show a heterogeneity constant which 
approaches zero, indicating a homogeneous antibody”. 
c-Aminocaproie acid showed no inhibition at a concentra- 
tion of 0-1 M, but 0-05 M eaproic acid inhibited precipita- 
tion between 10 and 20 per cent; there was no inhibition 
by this compound in a concentration of 0-01 M. Neither 
0-05 M purine 6-oyl-c-aminocaproic acid, 0-05 M 5-AU--(1) 
caproie acid, 0-05 M caproie acid, nor 0-005 M DNP- 
c-aminocaproie acid inhibited the precipitation of C-car- 
bohydrate by 863, a mouse myeloma ya with anti-C- 
carbohydrate antibody activity?^*. 

The following summarizes our data and conclusions. 
(i) About 10 per cent of mouse myelomas indueed by oil 
produce a protein which reacts specifically with a limited 
number of haptens, in particular DNP, purine and 
5-acetyl uracil. (ii) Some myeloma proteins react with 
two or three of these haptens. (iii) In the latter case, there 
is a common binding site for the different haptens. The 
relative binding affinities for each of these haptens vary, 
however, depending on the myeloma protein. These 
findings rule out a multi-site theory?. (iv) Because anti- 
sera prepared against 5-AU and purine react with DNA74, 
and anti-DNA antibodies are involved in autoimmune 
diseases in man!? and mouse!!, we believe the high fre- 
quency of induced mouse myelomas with the antibody 
specificity described here to be the consequence of an 
autoimmune reaction. 

The high frequency of myeloma proteins (~ 10 per cent) 
with antibody activity to nucleic acid bases and DNP 
implies that the proportion of antibody-producing cells in 
contact with the oil is roughly of the same order (discussed 
in ref. 3). How were the large number of cells producing 
anti-DNP and anti-nucleie acid bases induced ? 

Following the injection of oil, a breakdown of tissue in 
the peritoneal cavity!? induces an autoimmune reaction 
of the lupus erythematosus type. in which a large popula- 
tion of anti-purine and anti-pyrimidine cells are ace 
lated. The high proportion of IgA producers is a con- 
sequence of the reaction being localized around the gut 
where cells of this class are concentrated. If neoplasms 
were provoked at random in this population, a high 
frequency of autoimmune specificities would be found in 
the plasma cell tumours. This type of response may also 
account for the finding of two anti-carbohydrate mouse 
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Fig. 2. Hapten inhibition of 523, 8176, and $ 
were carried out in the region of ant 
(1eaproie acid; CA), purine 6-oyl-e 2 

DNP-BSA; (d) S104 protein and 





myeloma proteins** which, ineidentallv, did not react 
with any of the hapten-conjugates tested here. The hypo- 
thesis ti myeloma. immunoglobulins are autoimmune 
antibodies was proposed several years ago". It has been 
confirmed by the finding of a high frequeney of human 
myeloma proteins with anti-immunoglobulin activity! 
and the work described here. 

It is surprising that antibody to dinitrophenol reacts 
with nueleie acid bases. The common specificity which 
the antibody has revealed needs to be elucidated. The 
fact that the myeloma proteins described here are not 
quantitatively precipitated by the three hapten-protein 
derivatives reflects either their low affinity, or that there 
is an inhibition by the non-precipitating monomer (L,H,) 
of the precipitation by the polymerie molecule (L;H;),*. 

At present, of the 240 myeloma proteins in our collec- 
tion, the antibody activity of twenty-eight of them has 
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94 by the caproic acid derivatives of DNP, 5-AU and purine. Hapten inhibition experiments 

leseribed in the text. 
acid. (a) 823 protein and 5-AU~BSA; 
D-AU-BSA; (e) S194 protein and purine-BSA ; (/:8176 protein and 5-AU-BSA. 


(x), 24-dinitrobenzene-e-aminocaproic acid; (O), d-acetyl uracil- 
tb) 823 protein and DNP-BSA; (c) 5194 protein and 








been identified; twenty-six are described here and two 
elsewhere*:+, An additional five, not examined in any 
detail as yet, are probably directed against mouse immuno- 
globulin. 
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Equivalence and Persistence of the Effects of Psychcactive 


Drugs and Past Experience 
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PsycHoactive drugs can have quite different effects in 
different cireumstances, and the personality and therefore 
the past and present experiences of the recipient may be 
crucial. This sounds obvious and has long been allowed 
for clinically, but is often underplayed in descriptions of 
drug action in the scientific literature. Yet the power of 
such factors can be clearly demonstrated even in labora- 
tory rats. 

Thus we have previously found that a mixture of 
amphetamine and a barbiturate almost doubles the 
spontaneous locomotion of rats in an unfamiliar environ- 
ment, a simple Y shaped runway, but fails to increase 
it at all if the rats had been familiarized with this environ- 
ment beforehand!. Even a single 3 min exposure to the 
runway abolished the stimulant effects of the mixture at 
a second trial 3 days later; but, if the first exposure 
occurred while the rats were drugged, this abolition was 
counteracted, and the rats behaved at the second trial 
almost as though the first trial had not happened at all?. 
Mixtures of amphetamine and barbizurates have long been 
used in the treatment of mild anxiety and depression. 
They have also been used socially (for example, ‘Drinamyl’ 

r "purple hearts"), partly, it seems, to initiate and main- 
tain activity in situations involving stress and change. 

Our experiments have now been expanded, especially 
by the interpolation of longer intervals between the two 
trials, up to 3 months. A single previous experience of 
the runway, with or without drugs, has indeed been found 
consistently to modify reactions at a second trial over 
long periods of time, and it is clear that there is a tenacious 
interaction between the effects of drugs and of experience. 
Both ean be experimentally controlled and manipulated 
to yield specifie desired effects on behaviour. 

Adult hooded female rats, reared in standard condi- 
tions, about sixteen to a cage since weaning, were allocated 
to four groups. Each group was given two trials in the 
runway while under the influence of either saline or the 
drug mixture: group 1 received saline-saline; group 2, 
saline-mixture; group 3, mixture-saline; and group 4, 
mixture-mixture (a double cross-over design as in ref. 2). 
A trial consisted of plaeing a rat in the centre of the 
Y shaped runway and observing it for 3 min. Locomotion 
was defined as the number of entries, with all four paws 
across the entrance, into the arms of the Y. "Rears"— the 
number of times a rat reared on its hind legs before 
replacing its front paws on the floor—and other behaviour 
were also seored. 








The behaviour of rats in a maze can be experimentally altered to 
a comparable extent either by psychoactive drugs or by previous 
experience of the maze. The effects of even a short drug/maze ex- 
perience may stay with the organism “for life" 


The intervals between the two trials ranged from 3 days 
(“half a week") to 3 months (713 weeks”). In each of the 
four groups a different sub-group was used for each 
interval; there were twenty-eight sub-groups, with about 
fifteen rats in each. The drug mixture, 0-75 mg/kg of 
d,-amphetamine plus 15 mg/kg of amyobarbitone dis- 
solved in saline, was the same as that used before*? and 
had been found optimal for stimulating locomotion in the 
runway?. It contains proportionately abcut five times as 
much amylobarbitone as ‘Drinamyl’, and resembles a 
mixture said to have been developed "incependently" by 
some teenagers!. The high proportion of barbiturate 
induced in the rats a characteristic clumsy gaitt which, 
however, hardly seemed to affect the number of entries. 
The rats were injected subcutaneously with the mixture 
or with saline 35 min before each trial in the runway. 
Otherwise they stayed in their home cages throughout. 

During trial T the drug mixture, as expected, produced 
more entries than saline; but during tria IT the number 
of entries seemed to depend consistently on the particular 
treatment—mixture or saline—given at trial T, irrespective 
of the length of interval between the two trials; activity 
during trial II was depressed if trial I had been under the 
influence of saline and it was boosted if trial I had been 
under the influence of the mixture (Fig. 1. 

Statistical analysis confirmed that thers were no signi- 
ficant differences within each of the e QU 
columns) in Fig. 1. In group 3 which was given sal 
after the mixture there was, however, a quadratie e 
pcnent in the saline block (P « 0-01); but, because the mix- 
ture profile in this group wa: similar, analysis of covariance 
showed that the quadratic component w 






































nificant (P>0-05). The results within each block were 
therefore pooled, and further analyses were based on the 
following numbers of rats: group 1, 109 group 2, 113; 


group 3, 106; and group 4, 99, A matrix of ¢ tests for all 
possible comparisons between the eight blocks again bore 
out the trends in Fig. 1. During trial I, the mixture 
produced overall about 80 per cent more entries than 
saline (mean difference 7.89); the two saline blocks did 
not differ from each other, nor did the two mixture blocks. 
After a first trial with saline, there was a mean deerease 
of 1-69 entries in group 1. In group 2 there was a mean 
increase of 3-72, but the absolute level of activity under 
the influence of the mixture during trial TI was signifi- 
cantly lower than during trial I (mean difference 4-27), 
and lower still when compared with tria: Il in group 4 
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Fig. l. Effect of a first trial in a Y maze on behaviour at a second trial after different times, Rats were allocated to four groups, each of 


which was divided into seven sub-groups, 


to 13 weeks. 


(mean difference 7-96), After a first trial with the mixture, 
trial Il activity was always greater than the corresponding 
activity following a first trial under the influence of saline; 
in group 3, activity under the influence of saline during 
trial IL was significantly higher than saline activity at 
trial I (mean difference 1:72), and higher still than saline 
activity in group I during trial II (mean difference 3-31). 
In the most favourable condition (mixture after mixture, 
mean 21-61), activity was therefore more than two and a 
half times as great as in the least favourable condition 
(saline after saline, mean 8:44). All the differences were 
significant at P<0-001, That treatment and the con- 
sequent level of activity during trial I strongly affected 
activity during trial II is also supported by the correla- 
tions for the numbers of entries between the two successive 
trials in each group, which are all positive and signifieant 
(P « 0-001, compare refs, 2 and 5): for group 4, r— 0-617; 
for group 1, 0-451; for group 2, rz 0:468; and for 
group 3, r= 0-355, 

Correlations between the numbers of entries and of 
rears within blocks were not significant when the mixture 
was given at trial I or in group 4 which had the mixture 
twi When one or both trials were under the influence 
of saline, the correlations were all positive and significant 
(P «0:001); for rats given saline after saline r— 0-661, 
for those given saline at trial I, r= 0-439, for those given 
the mixture at trial I, r= 0-037, and for those given the 
mixture after the mixture, r= 06-162; when there was a 
change of treatment between the two trials, that is, in 
groups 2 and 3, the correlations within trial II between 
entries and rears were almost identical: for rats given the 
mixture after saline, r= 0-451, and for those given saline 
after the mixture, r=0-464, Thus when saline was 
involved once only, the correlations were positive, highly 
significant and fairly similar to each other; when saline 
as involved twice, the correlations were very high 
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s Each sub-group had two 3 min trials while under the influence of saline or a mixture of amphet 
and barbiturate (0-75 mg/kg of dl-amphetamine + 15 mg/kg of amylobarbitone), 
Saline at trial I depressed activity at trial II, and the mixture at trial I boosted it; 





mine 
The intervals between the two trials varied from half a week 
these effects persisted for 3 months. 


indeed; but with the mixture given at trial I or at both 
trials there was practically no correlation. Trials with 
saline therefore somehow seemed to stabilize the relations 
between entries and rears. In other experiments? where 
trial length was inereased to 5 min the corresponding 
saline correlations were even larger. 

Comparisons, using ¢ tests, were also made separately 
for entries after the shortest and after the longest intervals, 
3 days and 13 weeks. They were consistent with the pooled 
results, though they were nct always statistically signifi- 
cant because of the smaller numbers in sub-groups. 

Controls were run for possible effects of: ageing, 
administration of the mixture or of saline, but without 
an actual trial in the maze; and injection as such, sham 
Injections and varieties of relevant handling. One form 
of handling—-merely being held lcosely in the hand for a 
few seconds—had a boosting effect on mixture activity a 
fortnight later. Otherwise none of the control treatments 
seemed to matter, though any trends were consistent with 
the general interpretations which follow. 

Finally, the pooled results for entries were broken down 
into suecessive half minutes of the 3 min trials (lig. 2). 
During trial I, the initial level of activity under the 
influence of saline was fairly high but as expected it 
progressively deelined; with the mixture initial activity 
was similar but stayed high (Fig. 2a, compare ref. 3). 
During trial H, all curves had a steeper slope than during 
trial I, but otherwise they depended on the particular 
treatment, saline or drug mixture, given at trial I. After 
à trial I with saline, the starting points were roughly the 
same, but the mixture now showed some decline, and 
with salme the deeline was steeper (Fig. 25). After a 
first trial under the influenee of the mixture, starting 
points were higher and the slopes steeper still (Fig. 26). 
The rate of decline was expressed as the difference between 
the number of entries in the first and the last half minutes, 
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Fig. 92. Activity in successive half minutes of the 3 min trials in the maze described in Fig. 1, pooling scores of trial T and of trial If in 


each group. 
(n: 205), 
slopes are steeper. 


and these differences were highly significant (P « 0-001). 
Each experimental condition thus had its characteristic 
combination of starting level and slope. From the results 
of trial IT, it is therefore possible to deduce what treatment, 
if any, the rats had at trial I. 

Three principal factors involved in the pooled results 
of Fig. 1 can be expressed in terms of ratios as follows. 

(1) The effect of the drug mixture. The most "straight- 
forward" effect of the mixture is the ratio at trial I of the 
number of entries with the mixture and with saline (1-79). 
After a first trial with saline, the mixture : saline ratio at 
trial IT was 1-62, and, after a first trial with the mixture, 
the mixture : saline ratio at trial II was 1-84. The dif- 
ferences between these ratios were not significant, so that, 
although the absolute level of activity was affected by the 
particular experimental conditions, the relative increases 
due to the mixture remained roughly constant. 

(2) The effect cf experienee. After a first trial with 
saline, the ratios between activity during trial II and the 
corresponding trial I were also almost equal. The ratio 
of entries with saline after saline to entries with saline 





doring mial Ta MOup trial \ = 0-83 
' \ groups 1 and 2 combined, trial L/ 
—"pure" or "straightforward" experience effect; and 


the ratio of entries with the mixture after saline to entries 
with the mixture during trial I, 





( group 2, trial II N 0-16 
— NC a XT 





The relative decrease due to a previous experience after 
saline, though smaller than the drug effect and in the 
opposite direction, is thus also roughly constant. 

(3) "Indirect" or residual effects. After a first trial 
under the influence of the mixture the ratios of activity 
during trial IT and during the appropriate trial I were 
again almost the same; the ratio of entries with saline 
after the mixture to entries with saline during trial I, 





, i ] 
( group 3, tria H = 1-17; and the ratio 


groups 1 and 2 combined, trial L/ 


of entries with the mixture after the mixture to entries 
with the mixture during trial I, 


( group 4, trial II N 
groups 3 and 4 combined, trial U 





= 1-21 


a, Saline activity is at first fairly high but progressively declines (n= 222); with the drug mixture the initial activity is maintained 
b, Starting levels are roughly the same as in a, but both decline. 
Each curve has a characteristic combination of starting level and slope. 


e, Starting points are higher than in either a or b and the 
C, Saline; @, mixture. 


The inverse values of these ratios are 0-85 and 0-82 
respectively, and these are obviously closely similar to 
the "direct" experience ratios. Thus the indirect or 
residual effects of the mixture and of experience seem to 
be of equal power. 

All three kinds of ratio reflect the fact that in the 
present experiments the drug effects are always greater 
than the effects of experience, and that they act in 
opposite directions. Furthermore, the greater the absolute 
values compared, the greater the resultant ratios, and 
as the size of the effects increases so do the discrepancies 
among the ratios—a possible reflexion of some kind of 
multiplieative factor. 

A single experience with or without drugs and lasting 
only 3 min can therefore significantly alter reactions to 
the same experimental situation as much as 3 months 
later. In one sense the conditions in which the first 
experience occurred erucially determined later reactions; 
but there are particular circumstances where apparently 
they did not matter greatly. Thus, in both groups 2 
and 3 activity during trial II was roughly the same 
(ratio 1-16) even though in group 2 the second trial 
occurred under the influence of the mixture and in group 3 
under the influence of saline. In group 3, therefore, one 
might almost say that at trial II the drug was “conspicuous 
by its absence". In group 2, the mixture more than com- 
pensated for the depressing effect of à previous trial with 
saline; and, appropriately, the ataxia observed when the 
mixture was given in group 2 seemed to be greater than 
that during trial II in group 4. 

It therefore seems that for any desired level of trial H 
activity one could probably select an appropriate 
combination of maze experience and drugs. This is 
analogous to the idea that one can also "titrate" the 
ingredient doses and dose ratios of two drugs which 
usually have predominantly opposite actions on the central 
nervous system, for example, amphetamine and amylo- 
barbitone and/or chlordiazepoxide when they are given 
as mixtures, to produce specific patterns of activity’. 

In our original experiments with the two trials 3 days 
apart, we suggested that having had a first trial under the 
influence cf the mixture made the animals behave at 
the second trial as though they had had no first trial at 
all (ref. 2, see also ref. 6), a kind of "lest weekend" hypo- 
thesis. Previously?, maze experience was longer than in 
the present case, because immediately after the usual 
3 min trial the rats had their footprints taken in a bigger 
Y maze in order to display ataxia. This led to a bigger 
decrease at trial IT in group 1, and to a correspondingly 
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smaller increase in group 4. The depressing effects of 
experience of a maze may therefore be proportional to its 
duration. Interestingly, with mice in a hole board test’, 
familiarity with the environment inereased, progres- 
sivelv larger doses of the same mixture of amphetamine 
and amylobarbitone were needed to produce peak effects. 
The original “lost weekend" hypothesis does not fit our 
new data because the effect of maze experience was 
weaker than that of the drug mixture used, and therefore 
this hypothesis ean be regarded as only a special case of 
the more general "titration" concepts whieh we have 
proposed. 

In cur present state of knowledge it is difficult to explain 
the nature of the principal effects « r of their persistence. 

A feature of our experiments was that the experience 
was physieally not noxious, apparently mild and short. 
But the rats had not left their home cages since weaning; 
the first experience of a radically different environment 
and the conditions in which this occurred are likely to 
have made a strong impact*. Mere injection of either saline 
or the drug mixture but without an actual trial in the 
runway docs not seem to have affected later behaviour: 
e controls behaved as if they were naive; both their 
total numbers of entries and their within-trial slopes were 
virtually the same as the slopes from trial I (Fig. 2a): 
when later they had a second trial in the maze under the 
influenee of the mixture or of saline, the slopes were also 
virtually the same as the corresponding slopes m Figs. 2b 
and c. By itself the drug mixture therefore does not seem 
to have been responsible for the subsequent effects; what 
seems to have been decisive was the interaction between 
maze experience and drugs. 

Psychological explanations of activity in unfamiliar 
environments like mazes tend to invoke mutually opposing 
factors, for example, euriosity and boredom, or novelty 
and fear. This amounts to little more than saying that 
the behaviour results from interactions between various 
negative and positive tendencies, the nature of which is 
still puzzling*. None of these bipolar factors can account 
for our present results—even those which prima facie 
appear to be the most likely candidates, interpretations 
in terms of "dissociation" and “transferu, For 
example, according to Overton, the greater the difference 
between the conditions in which two successive trials 
occur, the less similarity is to be expected between 
behaviour during trial I and during trial If. But this dee 4S 
not account for the decrease at trial IT in our group 1, 
nor for the increase in group 4, and only doubtfully for the 
indirect effects. 

One way of describing the behaviour of our rats would 
be in terms of a learnt drug response. The experience of a 
new environment under the influence of the drug mixture 
may have been rewarding, possibly by counteracting 
boredom or fear, and so the rats learnt to maintain high 
activity. The starting levels and slopes in Fig. 2 can be 
fitted into this conception. 

In any case the behaviour of rats in an unfamiliar 
territory is complex; many kinds of response are available 
and different measures may reflect various interactions 
between underlying proeesses?. We have concentrated 
on the number of entries which produced clear, reliable 
and consistent results; other reactions, such as the 
number of rears, followed similar patterns in some respects 
only. The course of behaviour that developed within a 
trial was, however, remarkably consistent. The rats began 
with maximal locomotion; approximately 1 min later 
rears reached a peak, and then both declined to relative 
inactivity. The persistence of the high level of performance 
under the influence of the drug mixture could largely have 
been a result of its stimulant effect on locomotion which 
may have been augmented by its additional action of 
eounteracting boredom or fear. 

The surprising persistence of our effects presumably 
involves some form of long-term memory. Although 
comparisons of time spans between rats and man are 
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risky, 3 months may possibly be tantamount to 7 yr in 
man. Group 3 is probably the most striking example of 
the persistence of a first maze experience under the 
influence of drugs. It almost seems as if the rats had 
retained the drugs within themselves and were able to 
release them when triggered by appropriate external 
stimulation. 

Our findings forcibly reiterate the practical caution? 
that even a single previous experience can have marked 
effects on later reactions to drugs, and show that these 

cannot be assumed to fade spontaneously with time. 
For certain purposes, however, for example to detect 
the maximum stimulation which a drug mixture can 
induce, a second trial may be needed, because the first 
seems to act as a "primer" (compare ref. 14). On the other 
hand, the length of time between two trials within the 
time spans we have studied is relatively unimportant, so 
that experiments of this kind can be spaced at the experi- 
menter’s convenience. 

Possible analogies from outside psychopharmacology of 
long-term effects following brief exposures to biologically 
active materials are the persistence of induced antigenic 
sensitivity, and of enzyme induction which has "been 
reported in the CNS. A suggestion of how one such analogy 
might relate to the present data is made in the next 
article. 

Investigations (fcr example, refs. 9, 15-18) which are 
similar to ours have usually involved different, more 
noxious or more prolonged experiences, no drugs, shorter 
or fewer time intervals between trials and/or only parts 
of our experimental design. Their results, though often 
compatible, are not as complete as ours, and therefore 
cannot as fully support comparable interpretations. 

Our own findings do not enable one to ehoose the 
theoretically most adequate deseription of the behaviour. 
But we can rule out some descriptions, and the findings 
also highlight the need for re-evaluating others. They 
support three principal conclusions. 

First, although the quality of a single previous ex- 
perience of a maze can strongly afanes behaviour for at 
least 3 months, similar behaviour can nevertheless result 
from combining, in suitable conditions, this first experience 
of the maze with either administration of drugs or of saline. 

Second, there is a sense in which even in laboratory 
rats no experience may ever be lost. Unless appropriate 
countervailing action is taken, the effects of any significant 
experience can be irreversible and mark the organism 
“for life”. 

Finally, overt behaviour under the influence of psycho- 
active drugs depends on striking a flexible balance between 
the drugs themselves, the precise circumstances in which 
they are administered, and the state of the recipient at the 
time of administration. The state of the recipient, in turn, 
depends on its previous experiences. To this extent, even 
psychoactive drugs which, as in the present case, are 
capable of pr ofoundly changing behaviour, cannot be said 
to have very “specific” effects. 
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Metabolic Approach to Interpreting Animal Exploratory 


Activity 
by 
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Department of Biochemistry, 
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De Crespigny Park, 
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CHEMICAL and cellular mechanisms of adaptation and 
control appear to be implicit in the findings of the previous 
article. Usually, the novel sensory input (SI) from the 
animals’ new environment, in contrast to that from the old, 
induces or augments exploratory activity (EA). but the 
EA is subject to progressive limitation by continued SI 
while animals are still alert and unexhausted. The high, 
sustained levels of EA in the presence of certain drug 
mixtures containing amphetamine (see also Fig. ! of ref. 1) 
can be regarded as à chernically induced uncoupling. 

Depletion of cerebral material or energy reserves, which 
would give à basis for such uncoupling. is observed in 
cognate situations. Thus amphetamine and methamphet- 
amine deplete cerebral cortical nerve terminals in cate- 
cholamines, which can be neural transmitting agents, and 
inhibit the uptake of such transmitters and their pre- 
cursors to the terminals in isolated neocortical tissues’. 
Methamphetamine lowers the cerebral content of energy- 
rich metabolites, in particular glycogen and phospho- 
creatine’, The action of smaller doses of amphetamine in 
depleting cerebral catecholamines and glycogen of mice is 
accentuated by environmental stimulation resulting from 
overcrowding’. During the electrical stimulation of neo- 
cortical tissues which depletes their phosphocreatine, 
important synthetic processes in the tissue are inhibited— 
the resynthesis of glycogen**, and the synthesis of protein 
as measured by incorporation of amino-acids’. The 
. changes in cerebral metabolites caused by stimulation of 
the brain or of isolated cerebral tissues for a few seconds 
can persist for minutes or hours? and be modified by 
drugs’. 


(I) Proposed Mechanism 

(1) Diminution occurs in EA during the 3 or 5 min of 
depletion and competing metabolie processes can be 
envisaged in various neural settings. and a proposal is 
now made which describes six characteristics of the data 
of Fig. L4. and of Fig. 2 of the preceding article. The 
EA recorded by these data is the preponderating and 
typical motor activity among several which occur in the 
runway, and other components also follow a time-course 
similar to that shown and now discussed. 

(1) Diminution occurs in EA during the 3 or 5 min of 
a first trial in the runway. This is ascribed to a neural 
apparatus which can undergo a transformation, needing 
energy-rich metabolites for its persistence. (a) Initially, 
the various activities measured as EA are considered to 
be in direct relation to the temporal sequence of SI being 
received through pathways which include a population of 


Metabolic factors can be invoked to explain how exploratory 
activities of rats in runways are altered by drugs and by previous 
experience. 
dependence in man, appears to act by extending tie impression of 
novelty in a limited environment. 


A drug mixture, akin to one which can cause drug 


neurones, N; these form part of a larger neural organiza 
ton. (b) The new SIs change this pattern of response of 
the Ns into a form observed in large neurcnes in association 
areas of the neocortex (see section II). After this change, 
a particular component of the SI gives a response 
which is initially maximal (and greater than its previous 
activity) and which diminishes with time. (e) This trans- 
formation of Ns to “post-trial neurones" (TNs) involves 
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Fig. 1. 
occasions on which they entered the arms of a Y chap 
their first 5 min exposure there. Some gronps of animals received the 
drugs indicated, subeutaneously, 35 min befor sting. For further 
description of the preparation, handling and ! iour of the animals 
soe ref. 1. A, Data! discussed in detail in th t, using 1-18 mg/kg 
of amphetamine and 7:5 mg/kg af amyloharbiter Bi. Saline controt; 
4A, amphetamine; ©, amylobarbitone; 6), ampretamine with amylo- 
barbitone. B, Another mixture containing amphetamine which Induced 
the high, sustained, exploratory activity??: 1-18 mg/kg of amphetamine 
and 25 mg/kg of chlordiazepoxide. The activity with chlordiazepoxide 
alone decreased rapidly. 


Exploratory activities of rats, measured by the numbers of 
runway during 





















890 


other celis of the organization of which the Ns form part 
and its establishment begins within a few minutes as 
a result of synthetic processes needing energy-rich 
metabolites. 


(2) There is greater initial EA with drugs. Amphet- 
amine increases neural excitatory activity and the 


barbiturate diminishes the effect of inhibitory neurones. 
In Fig. 1 the two initial actions are additive, possibly 
because different sets of neurones are affected by the 
different compounds, although this relationship is dose- 
dependent.  Barbiturates may aet also by altering the 
metabolism of amphetamine in the body as a whole. 

(3) Sustained high activity occurs with the drug mix- 
ture. The joint acceleration of initial activity causes the 
depletion of energy-rich intermediates, which prevents 
the synthetic processes needed for normal transformation 
of Ns to TNs. 

(4) There 15 a more rapid fall in EA on retrial (Fig. 25 
of preceding article). Of the population of Ns relevant 
to the new environment, many have already been con- 
verted to TNs in trial I. In trial II the outputs containing 
these cells begin at a higher level than before, and fall 
more rapidly, and on this are superimposed further 
changes of N to TN during trial II. 

(6) Higher initial EA is found with both saline and 
drug mixture, on retrial after trial I with drug mixture 
(Fig. 2c of preceding article). The uncoupling which 
allowed higher, sustained activity with the drug mixture 
in trial T operated at a particular stage: that is, after the 
greater initial activity (see (2)) had depleted a susceptible 
component. Initial steps in the change of N to TN are 
therefore assumed to have occurred, and to be resumed 
when the depletion is made good. The transmitter 
interactions quoted as being caused by amphetamine 
specify the population of Ns affected by SI. The inter-trial 
period lasts many hours or days, and during most of this 
time the animal has been freed from the drugs by their 
metabolism and exeretion. Metabolie data show that 
restoration of energy rich metabolites after maximal stim- 
ulation takes some minutes. At the second trial, initial EA 
is therefore augmented by stimulation from the 'TNs pro- 
duced in the inter-trial period. Further TNs are also 
produced during the second trial itself. Decline of explora- 
tory activity follows, at a greater rate because of the larger 
array of TNs available and the fewer relevant Ns. 

(6) There was higher initial aetivity on retrial with 
drug mixture than without, after initial trial with mixture. 
Initial activities in the two situations differed less in trial T 
(Fig. 2a of preceding artiele). The difference in trial II is 
attributed to SI with drug in trial I being influenced by 
the drug, either by the animal's greater EA or by selective 
action on different sensory modalities. These factors 
contribute to specifying some of the population of TNs 
produced in the inter-trial period in terms of the drug 
mixture. The second exposure of the animals to the 
runway while the drug is acting will thus, by firing these 
cells, initiate greater EA than does a second exposure 
without drug. 











(I) Cognate Data 

Neural connexions between SI and the coordinated 
movements which are the measured aspect of EA are 
enormously complex!" '. They include integrative pro- 
cesses at different levels in the central nervous system 
and involve a multiplicity of excitatory and inhibitory 
synapses. Pyramidal cells, which represent one category 
of motor output from the cortex, can have tens of 
thousands of synaptic terminals on their dendritic spines 
alone. The firing of one such cell may be conditioned by 
a variety of sensory modalities!? and be altered by stimuli 
received some time previously. 

Instances of the pattern of firing ascribed to TN have 
been recorded frequently!?-15, both in sensory systems and 
at the cerebral cortex. The decrement in rate of firing in 
any one system typically oceupies periods up to a few 
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seconds rather than the longer time necessary to con- 
stitute a direct parallel to change in EA. The cumulative 
results of changes in a large number of adapting units 
would extend the time-course of the change, and slower 
modifications in cell-firing have been observed. Thus 
the isolated olfactory cortex showed a cumulative growth 
of complex responses to repetitive stimuli!* and a pro- 
gressive change in response over a period of 3 min". Cul- 
tured cerebral explants were caused to establish synaptie 
contact without celi firing; on first stimulating, a. simple 
response was evoked but this became longer and more 
complex during 10 min intermittent stimulation!*. These 
changes appear to represent the coming into action of 
additional synaptie contacts, in some cases for the first 
time. Supposing this to be the basis for conversion of Ns 
to TNs, the permanence (see preceding article) of the 
change in EA makes necessary a process, possibly tro- 
phic®.1°.20, which stabilizes the synaptic change. 

Growth of synaptic contacts has been discussed as a 
basis of learning and retention'*?*, and the relevance of 
present proposals te aspects of animal behaviour and to 
theories of learning is realized; certain such theories in- 
volve synthesis of specific proteins?!-?*, Tf the increased EA 
in the presence of drug mixture, followed by inter-trial 
synthesis, is interpreted as leading to some facilitation of 
learning or retention. it is to be noted that this is occurring 
in a protected and limited environment. In natural 
habitats rats are very cautious in their exploratory 
activities, and this contributes to their survival, It may 
also be remarked that the drug mixture used is akin to 
some which in man can induce a form of drug-dependence. 
The proposed mechanism can be interpreted as suggesting 
that the drugs extend the impression of novelty given by 
a limited environment, and this might apply to their 
actions in man. 

I thank Dr Hannah Steinberg for fostering my interest 
in this work, for unpublished data of Dr R. Rushton and 
herself and for diseussion, with Mr M. Tomkiewiez, of 
the proposed interpretation. 
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no. 9. structure and properties of solids 
English translation edited by P. S. ALLEN, B.Sc., Ph.D. 


This comprehensive introduction to the important subject of solid state physics 
covers both the fundamental concepts of the structure and properties of solids. 
Applications in such fields as electrons and metallurgy are discussed. 
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anical Properties. Lattice Vibrations. Dielectric Properties of Solids. Electronic 
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Z. VINTR, D.Sc. 
English translation edited by P. S. ALLEN, B.Sc, Ph.D. 


A comprehensive introduction to the subject which presents in a simple, clear and 
concise manner many of the important topics of nuclear physics. it is written in 
such a way that the reader grasps the important physical ideas and results without 
having to cover detailed theory. 


CONTENTS Interaction of Particles with Matter. Detection of Nuclear Radiation. 
Radioactivity. Nuclear Reactions. 
118 pp. 35 illustrations 15s, net 15s. 8d. by post 
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book could be read with profit by any botanist interested 
in plant form and development. —8ritisiy Book News. 
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Encyclopaedia of Cybernetics 


This encyclopaedia defines and explaims the terms 
used in all branches of cybernetics, illustrating their 
application in practice. The terms are given in four 
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An invaluable reference book for those working in 


the fields of industry, technology, psychology, biology 
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TITLES IN BIOLOGY 


N by DAVID I. ABRAMSON University of tilinvis, Chicago, Illinois 
A critical and authoritative summary of our present knowledge of 
the physiologic and pharmacologic responses of the blood vessels 





in the extremities of man. Also included is a comprehensive presen- 
CIRCULATION IN tation of the latest developments in the area of peripheral circulation. 
THE EXTREMITIES REVIEW: "This monograph should prove to be most useful not 


only to those interested in the basic aspects of peripheral circu- 
latory physiology, but also to medical students and practising 
physicians concerned with problems of peripheral vascular disease". 
—The Yale Journal of Biology and Medicine. 

1967, 557 pp., 210s. ($22.50) 


by HAROLD J. MOROWITZ, Yale University, New Haven, Connecticut 





ENERGY FLOW IN Presents a study of the emergence of biological-type order in 
physical systems. The analysis is carried out in terms of thermo- 
BIOLOGY dynamics, statistical mechanics and kinetic theory. The results 


of the physical analysis are applied to the “origin of life" problem 
as well as to present day terrestrial ecology, and the thermodynamic 
foundations of trophic ecology are analyzed. 

1968 173 pp., 88s. 6d. ($9.50) 


edited by RALPH D. TANZ, Geigy Chemical Corporation 
FREDERIC KAVALER, State University of New York 
and JAY ROBERTS, University of Pittsburgh 


Biological Organization as a 
Problem in Thermal Physics 





FACTORS INFLUENCING Presents research and review papers on the physiology, biochemistry 
and pharmacology of cardiac muscle. Many of the current methods, 

MYOCARDIAL including tissue culture, are described; also discussed are the 
physiology of heart failure, cardiac tissue culture studies, exci- 

CONTRACTILITY tation-contraction, studies performed in vitro and in vivo, special 


biochemical problems of cardiac muscle, and the effects of cate- 
cholamines, cardiac glycosides, and hormones upon cardiac muscle, 
1968, 693 pp., 261s. 6d. ($28.00) 


edited by NICHOLAS S. ASSALI, Departments of Obstetrics and Gynecology 


and Physiology, UCLA School of Medicine, Los Angeles, California 

Biology of Gestation bridges the gap between the various disci- 

BIOLOGY OF plines studying pregnancy and the fetus and the newborn. In this 

integrative work the contributors present the basic information on 

GESTATION control of ovulation and implantation, uterine and placental 
physiology, endocrinology of pregnancy, and placental transport 

mechanisms; mathematical treatment of multicompartment transfer 

systems is discussed with specific examples. 

Volume I: THE MATERNAL ORGANISM 1968, 507 pp., 252s. (827.00) 

Volume H: THE FETUS AND NEONATE 1968, 405 pp., 214s. 6d. (823.00) 










in two volumes 
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by À. HOFFER, Formerly, Director, Psychiatric Research, Psychiatric Services Branch, 
Department of Public Health, Saskatoon, Saskatchewan, Canada. 


H. OSMOND, Director, Bureau of Research in Neurology and Psychiatry, New Jersey 
Neuro-Psychiatric Institute, Princeton, New Jersey. s 


Comprehensively describes the chemistry, biochemistry, pharma- 
cology and toxicology of all known classes of hallucinogens, a 
variety of chemical substances that may be psychotomimetic, 
delirient, or psychedelic. Emphasis is given to LSD (lysergic acid 
diethylamide), with special attention to its effects on normal subjects, 
on schizophrenic patients, its use in psychotherapy, and the psyche- 
delic experience. In addition the authors discuss the sociological 
implications wherever appropriate. 
E 1968, 626 pp., 233s, 6d. ($25.00) 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Faraday Rotation of Radio Waves from 
the Pulsars 


Tue discovery of a linearly polarized component of the 
radiation from pulsars? led to an attempt? to measure 
the Faraday rotation of the plane of polarization as the 
radio waves traversed the ionized interstellar gas, in the 
expectation that the result could be used to find à value 
for the interstellar magnetic field. This first attempt, 
using radio waves at 151 MHz from the pulsar CP 0950, 
showed a surprisingly small Faraday rotation, consistent 
with a field of less than 2x 10-7 gauss. It was surmised 
at the time that this result might be peculiar to this 
partieular line of sight. 

Measurements have now been made for several other 
pulsars, and much larger Faraday rotations have been 
discovered. This communication reports measurements 
made on the pulsars CP 0328 and AP 2015+ 28, both of 
which lie at low galactic latitudes. The pulsar CP 0328 
has recently been shown to be at a distance greater than 
4-2 kpe, beyond both the local and the Perseus spiral arms 
of the galaxy*. It is therefore to be expected that the 
Faraday rotation for this source would be comparable 
with the rotation found for extragalaetic sources, and in 
particular the nearby source 3C 86, only 1^ 20’ away, for 
which the high rotation measure of — 400 rad m-* has 
been reported*. Similarly, AP 2015 + 28 is only 1° 5' from 
3C 410, with a reported rotation measure of — 216 rad m-? 
(ref. 5). (The Faraday rotation angle at wavelength 2 for 
a source with rotation measure R is #22.) 

Measurements were made by recording the difference 
in power received in orthogonal dipoles in a rotatable 
mount at the focus of the Mark I 250 foot telescope. A 
receiver bandwidth of 750 kHz was used, and the polar- 
ization was determined in two bands separated by between 
1:0 and 3-0 MHz, using centre frequencies of 151-5 MHz 
and 408 MHz. As the feed was rotated, a sinusoidal 
variation of the difference was recorded, and any phase 
shift between the sinusoids for the two frequeneies was 
attributed to Faraday rotation, which varies as the 
inverse square of the frequency. A check was made by 
repeating the measurement on CP 0950, which again 
showed no detectable Faraday rotation. 

For the pulsar AP 2015+28 the average linear polar- 
ization over the whole duration of the pulse, averaged 
also over about 2 min of time, exceeds 50 per cent, and 
these averages were therefore used in the recordings. 
The polarization of CP 0328 varies considerably across 
the pulse, however, and it is necessary to separate out 
the first half of the pulse for a sufficiently large polariza- 
tion to be recorded. "The total duration of this pulse is 
about 6 ms, so that it was necessary to record the polarized 
component in a time interval of only 3 ms. Again this 
component was averaged over the pulses arriving during 
2 min periods. 


The shifts in position angle recorded for various sep 
tions of receiver bands are shown in Table 1. A positive 
sign would indieate an increase in position angle as the 
frequeney decreases, as expected for a positive rotation 
measure. 











Table 1. SHIFTS IN POSITION ANGLE FOR VARIOUS SEPARATIONS GF RECEIVER 


NDS 
Shift of posi- 


Frequency Band separa- 


Pulsar (MHz) tion (MHz) tion angle 
CP 0328 408 3 
408 r5 
AP 2015428 408 3 
408 1-5 
151-5 p 
151-5 ro 








The ambiguities can be removed in this way, and the 
rotation measures are then found to be as in Table 2. 
The accuracy of the present determinations is about 
+15 per cent. 


Table 2, SUMMARY OF RESULTS 


Galactic coordinates Rotation 5 a 
Pulsar Longitude Latitude measure f Wat H 
la bu (rad m-*) (pe om") — sugauss 
CP 0328 144^ -42° -95 20-76 Bh 
AP 2015 +28 68° -4* ~ 30 142 pa 


The rotation measure contributed by the ionosphere at 
the time of the observations, which were mainly carried 
out between 00-04 h during October 2-5, 1968, was less 
than R=2 for both pulsars. No allowance has been made 
for this in the values of Table 2. 

Table 2 also gives the values of [N dl, the integrated 
number of electrons in the line of sight*. The rotation 
measure R is related to the component of the magnetic 
field along the line of sight by 


R= (81 fN H dl 


using the units of Table 2. The last column of Table 2 
gives a value of H, the magnetic field obtained by dividing 
R by {N dl. This is the field component weighted according 
to the distribution of electron density along the line of 
sight. It therefore only represents any large scale com- 
ponent of the whole magnetic field, and a general value 
for the magnetic field in the spiral arms must be greater 
by a factor depending on the geometrical arrangement of 
the field. 

It will be noted that the values of R are considerably 
less than those assigned to the neighbouring sources 
3C 86 and 3C 410. It seems possible that the published 
values of position angles for these sources admit an 
interpretation in terms of smaller values of Æ, but if the dis- 
crepancy is real it implies that rotation is occurring in 
parts of the galaxy beyond the pulsars. The rotation 
measure of the pulsars as compared with nearby extra- 
galaetie sources may then provide an indication of their 
distances. 

The values of Ñ, while not as low as suggested by the 
measurement on CP 0950, are considerably lower than 
the value of 20 ugauss reported for the Perseus arm by 
Verschuur’, who measured the Zeeman splitting of the 
21 em hydrogen line. The present result, referring to the 
field both in the Perseus arm and the local arm, would 
be compatible with lower values for the field in the local 
arm, as suggested by the failure of previous attempts to 
measure the Zeeman splitting in this arm*. The high 
degree of organization of the measured values of E for 
extragalactic sources? does, however, suggest that in the 
direction of AP 2015+28 the field of 2 ugauss which 
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has now been measured represents a field which is well 
organized over a large portion of the line of sight. 

F. G. SMTH 
University of Manchester, 
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Upper Limits to Gamma Ray Fluxes 
from Three Pulsating Radio Sources 


A SURVEY of possible celestial gamma ray sources was 
undertaken by the detection of Cerenkov light generated 
in the atmosphere by energetic particles in air showers. 
Upper limits for thirteen possible continuous sources of 
gamma rays of energy greater than 2x 10! eV, together 
with a description of the system and its operation, have 
been reported elsewhere'. Soon after the discovery of 
the pulsating radio sources?, the survey was extended to 
include observations of these objects. The results are 
presented here together with some preliminary observa- 
tions of the same sources made with a new instrument with 
larger aperture (10 m) and lower threshold energy (4 x 10"! 
eV). Most of the observations were made at the 4,200 
foot level of the Mount Hopkins observing station near 
Tueson, Arizona, by means of light detectors consisting 
of two 5 foot searchlight mirrors with RCA 4518 photo- 
mulipliers at their foci; these were operated in coincidence 
with a resolving time of 6 ns. The results of eleven drift 
scans on three of the pulsating radio sources are shown in 
Table 1. The location of CP 0950 near Leo NR-1 
permitted an upper limit to be obtained for the former 
from re-examination of the previous drift scans on the 
latter. The upper limits to the gamma ray fluxes in 
Table 1 are at the three standard deviation level of 
significance 

A different mode of operation was adopted in an 
attempt to detect periodicity in any possible gamma ray 
emission from the pulsating radio sources, under the 
assumption that gamma rays are emitted only during the 
radio pulses. For this experiment, the light detectors 
were moved so as to track the sources for periods of 
1-3h. While a source was being tracked, each eoincidence 
pulse was recorded on one track of a magnetic tape; on 
a parallel track, a crystal-controlled calibration time 
signal was continuously recorded. By means of a multi- 
channel analyser operating in the multisealar mode?, the 
tape was then analysed for periodieity in the times of 
arrival of the showers. The mean cycling time of the 
analyser was the heliocentrie pulsar period corrected for 
the Earth's orbital motion. 

The results of three tracking runs are shown in Table 2 
Because the analysis of the tracking runs was not matched 















Table 1. DRIFT-SCAN TECHNIQUE 
Fluxiimit Effective 
Aperture Half- No. of Effect (x10! gamma ray 
Source (m) angle drift (c.p.m.) photons energy 
(degrees) scans ems?) (10% eV) 
CP 0950 1 2 ~ 2-67 + 1-60 11 3 
CP 1133 1 2 — 0-25 + 180 25 3 
2 5 —0ditrLbSI 16 3 
CP 1919 1 2 ~ 3-05 + 1-86 10 3 
CP 4183 Os 6 +0504 1-10 16 r4 
CP 1919 o5 t — E83 +176 39 0-7 
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Fig. |. Summary of results from CP 1133. 


in phase to the radio pulsations, the effect. could appear 
in any one of the T/r channels, where T' is the period 
of the radio pulses and ¢ is the pulse perce that is, 
the basic time cell into which the period is divided. P/r 
was of the order of 30, so there was an 8 per cent probabil- 
ity of a chance fluctuation greater than three standard 
deviations in one of the channels. Thus the upper 
limits quoted for these runs are based on the assumption 
that only a flux four standard deviations above the mean 
would have been identified. The period used for the 
analysis of a run eould be matched to the period of the 
radio pulsation to within one channel. 


Table 2. PERIODICITY TECHNIQUE 
Flux limit — Effective 
Aperture — Half-angle Run (x10! gamma ray 
Source (m) (degrees) duration photons energy 
(min) ems) — (0 eV) 
2x15 2 96 2 4 
2x15 2 150 2 4 
2x15 2 190 2 3 
10 0-5 16 2 2 





In June 1968, a fully steerable refleetor of 10 m aperture 
was installed at the 7,600 foot level of Mount Hopkins. 
Later in June, this instrument was used to make pre- 
liminary observations of the sources CP 1133 and CP 
1919. With a single 12-5 em phototube (S8A VP) at the 
focus of the reflector, the full field of view was 1°. The 
time constant of the system was 5-10 ns. At the zenith 
the shower counting rate was 70-80 min. This inst ru- 
ment has not yet been calibrated, but by comparison of 
the shower counting rates with those of smaller calibrated 
light detectors, the : energy threshold at zenith was deter- 
mined to be 4x 10" eV, and the collection area to be 
10! m?. The results of six seans on CP 1133 at large 
zenith angles and four on CP 1919 are shown in Table I. 
During two consecutive seans on CP 1133, the shower 
arrival times for the 4 min on either side of transit were 
recorded on magnetic tape as described. A periodicity 
analysis over the 16 min during which the source was in 
the field of view gives the upper limit shown in Table 2; 
the criterion used in the analysis of the tracking runs 
with the smaller light receivers was used. 

Our observations have indicated no evidence of a 
high energy gamma ray flux. It should be emphasized 
that there is ‘considerable uncertainty (probably a factor 
of three) in the absolute values of the ‘effective gamma ray 
energy and the flux sensitivity obtained by instruments 
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such as those used for these experiments. The relative 
sensitivity of these instruments is fairly well established, 
however. By use of the drift-scan technique, our upper 
limits to the flux are greater than the flux from CP 1133 
reported by O'Mongain et al.*, who used a similar tech- 
nique. The latter flux was estimated to be 5x 10-™ 
photons em? s at an energy threshold of about 3 x 10° 
eV. But if the gamma ray source is pulsating, with a 
period equal to the radio pulsations, the upper limit of 
the flux measured in this experiment does not support 
the positive effect from CP 1133 reported by both 
O'Mongain et al.* and Charman etal Our results are 
summarized in Fig. 1. 

We thank Mr Paul Horowitz for his help in processing 
the magnetic tapes, J. V. Jelley and N. A. Porter for 
communicating unpublished results, and J. V. Jelley for 
assistance in computing the corrected pulsar periods. 
One of us (G. H. R.) is grateful for a US National Science 
Foundation graduate fellowship. 
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Cosmology and Electrodynamics 


IN a recent article! we discussed how the spontaneous 
transition of an atomie electron eould be explained in the 
theory of direct interparticle action. It was shown how 
the entire transition rate could be explained in terms of 
the response of the universe. For the response to be 
appropriate the universe has to be a perfect absorber 
along its future light cone, a requirement met by the 
steady state theory but not by the open Friedmann 
cosmologies. 

Recently Pegg? has argued that our work ignored the 
role of zero point oscillations of the electrodynamie field. 
He further points out that these oscillations contribute 
half the observed rate of spontaneous transition and that 
this effect, together with the response of the universe, 
would lead to one and a half times the observed rate. 

The purpose of this letter is to clear up this misunder- 
standing, although we fail to see why it should have arisen 
at all. In our article! we emphasized clearly the fact 
that in the direct particle approach fields have no degrees 
of freedom of their own. Hence they cannot be quantized 
as in the case of electromagnetic field theory. The effect 
to which Pegg refers arises only in the field theory and is 
entirely absent from the direct particle theory. So the 
question of ignoring it does not arise. 

It is perhaps advisable at this stage to comment further 
on the differenees between the quantum aspects of field 
theory and the direct. particle theory. The spontaneous 
transition is explained in quantum field theory by the 
rules of field quantization. These can be written in terms 
of a set of ereation and annihilation operators a*, a for 
photons (the carriers of field energy). The consequence 
of these rules is 


y... c= PPM EE a) 
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where $(. . ., n, ...) describes a state with x photons and 
k is the wave number of these photons. The formula 
for the probability of an upward transition then turns out 
to be proportional to n, while that of downward transition 
turns out to be proportional to »--1. Because m is pro- 
portional to the external field intensity present we get a 
non-zero probability of downward transition even whe 
n=0. This is the spontaneous transition probability. 
The asymmetry (n, n4-1) ean also be related to Bose- 
Einstein statistics for photons (compare Feynman, p. 4). 

In the direct particle theory this procedure is meaning- 
less. There are no fields to quantize. The only observ- 
able electromagnetic effeets must be related to the motion 
of charged particles. As demonstrated in our article, this 
approach leads to the correct answer. 

The second major point of difference relates to self- 
action. It is present in the field theory and absent in the 
direct particle theory. We therefore fail to understand 
the latter part of Pegg's argument, especially its relevance 
to the absorber theory of radiation. If self action and 
vacuum oscillators are introduced into the absorber 
theory it is critically altered from the direct particle 
theory considered by various authors. Tt is not sur- 
prising if such a modified theory agrees with the Einstein- 
de Sitter cosmology. In fact, the conventional field 
theory (which this modified theory resembles) is also con- 
sistent with any form of cosmology. 

We end with the last. and in our view the most crucial, 
point of difference between the two theories. It is often 
argued that the direct particle theory follows from the 
field theory if all field oscillators are eliminated by inte- 
gration. This is not a correct conclusion. Elimination 
of field oscillators leads to a formulation of electro- 
dynamics which is different from that described by the 
direct particle theory. This difference has been pointed 
out by Feynman and Hibbs*. The direct particle theory 
involves advanced and retarded interactions on an equal 
footing. The elimination of advanced interaction is 
achieved only in certain models of the universe. Thus 
cosmology plays an important part in the direct particle 
formulation of electrodynamics. 











F, Hove 

J. V. NARLIKAR 
Institute of Theoretical Astronomy. 
University of Cambridge. 


Received November 4, 1963, 


! Hoyle, F., and Narlikar, J., Nature, 219, 340 (1068). 

* Pegg, D. T., Nature, 220, 154 (1968). 

3 Feynman, R. P., Quantum Electrodynamics (Benjamin, 1 

* Wheeler, J. A., and Feynman, R. P., Rer. Mod. Phys., 37, 157 (1955). 

5$ Wheeler, J, A., and Feynman, R. P., A Mad. Phys., 91, 425 (i049). 

* Hogarth, J. E., Pree, Roy. Soe., 4,267, 385 (1962). 

? Hoyle, F., and Narlikar, J. V., Proe. Roy. Soe., A, 277, 1 (1093). 

5 Feynman, R. P., and H A. Ro, Quantum Mechanics and Path Inieyrals, 
251 (McGraw-Hill, 1965), 














Sub-millimetre Wave Solar 
Observations 


A SUB-MILLIMETRE wave observation! of the Sun, obtained 
in December 1967 at an altitude of 3,580 m, indicated an 
unexpected absorption feature in the i 7-9 em-*, and 
thus eonfirmed an earlier unpublish sult obtained aa 
part of a study in March 1957 at the same site’. Because 
of the long atmospheric path during the more recent 
experiment, the spectral quality in the 20-30 cem range 
was modest. oF 










In order to obtain better solar resulta ove 
this range, further observations were made in April 1968 
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Fig. 1. 


Two interferograms typical of those recorded on 


April 11, 1968, at Jungfraujoch, 


Switzerland. A 190 uim Melinex beam-divider was used in a Michelson interferometer fitted 


with a Golay cell detector. 
constant was 1 s. 


when the air mass in the observation path was smaller 
and comparable with that of March 1957. 

_ The experimental arrangement for the work differed 
from that of December 1967 in the use of the 30 em 
ceolostat at Jungfraujoch to gather the solar radiation 
rather than the 76 em telescope. This radiation was 
modulated by means of an oscillating secondary mirror 
which seanned from Sun to sky at a frequency of 10 Hz. 
This method of modulating the solar radiation was more 
easily accomplished with the ceolostat and represented 
àn important improvement, in that it entirely removed the 
problems caused by exchange of radiation between the 
detector and the cold sky. This effect had previously 
seriously reduced the reliability of solar observations and 
had made analysis of the spectra difficult. In fact, the 
improvement practically doubled the time available for 
observation. The quality of the detected signal is exempli- 
fied by the two interferograms shown in Fig. l. These 
were recorded on a clear day in a time of 20 min using a 
ls time constant. 

The speetrum obtained on April 11, 1968, is shown in 
Fig. 2. It is the average of the results computed, by 
Fourier transformation, from four interferograms such 
as those in Fig. 1 and has a resolution of 0-5 em~. Two 
important points should be noticed. (1) The anomalous 
absorption region around 9 em- is reproduced and con- 
firmed. In fact, a comparison of this spectrum with the 
result of December 1967, when there was approximately 
3 mm of precipitable water in the observation path!, 
Shows a very close agreement in the region 5-15 em~ 
(Fig. 3) although the water vapour features are less 
pronounced. An estimate of the precipitable water for 
the present observations, made from a calculation of the 
integrated absorption of the 3,-4., transition at 12-67 
cm, gives the value 18406 mm. This calculation is 
similar to a former estimate of stratospheric water vapour? 
which gave good agreement with a more conventional 
near infrared estimate. (2) A new anomalous absorption 
feature consisting of two components, which may or may 
not be related, is clearly indicated in the region 21-24 em~. 
This had previously been only partially discerned. There 
is a marked asymmetry of the 2-,-2, transition at 25-08 
em~' on the low frequency side and evidence for a reduc- 
tion in signal in the broad window region around 22-23 
em”. This latter is revealed by comparing these data with 
laboratory speetra obtained for similar integrated amounts 
of atmospheric water vapour using a mercury lamp as 
source and identical spectroscopie techniques. 


The observation time for each trace was 20 min and the time 
The observations were started at (a) 1144 h and (b) 1220 h. 


The conclusion that the newly observed features are 
real and not the result of experimental artefacts is based 
on the following facts. (a) The 25 em-! water line is 
symmetrical and its position is accurately known’. The 
only known nearby feature that might perturb the shape 
of the water line in atmospheric conditions is the strongest 
component (J 4-4) at 25-8 cem of the K 3-5 triplet 
of the magnetic dipole rotation spectrum of oxygen, 
This line is stronger by a factor of three than the clearly 
visible O, line at 27-8 em-! (Fig. 2) so we would expect, 
contrary to observation, asymmetry of the water line to 
lie towards the high frequency side. Laboratory work 
shows no evidence of asymmetry even for large quantities 
of water vapour (Fig. 4); however, at high altitudes 
where the water vapour content (and consequently the 
strength of the 25 em feature) is very much reduced a 
discrete unidentified feature is revealed at 23-5 cm~ (ref. 
3). Thus it can only be concluded that there is some 
additional absorption feature in the solar observations on 
the low frequeney side of the water line. 

(b) Interferometrie equipment identical to that, used at 
Jungfraujoch has been examined in the laboratory. When 
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Fig. 2. Solar spectrum computed from four interferograms like those 
shown in Fig. 1. The air temperature was —12-5?C, the relative 
humidity was 20 per cent and the atmospheric pressure was 489 torr. 
The full markers represent (monomeric) water vapour absorptions; the 
broken markers represent magnetic dipole absorption in oxygen. The 
horizontal hatehing indicates the absorption near 7-9 cm-* that is 
attributed to dimeric water vapour; the diagonal hatching indicates 
new, unidentified absorption. 
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evaeuated, there is no sign of any feature in the trans- 
mission spectrum of the apparatus that could possibly be 
confused with the observed feature at 23-5 cm~. The ratio 
of the signal at 23 cm~ to that at 28 cm- is about 1-3. 
If it is assumed that both the Sun and the mereury lamp 
emit as black bodies of constant, but different, tempera- 
tures over the range 20-30 em-!, then the source signal in 
the region of 28 cm~? should not be more than 1:5 times as 
large as that at 23 cm~ in each case. Theoretical work 
on the attenuation of atmospherie water vapour alone 
indicates that the transmission factors of the windows on 
either side of the 25 cm~! line are almost identical’. If 
the magnetic dipole rotation spectrum of oxygen is 
included, the transmission in the region 27 to 29 cm~ is 
reduced, owing to the K 3-5, J 4-5 transition of oxygen 
at 27.8 cm~ (ref. 6) (Fig. 2), and the difference between 
the signals is lessened. 

It is therefore significant. that the ratio of the signal at 
22-23 em-! to that at 28-29 em-! is markedly less when 
the Sun is source than is found for a ground level labora- 
tory atmosphere with a mercury lamp source. The latter 
conforms more closely with the expectations outlined. 
The laboratory conditions were carefully chosen to ensure 
that the overall absorption in the laboratory and solar 
experiments was similar. The amount of precipitable 
water vapour was 2:2+0-2 mm and the air pressure was 
260 torr (in attempting to reproduce the atmospheric 
conditions in the solar observations this pressure was 
chosen as an approximation to those conditions, but no 
temperature control was possible). Clearly, then, despite 
the differense in temperature between the laboratory and 
solar conditions, there is strong evidence for a real, broad 
reduction of detected signal near 23 em-? compared with 
28 ecm-!' in passing from the former to the latter con- 
ditions. 

It is reasonable to assume that the anomalous absorption 
in the region 21-24 cm~ is of atmospheric, or possibly even 
solar, origin. Moreover, the anomaly must be assumed to 
be composed of two constituents: a relatively sharp 
feature at 24 em-! superimposed on a broad background 
absorption. 

The possible explanation may be found in, as yet, 
unidentified dimeric constituents of the atmosphere. The 
most obvious example would be dimerie water (H,O!*), 
which has already been invoked to explain the 7-9 em~ 
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Fig. 3. Comparison in the range 5-15 em-! of the solar spectra obtained 

in (a) April 1968 and (4) December 1967. The full markers represent 

water vapour absorption, the broken marker represents magnetic dipole 

absorption in oxygen. The water vapour content in a is less than in b. 

The separation of the curves along the vertical axis is for clarity and has 
no significance. 
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Fig. 4. a, Transmission spectrum of evacuated interferometer; 6, 
ground level transmission spectrum of saturated air; c, solar spectrum 
of Fig. 2. A mercury lamp source was used in a awi 6. The spectrim 
in a is for a mean pressure of 260 torr, obtained by averaging spectra 
observed for pressures 60, 160, 270, 360 and 450 torr at an approximate 
temperature of 22? C and with a path length of 150 m. The amount of 
precipitable water was 2-2 mm whereas in c it was 4:8 mm, The air 
pressure was 489 torr and the temperature — 12-5? C, 


feature! and which could be expected’ to have a stronger 
feature in the region 21-27 em~. 

We thank Professor von Muralt for making the facilities 
of the Hochalpineforschungstation Jungfreujoch available 
to us, and Professor L. Delbouille and Dr G. Roland for 
their help. 
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Graphite Particle Model for 
NML Cygnus 


THE strong infrared souree NML Cygnus! is typical of a 
wide class of infrared stars which have been identified with 
M-type giants or supergiants, or with Mira variables?. The 
relatively low effective temperatures associated with such 
stars make them very likely candidates for the production 
of solid particles. It has recently been shown by one of us? 
that graphite particles tend to form in the atmospheres of 
Mira variables which have only a very small excess of O 
over C (ref. 4). There is some evidence? to suggest that an 
O/C ratio near unity may be appropriate to NML Cygnus 
8s well; the formation of graphite particles in the stellar 
atmosphere would thus seem entirely plausible. In this 
communication we discuss the possibility that the infrared 
radiation from NML Cygnus comes from a circumstellar 
shell of graphite particles. 

The spectral type of NML Cygnus is believed*? to be 
M6 Ia, and the effective temperature appropriate to this 
class? is 42,700? K. A colour excess Ey.y~3 has been 
estimated’, but this value is probably somewhat un- 
certain. With a ratio Ay/Ep.v 3:1, for small graphite 
particles, we have a total visual extinction close to 10 
magnitudes. Although a small part of this extinction may 
be due to grains in the general interstellar medium, we 
assume here that most of it occurs within a circumstellar 
shell of graphite particles. The infrared emission may thus 
be attributed to a shell of optical depth ~ 10 magnitudes 
surrounding the star which absorbs the stellar radiation 
and re-emits it at long wavelengths. 

In Fig. 1 we have plotted the observed relative infrared 
flux from NML Cygnus? as a function of wavelength, 
normalized to unity at the wavelength of maximum flux 
— Ap. The dashed curve eorresponds to a Planck 
function at 750° K, and the solid curve is the actual 
emission spectrum of a graphite particle of radius 
a= 0-024, at a temperature of 600° K. The flux for the 
latter ease is calculated according to 


F(A) € Qans (a, X) BOA, T) (1) 





where B(A, T) is the Planck function and Qavs (a, X) is the 
absorption effieieney of a graphite particle computed from 
the Mie theory, using the refraetive index measurements 
of Taft and Phillipp (ref. 9 and a private communication 





Wavelength (4) 


The observed relative fluxes from NML Cygnus in the infrared 
(points) compared with the corresponding fluxes from (a) a Planck 
function at 750? K (dashed curve), (b) a gra te particle of radius 
0-02 4 at a temperature of 600? K (solid curve). 


Fig. 1. 
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Fig. 2. The distribution of grain temperatures throughout a concentric 
circumstellar shell of total visual optical depth 10 magnitude, and radius 
43 Re The graphite grain radius is 0:02. 


of detailed refractive index values) Although both the 
curves in Fig. 1 peak at ~4y, it is clear that neither can 
provide an adequate fit to the observed fluxes (points) ; 
the fit is not substantial improved by considering 
particles of different sizes. 

A black body distribution or single temperature graphite 
particles cannot be regarded as realistic models, however. 
With an optical depth as high as 10 magnitudes a significant 
gradient in grain temperatures is to be expected through 
the shell due to attenuation of the stellar radiation incident 
on the grains. 

Consider a star of effective temperature T, = 2,700° K 
and radius Rẹ surrounded by a spherical concentric shell 
of dust grains at a radius R. Suppose that R> Ry, and 
further, that the thickness of the shell is small compared 
with R. Let (2) denote the optical depth at wavelength 
^at a typical point within the shell, At the inner boundary 
of the shell <(4) = 0. At the outer boundary +(5000 A) 
2:10, in accordance with our earlier remarks. The flux of 
radiation incident on the inner boundary is 





(2) 





and the radiation absorbed by a grain of radius a at a 
typical interior point is 


= (22) | e0 za? Qu. (2,3) BO, Tad (3) 


If z, denotes the optical depth at 4=5000 A at a 
typieal interior point, we have 


(4) 





Ty 


where @ext (>) is the extinetion efficiency of a graphite 
particle at wavelength A, which is computed from the Mie 
theory. Using equation (4) in equation (3) the quantity Æ 
may be computed as a function of 7,, provided the values 
of R/R, and a are specified. The grain temperature Ty at 
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Fig. 3. Theoretical relative fluxes for the grain temperature distribution 
in Fig. 2 compared with the observed ae fluxes from NML Cygnus 
(points). 


each optical depth 7, may then be computed by equating 
E to the total flux emitted by the grain 


oo 
| Ana? Qans (a, X) BOA. Te) dX (5) 
0 


We thus have the functional dependence 
TQ = Té; R]B,, a) (6) 


Assuming à constant number density of grains within 
the shell from 7,70 to 7,=10, the total flux radiated by 
the shell is 


r= 1 
FQ) o | na? Qavs (d, 2) BEX Telti; R|R,, a)]dz, (7) 


neü 


The quantity PF(X)/F(4u) was calculated? for various 
values of R/R, and a (assuming Tẹ% 2,700° K). The 
results for R/R, = 43, a=0-02u are plo 1 in Fig. 3. Fig. 
2 shows the function 7,( 7,) calculated for this case. For 
a grain of radius a= 0-065, aom the same curve as 
in Fig. 3 was obtained with the shell s slightly nearer the 
star, at R/R %23. The remarkably close nature of the 
agreement between the theoretical and observed relative 

fluxes (Fig. 3) is therefore not dependent on the precise 
value of the particle radius. 

We conclude that a shell of small graphite particles 
surrounding NML Cygnus could explain the observed 
features of the infrared emission from this star. The 
formation of such particles seems likely because NML 
Cygnus probably has an O/C ratio close to unity?55, 
Finally, it may be pointed out that graphite particles are 








+ Although Qiu. (a, 2) can be caleulated from the Mie formulae for pure 
graphite particles (as in (3) and (5)) its values in the waveband ~ 3-154 are 
quite uncertain, beeause of the likely presence of impuriti nd imperfections, 
Such impurities tend to produce optically aetive phonons in this waveband, 
and the particles may be expected to radiate more nearly like black bodies. 
On aceount of these uncertainties we replace Qars (a, 4) in equation (7) by an 
average value < Qis > over the waveband of interest. It may be noted that 
our conclusions concerning the possibility of a fit with the observed relative 
fluxes are insensitive to this assumption. Essentially the same curve as in 
Fig. 3 can be reproduced for a more general wavelength dependence of Qabs, 
provided the other free parameters are suitably chosen, 
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sufficiently refractory to withstand the temperatures 
600—900? K (see Fig. 2) which seem to be involved. 
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Surface Temperatures of the Galilean 
Satellites of Jupiter 


Murray et al. obtained radiometric (8-144). tempera- 
tures of the Galilean satellites at the 200 inch Mount 
Palomar telescope. The observed integrated brightness 
temperatures are: for J-I, 135^ K; for J-H, 140" RK; 
for J-III, 156° K; and for J-IV, 168? K. 

Successful predictions of the surface temperature of 
the Moon have been made by using one-dimensional 
transient conduction and radiation ealeulations*-?, and 
these have permitted significant physical interpretations 
of the constitution of the Moon's surface. These inter- 
pretations have been shown to be quite realistie by the 
series of Surveyor vehicles. 

Values of surface temperatures on each of the Galilean 
satellites were calculated through corresponding lunations, 
assuming that the satellites are synchronous in their 
orbital rotation with respect to Jupiter. The penetration 
depths of the temperature fluctuations are so small that 
the local surface regions can bo treated a& plane and one- 
dimensional, so that the conduction equation in the 
satellite is simply 


















non-dunensionalized by T, (a reference 
(xp)? and p (the satellite period of rotation) respecti IN 
and « is the thermal diffusivity. assumed constant. The 
time £ within a lunation is taken to begin at local noon. 











The boundary condition during local night (;<f< 4) is 
(at x0) 

oT 

z- = EÉ.[s(pay ? TE] T? 

ex 
where E, is the effective thermal emissivity (assurned to 






be 0-5). s is the Stefan-Boltzmann constant, and & is the 
thermal conductivity of the satellite surface. During 
local daytime, it is necessary to add a term to represent 
the insolation, so that the boundary condition is then 
oT) Etpa) T, 
ea: 
where A, is the mean solar constant, taken to be 00022 
calories/cm? s, and E, is the effective thermal absorptivity, 
taken to be 1 — Z4. where Ea is the albedo of each satel- 
lite. The values of p (days). Ha and p (gíem?) of the 
Galilean satellites? are shown in Table 1. 


PIT — Ed Ap 


a)! * TET. eos (272) 
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The apparent brightness temperature, T'(t), is given by 
ST EyoT*(0.t) - EAA, cos (2r) 


for itx i 
and 
o Tw (t) = E,oT*(o,t) 
for }<t<# 
180 
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Figs. 1a-d. Apparent brightness temperatures during a lunation of each 

of the four Galilean satellites of Jupiter. Unit time f for each is defined 

as its period of rotation. ‘The thermal admittance, (koc) ^, of the 
satellite surface is used as a parameter. 
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Table 1 
Body p? Es e 
J-I (10) 1:76914 0-54 24 
J-II (Europa) 3-55118 0-49 3-0 
J-III (Ganymede) 7-15455 0-29 pe 
J-IV (Callisto) 16-68902 0-15 13 


The finite element method’ was applied to obtain solu- 
tions. 

For each Galilean satellite several values of (koe)? 
(the thermal admittance) were used in the computations. 
The results for selected values are shown in Figs. la-d. 
From the curves obtained when T(t) is plotted against 
t, it can be seen that the computed T, at the sub- 
solar point for J-III and J-IV are 156? K (for (kge)- 1/2 = 
300) and 168° K (for (kpc)-t = 1,000) respectively. These 
values of T, are exactly the same as those reported by 
Murray et al. The computed Ts for J-I and J-II at the 
subsolar point are about 10? K higher than the observed 
values. Calculations performed as described, with 
(kgc)-! taking a wide range of values, showed that the 
minimum possible 7, for J-L and J-II at the subsolar 
point were 145? K and 148? K respectively. "This dis- 
crepancy in the values for J-I and J-II is most probably 
due to atmospheres on each. 

For solid substances with densities corresponding to 
J-III and J-IV, the value of specific heat is of the order of 
unity ; then the corresponding value of k is of the order 
of 10-5 (J-IIL) to 10-* (J-IV). These values are smaller 
than is found for possible solid substances, and we are 
led to suggest that, like the Moon, the surfaces are porous 
conglomerates of some sort. This is not entirely surprising 
because the circumstances that have produced the surface 
layer on the Moon—particularly meteorie bombardment 
—could produce similar layers on these satellites. 

The choice of the value for E, is not very critical. 
Caleulations were also performed with values of E, other 
than 0-5, and the results showed that the subsolar apparent 
brightness temperature is a weak function of E, The 
true surface temperature is, of course, quite sensitive 
to E, It should be emphasized that for the Galilean 
satellites the T' values have been measured only at or 
very near the subsolar point ; we know less about the 
surface temperature variation through a lunation than 
for the Moon. This permits a less precise estimation of 
(koc); it can be seen from Figs. la-d that the apparent. 
brightness temperature varies more widely with (koc) 
during local night than at the subsolar point. 
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Resonant Perturbations of 
Existing Satellites 


We are engaged in a detailed study of the geopotential 
resonant perturbations on the orbits of eighty-three 
existing satellites. These eighty-three near-resonant 
orbits were found by one of us (C. A. W.) after examining 
approximately 1,000 entries in the Satellite Situation 
Reports of the Goddard Space Flight Center (NASA) for 
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Table 1. RESONANT ORBITS 
Perigee Range of resonant Geopotential terms with effects along-track 

Satellite Inclinaiion Designation altitude (km) beat periods (days) > 100 m > 500 m 
Ariel 3 80° 1967-424 475 18-22 (16, 15), (18, 15), (20, 15) (15, 15), 37, 15), (19, 15) 
Pageos 85? 2,114 30-600 (12, 8)-(16, 8), (16, 16) (8, B11, 8) 
OGO 4 EM 850 3-8-4 (17, 15), (19, 15) (15, 15) 
Alouette 2 80° 98 506 54-59 (13, 12)-(20, 12) — 
Explorer 24 81? 1964-76A 505 3:1-3:3 (14, 14), (17, 14) TAM xem 
Echo 1 rocket 47° 1960-09B (Iota 2) 1,503 145-164 (13, 12), (15, 12), (19, 12) (17, 12) 


April 15, 1968. Table 1 summarizes the results of a more 
recent detailed study for a few well known satellites. 

The geopotential coefficients to (15. 15) used in the cal- 
culations are those reported by Kéhnlein at the Four- 
teenth General Assembly of the International Union 
of Geodesy and Geophysies, October 1967. For terms 
with 15«1«20, the value suggested by Kaulat, Jia 
0-07 x 10-5, was used. We did not try to compute effects 
due to terms with degree [> 20. 

The resonances are with high-order terms in the geo- 
potential and are of definite concern to investigators 
studying the variations of the along-track positions of 
these satellites. Note that with the exception of the 
Echo 1 rocket, which is relatively the most undisturbed, 
the satellites shown have large inclinations. It is usually 
true that orbits with high inclination are the most likely 
to suffer large perturbations due to resonance. 

We plan to compile exhaustive lists of resonant orbits. 
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Seismicity of Mid-oceanic Ridges 
and its relation to Properties of the 
Upper Mantle and Crust 


EARTHQUAKES occurring along the median rift of the 
Mid-Atlantic ridge have a significantly steeper body wave 
magnitude-frequeney relation than those occurring along 
the fracture zones which offset the ridge!, according to a 
survey of earthquakes reported by the US Coast and 
Geodetie Survey for the period 1963 to May 1967. Surface 
wave magnitudes of the earthquakes used in the body 
wave analysis have now been measured. The amplitudes 
of 20 s period Rayleigh waves were measured from copies 
of the vertical.component long-period records of ten 
World Wide Standard Stations situated around the 
Atlantie Ocean. The magnitudes obtained are essentially 
Gutenberg Ms. No corrections were made for depth of 
focus but, as all mid-oceanie ridge earthquakes seem to 
have shallow foci, this does not introduce much error. 
M, could be ascribed to sixty-eight of the seventy-five 
fracture zone earthquakes for which my was available, 
and to sixty-four of the seventy-nine rift zone events. 
Cumulative numbers of earthquakes for the two groups 
are plotted against m» in Fig. 1, and against Ms in Fig. 2. 
The slope of the rift zone group is steeper in both cases. 
The significance of this difference has been estimated in 
each ease by drawing separate magnitude-frequency plots 
for cach fracture zone and rift area (where enough earth- 
quakes have been observed for this to be done). Slopes 
obtained in this manner are given in Table 1. "The t 
distribution at 5 degrees of freedom shows that the 
difference in the mean slopes for the body wave magnitude 
is significant at just over 80 per cent, but evidence adduced 
in the earlier paper from the remainder of the Mid-Atlantic 
ridge supported the eonelusion that the slopes were indeed 


different. In the case of surface wave magnitudes the four 
fracture zones give an average gradient b=0-63+ 0-14 
(standard deviation) and the three rift areas give 
1-08 - 0-18 (standard deviation). The t distribution shows 
these slopes to be different with more than 95 per cent 


significance. 









Table 1. SEISMICITY OF FRACTURE AND REF? ZONES 
Fracture b h Rift b b 
zone from ms from Ms zone from my from Ma 

Romanche 1-06 0-56 45-48" N 1:10 ood 
St Paul's 1:55 0-84 ^N 147 134 
V 0-69 0-46 N 2.63 0.00 
53° N 0-81 0-65 y 
Mean 2103+033 0083+014 Mean 17340605 1:08 40-18 

S.D. S.D. 8.D. SD. 


Different magnitude-frequeney plots of rift and fracture 
zone earthquakes for both body and surface wave magni- 
tudes indicate source rather than propagation effects as 
the cause. These could be differences either in the type of 
faulting between rift and fracture zone, or in the properties 
of the rock itself in the source zone. Sykes? has shown 
that fracture zone earthquakes have a different meehanism 
from those associated with the median rift, and the pos- 
sibility that b is a function of the type of faulting—large 
for normal and small for strike-slip faulting--is one 
interpretation. An alternative explanation put forwarp 
here is attractive because it relies directly on ocean floor 
spreading to provide differences in rock properties between 
rift and fracture zones and hence differences in seismicity. 

Scholz? has studied microfracturing in rocks undergoing 
deformation and demonstrated its equivalence to earth- 
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ridge. N is the number of events E body wave magnitude mp and 
greater. 
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. Cumulative plot of sixty-four rift zone earthquakes (@) and 
sixty-eight fracture zone e arthquakes (O) of the Mid-Atlantic ridge. 
N dB the number of events of surface wave magnitude Ms and greater. 





mucrofractures satisfy the Gutenberg and Richter magni- 
tude-frequency relation log N=a—bM, and that rocks 
stressed to fracture in uniaxial compression at room 
temperature pass through three stages. At low stresses, 
less than 30 per cent of the fracture stress, microfracturing 
activity is due largely to sliding on pre-existing eracks and 
to the closing of pores. "The "b values are high (greater 
than 1) indicating a preponderance of small events. 
Between about 30 and 60 per cent of the fraeture strength 
roek is nearly linearly elastie and few events can be 
deteeted. Above about 60 per cent of the fracture strength, 
microfracturing resumes and steadily increases until frac- 
ture. b values decrease between 1 and 0 with i increasing 
stress. In triaxial experiments the high values of b in 
the low stress region are not observed, because the con- 
fining pressure keeps cracks tightly closed, restricting 
sliding. Confining pressure inereases the strength of rocks, 
but does not affect the stress dependence of b. A gabbro, 
a granite, a tuff, a sandstone and a quartzite all followed 
this same general behaviour. A marble, however, gave 
quite different results, producing high b values in uniaxial 
compression over the entire range of stress to fracture, 
and was interpreted as having suffered cataclastie deforma- 
tion due to stable intergranular sliding. With eonfining 
pressure, marble becomes ductile and microfracturing 
activity is closely related to the stress-strain curvet. As 
the strain increases, microfracturing builds up to a peak 
corresponding to the high-curvature region of the stress- 
strain relation where the deformation changes from elastic 
to plastic. Thereafter it falls to a constant low level as 
the marble plastically deforms. 

The importance of this work is not so much what it 
tells us of marble as of the properties of more important 
rocks which may behave in a similar way at pressures 
and temperatures not amenable to detailed laboratory 
study. Griggs et al.’ have shown that most rocks, includ- 
ing peridotite and basalt, become ductile between 300° 
and 500° C at 5 kbars confining pressure. Between this 
behaviour and the brittle behaviour of rocks at surface 
temperatures and pressures it 1s plausible to postulate 
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that many rocks deform cataclastically in the manner of 
marble in a uniaxial compression test at room tempera- 
ture. This may be the type of deformation associated 
with earthquakes occurring along the median rift of the 
Mid-Atlantie ridge. 

Until quite shallow depths, probably the order of 10 km, 
the eurrent of ascending roek beneath the ridge axis 
remains ductile and strain can be relieved plastically. 
Moreover, the current is only about 25 km wide* so no 
great strains are imposed on it until it is this order of 
distance from the surface. No deep earthquakes occur. 
The two halves of the current then diverge and flow away 
on either side, steadily losing heat with increasing distance 
from the ridge axis. Along the axis the 500° C isotherm 
may be only 10 km below the surface, but will be perhaps 
three times as deep 300 km away’. If rocks show cata- 
clastic behaviour at elevated temperatures but compara- 
tively low pressures (say, 7» 300^ C, P «5 kbars), such 
a condition might be reached in a band along the crest 
of the Mid-Atlantic ridge. Beneath the ridge flanks, 
however, similarly elevated temperatures will be reached 
at much greater pressures, conducive (as with marble) 
to plastic deformation. In other words, at the ridge crest 
rock changes gradually from a ductile to a brittle state 
through a condition in which cataclastic deformation is 
possible, but beneath the flanks the boundary between the 
brittle and the ductile condition is abrupt. Thus along 
the median valley the earthquakes demonstrate the high 
b value of cataclastic deformation, and along the fracture 
zones the low b value of brittle fracture. 

Laboratory studies support the view that cataclasis is 
characteristic of the transitional state between the brittle 
and ductile regimes of rocks. Thus Heard* found in 
compression tests of Solenhofen limestone that "very 
brittle samples showed slickensides, but, nearer the 
brittle-ductile transition at all pressures and tempera- 
tures, the shear planes were coated with a friable mylonitic 
layer". Griggs and Handin? have commented that “the 
behaviour Heard observed would be characteristic of all 
rocks and minerals, though the conditions needed to 
induce ductility will be very different". In compres: 
tests on dunite at 500? C and 5 kbars eonfining pressure, 
Griggs, Turner and Heard* reported that "within a shear 
zone inclined at 45? to the axis of compression, the grain 
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Fig. 3. Hypothetical pressure-temperature fields of the brittle, transi- 
tional and ductile regimes of the upper mantle beneath the Mid-Atlantic 
ridge. 
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size had been reduced by rupture of olivine and pyroxene 
grains, and a cataelastic ineipiently mylonitic fabric 
developed". Similar results were obtained with pyroxen- 
ite. The authors concluded that ‘‘cataclasis is important 
in dunite, pyroxenite and granite to 500? C, 5 kbars". 
Inereasing pressure inhibits eataclasis, but decreasing 
strain rate may be expected to increase it. All this evidence 
has been used as a qualitative guide in drawing up Fig. 3, 
which shows the expected behaviour of the upper mantle 
rock beneath the Mid-Atlantic ridge under various eon- 
ditions of temperature and pressure. 

There are considerable differences between the East 
Pacific rise and the Mid-Atlantic ridge*:192*, Whereas the 
Mid-Atlantic ridge is rough, has a median valley and is 
seismically active, the East Pacific rise is smooth, lacks a 
median valley and is not very seismic along its axis. 
Noting that the magnetic data give a spreading rate of 
1-5 em yr-! for the former and 4:5 em yr-! for the latter!) 8, 
Cann* suggests that the mantle beneath the East Pacific 
rise is more fluid and that the uprising current retains this 
fluidity until it has turned over to flow away on either side. 
Thus along the axis of the East Pacific rise most of the 
deformation is oceurring plastically and the seismic 
activity is low, as is the mierofraeturing activity in the 
plastic deformation (under confining pressure) of marble. 
Griggs? has shown that very small changes in the water 
content of silicates can effect drastie changes in their 
strength, and Cann believes that such a minor composi- 
tional difference is responsible for the East Pacifie rise 
having a more ductile mantle than the Mid-Atlantic 
ridge. Thus Fig. 3 is not expected to be relevant to the 
East Pacific rise. 

Evidenee for cataclastic type deformation along the 
axis of Mid-Atlantic type ridges might be forthcoming 
from the petrology of the rocks found there. Cann and 
Vine’ report crushed and brecciated metamorphic rocks 
of greenschist facies dredged from the crestal zone of the 
Carlsberg ridge. In some specimens the crushing extended 


to mylonitization. Van Andel and Bowin" dredged green-. 


stones and greenschists from the median valley of the 
Mid-Atlantic ridge at 22° N and remark that * ‘the schis- 
tosity shown by many specimens indicates considerable 
shearing during metamorphism" 

From the rate of slip derived from magnetic data, the 
length of the fault zone and the observed seismic activity, 
Brune" has calculated that the vertical extent of faulting 
along oceanic transform faults is only about 5 km; in 
other words, entirely within the oceanie erust. Because 
the temperature and pressure conditions at the base of 
the oceanic crust away from the ridge axis are approxi- 
mately 200? C, 2 kbar, it is clear that fracture zone faulting 
is occurring under conditions in whieh the rocks will 
exhibit brittle fracture. 

It cannot be expected that earthquakes along fracture 
zones will involve purely brittle fracture, nor will faulting 
along rift zones be purely eataclastic. Normal faults 
along the axis of the Mid-Atlantic ridge reach the surface 
and their top few kilometres must show brittle fracture. 
Beneath this region, however, it is thought that cataclastie 
deformation is important, so that over ae whole vertical 
extent of the fault, perhaps 10 to 20 km, the predominant 
deformation mechanism is cataclasis. Along very small 
fracture zones the rock is recently derived from the 
ascending convection current and the seismic activity will 
display the high 6 value of the median zone. But the 
predominant deformation mechanism along larger fracture 
zones will be brittle fracture, 
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Seafloor Mechanics North of Cape 
Mendocino, California 


FURTHER seismological evidence on the ocean floor 
tectonics off northern California and Oregon has been 
obtained during a special study of the regional seismicity 
and tectonies of California and the adjacent Pacific 
Ocean!. This evidence makes somewhat clearer the 
mechanics of deformation at the complex intersection. of 
the oceanic Mendocino-Gorda escarpments and the 
continental San Andreas fault and sheds light on the 
general question of deformation at places where spreading 
oceanie ridges reach continents. 

Fig. 1 is a map of the region showing the major faulting 
on land and the ocean bottom topography offshore. The 
San Andreas fault trace is shown just off the south-west 
coast of the prominent Cape Mendocino (41°5.N). Sixteen 
symbols representing fault plane solutions for earthquakes 
in the magnitude range 40 to 6:5 are presented. The 
three hatched symbols are solutions recently published 
by Tobin and Sykes?. The symbols are projections of 
the lower hemisphere P-wave radiation patterns. Solid 
zones are compressional first arrivals. open segments 
dilatational. The two senses of radiation are separated 
by nodal planes, one of which corresponds to the fault 
plane if a faulting mechanism is assumed for the earth- 
quakes.  Strike-slip (transeurrent) faulting would be 
indieated by a four-quadrant radiation pattern. Normal 
dip-slip faulting resulting from horizontal tension would 
produce a three-segment pattern with a central segment 
of dilatations and outer crescent-shaped zones of com- 
pressions. Arrows give directions of movement for strike- 
slip faults (fault planes are selected by coincidence with 
structural features) or axis of tension for normal faults or 
indeterminate solutions. 

The Blanco fracture zone is confirmed as primarily a 
transform fault? with right-lateral faultmg. The excep- 
tion indicates normal faulting near Cascadia Gap. This 
area, a source of high seaquake activity (as is the zone 
around the offset midway along the Gorda ridge!). may 
contain an offset in the fracture zone. The Gorda rid 
shows normal faulting near the offset at 41%5 N, 127^ W 
(a similar solution was obtained independently by Tobin 
and Sykes?) Normal faulting would be expect ted along 
this ridge if it is a source of seafloor spreading. At the 
northern end, where the Gorda ridge mtersects the Blanco 
fracture zone, the two solutions indicate a complex 
fracture system, though one solution indicates normal 
faulting. Uncertainties of tens of kilometres ini epicentre 
locations this far offshore make hazardous any attempt 
to deseribe the mechanical details at the Gorda- Blanco 
intersection. 

The Mendocino-Gorda escarpments exhibit right-lateral 
faulting with east-west orientation, as expected if the 
Mendocino fracture zone were a transform fault south 
of the Gorda ridge. Earthquakes with right-lateral 
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Fig. 1. Ocean floor off northern California and Oregon. 





slip on north-wes 
onshore faulting on the San Andreas and associated 
features) occur at Cape Mendocino and well into the 
Gorda Basin. Near the Cape, two fracture systems, one 
east-west parallel to the escarpment, the other north- 
west-south-east along the San Andreas trend, occur 
superimposed. Location accuracies for earthquakes 
placed in the Gorda basin» have been questioned, 
even though based on careful use of recent data, because 
a simple spreading-plate tectonie hypothesis predicts that 
this region be aseismie, "This evidence that mechanisms 
for earthquakes located east of the Gorda ridge are clearly 
distinct from the normal faulting of Gorda ridge shocks 
strengthens the case for significant seismic activity in the 
Gorda basin. 

Earthquakes with mechanisms similar to the San 
Andreas fault occur onshore within the Coast Ranges 
and northward along the coast of California. There is 
no evidence that these shocks occur at subcrustal depths. 
Indications of a coastal trench, which might be expected 
if the Gorda basin plate were at present being thrust 
beneath the continent, are also absent. Rather, it seems 
that the regional stress system responsible for right-lateral 
slip throughout the California Coast Ranges is also domin- 
ant north of Cape Mendocino. With no crustal consump- 
tion indicated at the continental margin, a spreading 
Gorda ridge should be moving, relatively. away from 
North America. 


-south-east faults (characteristics of 


It thus seems that the San Andreas fault does not 
simply turn westward at Cape Mendocino and become 
the Gorda-Mendocino escarpments. Fracturing appar- 
ently also continues into the Gorda basin. The direct 
projeetion of the San Andreas fault north-west and 
westward from Cape Mendocino corresponds to a line of 
abrupt changes in orientation of the magnetic anomalies 
east of the Gorda ridge (the magnetie anomalies in the 
basin follow closely the shape of the 1,600 fathom contour 
in Fig. 1). Anomalies south-east of this projection are 
perpendicular to it, indicating either a decrease in 
spreading rate towards the south end of the Gorda ridge 
or else a change in direction of spreading to one nearly 
parallel to the San Andreas trend, 

The history of spreading direction in the north-east 
Pacific, revealed by the record of fracture zone and mag- 
netic lineament orientations, shows a series of clockw 
rotations in spreading direction*. The most recent 
change, 157-207, occurred between 7:5 x 10* and 3-0 x 105 
yr ago, providing the present orientations of the Gorda 
ridge and Juan de Fuca ridge to the north. The Blanco 
fracture zone joins them at nearly right angles. The 
San Andreas projection strikes some 25° more clockwise 
than the Blanco. It seems that faulting in the Gorda 
basin indicates ultimate merging of the San Andreas fault 
with the Blanco fracture zone. Directions of spreading 
at any remnant Gorda ridge and on the Juan de Fuca 
ridge should then become reoriented parallel to the San 
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Andreas trend, the prominent transform fault of the 
region. 
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Dashti Biaz, Iran, Earthquake of 
August 1968 


Tue Dashti Biaz earthquake of August 31, 1968, occurred 
at the east-central part of Iran, in the province of Khor- 
assan, not far from where earlier shocks had caused 
damage in 1939, 1941, 1947 and 1962. The magnitude of 
the shock was 7:3 and preliminary focal depth determina- 
tions indicate a very shallow focus, less than 15 km. 
Fig. 1 shows the approximate location of the stronger 
aftershocks, the largest of which occurred on September 1 
and showed a magnitude of 6:3. The earthquake caused 
extensive damage over an area of 4,000 km’. 

With the agreement of the Government of Iran, 
Unesco sent a reconnaissance mission to the earthquake 
area, and magnetic tape recording seismic equipment was 
flown to Iran by the Royal Air Force. The chief objectives 
of the mission were to make a preliminary study of the 
seismological and engineering aspects of the earthquake 
and to examine, in consultation with the Iranian author- 
ities, what further action should be taken on a long term 
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basis to improve knowledge of the seismic conditions in 
Iran and of the means of protection against earthquakes. 
The mission was in close contact with Iranian seismologists: 

The earthquake occurred in a rather isolated and thinly 
populated area, not far from the Afghanistan bore 
Preliminary results show that the shock was associated 
with at least 80 km of east-west trending surface faulting. 
Maximum relative displacements of 4-5 m lateral and 1-2 m 
vertieal were measured on single ruptures, but the 
cumulative strike-slip movements across the fault zone, 
which in places is 300 m wide, are much larger. Vertical 
displacements indieate apparent scissoring, with the north 
side down on the east and up on the west. The overall 
regional vertical movements, however, show a net throw 
to the north. 

So far, the westernmost continuous ground ruptures 
observed in the area lie on the east flank of the Kuh-i- 
Siah, at an elevation of more than 8,500 feet. Beyond 
this point to the west, the terrain is very diffieult, be- 
coming almost inaccessible. The fault break could be 
seen running up the east face of the highest saddle of 
Kuh-i-Siah and down on the west side. Further west it 
becomes discontinuous, but numerous eracks could be 
followed to the north-east of Musavi (Fig. 1). The 
easternmost continuous ground ruptures so far observed 
lie on the south side of the foothills of the mountain range 
of Zigan. The trace seems to continue to the east in. the 
salt desert east of Zigan, but no attempt was made to 
investigate this area, whieh is unmapped. 

Along the whole length, the rupture follows the trace 
of old faults with abundant features of Quaternary and 





fraction of a centimetre to many tens of centimetres 
Almost all geological faults encountered as far north as 
Kakhk, Musavi on the west and Abbasabad-Shirmagz to 
the north-east, showed small. discontinuous but per- 
ceptible movements. 

The main surface rupture shown diagrammatically in. 
Fig. 1 is neither continuous along its whole length nor 
does it show the same displacements. In alluvium and 
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Fig. 1. Epicentral area of Dashti Biaz earthquake of August 31, 1968. Displacements in centimetres; numerals of epicentres refer to Table 1; 
A A, location of central seismic station. 
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in colluvial deposits it appears in a well developed large 
scale echelon pattern. Large tension features and graben 
as well as pressure ridges and mole tracks are consistent 
with a strong left-lateral fault movement. Through rock, 
the fault break shows in general smaller apparent dis- 
placements. Slickensides and marked striations can be 
seen on exposed fault surfaces. 

Extensive ground deformations were found also to the 
south of the main rupture, in the Salayani-Alam valle y. 
While it has not been possible so far to establish their 
tectonic origin, these deformations are of interest because 
of the uniformity of their pattern. They oceur over a wide 
zone, about 5 km wide and 25 km long, running parallel 
with the main fault break. 
desert flats, many tens of metres across, were found 
tilted, forming steps with little evidence of horizontal 
movement. In places, mud voleanoes abound and fine 
silt and sand ejected from cracks in the flats cover large 
areas. : 

With very few exeeptions, all houses in the epieentral 
area are built either of adobe bricks or of mud walls 
covered with vaults of adobe. There are very few properly 
built kiln-brick houses and even fewer engineering 
structures. There are no reinforeed concrete structures 
and perhaps forty or so steel frame houses, not more than 
two storeys high. 

The damage caused by the Dashti Biaz earthquake 
resulted chiefly from the extremely poor quality of the 
building materials. The shock destroyed about 12,000 
houses, and killed between 5,000 and 10,000 people. The 
exact number of people killed is not known. 

Wherever adobe was found in the epicentral area it was 
damaged beyond repair or totally destroyed. In contrast, 
kiln-brick houses with light roofs suffered little damage. 
Five elevated steel water tanks, full with 150 tons of 
water during the earthquake, situated from 3 to 30 km 
away from the fault break, were not seriously damaged. 
Houses built with steel columns and beams, though im- 
properly construeted, suffered little structural damage. 
A striking feature of the damage in the Dashti Biaz epi- 
central area—indeed throughout the entire damage 
region-—was its spotted occurrence. Severe destruction 
occurred in isolated spots rather than over broad areas. 
Even within the same village, damage varied and col- 
lapsed houses might be surrounded by others which had 
only insignificant damage. At Kakhk, a town with a 
population of 4,400 people, almost all adobe houses were 
destroyed with the exception of about sixty houses which 
suffered little damage, found surrounded by others which 
had collapsed. In the same town better built kiln-brick 
houses suffered moderate damage, while stone masonry 
walls 50 em thick and up to 2-5 m high. which pro- 
tected the town from the torrent that passes through it. 
were left intact. In Ferdos, a town of 11,000 people, 
1,500 houses out of 2,300 were totally destroyed and 700 
people were killed. Two storey steel frame houses, 
properly built kiln-brick structures, isolated adobe houses 
and a chimney stack 40 m high and 3:0 m in diameter 
suffered little damage. In small villages, properly built 
houses, particularly the post office or the local gendarmerie, 
were found undamaged. In general, isolated adobe or 
kiln-brick houses were damaged far less than those built 
in clusters, semi-detached. This variation in damage 
should be attributed to differences in construction and 
ageing of the houses rather than to variations in the 
intensity of shaking at the different sites. 

In the immediate vicinity of the fault break, the 
damage caused by shaking was found to be equal to 
that caused 5-15 km away from the fault zone. Many 
isolated adobe houses next to the fault as well as small 
villages a few tens of metres from the fault break suffered 
insignificant damage. In a number of cases, mud-brick 
walls 1-0 to 1-5 m high straddling the faults were sheared 
and displaced by the fault movements but did not 
collapse. 














In this zone, large slabs of 
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lt was extrenely difficult to assess epicentral inten- 
sities without becoming unduly subjective. On purely 
Vibrational criteria the maximum intensity that can be 
assessed did not exceed IX on the modified Merealli scale. 
The stronger aftershocks made it practically impossible to 
assess the intensity distribution caused by the main 
earthquake. The shock of August 31 caused damage in 
the central part of the fault zone up to Charme but not 
to Ferdos. The earthquake of September 1 (No. 3, 
Table 1) destroyed Ferdos, causing little damage east of 
Kuh-i-Siah. Other aftershocks added to the damage 
locally. 


Table 1 











Focal 
Date Time Epicentre depth Magni- 
(GMT) (km) tude 

(1) August 31 101730 34-0? N-58-7° E 13 7.3. Main shock 

(2) August 31 113433 339 -592 24 BB — 

(3) September 1 072798 34:1 5 15 6:3. Ferdos 

(4) September 1 110402 340 — -59-6 oo 48 000 — 

(5) September 1 191637 34:2 8-3 23 5:6 — 

(6) September 3. 095347 33-8 -592 16 BRU - 

(7) September 4 080844 33-9 59-2 24 5-0 ~ 

(8) September 4 111935 399  -59-1 25 5] — 

(9) September 4 232442 34-0 ~58-2 15 5:4 Sarayan 
(10) September 10 203159 340 -594 18 47 — 
(11) September 11. 191713. 33:90 -59-4 ad 54 — 


The Dashti Biaz earthquake occurred in a region well 
known for its seismic activity. Historical records show 
that Ferdos (old Toon) was destroyed in December 856 
and 45,000 people were killed in the Toon-Ghaen area. 
In January 1549 another earthquake devastated Ghaen, 
kiling 3,000 people. The regions of Charme, Musavi, 
Salayani, Abbasabad and Alam were damaged a number 
of times during the past eentury with heavy loss of life 
and property. From the geological point of view it is 
obvious that even before the 1968 earthquake the fault 
zones in the area could easily have been identified as 
potentially seismic. Physiographie features of Recent 
displacements in the zones are typical of other active 
fault systems in the country. 

In addition to J. S. T. and N. N. A. (leader), members of 
the reconnaissance mission were Dr S. Crampin, Mr G. 
G. Anderson and Mr M. Shahidi, of the Edinburgh Geo- 
physical Laboratories of the Institute of Geological 
Sciences, Mr S. Bubnov, of the GIPOSS Laboratories, 
Ljubljana, Yugoslavia, and Professor T. Tassios, of the 
National Technical University of Athens. 

N. N. AMBRASEYS 
J. S. TCHALENKO 








Department of Civil Engineering, 
Imperial College of Science and Technology, 
University of London. 
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A THREE-COMPONENT seismometer system was sited on 
limestone 15 km north of Dashti Biaz (marked AA in 
Fig. 1). The site was comparatively free from noise and 
enabled the record and playback systems to operate at a 
gain of more than four million at the centre frequeney of 
the small aftershocks (10 Hz) and record most of the 
activity in the area. 

During the first 24 h of operation, 2 weeks after the 
main shock, 580 local events were recorded, two-thirds of 
which were clear enough to give direction and distance. 
The number of events decreased rapidly and levelled out 
so that 6 weeks after the main shock, when operations 
discontinued, there were just under 150 similar events 
each 24 h. 

Initially, one-third of the recorded events were very 
close to the instruments, with S-P times between 0-8 and 
2-5 s (between 5 and 20 km from the recording site) and 
varied in size from those with ground movements smaller 
than 0-001 microns, to some which overloaded our instru- 
ments (in excess of 0-2 microns for near events); an 
event was occasionally felt at the site. Most of the other 
recorded events were from south of the eastern end of the 
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surface fault in the area of the aftershocks 2, 6, 7, 8 and 
11 in Fig. 1, which is the area of the ground deformation 
in the Salayani-Alam valley. There were a few events 
south of the line Ferdos to Dashti Biaz, and a few scat- 
tered all over the area, some at a considerable distance 
from the fault. 
A preliminary survey of events towards the end of the 
4 weeks of recording suggests that they follow the same 
basic pattern. This pattern, broadly speaking, is what is 
to be expected as the crust readjusts after a shallow 
earthquake. The restricted area of the events and their 
close association with the surface faulting also point to 
the original earthquake being shallow. 
STUART ÜRAMPIN 
GEORGE ÁNDERSON 
MOHAMMAD SHAHIDI 
Institute of Geological Sciences, 
Geophysieal Laboratories, 
Edinburgh. 
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A Triggered Spark Gap in Liquid 
Dielectrics 


WE are investigating the behaviour of a trigatron spark 
gap in liquid dielectrics. Because we believe that a 
triggered spark gap in liquids has not been investigated 
before, a few characteristics of this trigatron are described 
here. 

The trigatron consisted of a spherical and 
a hemispherical electrode, both of $ inch 
diameter and made of stainless steel. A 
0.035 inch diameter stainless steel rod 
mounted flush with the main electrode 
formed the trigger electrode, the trigger dis- 
charge gap being approximately 0-005 inch. 
The trigatron was mounted with its axis 
vertical in the test cell, which was filled 
with hexane of commercial grade. 

lf the d.c. breakdown voltage of the 
trigatron spark gap in the absence of a 
trigger pulse is Vp, the trigatron gap will 
break down over a range of voltages from 
Vgp down to some lower limiting volt- 
age Vmin, when the trigger pulse v is applied 
to the trigger electrode. According to the polarities 
of the voltage on the main gap, V, and the trigger pulse 
voltage, v, there will be four possible test combinations. 
Characteristics showing Vmin as a function of gap spacing 
for all polarity combinations are shown in Fig. 1. They 
were obtained with trigger pulses of v=5 kV produced 
by an impulse generator having a 0-04 uF capacitor. 
These tests were made with the circuit arrangement 
shown in Fig. 2. 

The breakdown voltage of the trigatron spark gap 
seemed subject to statistical fluctuations. The results 
were obtained by noting the number of breakdowns for a 
series of 50 trigger pulses at each voltage V applied on the 
main gap, and Vmin was taken as the voltage for which 
50 per cent of the trigger pulses caused breakdown. Fig. 1 
also shows the breakdown voltage Vpp of the trigatron 
spark gap for both polarities as a function of gap setting. 

It was found that triggered breakdowns occurred at 
main gap voltages which were less than half the normal 
untriggered breakdown voltage. The reduction in break- 
down voltage is greater when the main gap polarity is 
negative (that is, the spherical electrode is negative). just 
as Sletten and Lewis! found for trigatrons in air. Vmin 
for the liquid trigatron, however, is dependent on the 
polarity of v for both polarities of V, whereas for the air 
trigatron Vmin is only dependent on the polarity of v 
when F itself has negative polarity. 

The trigger gap in hexane broke down at 3-1 kV. 
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Circuit arrangement, C=0-04 uF, Ry=0, R,-1 MQ, 


Without a trigger discharge the main gap did not break 
down below V gp. 

From the results obtained so far, it seems that an investi- 
gation of triggered spark gaps in liquids may help to 
improve our understanding of the mechanism of electric 
breakdown in liquid dielectrics. This work is continuing 
on trigatrons of various designs and a full account will be 
published later. 

J. L. MAKSIEJEWSKI 
J. H. CALDERWOOD 
Department of Electrical Engineering. 
University of Salford, 
Salford. Lancashire. 
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Oceanic Budget of Dissolved Silicon 


THE oceanie budget of dissolved silicon has been diseussed 
recently!-?. Harr compared estimates of the rate of 
input of dissolved silicon by river drainage and the rate 
of its biologieal removal. He concluded that the reservoir 
of silicon in the ocean is being reduced. Gregor? and 
Calvert? pointed out that Harriss estimated biologieal 
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utilization of silicon and neglected resolution of skeletal 
remains, so that this conclusion is invalid. ` In their 
assessments the major terms of the budget equation are 
the rate of input of dissolved silicon by rivers and the 
rate of its biological removal to sediments. Their, caleu- 
lations rest essentially on Livingstone’s compilation! of 
data on river waters and the estimate made by Schutz 
and Turekian®, from the results of Lisitzin*, of the de- 
position of diatomaceous oozes in Antarctic waters. Ant- 
aretie deposition accounts for more than 80 per cent of 
Calvert's estimate of total biological removal (3-6 x 105 g 
SiO,/yr). Gregor's value for this term (6 x 1014 g Si0,/yr) 
was apparently obtained by doubling the value for 
Antarctic deposition. Calvert's estimates for input by 
submarine weathering and vuleanism are negligible 
compared with the river input (43x 10 g SiO,/yr). 
In Calvert’s assessment the terms for input and biological 
removal are thus approximately equal. Gregor considers 
that the difference between his estimate of removal and 
the value for river input could be aceounted for by 
submarine vulcanism. 

We have estimated the total rate of removal of dissolved 
silicon from the ocean in biogenous deposits, taking an 
areal extent of pelagic siliceous oozes? of 3:8 x 107 kmt, 
an approximate average deposition rate*-9 of 1 em per 
1,000 yr, a maximum dry material content!* of 0-9 g/cm? 
and an average silica content? of 56 per cent. On this 
basis the total deposition rate of silica is l:9 x 101 
SiOs/yr. Biogenous contributions to sediments other than 
pelagie silieeous deposits are neglected but are partially 
balanced by the occurrence of non-biogenous components 
in siliceous oozes. A critical exposition of this calculation 
will be given elsewhere. 

Our estimate is lower than the value of 3 x 10™ g SiO,/yr 
derived by Schutz and Turekian? for Antarctica alone; 
these authors do not give the detailed basis of their estim- 
ate, so the reason for this is uncertain. Because Antarctica 
is the major area of biogenous siliceous deposition, 
however, this difference could arise from relatively minor 
differences in the assumptions made. We have tried to 
ensure that any bias in our estimate is towards over- 
estimation. The uncertainties are such, however, that 
while à comparison of our estimate of removal in biogenous 
deposits with the estimated river input! of 43x 104 g 
SiO,/yr would suggest that these processes do not balance, 
any conclusions based on this comparison alone would be 
very tentative. A fuller consideration of the sources of 
supply of dissolved silieon leads us to conclude, however, 
that a significant imbalance between input and biological 
processes of removal does exist in the ocean. 

Previous assessments! have neglected the importance 
of the Polar rcgions as sources of dissolved silicon. 
Cooper" has cogently argued the probable importance of 
tundra drainage as a source of silicon for Arctic waters. 
Lisitzin*.1/* has emphasized the extent of glacial weather- 
ing in Antarctica. Such weathering leads to the transport 
of material into the sea where leaching can occur. Schutz 
and Turekian® estimate that this process provides suf- 
ficient material to account for the silicon deposited in the 
glacial marine sediments and diatomaceous oozes of the 
region and in addition to give a net outflow of dissolved 
silicon from Antarctica of 5-8 x 10" g SiO,/yr, an amount 
comparable with the world supply by river waters. 

The assessments by Gregor? and Calvert? show Ant- 
arctica as a principal area of removal of dissolved silicon 
from the world ocean. Schutz and Turekian® suggest 
that, on the contrary, it is a major source of silicon to 
the remainder of the ocean, a suggestion which is quali- 
tatively consistent with the high concentrations of 
dissolved silicon in deep waters which originate in high 
southern latitudes. On this basis the amount of biological 
removal of dissolved silicon from the ocean appears to 
be inadequate, perhaps by an order of magnitude, to 
balance the total supply. This conclusion would not be 
substantially altered if the outflow from Antarctica was 
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in fact much lower than that calculated by Schutz and 
Turekian. Ifa balance exists in the ocean reservoir 
between the rates of supply and removal of dissolved 
silicon then non-biological processes of removal must be 
assumed to operate. 

One suggested non-biological removal process is the 
deposition of dissolved silicon by reactions with the 
suspended matter in estuaries in the early stages of 
mixing of fresh and saline waters. Bien et al. have given 
data which have been interpreted! to show that 10-20 
per cent of the dissolved silicon entering the Mississippi 
Delta is removed in this way. Removal of a similar 
fraction was found by Liss!* for the River Conway. 
Such removal is probably related to a high concentration 
of suspended matter in the water! and in some estuaries 
little or no removal appears to oceur!5-55, — Another 
non-biological removal process is the "reverse weathering” 
reaction of dissolved silicon with degraded aluminosilicate 
minerals. Reactions of this type have been postulated!?.2* 
to play an important part in controlling the amounts of 
some major constituents in seawater. Our conclusion 
that the rate of biological removal of dissolved silicon 
appears inadequate to balance the rate of supply supports 
the view that significant amounts of silicon are removed by 
non-biological processes in the ocean. Further investi- 
gations are required in order to establish the nature and 
extent of these processes. 











J. D. BURTON 
P. S. Liss 
Department of Oceanography, 
University of Southampton. 


Received October 14; revised October 24, 1008, 


! Harriss, R. C., Nature, 919, 275 (1966). 

* Gregor, B., Nature, 219, 360 (1968), 

? Calvert, S. E., Nature, 219, 019 (1968). 

* Livingstone, D. A., Prof. Pap. US Geol. Surv., No. 440-G, 64 (1963). 


: aed D. F., and Turekian, K, K., Geochim, Cosmochim. Acta, 29, 259 
(1965), 


* Lisitzin, A. P., in Antaretic Research (edit. ty Wexler, H., Rubin, M. J., 
and Caskey, jun, J. E), Amer. Geophys. Union Geophys, Monograph 
No. 7, 81 (1962). 

? Poldervaart, A., Spec. Pap. Geol. Soc. Amer., No. 62, 119 (1055). 

* Kuenen, P. H., Marine Geology, 384 (Wiley, New York, 1950). 

? Baranov, V. I., and Kuzmina, L. A., in Radioisotopes in Scientifie Research 
(edit. by Extermann, R. €.), 2, 601 (Pergamon Press, Oxford, 1958). 

© Lisitzin, A. P., Deep-Sea Res., 7, 89 (1960), 

! Cooper, L. H. N., J. Mar. Biol. Ass. UK, 80. 511 (1952). 

1? Lisitsyn, A. P., Int. Geol, Rev., 9, 631 (1987). 

1$ Bien, G. S., Contois, D. E., and Thomas, W. H., Geochim. Cosmochim. Acta, 
14, 35 (1958). 

H Schink, D. R., Geochim. Cosmochim. Acta, 81, 987 (1967). 

1? Liss, P. S., thesis, Univ. Wales (1967). 

'* Stefánsson, U., and Richards, F. A., Limnol. Oceanogr.. 8, 394 (1963). 

U Kobayashi, J., in Chemical Environment in the Aquatic Habitat (edit. by 
Golterman, H. L.. and Clymo, R. $.), 41 (N.V. Noord-Hollandesche 
Uitgevers Maatschappij, Amsterdam, 1967). 

1 Banoub, M. W., and Barton, J. D., J. Cons. Perm. Int. Explor. Mer (in 
the press). 

+? Sillén, L. G., in Oceanography (edit. by Sears, M.), 549 (American Associa- 
tion for the Advancement of Science, Washington, DC, 1981). 

9? Mackenzie, F. T., and Garrels, R. M., Amer. J. Sci., 264, 507 (1960). 





An Oxo-bridged Five-coordinate 
Iron(Ill) Molecule 


THE magnetic properties of several iron(III) compounds 
with antiferromagnetie properties have recently been 
accounted for within the framework of the dipolar coupling 
model'?. One such compound—(Fe salen),O.py, (salen = 
bis-salicylidene-ethylenediamine)!, has a moment of ~ 1-90 
B.M. at 300° K, falling to ~ 0-58 B.M. at 80° K—has been 
fitted with an exchange integral of 90 cm~. The crystal 
structure of this complex is reported here. 

The compound crystallized in a triclinic unit cell with 
dimensions @= 12-73, 6= 13-73, c=13-92 Å; «= 118-75, 
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B=7415, y —2 116177: space group PI. Needles of the 
compound obtained from pyridine readily lose pyridine 
at normal temperatures. The data were therefore collected 
from a crystal in contact with the mother liquor in a 
sealed capillary. Some 1,450 independent intensities were 
collected photographically by the inclined beam oscillation. 
method (CoKa). The phase problem was solved by con- 
ventional Patterson and Fourier techniques, and least- 
squares refinement techniques were used for all atomic 
coordinates and for isotropie light atom and anisotropie 
iron atom vibration parameters. This has led to the 
present A factor of 0-126. 

The analysis confirms the proposed! dimeric oxo-bridged 
strueture of the compound and also shows that the iron 
atoms are five-coordinated and the pyridine molecules 
are not bonded to the metal. The dimers, shown in Fig. 1, 
involve two Fe salen moieties bridged by one oxygen 
atom. The coordination about the iron atoms is inter- 
mediate between the extremes cf square pyramidal and 
trigonal bipyramidal geometries. 

Perhaps the most interesting feature of this molecule 
is the markedly bent oxo-bridge. The Fe-O-Fe angle of 
139? is significantly less than the corresponding angle of 
165? in the only other known? oxo-bridged Fe(III) dimer, 
[((HEDTA)Fe),0]**, (HEDTA = N-hydroxyethylethylene- 
diaminetriacetato). The Fe-oxo bond distances, averag- 
ing 1:79 A in the present molecule, are not significantly 
different from those in the HEDTA molecule (1-79 A). 
Other bond lengths compare wel! with previous** Fe(IIT) 
salen molecules: mean Fe-O (salen)=1-93. A; mean 
Fo-N = 2:09 A. The geometry of the bridges in these two 
Fe(III) dimers can be contrasted with that of the Mn-O- 
Mn unit® in [(Pe Mn),0], (Pezphthaloeyanine) which is 
essentially linear and has the significantly shorter metal- 
oxygen distance of 1-71 A. 

The non-linearity of the oxo-link does not seem to be 
determined by any steric interactions involving the other 
ligands in either of the iron dimers. In the present 
structure the repulsions between the two salen ligands 
seem to be maximized by the stereochemistry of the 
bridge. The configuration of the salen ligands is very 
similar to those in the five-coordinate, monomeric Fe 
salen Cl moleculet. The metal atom similarly lies out of 
the best plane defined by the salen donor atoms, towards 
the bridging oxygen atom. 

The [Fe salen Cl], dimer has magnetic properties which 
can be fitted? to the dipolar coupling model with the small 
exchange integral of 7-5 cm. The asymmetric bridge in 
this complex is effected by two Fe-O bonds of 1-98 A 
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and two of 218 Å, compared with only two bonds of 
1-79 A in the present oxo-bridged complex, with which is 


associated the much larger exchange integral of 90 emt. 


These metal-oxygen distances seem to be important in 
determining the degree of magnetie interaction, for the 
Fe-Fe-distances are similar in both molecules, and 0-07 A 
longer’ in the oxo-bridge molecule (3:29 and 3-36 A). The 
short metal-oxo bond lengths indicate a degree of multiple 
bonding in the iron compounds: this is presumably even 
greater in the Mn-oxo bridge in [(PeMn),O]. which 18 
diamagnetic. 
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Applications of Gamma Ray Angular 
Correlations to the Study of 

Biological Macromolecules in 

Solution 

WHEN two gamma rays that are emitted successively in 
nuclear de-excitation are detected in coincidence the 
coincidence counting rate, W(8), may depend strongly on 
the angle 0 between their directions of propagation. F or 
the 173-247 keV gamma ray cascade in "Cd following 
the decay of "In, shown in Fig. 1, W(8) is given by! 





W(8) = 1 etit{l + AP, (eos 0j] (1) 


where P, is the Legendre polynomial (3 cos*0 — 1)/2, v is 
the mean life-time of the intermediate nuclear state (for 
the 247 keV state of "Cd. += Ty)2/In 2= 1-21 x 10°75), € is 
the time interval between emission of the two gamma 
rays, and the coefficient A= — 0-20. 

The angular correlation of the 173 -247 keV gamma ray 
cascade in Cd can be perturbed by the inte action of 
the nuclear moments in the intermediate state with. 
fluctuating external fields. In this case, the coefficient of 
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Fig. 1. The 173-247 keV gamma ray cascade in !!'Cd following the elet- 


tron capture decay of In (data from ref. 8). 
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Fig. 2. Plot of the anisotropy A(t) as a function of delay time for a 


l4x107* M aqueous BSA solution at pH 5-7 (CO) and pH 2-806). The 
error bars indicate the statistical counting error. The uncertainty in the 
tirne seale i8 about 1 per cent. 





P, can be conveniently written as 44,G,(!) where G.(t) is 
an attenuation coefficient. A study of the perturbed 
angular correlation of gamma radiation can then provide a 
measure of the nuclear relaxation time and thereby yield 
the rotational correlation time, te, of a molecule to which 
the radioactive nucleus is bound. Although angular 
correlations have been used for some time to study 
nuclear properties’, and have more recently been applied 
to studies of the properties of solids’, angular correlations 
have not previously been applied to the study of macro- 
moleeules in solution. 

We report here the observation of effeets of molecular 
'onformation on the angular correlation pattern of gamma 
rays following the decay of ! In when this isotope interacts 
with binding sites of biological macromolecules in solution. 
The use of a radioactive nucleus as a “rotational tracer" 
to label biomoleeules offers the virtues of sensitivity, 
instrumental simplieity and Zn vivo applieability inherent 
in radioactive label techniques'!-*. 

Cadmium metal (12-75 per cent Cd) was irradiated 
with 10 MeV protons in the Berkeley 88 inch cyclotron, 
producing 2-8 day? '"In by the (p.n) reaction. After 
chemical separation from the Cd target, the !"In was 
added as Int? to aqueous solutions containing bovine 
serum albumin (BSA) or polyglutamie acid (PGA). In 
these experiments commercially available BSA (Mann 
Research Labs., twice crystallized) and PGA (DP530, 
Pilot Chemical Co.) were used without further purifica- 
tion. The angular correlation measurements were made 
with a 4-detector delayed-coincidence spectrometer (de- 
signed and built by Mr George Gabor) using 0-2 ml. 
liquid samples. 

For the unperturbed angular correlation of the Cd 
cascade following ™'In decay, the coefficient A.G,(t) 
should be independent of the delay time f and equal to 
— 020. Fig. 2 isa plot of the anisotropy, A(4) - 1 — W(180)/ 
W(90) ~ 0-30 G,(t) against t for this cascade following the 
decay of !"In?* ion in the presence of BSA at pH 5-7. 
The angular correlation is strongly perturbed. When the 
pH of this solution is reduced to 2-8. A(t) approaches more 
closely the unperturbed behaviour that is observed follow- 
ing the decay of In?* ion in solution’. Because BSA 
undergoes a conformational transition between pH 5-7 
and 2-8 (ref. 8), the changes in the angular correlation may 
reflect changes in the effeetive rotational correlation time 
at the binding site(s) of !!! In, or they may simply reflect a 
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change in the effeetive binding constant. At pH 5-7 the 
protein may be more rigid, giving a larger value for te, 
and a larger perturbation in the angular correlation. The 
particular time dependence found for G,(t) in this case is 
very similar to that observed in solids (see diseussion in 
ref. 3). 'The shape of the delayed coincidence plot suggests 
that only time-independent (quadrupole) interactions are 
involved for this (pH 5-7) sample. Although xg is also 
sensitive to the macroscopic viscosity, the viscosities of 
these solutions at pH 5-7 and 2:8 measured with an 
Ostwald viscometer at 21-5° C are respectively 1-04 + 0-02 
and L10002 eP, These values are nearly equal, and 
both are too small to affect G, significantly (see ref. 3). 

A comparison of the plots of A(t) obtained with the 
BSA solution at pH 5-7, and a similar solution with 8 M 
urea added, is shown in Fig. 3. The effect of adding 8 M 
urea is large, and in the direction expected for denatura- 
tion of the molecule leading to shorter effective values 
for ze and thus smaller perturbations of the angular 
correlation times. In this case the viscosity of the urea 
solution is 384006 cP. The effect. of bulk viscosity 
alone should be small, quite different, and opposite to the 
direetion of the observed changes. 

Because the gamma ray cascade observed in the daughter 
Cd nuelei follows electron capture decay of ‘In on 
the binding sites, the possibility that after effects following 
decay might lead to detachment of Cd atoms from these 
sites is a major concern. To avoid detachment, the Cae 
ions have to achieve a stable chemical configuration during 
the life-time? of the 419 keV state of "Cd (D,,,— 1-2 x 10-19 
8). The displacement of !!!In?* by Hgt, the competitive 
complexing of !!!In?* by EDTA, dialysis of the BSA-In®+ 
solutions, and analogous qualitative experiments with 
PGA suggest that the radioactive isotope indeed binds 
to the macromolecules and reflects the effective molecular 
rotational correlation time at the binding site. 

The radioactive rotational label technique shares a 
number of general features with other labelling techniques. 
Information on localized behaviour of the macromolecule 
near the labelling site is usually available. The labels can 
be incorporated into interesting regions of macromolecules 
using selective chemical methods. Labels can be bound 
chemically to substrate or inhibitor molecules which sub- 
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sequently interact with high specificity at active regions 
of enzymes or antibodies*??, On the other hand, there is 
always uncertainty as to how much the label affeets the 
system being observed. The compelling factor in develop- 
ing this application is the extremely high sensitivity of 


angular correlations. In these experiments only 10! 
nuclei of ‘In were used in each sample. The angular 
correlation method should find considerable further 


application to studies of biological macromolecules. 
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BIOLOGICAL SCIENCES 


Laser-induced Acoustic Breakage of 
Tobacco Mosaic Virus 


Tue first indication of the effcets of laser-induced acoustic 
transients on a macromolecular system has been obtained 
by exposing monodisperse solutions of tobacco mosaic 
virus (TMV) to positive acoustic pressure transients with 
amplitudes of 10 atmospheres or more and lasting 10-7 s. 
The acoustic transients were produced by the absorption 
of a 50 ns, 1 J pulse of ruby laser light in an optically 
dense solution of Prussian blue dye with an optical 
attenuation coefficient of 1,000 cm~ for the 6943 A 
ruby laser radiation. The laser power density necessary 
to break the TMV particles was found to depend on the 
surface boundary conditions of the irradiated medium. 
In order to investigate the effects of laser-induced 
pressure transients on a subcellular level, a macromolecu- 
lar system—the tobacco mosaic virus-— was selected for 
study. The size and shape of the TMV partiele are well 
known and its molecular composition is the best known 
of all viruses. Knowledge of the size and shape of the 
particle was essential for a theoretical determination of 
the hydrodynamical forces exerted on the particle by the 
velocity field of the transient. Details of the molecular 
composition provided the information about the structural 
stabilizing forces of the particle that was necessary for 
an understanding of the mode of breakage of the particle. 
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Fig. 1. The top photograph is an oscilloscope trace of the time variation 

of the Q-switched laser light intensity obtained with an 54. 0 photo- 

diode; the bottom photograph is the pressure response of a piezoelectric 

pressure transducer exposed to the pressure transient resulting from the 

absorption of the laser energy in a solution of Prussian blue dye with an 
optical attenuation coefficient of 1,000 em 





The virus suspension was exposed to the laser-induced 
acoustic transients in a modified Rose charnber (tissue 
culture chamber). The two compartments of the chamber 
were separated by a thin plastic membrane, The front 
compartment contained the dye solution and the rear 
compartment contained the TMV solution. The dye 
solution served both as a medium for the production of 
the acoustic transient and as a thermal barrier because, 
in this case, the average rise in temperature in the dye 
solution was less than 0-2° C. The thin plastic membrane 
permitted the transmission of the acoustie pulse from the 
dye solution to the TMV solution with neghgible reflexion 
or attenuation. The rear surface of the chamber con- 
sisted of a thin plastic membrane which was placed in 
eontaet with either air or water. In this way it was 
possible to expose the TMV solution to a single acoustic 
transient in the water-backed case, in which no reflexions 
occurred, or to multiple reflexions in the air-backed case. 

A quartz piezoelectric transducer and schlieren system 
were used to determine the magnitude and form of the 
pressure transients. The pressure transient produced in 
the dye solution was a positive pulse with a rise and fall 
time of 40 to 60 ns or an equivalent frequency of 5 MHz. 
Fig. 1 is a photograph of an oscilloscope trace indicating 
the variation in the laser intensity with time, and the 
resultant acoustic transient. By the use of schlieren 
photography it was ascertained that cavitation was not a 
contributing factor in the observed breakage of the TMV. 

TMV solutions at concentrations of 10?! to 10'* particles/ 
em? were exposed to the laser-induced acoustic transients 
and compared with control solutions. with an RCA 
EMU-E electron microscope at a magnification of 20,000. 
The frequeney distribution of the particle length was 
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Fig. 2. Cumulative frequency distribution of the particle length of 
control TMV solution and a TMV solution exposed eight times to acoustic 
transients produced by a Q-switched laser at a power density of 640 


MW/|cm*. The difference in the distributions is statistically significant 
at the 0-001 level. 


determined by measuring the lengths of the particle 
directly from the photographic plates. 

The particle length distributions of the TMV control 
solutions and those exposed to single transients (water- 
backed case) and multiple transients (air-backed case) 
were compared statistically by the use of the Kolmogorov 
Smirnov goodness of fit test. For an unfocused laser 
beam (10 MW/em?) no significant breakage occurred in 
the water-backed solution, whereas significant breakage 
(approximately 3 per cent reduction in monomer concen- 
tration per exposure) occurred in the air-backed solution. 
In order to determine the reason for the increased breakage 
in the air-backed solution, an additional water-filled 
chamber was attached to the rear of the chamber so that 
no reflexions occurred at the surface in contact with the 
TMV solution. In this way the TMV solution was exposed 
to the reflexions from the exterior water-air interface 
after they were transmitted back through the intervening 
water layer. It was found that the increased breakage 
was caused by the reflexion from the boundary of the 
TMV solution and not the multiple reflexions. It has 
been concluded that the enhanced breakage is a result of 
the extreme velocity gradients induced by the reflexion 
at a surface separating regions with large differences in 
acoustic impedance (that is, water—air interface). 

Breakage was also produced in water-backed solutions 
when the laser beam was focused to a diameter of 2 mm 
or less, resulting in incident power densities of 640 MW/cm? 
or greater. Fig. 2 shows cumulative frequency distribu- 
tions of the particle length for exposed and control 
solutions. In this ease the TMV was exposed eight 
times to single pulse acoustic transients and the difference 
in the particle length distributions was statistically signifi- 
cant at the 0-001 level. In all cases the effect was a 
cleavage of the TMV particle into equal halves which 
suggests that the maximum stress was exerted at the 
centre of the particle. 

In determining the stress on the TMV particle the 
standard hydrodynamical assumptions applicable to the 
TMV particle were used!. It was thus assumed that the 
TMV particle can be approximated by an ellipsoid of 
revolution with a major axis of 185 nm and a minor 
axis of 7-8 nm. 

The equation of motion of the TMV particle for the 
conditions of this experiment was found to be the quasi- 
steady Stokes equation?. The solution for the mean 
stress < F> was derived from Lamb’s solution? for an 
ellipsoid of revolution, assuming that the spatial deriva- 
tive of the velocity field of the laser-induced transient was 
a constant!. The mean stress at the centre of the TMV 
particle is given by the equation 


NATURE, VOL. 220. NOVEMBER 30, 1968 





where p is the viscosity of the solution, Uo the spatial 
gradient of the fluid velocity, a the chief semi-axis and 
b the lesser semi-axis of the TMV particle. Using a value 
of the fluid veloeity corresponding to an incident laser 
power density of 640 MW/em? the maximum force on the 
TMV particle was calculated to be 5x 10-* dynes. 

If it is assumed that the primary structural stabilizing 
forces are a result of the presence of the RNA backbone 
of the TMV, disruption of the particle should depend on 
the breakage of the weakest covalent bond in the tobaeco 
mosaic virus RNA, namely, the carbon-carbon bond. 
The force required to break the carbon-carbon bond may 
be estimated from the Morse potential using a value of 
66-2 kealories/mole for the dissociation energy®. The force 
thus calculated is of the order of 3-65 x 10-4 dynes which is 
in good agreement with the stress produced by the laser- 
induced acoustic transient. The results suggest that the 
secondary stabilizing forees of the TMV particle such as 
the hydrogen bonds do not contribute significantly to the 
overall mechanical integrity of the TMV particle. This 
observation is in agreement with the results of the X-ray 
diffraction studies of Franklin and Commoner*. 

It ean be eoncluded from the results of this work that 
acoustie transients produeed by the rapid absorption of 
high powered Q-switched laser pulses may be capable of 
producing alterations in biological systems by the disrup- 
tion of molecular bonds, thus suggesting a wide spectrum 
of possible effects in such systems. 
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Evolutionary Significance of the 
Thoracic Duct 


Dumont and Rifkind recently proposed that the New 
World monkey, the sloth and the bat have evolved only a 
rudimentary form of thoracie duet because these animals 
hang upside down from trees. Whether or not this 
proposition is correct, it seems to me that the authors 
have reached their interesting conclusion by a devious and 
sometimes misleading argument. 

lt is reasonable to propose that in these "inverted" 
animals the higher venous pressure at the root of the neck 
might make this an unsuitable site for the entry into the 
venous system of lymph from a major lymph trunk. 
Accordingly, the entry of major lymph ducts into the 
abdominal venous system in the New World monkey 
seems to be a logical arrangement, which lends itself to a 
simple explanation in terms of evolution. I was therefore 
surprised that the careful experimental observations of 
Dumont and Rifkind were aecompanied by a lengthy, and 
in my view erroneous, account of lymph propulsion in 
mammals. 

The problem of returning excess interstitial fluid to the 
blood vaseular compartment at a rate proportional to its 
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rate of formation exists independently of the spatial 
disposition of the body. Bony fish, reptiles and amphibia 
accomplish this process by the action of lymph hearts. In 
higher mammals the system has evolved further: vulner- 
able lymph hearts as such are no longer present; instead 
all the lymphatic ducts are themselves pulsatile, and by 
virtue of the regular contractions of their muscular walls 
the lymph is propelled powerfully in a central direction. 
The evidence for the primacy of this mechanism has been 
published in detail?, but perhaps it is worth quoting that in 
unanaesthetized sheep even small intermediate lymphatics 
generate regular pulse pressures of up to 10 mm of mer- 
cury. Thus the statement made by Dumont and Rifkind 
that lymph flow in mammals is dependent on “indirect 
and haphazard sources of energy" (for example, tissue 
tension and the movements transmitted from skeletal 
muscles and pulsating arteries) is untrue and arguments 
based on it are quite untenable. I am aware that the 
views of Dumont and Rifkind are in accord with those to 
be found in the standard texts*4, but these are now some- 
what dated and like all texts contain a measure of self- 
perpetuating dogma for which there is no acceptable 
direct experimental evidence. 

Of course, the point I have raised does not invalidate 
the principal conclusions of Dumont and Rifkind which I 
am sure will be well received by those interested in the 
Iymphatie system and its evolution. 
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Selective Retention of Corticosterone 
by Limbic Structures in Rat Brain 


CORTICOSTERONE is one of the principal steroids secreted 
by the rat adrenal gland!-? and it is well established that 
various noxious psychological and physiological stimuli 
promote the release of this substance into the blood. 
Because we are interested in the action of such corti- 
costeroids on biochemical processes in the brain, we 
attempted to determine the degree to which circulating, 
radioactive corticosterone enters and remains in the 
brain. Furthermore, because the limbie system of the 
brain is implicated in the control of the secretion of 
ACTH** and in the affective behavioural responses’, 
we were particularly interested to see whether structures 
in the limbie system retain corticosterone in a higher 
concentration than other areas of the brain. Published 
work on the uptake of the oestradiol by the brain!9-!? 
indieates that the hypothalamus retains that hormone. 
Because of the possibility that endogenous corti- 
costerone could interfere with the uptake of radioactive 
steroid by competing with it for sites in a limited-capacity 
retention mechanism, we have used adrenalectomized 
rats. Bilateral adrenalectomies were performed in our 
laboratory, between 1 and 3 weeks before the uptake 
experiment. Adrenalectomized animals were maintained 
on 0-8 per cent, NaCl and standard lab chow given freely. 
Each animal was judged to be free of adrenal tissue, 
including accessory tissue", by assay of corticosterone 
in blood!* obtained by heart puncture 30 min after the 
application of ether stress. Corticosterone-1,2-°H (0-34 
ug, 57-2 Cifmmole; New England Nuclear Corp., Boston) 
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Fig. 1. Time course of disappearance of radioactivity administered as 
corticosterone-1,2-^H from the blood and five regions of the brain of: 


adrenalectomized rats. Each point is the average of determinations on 


four or five rats. 


was administered intraperitoneally in 50 gl of 1:1 
benzene ethanol and the rats were killed by decapitation 
30 min, 2 h, 4 h or 6 h after the injection. A sample 
of blood (0.2 ml.) was obtained at deeapitation. The 
brain was dissected according to an atlas of the rat 
brain!, after consultation with a neuroanatomist, Dr 
George Wolf of Mount Sinai Hospital, New York, into 
the following regions: pituitary, medial plus lateral 
septum, hippocampus, hypothalamus, amygdala with 
overlying cortex, thalamus, brain stem (pons plus medulla 
oblongata) and cerebellum. The blood and tissue 
samples were extracted with dichloromethane (DCM) 
overnight on a metabolie shaker, which resulted in 92 
per cent extraction of DCM-soluble radioactive material. 
Aliquots of this extract were counted with a liquid 


scintillation counter in a toluene-based scintillation 
cocktail. Details of the dissection, extraction and other 





aspects of the technical procedure wil be presented 
elsewhere. 

The entry cf the radioactive hormone into the blood. 
stream and brain is very rapid, and concentrations of 
radioactivity have begun to decline by 30 min after 
administration. The disappearance of radioactivity 
from the blood and five regions of the rat brain is shown 
in Fig. 1, and is expressed as the concentration of radio- 
activity (DPM/mg wet weight) on a logarithmie scale 
against time up to 6 h after administration of the isotope. 
The concentration of radioactivity in eortex, hypothala- 
mus and amygdala is about half of the blood concentration, 
and tends to decrease in parallel to the concentration 
in the blood, indicating a free and rapid exchange of 
labelled hormone between the blood and these regions 
of the brain. There is a slight tendency for the hypo- 
thalamus and amygdala to retain radioactivity at a 
level above that in the cortex beyond 4 h after admin- 
istration of the isotope. The basic pattern, however, is 
similar to that of the cortex and is characteristic of 
virtually every region of the rat brain we have examined, 
with the striking exception of the septum and hippo- 
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The funetional role of the higher uptake 
and longer retention of corticosterone by the 
septum and hippocampus is so far unknown. 
It may be significant that, in the rat, the 
hippocampus*:!? and the septum*?? have been 
shown to exert an inhibitory effect on the 
release of ACTH from the pituitary. It is 
impossible, however, to ascribe all actions of 
corticosterone on the brain to these two 
regions, for the hypothalamus, which does 
not retain the hormone, responds functionally 
and electrically to imp lantation of both syn- 
thetic and natural steroids?t =, Itis tempting 
to suppose that the retention ‘of hormone by 
the hippocampus and septum may be con- 
cerned with a particular type of steroid effect, 
such as the control of concentrations of cer- 
tam enzymes in these two regions. This 
control might operate at the genetic level, for 
there is evidence for the accumulation and 
action of steroid hormones in cell nuclei of 
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Fig. 2. Concentration of radioactivity in the pituitary and six regions of the rat brain |. 
divided by concentration of radioactivity in the cortex. Each bar represents the?average 
CES. ELM.) of determination on four or five rats. 





corticosterone-1,2-?H. in normal rats is 


campus. These two regions take up and retain greater 
eoncentrations of radioactive material and release them 
at a different rate from the rest of the brain (Fig. 1). 
We may be dealing with the occurrence in the septum 
and hippocampus of a hormone-binding mechanism 
analogous to the limited capacity binding sites which 
exist in the hypothalamus for oestradiol!?- a and so we 
have begun to study the conditions in which the uptake 
and retention of radioactivity injeeted as corticosterone 
can be reduced or prevented. In particular, we have 
determined the extent to which exogenous eorticosteroids 
and the endogenous steroids of normal rats are able to 
"saturate" the uptake process. A useful way of presenting 
data on the ability of unlabelled steroids to reduce the 
differential accumulation of corticosterone by the hippo- 
campus and septum is to divide the concentration of 
radioactive material in these and other brain regions 
by that in the cortex. Fig. 2 shows that the hippocampal 
retention mechanism is “saturated” both by endogenous 
corticosterone in normal rats and in adrenalectomized 
rats by the administration of unlabelled corticosterone 
(3 mg in 0-2 ml. of ethanol given intraperitoneally 30 min 
before injection of labelled corticosterone). Hydro- 
cortisone (3 mg in 0-2 ml. of ethanol, 30 min before the 
isotope) is less effective. The septal retention mechanism, 
by contrast, is not sensitive to the relatively low levels 


of endogenous corticosterone in normal rats, but is 
saturated by the high concentrations of exogenous 





corticosterone and to a lesser extent by hydrocortisone. 
The pituitary retains radioactive material, but this 
retention is not affeeted by endogenous or exogenous 
steroids. All other brain regions examined were un- 
affected by these treatments, and can be seen to have 
similar concentrations of radioactive material to the 
cortex. 

Using thin-layer chromatography to separate eortico- 
sterone from other steroid metabolites", it has been poss- 
ible to show that 2 h and 4 h after administration of radio- 
active corticosterone, 64 and 73 per cent respectively of 
the radioactive material extracted from the hippocampus 
is corticosterone. In the rest of the brain at the same 
time intervals, 60 and 56 per cent respectively is cortico- 
sterone. Although the brain has an enzyme which can 
convert corticosterone to 11-dehydrocorticosterone™, we 
have found that less than 10 per cent of the radioactive 
material extracted from any region of the brain has the 
Rp value of 11-dehydrocorticosterone. 





Cerebellum 


: Uptake of radioactivity injected as , 
is compared with that in adrenalectomized ratajwith ’ 
and without prior administration of 3 mg of unlabelled corticosterone or hydrocortisone. 3 


target tissues?5- 29, 
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Changes of Length within the Frog 
Muscle Spindle during Stretch as shown 
by Stroboscopic Photomicroscopy 


THE impulse response of the muscle spindle to an applied 
stretch consists of a dynamic discharge during the phase 
of increase in length, followed by a static discharge while 
stretch is maintained at a steady level'-*. The under- 
lying receptor potential shows corresponding character- 
isties : a rapid dynamic rise followed by a decay to a 
static level (Fig. 1)^*. This differentiation of the response 
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into two separate may be 
explained as the result of structural differences 
between the central and the polar zones of the 
intrafusal muscle fibres!:* The dynamie 
component would arise in the central zone. 
which seems to be the more elastic, while th: 
static phase of the response would be genera 
ted in the more viscous polar regions. At 
present there is, however, no direct evidence 
for a mechanical differentiation of the 
response. 

To test the 
overshoot 


components 


hypothesis that the dynamic 
decay of the 


and subsequent 
response, as shown in Fig. 1, are of mechanical 
origin, we have examined length changes in 
different regions of the spindle during stretch. 
Static length changes have earlier been repor- 
ted in the crustacean stretch receptor! ®* 
in the musele spindle’’, In those studies 
externally applied markers were used for thy 


and 


measurements. We now report observations on 
spindles which have been completely isolated 
from the surrounding extrafusal muscle fibres; 
the measurements have 
natural landmarks with a size 


been made between 
of a few microns 
within the spindle and at a high time resolu l 
tion during stretch. We isolated spindles from — 4 
IV) and l 


chamber 


the frog's toe muscle (m. ext. dig. long 


then mounted them in a small 
containing Ringer solution 


the spindle at 


times 


Photomicrographs of different 


during stretch were taken under dark field illumination 
by high speed photography using a stroboscope. The 
spindle was stretched and a photographie exposure was 


made with the flash at 
The same stretch was repeated and other photographs 
taken at other chosen flash delays. 
of pietures of the spindle at 
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Fig. 1. Overshoot and decay of dynamic response of frog muscle spindh 
Upper trace: receptor potential recorded after blockage of conducted 
activity by 0-18 per cent lignocain Lower trace: monitor of applied 
stretch showing linearly rising dynamic stretch followed by maintained 
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If the dynamie overshoot and subsequent decay of the 
receptor potential, as illustrated in Fig. 1, were related" to 
differential length changes between the central and the 
polar zones, one would expect to find evidence for this 
in the displacement of landmarks in the spindle. The 
fact that such changes could not be found suggests that 
the overshoot and decay of the dynamie potential are not 
related to gross mechanieal alterations in length in differ- 
ent regions of the spindle. 

Our results thus suggest that mechanical factors, if 
they are related to the differentiation of the response, 
must be sought at the ultrastructural level beyond the 
resolution of the present method. In electron miero- 
graphs the sensory end bulbs in the central zone lie'in a 
dense retieular network so that the effect of stretch 
transmitted to them might be different from that in the 
polar zones?! The development of tension in the spindle 
shows a dynamie overshoot (D. O. and I. Husmark. 
unpublished work), whieh may be related to the produc- 
tion of the dynamic response. In addition to the possible 
mechanical factors the electrical characteristics of the 
sensory membrane and afferent nerve branches may also 
be responsible for the differentiation of the response. 

It is of interest that mammalian muscle spindles give 
similar responses to stretch as the frog spindle, and there 
also seem to be similar differences between the visco- 
elastic properties of the central and polar zones of the 
intrafusal muscle fibres (compare ref. 4). It is possible 
that length changes in mammalian spindles during stretch 
may be similar to those reported here. If so, it suggests 
that the differentiation of mammalian spindle responses, 
if of mechanical origin, may also arise at the ultrastruc- 
tural level. 

We thank Professor B. Katz and Dr J. Jansen for 
reading the manuseript and making valuable suggestions. 
and Miss O. Popoff for technical assistance. This research 
has been sponsored in part by the Air Force Office of 
Seientifie Research through the European Office of Aero- 
space Research, OAR. US Air Force. 
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Monocular Input and Interhemispheric 
Transfer in the Reversible 

Split-brain 

SrvpiEks in which sensory input is restricted to one cortical 
hemisphere have indicated that memory traces are estab- 
lished bilaterally and that the integrity of the corpus 
eallosum is crucial to this dual trace system!. It seems 
that there is extensive communieation between the two 
cortical hemispheres during both learning and retention. 
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Another technique for investigating interhemispheric 
communication involves the use of cortical spreading 
depression (CSD) as a functional reversible split-brain 
preparation’. In this way it is possible to form lateralized 
memory traces and to study their later interaction with 
the rest of the brain. Thus visual experience acquired 
during unilateral CSD remains confined to the trained 
hemisphere and does not spontaneously spread to the 
untrained hemisphere when the latter recovers normal 
function?*. If a single trial is then performed with both 
hemispheres intact, the lateralized memory trace transfers 
from the trained to the untrained hemisphere?. 

The purpose of the work reported here was to examine 
this interhemispherie transfer phenomenon in conditions 
of visual input limited to one eye. In the hooded rat most 
optie fibres decussate at the chiasm?. Limitation of the 
visual input to one eye has the effeet of largely limiting 
this input to the contralateral hemisphere. Thus there 
are two versions of the basic transfer experiment. When 
using the eye contralateral to the originally trained hemi- 
sphere during the interdepression trials, the untrained 
hemisphere is not necessarily engaged in performance, 
and one might expect interhemispherie communication to 
be minimal. The ipsilateral eye, on the contrary, has 
access to the engram stored in the trained hemisphere 
only through the visual cortex of the untrained hemi- 
sphere and relevant callosal fibres, and interhemispheric 
communication might be eritical to performance. We 
shall refer to these two conditions as direct and indirect 
access to the memory trace during the interdepression 
trials, respectively. 

The task was a simultaneous visual discrimination, 
either black against white (BW), or horizontal against 
vertical stripes (HV). The oe us (30 em high) eon- 
sisted of a start box (12 em x 12 em), opening into a choice 
area (28 em long, 42 em wide) w ith two doors that led 
into a goal area (20 em long, 42 em wide) The rats 
learned to escape or avoid shocks which were delivered 
to their feet through the grid floor in the start box and 
choice area. During the trial a rat was placed in the start 
box, and was given 5 s to enter the choice area and to 
find its way through the unlocked door to the goal area. 
A correction procedure was used; the rat received inter- 
mittent shocks until it pushed through the correct door. 
Stimulus cards were randomly changed from left to right 
during the trials. 

All rats were given a day of pre-training when they 
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Fig. 1. Trials to criterion for black-white discrimination with direet 


(DA) or indirect (1A) access to the trained hemisphere during inter- 
depression triais, N —8 in both groups. See text for details. 
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without the stimulus eards being in place. The rats 
tested on HV were given 5 more days of pre-training 
(twenty-five trials a day) that involved learning a black- 
white diserimination. After pre-training was completed 
all rats were subjected to an operation that prepared 
them for the elicitation of CSD. Trephine openings 4 mm 
in diameter were made over the fronto-parietal cortex of 
both hemispheres. A plastic ring (12 mm internal diameter, 
10 mm high) with a screw lid was secured over the tre- 
phine openings and sutured to the scalp. CSD was elicited 
about 10 min before the testing session by placing a filter 
paper soaked with 25 per cent KCl on the exposed dura 
in one trephine opening. The presence of unilateral CSD 
was verified by impairment of placing reactions in the 
contralateral limbs both before testing began and at 
regular intervals during the testing session. Those rats not 
showing unequivocal signs of lateralized cortieal impair- 
ment were discarded from the experiment. After the test 
session the filler paper was removed, a wad of saline- 
soaked cotton was placed over the exposed cortex, and 
the plastie chamber was closed. 

Visual input was restricted by covering one eye with 
an opaque plastic occluder 10-20 min before testing 
began. Control experiments indicated that no visual 
information was passing through these occluders. They 
were removed after the test session and the eye was 
washed with a solution of contact lens fluid. 

Rats were trained to a criterion of nine correct out of 
ien consecutive trials on either of the discriminations, 
with only one hemisphere functional and the ipsilateral 
eye covered. On the following day either five (BW) or 
ten (HV) interdepression trials were given in conditions 
of indirect or direct access to the memory trace, that is, 
by using the eye ipsilateral or contralateral to the origin- 
ally trained hemisphere, rcspectively. On the third day 
the trained hemisphere was depressed and the rats 
re-learned the discrimination to the same criterion with 
the untrained hemisphere. 

The results are illustrated in Figs. 1 and 2, together with 
the conditions of the experiment; a blackened area 
indicates that either an eye was covered or a hemisphere 
was depressed. When the interdepression trials were given 
under conditions of indirect access to the trace (IA), inter- 
hemispheric transfer was quite good. In both tasks sig- 
nificant savings were seen (BW, P = 0-005; HV, P= 0-001). 

When the interdepression trials were given with direct 
access to the trace (DA), however, either no transfer was 
observed (BW), or the transfer was below the level of 
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statistical significance (HV). The difference between the 
interhemispherie transfer elicited by DA and IA was 
independent of the performance level during the inter- 
depression trials, which deviated from randomness in 
neither of the two conditions. 

Two further groups were used to control for the extent 
of learning induced by interdepression trials applied 
without previous training, other conditions being the 
same as in the indirect access groups. In the bright 
diserimination task five trials given with both hemi- 
spheres intact did not significantly influence subsequent 
unilateral learning. After ten pattern discrimination 
trials performed with intact brains, animals with uni- 
lateral CSD required 28 per cent fewer trials to reach 
criterion than did naive animals; this difference was not 
statistically significant. Thus the savings observed in 
conditions of indirect access to the memory trace cannot 
be induced by interdepression trials alone. 

The striking difference between these two transfer 
conditions may be a result of several faetors. It seems 
that the availability of a lateralized memory trace reduces 
the involvement of the other hemisphere during direct 
monocular readout of this trace. In these conditions 
communication between the two hemispheres is mim- 
imized. On the other hand, indirect transcallosal readout 
initiates an active process in the trained hemisphere 
(matching of the incoming visual information with the 
available trace) which then starts transeallosal information 
flow in the reverse direction, that is, from the trained to 
the untrained hemisphere. The transferred signal then, 
induces— perhaps in conjunction with the direct visual 
input—formation of the duplicate trace in the untrained 
hemisphere. The difference may also reflect the faet that 
with indirect access the same eye is used during the inter- 
depression training and retention testing, while with direct 
access opposite eyes are used in these two conditions. 
The relative significance of these factors is now being 
explored. 

This work was supported by the Czechoslovak Academy 
of Sciences and by a US Public Health Service post- 
doctoral fellowship to L. N. 
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Identification of Acetylcholine in Fresh 
Rat Brain by Combined Gas 
Chromatography-Mass Spectrometry 


ACETYLCHOLINE was first identified in animal tissue by 
Dale and Dudley!. They isolated acetylcholine as the 
double choline—acetylcholine dichloroplatinate from 40 kg 
of horse spleen. Its identity was demonstrated by ele- 
mental analysis and a mixed melting point determination 
with the appropriate reference compound. A large 
volume of pharmacological, chemical and physical 
evidence has since accumulated which indicates that 
acetylcholine is present in many tissues, especially neural 
tissue. Several other choline esters and related com- 
pounds have been found in extracts and homogenates 
of tissue from various animal species?-*. 
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Fig. 1. Mass spectra obtained for dimethylaminoethyl acetate (DMA EA). 
Upper panel: demethylated brain extract. Lower panel: synthetic 
DMAEA. Gas chromatographie conditions: silanized glass column, 
3 mm OD, 1-2 m; packed with 75 per cent ‘Polypak 1’, 25 per cent 
silanized ‘Gas Chrom P", coated with 1 per cent N,N-bis(2-suecinimido- 
ethyl)- N-dodeeylamine. Column temperature 128° C, Inj. port tem- 
perature 195° C. Carrier gas: helium at 3-5 kg/em?, and 25 ml./min. 
fass ence conditions: separator temperature, 200° C; ion 
source temperature, 310^ C; ionization potential, 70 eV; multiplier 
voltage, 2:1 kV. 


Stedman and Stedman* isolated acetylcholine from 
incubates of 40 kg of minced ox brain, but pointed out 
that the compound is synthesized in vitro, and was not 
found in significant amounts in freshly minced brain. 
Other investigators’, repeating these experiments, pro- 
vided evidence for the presence of several choline esters 
and related compounds, including butyryleholine. Pre- 
cipitation as the Reinecke salt, paper chromatography 
and fractional crystallization had been used to identify 
acetylcholine, propionylcholine and butyryleholine in 
rat brains by mixed melting points of the tetrachloro- 
aurates’. The experimental procedure does not preclude 
in vitro formation of some or all of these components. 

We report the definitive identification of acetylcholine 
in fresh rat brain by means of a combined gas chr ia 
graphy-mass spectrometry (GLC--MS) system’, using : 
procedure for microanalysis of choline esters. This 
procedure is based on N-demethylation by sodium ben- 
zenethiolate followed by gas chromatography of the result- 
ing tertiary amines. 

An LKB 9000 gas chromatograph-mass spectrometer 
system was used. The conditions are deseribed in the 
legend to Fig. 1. 

Details of the extraction of quaternary ammonium 
compounds from brain will be published elsewhere’. 
Briefly, the brain is rapidly (45 s) excised and homogenized 
in four volumes of 85 per cent Rares 15 per cent 1 N 
formie acid in water. The supernatant after centrifuga- 
tion is extracted with ether and residual traces of ether 
and acetone are removed with a stream of nitrogen. 
Quaternary ammonium compounds are precipitated with 
Reinecke salt in the presence of 1 mM tetraethylammonium 
chloride, separated by centrifugation and dried. The 
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chlorides are recovered by treatment with ‘Biorex 9’ cation 
exchange resin in methanol and evaporated to dryness with 
a stream of dry nitrogen. The dried quaternary ammonium 
salts are N-demethylated using sodium benzenethiolate, 
and treated as we describe*!*. The resultant tertiary 
amines were analysed by the GLC-MS system. 

Fig. 1 (top) shows the mass spectrum obtained from a 
rat brain extract recorded at the summit of the gas 
chromatographic peak with the same retention time as 
that of synthetic dimethylaminoethyl acetate. The 
speetrum recorded from reference dimethylaminoethyl 
acetate (DMAEA) is presented here for comparison. 
Similarities of the two spectra are such that one could 
conclude that the compounds are identical. The molecule 
ion (m/e 131) is discernible (relative abundance 1-3 per 
cent), and the base peak (m/e 58) is attributable to the 
dime iter edicimus ion. This and the peaks a 
mje 11 and 72 are common to the acetate, propionate Ed 
butyrate of dimethylaminoethanol. These three esters 
are all eonverted quantitatively to the corresponding 
tertiary amines in the reaction conditions used, and 
the propionate and butyrate appear as chromato- 
graphie peaks following the acetate when the choline 
esters are added to brain homogenates!'^!?, Rat brain 
extracts, to which choline esters have not been added, 
show on demethylation and gas chromatographic determ- 
ination, only a peak corresponding to the product of 
demethy lation of ace tyleholine. This indicates that 
propionyleholine and butyryleholine are absent in rat 
brain extracts. This confirms gas chromatographic 
studies!?-*, 

Fragments in the mass spectrum common to esters of 
choline (m/e=58, 71, 72) can be used to advantage by 
applying a new technique called mass fragmentography?*. 
This technique involves the use of the mass spectrometer 
as a selective deteetor in the gas chromatographic system. 
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Fig.2. Massiragmentograms: míe-71and72. Upper panel: demethyt- 
ated brain extract. Lower panel: synthetic DMAEA. Gas chromato- 
graphic conditions were the same as in Fig. 1. Mass spectrometric 
conditions: separator temperature, 200° C; fon source temperature, 
310° C; ionization potential, 50 eV; multiplier voltage, 1-0 KV, 
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Compounds are detected by the presence of characteristic 
mass numbers. Up to three mass numbers ean be re- 
corded simultaneously by means of an accelerating voltage 
alternator’. 

Fig. 2 shows mass fragmentograms of ions m/e 71 and 
72 brought alternately into focus, and recorded as a 
function of time. The ordinate represents the observed 
intensity, while retention time is plotted on the abscissa. 
The main peak observed after injection of the treated 
brain extract is attributable to dimethylaminoethyl 
acetate, which shows, in comparison with a standard, a 
similar relative abundance for the two ions, at the same 
retention time. A minor peak observed at m/e 72 following 
that corresponding to DMAEA was not associated with 
an m/e 71 peak. Furthermore, its retention time was 
different from that of any of the three esters studied. 
It was not therefore attributable to any of these three 
esters. Propionylcholine and butyrylcholine are appar- 
ently absent in the brain extract. 

Further evidence for the presence of acetylcholine 
and the absence of propionyl and butyrylcholine in these 
conditions is presented in Fig. 3. The mass spectrometer 
was focused only on m/e 58, the base peak for all three 
esters. The very high sensitivity, and the high signal/ 
noise ratio obtained in these conditions, should allow 
detection of the compounds in minute quantities. Even 
when the sensitivity was increased 250 times after the 
dimethylaminoethyl acetate peak had been eluted, no 
peaks appeared at the retention times expected for the 
homologues. An internal standard, hexyltrimethyl- 
ammonium bromide, is used in the process of extraction 
of brain tissue!^-2?, This compound is demethylated to 
hexyldimethylamine (HDA), and gives a retention time 
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Fig. 3. Mass fragmentograms: m/e=58. Upper panel: demethylated 
brain extract. Lower panel: synthetic hexyldimethylamine, dimethyl- 
aminoethylacetate, propionate and butyrate, respectively. Gas chroma- 
tographie conditions: same as in Figs. 1 and 2, except column tempera- 
ture, 110? C. Mass spectrometric conditions same as in Fig. 2. 
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lower than that corresponding to DMAEA. A mass 
fragmentogram of m/e 58 was also obtained from this 
compound (Fig. 3). 

We conclude that acetylcholine is definitely present in 
rat brain extracts, but propionylcholine and butyryl- 
choline are not present in significant amounts («1 ng/g) 
in the conditions of these experiments. 

This work was supported by grants from the US 
National Institutes of Health, the Swedish Medical Re- 
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V. Lepviikman for technical assistance. 
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Experimental Kwashiorkor 
and Marasmus 


During the past two decades, there has been a growing 
scientific interest in the diseases kwashiorkor and maras- 
mus. Their study could add considerably to our under- 
standing of the regulation of metabolic processes in 
mammals and of the interrelation of nutrition to mental 
development and infection. Progress in these studies has 
so far been greatly handicapped by the failure, in spite of 
numerous attempts, to produce these conditions com- 
pletely in experimental animals. 

Previous experimental models for kwashiorkor and 
marasmus include the use of the monkey'?, pig?^* and 
rat*-3; and of natural low protein diets similar to those 
consumed in developing countries?.**, as well as synthetic 
diets deficient in proteins! :?-5, or in specific amino-acids*’, 
It was generally considered necessary to force feed the 
animals with diets very low in protein. Many of the 
physical and biochemical lesions occurring in the diseases, 
including moderate water retention, have beer successfully 
reproduced in some of these models, but the animals did 
not develop the frank oedema which is so characteristic 
of the full kwashiorkor syndrome in children. For this 
reason, the view is still often expressed that factors are in- 
volved in addition to diet in producing the full kwashiorkor 
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condition. In the model discussed here, however, it has 


been possible to reproduce in rats all the features of 


kwashiorkor just by freely feeding low protein diets 
(Figs. 1-3). 

Male Sprague-Dawley rats (weighing 100—130 g) were 
either fed freely on a diet supplying 0-5 per cent lact- 
albumin or given a diet containing 1 per cent lactalbumin 
in restricted amounts, so as to supply approximately the 
same amount of protein but half the total calorie intake 
of the other diet. A control group was fed freely on a 
diet containing 18 per cent lactalbumin. The diets are 
detailed in Table 3. 

After 2 months on this regimen, the clinical and bio- 
chemical changes associated with marasmus and pre- 
kwashiorkor were evident in the rats fed 1 per cent lactalbu- 
min (restricted) and 0-5 per cent lactalbumin (given freely), 
respectively. The results are summarized in Tables 1 and 
2. After 2 months, the mortality rate among the marasmic 
rats was very high. The deaths usually occurred suddenly 
and, apart from the severe wasting, the animals dying in 


this way had extreme hypoglycaemia. The final phase of 


kwashiorkor with oedema appeared in the rats on the 
0-5 per cent lactalbumin diet at various times during the 
fourth month. The earliest signs of the onset of kwashior- 
kor were “moon” face and a progressive increase in weight. 
A rat weighing 75 g could gain as much as 45 g of fluid or 
60 per cent of the body weight in approximately 10 days. 
Once the full kwashiorkor syndrome had developed, 
mortality rate was high, and untreated animals died 
within 24-72 h. The oedema fluid had a low content of 


protein (0-2-0-5 g per cent) and accumulated mostly in the 
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Fig. 1. Control rat, weighing 450 g after 3-5 months on 18 per cent lactal- 
bumin diet. 





Marasmic rat, weighing 54 g after 3-5 months on 1 per cent 


Fig. 2. : i 
lactalbumin (restricted) diet, 
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Fig. 3. Rat suffering from kwashiorkor, weighing 120 g after 3-5 months 

on lactalbumin (given freely) diet. The animal here weighed 75 g 10 days 

earlier. It was killed immediately after the photograph was taken, and 
was found to contain 103 g of water. 


subcutaneous tissues of the forelimbs and face, but there 
were also increased amounts of fluid in the peritoneal, 
pericardial and pleural spaces. The rats were not free of 
pathogens, but a full post-mortem examination, including 
histological tests, revealed no evidence of infection. In 
the rats suffering from kwashiorkor, lungs were pink and 
healthy in appearance. Intestines were very thin walled 
but there had been no gross invasion by intestinal para- 
sites. The intestines of six rats were washed out and 
prepared for studies of fat and vitamin A absorption; no 
helminthoses were observed in these rats. It is clear 
therefore that all of the features of the disease can be 
produced by malnutrition alone and that infection is not 
an essential elernent. 

The reason for failure of earlier attempts to produce 
kwashiorkor that the experimental diets 
either contained too much protein or were not given for 
The procedure adopted in this study repro- 


seems to be 
long enough. 


Table 1, EXPERIMENTAL MARASMUS AND KWASHIORKOR: CLINICAL FINDINGS 





Pre- 
Control Marasmus kwashiorkor 
Dietary protein (lactalbumin) 18% 1% 05% 
Feeding schedule Given lestricted Given 
freely (4 g/day) free 
Mean initial weight (g) p 120-0 
Mean weight at 2 months (g) 64-0 
Percentage weight gain or loss $254-0 ~46-0 
Loss of hair Nil H+ 
Liver weight (per cent of body weight) 34 3:5 
Liver fat + + 
Activity + + BOR 





Contented, 
friendly 


Temperament Aggressive 


MARASMUS AND KWASHIORROR: BIOCHEMICAL 


FINDINGS 


Fable 2. EXPERIMENTAL 





Pre- 
Control Marasmus kwashiorkor 
Total plasma proteins (g/100 ml.) 0:46 3-00 
Plasma albumin* (g/100 ml.) 3:96 1:55 
Total plasma globulin* (g/100 ml.) 2:50 1:45 
A/G ratio* 1:60 1:07 
Blood haemoglobin (g/100 ml.) 14:6 77 
Haematoerit (per cent) 434 22.9 
Body watert (per cent body weight) 70-0 87-0 
Extracellular Huidf (per cent body 
weight) 24:0 458 51:7 
Intracellular fluid (per cent body 
weight by difference) 50-4 36-7 35:3 


* By electrophoresis on cellulose acetate. a-Globulin separated poorly from 
the albumin and was therefore included with the latter fraction. 

t By isotopic dilution of *H,O. Equilibration time was 2:5 h. No correc- 
lions were made for loss of label in expired air, urine or exchange with 
tissue ! H. 

1 By isotopic dilution of "Na. Equilibration time 22 h. 
made for loss of label in urine but not for loss into the cells, 





Correction was 





Table 3. COMPOSITION OF EXPERIMENTAL DIETS 





18% % 
Dextrine 2,210 g 
Sucrose 1,105 g 
Lactalbumin 000 g 50 
Salt mix'* £ 500 
Vitamin mix'* 50 
Choline 100 
Wesson oil 500 
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duces very closely the natural situation. The diets 
produeing kwashiorkor in children in developing countries 
usually contain 2-4 per cent protein, almost all of which is 
derived from vegetable sources. In addition, the children 
are subject to numerous infections which reduce appetite 
or inerease protein requirements or increase urinary 
nitrogen loss. The net protein value of these diets is 
probably not more than 0-5 to 1 per cent of protein of 
high biological value, such as lactalbumin. Both kwashior- 
kor and marasmus occur only in chronically malnourished 
children. 

Now that these experimental models are available, it 
should be possible to study, in carefully controlled condi- 
tions, the changes in lipid metabolism, protein synthesis, 
fluid distribution and mental funetion which occur in 
these states of malnutrition. 

This work was supported by a contract from the US 
Army. I thank Drs N. S. Scrimshaw and V. R. Young for 
their assistance and facilities. 
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Conversion of Angiotensin | to 
Angiotensin ll by Cell-free Extracts 
of Dog Lung 


Recent work! has established the crucial part played by 
the pulmonary circulation in the pharmacodynamics of 
the renin-angiotensin system in the dog. It is the only 
vascular bed that does not inactivate all or part of the 
angiotensin IT passing through it, and it is the only 
vascular bed that converts circulating angiotensin I to 
angiotensin II (refs. 1 and 2). The differences between the 
metabolism of these peptides by the lungs and by other 
vascular beds might be a result of differences in the 
enzymes present in the tissues. This communication 
describes some of the enzymes in extracts of dog lung 
that metabolize angiotensins I and II and particularly 
those catalysing the conversion of angiotensin I to angio- 
tensin II ("converting enzyme"). The enzyme(s) respon- 
sible for the inactivation of angiotensin II and angio- 
tensin I are referred to as “destroying enzyme”. 

Dogs of either sex were anaesthetized with halothane, 
heparinized and exsanguinated. The pulmonary artery was 
cannulated, a hole eut in the left atrium, and the lungs were 
perfused with ice cold Krebs solution at 20-30 ml./min 
until no more blood appeared in the perfusate. All sub- 
sequent procedures were carried out between 0? and 5? C. 
The lungs were removed and strips of lung tissue homo- 
genized in four volumes of phosphate buffer (0.01 M, 
pH 6:5) for 30 s at full speed in an MSE blade homo- 
genizer. The homogenate was centrifuged at 1,000g for 
20 min to give low speed pellet (P,) and supernatant (8) 
fractions. The S, fraction was dialysed against the phos- 
phate buffer at 4° C, and separated by differential centri- 
fugation into the following fractions: P,, the pellet after 
20,000g for 20 min; P, the pellet after 105,000g for 
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60 min; and S, the supernatant after 105,000g for 60 min. 
The values of relative centrifugal force are the average 
values obtained in the Spinco centrifuge using the No. 50 
rotor. The pellets were resuspended in the phosphate 
buffer and all the fractions stored at —20° C. Protein 
was estimated by the biuret procedure. 

Enzyme activities were assayed im an incubation mix- 
ture consisting of: lung extract, 0-1-1 mg protein/ml; 
0-17 M sodium chloride; 0-1-10 ug/ml. of peptide sub- 
strate; 0-05 M phosphate buffer, pH 7-0. The incubation 
was carried out in siliconized glass tubes or flasks at 
37° C in a shaking incubator for 20 min. The reaction 
was stopped by transferring samples of the incubation 
mixture to siliconized glass tubes in a boiling water bath 
and heating for a further 5 min. The samples were then 
kept in an ice bath until they were assayed for biological 
activity. 

The bioassay of angiotensins was carried out on the 
isolated rat colon? suspended in Krebs bicarbonate 
solution, gassed with 95 per cent oxygen. 5 per cent CO, 
and containing 10 mg of pronethalol/l. The temperature 
of the assay organ was maintained at 30° C. The longi- 
tudinal contractions of the colon were transduced by an 
auxotonie lever and an Ether strain gauge to write out 
on a Texas potentiometric recorder. Because angiotensin 
If is about twenty times more potent in contracting the 
rat eolon than angiotensin 1 (ref. 1), conversion of angio- 
tensin I to angiotensin II was calculated from the increase 
in activity in a sample of angiotensin I after incubation 
with tissue extracts as compared with the activity in a 
similar sample at zero time. Bradykinin was assayed on 
the terminal guinea-pig ileum suspended in Krebs solution 
at 37° C and the contractions of the tissue transduced as 
described earlier. 

The angiotensin I used throughout these experiments 
was the Ileu*-angiotensin I synthesized by Dr S. Wilkinson 
of the Welleome Foundation. This material contained 
only 60 per cent of Ileu*^-angiotensin I and no corrections 
for this have been made in the data presented here. The 
other drugs used were: angiotensin IT (Hypertensim', 
CIBA); ‘Trasylol (Bayer); EDTA. 8-hydroxyquinoline 
(BDH Analar); 2-mercaptoethanol (IKoch-Light); brady- 
kinin (from Dr H. O. J. Collier, Parke Davis and Co.). 
Bradykinin potentiating factor (BPF) was prepared from 
Bothrops jararaca venom by Dr S. H. Ferreira’. Dilutions 
of all drugs and assay solutions were made with sterile 
isotonic saline. 

Neither the pellet nor the supernatant derived from the 
lung homogenate by low speed centrifugation showed any 
converting enzyme activity, that is, increase in the bio- 
logical activity of angiotensin I after incubation, but both 
the fractions inactivated angiotensin I and angiotensin IT. 
Fractionation of the low speed supernatant by differential 
centrifugation, however, showed that converting enzyme 
activity was present, and that it could be largely separ- 
ated by this procedure from the destroying enzyme 
which masked its activity. The results of one such 
fractionation are summarized in Table 1. The conversion 
measured in these fractions is only a net production of 
angiotensin II, and is the resultant of at least three 
possible enzyme activities, two tending to diminish bio- 
logical activity, that is, inactivation of both product 
(angiotensin II) and substrate (angiotensin I), and one 
tending to increase biological activity, that is, production 


Table 1. DISTRIBUTION OF ENZYMATIC ACTIVITIES IN DOG LUNG HOMO- 


GENATE AFTER FRACTIONATION BY CENTRIFUGATION 
Units of enzyme activity 


Fraction Converting Destroying 
S, 1,000g supernatant 0 125 
P: 20,0009 pellet 0 20 
P; 105,000g pellet 40 80 
S, 105,000g supernatant 0 650* 


One unit of activity —1 ng angiotensin II produced or destroyed/minimg 
of protein/ug of substrate/ml. The incubation mixture contained: 1-0 ug/ml, 
of angiotensin I or 250 ng/ml. of angiotensin I1; 0-1 mg/ml. of protein. Other 
details are as described in the text. 

* Duration of incubation was 10 min. 
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of angiotensin IL. Thus the net production of, say, 10 ng 
of angiotensin II/min in the presence of destroying enzyme 
activity capable of inactivating 30 ng of angiotensin II/min 
could represent an actual conversion of over 40 ng/min. 
It is clear, however, that most of the converting enzyme 
activity is in the P, fraction, and that most of the 
destroying enzyme activity is due to soluble enzymes 
which remain m the high speed supernatant (S,). The 
intermediate pellet P, has comparatively little activity of 
either sort. "This distribution of enzyme activities has 
been observed in six preparations. 

Some of the characteristies of the converting enzyme in 
the P, fraction were determined in five preparations. The 
fraction retained full activity for at least one month at 
~ 20° C. The production of angiotensin II was linear with 
duration of incubation up to 30 min and linear with sub- 
strate (angiotensin I) concentration from 0-5-10 ug/ml. 
The presence of destroying enzyme activity would have 
vitiated the determination of Km, Vmax and pH optima 
of the converting enzyme. 

Skeggs et al.* described a partially purified converting 
enzyme from horse plasma which was dependent on 
chloride ion, such that there was no activity in 10-* M 
sodium chloride, some activity in 10-* M, and maximal 
activity between 1-1-5 x 10-! M. In the converting enzyme 
from dog lung, there was a qualitatively similar depend- 
ence (Table 2). Another similarity was in the action of 
EDTA which, in a concentration of 10-2 M, “markedly 
reduced” the amount of conversion catalysed by the horse 
enzyme. The dog lung enzyme was also inhibited by 
EDTA although the concentrations required were con- 
siderably lower (Table 2). 

Two inhibitors of peptidases concerned with kinin 
formation, ‘Trasylol’? and e-amino-caproic acid®? in con- 
centrations of 170 v/ml. and 10-4 M, respectively, did not 
inhibit the converting enzyme from dog lung. 

It has been suggested that the converting enzymes in 
lung are identical with those inactivating bradykinin in 
the lung', and so we have investigated the action of the 
tissue fractions on bradykinin. The P, fraction inactivated 
bradykinin faster than it catalysed the conversion of 
angiotensin I to angiotensin II. But the S, fraction 
which contained predominantly destroying enzyme act- 
ivity also inactivated bradykinin. The effect on the lung 
converting enzyme and bradykininase of compounds 
known to inhibit plasma bradykininases is summarized in 
Table 3. 2-Mercaptoethanol', bradykinin potentiating 
factor (BPF), EDTA (ref. 11) and 8-hydroxyquinoline!! 


Table 2. EFFECTS OF CHLORIDE ION AND EDTA ON CONVERTING ENZYME 


ACTIVITY IN FRACTION P, 


Relative rate of produc- 


Conditions of incubation tion of angiotensin II* 


NaCl L7x1043Mf 100 
3x10? M 100 

15x 107M 50 

EDTA 8x10°M 0 
8x10 M 0 
3x10?M 50 


The Incubation mixture contained: 2 ug of angiotensin I/ml.; 0-1-0-2 mg 
of protein/ml. Other details are as described in text. 

* Rate of angiotensin TI production in standard conditions = 100. 

t Concentration of NaCl in standard incubation mixture. 


Table 3. EFFECT OF INHIBITORS OF PLASMA BRADYKININASES ON ENZYME 
ACTIVITIES IN FRACTION P, 


Converting enzyme Bradykininase 
Inhibitor Concen- Substrate Per cent Substrate Per cent 
tration ve/ml. inhibition veiml. inhibition 
2-mercapto- 
ethanol 10? M 2 0 5 25 
8-hydroxy- 
quinoline 104M 5 24 
DTA 8x10"? M 2 100 5 88 
BPF 0-5 ug/ml. 1 63 5 34 
0-5 ng/ml. 2 54 
0-5 ug/ml. 6:7 34 
5-0 ug/ml, 2 67 
20-0 ng/ml. 2 85 


The incubation mixture contained: peptide substrates as shown here 
0-1 mg/ml. protein. Other details are as described in text. 
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all protected bradykinin from inactivation by fraction P,, 
but neither 2-mercaptoethanol nor 8-hydroxyquinoline 
inhibited the conversion of angiotensin I to angiotensin 
Ii. BPF was, however, an effective competitive inhibitor 
of converting enzyme activity. The real inhibition of the 
synthesis of angiotensin II by EDTA or BPF may be 
greater than that measured because they also inhibited 
the destroying enzyme in the P, fraction (and that in the 
S, fraction). 

These results suggest several conclusions. First, the 
dog lung does contain enzymes capable of inactivating 
angiotensin II (and angiotensin I) and the failure of the 
lungs to inactivate angiotensin II in vivo? is therefore not 
the result of a lack of the appropriate enzymes. An 
alternative explanation is suggested by the separation of 
converting enzyme and destroying enzyme activities into 
a particulate and a soluble fraction, respectively. If the 
destroying enzyme activity is intracellular, it would be 
less accessible to blood-borne peptide substrates than the 
membrane-bound converting enzyme activity. An ex- 
tension of this hypothesis to peripheral vascular beds, 
where, 2n vivo, inactivation rather than conversion takes 
place’, would suggest that destroying enzyme activity 
should appear in the high speed pellet (P) and converting 
enzyme activity in the high speed supernatant fraction (8;). 

This crude preparation of converting enzyme resembles 
the previously described converting enzyme of horse 
plasma in its inhibition by EDTA and its dependence on 
chloride ion. When a purer preparation of converting 
enzyme is available, the pH and buffer optima may be 
compared with those already reported for the horse 
plasma enzyme*. 

The results of the experiments to test the identity of 
converting enzyme and bradykininase are equivocal. 
Bradykininase activity is found not only with the con- 
verting enzyme but also with the destroying enzyme. 
Neither EDTA nor BPF differentiate completely between 
the three activities. The lack of specificity shown by 
BPF may be a consequence of the fact that it is an only 
partially purified material. Nothing is known about its 
composition and structure except that it is a polypeptide, 
and there is no reason to assume that the structure 
responsible for inhibition of bradykininase is identical with, 
or even related to, that responsible for inhibition of con- 
verting enzyme or of destroying enzyme. It is, however, 
possible to differentiate between the converting enzyme 
and the bradykininase activities in the P, fraction with 
2-mercaptoethanol and 8-hydroxyquinoline. 

One possible hypothesis to explain the results is to 
postulate at least two different enzymes with brady- 
kininase activity in the lung, one appearing in the Sẹ 
the other in the P, fraction and both differing from the 
converting enzyme. 

I thank Professor J. R. Vane for his encouragement 
and Miss J. Wolfe for technical assistance. This work 
was supported in part by a grant from the Medical 
Research Council. Angiotensin I was a gift from the 
Wellcome Foundation. 
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Point of Distinction between Battery 
and Free Range Eggs 


CONSIDERABLE speculation has arisen during the past 
few years about the difference between battery and 
free range eggs, or, more precisely, eggs from intensively 
and extensively kept flocks of fowl. Little evidence has 
been presented as to the exaet nature of this difference, 
with the result that the majority of the populace, not 
appreciating the economie factors involved, are prejudiced 
against eggs laid by intensively kept birds, and imagine 
that there is a real difference in either flavour or nutritional 
value. Sinclair? suggested that eggs from intensively 
kept birds are more atherogenic than eggs from free range 
birds. He based this suggestion on his theory? that 
atherosclerosis results from a relative deficiency of 
essential fatty acids, linoleie and arachidonie acids, and 
his unverified assumption that eggs from free range 
birds contain greater amounts of essential fatty acids. 

A full investigation of this point seemed necessary. 
Fertile eggs were purchased from H. R. Hunter, Ltd, near 
Winchester, in the summers of 1965 and 1966. A total 
of ninety-six eggs from an “intensively kept” flock, and 
ninety-six from an "extensively kept" flock were exam- 
ined. The laying birds were H. R. Hunter's hybrids 
(CH.40). This is a heavy hybrid, and is basically derived 
from a Rhode Island Red (hen) and Light Sussex (cockerel) 
cross. The intensively housed stock were kept in windowed 
houses in pens of five hundred, with eight cockerels to 
one hundred hens. The pens had wire mesh floors. The 
extensively housed flocks were kept in small poultry 
houses with access to a well grassed pen of about one- 
twelfth of an acre. Each “unit” consisted of one cockerel 
and twelve to fourteen hens. The diet fed in each case 
was identical, and consisted of: BOCM ‘Breedmix’, 17-5 
per cent; maize meal, 30 per cent; wheat meal, 30 per 
cent; barley meal, 10 per cent; wheat feed, 5 per cent; 
grass meal, 2-5 per cent; and limestone flour, 5 per cent. 
Twelve eggs from each environment were analysed im- 
mediately. The eggs were allowed to stand at room 
temperature for 1 week, to ensure homogeneity of the 
yolk. Samples of the yolks were then freeze-dried, and 
about 300 mg of the dry material extracted in 10 ml. of 
chloroform—methanol (2: 1 v/v). Samples of the solvent 
were taken 24 h after extraction for cholesterol estimation 
using a ferric chloride-sulphuric acid method (ref. 4 and 
my unpublished work), and determination of the types of 
fatty aeids present in the lipids; methyl esters were 
prepared by transmethylation using 5 per cent sulphuric 
acid in methanol’ and chromatographed on a polyethylene— 
glycol adipate (PEGA) column in a Pye argon chromato- 
graph. 

The rest of the eggs were incubated; some eggs were 
removed after 14 days, and the remainder allowed to 
hatch. The 14 day embryos were bled from yolk sac 
vessels, and 3 day old chicks were bled by cardiac punc- 
ture. Blood was withdrawn into heparinized syringes and 
the plasma was separated and extracted in chloroform: 
methanol as before (100 pl. plasma in 2 ml. solvent). 
Fatty acids present were determined as before. 

For comparison, seventy fresh earthworms were divided 
into seven groups of ten worms each. They were frozen 
in liquid nitrogen and immediately freeze-dried. Dry 
material from each group was then extracted in chloro- 
form : methanol, and samples of the solvent were used for 
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estimation of cholesterol and types of fatty acid 
present. 

There was no significant difference between the chole- 
sterol content of the yolks of eggs from intensively and 
extensively kept fowls (Table 1). 














Table 1. CHOLESTEROL CONTENT OF EGG YOLK AND EARTHWORMS 
Cholesterol content, per- 
No. of centage of dry matter 
Subject observations (n + 

Yolk, intensive 6 
Yolk, extensive ë 
Earthworms 5 

Table 2. DISTRIBUTION OF ESSENTIAL FATTY ACIDS IN YOLK AND PLASMA 

Mean + Standard Deviation) 
No. of : Ud 
Description obser- Intensive | , Extensive 
vations 18:2/18:1 20:4/20:3 18:2/18:1 í 3 
Yolk samples li 0-311 + 0-087 0-452 + 0-967 0-16840-06 15644 1-702 


Plasma, 14 day 


embryos 5 041940119 1-003 2 1-353 0-384: 0:158 4-000 + 2-040 
Plasma, 3 day f A. í 

chicks 5 074940557 0-365 2 0-802 1-423: 0-301 1658 21-125 
Earthworms* 5  (18:2/18:1) = 0-499 + 0-015 (20:4/20:3) = 6-978 x 2-686 





(20 : 4/20 : 3) is significantly higher (5 per cent level in Student's ¢ test} 
in yolk samples and embryo plasma samples from extensively kept flock, 
No other differences are statistically significant in Student's ¢ test, 


* At least thirty different fatty acids contributing 0-1 per cent or more to 
the total were present in earthworms, and acids with twenty or more carbon 
atoms formed about 35 per cent of the total. 


The results of the fatty acid analyses are presented in 
Table 2. To aid in the statistical analysis, each fatty acid 
analysis has been condensed to two parameters, the ratios 
18: 2/18:1 (linoleic acid/oleie acid) and 20: 4/20: 3 
(arachidonic acid/eieosatrienoie acid) which have been 
used in the past as criteria for essential fatty acid status’, 

The results can be summarized by saying that egg yolks 
from free range birds contain a greater variety of fatty 
acids, and a significantly greater amount of arachidonic 
acid, than do egg yolks from intensively kept birds. The 
intensively kept birds are restricted to the ration supplied. 
by their owners, whereas the free range birds can supple- 
ment this ration with grass, insects and worms, of which 
the latter contain a large variety of fatty acids. Buch 
additions must be quite a large proportion of the diet to 
cause the differences observed in the egg yolks examined. 
This difference extended to the plasma of the embryo and 
the newly hatched chick (though in the chick it was not 
statistically significant); there must be preferential 
absorption of some linoleic and arachidonic acids from the 
yolk by the embryo, for the ratios 18 : 2/18: 1 and 20 : 4/ 
20:3 were higher in plasma samples than in yolk. In 
the mammal, cholesterol is esterified with unsaturated 
fatty acids, partieularly arachidonie acid, before it is 
transported from the liver. Noble and Moore’ have 
suggested that yolk cholesterol is esterified with oleie 
acid before it is transported to the developing embryo. 
It seems more likely that oleic acid is used only in the 
absence of arachidonic acid, and that the high ratio of 
20: 4/20: 3 found in the plasma of the embryo and the 
newly hatched chick is an indication of cholesterol trans- 
port; cholesterol concentrations in embryo plasma in- 
crease rapidly at about the fourteenth day of incubation 
(my unpublished results). 

The difference in fatty acid content of eggs from 
intensively kept and free range poultry is an academic. 
distinction only. Figures from H. R. Hunter’s poultry 
farm show that eggs from their intensively kept flock 
hatch better, though other factors must be involved. 
Essential fatty acid deficiency has never been demon- 
strated in man, or in adults of other species. "There is 
therefore no basis for the preference shown for free range 
eggs; there is certainly no reason why they should have 
more flavour, and their nutritional value is no higher than 
that of eggs from intensively kept birds. 

I thank Dr G. A. Gresham for the supply of earthworms 
and his stimulating interest, the BOCM Poultry Advisory 
Service for arranging the supply of eggs from H. R. 
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Hunter, Ltd, and the British Egg Marketing Board for 
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Micro-invasion of Epidermis caused by 
Substituted Anisoles 


One of the earliest morphological lesions to be observed 
in tumours of the epidermis is the protrusion of pseudopods 
through defective areas in the basement membrane—a 
phenomenon termed micro-invasion'. Such lesions have 
been found in the early stages of experimental tumours 
induced by the local application of the carcinogen di- 
methylbenzanthracene to the cheek pouch epithelium of 





hamsters, whereas non-carcinogenic irritants failed to Fig. 2. | Miero-invasion in phenyl hydroxyanisole-treated skin showing 


produce them®. 


OH 
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Fig. 3, Micro-invasion in BHA-treated skin. 


CH; on that micro-invasion may serve as an early sign of a 
CH;7C neoplastie change in the epithelial cells and hence might 
CH, be interpreted as an indication of the carcinogenicity of 
substances which produce it. Since our initial report of 
basal cell pseudopods caused by applications of 4-hydroxy- 
anisole and 3-hydroxyanisole to guinea-pig epidermis?, 
o we have investigated a number of related substances 
CH (Fig. 1). Some of these, notably 7C-phenyl-4-hydroxy- 
3 anisole and butylated hydroxyanisole (BHA), have been 

BHA (3-tertiary shown to cause miero-invasion. 
butyl isomer) The experiments were performed on an inbred strain 
Structural formulae of substituted anisoles. of black guinea-pigs. Applications of the substances made 
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up in concentrations of 20 per cent in lanolin were made 
to the ears of the animals once daily for periods up to 6 
weeks. Biopsies were taken at weekly intervals and the 
material fixed in phosphate buffered 2 per cent osmic acid 
and embedded in ‘Araldite’. Sections stained with uranyl 
acetate in methanol and aqueous lead citrate were exam- 
ined in à Siemen's Elmiskop I eleetron microscope. 

Miero-invasion by basal eell pseudopods was observed 
in material from 2 weeks’ treatment onwards and there 
was an associated destruction of the superficial connective 
tissue with fragmentation of the collagen (Figs. 2 and 
3) No such changes were observed in control material 
from animals either untreated or treated with lanolin 
alone. 

It is of considerable interest that hydroxyanisoles as a 
group ean induce micro-invasion, in view of the demon- 
strated association between micro-invasion and neoplastic 
change in epithelial cells. 

The result with BHA is particularly significant because 
butylated hydroxyanisole is used extensively as an anti- 
oxidant in foodstuffs, although it must be pointed out 
that the concentrations used in these experiments greatly 
exceed the concentrations of anti-oxidant present in foods. 
It does not necessarily follow that the effect of BHA in 
chronic low dosage would be the same as it is in the high 
dosage used in these experiments. Nevertheless the data 
on the possible carcinogenicity of BHA are insufficient to 
exonerate itt. 
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(P. A. R.) is a Beit memorial fellow. 


P. A. RILEY 
Department of Chemical Pathology, 
University College Hospital Medical 5 
London, WC1. 


School, 


P. SEAL 
Electron Microscopy Unit, 
Imperial Cancer Research Fund, 
Lincoln's Inn Fields, 
London, WC2 


Received October 2, 1068. 


1 Sugar, J., Europ. J. Cancer, 4, 33 (1908). 

3 Woods, D. A., and Smith, C. J., J. Invest. Derm. (1968) (in the press). 

* Seal, e Riley, P. A., and Inman, D. R., J. Invest, Derm, (1968) (in the 
press). 

* Food Standards Committee Report on the Review of the Anti-oxidants in 
Food Regulations (1058). Appendix I, Sections 11 and 18(e), 10-11 
(HMSO, 1963). 


Primary Structure Homology 
within the 23S Ribosomal RNA 


Our understanding of the evolution of the cell will depend 
largely on our gaining an understanding of the evolution 
of the cell's translation apparatus, and in this context 
I wish to discuss the recent finding that the RNA sequences 
(seen in a 'T1 ribonuclease digest) surrounding the methyl- 
ated bases in the Escherichia coli 23S ribosomal RNA 
(rRNA) are all repeated twice in the molecule!. This has 
been interpreted to mean either that the 238 rRNA 
molecule is actually a dimer of two identical halves, or 
that the 23,55 cistron has evolved through a gene duplica- 
tion and joining mechanism!. The dimer interpretation 
seems to be ruled out by the fact that there are many 
more kinds of sequences in the 238 rRNA than there are 
in the 165 rRNA, and so, reasonably, the former should be 
larger than the latter, if most sequences were singly 
represented in each?. In view of the evolutionary signifi- 
eance of the second possibility, however, I wish to point 
out that there is at least one other reasonable interpreta- 
tion of these data (which does not invoke gene duplica- 
tion) and so they cannot be taken as evidence for an 
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origin of the 23S rRNA cistron by a duplication and joining 
involving a smaller cistron. 

It seems reasonable to assume that the ribosome con- 
tains two sites for (RNA binding? which are nearly identical 
in composition, and that the methylated bases reside 
in (and are essential to the function of ) these sites. If 
these assumptions are valid then the ‘twice repeated 
segments in 238 rRNA could have evolved as a result of 
identical functional constraints operating in their evolu- 
tion—in other words, this would be a case of “convergent 
evolution” not “divergence” from a commen ancestor. 

An additional point that tends to reinforce this alterna- 
tive interpretation is that the introduction of odd bases 
into RNA requires information, undoubtedly in the 
form of RNA sequence in the vicinity of the base to be 
altered, which could put additional pressure for constancy 
on those sequences surrounding such bases. 

I should point out, however, that certain other evidence 
actually does suggest an origin of the 23S 7RNA cistron 
by a gene duplication mechanism. I refer to the reports 
that in Æ. coli there exists primary structural homology 
between the 165 and 23S rRNAs, seen in the comp 
competition between 16S and 238 rRNAs for hybridi 
tion with E. coli DNA**. If true, this may mean that 
23S rRNA comprises two halves, each homologous to 
the entire 165 rRNA molecule, and so each: half homolo- 
gous with the other. The study, showing the methyl. 
ated base-containing segments in the 238 rRNA to be 
two-fold redundant!, revealed no similarity between those 
segments in the 16S rRNA molecule and their counter- 
parts in the 235 molecule, however, so it is still reasonable 
that these particular redundancies came about through a 
"convergent" evolution. 
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Effect of Actinomycin D on the 
Assimilation of a Cytoplasmic 
Determinant in Amoebae 


CERTAIN collular properties of the large free living 
amoebae, Amoeba proteus and Amoeba disco ves, such as 
sensitivity to streptomycin and nuclear diameter, have 
been shown to be influenced by self-replicating eyto- 
plasmic hereditary determinants). A. proteus is more 
Sensitive to streptomycin and has a greater nuclear 
diameter than A. déscoides??9.  Micro-injectivn of small 
quantities of cytoplasm of A. discoides into recipient A. 
proteus results in the transfer and expression of the 
determinant studied—for example, lowered sensitivity to 
streptomycin—for a small fraction of the clones derived 
from cells surviving the operation!. 

The factors which influence the assimilat 
sumably replieation of non-homologous cy 
unknown. The small percentage of altered c 
parable with the small percentage of transformants 
obtained in bacterial studies’, could be a consequence, 
for example, either of a small chance of sampling the 
presumed randomly distributed determinant, or of the 
reaction of the recipient cell to "foreign" cyteplasm. 
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In an attempt to inerease the incorporation of non- 
homologous cytoplasm and thus the acquisition of a 
selected character, namely, decreased streptomycin sensi- 
tivity, a series of experiments was carried out using the 
polypeptide antibiotic, actinomycin D. Evidence that 
ribonucleoprotein may be important has been obtained 
from micro-injection experiments, using defined cell 
fractions of A. discoides (my unpublished results). Actino- 
mycin D has been widely used for “physiological enuclea- 


tion", and its mode of action, that of binding to DNA * 


and thusinhibiting the activity of DNA dependent-RNA 
polymerases, and at higher concentrations, DNA poly- 


merase, has been demonstrated in many cells** and in^ 


vitro?. 

Cells of A. proteus (mP) from flourishing mass cultures 
were placed in Chalkley's solution containing actinomycin 
D (Merck) at different concentrations and for varying 
times (Table 1). They were kept in the dark at 17°+1° C. 
At the end of the period of treatment, individual cells of 
A. proteus were rinsed in Chalkley’s solution and injected 
with a small quantity of cytoplasm taken from A. dis- 
coides (miD), using the techniques described previously!. 
These “injected” cells were maintained as “singles”? until 
they either formed flourishing clones or died without 
dividing. 


Table 1 
Recipient Conc. of Period of No. with 
strain actino- treat- Donor No.of No.of change in 
(treated with mycin D — ment strain injec- clones streptomycin 
actinomycin) (ug/ml.) (hy) tions obtained sensitivity* 
TiP 5 3 TID 30 8 2 
"P 5 2 TID 48 10 8 
TIP 10 16 TD 35 8 3 
TP 20 18 tD 40 10 2 
TP 20 40 nD 45 7 0 
mP — — "D 25 10 3 
TIP — — TP 20 16 0 
"P -— — TDi 12 T 0 
(Previously 
treated) 
"pP Batches of 5 cells for 


each of the con- 
centrations and 
times above — — 23 0 


TIP, A. proteus; TID, A. discoides. 

* No. of clones with decreased sensitivity to streptomycin, comparable with 
the sensitivity of A. discoides. 

T TID treated with actinomycin D (20 ugjml. for 18 h). 

Control clones were obtained at the same time from 
untreated A. proteus injected with A. discoides cytoplasm, 
and from A. proteus treated with actinomycin. The latter 
were not injected, but were used to assess the effect of 
the antibiotic on the cytoplasm of A. proteus. In addition, 
a few untreated individuals of A. proteus were injected 
with small quantities of cytoplasm from A. discoides 
treated with actinomycin. 

All the clones obtained from these experiments were 
maintained as individual cultures and were assayed for 
their response to streptomycin. The method of assay, 
described previously, compares the growth in Chalkley's 
solution containing food organisms and 0-4 ug/ml. of 
streptomycin sulphate (Glaxo) with the growth in Chalk- 
ley's solution containing food organisms only, during 10 
days. In these conditions, A. proteus is more sensitive to 
streptomycin than A. discoides. 

The results of these and earlier experiments show that 
when A. proteus is injected with cytoplasm of A. dis- 
coides, approximately 30 per cent of the surviving clones 
show a marked decrease in sensitivity to streptomycin, 
such that they resemble A. discoides in respect of this 
charaeter. In general, the results obtained using recipients 
treated with actinomycin were similar (Table 1) with the 
exception of treatment in 5 ug/ml. of actinomycin D for 
23 h. The percentage of altered clones was considerably 
increased in this case. Thus eight out of the ten clones 
surviving (80 per cent) showed lowered sensitivity to 
streptomycin, comparable with the sensitivity of <A. 
discoides. No changes in sensitivity were found in clones 
derived from the treatment of A. proteus with actino- 
mycin D, nor were there any changes in clones derived 
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from A. proteus injected with cytoplasm of A. discoides 
treated with actinomycin. 

At the present time it is difficult to assess the nature 
of the factors involved. The number of cells surviving to 
form clones was lower than that obtained routinely. 
Using cells selected at random from cultures meant that 
a certain proportion would be in the S phase of the 


division eycle, and would be unable to replicate DNA in 


the presence of the higher concentrations of actinomycin 
D. Thus the combined effect of antibiotic and “foreign” 
cytoplasm would be more marked. Amoebao are appar- 
ently able to tolerate a considerably higher concentration 
of actinomycin than mammalian cells. This may be à 
result of a difference in permeability, comparable with the 
situation in bacteria where E. coli is relatively insensitive, 
while B. subtilis is extremely sensitive’, or it may be 
related to the polyploidy of amoebae. 

In mammalian cells, actinomycin D inhibits the syn- 
thesis of the three principal species of RNA with nucleolar, 
and thus ribosomal, RNA synthesis being the most 
affected*. Amoebae possess numerous nucleoli! and, 
with the concentrations of actinomycin used, loss of 
function at some sites would not be lethal. In bacteria 
the effect of the antibiotic ean be reversed by the addi- 
tion of DNA or considerable amounts of RNA (ref. 11). 

The lifetime of RNA molecules in cells of higher 
animals is a subject of controversy”, but in cells dividing 
regularly, such as amoebae, some synthesis of all types of 
RNA would be expected. It is possible that when 
certain sites are inactive as a result of the action of 
actinomycin, injected "foreign" molecules are either not 
recognized as such, or that, because of depletion of RNA in 
the cytoplasm, they are more readily utilized in this 
"emergency" situation and, once assimilated, can repli- 
cate. 

Previous treatment of A. proteus with 5 ug/ml. of 
actinomycin D for 23 h markedly increases the assimila- 
tion and presumably replication of non-homologous 
cytoplasm. 
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Response of Single Olfactory Cell of 
Triatoma infestans to Human Breath 


Borcku et al.! reported electrophysiological studies of the 
responses of single cells of the olfactory receptors (single- 
unit responses) of various non-bloodsucking insects. They 
suggested that there were two types of cells differing in 
responsiveness——odour specialist cells which responded to 
only a few chemicals and odour generalist cells which 
were sensitive to a broader range of compounds. There 
is little information about single-unit response in haemato- 
phagous species, although Lacher? reported finding what 
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might be odour generalist cells in Aedes aegypti (L.). I 
now report the responses of single olfaetory cells in 
Triatoma infestans (Klug). 

The gross external anatomical features of the antennae 


of T. infestans were similar to those of the antennae of 


Rhodnius prolixus Stål as described by Wigglesworth and 
Gillett?, These authors concluded from their observations 
that the olfactory receptors (described by them as Type 2 
sensilla trichodea) were “*. . . fine curved structures... 
rounded at the tip lying close to the surface of the 
antenna, and not articulated at the base”. When antennae 
of T. infestans were stained with crystal violet‘, the 
Type 2 sensillae accepted the stain in the manner reported ' 
for olfactory sensillae in .4. aegypti by Steward and 
Atwood*. Thus the Type 2 sensillae of T'. infestans agreed 
in staining properties with the olfactory receptors in 4. 
aegypti and structurally with those in R. prolixus. 

Whole mounts of seven antennae of T. infestans were 
stained in crystal violet, and the olfactory receptors on 
the two flagellar segments were counted. A total of 
146--9 receptors were observed on the second flagellar 
segment, and 248 + 12 on the first. Also, about 75 to 100 
olfactory receptors were located on the pedicel, but these 
were not counted because the cuticle on this segment was 
opaque. 

For the electrophysiological studies, live insects were 
mounted in ‘Plasticine’, and the antennae were immobil- 
ized with several small wire hooks. All the electrodes 
were made of uninsulated tungsten (tip diameter 1 to 24). 
The indifferent electrode was inserted into the distal 
intersegmental membrane of the pedicel. The recording 
electrode was inserted at the base of an olfactory receptor 
located on the distal quarter of the pedicel; in this region, 
the cuticle is about 10u thick and, typically, the electrode 
had to be inserted deep into the cuticle to obtain a good 
recording. Differential preamplification was obtained with 





Fig. 1. 


Olfactory sensillum stained with crystal violet, 


A, x c. 270; 
B, = c. 1080, 
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Fig. 2. Response of two olfactory cells to human breath. A, Cell showing 

an increased rate of disc harge. B, Cell showing a decrease ‘d rate of dis- 

charge. Vertical bar indicates 100 mV; long horizontal bars indicate 
duration of stimulus; short bar represents. 0-5 s. 


an R-C coupled Grass P9B® preamplifier. The signals 
were shown on an oscilloscope and stored on tape. The 
stability of the preparations was excellent, and recordings 
from one cell could sometimes be obtained for more than 
3 weeks. 

Because this species bites man, some attraction or 
olfactory response to human gaseous effluents could be 
expected in addition to a behavioural response to warmth?, 
Human breath was among the first stimuli tested. It was 
applied by lightly breathing on the whole insect. 

Two primary types of breath-sensitive cells were 
observed (Fig. 2). The first and more common type had 
a low spontaneous activity that increased abruptly to 60- 
70 impulses/s when the cell was stimulated. Most of 
these cells reacted with a phasic-tonic increase in impulse 
frequency, but others reacted with a re latively constant 


increase throughout stimulation (Fig. 24) also, some 
cells ceased activity abruptly after the initial 0-5 to 
0-75 s of stimulation. The second type exhibited a 


higher (three spikes/s) spontaneous activity but was 
inhibited by stimulation with breath (Fig. 2B). 
Carbon dioxide, carbon monoxide, methanol and 


methane did not stimulate responses of the magnitude of 
those evoked by breath. Also, many other chemicals 
associated with human oral odours did not evoke a 
strong response, though furan and pyridine induced 
trains of impulses lasting many seconds after stimulation 
was ended. Furthermore, increasing or deereasing the 
temperature near the receptor using hot or cold rods held 
within 0-5 em failed to evoke a response. Three repellents, 
N,N-diethyl-m-toluamide (DEET), dimethyl phthalate 
and oil of citronella, did not affect the response to breath 
nor themselves cause a response. (Because it is not known 
whether T. infestans is affected behaviourally by these 
repellents, no conclusions can be drawn from these data 
on the effects of these repellents on other species.) 

The olfactory cells producing the results deseribed were 
probably odour specialist cells, because they responded to 
a limited range of compounds. Their response to breath 
may have been caused by an unidentified component or 
a combination of components. 
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Common Mode of Deposition for the 
Sporopollenin of Sexine and Nexine 


Iw the formation of the exine of the pollen grain, the 
highly resistant wall polymer, sporopollenin, is laid down 
in a series of layers. Of these, the outer, the sexine of 
Erdtman's terminology!, is often strongly seulptured. 
Sexine pattern may have high taxonomie specificity, and 
because the sculpturing is executed in so refractory a 
material, the morphogenetic processes concerned are of 
considerable interest. Rowley and Southworth? have 
shown that in the formation of the inner exine layer 
near the germinal aperture of the microspore of Anthurium 
Sp., sporopollenin is deposited on lamellae of “unit mem- 
brane dimensions". The superimposition and compaction 
of these lamellae as the coating of sporopollenin thickens 
produce the layer corresponding to the nexine 2. Essen- 
tially the same process has been described and illustrated 
by Godwin et al.? in the growth of this stratum in Ipomoea 
purpurea. lt is clear from various earlier reports*-? that 
the inner exine layer may often reveal lamellation even 
at maturity, indicating this kind of origin. The sexine 
and nexine 1, formed earlier than the nexine 2, usually 
reveal no lamellation, and Godwin et al.? were forced to 
conclude that these parts of the exine have a different 
mode of origin. We show in this communication that all 
strata of the exine of Lilium longiflorum originate through 
a process involving the association or apposition of 
lamellae. Because the lamellae are generated near the 
plasmalemma, the observation re-emphasizes the role of 
this membrane and the cortical cytoplasm in the determ- 
ination of exine pattern. 
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The significant events occur while the spores are still 
enclosed within the callose wall of the meiotic tetrad’. 
The first wall deposited, the primexine, consists of a 
cellulose matrix, traversed by radially directed rods, the 
probacula. At the time of their first appearance, these 
rods are not resistant to acetolysis, and apparently do not 
contain sporopollenin*. Fixation for electron microscopy 
is diffieult during the tetrad period probably because of 
the relative impermeability of the tetrad wall, but in 
suitable conditions the early probacula can be shown to 
be lamellated (Fig. 1). The lamellae arise either from, or 
near to, the plasmalemma of the spore, and traverse the 
length of the probaculum until they abut the inner 
surface of the callose tetrad wall, where some may turn 
to run perielinally. The probaculum seems to consist of 
one or more pleated and folded lamellae, although the 
exact geometrical form cannot yet be specified. The 
lamellae have a centre-to-centre separation of about 
100 À where they are cut transversely. They could be 
interpreted as membranes like those described by Rowley 
and Southworth’, in close packing, although a central 
electron-transparent layer has not been resolved. 

After the early definition of the probacula, a material 
with the resistance to acetolysis of sporopollenin but with 
somewhat different staining properties (‘‘protosporopol- 
lenin’’*) is deposited in the probacula, and the lamellated 
aspect is quickly replaced by a more homogeneous 
appearance. Concurrently, a foot-layer is formed below 
the matrix material of the primexine, connecting the bases 
of the probacula, the nexine 1. This layer is formed at a 
little distance from the spore surface, and again it is 
formed through the apposition of lamellae arising at the 





Fig. 1. 


from or near the plasmalemma over a radially directed cytoplasmic eminence. 
to be cellulose, of the primexine. 


The probacula (PB) are now consolidated and more or less homogeneous, and the 
The nexine 1 (N 1) is forming between the feet of the probacula, and the arrows Indicate points 


Fig. 2. Later stage in the development of the primexine. 


matrix material (M) is somewhat dispersed. 


Probaculum in the primexine of Lilium longiflorum in an early growth stage. 


The lamellae forming the body of the probaculum arise 
M, matrix material, presumed 


C, Callose of the tetrad wall; 
(x e. 75,000.) 


where lamellae contributing to it arise from the plasmalemma. C, Callose of the tetrad wall. (x e. 32,000.) 
Fiz. 3. Formation of the nexine 2 after the release of the spores from the tetrad wall, Growth of the nexine 1 is essentially complete, and below it, 


nexine 2 (N 2) is separated by an electron-transparent line. 
marked by arrows. 


M, Matrix material remaining from the primexine. 


Lamellac contributed to the nexine 2 from the plasmalemma arise at the points 


(x e. 35,000.) 


Material of Figs. 1-3 fixed in 3 per cent glutaraldehyde buffered at pH 6-8 in 0:25 M phosphate buffer, and osmicated for 2 h at 2?-4* € in 2 per 
cent osmium tetroxide in 0:25 M phosphate buffer; post-staining with uranyl acetate, 
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plasmalemma (Fig. 2). The remains of the matrix material 
of the primexine ean be seen as a loose fibrillar mass 
outside the nexine 1. Little structure can be discerned 
in the space between the plasmalemma and the developing 
nexine 1, but it does not seem likely that the separation 
is the result of partial plasmolysis. 

With the dissolution of the callose wall, the spores are 
released from the tetrad at a time when the nexine | has 
become consolidated and homogeneous. With access 
to substrates from the tapetum, the sexine contimues 
growth, changing its chemical reactivity progressively 
until it acquires the inertness of the mature exine*. The 
nexine 2 is laid down within the nexine 1 during this 
growth period. Yet once more the process involves the 
apposition of lamellae originating at the plasmalemma 
(Fig. 3). As the nexine 2 develops, growth of the intine 
begins, and for a while the two jaser thicken simul- 
taneously. This is seemingly achieved by the passage of 
the sporopollenin-bearing lamellae through the uncon- 
solidated intine!". 

These observations suggest that a single mechanism is 
concerned in the early growth of all parts of the exine 
in Lilium, and that the process is very similar to that 
deseribed by Rowley and Southworth? and Godwin et al? 
for the growth of the nexine 2. They further reveal that 
the parent lamellae arise at the plasmalemma. It is 
noteworthy that Echlin and Godwin" have offered 
evidence that lamellae arising near the plasmalemma may 
participate at one stage in the formation of the sporo- 
ME plaques or Ubisch bodies on the surfaces of the 
tapetal cells in Helleborus. 

'The orientation of the lamellae eoncerned in the early 
growth of the probacula is radial, but in the formation 
of the nexine the lamellae are disposed tangentially. 
Although all trace of electron microscopically visible 
lamellation is usually lost during maturation of the exine, 
there is good evidence that the difference in early origin 
is reflected in anisotropy of the different strata, because 
Stix'? has shown that the sexine of Echinops banaticus 
reveals positive spherical form birefringence, while the 
nexine 2 shows negative. There is a disparity in Stix’s 
results in that she reports a birefringence in the nexine 1 
of the same character as that observ ved in the sexine, but 
it is possible that the parent lamellae of this layer are 
not invariably disposed tangentially as they are in Lilium. 

Little can be said yet about the nature of the lamellae 
that form the sites of early sporopollenin deposition. As 
Rowley and Southworth? note, they are of the dimensions 
of unit membranes; yet they are evidently not directly 
homologous, because they are dispersed or much modified 
by fixations that preserve unit membranes well. Judging 
from their responses to electron microscopic stains, they 
may nevertheless be lipoprotein in nature. It is possible 
that they carry surfaces over which sporopollenin pre- 
cursors are polymerized, and that they play a crucial part 
in exine morphogenesis, because it is through the con- 
trolled local generation of the lamellae at the plasma- 
lemma that patterned distribution of sporopollenin is 
attained. 

We thank the Wisconsin University Graduate School 
for grants in support of this work. 

H. G. DickiNsoN 
J. HEsror-HanRISON 
Institute of Plant Development, 
Birge Hall, 
University of Wisconsin, 
Madison, Wisconsin. 


Received September 12; revised October 18, 1968, 


! Erdtman, G., Pollen Spores, 8, 5 (1966), 

2 Rowley, J. R., and Southworth, D., Nature, 218, 703 (1967). 

3 brct^ o3 H., Echlin, P., and Chapman, B., Rev. Polaeobot. Palynol., 8, 181 
67 

+ Afzelius, B., Bot. Nof., 108, 141 (1055). 

5 Ehrlich, H. G. , Exp. Cell Res.,115, 463 (1958). 


* Larson, D. A., and Lewis, C. W., Amer. J. Bot., 48, 934 (1961). 


927 


? Larson, D. A., and Lewis, C. W., Grana Palynol., 9, 22 (1063). 
* Heslop-Harrison, J., Seience, 161, 229 (1968). 

i* Heslop-Harrison, J., Canad. J. Bet., 46, 1185 (1968). 

1° Heslop-Harrison, J., Port. Acta Biol., 10, 235 (1968). 

3 Echlin, P., and Godwin, H., J. Cell Sei., 8, 161 (1068) 


1 Stix, E., Grana Palynol., 5, 289 (1964). 


Thymus Dependence of Antibody 
Response: Variation with Dose of 
Antigen and Class of Antibody 


CELLS which produce yG antibody are more dependent 






on the presence of a thymus than are those which produce 
YM antibody!. This conclusion is based or experiments 


carried out in lethally irradiated mice repepulated with 
foetal liver cells and grafted with a syngeneic thymus. 
Sinclair and Elliott? have published data which suggest 
that the suppressive effect of thymectomy «an be partly 
over-ridden by large doses of antigen. In normal mice 
immunized with sheep RBC the antigen—dose plaque-form- 
ing cell (PFC) response is different for each class of anti- 
body pr oduced and most plaque-forming cellsproduce only 
one class of esis oa is (unpublished werk of D. Ww. 

Dresser, H. Anderson and H. H. W.). We have 
immunized ibo ade and non-thymeesomized mice 
with different doses of sheep red blood cells (RBC) and 
have measured the response in terms of cells producing 
four different classes of immunoglobulin. 

CBA female mice were thymectomized 6-8 weeks after 
birth and 89 days later they, together with nen-thymecto- 
mized female mice of the same age, were sub-lethally 
irradiated (600 r at 125 kV, 5:5 mA, 1 mm Al filtration, 
and a target-to-mouse distance of 29-5 em) Forty-five 
days after irradiation the mice were immunized by a single 
intraperitoneal injection of 4x10", 4x105 or 4x 10" 
sheep RBC. On days 4, 6, 8 and 11 after injection with 
antigen, four mice from each of the six groups were killed 
and their spleens were assayed for antiboc ee 
cells by a technique of modified local haernoly 
(LHG)., “Direct PFC’—that is, those apr 
the addition of complement alone—are assumed to be yM 
antibody-producing cells. Cells producing yO, or yGoa 
were detected by the addition of antisera specsfie for those 
classes. An antiserum specific for all yG globulins was 
used to develop plaques round yG PFC, The preparation 
and testing of these class-specific antisera will »e described 
elsewhere (unpublished work of D. W. D H. L. 
Anderson and H. H. W.). 

Details of the results for one dose of antigen (4x 105) 
are presented in Fig. 1. The time of appearance and 
decline of PFC of each yG class studied in the thymecto- 
mized and non-thymectomized mice is similur, but the 
response of yM PFC is slightly delayed in the thymec- 
tomized mice. It is clear that there is a marked sup- 
pression of the numbers of PFC in the thymectomized 
mice, which is about ten-fold for yM PFC aad 100-fold 
for the yG PFC. 

Comparison of the effects of different doses of antagen 
can be readily made if each time-response curve is inte- 
grated. The integrations from all the time-respense curves 
are presented in Table 1. The following pomts can be 
noted. (a) The suppressive effect of thymectemy shown 
in Fig. 1 for a dose of 4 x 105 is also seen at doses of 4 x 107 
and 4x 10° sheep RBC. (b) yG PFC are more sensitive to 
the absence of thymus than are YM PFC. (c) In the non- 
thymectomized mice the dose of 4x10* sheep RBC is 
supraoptimal in the sense that the response of all clas 
is less than that obtained with 4x 10? sheep RBC. (d) 
In thymectomized mice 4x10* sheep RBC are not 
suppressive ; on the contrary the response of hese mice 
is greater than that of mice receiving smaller doses of 
antigen, and the relative difference between :ihymeoto- 
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Response 





Days 


Fig. 1. The response of thymectomized/irradiated (x) and irradiated 
CBA mice ( @) to 4 x 105sheep RBC injected intraperitoneally, in terms of 
M, total yG, yG, and YGa PFC. Days is the time after antigen injection. 


esponse is the index n of the number of PFC per spleen x 10", Each 
point is the geometric mean (log z+ 1) and one standard error from four 
mice. 


mized and non-thymectomized mice is smallest at this 
dose. (e)yG;4 PFC in non-thymectomized irradiated mice 
are more readily suppressed by a supra-optimal dose of 
antigen than are eells producing any of the other classes 
of immunoglobulin; this confirms the results of experi- 
ments carried out in "normal" mice (unpublished work of 
D. W. Dresser, H. L. Anderson and H. H. W.). (f) It 
takes at least a 1,000-fold greater amount of antigen in 
thymectomized irradiated mice to reach a level of response 
equivalent to that of non-irradiated non-thymectomized 
mice. yG PFC are an exception in that they show a 
uniformly poor response. 


Table 1. TOTAL RESPONSE TO THREE DIFFERENT DOSES OF SHEEP RED BLOOD 
OELL8 IN IRRADIATED THYMECTOMIZED AND IRRADIATED NON-THYMECTOM- 
IZED MICE 

Dose of 

sheep RBC Mice yM yG* yG yGas YGa t 
4x10 Tx 29 81 12 9 10 
(14) (44) (74) (18) (32 

C 405 1,360 891 159 320 

4x10* Tx 55 66 30 10 26 
(11) (99) (169) (24) (460) 

€ 606 6,504 5,002 238 1,204 

4x 10° Tx 123 212 133 12 67 
(3) (18) (26) (2) (5) 

€ 407 8,869 3,477 28 364 


The response is expressed in terms of the number of cells producing anti- 
bodies of four different classes between 4 and 11 days after immunization. 
Areas of time-response curves expressed as PFC/spleen/day x 10-7. 

Tx, Mice thymectomized 134 days before immunization and irradiated with 
600 r. 45 days before immunization. 

C, Control groups which were only irradiated. 

Numbers in parentheses are expressed as the ratio 


Response in control mice — 
response in thymectomized mice 
* yQ = Total yG PFC estimated with a polyspecific developing serum. 
+ Calculated from yG—(7G1 + y Ga). 


Davies et al.* have shown that cells derived from the 
thymus divide vigorously in the presence of antigen. 
Doria’ showed that the thymus did not provide the pre- 
cursors of antibody-forming cells, but suggested that its 
action was to provide the necessary conditions for the 
differentiation of antibody-forming cells. Miller and 
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Mitchell* suggested another hypothesis: that the thymus 
is concerned with the development of a system for trapping 
antigen. The experiment reported here shows that the 
efficacy of sheep RBC as antigen is increased up to 100- 
fold by the presence of a thymus, and therefore provides 
strong support for the idea that the thymus is necessary 
for the normal function of an antigen handling step. 

At the moment it is not possible to say whether the 
complete failure of the 1G;4-forming cells to respond can 
be explained by such a hypothetical mechanism or whether 
it is also necessary to postulate that the thymus plays a 
part in either the differentiation or proliferation of YGa- 
producing cells or their precursors. The experiments of 
Tyan, Cole and Herzenberg? showed that irradiated, 
thymectomized mice restored with foetal liver formed 
YGza globulin but not antibody; this result can be used 
in an argument against such an additional role for the 
thymus. 

We thank Mr Roger Lucken and Miss Lesley Willson 
for technical assistance, and Dr D. W. Dresser and Mrs 
H. Anderson for helpful discussions. 
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Enhancing Effect on Tumour Growth 

of Humoral Antibodies against 

Tumour Specific Transplantation 
Antigens in Tumours induced by Murine 
Sarcoma Virus (Harvey) 


TUMOUR specific transplantation antigens (TSTA) have 
been detected in genetieally well defined conditions in 
all types of experimental tumours!'-?. Immunity to TSTA 
is mediated by immunologically competent cells and can 
be passively transferred by lymphoid cells from immun- 
ized donors*, 

The effects of passively transferred immune serum 
on the growth of tumour cells are not consistent in syn- 
geneic hosts, however. Klein ef al. could not detect 
any effect of immune serum on the growth of small iso- 
grafts of sarcomas induced by methyleholanthrene. 

In previous experiments*-?, serum from immune donors 
enhanced tumour growth. The enhancing antibodies 
were present soon after immunization” and in 7S fractions 
of the immune sera’. 

Mouse tumours induced by murine sarcoma virus (MSV) 
contain very "strong" TSTA!^9, They are therefore 
excellent for work on the role of humoral antibodies in 
tumour-specific transplantation immunity. We describe 
the enhancing effect on tumour growth of antibodies 
against the TSTA of sarcomas induced by MSV (Harvey). 
Enhancement: is regularly associated with some immune 
sera. 

Inbred mice of C57Bl/6, C57Bl/10 Sn and A/L strains 
from a colony maintained at the Institute of Experimental 
Biology and Genetics, Prague, were used. MSV (Harvey)? 
was originally obtained from Dr P. J. Simons, Imperial 
Cancer Research Fund, London. 
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MSV was prepared from infected secondary cultures of 
C57B1/6 mouse embryo cells and was then concentrated 
100-fold by centrifugation in a Spinco model L ultra- 
centrifuge and stored at — 70? C. Tumours (Table 1) 
were induced by intramuscular injection of 0-05 ml. of 
the concentrated MSV (Harvey) into 24-48 h old mice. 
Two to three weeks after treatment intramuscular and sub- 
cutaneous sarcomas appeared at the site of virus injection. 
These tumours were transplanted. They were tested in 
mice of the same sex and strain as the donor of the primary 
tumour to prevent any reaction directed against sex- 
linked histocompatibility antigens. 

To obtain immune sera, mice 10-12 weeks old were 
repeatedly immunized by subcutaneous injections of 
irradiated tumour (12,000 r.) or normal tissue (Table 2). 
Two weeks after the last immunization the mice were 
bled from the orbital sinus and sera were collected and 
used without freezing. Five experimental serum pools 
with TSTA and three control serum pools with H-2 locus 
specificities were prepared. Repeated injections of these 
sera into newborn mice failed to produce tumours, which 
indicates that they did not contain a detectable quantity 
of active MSV. 

19S antibodies were selectively inactivated by treat- 
ment of the sera with 0-2 M 2-mercaptoethanol (2-ME)™. 
Passive transfers of sera were made. The immune or 
control serum was mixed in vitro with a suspension of 
tumour cells prepared by trypsinization. The mixtures 
were incubated at 37? C for 60 min and then injected 
subcutaneously into recipients. Usually an inoculum of 
tumour cells 1-2 logs higher than the DM;,, (Table 1) 
and 0:2-0-4 ml. of the respective serum were used. 

The injected mice were inspected at 3 day intervals 
and their tumours were measured in two maximum 
diameters, perpendicular to each other. The area of 
maximum cross-section of the tumour was then determ- 
ined as the produet of these two diameters. The average 
area of the tumours in a group was calculated and accord- 
ingly the growth curves of tumours in experimental and 


Table 1. MOUSE TUMOURS INDUCED BY MSV 
No. of Tumour- 
Designa- transplant specific t 
tion of Genotype DM io generations transplantation 

tumour before use antigen 
AJL 5x10* 0 + 
MSVT, C57BY/10 Sn 5x 108 0 + 
MSVT, C57BY/10 Sn 1x 104 1-2 + 
MSVT, C57BI/10 Sn 5x 104 0 + 
MSV Tio C57Bl/6 1x 10 1-2 + 
MSVTis C57B1/8 5x10* 3-6 + 


* DM;is, Minimal dose of tumour cells which produces a tumour in 100 per 
cent of the inoculated animals. 
All sarcomas contained tumour-specifle antigens capable of inducing 
resistance to transplantation of tumour inocula 210x Mi. TSTA of 
different tumours cross-reacted with each other. 


"Table 2, SAMPLING DATA ON THE IMMUNE SERA USED FOR TESTS 


Serum Donors of No. ofim- Interval} 
pool No. serum Immunization* munizations (weeks) 
1 C57Bl/6 MSVT;, 6 3-4 
2 C57 BY6 MSVT.; 7 3-4 
8 C57B1/10 Sn MSVTis 8 2 
4 C57BI/10 8n MSV Ta 5 2 
5 AIL MSVT,;, 3 2 
6 C57 BUG A/L spleen + kidneys 6 2 
7 C57BI/10 8n A/L spleen + kidneys 5 2 
8 AJL C57B1/6 spleen + 
kidneys 3 2 


* Mice were immunized with the dose of 20-100 mg wet weight of irradiated 
(12,000 r.) tumour or normal tissue homogenate. 
t The intervals indicate a period between two subsequent immunizations. 


Table 3. ENHANCING EFFECT OF FIVE DIFFERENT IMMUNE SERA ON THE 
GROWTH OF SARCOMAS INDUCED BY MSV (HARVEY) IN SYNGENEIC RECIPIENTS 
Serum Tumour used Recipients Effect of serum Titre of 
pool for passive — (flve-ten mice 2-ME enhancing 

o. transfer in each group) Untreated treated antibodies 
1 MSY Tio C57BlI/6 E* E Not tested 
2 MSVT, C57Bl/6 E E Not tested 

2 MSVT, C57BU10 Sn E E 21:10 
3 MSVT, C57BI/10 Sn E E Not tested 
4 MSVT, C57B1/10 Sn E Not tested | 21:10 
5 MSVT, A/L E Not tested 1:2 


* E, Enhancement of tumour growth; difference between tumour growth 
curves of experimental and contro! group: P «0-01. 
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Fig. 1. Passive enhancement of tumour growth. Growth curves of 

inocula consisting of 10° MSV Ti tumour cells incubated with 0-3 ml, of 

immune (No. 2 IS) or control (CS) sera. Treatment with 2 M 2-mercapto- 

ethanol (IS-2ME, CS-2M E) for 3 h at 37° ©. Differences between groups 
IS (IS-2ME) and CS (CS-2ME); P«0-001. 


control groups were drawn. The tumour growth curves 
served to evaluate the experiments. The average area 
indices of the experimental and control group determined 
on the same day were compared by Student's £ test. 

An immune serum was considered to contain enhancing 
antibodies if the growth curves of tumours in experimental 
and control groups differed (P « 0-01) at three consecutive 
points (average area indices). . 

Fig. 1 shows the results of a representative experiment 
with one of the enhancing anti-tumour sera. The growth 
of MSVT,, tumour cells treated with the enhancing serum 
(serum pool No. 2) was approximately ten times faster 
than the growth of a similar cell inoculum treated with 
No. 6 anti A/L control serum or with C57Bl/6 normal 
serum. 

The growth curves of tumour cells treated with normal 
isologous serum and serum of non-specifically immunized 
mice were identical so only one of them is shown in 
Fig. 1. 

Teat of the immune serum for 3 h with 2 M 
2-mereaptoethanol did not abolish the enhancing activity 
(Fig. 1), so the enhancing antibodies in the immune serum 
are mostly of the 7S type. 

In further experiments enhancing activity was found 
in all five (Nos. 1-5) anti-tumour sera (Table 3). The 
localization of the enhaneing antibodies in 75 (2-ME 
resistant) fractions of immune sera was also confirmed. 
Titration of anti-TSTA antibodies in vivo by the method 
of passive transfer demonstrates that enhancing activity 
is present in at least some of our sera in a titre—1 : 10. 
All six tumours tested were equally susceptible to the 
enhancing effect of antibodies against MSVT,, tumour 
cells (Table 3). 

Humoral antibodies against TSTA of mouse tumours 
induced by MSV (Harvey) can therefore enhance the 
growth of small isografts of sarcoma cells. Similar results 
have been obtained with antibodies against TSTA of 
methylcholanthrene-induced mouse  tumours** and 
aminoazo dye-induced rat hepatomas?. Localization of 
enhancing antibodies in 7S fractions of immune sera 
oceurs when sera are directed against TSTA of tumours 
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induced by MSV or methyleholanthrene'. Antibodies 
against H-2 locus transplantation antigens, which en- 
hanced the growth of tumour allografts, are also of the 
TS typets-16, 

The biological significance of tumour enhancing anti- 
bodies in these immune sera is not known. They could 
play a part in the establishment of primary tumours by 
protecting the converted cells against the concomitant! -19 
immunity of the host. Experiments are being carried 
out to verify this hypothesis. 

This work was supported by research grants from the 
Consiglio Nazionale delle Ricerche. We thank Professor 
A. Sanna for his interest and Dr R. J. C. Harris for help 
in the preparation of the manuscript. 
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Renal Transplantation between 
Two Strains of Rats 


‘THE rejection of skin grafts has been a standard laboratory 
test for histocompatibility for many years. It is now clear, 
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however, that not all transplanted organs behave in the 
same way as skin; the pig, for example, rapidly rejects a 
skin or kidney graft from another member of the species, 
but only rejects a liver transplant very slowly, if at all’. 
Likewise, rats of the Lewis and Fisher strains will reject 
skin grafts exchanged between them, but are quite unable 
to reject kidney transplants*. With a more “incompatible” 
strain combination, such as Lewis and Brown Norway, 
kidney transplants are rejected although the occasional 
rat survives for up to 30 days’. 

In preliminary experiments, renal transplants were 
performed between two strains of rats which were neither 
closely inbred nor categorized as far as histocompatibility 
loci were concerned. Several of these animals survived for 
long periods and seemed to be tolerant of their allograft 
kidneys, as established by subsequent skin grafting. The 
strains used were an albino or Wistar rat and a hooded 
or B strain rat. The Wistar strain had been randomly 
bred for more than 20 vr and rejected skin grafts between 
themselves in a mean time of 12 days. The hooded or B 
strain had been obtained 2 yr previously as an inbred line, 
but had been randomly bred since then although grafts 
exchanged between these rats still survived for more than 
100 days. Skin grafts from the Wistar to B strain survived 
for a mean of 8 days and from B to the Wistar strain for 
10 days. Renal transplantation was performed using the 
technique of Sun Leet with unilateral nephrectomy at 
the same time, and contralateral nephrectomy 3 days later. 

The fate of twelve rats with functioning transplants was 
as follows. Three B strain rats each received a Wistar 
kidney and lived for 11, 45 and 135 days. Evidence of 
rejection was apparent in the 11 day transplant but 
was absent in the other two kidneys which failed from 
pyonephrosis and renal vein thrombosis respectively. Nine 
Wistar rats received B strain kidneys and lived for 10, 11, 
11, 14, 14, 162, 226, 244 and 281 days, the last four animals 
still being alive at the time of writing. The others died with 
histological evidence of rejection in their transplants. 

The four long-term Wistar survivors were challenged 
with skin grafts from animals isogeneic with the kidney 
donor. At the same time they received skin grafts from 
animals of their own (random bred) strain. One animal 
received two such grafts. These experiments were per- 
formed when the kidney transplants had been functioning 
for 97, 105, 161 and 189 days. All the kidney donor skin 
grafts still survive at 80-191 days with good tufts of 
hair growing. Skin grafts from the random bred members 
of the same strain were rejected in 10, 10, 12 and 12 days 
but one still survives at 80 days. There did not appear to 
be any deterioration in renal function in any of these 
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Fig. 1. Renal function as measured in three of the four rats with long functioning 
renal allografts, Each rat received a donor strain skin graft and an "indifferent" 
skin graft and their survival times are indicated. 
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—Shimadza. MULTIPURPOSE 
RECORDING SPECTROPHOTOMETER Model MPS-50L 


provides distinct absorption bands of any material PDA 5 
—transparent, translucent or opaque—in a range ! 
of 190 to 2,500m (linear scale). 
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Its unique versatility is ensured by its large variety 
of accessories like Chromatogram Scanner, Tur- 
bidometry and Surface Reflectometry Attachment. 
Derivative Spectrophotometry Attachment, Double- 
beam Fluorometry Attachments. Double-beam 
Microspectrophotometry Attachment, etc. 


MPS-50L with double-beam 
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Diamonds and STL 
are just good friends... 


When 100,000 atmospheres at 2000 C. is applied 
in this machine it has gone well past the stage at 
which diamonds are made. Synthesis of new 
materials is only one aspect of the wide variety of 
projects continuously engaging the attention of the 
materials division of Standard Telecommunication 
Laboratories. Often, unconventional methods may 
be devised, to produce new materials or unusual 
properties in known materials. Typical activities in 
this region are the 'silver-boat' ultra-pure 
preparational process and vapour phase techniques, 
the products of which may be evaluated by 
advanced measuring equipments including 
scanning electron miscroscope, microprobe 
analyser and electron microscope. STL is also 
turning its attention to work on amorphous solids, 
which open up entirely new possibilities; glass 
fibres for transmission systems are one of the 
applications in this field. 

Materials research is complementary to the other 
three main lines of work at STL: transmissions 
systems, digital systems and acoustics. These 
disparate activities are integrated through project 
teamwork using the skills of men and women 
widely known in their respective fields. But common 
to all this work is a single goal — to provide the 
basic knowledge and practical information needed 
by manufacturing companies to produce better 
telecommunication products and systems. 
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rats during the month following skin grafting. as estab- 
lished from serial blood urea and urine volume estimations 
(Fig. 1). A biopsy of one 88 day transplant just before 
skin grafting showed normal histology and no cellular 
infiltrate. ` 
Evidently long-term survival of kidney allografts 
without immunosuppression is possible in this strain 
combination, in spite of the fact that skin grafts are in- 
variably rejected. By some mechanism the transplanted 
rat aequires a tolerance to the donor strain, so that 
subsequent skin grafts from that strain are now accepted. 
This is rather different from the events described before®’. 
In these experiments, animals with long surviving or 
tolerant renal transplants rejected skin grafts of the donor 
type, and renal function was often compromised. The 
survival of one of the "indifferent" skin grafts in this 
eries might be explained as a chance compatibility 
within the strain. Undoubtedly a real difference does exist 
in the behaviour of skin and kidneys when transplanted 
in similar conditions, but whether this reflects a qualitative 
or quantitative antigenic difference, or whether other 
factors are at work, is not clear at present. 
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Antineoplastic Activity of Aflatoxin B, 


Tug aflatoxins, a group of related mycotoxins produced 
by Aspergillus flavus, have been extensively evaluated for 
biological aetivity. They are carcinogenic in animals!-5. 
The aflatoxin B, fraction has been teratogenic in hamsters*, 
probably mutagenic in micro-organisms? and caused 
chromosome breakage in mammalian cell eultures*^. 
The biological activity of aflatoxin B, was similar to that 
of known alkylating agents’. This investigation was 
undertaken to determine whether it had antineoplastic 
activity. 

Male albino rats of the Holtzman strain, weighing 105— 
115 g, were used. Ascitic fluid from Schmidt’s Yoshida 
hepatoma (Microbiological Associates, Inc., Bethesda, 
Maryland) served as a tumour inoculum. The suspension 
was withdrawn aseptically from a carrier rat after 6 days 
of growth and diluted 1 : 5 with cold normal saline. This 
usually resulted in a concentration of from 3x10* to 
4 x 10* cells/0-2 ml. with 95 per cent viability as determined 
by the trypan blue dye exclusion method. Each rat was 
injected intraperitoneally with 0-2 ml. of the tumour sus- 
pension. Initial studies indicated that this concentration 
produced 100 per cent mortality in 6-8 days. 

All animals which died were examined for tumour 
ascites in tissues of the abdominal cavity, particularly in 
the hilus of the liver and the mesentery. 





Survivors (percent) 


BR SAA 





Days 


Fig. 1. Experiment I, effect of aflatoxin £, injected oa days 1-8 after 
tumour inoculation) on survival time. 


Aflatoxin B, was dissolved in dimethyl sulphoxide 
(DMSO) and administered intraperitonealh 24 h after 
tumour inoculation. The injections were continued daily 
for 5 days. One control group received a similar volume of 
DMSO alone and another was untreated ; these animals had 
equivalent survival times. One positive control group 
received triethylene melamine (TEM). 

Initial experiments indicated that doses of 2 and 4 mg of 
aflatoxin B, per kg body weight for 5 days were toxie: 
doses of 1-0 or 0-5 mg/kg were therefore used to evaluate 
the effeet of B, on survival rates in treated rats. Table I 
shows the results. 
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Fig. 2. Experiment I, effect of aflatoxin B, (injected on dava 1-5 after 


tumour inoculation) on survival time, 


Aflatoxin B,. at doses of 0-5 and 1-0 mg/kg. significantly 
increased the survival of rats inoculated with the Yoshida 
hepatoma, particularly between days 6 and 11 after 
inoculation (Figs. 1 and 2). Tumour invasion aad a con- 
siderable amount of ascites were detected after 7 days in 
rats given aflatoxin, TEM, the standard used in this 
system, was more effective than aflatoxin, and resulted in 
100 per cent survival over the time period studied 

These results show that aflatoxin does not eliminate the 
tumour, but significantly increases the survival time of 












Table 1, SURVIVAL OF RaTS INOCULATED WITH TUMOUR CELLS 


Experiment I 





Experiment II 





Aflatoxin 
(mg/kg) i 2 3 4 
T0 12/12 12/12 1112 11/12 
0-5 12/12 12/12 12/12 11/12 
Control 24/24 24/24 24/21 15/24 
1-0 8i 7/8 
05 DH aja 
Control 5 15/15 15/15 13515 





* Analysis by 


Survivors, on days after inoculation of tumour 
5 6 7 Ei 9 


the l test showed that treated group means in each experiment differed 
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the treated animals. Although the medical significance of 
this finding is questionable, this information adds to the 
biological characterization of this class of compounds. 
The relative antineoplastie activity of the other aflatoxin 
fractions has yet to be determined. 
I thank Mr Rubizell Terry for technical assistance. 
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Effects of Habituation to Fear 
on the Exploratory Behaviour of Rats 


I proposep earlier! ? that mild fear facilitates exploratory 
behaviour whereas strong fear inhibits it. If an animal 
is placed in à maze, with time it becomes habituated to 
the fear aroused by the maze stimuli, It is therefore to be 
expeeted that, at first, strong fear will inhibit the explora- 
tory behaviour of rats, but with time the fear should 
become milder and exploratory behaviour will be facili- 
tated. Eventually the level of fear of the rats should be 
minimal and exploratory behaviour of the rats will sink 
to some base level. 

A. good measure of exploratory behaviour is the order- 
liness of the behaviour. (Activity measures of exploration 
are confused by the general activity of the animals?:1.) 
Orderliness of exploration can be investigated by placing 
rats in a Y maze and noting the sequence of arms entered 
by each rat. This technique has been used and described 
by Montgomery? and myself*. The experiment reported 
here was designed to investigate the variation in the 
orderliness of Y maze exploration by rats over a period 
of time. 

Eighty 120-124 day old naive male rats of the Charles 
River Breeding Laboratories strain CD were housed in 
single cages. The animals were placed either in an en- 
closed Y maze or on a raised Y maze. The mazes were 
made of wood and had arms 22 inches long and 6 inches 
wide. The enclosed maze was 6 inches deep and was 
covered with wire netting. 

The rats were kept without food for either 0 or 24 h. 
There were four groups of twenty rats. Nine rats fell off 
the raised maze and their data were discarded. Each rat 
was placed in the Y maze for 20 min and the sequence of 
arms entered by the rat was noted. An entry was defined 
as having been made when all four paws of the rat had 
entered one arm. The rats were not handled during the 
20 min exploratory test. 

The orderliness of the rats’ exploratory behaviour was 
caleulated for each 5 min period of the 20 min test. For 
rats on raised mazes the orderliness was significantly 
higher in the middle two periods of the 20 min exploratory 
test (on a Friedman two-way analysis of variance’ 
yr=872, df=3, P<0-05). Of the thirty-one rats, 
eighteen showed maximum orderliness during the middle 
10 min of the exploratory test, and eight had their maxi- 
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mum orderliness in the first or the final 5 min. (Five 
rats could not be classified into this dichotomy.) ‘This 
difference is significant on a binomial test (z= 1-65, one- 
tailed P=0-047). The median scores of the rats during 
each 5 min interval are shown in Table 1. For the rats 
whieh were run in enclosed mazes, there was no significant 
trend in the orderliness over the four 5 min periods, (On a 
Friedman two-way analysis of variance, y? 5-20, df = 3. 
P2010. Of the forty rats, sixteen had their maximum 
orderliness during the middle 10 min of the exploratory 
test, and twenty had their maximum orderliness during 
the initial or final 5 min. (Four rats could not be classified 
into this dichotomy.) This difference was not significant 
ina binomial test. The variable of deprived versus not 
deprived had no effect on these results. 





Table 1. THE MEDIAN ORDERLINESS OF THE RATS ELEVATED AND ENCLOSED 


MAZES FOR EACH 5 MIN PERIOD OF THE EXPLORATORY TEST 





(The orderliness score is the percentage of alternation rather than repetition 
of choices made by the rats.) 





First Second Third Fourth 
period period period period 
Raised maze 60-09 BUD 60-79, 
Enclosed maze 66-75 60:79; 66-795 





The results obtained with the rats placed on the raised 
maze support the prediction of an inverted U.shaped 
funetion for the orderliness of exploratory behaviour 
over a period of time. Rats which were placed in the 
enelosed maze appeared to explore with uniform order- 
liness. This makes good sense. Rats which were placed 
on raised mazes appeared to be more emotional than 
rats placed in enclosed mazes*?. Thus the rats on the 
raised maze presumably have a high level of fear at the 
start of the exploratory test and this will inhibit their 
exploratory behaviour. In time this fear dissipates 
and the exploratory behaviour becomes more orderly. 
The rats placed in the enclosed maze presumably do not 
have such a high level of fear aroused by the maze at first, 
and so their exploratory behaviour is not inhibited to the 
same extent as the rats on the elevated maze. 

It is possible that the results obtained are an artefact 
of the number of choices made by the rats in each 5 min 
period of the exploration test. For example, the reduced 
orderliness of exploration under high fear could simply 
be a result of the long intervals of time between choices 
(possibly because of freezing by the rats), causing some for- 
getting of the previous choice. That this is unlikely is sug- 
ested by the fact that, for the raised rats, the median 
number of arm entries made in the first period was eight 
and the median orderliness was 60-0 per cent; for the 
third period, the median number of arm eniries was six 
and the median orderliness was 80-0 per cent. These 
data are the opposite of what would be expected if the 
results were an artefact of the number of choices made 
by the rats in each period of the exploration test. 

The finding of a U-shaped function here is supported 
by findings from my other experiments® which obtained 
similar funetions between exploratory behaviour and 
variables, reflecting changes in the levels of fear in very 
different conditions. 
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ook Reviews 


DETERMINED BUT LONELY 


J. B. S. 

The Life of J. B. S. Haldane. By Ronald Clark. Pp. 
286--20 illustrations. (Hodder and Stoughton: London, 
October 1968.) 50s. 


Here we have an account of J. B. S. Haldane, the first 
serious account since his death three years ago. Haldane 
was a man known for his intellectual abilities, his social 
behaviour and his political views, all of them highly 
individual and sometimes extravagant. In these varied 
aspects he was known not only by report to the publie 
in many countries but also to many unconnected circles 
of aequaintance who now find themselves, through him 
and through this biography, brought together for the 
first time. We are indeed fortunate in having a book 
whieh attempts to make a total study of its difficult 
subject. 

How are we to judge its merits ? To do so from the 
scientific point of view we have to begin by filling in a 
few details. Those that matter most concern the ten 
years between 1927 and 1937, the middle phase of his life 
between the ages of 34 and 44. This was for the author 
and for Haldane a quiet phase. But it was at this time 
that he made or marred the rest. of his life. 

In 1927 Haldane had for five years been reader in 
biochemistry under Hopkins at Cambridge. In this 
capacity he had been admitted to Trinity College although 
perhaps scarcely welcomed by the Fellows. He was now 
to combine this post with being Bateson’s successor in 
charge of genetical research at the John Innes Horti- 
cultural Institution at Merton, near London. Although 
he had no formal training in biology, he was thus firmly 
planted in two of the most active fields of biological 
research in Britain at the time. 

He had just returned from a physiological congress in 
Stockholm following a honeymoon which, it seems, he 
had spent lecturing to tourists in Switzerland. He was 
now preparing to attend a genetical congress in Berlin; 
and also, for the first and the last time, to visit the Soviet 
Union. His spare time he had lately devoted to writing 
and publishing scientific essays on a wide range of subjects. 
These were the delightful sketches, modelled as he told 
me on the style of H. G. Wells, which, with their short 
trains of thought and whimsical connexions, continued 
for a period of thirty years to reveal the unique character 
of his mind. To the world at large, however, and par- 
tieularly to the popular press he was known for his 
defiance of the University of Cambridge when dismissed 
for an adultery of which he was innocent. He had become 
with some justice the idol and also the oracle of the 
protesting youth of that generation. 

Against this background of continuing publie and 
private activity Haldane began work at the John Innes, 
taking up the threads that had been broken by Bateson’s 
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sudden death in the previous year. The opportunity was 
an exciting one. For Bateson was not only one of the 
founders of the new science of genetics; he was also a 
man experienced as a naturalist, a gardener and an 
experimenter, a man who wrote and lectured on a number 
of subjects but only those on which he could expres 

himself with some conviction. His interests in genetics 
had lain at first in extending the principles of mendehsm 
derived from the breeding of one organism. Having con- 
vinced himself and many others of these principles, 
however, he now found the promise of the future in 
discovering the exceptions to those rules which the plant 
and animal world as a whole presented to him, exceptions 
due to the vagaries of extra-nuclear inheritance and of 
chromosome behaviour. It was a view in which be was 
to be justified long after his death. 

To Haldane the promise was different. His university 
training had been with books. His scientific education 
had been gained from assisting in his father’s experiments. 
To a rare degree he lacked the manual, visual and auditory 
skills that are so necessary for scientific enquiry, and it 
was these deficiencies that had no doubt led hirn to pursue 
philosophy rather than science at Oxford, and there- 
after to take as his invariable recreation the itary 
playing of patience. On the other hand, he combined 
mathematical aptitudes with a prodigious verbal memory 
on which he felt he could rely in dealing with what the 
skill and enterprise of others had observed cr discovered. 

Haldane, coming to the John Innes equipped in this 
way, took the line of least resistance. He followed the 
rules laid down by earlier masters. The measurement of 
linkage between genes and the mapping of chromo- 
somes which did not need to be seen-—-these were to be 
his fixed and lasting interests. The work of relating the 
chemical structure of plant pigments to their determina- 
tion in heredity had been begun with Batesen by Muriel 
Wheldale. This he was able to put in capable hands. But 
Bateson's enquiries on extra-nuclear inheritance, and the 
pupil he had trained in this field, Haldane dropped. For 
that reason the subject disappeared from praetical genetics 
in Great Britain for twenty years. The decks were cleared 
for calculation. 

Where Haldane's calculations could proceed untram- 
melled and may be judged without distraction was in his 
mathematical studies summarized in The Causes of 
Evolution (1932). This was an attempt to show that 
natural selection, rather than mutation, random or 
Lamarckian, was the directing force in evolution. It was 
an attempt parallel and contemporary with the work of 
Fisher and Sewall Wright. With them, however, novel 
assumptions were introduced. And these assumptions 
proved to be more important than the caleulations 
that followed from them: they contained an inductive 
element absent from Haldane. For Fisher showed 
that heredity itself could evolve under the pressure of 
selection. The scope of selection must therefore be 
expanded. And Sewall Wright showed that the combined 
events following mutation and sampling or "drift" eould 
have a unique character. The scope of selection must 
therefore be limited. Fifty years of experiment in the 
hands of Sturtevant, Muller and Renner and succes 
steps in the microscopic analysis of chromosome behaviour 
have amply confirmed both these contrasted views. They 
have proved to be compatible. They have alse proved to 
be more important, not less important, than their authors 
imagined. 

'The formality of Haldane's approach, on the cther hand, 
is seen as leading him, after great labour, to conventional 
conclusions. He wishes to support Darwin in every detail. 
He therefore concludes, for example, that the new genet ics 
supports Darwin's view that variation between species 
falls into all the categories that we find for variation 
within species. The origin of species is therefore by 
splitting. Yet by going so far on the old lines he had 
missed the new lines of development. Already at that 
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time (in 1932) it was clear that polymorphisms of the 
breeding system within species, the sex chromosomes, the 
incompatibility alleles and the complex heterozygotes, all 
studied by his side at the John Innes, are not the means 
of splitting species but rather of holding them together. 
Thus, while claiming to believe in the unity of science, 
Haldane had failed to pursue it when it was staring him 
in the face. And that, it seems, was why he had had to 
skip so quickly from one field of knowledge or enquiry to 
another. 

Since Haldane treated me, his younger colleague, 
always with the kindest consideration, I was slow to see 
the limitations of his mind and his method. For some 
time I saw him, as his biographer is apt to do, in terms 
of his popular repute which made him out to be a man 
without limitations. Even when he explained himself to 
me as “a snapper-up of unconsidered trifles" or as unable 
to follow the implications of my work, I could, for some 
time, searcely believe him. But older men saw more 
shrewdly that, while the John Innes had learnt what 
there was to learn of value from Haldane, he himself had 
learnt nothing from the John Innes; nothing, that is, 
except facts and figures. Discussion and criticism had 
ranged over the whole world of ideas without ever 
touching the job in hand. Meanwhile, the job itself had 
been going forward without Haldane following it. 

The director of the John Innes Institution in these years 
was Sir Daniel Hall, a former head of the Rothamsted 
Experimental Station. While Haldane knew much about 
genetics and nothing about gardening. Hall knew much 
about gardening and nothing about genetics. And 
because both were pluralists and mainly absentees, the 
institution had two heads who rarely met and never to 
any purpose. As Hall approached the age of 75, at which 
age he eventually retired, Haldane began to complain, 
like Hamlet, that he lacked advancement, that the 
institution needed a capable director, and that he was 
the only proper candidate. The governing body at that 
time included two able and serious members, Thomas 
Middleton and Arthur Tansley. To them Haldane was 
unable to offer any constructive new proposals for research. 
I recall his disappointment when I also could suggest 
nothing; not, that is, for work in the separate and discon- 
nected sections which his own management had created. 

Accordingly, in January 1937 Haldane made his last 
annual report to the John Innes Council and summed up 
the results of his leadership in the words: “no genetical 
work has been accomplished which is likely to be of 
fundamental scientific importance". This is no doubt 
how he saw it. But, within a short time of his resignation, 
in the institution that he had left, old threads were taken 
up, and new connexions began to be made. Among these 
was the eonnexion between the chromosomes and DNA. 
The international discussion of this problem began in 
1937, but no one, so far as I can recollect, thought of 
including Haldane. 

Until near the end of his ten years at the John Innes 
Haldane had behaved with discretion. He had indeed 
done good service by holding at bay the criticisms of 
certain professorial members of the governing body. 
These men thought that genetics was an over-rated or 
ill-founded science the development of which ought to be 
stopped. Having cut back its top growth in the univer- 
sities, they wanted to dig out its roots at the John Innes. 
Professor E. W. MacBride was the leader of this school of 
thought. For the fifteen years he had been a council 
member, he had been urging the claims of Kammerer and 
a succession of other bogus Lamarckian experimenters. 
The columns of Nature record these repeated claims, long 
anticipating Lysenko, and also their repeated exposure. 
Against the last of these attacks Haldane’s letter to The 
Times of October 3, 1936 (not quoted by Clark), had been 
a reasoned defence, a defence of genetics and of the John 
Innes Institution. Now Haldane threw aside this reason- 
able or conventional behaviour. He embraced Com- 
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munism. He did so at the same moment as Stalin and 
the Communist Party in Moscow were embracing Lam- 
arckism and its new exponent Lysenko. 

This conversion Clark puts down to the "logie of 
history". But it was rather the non-logie of Haldane. 
His nature was combative or, as some said, arrogant. It 
demanded a public protest, a violent reaction to dis- 
appointment. And his intellectual character did not 
enable him to see that to attach himself to the Com- 
munist Party at that time meant repudiating several 
principles that he had stood for. What was more, it 
meant repudiating a number of friends who were soon to 
lose their lives in defence of these principles. Here, 
however, the word friend must give us pause. Haldane 
had his own view of friendship. Men, he had told me a few 
years earlier, were of no interest to him save in an intel- 
lectual sense. This was a view which revealed something 
more than he could have understood. It showed him as 
a man emotionally undeveloped: a man laeking that 
irrational gift of friendship so widely needed and so 
warmly felt in managing human affairs. He might have 
admirers who were devoted to him; but in this crisis it 
appeared that he had no friends to whom he was willing 
to be devoted. 

The consequences of joining the Communist Party for 
Haldane are of public as well as of personal interest. But 
at this point the story begins to take a pitiful character. 
For here was a man condemned by his nature to make a 
succession of protests increasingly irrelevant, increasingly 
damaging to his work, his reputation and his well being. 
And they had to be publie protests. In the Party, he 
met an institution whieh abundantly deserved all the 
protests he could give it. But this institution was a secret 
society. To it for the first time he had to protest in private. 
In 1945 they forbade him to go to Moscow. It would 
indeed have been embarrassing for him to have learnt 
there what had happened to the Russian geneticists. He 
obeyed in silenee. And in the end, at the time of the 
Lysenko debate three years later, he resigned. from tho 
Party. Again he resigned in silence. All that we had by 
way of publie comment was David Low's eartoon in 
December 1948. It was cruel and comic and also unforget- 
table—-although in this book it has been overlooked. But 
now the vietim of the protest was Haldane himself. 

This was almost the end of the story. But not quite. 
For in going to India in 1957 Haldane was using his last 
protest in an old field in order to break into a new field. 
Tt was a field with new opportunities both of social protest 
and of moral transformation. These Clark describes. Now 
the champion of war and revolution became the apostle 
of non-violence. Now the apologist of vivisection in 
mammals was able to discuss the problems of pain in the 
insect world. This might seem an absurd transfiguration, 
but in fact it brought Haldane some peace of mind, for 
which we must be grateful. For he was now able to 
settle down to write scientific reviews in which he con- 
tinued to display much of the knowledge, skill and 
humour of his earlier days. 

Disereetly, Clark has left us to draw our own con- 
clusions from his story and it would be a pity if we did 
not attempt diffidently to do so. From an early age 
Haldane’s character was not one to be altered easily if at 
all. Discussion or argument whether parental or merely 
amicable could scarcely change it. His vast mind was 
very early filled up and very early made up. He con- 
tinued a very determined and a very lonely man. Lacking 
friendship, more than most men, he eraved for applause. 
And he was driven by his unforeseen limitations to seek 
it more and more in the publie rather than in the scientific 
world. In this way he was given a myth with which his 
style and figure well accorded. And quite carly this myth 
took control of his life. These are answers, I believe, to a 
part of the Haldane problem. But inquisitive readers of 
Ronald Clark’s biography may well penetrate further 
and discover more. C. D. DARLINGTON 
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MOTILITY IN CELLS 


Aspects of Cell Motility 

Edited by P. L. Miller. (Symposia of the Society for 
Experimental Biology, No. 22.) Pp. vii+370. (Cam- 
bridge University Press: London, September 1968. Pub- 
lished for the Company of Biologists on behalf of the 
Society for Experimental Biology.) 855. 


THE preface of this very good volume with its hopefully 
omnium-gatherum title rightly asserts that there is more 
than a hint that motility in both muscular and non- 
museular cells is dependent on a contractile apparatus of 
similar constitution. The concepts. models and techniques 
which have so elegantly illuminated the role of actin and 
myosin in muscular contraction are now beginning to be 
used to help in our understanding of the motility of non- 
muscular cells. 

Some of the articles are excellent in that they include 
hunches brilliantly supported by fresh evidence. Others 
reaffirm what is already well known, while a few articles 
take a slightly cavalier line with debatable points and 
with scarcely a reference to actin-myosin interactions or 
sliding mechanisms. Certain preoccupations recur. 

The first five articles of the eighteen are concerned with 
the classical structural concept of muscular contraction. 
The opening article by S. V. Perry is authoritative, and 
by immediately referring to myosin-like proteins being 
also present in a wide variety of non-muscular cells it 
brings into the limelight the underlying reason for the 
symposium. The effectiveness of the myosin molecule to 
interact both with actin and with itself to develop and 
transmit tension along the myofibril is clearly portrayed. 
A. Szent-Gyórgyi provides a stimulating article. Fresh 
experiments show how heavy meromyosin in the inter- 
action with actin may exist in two different states or 
shapes dependent on nucleotide association. The ability 
of this molecule to change its conformation is echoed in 
the interesting suggestion made in J. W. S. Pringle’s 
article that the generation of mechanical energy is based 
on an active change of angle of attachment of the myosin 
molecule to actin. J. C. Ruegg confirms that the con- 
tractile system of smooth muscle is basically similar to 
that of striated muscle, and R. J. Podolsky reaffirms that 
the withdrawal of calcium from the contractile elements 
is involved with muscular relaxation. 

Picking and choosing from the remaining highly 
specialized articles have been influenced by an attempt to 
trace the extent to which the present tenets of muscle 
contraction have found a place in other systems. The 
sliding-filament model is used by C. J. Brokaw to explain 
the helicoidal movement of sperm flagella, and by M. A. 
Sleigh the beat of cilia. A. Bajer describes chromosome 
fibres "sliding" along continuous fibres to account for 
chromosomes moving towards opposite poles during 
mitosis. The movement of non-flagellate spermatozoa 
seems to be brought about, according to the finding of 
B. L. Gupta, by the conventional method of producing 
"undulating waves" generated by contractile bands. 
N. Kamiya from his studies on glycerinated specimens 
of a myxomyeete is drawn into suggesting that acto- 
myosin-type proteins are associated with the move- 
ment of the plasmodium. R. D. Allen sees amoeboid 
movement as embracing à consortium of complicated 
processes. 

E. J. Ambrose and J. A. Forrester conclude that the 
undulating contact of the surface of a fibroblast cell is 
responsible for the cell “crawling” over a glass surface. 
Inereasing the negative charge at the surface of the cell 
causes the surface to expand; decreasing the charge has 
the opposite effect. Does this signify that altering the 
surface charge affects the contractile actomyosin system 
of the fibroblast ? L. Wolpert and D. Gingell develop the 
conception of the electrostatic surface potential being part 
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of a sort of “sensory” mechanism through which external 
stimuli evoke a response by the cell. 

The articles which have not been mentioned are equally 
fascinating. All of the articles are valuable, aud their 
value is enhanced by being published in a single volume. 
With the evidence for the presence of actomyosin-like 
proteins within and at the periphery of non-muscular 
cells accumulating, it may well turn out that the loco- 
motory activity of many of these cells stems from the 
interaction of actin and myosin. Bryn M. JONES 


NEW GUINEA FISHES 


The Fishes of New Guinea 

By Ian 8. R. Munro. Pp. xxxvii 6504. 84 plates. 
(Department of Agriculture, Stock and Fisheries: Port 
Moresby, New Guinea, 1967.) n.p. 


ALTHOUGH there have been two principal iehthyological 
works which include the New Guinea area in their com- 
pass, The Fishes of the Indo-Australian Archipelago, by 
Weber and De Beaufort (1913-53), and Fowler’s The Fishes 
of Oceania (1928-49), neither could be considered a hand- 
book suitable for non-specialist use. It is the author's 
expressed intention to produce just such a book and, with 
some compromise, one which would also serve as a teeh- 
nical treatise for the zoologist. I believe that he has 
succeeded in this difficult task, even if the balance dips 
somewhat in favour of the non-specialist. 

Because the emphasis is placed on identifieation, Munro 
has paid special attention to producing adequate keys. 
Keys are provided for orders, suborders, families and 
species, but not genera; the thorough glossary of basie 
morphological and descriptive terms should enable a 
non-specialist quickly to master their use. Short, con- 
firmatory diagnoses are given for each category keved 
out; the species’ descriptions include notes on live 
coloration. Most species are illustrated (a few in eolour). 
The figures are rather small, but should be adequate as 
visual backing for the more quantitative information 
given in the descriptions. Most of the figures are grouped 
together in a series of plates bound into the back of the 
book. This arrangement could be something of a drawback 
in practice, although it does allow for rapid sennning if à 
preliminary identification is to be made by sight. Munro 
is a realist: he includes instructions on how to identity 
a fish by using the illustrations. 

Wherever possible the author gives local vernacular 
names for the species, and he has gone to great pains to 
provide English common names for all species. One 
cannot help wondering if this was really necessary; some- 
how the name ‘“‘Cock-up” (Lates calcarifer) has a ring of 
authenticity, but “Arafura Eyebrowfish" (Psenes arafur- 
ensis) savours more of the pedant than the field-worker. 
All in all, the non-specialist is well provided for. The 
specialists, too, should have few complaints, especially 
because Munro's earlier eheck-list (1958) will fill many of 
the gaps which were of necessity created in this more 
general work. Particularly does this apply to questions 
of nomenclature and synonymy. One omission which 
both specialist and non-specialist will notice is the lack 
of details on the geographieal distribution of those fishes 
which also occur outside the New Guinea area. Likewise 
it would be helpful to know when certain characteristics 
used in the general discussions and in the diagnoses apply 
only to the species occurring in the area covered by the 
book. For example, the statement that catfishes are 
“mainly estuarine but some are permanent inhabitants 
of fresh water” is undoubtedly true for New Guinea, but 
it is the reverse of the actual situation among the Siluri- 
formes as a whole. 

One section I would single out for particular criticism— 








936 


and hope to see rewritten in the future—is that intro- 
ducing the Actinopterygii. This contains, for example, 
misleading and contradictory information about the age 
of teleostean orders, and the implication that these evolved 
in the Central Indo-Pacific. Doubtless the latter state- 
ment was intended to apply at the species level, but this 
is not clear in its context. Finally, I would contest the 
idea that typical actinopterygians are perch-like, even if 
one could define a typical actinopterygian. 

These are, however, minor criticisms, and I expect that 

"Munro" will be in constant use in museums and labora- 
tories throughout the world, as well as in the field nearer 
home. P. H. GREENWOOD 


FISHES FROM MAIKOP 


Bony Fishes of the Maikop Deposits of the Caucasus 
By P. G. Danil'ehenko. "Translated from the Russian. 
Edited by D. V. Obruchev. (Transactions of the Palaeon- 
tological Institute, Vol. 78.) Pp. vii+247+28 plates. 
(Jerusalem : Israel Program for Scientific Translations. 
Distributed in the UK by H. A. Humphrey, London, 
July 1968.) 84s. 


Tug Maikop deposits are a series of clays and marls of 
marine origin, up to 2,000 m thick, which outerop widely 
in the Caucasus and Crimea. These beds provide an 
almost complete section from early Oligocene to middle 
Miocene times, and contain a restricted invertebrate 
fauna (molluscs, ostracods, foraminifera) and abundant 
well preserved teleost fishes. This work is a translation 
of Danil’chenke’s monograph on these fishes, originally 
published in 1960. Danil'chenko's m ious publications 
on this fauna cover the period 1946-59 and their 
results are summarized here, together with much new 
material. 

ie bulk pt the book is a systematic account of seventy- 
“selected as the most wide spread fishes" 
tw enty- five of these species are new, twelve were described 
by the author in earlier papers. The species are placed in 
fifty-one genera of whieh nineteen are extinet and nine 
are new. The descriptions are short, rarely occupying 
more than a page, and concentrate on meristie features, 
proportions and posteranial characters. Skulls are almost 
entirely neglected after an introductory statement that 
“the cranial elements are invariably deformed and dis- 
articulated”. A minority of the species are illustrated by 
reconstructions or sketches of specimens, the majority 
only by photographs in the plates, which are hardly more 
than dark smudges as reproduced here. Though skull 
characters and other essential features such as the caudal 
skeleton and fin-ray count are omitted, the concise 
descriptions contain a good deal of information and I 
feel confident that the fossils are correctly placed. The 
principal groups represented are the clupeoids (six spp.), 
stomiatoids (five spp.), gadoids (fourteen spp.), aulosto- 
moids and syngnathoids (nine spp.), pereoids (twelve 
spp.) and seombroids (ten spp.). Families previously 
unknown by fossil skeletons include the Alepoce phalidae, 
Argentinidae, Chiasmodontidae and Brotulidae. 

The work ends with a section on the stratigraphic 
distribution of the fishes in the various horizons of the 
Maikop series, and brief accounts of the phylogenetic 
relationships of selected groups. From the stratigraphic 
analysis, Danil'ehenko concludes that the Maikop sea 
originated as a deep open arm of the Tethys system, 
with a rich pelagic and bathypelagic fauna, but in middle 
Oligocene times the bottom waters became polluted, 
probably by hydrogen sulphide, and the bathypelagic 
fauna was killed off. In late Oligocene and early Miocene 
times the basin became isolated and developed an en- 
demie fauna of pelagic and littoral forms. Maikop 
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times ended when a new connexion with the open sea 
developed, reducing pollution and introducing widely 
distributed oceanic fishes. The phylogenetic discussions 
of stomiatoids, myctophoids, trichiuroids and seombroids 
are seriously out of date because of more recent work: 
the section on gadoids is still the best available. 

The translation is satisfactory, but there are many 
typographical slips: such things as the duplication of 
three lines on page 142 say little for the editing. This is 
an important work, but certainly one for the specialist, 
not the general reader, and I can hardly predict a ready 
sale for it at the published price. Prospective buyers 
may prefer to get a paperback copy from the Clearing- 
house for Federal Scientific and Technical Information, 
Springfield, Virginia. Corin PATTERSON 


WAYS OF CONTROLLING PESTS 


Isotopes and Radiation in Entomology 

(Proceedings of a Symposium jointly organized by the 
International Atomic E egy Ageney and the Food and 
Agriculture Organization of the Unite 'd Nations, and held 
in Vienna, 4-8 December, 1967. Proceedings Series.) 
Pp. 428. (International Atomic Energy Agency: Vienna; 
HM Stationery Office: London, 1968.) 233 Austrian 
schillings; 75s; $9. 


Control of Livestock Insect Pests by the Sterile-Male 
Technique 

(Pr roceedings of a Panel organized by the Joint FAO/LAEA 
Division of Atomie Energy in Food and Agriculture, and 
held in Vienna, 23-27 January, 1967, Panel Proceedings 
Series.) Pp. 102. International Atomic Energy Agency : 
Vienna; HM Stationery Office: London, 1968. ) "8 
Austrian schillings; 258; $3. 


Isotopes and Radiation in Parasitology 

(Proceedings of the Research Coordination Meeting 
organized by the Joint FAO/IAEA Division of Atomie 
Energy in Food and Agriculture, and held in Vienna, 
31 July-4 August, 1967.) Pp. 157. (International Atomic 
Energy Agency: Vienna; HM Stationery Office, 1968.) 
91 Austrian schillings; 298 2d; $3.50. 


Radiation, Radioisotopes and Rearing Methods in the 
Control of Insect Pests 

(Proceedings cf a Panel organized by the Joint FAO/LAEA 

Division of Atomie Energy in Food and Agriculture, and 





held m Tel Aviv. Panel Proceedings Series.) Pp. 148. 
(International Atomic Energy Agenev: Vienna; HM 





Stationery Office: 104 Austrian schillings ; 


33s 4d; $4. 


London, 1968.) 


THEsE four publications by the International Atomie 
Energy Ageney contain altogether eighty-five papers read 
at symposial or panel meetings organized by the IAEA 
and FAO, three in Vienna duri ing 1967, one in Tel Aviv 
in 1966. Most of the papers are about entomological and, 
for cne publication, parasitological researches involving 
the use of the atomic tools, isotopes and radiation, but 
a number are concerned with methods of rearing partieular 
insects in bulk, an important consideration in connexion 
with control methods using irradiated insects. The papers 
are by scientists of repute and from numerous laboratories 
widely representative of the world. 

The largest and most current volume, reporting as it 
does on a symposium as recently as December 1967, is 
Isotopes and Radiation in E ntomology. The scope of subject 
matter is wide. Seven papers are on ecological topies, 
such as use of isotopes for studying the ! behaviour in 
nature of bumble bees, aphids, weevils and ticks, for 
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determining the spectrum of predators on cocoa capsids, 
or the effects for a parasitic wasp of irradiation of its 
lepidopteran host larva. Labelled DDT, nicotine and 
malathion are examined in terms of uptake, metabolism 
and so on, in mosquitoes, flour beetles or locusts. One 
paper discusses eyclic DNA synthesis in glands of silk- 
worms. Other contributions consider insect chemo- 
sterilants and their mode of action. There is emphasis 
on the need to handle the alkylating agents presently 
effective for this with utmost caution-—they are muta- 
genic and not specific for insects, and are not safe for 
field use on a practical scale. Once dispersed in an en- 
vironment, they could not, unlike isotopes, be readily 
detected. As one author comments; ‘The operator should 
never judge the safety of his procedure from the fact 
that he is still alive” 

Radiation dosages and effects on aspects of morphology, 
longevity, activity, development and fertility are variously 
discussed in several papers which span fruitfly, lepido- 
pteran pes leaf miners, beetles, braconid wasps, ants. 
The practical prospect for pest and vector control by 
sterilizing captive insects (and ticks) by radiation— 
basically the males—so that, in large numbers, they may 
be released into a wild population to suppress its repro- 
ductive eapabilities by infertile matings with wild females 
is the subject of nine papers; these are concerned with 
tiek vectors of human relapsing fever in Israel, tsetse fly 
vectors of human and animal trypanosomiasis in Africa 
and, of agricultural interest, rhinoceros beetle pests in 
palm plantations, white grub, bug pests of cotton, lepi- 
dopteran pests of sugar cane and Korean pine. Principles 
and variations of method are discussed with the con- 
clusion that, at present, it is best to “mass-rear, irradiate, 
and release". This volume includes the discussion which 
followed each paper. 

Control of Livestock Insect Pests by the Sterile-Male 
Technique reports on a panel meeting of experts. It is 
something of a companion volume to the symposium just 
discussed here. There is an account of the classical 
success, and some problems, in the eradication of screw- 
worm fly from the United States, and outlook for 














dealing with other livestock pests, by mass releases of 


sterile males. Of considerable interest at the present time 
is the possibility of applying the method to tsetse in 
Africa. Sterilization of tsetse, insects of low reproductive 
potential, by irradiation (and chemosterilants) is shown 
to be practicable, but mass rearing has presented problems 
which are, however, beginning to yield. There are relevant 
papers on laboratory rearing of Glossina morsitans, G. 
austeni, G. tachinoides and G. fusca. There are also articles 
on the physiology of warble-fly and two papers on à 
myiasis fly, Dermatobia hominis, which, in tropical 
America, lays its eggs on mosquitoes, thus to be ferried 
to man, where the eggs will hatch to release their larvae 
which then burrow into the host’s skin. There is a good 
deal in some of these papers about radiation dosages and 
effects, apart from breeding methods. 

Radiation, Radivisotopes and Rearing Methods in the 
Control of Insect Pests is the least up to date of this group 
of books, dating back to a panel meeting of October 
1966. Reports on rearing of soft ticks, Dermatobia, fruit- 
fly, onion-fly, olive fly, sugar-cane borer, plant-feeding 
lepidopterans, Korean pine-moth, or codling moth include, 
for some of these creatures, information on the application 
of radiation to the bred material to induce the sterility 
which would be required for control. 

The remaining title, Isotopes and Radiation in Parasito- 
logy, consists of sixteen. papers, for the most part about 
attempts, and some suecess, in immunizing animals and 
fowls with irradiated immature stages of their helminth 
parasites—gapeworm, hookworm, sehistosomes and the 
like-—and, broadly, pathophysiology of some helminth 
infeetions, à fruitful field for isotopes. "There are two 
papers on immunization of mice with irradiated rodent 
malaria parasites, and also two on immunization of 
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eattle against trypanosomiasis, although using other than 
isotopie or irradiative techniques. 

‘These last three reports, on panel meetings, conclude 
with recommendations about further research, and for 
fostering continuing interchange of information between 
meetings convened in the future by the IAEA. Each 
publication has its distinctive eoloured cover-—~yellow, 
red, purple, or blue-grey—embellished with figures of 
pests, vectors, parasites or hosts. In some respects, 
particularly in the volumes on control of hvestock pests 
and on parasitology, editorial rearrangement of the 
sequence of papers as, presumably, read at the meetings 
would have been an improvement for publication. 

D. S. DERTRAM 














UBIQUITOUS PROTEIN 


Treatise on Collagen 

Vol. I: Chemistry of Collagen. Edited by Œ. N. Rama- 
chandran. Pp. xiii4556. 126s. Vol. 2: Biology of 
Collagen. Edited by Bernard S. Gould. Part A: Pp. 
xvii+ 434. 110s. Part B: Pp. xv +488. 120s. (Academic 
Press : London and New York, 1968.) 


TuoucH collagen and its derivatives have been investi- 
gated for a long time, it is only within the past twenty-five 
years that a detailed pieture of this most ubiquitous of 
proteins has begun to emerge. The last treatise on colla- 
gen was published more than ten years ago, and even 
within this short period great advances in collagen research 
have been made, which are reflected in numerous articles, 
annual reports and symposia. Consequently there is 
a real need to bring together all this diverse information 
in a systematic and up to date manner. his has been 
achieved admirably in these volumes. It is not possible 
to give more than a brief description of this major work 
in a few hundred words, and it would be invidious to single 
out any individual section for special mention. The first 
volume contains nine chapters (thirteen authors) and 
covers amino-acid composition and sequences, soluble and 
insoluble collagens, the triple helical structure of the 
tropoeollagen molecule, intra and intermolecular cross- 
links, fine structural electron micrograph studies, and 
investigation of synthetie polypeptides related to collagen. 
The two sections of the second volume cover fibre forma- 
tion at the cellular level, biosynthesis of the collagen 
precursors, hydroxylation of proline and lysine in the 
polypeptide chains, interactions with glycosamino glycans, 
the role of vitamin C and the effects of hormones 
on connective tissue formation, mechanical properties, 
morphogenesis, mechanisms of resorption in normal 
physiological processes and repair in injury, alterations 
in collagen during ageing, structure of bone and mechan- 
isms of calcification and immunological aspecta. The 
chapters, written by experts from many countries, are 
thorough, follow a logical order and dovetail neatly with 
each other. The literature covered is to the end of 1966, 
but a few early 1967 references are included. The general 
arrangement of subject matter indicates careful editorship. 
Each volume is well indexed ; parts A and B of the second 
volume each has its own index (in welcome contrast to 
the growing but questionable practice in other publica- 
tions of providing the index only in the last part of & 
volume issued in two or more parts). This treatise gives 
a very complete account of the present state of know- 
ledge about vertebrate and invertebrate collagen, and 
shows the future trends of investigation and problems 
to be solved. A third volume is in preparation, dealing 
with the chemical pathology of collagen. I believe that 
all who are concerned with connective tissue investiga- 
tions in general, or with collagen in partieular, will find 
this treatise indispensable in their work. R. CONSDEN 
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GEOLOGICAL MAPS 


Atlas zur Geologie 
Edited by Erich Bederke and Hans Georg Wunderlich. 


(Meyers Grosser Physischer Weltatlas, Band 2.) Pp. 
xix--75. (Bibliographisehes Institut AG : Mannheim, 
1988.) 25 DM. 


Since the end of the Second World War there has been an 


explosion in the accumulation of facts about the structure 


of the Earth. This has arisen not so much from the slow 
detailed mapping of the exposed rocks of the continental 
masses as from the application of the techniques of air- 
photo interpretation, and of air and ship-borne geo- 
physical methods. Two decades ago. knowledge of the 
geology of the ocean basins was minimal, acquaintance 
with the structure of most continental shelves slight and 
large areas of the land surfaces were geologically un- 
explored. The spectacular progress made in exploring 
the atom on one hand and universal space on the other, 
has perhaps tended to obscure the great advances made in 
understanding our planet. 

Perhaps for the first time in the history of science, the 
occasion is right for a general synthesis in atlas form. 
The volume by Bederke and Wunderlich, modest by 
comparison with some current atlases, fulfils a real need. 
It forms the second volume of a series, under the title of 
Meyers Larger Physical World Atlas, which also covers 
biogeography, soil distribution, geomorphology, climate. 
orography, oceanography and the skies. 

The page size permits the presentation of projections 
at the scale of 1 : 80 m of world stratigraphy and tectonics 
covering the double page, while the single page accommo- 
dates projections at 1: 130 m illustrating topics such as 
the distribution of seismie epicentres, of coal and petroleum 
and of ores; a time-analysis of the continents, the distribu- 
tion of prineipal voleanie areas and of sea-bottom sedi- 
ments. On smaller scales, the changing geography of reefs, 
of evaporates and of aeolian sediments through geological 
time is illustrated; also the Eocambrian tillites, the 
palaeoclimates of the Devonian and the floras and glacia- 
tion of the Permo-Carboniferous, Many of these syntheses 
have become familiar to British workers through the 
conferences organized at Newcastle by Professor Runcorn. 

Finally, for Europe, South-west Asia, Asia in general, 
the South-west Pacific, Africa, the Americas and the 
South Polar region, separate geological maps at 1:25 m 
are presented, followed by tectonic maps and geophysical 
and other data. The distribution of fossil fuels for each 
major region produces an interesting picture, but that 
of the metalliferous ores suggests merely a generalized 
scatter which does less than justice to these highly indi- 
vidualized concentrations. 

A general colour-index folded in at the back of the 
volume provides a key to the geological maps. The stand- 
ard of presentation is reasonable, but the liberal use of 
grey instead of black lines makes the cartography less 
attractive than it might be. K. C. DUNHAM 


USING STEELS 


The Technology of Ferrous Alloys for Ambient and 


Low-Temperature Use 
By T. F. Pearson. (Newnes International Monographs 


on Materials Science and Technology.) Pp. xvi+ 240. 
(Hamlyn for Newnes Books: Feltham, Middlesex, 
1968.) 70s. 


THE author introduces his subject briefly in the opening 
chapter, showing how it is increasing in practical im- 
portance. The book is then divided into four sections. 
Physical metallurgy and heat treatment principles are 
developed in the first part and are followed by a short 
section on the technology of steels which aims at illustrat- 
ing the historical development of brittleness in steels 
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“and its dependence upon steelmaking processes. In 


these two parts it would seem that the author tries to 
cover too large a field at the expense of fundamental 
details. In particular, the short chapter on steelmaking 
processes could have been sacrificed to allow greater 
emphasis to be given to the principles of brittleness 


‘and toughness. 


The third section ae the types of fabricated steel 
products which are used in low temperature applications, 
illustrating the effeet of the materials’ brittleness and 
toughness on the design of the produet. A good chapter 
on welded products includes the deleterious effects of 
gases on the final properties, the concept of weldability 
and the application of these principles to design factors 
especially in the welding of stee! plate. 

The final section is concerned with the properties of 
wrought steels and, in particular, steel plate. In fact, a 
major limitation of the book is that nearly all the practical 
examples are drawn from this, the author's chief interest. 
A summary of the properties of a wide range of steels is given 
with the effect of heat treatment on them. One chapter 
deals exelusively with steels for ervogenie purposes, 
including the problems associated with welding stainless 
and alloy steels. The book concludes with a survey of 
testing methods used for examining steels for ambient 
and low temperatures. These are critically assessed as 
to their suitability for the properties being measured 
and the ease of specimen preparation. 

The author has produced an excellent book in which 
he deals with the subject adequately from the theoretical 
standpoint and is also practically oriented with a wealth 
of data particularly useful to the metallurgist concerned 
in the design of steels for low temperature application. 

J. C. BILLINGTON 





BOMBARDING SOLIDS 


lon Bombardment of Solids 
By G. Carter and J. S. Colligon. Pp. viii + 446. 
mann (Educational): London, June 1968.) 252s. 


Ios bombardment of solids is a field which has occupied 
scientists for many years and has now grown into an 
important technological subject. For this reason alone, 
an up to date comprehensive but critical review of the 
subject is certainly necessary. It was clearly to this end 
that Carter and € 'olligon set out to write their book. 

As the authors acknowledge in their preface, no attempt 
has been made to be selective in the ehoice of material, 
with the result that the book contains a host of information 
gathered from numerous sources irrespective of their 
relevanee to present day knowledge. "This faet has un- 
doubtedly affected the le Ingth of the book, whieh other- 
wise could have been considerably shorter. Generally, the 
authors have presented a fairly balanced account of 





(Heine- 


the many aspects covered by such a title as "Ion 
Bombardment of Solids”. They have, however, con- 





centrated on the basie physies of the various processes 
associated with the interaction of ion beams with solids; 
the numerous applications have received only superficial 
coverage. 

The principal disappointment is the apparent gap be- 
tween the time of writing and publication, for instance, 
there are only a few references more recent than 1964. 
In this respect the book has missed out on the important 
advances made in channelling and on the latest con- 
troversies regarding the role of focused collision sequences 
in sputtering. Further, the book has a disturbing number 
of petty errors; for example, in the referenees one finds 
V. Genser and U. Gonser on successive lines. 

In summary, a wealth of information on a variety of 
related phenomena is presented in a readable way, and 
as such, provides a valuable source of reference for both 
students and specialists. R. 8. NELSON 
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Obituaries 


Professor S. |. Tomkeieff 

Sercer Ivanovircn Tomkerere died in hospital at 
Neweastle upon Tyne on October 27, having been seriously 
injured when knocked down by a motor-cycle. His death 
ends forty-eight years of association with the Department 
of Geology at Newcastle. which he had so well served, 
ornamented and enlivened. He was born on October 21, 
1892, at Vilna, the son of a Russian army officer, later a 
general. His early education was chiefly at Tiflis, and in 
1909 he entered the Polytechnic Institute at St Peters- 
burg. His teachers and colleagues included such famous 
petrologists and mineralogists as Loewinsson-Lessing, 
Fersman and Federov. During the First World War he 
saw service with the Russian Red Cross, was “blown up" 
shell-shoeked and invalided, and later became a member 
of a buying mission in England. where he stayed after the 
October revolution. Meanwhile he had been a witness to 
the arrival of Lenin in Petrograd, and heard his first major 
speech. 

He first worked in the Victoria University of Manchester, 
but in 1920 he followed the late George Hickling to 
Neweastle, where he became lecturer in geology; the tardy 
pattern of promotion of those times ensured that his 
readership in mineralogy (1948) and professorship of 
petrology (1957) were long overdue to a man of his 
attainments. Serge (as he was known to all) was a deep 
scholar with an all embracing width of outlook beyond his 
principal interests, and an unquenehable euriosity. He 
had a kind of vision, common to some children and very 
few adults (often artists), of seeing something new and 
significant beneath the dust that covers familiar things 
and ideas, and often a touch of inspired naiveté that 
profitably provoked and stimulated others; and on top of 
this a sincere kindliness and total absence of personal 
pretension. 

His contributions, in many original papers. were chiefly 
to petrology (particularly the British-Carboniferous- 
Permian and Tertiary provinces), mineralogy and geo- 
chemistry; in the last he made a highly individual use 
of a spiral form of the periodic table of the elements to 
show geochemical relationships. These would have been 
enough in themselves to make a deep and lasting mark. 
But for decades he worked tirelessly, and purely as a 
service to science. to write innumerable abstracts and 
reviews of literature on petrology and mineralogy, 
particularly from Russian sources, for Nature, the Minera- 
logical Abstracts and so on, and was responsible for some 
notable translations into English of Russian books. He 
also found time, sometimes in collaboration with others, 
to compile dictionaries of terms used in geology, mineralogy 
and petrology, the last of which was all but completed 
when he was struck down 

In his prime, Tomkeieff was a tough and patient field 
worker, and his knowledge of many areas, particularly 
of Arran, was remarkably detailed. It was in Arran, in 
1947, that he suffered a perforated appendix, and the results 
of this somewhat curtailed his field activities afterwards. 
But although his physical prowess naturally diminished 
in his later years, he remained busy and occupied to the 
end with his writing. 

"Tomkeieff was a good linguist, much in demand at 
conferences as an interpreter. English was a language he 
learned later than others, and his style and highly indi- 
vidual fluency gave much delight, for he was both good 
natured and witty. He was a member of many scientific 
societies, and had served on the councils and committees 
of several. His closest connexions were perhaps with the 
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Mineralogical and the Geological Societies of London; 
he was elected FRSE in 1948. In 1966 the Geological 
Society of London awarded him the Lyell Medal; he deeply 
appreciated this, since Lyell's key position in the founda- 
tion of modern geclogy was so apt to Tomkeieff's deep 
interest in the history of his science-—indeed, this became 
one of his major preoceupations. 





Correspondence 


One New President 


Sim,—Your aecount of the nomination of Dr Phillip 
Handler to become president of the National Academy 
of Sciences in the issue of November 2 (Nature, 220, 422; 
1968) leaves the implication that the membership of the 
academy was called on to approve this nomination at 
the California Institute of Technology meeting. 

According to present procedures, the choice of the 
nominating committee is approved by the council of the 
Academy (which took place on October 4) and thereupon 
the membership as a whole is invited to make additional 
nominations, requiring the signatures of fifty members 
The deadline for such nominations is December 1. On 
December 15, a ballot containing the name of the council 
nominee, together with the names of any additional 
nominees so validated, will be sent to the membership for 
a vote. Ballots are due January 15. Election to the 
presidency requires a majority vote. 





Yours faithfully, 
Howarp J. Lewis 

Office of Information, E 

National Academy of Sciences. 

National Research Council, 

2101 Constitution Avenue, 

Washington, DC 20418. 


Kites in the Everglades 


Sin,— Being directly concerned with the Florida popula- 
tion of the everglade kite, Rostrhamus sociabilis plumbeus, 
we were delighted at the attention you gave It. in a recent 
number (Nature, 218, 1006; 1968), but we wish to correet 
several points and add additional information based on 
more recent work. The present situation is somewhat 
more encouraging than your readers may judge, In late 
October 1967, Sykes found forty-seven kites in a survey 
of part of the known habitat and we believe fifty to sixty 
is a reasonable estimate of the population at that time. In 
the breeding season just past, seventeen young kites (three 
broods of three and four of two) fledged from twenty-four 
eggs laid in nine nests. A marsh fire destroyed one nest 
and frequent disturbance probably caused the failure of 
another that was built near a trail heavily used by airboats. 
These observations appear to be in conflict with the repor- 
ted low hatehing suceess of the Florida everglade kite. 
The prognosis for the everglade kite in Florida will improve 
if more dependable freshwater levels are provided for the 
marshes of the Everglades National Park and in the 
marshes of Lake Okeechobee and the three conservation 
areas. The park is secure from invasion by airboats, 
canals, roads and pipelines which potentialy threaten 
most other parts of the range except Loxahatehee National 
Wildlife Refuge. Kites have not nested in the park in 
recent years, but they feed there on occasions and may 
reclaim former breeding range given more favourable 
year round water levels. 'The correct name of the snail on 
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which the everglade kite subsists in Florida is Pomacea 
paludosa, not P. paludis. The photograph captioned “The 
Everglades, Florida” is a view of mangrove swamp forest 
along the lower Shark River, a tideway of the Everglades 
estuary, near the Gulf of Mexico. This area is not typical 
of the Everglades, which is chiefly a freshwater marsh 
with small islands of trees, nor is it everglade kite habitat. 


Yours faithfully, 
PauL W. Sykes, jun. 
WirLiAM B. ROBERTSON, jun. 


US Department of the Interior. 

Bureau of Sport Fisheries and Wildlife, 
Patuxent Wildlife Research Center, 
Endangered Wildlife Research Program, 
Delray Beach, Florida, USA. 


US Department of the Interior, 
National Park Service, 
Everglades National Park, 
Homestead, Florida, USA. 


The McCarthy Study 


Sig,-—The McCarthy Report recognizes from the outset 
that attempts to prediet the absolute number of scientists 
and teehnologists required by the British economy are 
most likely to be unsuccessful and concentrates instead on 
attempting to prediet the relative proportion of specialist 
scientists to generalist scientists. Unfortunately, the 
report does this by averaging over different disciplines in 
an inadmissible way. In fact, if one breaks the result down 
into different disciplines the result, including management 
in the research and development figures, is as follows: 


Table 1, EMPLOYMENT OF SCIENTISTS AND ENGINEERS IN AMERICAN INDUSTRY 
BY DISCIPLINE FOR 1962 AND 1963* 


1962 Total Engineers Physicists Chemists Mathns. 
Allindustries — 851,000 $84,600 13,900 81,800 14,700 
R&D ,, 303,800 220,900 11,800 45,500 7,800 
Per cent 35 32 85 56 53 
Manufacturing 630,400 489,800 11,400 69,300 9,800 
R&D 267,200 194,600 9,700 40,500 6,100 
Per cent 42 40 8b 58 62 

1963 
AH industries — 871,400 711,000 14,500 74,800 20,100 
R&D ,, 344,900 260,900 12,500 43,800 10,900 
Per cent 40 37 86 59 53 
Manufacturing 653,500 521,600 11,000 65,800 12,600 
R&D 300,800 230,300 9,600 39,100 7,500 
Per cent 46 44 87 59 60 


* Taken from Statistical Abstracts of USA 1964, 1966 quoting as source 
NSF US Department of Labour, Bureau of Labour Statistics. 


From the table it can be seen that as far as physics is 
concerned, and to a lesser extent chemistry and mathe- 
matics, the great majority should be trained as specialists 
so that unless we are able to predict absolute numbers we 
are no further forward. The breakdown of the figures for 
the United Kingdom into various disciplines does not 
seem to be available, but as far as basic research is con- 
cerned perhaps one might find a clue by examining the 
sources of papers submitted to the Physical Review and to 
corresponding British journals— Proceedings of the Physical 
Society and Philosophical Magazine. 


Table 2. 


Eduet, Govt. Industry Joint 
Classification a Lab (2) (3) 1+2 143 243 
UK (Proc. Phys. Soc. 
and Phil. Mag.)?5 $7 14 2 4 (0-6 — 
USA (Phys. Rev.) % 7 9 17 23 37 O08 


Origin of papers in Phys. Rev. 164 and 165 compared with the same for 
f Mag., July 1967-——October 1968 and Proe. Phys, Soc. May to December, 
1987. 


The results are set out in Table 2 for a more or less 
random sample of issues of the various journals. It may 
well be true that a major part of the contribution from 
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American industry to the Physical Review represents 
prestige projects, but presumably this is intended to 
attract good physicists into industry and subsequently to 
interest them in more immediately profitable research. In 
conclusion, until some more satisfaetory method is found 
for estimating future requirements of trained manpower, it 
would seem to be very unwise to reduce the number of 
specialist physicists in favour of generalists. 





Yours faithfully. 


G. N. FOWLER 


University of Exeter. 
Department of Physics, 
'The Queen's Drive, 
Exeter. 


Erratum. A mistake occurred in the article “Spectral 
Properties of the X-Ray Objects GX 3+ 1, GX 354-5 and 
Seo XR-1" by G. Buselli et al. (Nature, 219, 1124; 1968), 
because of an inadvertent alteration made in the Nature 
office to the original typescript. It was stated in the 
article that the spectra of GX 3--1, GX 354-5 and Seo 
XR-1 suggest that these three X-ray objects are similar 
to one another. 'The data are at variance with this 
statement, and in fact the authors’ conclusion is that 
GX 341, Cyg XH-1 and Tau AR-l possess similar 
speetra, and are probably due to similar celestial objects. 
One of the authors, K. G. MeCracken, has written to 
stress how this conclusion was reached: 
“Our measurements of GX 3+1 above 20 keV show a 
good fit to a power law photon number spectrum given by 
dN 
dz = 3-4 E-*9x? photons em~? s-t keV- 
which, when extrapolated to lower energies, is in reason- 
able agreement with the results of Gursky et al. (Ap. J., 
150, L75; 1967) and Bradt et al. (Ap. J., 152. 1005; 1968). 
Furthermore, we note that other workers have obtained 
power law photon number spectra for Tau XR-1 and 
Cyg XR-1; for example, Peterson ef al. (Proc. Tenth 
Intern. Conf. Cosmic Rays, Calgary; 1968) quote 


dN — (3-50 E- Tau XR-1 
dE" 1358 E-e9zo? Cyg XR 





The spectral exponents in the spectra of GX 3+1, Tau 
XR-1 and Cyg X R-1 are statistically identical, while there 
are other objects known to exhibit markedly different 
spectral characteristics (our paper shows that Sco XR-L 


for example, has SA Ease above 20 keV). This sug- 
gests that the three X-ray objects GX 3+1, Tau XR-I 
and Cyg XR-1 are physically similar to one another, The 
fact that Tau XR-1 is known to be a supernova remnant, 
the spectral shape itself suggesting that the X-ray emis- 
sion from Tau XE.1 may be due to magnetic brems- 
strahlung. suggests a similar explanation for GX 3+ 1 
and Cyg XR-1". 


CORRIGENDUM, The last paragraph of the article “Surface 
Forces: Direct Measurement of Normal and Retarded van 
der Waals Forces" by D. Tabor and R. H. 5. Winterton 
(Nature, 219, 1120; 1968) should read: We thank Profes- 
sor F. P. Bowden for his constant interest in this work, 
which was carried out with the valuable support of the 
Gas Council. One of us (R.H.S.W.) thanks the SRC for 
his research studentship. 
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International Meetings 


February 25-26, Thermal Analysis, Toronto (Dr H. G. 
MeAdie, Ontario Research Foundation, Sheridan Park, 
Ontario, Canada). 


April 1-4, Thermodynamics, Cardiff (The Institute of 
Physies and the Physical Society, 47 Belgrave Square. 
London SW1). 


April 7-8, Critical Review of the Foundations of 
Relativistic and Classical Thermodynamics, Pitts- 
burgh (Dr Alan J. Brainard, Department of Chemical and 
Petroleum Engineering, 103 State Hall, University of 
Pittsburgh, Pittsburgh, Pennsylvania 15213, USA). 


April 8-12, Growth Points of Physics, Florence 
(Secretariat, European Physical Society, PO Box 1227, 
Carouge, Geneva, Switzerland). 


April 9--11, Structural Studies of Partially Ordered 
Materials, Sussex (Professor G. A. Sim, The Chemical 
Laboratory, The University of Sussex, Falmer, Brighton, 
Sussex, UK). 


April 10-12, Clinical Applications of Isotope Clear- 
ance Measurement of Cerebral Blood Flow, Mainz 
(Dr M. Brock, 65 Mainz, Neurochirurgische Univ.-Klinik, 
Langenbeckstrasse 1, Western Germany). 


April 14-16, Production of Meat from Male Animals, 
Bristol (Dr D. N. Rhodes, Meat Research Institute, 
Langford, Bristol, UK). 


April 14-17, Fluid Mechanics in relation to Natural 
Phenomena, Newcastle upon Tyne (The Meetings 
Officer, The Institute of Physics and the Physical Society, 
47 Belgrave Square, London SW1). 


April 15, Labelling of Blood Typing Sera, New York 
(Dr A. S. Wiener, Office of the Chief Medical Examiner 
of NYC, 520 First Avenue, New York, NY 10016, USA). 

April 15-18, Magnetics, Amsterdam (Dr Th. Holtwijk, 
Executive Secretary 1969 Intermag, Philips Research 
Laboratories, Eindhoven, The Netherlands). 


April 15-18, Computer aided Design, Southampton 
(Conference Secretariat, Institution of Electrical Engineers, 
Savoy Place, London WC2). 

April 15-18, Physics of Liquids, East Anglia (The 
Institute of Physics and the Physics Society, 47 Belgrave 
Square, London SW1). 


April 16-18, Thin Films, York (The Meetings Officer, 
'The Institute of Physies and the Physical Society, 47 
Belgrave Square, London SW1). 


April 16-18, Tektite, New York (Francis J. Doherty, 
jun., The Corning Museum of Glass, Corning Glass Center, 
Corning, New York, USA). 


April 17-18, Cryogenics and Infrared Detection 
Systems, Frankfurt (Colloquium Secretary, Proconsulta, 
Borsigallee 20, 6 Frankfurt am Main, West Germany). 


April 21-25, Switching Techniques for Telecom- 
munication Networks, London (Conference Department. 
Institution of Electrical Engineers, Savoy Place, London 
WOC2). 

April 28-May 2, Thin Films, Boston (Dr M. H. Fran- 
combe, Westinghouse Research Laboratories, Beulah 
Road, Pittsburgh, Pennsylvania 15235, USA). 


April 28-May 2, Radiation-induced Carcinogenesis, 
Athens (Dr R. N. Mukherjee, Unit of Radiation Biology, 
IAEA, Kärntner Ring 11-13, A-1010, Vienna, Austria). 


May 20-21, Future of our Rivers, London (The Secre- 
taries, The Association of River Authorities, 15 Great 
College D London SW1). 


September 23-25, Sucrose-—Chemical, Biological and 
Nutritional focos. London (Professor Leslie Hough, 
Department of Chemistry, Queen Elizabeth College, 
Campden Hill Road, London W8). 


FORTHCOMING EVENTS 


From December 7, 1968, meetings and other events in this column vill be 
restricted to meetings al which attendance is not confined to members of 
particular societies. 


(Meetings marked with an asterisk are open to the public) 


Monday, December 2 


INSTITUTION OF CHEMICAL ENGINEERS (joint meeting with th lety of 
Chemical Industry, at the Royal Society, 6 Carlton House Terrace London, 
SW1), at 2 p.m.—8ymposium on “Waste Ey ater Treatment for Re-use”. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 2.80 p.m.— 
Professor R. J. Harrison: “The Living Cell" (Civil Service Lecture). 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WE 
at 5.30 p.m.— Discussion meeting on ‘Electric Lifts with particular reference 
to High-Speed High-Rise Applications", opened by Mr €. G. E. Morley. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2). 
at 5.80 p.m.—Discussion meeting on "Terminology for Use in Electrical 
Measurements", 


INSTITUTION OF MECHANICAL ENGINEERS, MEDICAL ENGINEERING WORK- 
ING PARTY (at 1 Birdcage Walk, Westminster, London, SW1), at 6 p.m. 
Discussion meeting on "The Practical Approach to Hospital Design in an 
sconomic Desert”, 


ROYAL SOCIETY OF ARTS (at John Adam Street 4 
at 6 p.m.—Sir Paul Chambers, KBE, CB: “Technology and the Profit 
Motive” (last of three Cantor Lectures on ‘Technology in Great Britain"). 

SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (at 14 Belgrave Square, 
London, SW1), at 6.30 p.m.—Dr F. N. Woodward, CBE: “The Scientific 
Diplomat” (Jubilee Memorial Lecture). 


















Adelphi, London, WEZ) 





Tuesday, December 3 


INSTITUTION OF MECHANICAL ENGINEERS, APPLIED MECHANICS GROUP (at 
1 Birdcage Walk, Westminster, London, SW1)—All-day Discussion Meeting 
on "Designing with Brittle Materials”. 


ROYAL INSTITUTION (at 21 Albemarle Street, Loudon, Wi), at 3 p.m.— 
Professor Ronald King: “Faraday and the Beginnings of Useful Electricity" 
(Lecture for Preparatory School Boys and Girls from se ae in London and 
the Home Counties. To be repeated on December 4 and 5 


UNIVERSITY OF LONDON (at the Royal Veterinary Gules, Royal College 
Street, London, NW1), at 5 p.m.—Mr A. G, Beynon: "The Eradication of 
Swine Fever from Great Britain".* 

INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.—Diseussion meeting on “Sampling Techniques Applied to 
Signal Recovery and Display" opened by Mr J. Thompson, Mr R. C, Hook 
and Mr B. Olive. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.— Dr A. G, J. MacFarlane: "Representation of Multi-Variable 
System Behaviour by Loci in the Complex Plane". 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, WC1), at 5.80 pom, = Pro- 
fessor P. C. C. Garnham, FRS: “Progress in Parasitology” (farther lectures 
on December 5, 9 and 10).* 


INSTITUTION OF MECHANICAL ENGINEERS, 
MECHANICS GROUP (at 1 Birdeage Walk, 
6 p.m. — Discussion meeting on" 


UNIVERSITY OF LONDON, DEPARTMENT OF EXTRA MURAL STUDIES; and 
the LINNEAN SOCIETY OF LONDON (at the Linnean Society, Burlington 
House, Piceadilly, London, W1), at 6.30 p.m.— Professor H. Kalmus: “The 
Beginnings of Genetics”. (Tenth of twelve leetures on “The Historical 
Background to Modern Zoology ".) 








THERMODYNAMICS AND FLUID 
: Westminster, London, SW1), at 
Fluid Logie Devices”. 








Wednesday, December 4 


PLASTICS INSTITUTE (at the Wellcome Building, Euston Road, 
NW1)—-Symposium on "New Materials”. 


ROYAL INSTITUTION, HISTORY OF SCIENCE DISCUSSION GROUP | 2 
Albemarle Street, London, W1), at 1 p.m.— Professor A. F. Huxley, FRS: 
"Physical Theories of the Action of Nerve and Muscle".* 


INSTITUTE OF FUEL (in Lecture Theatre 1, Department of Chemical Engin- 
eering and Chemical Teehnology, Imperial College, Prince Consort Rond, 
London, SW7), at 5.30 p.m.—Dr B. D. Shaw: “Explosives”. 


INSTITUTION OF CHEMICAL ENGINEERS, GRADUATES AND STUDENTS 
SECTION (in the New Engineering Building, University College London, 
Gower Street, London, WC1), at 6 p.m.--Paper on “Nuclear Power and 
Chemical Engineering". 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, EDUCATION. GROUP 
(at 9 Bedford Square, London, WC1), at 6 p.m.—Mr G. B. Harrison: “Project 
"Technology —Electronies in the Schools". 


INSTITUTION OP MECHANICAL ENGINEERS, INTERNAL COMBUSTION 
ENGINES GROUP? (at 1 Birdcage Walk, Westminster, London, 5W1), at 6 p.m. 
—Mr R. Bertodo and Mr J. H. Worsfold; "Medium Speed Diesel Engine 
Noise” 


London, 






















Thursday, December 5 


INSTITUTION OF MECHANICAL ENGINEERS, NUCLEAR ENERGY GROUP, and 
EDUCATION AND TRAINING GROUP (at ] Birdcage Walk, Westminster, 
London, SW 1)-—All-day SUDO on “Education and Training of Engin- 
eers in the Nuclear Industry” 





ROYAL INSTITUTION OF NAVAL ARCHITECTS (in the Weir Leeture 
10 Upper Belgrave Street, London, SW1), at 5 p.m.— 
Mr K. Norrand: 
Se 


Hall, 

Mr G, Andersson anid 

“A Method for the Caleulation of Vertical Vibration with 

al Nodes and Some Other Aspects of Ship Vibration"; Dr R. L. 

ownsin: "Virtual Mass Reduction Factors ‘J’ Values for Ship Vibration 

qala tions derived from Tests with Beams including Ellipsoids and Ship 
odels"'. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Pla 
at 5.30 p.m.—Mr H. J. Lowe: “The Role of the Electricity 
in Reducing Atmospheric Pollution". 














London, WC), 
Supply Indust: 
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INSTITUTE OF REFRIGERATION (at the National College for Heating 
Ventilating, Refrigeration and Fan Engineering, Southwark Bridge Road, 
London, SEL) at 6 p.m.—Mr G. A. Oscroft: "Progress Towards Metri- 
cation", 


INSTITUTION OF CIVIL ENGINEERS; and the BRITISH NUCLEAR ENERGY 
Socrety (at Great George Street, London, SW1), at 6 p.m.—Mr R. D. 
Vaughan: "Future Technology of Gas-cooled Nuclear Power Reactors”. 


INSTITUTION OF MECHANICAL ENGINEERS, MANIPULATIVE AND MECHANI- 
CAL HANDLING MACHINERY GROUP (at 1 Birdcage Walk, Westminster, 
London, SW1), at 6 p.m.——Discussion meeting on “Mobile Crane Safety in 
General Engineering". 


SOCIETY FOR ANALYTICAL CHEMISTRY, BIOLOGICAL METHODS GROUP (at 
“The Feathers” Restaurant, Tudor Street, London, EC4), at 6 p.m. —Twenty- 
fourth Annual General Meeting, followed by an Informal Discussion on 

“Practical Nutritional Implications of the Assay of Amino Acid Contents and 
Availabilities" opened by Dr C. D. Rosen. 


SOCIETY OF CHEMICAL INDUSTRY, OILS AND Fats Group (at 14 Belgrave 
Square, London, SW1), at 6.15 p.m.—Young Anthors’ Meeting. 


Thursday, December 5—Friday, December 6 
RovaAL Socrery (at 6 Carlton House Terrace, London, SW1), at 9.30 a.m. 
daily--Discussion meeting on "Structures and Functions of Proteolytic 
Enzymes" organized by Professor D. C. Phillips, FRS, Mr D. M. Blow, 
Mr B. S. Hartley and Mr G. Lowe. 
Friday, December 6 


"SSION. GROUP (at 21 Albe- 
*'Nanosecond 





ROYAL INSTITUTION, PHOTOCHEMISTRY DISCUSSI 
marle Street, London, W1), at 1 p.ni.—Dr L. K. Patterson: 
Flash Photolysis".* 


INSTITUTE OF ELBCTRICAL ENGINEERS (at Savoy Place, London, WC2), at 
5.30 p.m.—Captain D. A. Craddock, RN Retd.: "'QUAVER' (Quick Acting 
Voltage Regulator)". 


UNIVERSITY OF LONDON (in the Chemistry Lecture Theatre, University 
College London, Gower Street, London, WC1), at 5.30 p.m.— Professor J. D. 
Dr (Swiss Federal Institute of Technology): "Conformations of Medium 
Rings", 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 9 p.m.-~ 
Professor H. N. Robson: “Witchcraft and Wonder-Drugs'"'. 


Saturday, December 7 


INNER LONDON EDUCATION AUTHORITY (at the Horniman Museum, 
London Road, Forest Hill, London, SE23), at 3.30 p.m.—Mr Clifford Owen: 
“A Besynes of Ferrets—the History of Ferrets in Europe and Africa".* 


Monday, December 9 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2)— 
Colloquium on “Cathode Ray Tube Displays". 


ROYAL INSTITUTION (at 21 Albemarle Street, London, WD, at 2.30 p.m.— 
Professor R. J. Harrison: ‘‘Biological Communication" (Civil Service 
Lecture). 


INSTITUTION OF ELECTRICAL ENGINEERS (at the Royal Aeronautical 
Society, 4 Hamilton Place, London, W1), at 6 p.m. -—piscussion meeting on 
“The Use of Digital Computing in Navigation Systems" opened by Mr W. 
McKinlay, Mr J. Vickers, and Captain J. Monro. 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND 
STUDENT SECTION (at Savoy Place, London, WC2), at 6.30 p.m.—Professor 
J. M. Meek: Presidential Address, 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Ministry of Transport: Road Research Laboratory. RRL Report LR210: 
Some Further Data Relating to the Dipped Headlights Campaigns in Birming- 


ham and other Towns. By A. W. Christie and R. F. Newby. Pp. 15. (Crow- 
thorne, Berkshire: Road Research Laboratory, 1968.) Gratis. {611 


HOW TO BUY NATURE 


Volumes start in January, April, July and October, but subscriptions 
may begin with any issue. 
The direct postal price per subscription for one copy of NATURE 
each week is: 

*12 MONTHS (52 issues and 4 indexes) 


Great Britain and Eire 
United States of America 
Canada 

Elsewhere overseas by surface mail 

(Charge for delivery by air mail on application) 
*Shorter periods pro rata. (Minimum three months.) 
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Curriculum Innovation in Practice: Canada; England and Wales; United 
States. (Report by J. Stuart Maclure of the Third International Curriculum 
Conference, Oxford, September 17-22, 1967. Sponsored jointly by The 
Schools Council, London: The Ontario Institute for Studies in Education, 
Toronto; in cooperation with the Center for the Study of Instruction of the 
National Education Association, Washington, D.C.) Pp. v+95. (London: 
H.M. Stationery Office, 1968.) 5s. net. ‘ . [611 

Department of Education and Science, Statistics of Education, Special 
Series No. 1: Survey of the Curriculum and Deployment of Teachers (Seeon- 
dary Schools), 1965-66. Parti: Teachers. Pp.xxix-- 102. (London: H.M. 
Stationery Office, 1968.) 25s. net. [011 





Creativity: a Selective Review of Research. By Dr James Freeman, 
Dr H. J. Butcher and T. Christie, Pp. 113. (London: Society for Research 
into Higher Education, Ltd, 19603.) 21s. I711 


Bulletin of the British Museum (Natural History). Entomology. Supple- 
ment 12: The Taxonomy of the Drepaninae Represented in China, with an 
Account of Their World Distribution (Lepidoptera: Drepanidae). By A. 


Watson. Pp. 151 +14 plates. (London: British Museum (Natural History), 
1908.) 1005. 

The Sixth Report of the Leverhulme Trust 1965-1967, Pp. 85. (London: 
The Leverhulme Trust, 1968.) [T11 


Scientific Proceedings of the Royal Dublin Society. Series A, VoL 3, No. 
12: The Silurian Graptolites of Mayo and Galway. By K, b. Rickards and 
W. R. Smyth. Pp. 129-136 - plate 4. 5s, Series A, Vol. 3, No. 13: 
of the Boyle Medal to Professor E. J. Conway. Pp, 137- 139. 28. 
Vol. 2, No. 15: Preliminary Studies with the Growth Regulator N-Me tatolyi 
Phthalamie Acid as **Duraset" on European Cultivars of l'omato. By Angela 








Binchy. Pp. 141-152. 7s. 8d. Series B, Vol. Z, No. 16: Hyphomycetes on 
Juncus effusus L. By Q, D. MaeGarvie. Pp. 153-161. 75. 0d. (Dublin: 
Royal Dublin Society, 1968.) pai 





ical Decision Theory. By Mo 
Peston and Alan Coddington. No.8: Operational Res earch, 
Models and Government, By W. ne. Pp. 13. 2s. 6d. net. : 
Clerical Work Measurement. By L. é “Harmer. Pp. 27. 35. 6d. net. (London: 

H.M. Stationery Office, 1968.) [711 


CAS Occasional Papers. 





Pp. 2 





Other Countries 


Rubber Research Institute of Malaya. RRIM Planting Manual No. 13. 
Processing of Natural Rubber . . . Information on Current Practi 
Compiled by J. A. Barney. Pp. 43. (Kuala Lumpur: Rubber Res 
Institute of Malaya, 1968.) $3. 

Smithsonian Miscellaneous Collections. ^ Vol, 153, No. 





[3010 
: 2 (October 11, 
1988): Echinoids from the Middle Eocene Lake City Formation of Georgia. 


By Porter M. Kier, (Publication 4738.) Pp. 45 4 10 plates. (Washington, 
D.C.: Smithsonian Institute Press, 1968.) [3010 
Science Council of Canada. Report No. 4: Towards a National Science 


Policy for Canada. Pp. 56. (Ottawa: Queen's Printer, 1968.) $0.75. [3110 

European Communities, The Common Market Ten Years On: "Tables 
1958-1967. Pp. 110. (Brussels and Luxemburg: Statistical Office of the 
European Communities, 1968.) [3110 

World Health Organization. "Technical Report Series. No. 398: Cyto- 
genetics of Vectors of Disease of Man—Report of a WHO Scientific Group. 
Pp. 41. 3 Sw. francs; 6s.; $1. No. 300 : Paediatric oy e pori 
ofa WHO Scientific Group. Pp. 26. 2 Sw. francs; 48.; $0.60. (Geneva: 
World Health Organization; London: H.M. Stationery Office, 1968.) [111 

Recherches Vétérinaires, No. 1. Pp. 1-191. (Paris: Institut National Erden 
Recherche Agronomique, 1968.) 20 francs. 

World Health Organization. Technical Report Series No, 403: Principles 
for the Clinical Evaluation of Drugs—Report of a WHO Scientific Group. 
Pp. 82. (Geneva: World Health Organization; London: H.M. Stationery 
Office, 1968.) 3 Sw. frances: 6s.; $1. ALL 

Recueil de Travaux du Bureau International des Poids et Mesures, Vol. 1: 
ee (Sévres, France: Bureau International des Poids et ‘Mesures, 

Field Museum of Natural History. Fieldiana: Zoology. Vol. 53, No. 3: 
Distributional Notes on Nepal Birds. By Robert L. Fleming and Melvin A. 
Traylor. Pp. 147-203. (Chicago: Field Museum of Natural History, 
1968). [511 

Harvard University. Dulletin of the Museum of Comparative Zoology, 
Vol. 137, No. 2 (September 27, 1968): Geographic Variation in Anolis 
distichus Cope ( Lac ertilia, I guanicas) in the Bahama Islands and Hispaniola. 
By Albert Sehwartz. Pp. 155-310. (€ ambridge, Mass.: Museum of Com- 
parative Zoology, Harvard University, 1968.) [511 

Annals of the South African Museum. Vol. 52, Part 1: The Tunas of the 
Genus Thunnus in South African Waters. By F. H. Talbot and M. J. 
Penrith. Pp. 1-41. R. 2. Vol. 52, Part 2: New Quaternary Fossil Sites Near 
Swartklip, Cape Province. By Q. B. Hendey and Hélène Hendey. Pp. 
43-73 +7 plates. R. 1.75. Vol. 53, Part 1: A Check List of the Land and 
Fresh Water Birds of the Western Cape Province, By J. M. Winterbottom. 
Pp. 1-276--5 plates. R. 9.50. Vol. 53, Part 2: Bibliography of the Birds of 
the Western pe to 31 December, 1964. By J. M. Winterbottom, Pp. 
271-285. R. (Cape Town: Sonth African Museum, 1968.) {611 
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Classified Advertisements 


All copy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion. 
The Publishers will not be Hable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers’ errors, 
although every care is taken to avoid mistakes. 
Semi-displayed £6 per single column inch, 
Minimum £3, each additional 1/12th of an inch 
10s. Full page £158, Half page across £80. 
Colour (orange) £20 extra. 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number. 
ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement's 
inn, Strand, London, W.C.2. Telephone: 
01-405 4743. Telegrams: Textualist, London, 
w.C.2. 





APPOINTMENTS VACANT 


UNIVERSITY OF CAPE TOWN 


SENIOR LECTURER OR LECTURER IN 
GEOGRAPHY 


Applications are invited for the post of Senior 
Lecturer or Lecturer in Geography as from 
February 1, 1969, or as soon as convenient therc- 
after. The salary scales are: Senior Lecturer, 
R4,500 by RISO to R4,800 by R300 to R5,700 ; 
Lecturer, R3,500 by R150 to R4,700 to R4.&00 
per annum. The commencing salary will be de- 
termined in accordance with the qualifications 
and experience of the appointee. Special qualifi- 
Cations and interests, inter alia, in the fields of 
physical geography, rural land utilization, and 
air photo interpretation will be recommendations. 

Applications (with copies of testimonials) should 
State age, qualifications, experience, research in- 
terests and publications, marital status, and 
nationality and give the names of three referees 
whom the University may consult. 

Two copies of the application should reach the 
Secretary-General, Association of Commonwealth 
Universities (Branch Office), Marlborough House, 
Pall Mall, London, S.W.1 (from whom memo- 
randa giving the general conditions of service, in- 
cluding transport expenses on appointment, and 
information on the work of the Department 
should be obtained), not later than January 30. 
1969. A third copy of the application with a 
recent photograph and medical certificate should 
be sent direct by airmail to the Registrar, Uni- 
versity of Cape Town, Private Bag. Rondebosch, 
Cape Town, South Africa, by the same date. 
The University reserves the right to appoint a 
person other than one of the applicants or to 
make no appointment. 80D 





NEW ZEALAND 
AGRICULTURE DEPARTMENT 


Applications are invited for the undermentioned 
vacancy : 

Vacancy B 13/2/129/3768 
TECHNICIAN OR TECHNICAL 
OFFICER 
WHANGAREI VETERINARY DIAGNOSTIC 
STATION 

Salary: Up to $NZ3,680 according to qualifi- 
cations and experience. 

Duties: Carry out bacteriological, serological, 
biochemical and haematological examinations in 
specimens from cases of animal diseases. 

Qualifications desired: A.LM.L.T. or equiva- 
lent, preferably with experience in veterinary 
pathology. 

Passages: Fares for appointee and his wife 
and family, if married, will be paid. 

Incidental expenses: Up to £35 for a single 
man and £100 for a marríed man can be claimed 
to cover the cost of taking personal effects to 
New Zealand. 

Application forms and general information are 
available from the Hígh Commissioner for New 
Zealand, New Zealand House, Haymarket, Lon- 
don, S.W.!, with whom applications will close 
on January 20, 1969, Please quote reference 
B 13/2/129/3768 when inquiring. (1766) 





required for varied work in University Research 
Department of Biochemistry. Previous experience 
in such a department not necessary. Work will 
include maintaining and constructing electronic 
equipment and assisting with research projects. 
Whitley Council salary scales and conditions of 
service ; salary according to age, experience and 
qualifications.—Apply to: The Secretary, Insti- 
tute of Psychiatry, De Crespigny Park, Denmark 
Hill, London, S.E.5. (Ref, B/M). (1774) 
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ELECTRON 
MICROSCOPE 
TECHNICIAN 


SK & F Leboratories Lid., is a ding Company in the pharma- 
ceutical industry. We wish to recruit a technician who will take 
over the routine operation of the electron microscope. 






Candidates aged from seventeen upwards, should have at least 
'O' levels in science subjects. and while previous experience of 
electron microscope or histological work would be an advantage, 
it is not essential, as comprehensive training will be civen to the 
person appointed. 





A progressive salary, depending on age and experience, will be 
offered and conditions of service are excellent. 


Please write with brief details in the first instance to: 


A. S. Napier, Personnel Officer, Smith Kline & French 
Labs. Ltd., Mundells, Welwyn Garden City, Herts. 


The Wellcome Research Laboratories 


BACTERIOLOGY| 
IMMUNOLOGY 


Basic Research 


An expanding department at Beckenham, Kent, offers 
an opportunity for basic research in immunological pro- 
cedures plus an interest in developing new methods in 
diagnostic reagents. 

This appointment would possibly interest an experienced 
bacteriologist of Ph.D. level with some experience in 
immunology, or a hospital bacteriologist, seeking a 
research post. Excellent working conditions and trained 
technical supporting staff are available. 

Brief details of qualifications and experience should be 
addressed, quoting reference U.102, to the Senior Per- 
sonnel Officer, The Wellcome Research Laboratories, 
Langley Court, Beckenham, Kent, who will be pleased 
to provide further details of the post and conditions ef 


employment. 
1797) 

















CSIRO 
RESEARCH SCIENTIST 


(VIROLOGIST/VETERINARIAN) 


AUSTRALIA 
DIVISION OF ANIMAL HEALTH 


ANIMAL HEALTH RESEARCH LABORATORY 


GENERAL The Division of Animal Heahh of the Commonwealth Scientific and 
industrial Research Organisation has three major laboratories—the Animal Health Research 
Laboratory; the McMaster Laboratory, Sydney; and the Long Pocket Laboratories, 
Indooroopilly, Queensland. 


The major areas of research at the Animal Health Research Laboratory, Parkville, inciude 
bovine pleuropneumonia, virus diseases, tuberculosis, infectious bovine infertility, ovine 
footrot, parasitic diseases of sheep and cattle in the southern winter rainfall zone and 
investigations into plant poisons. 


DUTIES The appointee will be attached to the Section of Virology, which presently is 
involved in research into virus diseases of cattle, sheep, pigs and poultry. He would be 
required to initiate and carry out his own research, in addition to participating in co- 
operative programmes of research within the section. He may also be required to carry out 
co-operative research with workers in other Sections of the Division. 


QUALIFICATIONS Applicants should have a degree in Veterinary Science from an 
Australían University or an equivalent veterinary qualification, and a Ph.D. in a relevant 
discipline, or post-graduate research experience of equivalent standard and duration, 
supported by satisfactory evidence of research ability. Laboratory experience in virology 
would be desirable although not essential 


SALARY Depending upon qualifications and experience, the appointment will be made 
within the salary range of Research Scientist, $A5,321— $A6,693 p.a., or Senior Research 
Scientist, $A6,963— $A8,045 p.a. Salary rates for women are $A428 p.a. less than the 
corresponding rates for men. Promotion within CSIRO to a higher classification is 
determined by merit. 


CONDITIONS The appointment, which carries with it Commonwealth Superannuation 
Fund or Provident Account privileges, will be conditional upon passing a medical examina- 
tion. An initial probationary period of twelve months may be specified. Fares paid for the 
appointee and his dependent family. Further particulars supplied on application. 


Applications (quoting Appointment No: 210/320) and stating full name, place, date and 
year of birth, nationality, merital status, present employment, details of qualifications and 
experience, together with the names of not more than four persons acquainted with the 
applicant's academic and professional standing, should reach :— 


Mr. R. F. Turnbull, 
Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
64-78, Kingsway, 
LONDON, W.C.2. by the 3rd January, 1969. 

{1790} 





MARINE BIOLOGICAL 


HUNTINGDON RESEARCH 


CENTRE KINGDOM 


ASSOCIATION OF THE UNITED 


ASSISTANT EXPERIMENTAL OFFICER 


TOXICOLOGIST 


Applications are invited from graduates 
in medicine, veterinary medicine, pharma- 
cology, or an appropriate biological sub- 
ject, for the position of Deputy Head of a 
large department concerned with assess- 
ment of toxic hazard. Previous experience 
in Toxicology is essential and ability to 

concise reports of experimental 
would be a decided advantage. The 
position also calls. for some administra- 
tive and supervisory experience, Salary 
commensurate with age, qualifications and 
experience. 











Please write in first instance, providing 
brief particulars, to the Personnel Officer. 
Huntingdon Research Centre. Huntingdon. 


{1810 








Applications are invited for the post of Assist- 
ant Experimental Officer to assist in tbe use 
and maintenance of a Philips EM 200 electron 
microscope. The person appointed will be ex- 
ected to have some experience of electron. micro- 
scopy, and some mechanical ability. He will 
help other members of staff with electron micro- 
scopy. will collaborate with other workers, and 
will be expected to undertake research work of 
his own. 

Qualifications: The minimum requirement is 
G.C.E. with two scientific/ mathematical subjects 
at Higher or A level, or equivalent. 

Age: 18 to 26. 

Salary: From January i. 1969, £650 (age 18) 
to £1,150 (age 26). Contributory superannuation 
under the Association's scheme (minimum age 
2D. 

Further particulars from Dr. Q. Bone, Marine 
Laboratory. Citadel Hill Plymouth. 0772) 
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UNIVERSITY OF LIVERPOOL 


SCHOOL OF ARCHITECTURE 
HOUSING RESEARCH UNIT 


THE STUDY OF 
TECHNOLOGICAL 
INNOVATION AND THE 
QUALITY OF THE FUTURE 
HUMAN HABITAT 


The Housing Research Unit has com- 
pleted a study of the motives and achieve- 
ments of owner-occupiers in improving 
homes. This study has shown a lack of 
organized knowledge of the effect of tech- 
nical innovation on the human dwellings 
and on the urban structures, material and 
social, in which they function. 

The Unit now intends to extend its work 
into. the general field of the interactions 
between housing and technical innovation. 
Its premise is, that innovations which in 
their beginnings do mot show any connec- 
tions with housing may eventually have 
fundamental effects on patterns of living ; 
yet such connections must be recognized 
early if future housing policy is not to be 
obsolete as soon as conceived. Within 
this general field the Unit will choose par- 
ticular areas of innovation, defining diis 
studies to permit rigorous investigations in 

ii, The examples may be chosen from 
historical or contemporary material. 

The members of the Unit will meed a 
capacity for the critical assimilation of in- 
formation from a wide range of sources 
and the ability to apply disciplined imagi- 
nation to the synthesis of its implications. 
They will require a background in the geo- 
graphical, natural, or social sciences and 
should normally have an Honours Degree 
in one of these fields. 

Posts now available are : 

Senior Research Assistant, who will have 
a major responsibility for the formulation 
and execution of the study. Appointment 
for three years in the salary range £1,685 

2.600 per annum (with F.S.S.U. mem- 


Research Assistants, appointment 
for one year in the first instance at a salary 
of £800 per annum, (Applications will be 
considered from men and women expecting 
to graduate in 1969 for thesc posts.) 

Further details may be obtained from 
the Registrar, The University, P.O, Box 
147, Liverpool, L69 3BX, by whom appli- 
cations should be received not later than 
December 31, 1968, Please quote Ref. 
RV/788!N. (1806) 





DEPARTMENT OF PHYSICS 
UNIVERSITY OF WINDSOR 
WINDSOR, ONTARIO, CANADA 


Applications are invited for the following staff 
appointments : 

1. EXPERIMENTAL  PHYSICIST (Atomic 
Physics), Preference will be given to candidates 
with interests in atomic collisions, optical pump- 
ing, or similar phenomena. 

2. THEORETICAL PHYSICIST. Preference 
wil be given to candidates with interests in the 
phy of atomic collisions. 

Successful candidates will be expected to jn- 
struct. in undergraduate and postgraduate courses 
and to devote a part of their time to research. 
Appointments may be made at the ranks of 
tant Professor, Associate Professor or Pro- 
essor at which properly qualied candidates can 
expect salaries of not less than $10,000, $13,000, 
and $16,000 per annum respectively. 

Inquiries should be addressed to Dr. L. 
Krause, Head, Department of Physics. 








» 


"E 







(04682) 
DEPARTMENT OF PHYSICS 
UNIVERSITY OF WINDSOR 
WINDSOR, ONTARIO, CANADA 
GRADUATE ASSISTANTSHIPS 
The Department of Physics offers teaching and 
research assistantships to students qualified for 
admission to graduate studies and wishing to 
proceed to the M.Sc. or Ph.D. in Physics. Re- 
search is proceeding to atomic collisions and 
atomic physics, E.S.R. and optical properties of 
solids, in non-linear optics, nuclear physics and 
relativistic physics. Stipends up to $4,000 per 
annum, depending on qualifications and duties in 
the department. 
Inquiries should be addressed to Professor L. 
Krause, Head, Department of Physics. 
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NEW ZEALAND 
Agriculture Department 


Applications are invited for the under- 
mentioned vacancy: 


Vacancy B 13/2/130/3810 


SCIENTIST (ENTOMOLOGIST) 


PLANT PESTS DIAGNOSTIC SERVICE, 
LEVIN AND AUCKLAND 


Salary: Payable up to $NZ6,.380 accord- 
ing to qualifications and experience. Fur- 
ther promotion available to $N2Z7,300 on 
scientific merit. 

Duties: Identification of insect pests on 
local and introduced plants and plant 
material. Undertake surveys of pests on 
horticultural crops and participate in the 
preparation of bulletins on pests of specific 
crops and their control. Assist advisory 
Officers with the identification of pests in 
the field and recommendations for control 
measures. 

Qualifications desired: Degree (honours 
preferred) in Science or Agricultural, Horti- 
cultural or Plant Science.  Majoring units 
Entomology or Zoology. Knowledge of 
microbiology or nematology an advantage. 

Passages: Fares for appointee and his 
wife and family, if married, will be paid. 

Incidental expenses: Up to £35 for a 
Single man and £100 for a married man can 
be claimed to cover the cost of taking 
personal effects to New Zealand. 

Application forms and general informa- 
tion are available from the High Commis- 
sioner for New Zealand, New Zealand 
House, Haymarket, London, $.W.1, with 
Jom. applications will close on January 


Please quote reference B 13/2/130/3810 
when inquiring. (1824) 





UNIVERSITY OF YORK 
DEPARTMENT OF BIOLOGY 


SENIOR LECTURESHIP, LECTURESHIPS, 
ASSISTANT LECTURESHIPS 


BIOCHEMISTRY : 


One or two posts, one of which may be a 
Senior Lectureship. For one of these preference 
will be given to a candidate who works with 
proteins. Ref.: 68/39/C. 


QUANTITATIVE AND POPULATION 
GENETICS : 


One or two posts, one of which may be a 
Senior Lectureship. For one of these, preference 
may be given to candidates with a knowledge of 
the genetics of plants. Ref.: 68/40/C. 


ENVIRONMENTAL AND POPULATION 
BIOLOGY : 


One Lectureship or Assistant Lectureship. 
Ref.: 68/41/C. 


PLANT PHYSIOLOGY : 


One Lectureship or Assistant Lectureship. 
Ref.: 68/42/C. 


Six copies of applications (one only from over- 
seas candidates), naming three referees. should 
è sent by January 6, 1969, to the Registrar, 
University of York, Heslington, York, from 
whom further details may be obtained. Please 
quote ref, numhers. 78D 


UNIVERSITY OF VICTORIA 
DEPARTMENT OF CHEMISTRY 


ASSISTANT PROFESSOR 


Applications will be received until February 
15. 1969, for appointment July 1, 1969, to the 
above position in a department with active in- 
teresis in both teaching and research. Usual 
major equipment available including N.M.R. Mass 
and Móssbauer spectrometers, and an IBM 360/ 
44 computer. Graduate school to Ph.D. level. 
Preference is for application from the fields of 
chemical spectroscopy, analytical or radiation 
chemistry. 

For further details. write: Head, Department 
of Chemistry, University of Victoria, Victoria, 
B.C., Canada. (718) 





The Open University 


The Open University Planning Committee wishes to proceed with the 
appointment of full-time academic staff. Applications are therefore 
invited for posts in the general fields of interest listed below ; they will 
be particularly welcome from people with experience and knowledge in 
two or more fields, as Open University courses will tend to cut across 
the boundaries of the traditional disciplines. 


Arts : Science : 
Literature Chemistry 
Fine Arts Geology 
Philosophy and Religion Social Sciences : 

Mathematics : Psychology . 
Pure Mathematics Sociology and Social Anthropology 
Applied Mathematics Economics | 
Numerical Analysis and Computing Political! Science 
Statistics Geography 


Appointments are available at Professorial level, and at levels equivalent to 
other grades of university staff, i.e. Reader, Senior Lecturer, Lecturer and 
Assistant Lecturer. Salary scales and conditions of service will be similar 
to those in other universities in the United Kingdom, and members of staff 
will be expected to devote a proportion of their time to private study and 
research. 


Successful candidates will be offered appointments at a level appropriate to 
their qualifications and experience ; but all candidates are asked to state the 
level of appointment for which they wish to apply. 

Applications giving the names of three referees should be submitted by Decem- 
ber 30, but will be accepted, in the case of overseas applicants until January 7, 
1969, 

Further particulars may be obtained from the Secretary. Open University 
Planning Committee, (M), 38 Belgrave Square, London, S.W.1. (1792) 


Physics 


History l 
Biology 





TORRY RESEARCH STATION 
Ministry of Technology, Aberdeen 


MICROBIOLOGIST (graded Experimental Officer) required for duties connected with 
the National Colection of Industrial Bacteria, including responsibility for the day-to- 
day running of the collection and supervision of the checking and presentation of 
cultures, and the information service relating to the activities of the collection. Oppor- 
tunities exist for research, particularly in taxonomy „and for further developmen: of 
the services provided by the collection. Experience in bacterial taxonomy an advan- 
tage. Fellowship of the Institute of Medical Laboratory Technology is acceptable as 
a qualification for this post. 


Qualifications : Degrec, H.N.C.. or equivalent in appropriate subject, 
Salary from January 1. 1959 (minimum age 26): £1,514 to £1,910. 
Prospect of permanent pensionable appointment. 


APPLICATION FORMS from the Director, Torry Research Station, P.O. Box 31, 
115 Abbey Road, Aberdeen, ABO 8DG. Please quote HC/2D/1675/G. Closing date 
December 9, 1968. 780) 





UNIVERSITY OF EDINBURGH 
RESEARCH BIOCHEMIST 


UNIVERSITY OF WARWICK 
SCHOOL OF PHYSICS 





Applications are invited for a RE- 


Applications are invited for the post of 
Research Biochemist in the Department of 
Obstetrics and Gynaecology to join a re- 
search team concerned with the biochemi- 
eal aspects of ovarian function. Ph.D. or 
equivalent degree preferred but Honours 
B.Sc. in Biochemistry would be considered 
if the applicant were suitable to work for 
a higher degree. Salary Scale £1,200 to 
£1,750 per annum, depending on age and 
experience. 

Applications, together with the names of 
two referees, should be sent to Dr. D. 
Baird, University of Edinburgh, Depart- 
ment of Obstetrics and Gynaecology, 39 
Chalmers Street, Edinburgh 3. 0784) 


SEARCH FELLOW to carry out a funda- 
mental investigation of impact [failure in 
brinule solids, in particular, glass ceramics. 
Applicants should have a Ph.D. degree 
have had equivalent postgraduate experi- 
ence in the physics of materials or physical 
metallurgy. 

Starting Salary will be in the range 
£1,105 to £1,340 and the post will carry 
F.S.S.U. benefits. 


Further particulars may t 












obtained: from 


the Registrar, University of Warwick. 

Coventry CV4 7AL. Applications should 

be received by December 21, 1968. 
(1823) 
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Research Biochemist 


for their expanding Research and Development Department. 


QUALIFICATIONS: A 1st2nd Class Honours Degree in i remistry or Chemistry. and 


M.Sc. or Ph.D. resulting from resea carbohydrates with particular 
reference to enzymic conversion $ 


EXPERIENCE: aperi nios 


research 


e and interest in the application of results of such fundamental 
o the solution of current production research problems in 
the cereal food industry would be a dec i advantage. This new appointment 
affords an opportunity for a man to ultima develop a section in a 
new labore Eu d at an early stage. ( rtunity to keep abreast of scientific 
j id industrial Hors through attendance 
pre vide Salary will reflect the 


Sec 





Preferred age: 28 to 40 years, 


Resume of qualifications d including availability, with the names of three 
referees, should be submitted to: 





Company Personnel Administrator, 
Kellogg Company of Great Britain, Limited, Park Road, Stretford, Manchester, 





Q844) 





UNIVERSITY OF ALBERTA 
EDMONTON, ALBERTA, CANADA 
Teaching Assistantships, Research Assist- 
antships, and Post- Doctoral Fellowships are 
available for Postgraduate Studies in Food 
Chemistry ; Food Microbiology and Food 
Engineering and Technology. 
Stipends: $2,400 to $3,000 for Graduate 
Research Assistantships ; $4,000 to $4,600, 
plus academic fees and travel allowance for 


graduate teaching and service assistant- 

about £2,500 ships ; $6,000 plus, travel allowance for 
post-doctoral fellowships. 

For further information. write to the 

ie d : i i i i 1 Faculty of Graduate Studies, University of 
This is à new appointment ina leading international group producing Alberta, Edmonton, Alberta, Canada. 
first quality seeds in variety for agricultural and horticultural operations 0747) 
and for retail outlets. Subject only to the Board's overall control, 
the successful candidate will work largely on his own initiative and will 
direct the efforts of a small team towards the attainment of specific 
commercial objectives. Preferably in his 30's, he will have a good degree 
in Botany and previous experience of similar work in a research or 
commercial context. The prospects are good. There is a pension 


scheme and removal assistance will be available. 




















UNIVERSITY OF LONDON 
KING'S COLLEGE 
DEPARTMENT OF GEOGRAPHY 
Applications are invited for the post of 
LECTURER or ASSISTANT LECTURER 
with special interest in Meteorology and 


Climatology. The successful applicant will 
be required to lecture in these fields and 


Ask MSL to send you, without obligation, specially prepared infor- 
mation about this appointment (ref: U.80G.) Every enquiry will 


be treated as confidential. Write or telephone at any time. 


to take a major interest in the East African 
Rainfall Project in which the Department 
is concerned, and to initiate research work 
at the new College Field Centre as well as 
normal staff duties. 


MEL 


INFORMATION CENTRE 


17 Stratton Street, London, W.1. 
Telephone: 01-499 7131 


Salary scales: (0 Lecturer, £1.470 to 
£2,630 pius £60 London Allowance ; th) 
Assistant Lecturer, £1,105 to £1,340 plus 
£60 London Allowance and F.S.S.U. bene- 
fits. 

Conditions of appointment and applica- 
tion forms may be obtained from tbe 
Registrar, King's College London, Strand, 
W.C.2, and should be returned to him by 


0796) December 31, 1968. (0783) 
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principal research officer HC 


Applications are invited for this newly-created post, to be based at Wembley. The Principal 
Research Officer, who will be responsible to the Director, will be required to formulate r 
mendations on research policy, to initiate projects within agreed policy and to supervi 
co-ordinate these projects as appropriate. He will be required to maintain a close liaise 
Universities, Technical Colleges and other research agencies, including Government Dep 
and to work closely with the Board's Headquarters and Regional Training and Administrat 
staff. 

A degree (possibly in Statistics, Soc.al Sciences or Economics) and research experience are 
essential. Because of the importance of statistical investigations and manpower forecasting a 
knowledge of survey methods would be useful. Previous experience in the hotel and catering 


industry is not a requirement. 
Salary will be negotiable up to £3,500. 


Supporting staff in the Senior Research Officer and Research Officer grades are also required to 
conduct investigations into future manpower requirements, long term training n ds and into new 
methods by which these needs might be met. In addition to these extended projects the researc 
team will be required from time to time to mount short term ad hoc investigations in support of 
the training, administration and finance divisions. 

Applicants should be graduates (or hold appropriate equivalent professional qualifications) and 
have relevant experience in the research, statistical or survey fields. Previous experience in the 
hotel and catering industry is not a requirement. 

Salary will be negotiable up to £3,000 (Senior Research Officer) or £2.000 (Research Officer). 
Further information and application forms quoting reference NT/1 may be obtained from the 
Personnel Officer, Hotel & Catering Industry Training Board, Ramsey House, Central Square. 











research officers 











Wembley, Middlesex. Closing date for applications 10th December, 1968. 


HOTEL AND CATERING INDUSTRY TRAINING BOARD 


AUSTRALIAN NATIONAL 
UNIVERSITY 
INSTITUTE OF ADVANCED STUDIES 
THE JOHN CURTIN SCHOOL OF 
MEDICAL RESEARCH 
DEPARTMENT OF MEDICAL CHEMISTRY 


Applications are invited from physical chemists 
for the position of Research Fellow in the De- 
partment of Medical Chemistry (Head of Depart- 
ment: Professor Adrien Albert). 

The successful applicant will be a member of 
a group, under the direction of Dr. D. D. Perrin, 
which is making quantitative studies of the equi- 
libria between metal ions and complexing species, 
especially in relation to biological systems, Most 
of the work is concerned with the accurate deter- 
minations of stability constants and oxidation- 
reduction potentials, and with their application 
to. multi-metal-multi-ligand mixtures. An IBM 
model 50 electronic computer and a range of 
computer programmes are available for arith- 
metical calculations. 

Applicants should hold the degree of Doctor 
of Philosophy or have had equivalent experience 
in research. The salary of a Research Fellow 
is determined in the range $45,400 to $A7,250 
depending on qualifications and experience. Ap- 
tment is usually for three years in the first 
i ssible extension to five years. 
on is on the P.S.SAJ. pattern with 
supplementary benefits Reasonable travel ex- 
penses are paid and assistance with housing is 
provided. 

Further. particu 
method of 
Association C : h Univers 
(Branch Office}. Mar House, Pall 
London S.W.i. Applications close on 
15, 1969, G7 
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bis from 


















UNIVERSITY OF WARWICK 


PROFESSORSHIPS IN THE 
BIOLOGICAL SCIENCES 


The University intends to appoint to one 
Chair, or, if appropriate, two Chairs of 
Biological Sciences and invites applications 
from qualified candidates in Biology, par- 
ticularly in the general areas of molecular 
and cell biology (c.g.. biochemistry, micro- 
biology, microbial genetics). It is intended 
that the first developments in the hiologi- 
cal sciences will be in co-operation with 
Uu ready established School of Molecular 
Sciences, which contains a biochemical 
component. 

k is hoped that the person(s} appointed 
may able to take up appointment for 
the academic year 1969-70. 

Salary in the Professorial range £3,570 to 
£4,990. 

Applications should be sent by January 
20, 1969, to the Registrar, University of 
Warwick. Coventry CV4 7AL, from whom 
further details are available on request, 

(1793) 


GAS CHROMATOGRAPHY 
—MASS SPECTROMETRY 


The Rheumatism Research Unit, Nether Edge 
Hospital, Sheffield offer a 12 to 18 months ap- 
poinmimeni for work on GC-MS in relation to 
chemical pathology. Salary according to qualifi- 
ss and experience. 

Inquiries and applications to Dr. H. F. WEST. 
(1819s 











(IBID 


UNIVERSITY OF CAPE TOWN/ 
PROVINCIAL ADMINISTRATION 
OF THE CAPE OF GOOD HOPE 
LECTURER (REGISTRAR) IN ANATOMY 


Applications are invited from medical gradu- 
ates or other suitably qualified pe for a 















of Lecturer (Registrar) in Anatom he success- 
ful candidate will be required participate in 


the teaching of Anatomy to medical and medical 
auxiliary students. 

The post will fall under the join: University- 
Provincial Medical Service with University con 
dons of service, and is on the Joint Medical 
Service Registrar grade salary scale of R3.300 ta 
R3,360 to. R3,600 to R3,900 by RISE to R4.500 
per annum. The commenci lary will be d 
termined by the qualific: experience 
the applicant. Applicants ie their 
qualifications and experience, The names 

esses of two refer whom the Uni 








































don should 


neral, Assoc of 
s (Branch Office), Marlborough F 
Pall Mali, London, S.V (from whom 





randa giving the general conditions of 
cluding transport expenses on appoint A 
information on the work of the Department 
should be obtained) not later than January 31, 
1969, A third copy of the application. with a 
recent photograph and medi should 
be sent direct by airmail 
versity of C. : 
Cape Town, 

The succ 
assume duty on August 1, 
possible thereafter, The U 
right to appoint a person 6 
applicants, or to make no ap 
































tment. 
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Pharmacologists - 











Opportunities exist in the Research and Development 
Department located at jealott’s Hill, near Bracknell, 
Berkshire, for Experimental Officers to work in the 
Synthetic Chemistry Section. Applications will be con- 
sidered from Chemists with an Honours Degree, G.R.1.C. 
or equivalent qualiccation in organic chemistry. 


ICI Pension and Profit-sharing Schemes apply together 
with a flexible system of salary progression. 

Please apply in writing, giving brief details only, in the first 
instance to: 


We are seeking an individual for an unusual opportunity. 


He should have a sound background in experimental 
CNS pharmacology combined with good chemical 
instincts and ideally, an interest in biochemical pharma- 
cology. He will collaborate with organic and bio-órganic 
chemists. Much of the work creates opportunities for 
publication. 


Principal areas of research will involve studies of 
behavioral drugs, psychotomimetics and other drugs of 
abuse, CNS stimulants and depressants, narcotics and 
analgesics. On our horizon is a strong interest in 
pharmacokinetics, 


n addition to the challenge of the work itself there are 
unique rewards to be derived from the experience of 
working with a technically based consulting company 


staffed by professionals with a wide diversity of interests. 


We invite you to submit a résumé and description of your 
interests to 


Arthur M. Little, Inc. 


RESEARCH ® ENGINEERING © MANAGEMENT CONSULTING 
Cambridge, Massachusetts 02140 617 864-5770 


An Equal Opportunity Employer 
(1788) 


CHEMISTS 


ICI AGRICULTURAL DIVISION 
PLANT PROTECTION LIMITED 


J. M. Round, 
Personnel Officer, 


PLANT PROTECTION LIMITED 


Fernhurst, 
Haslemere, Surrey. 


tee? 


(1785) 
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DEPARTMENT OF POULTRY 
SCIENCE 


UNIVERSITY OF BRITISH COLUMBIA 
POSITION VACANT 


Applications are invited for the position 
of ASSISTANT or ASSOCIATE PROFES- 


SOR in the field of poultry nutrition. Can- 
didates are to have a Ph.D. degree and 
will be responsible for teaching at the 
undergraduate and graduate level as well as 
directing and conducting research, 


Applications to be sent to the Chairman 
of the Department of Poultry Science, The 
Faculty of Agricultural Sciences, The Uni- 
versity of British Columbia, Vancouver 8, 
Canada. (835) 


UNIVERSITY OF EAST AFRICA 
MAKERERE UNIVERSITY COLLEGE 
UGANDA 
Applications are invited for the following 

posts : 

SENIOR LECTURESHIP OR LECTURESHIP 
IN AGRONOMY IN DEPARTMENT OF 
CROP SCIENCE AND PRODUCTION. 

LECTURESHIP IN GEOLOGY in an expand- 
ing department. Applicants should be speclalised 
in Petrology and preferably Geochemistry, al- 
though other interests will be considered, 

Salary scales; Senior Lecturer, £U1,950 to 
£U2,615 per annum; Lecturer, £U1,350 to 
£02,230 per annum (£Ul=<£1, 3s. 4d. sterling). 
Salary supplemented in appropriate cases under 
British Expatriates Supplementation Scheme in 
range £345 to £505 per annum (sterling). 
FASI: Family passages; regular overseas 





Detailed applications (six copies), naming three 
referees, by January 15, 1969, to Inter-University 
Council, 33 Bedford Place, London, W.C.1, 
from whom particulars are available. (1825) 


- AHMADU BELLO UNIVERSITY - 
ZARIA, NIGERIA 


Applications are invited for the following ap- 
pointments in the DEPARTMENT OF CHEM- 
ISTRY: 

(D PROFESSORSHIP OF BIOCHEMISTRY, 
Appointee will be responsible for the teaching of 
the subject in the Faculties of Science, Medicine 
and Veterinary Medicine. Medically qualified 
appointee may undertake hospital duties for 
which extra remuneration is paid. 

(ii) PROFESSORSHIP OF ORGANIC CHEM- 
ISTRY. 

Appointees will be required to direct research 
in their fields and to undertake a limited amount 
of administrative work. Salary £N3,000 per 
annum (£NI-£i 3s. 4d. sterling. Salary sup- 
plemented by £600 per annum (sterling) in ap- 
propriate cases under British Expatriates Supple- 
mentation Scheme. Family passages: superan- 
nuation ; various allowances; regular overseas 
leave. 

Detailed applications (six copies) naming three 
referees by January 15, 1969, to Inter-University 
Council, 33 Bedford Place, London, W.C.1. from 
whom particulars are lable. (1826) 

MEDICAL RESEARCH COUNCIL. 

NATIONAL INSTITUTE FOR MEDICAL 

RESEARCH 

Senior Scientist (biochemist or medical) to work 
in the Division of Biological Standards on quan- 
titative characterization of factors in the coagula- 
ion and fibrinolytic systems in blood, Excellent 
opportunities to engage in original research and 
to collaborate with other biochemists and biolo- 
gists. The appointment will be for three years 
in the first instance, but is renewable. F.S.S.U. 
benefits. 

Apply, as soon as possible, to the Director, 
National Institute for Medical Research, Mili 
HiH, London, N.W.7, from whom further par- 
Heulars may be obtained. (1793) 











G.K. BUREAU 

SCIENTIFIC APPOINTMENTS 
are secking Veterinary Surgeons, Chemists, 
Physicists, Applied Biologists and Geolo- 
gists. TECHNICIANS for animal houses, 
colleges, hospitals, research centres or in- 
dustry. ss J. Hortin, 195 Oxford Street. 
London, W.1, 001-636-6858. No fees to 
pay. 776) 
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The Rheology section of this large and 
growing laboratory requires a Physicist or 
Physical Chemist to specialise in the study 
of material properties of dispersed systems. 
The section is concerned with the inter- 
pretation of rheological properties in terms 
of interactions between structural units. 
Some knowledge of continuum mechanics 
is an advantage. 

The laboratory is situated in modern 
buildings near Rotterdam and currently 
employs some 1,000 people. It is engaged in 
the entire spectrum of industrial research, 
from pure research for the purpose of pro- 
viding a deeper understanding of certain 


Physicist or 
Physical Chemist 


required by Unilever Research Laboratory, 
Vlaardingen, Netherlands. 


branches of science related to the Com- 
pany's activities at one end, to practical 
application in products and processes at 
the other. 

Candidatesshould possessa good honours 
degree in chemistry. Consideration will be 
given to assistance with removal expenses. 
Initial interviews will be held in the United 
Kingdom. 

Please write in the first instance to: 

Mr. L. A. Verwey, 

Unilever Research Laboratorium, 

Olivier Van Noortlaan 120, 

Vlaardingen, Netherlands. 











(1846) 
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CAMBRIDGESHIRE AND ISLE OF 


ELY EDUCATION COMMITTEE 


CAMBRIDGESHIRE COLLEGE OF ARTS 
AND TECHNOLOGY 


HEAD OF THE DEPARTMENT OF SCIENCE 


Applications are invited for the post of Head 
of the Deparement of Science at the Cambridge- 
shire College of Arts and Technology. The De- 
partment provides full-time degree and "A" 
level courses, and a wide range of part-time 
courses at Associate Membership, H.N.C., and 
O.N.C. level, in Biological Sciences, Mathematics, 
Computing, Physics, Chemistry and Geology. 
Candidates must have good academic qualifica- 
tions in Science. Experience in teaching, admin- 
istration, and either research or industry is desir- 
able, but applicants without these qualifications 
who appear suitable will be considered, Salary 
scale: Head of Department Grade V, £3,090 to 


UNIVERSITY OF LONDON 


INSTITUTE OF LARYNGOLOGY AND 
OTOLOGY 


LECTURER IN MORBID ANATOMY AND 
HISTOPATHOLOGY 


The duties of this post include diagnostics, 
teaching and research work. The Lecturer ap- 
pointed will hold an honorary contract with the 
associated Royal National Throat, Nose, and Ear 
Hospital as Senior Registrar. Salary scale, £1,745 
to £2,820. (The Department of Pathology and 
Bacteriology of the Institute is recognized for 
Final Examination training of pathologists in 
morbid anatomy and histopathology and medical 
microblology). 

Applications, including the names of two 
referees, should be received not later than 
December 31, 1968, by the Secretary-Administra- 
tor, Institute of Laryngology and Otology, 330/ 
332 Gray's Inn Road, London, W.C.1. 

(1628) 


UNIVERSITY COLLEGE OF 


NORTH WALES 
BANGOR 


SCHOOL OF PLANT BIOLOGY 


Applications are invited for the post of 
RESEARCH ASSISTANT to work with 
Dr. W. S. Lacey on a study of African 
Fossil Plants. Some experience of palae- 
ontology and stratigraphy would be an 
advantage but is not essential. 


The post is financed by N.E.R.C. and is 
for one year in the first instance, starting 
from as soon after the closing date as can 
be arranged. 

Initial salary £730 to £800 per annum 
with superannuation. 

Applications (two copies) giving details 
of age, qualifications and experience, to- 
gether with the names and addresses of 
two referees, should be sent by December 
16, 1968, to the Registrar, University Col- 
lege of North Wales, Bangor, from whom 
further particulars may be obtained. 


0817) 





NATIONAL VEGETABLE 
RESEARCH STATION 


BIOLOGIST OR SOIL SCIENTIST 


required for studies on soil water available 
for plants, and explokation of soil water 
by crop root systems. 
Good Honours degree in natural sciences. 
Appointment as Scientific Officer (£1,020 
to £1,749). 


Particulars NURS. 


from Secretary, 

Wellesbourne, Warwick. 
Closing date December 20, 1968. 

(1818) 





UNIVERSITY OF QUEENSLAND 
BRISBANE, AUSTRALIA 
RESEARCH FELLOW--ISOTOPE GEOLOGY 


Applicants should have a Ph.D. in Geology, 
Chemistry or Physics with appropriate Research 
experience. The appointee will work with Pro- 
fessor A. F. Wilson and Dr. L. R. Davidson 
on the application of oxygen isotopes to prob- 
lems in metamorphic and igneous geology. An 
extraction line, specially constructed for prepata- 
tion of gases from silicates, and an Atlas CH4 
mass-spectrometer serviced by skilled technical 
officers, are available, Opportunity to co-operate 
ín unique project sponsored by Australian Ree 
search Grants Council. The appointment is until 
December 31, 1969 in the first instance. Salary 
will be within the range $A5,400 to $5,650 per 
annum. The appointee will be eligible for Super- 
annuation similar to F.S.S.U., and economy air 
fare to Brisbane. 

Applications, stating age, qualifications, and 
experience and the names of three referees, 


4067, Australia, Applications close on December 
14, 1968. 


UNIVERSITY OF ALBERTA 
DEPARTMENT OF BOTANY 

Applications are invited for the position of 
ENVIRONMENTAL PLANT PHYSIOLOGIST. 
Related areas of research offered by the Depart- 
ment are Ecology, Developmental Physiology and 
Plant Biochemistry. Research opportuniies will 
be greatly enhanced by the completion of 
entirely new facilities in the fall of 1969. Teach- 
ing duties would involve pardcipation in elemen- 
tary biology and physiclogy courses. Depending 
upon the candidates’ qualifications, rank and base 
salary for the position are: Assistant Professor, 
$9,500: Associate Professor, $13,000; Fall Pro- 
fessor, $17,500. 

Applicants should send curriculum vitae, publi- 
cation Est, and names of three referees io Dr. 
Wilson N. Stewart, Chairman, Department of 
Botany, University of Alberta, Edmonton, 
Alberta, Canada. 07233 














GOVERNMENT OF 
NORTHERN IRELAND 


* Ministry of Agriculture 


SENIOR SCIENTIFIC 
OFFICER / SCIENTIFIC 
OFFICER 


Permanent and pensionable post in Crop and 
Animal Husbandry Division located at Hills- 
borough, Co. Down. 

Duties: To undertake investigations into the 
production and utilization of grass. 

Qualifications: First- or Second-Class Honours 
degree in Agriculture and preferably appropriate 
postgraduate experience. 

The successful candidate may be required to 
undertake teaching duties in the Faculty of Agri- 
culture, Queen's University, Belfast. 

Salary scales: Senior Scientific Officer, £1,866 
to £2,306 (from January 1, 1969, £1,925 to 
£2,372); Scientific Officer, £991 to £1,684 (from 
January 1. 1969, £1,020 to £1,740). 

Grading and starting salary will be related to 
qualifications and. experience. Application forms 
obtainable from The Secretary, Civil Service 
Commission, Stormont, Belfast, BT4 3SZ, must 
be returned by December 20, 1968, please quote 
S.B.120/68/64. 0775) 


AUSTRALIAN NATIONAL 
UNIVERSITY 
INSTITUTE OF ADVANCED STUDIES 
RESEARCH SCHOOL OF BIOLOGICAL 
SCIENCES 


Following the appointment of Dr. G. A. 
Horridge as Professor of Biology in the Research 





for the analysis of behaviour at the neuron level, 
such as electrophysiology, electron microscopy, 
anatomical tracing of neurons; a good know- 
ledge of physics, statistics or German would be 
an advantage, Appointments can be made in 
the following categories: Senior Fellow, $A8,750 
to $A10,274; Fellow, $A6.400 to $A8,740 ; 
Senior Research Fellow, $A7,800 to $49,324 ; 
Research Fellow, $45,400 to $47,250. 

2. Behaviour of Australian Mammals or Birds. 
It is hoped to make a senior appointment as 
Professorial Fellow, $A11,050. 

Professorial Fellows and Senior Fellows are 
entitled to one year's study leave in every six 
years’ service, and a Fellow one year in every 
seven years’ service, on full pay. A contribution 
towards travel and other expenses on study leave 
is paid. 

Professorial Fellows are appointed to retiring 
age, Senior Fellows and Fellows are appointed 
for an initial period of five years; thereafter 
they may be reappointed until retiring age. 
Senior Research Fellows and Research Fellows 
are usually appointed for three years, which can 
later be extended to five years. 

All appointments carry superannuation on the 
F.S.S.U, pattern with supplementary benefits, 
reasonable travel expenses (both ways for tem. 
porary posts) and assistance with housing. 

Further particulars may be obtained from the 
Association of Commonwealth Universities 
(Branch Office), Marlborough House. Pall Mall, 
London, S.W.i. Applications close on January 
31, 1969 0720) 








IONS INVITED FOR POST OF 
Chief Il Technician in technical charge of ex 
panding Regional Cytology Centre in newly built 
premises. A large gynaecological population 
Screening programme is involved, together with a 
general diagnostic hospital cytology service. Ap- 
plicant expected to take part in various research 
programmes at present involving cytopipette, 
enzyme techniques, cell counters and pattern 
recognition instrument, also in teaching pro- 
gramme. Extensive experience ín cytology and 
histochemistry essential.—All inquiries and ap- 
plications to Consultant Pathologist in Charge, 
Regional Cytology Centre, Group Pathological 
Laboratory, St. Stephen's Hospital, Chelsea, 
S.W.10. (1767) 








JUNIOR POSITION IN ENVIRONMENTAL 
toxicology. Academic position open at Univer- 
sity of California, Davis. Duties research and 
teaching in environmental toxicology. Educa- 
tional prerequisite Ph.D. in chemistry, bio- 
chemistry, chemical engineering or closely related 
discipline, Experience in field desirable but no: 
essential. Prefer person under 40 years of age.— 
Send curriculum vitae to Dr. G. F. Stewart, 
Agricultural Toxicology Laboratory. University 
of California, Davis, California, U.S.A.. 95616. 

(1600) 





GRADUATE IN 
AGRICULTURAL SCIENCE 


OR 


AGRICULTURAL 
ENGINEERING 


required at the Potato Marketing Board's 
Experimental Station at Sutton Bridge, 
Lincolnshire, to conduct research into 
various methods of harvesting, transpori- 
ing, handling, sorting and grading of 
potatoes. The appointment to be made in 
the Scientific Officer Grade £991 to £1,740 
per annum. 


Qualifications : Applicants should have 
an Honours degree with some experience 
of field experimentation and/or operations 
research. 


Applicants without experience of oper- 
ations research will be considered. Suit- 
able training in this subject will be pro- 
vided. 


Applications in writing to: 
Establishment Officer, 
Potato Marketing Board, 
50 Hans Crescent, 
Knightsbridge, 
London S.W.1. (1820) 





M&B 
BIOCHEMIST 


May & Baker Ltd have a vacancy in the 
laboratories of their Research Institute at 
Dagenham Essex for a Biochemist to join 
a research team in the Biochemistry Divi- 
sion. 


Applications are invited from men and 
women who have an honours degree in 
Biochemistry and particularly from those 
with an interest or postgraduate experience 
in drug metabolism and enzymology. Inter- 
disciplinary contacts are encouraged and the 
successful applicant will be able to par- 
ticipate in joint programmes of research 
with pharmacologists, microbiologists, para- 
sitologists and organic and physical 
chemists. 

Staff Pension Fund and Life Assurance 
Scheme in operation. 

Apply initially in writing to Personnel 
Officer. May & Baker Ltd Dagenham Essex 
quotíng Reference No. 138/68. (1804) 





UNIVERSITY OF LEICESTER 
DEPARTMENT OF GENETICS 


Applications are invited for (a) a LEC- 
TURESHIP in microbial genetics and (b) 
a second LECTURESHIP, preferably in the 
field of population genetics, Applications 
from candidates with experience and inter- 
ests in other aspects of genetics or in cyto- 
logy will also be considered. 

Salary according to qualifications and 
experience on scale £1,470 to £2,630 a 
year, with membership of F.SS.U. 

Further particulars from the Registrar, 
to whom applications should be sent by 
December 11. (1816) 





WYE COLLEGE 
(UNIVERSITY OF LONDON) 


LECTURER IN ANIMAL 
PRODUCTION 


Applications are invited for the post of 
Lecturer in Animal Production with respon- 
sibility for the Pig Research Section. 

The appointment will be made according 
to qualifications and experience in the Lec- 
turer grade, for which the salary ranae is 
£1.470 to £2.630 per annum with super- 
annuation under the F.S.S.U. 

Further particulars may be obtained from 
the Secretary, Wye College, Near Ashford, 
Kent, to whom applications should be sub- 
mitted by December 30, 1968. 0779) 
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WOOLWICH POLYTECHNIC 
LONDON, S.E.18 
DEPARTMENT OF BIOLOGY AND CELL 
SCIENCE 

Applications are invited for the post of 

RESEARCH ASSISTANT 

Vacancies exist for postgraduate Research 
Assistants to study the following problems: 

GO Cytochemical and biochemical studies of 
hydroloses during the ceH cycle, cellular differen- 
tiation and ageing. 

(b) Movement of soluble compounds and ions 
ín insects. 

Facilities will be available for study for a 
higher degree. 

Salary scale: £870 by £30 (2) to £930 per 
annum. 

Further particulars and application form (to 
be returned as soon as possible) from the Clerk 


to the Governing Body, Wellington Street, Lon- 
770 





UNIVERSITY OF READING 

The Department of Microbiology has vacancies 
in its modernized and wcll-cquipped laboratories 
for: 

CHIEF TECHNICIAN (£1,294 to £1,475 per 
annum) to supervise the laboratory services in 
the section dealing with teaching and research 
in microbial physiology and biochemistry. Ex- 
perience of equipmext used in biochemical 
research essential. 

SENIOR TECHNICIAN (£987 to £1,225 per 
annum) to supervise the production of sterile 
materials for teaching and research in all aspects 
of microbiology. 

TECHNICIAN (£722 to £1.007 per annum) to 
assist a group engaged in virological research. 

Salary according to qualifications and experi- 
ence, Pension scheme. Apply in writing, stating 
post applied for and quoting T.20, to Assistant 
Bursar (PersonneD, University of Reading. Read- 
ing. Berks. (1829) 


PHYSICAL CHEMIST 


A physical chemist is required to investigate 
the activity coefficients, reaction rates and 
equilibrium constants of non-ionic organic com- 
pounds. Applicants possessing a good honours 
degree will be considered but preference will be 
given to those with postgraduate experience. 
This is a new post and offers an unusual oppor- 
tunity to conduct basic physico-chemical studies. 


STATISTICIAN/ 
MATHEMATICIAN 


A vacancy has arisen for a well qualified statis- 
tician to join a research team of biochemists and 
analysts. The successful candidate will be 
responsible for developing statistical analyses 
associated with panel testing. Applicants should 
preferably have had postgraduate experience but 
those with good honours degrees will be con- 
sidered, / 

The salary for the above two posts wil de- 
pend on qualifications and experience and will be 
broadly similar to that paid for equivalent uni- 
versity appointments. There is a non-contribu- 
tory pension scheme. 

Applications should be made to the Manager, 
Glenochil Research Station, Scottish Grain Dis- 
tillers Limited (a subsidiary of the Distillers Com- 
pany Limited), Menstrie, Clackmannanshire, 
Scotland. (1803) 


UNIVERSITY OF GLASGOW 


CHAIR OF MICROBIOLOGY 

Applications are invited for appointment to the 
Chair of Microbiology in the Faculty of Science, 
which has become vacant by the death of Pro- 
fessor I. R. W. Lominski. 

Applications (20 copies), in the case of over- 
seas applicants one copy, with the names of three 
persons to whom reference may be made, should 
be submitied not later than December 14, 1968, 
to the undersigned from whom further particulars 


y be obtained. 
T ROBT. T. HUTCHESON. 
Secretary of the University Court. 
(709) 


REQUIRED FOR 












CHIEF TECHNICI 
Zoology Department, iversity of Aberdeen. 
H.N.C. or equivalent qualification (not necessarily 
in Biology) required. Administrative and techni- 
cal experience in a large University department 
an advantage. Salary on s £1,294 to £1,473. 
—Applications, giving details of age, qualifica- 
tions and experience, and the names of two 
referees, should reach the Secretary, Marschal 
College, University of Aberdeen, Aberdeen, ABO 
IAS, by January 10, 1969 and quote Reference 
No. 237/68. (1828) 











UNIVERSITY OF GLASGOW 
DEPARTMENTS OF BIOCHEMISIRY AND 
ZOOLOGY 


RESEARCH ASSISTANT required to join a 
newly formed Group investigating the release of 
amino acids from insect nerves during nerve- 
muscle transmission. Experience In biochemical 
and/or physiological research would be an ad- 
vantage but is not essential. The appointment 
will be for one year in the first instance and 
renewable annually for a further period of two 
years with a commencing salary of £950 per 
annum rising to £1,050 per annum. F.S.S.U. 

Applications (three copies), together with the 
names of two referees, should be sent to the 
Secretary of the University Court, The University 
of Glasgow, Glasgow, W.2, not iater than 
December 14, 1968. 

ROBT. T. HUTCHESON. 
Secretary of the University Court. 
(760) 





Applications are invited for two offices of 
UNIVERSITY DEMONSTRATOR IN 
BIOCHEMISTRY 
the appointments to take effect from April 1, 
1969, or as soon as possible thereafter. The 
annual stipend of a Demonstrator is £1,260 to 
£1,650 with initial placing above the minimum 
where appropriate. The maximum tenure is five 
years. There is a grant towards removal ex- 

penses. 

Ten copies of applications, together with the 
names of not more than three referees, should 
be sent to G. R. Anderson, The Old School. 
Cambridge, to arrive not later than Januarv 6. 
1969. * (0756) 


ST. MARY'S HOSPITAL MEDICAL 


SCHOOL 
(UNIVERSITY OF LONDON) 
PADDINGTON, W.2 

Applications are invited for the appointment of 

LECTURER IN THE SURGICAL UNIT 
from candidates who are experienced lipid 
chemists to undertake research work. Salary 
within the scale £1,895 to £2,630 plus £60 London 
Allowance, together with superannuation. 

Applications (two copies), together with the 
names of two referees, should be sent by Decem- 
ber 16, 1968, to the Secretary, from whom fur- 
ther particulars should first be obtained. 


(1763) 


QUEEN ELIZABETH COLLEGE 
(UNIVERSITY OF LONDON) 
CAMPDEN HILL ROAD. W.8 

DEPARTMENT OF CHEMISTRY 


Applications are invited from good honours 
graduates in chemistry or biochemistry for a Re- 
search Asgigtantship to work on the determination 
of the flavour compounds of certain natural food- 
stuffs. The successful applicant could be a 
candidate for the degree of Ph.D. 

Applications, giving curriculum vitae and the 
names of two referees. should be sent to Dr. 
A. J. MacLeod (1802) 








RESEARCH OPPORTUNITIES 
IN BIOCHEMISTRY 
QUEEN'S UNIVERSITY 

KINGSTON, ONTARIO, CANADA 

An opening is available for a recent GRADU- 
ATE in CHEMISTRY or BIOCHEMISTRY to 
carry out research on the metabolism of steroid 
hormones and polycyclic hydrocarbons. Prefer- 
ence will be given to applicants wishing to take 
a higher degree in Biochemistry but others are 
also invited to apply. 

Curriculum vitae and further inquiries should 
be sent to Professor P. H. Jellinck, Department 
(1787) 


COUNCIL 


FOOD RESEARCH INSTITUTE 
NORWICH 


MYCOLOGIST required in the Microbiology 
Division of this new institute to initiate research 
work on physiological and ecological problems 
relating to food production and spoilage. Quali- 
fications: Ph.D. and research experience in 
mycology. Salary: according to age and post- 
graduate experience — either Scientific Officer 
(£1,290 to £1,740) or Senior Scientific Officer 
(£1,925 to £2,372). Superannuation: under 
F.S.S.U. 

Application forms and further particulars from 
Secretary, Food Research Institute, Colney Lane, 
Norwich, NOR 70F. quoting reference 68/7. 

(1807) 





NORTHERN POLYTECHNIC 
HOLLOWAY, LONDON, N7 


DEPARTMENT OF MATHEMATICS 


The Governing Body invites immediate 
applications for the post of SENIOR LEC- 
TURER IN STATISTICS. The candidate 
appointed will be expected to make a major 
contribution to the development of statis- 
tics in the Department. Statistics is taught 
in the BSc. in Statistics and Computing 
and the H.N.D. in Mathematics, Statistics 
and Computing, and also as an ancillary 
topic in other courses such as the BSc. 
(Special) Mathematics (internal) of Lon- 
don University. There is a considerable 
research interest in the Department and the 
Senior Lecturer would be encouraged to 
take part in research and consultancy work. 
Applicants would normally be expected 10 
have a higher degree and experience in 
industry and teaching. 

Salary scale: £2,280 to £2,595 plus £70 
London Allowance. 

Apply for form of application and fur- 
ther particulars. 

R. H. CURRELL, 
Clerk. 
(1803) 





UNIVERSITY OF 
STRATHCLYDE 


DEPARTMENT OF PURE AND 
APPLIED CHEMISTRY 


ASSISTANT LECTURESHIP 


Applications are invited for the post of 
Assistant Lecturer in Physica! Chemistry in 
the Department of Pure and Applied 
Chemistry. 

Candidates with experience or research 
interests. in Microwave, Magnetic Reson- 
ance. or Relaxation Spectroscopy will be 
preferred. 

Salary scale £1,105 to £1,340 per annum 
with F.S.S.U. 

Application forms and further particu- 
lars (quoting 61/68) can be obtained from 
the Registrar, University of Strathclyde, 
George Street, Glasgow, C.1, with whom 
applications should be lodged by December 
31, 1968. (1831) 











NORTHERN POLYTECHNIC 
HOLLOWAY, LONDON, N.7 


DEPARTMENT OF MATHEMATICS 


Applications are invited for the under- 
mentioned posts: 


RESEARCH OFFICER to conduct a 
two-year research project, using Statistical, 
Operational Research and Simulation 
Methods on the design of hospital out- 
patient departments. Candidates should 
possess appropriate academic qualififications 
and/or experience. The completed project 
may be submitted for a higher degree. 
The salary scale is £1,450 to £1,550. 


RESEARCH FELLOW in one of the 
fields below or to develop his own line of 
research in a field suitable to the Depart- 
ment. Candidates should have a Ph.D. in 
an appropriate field or suitable postgradu- 
ate experience. The salary scale is £950 
by £75 to £1,175 with the initial placing 
dependent on previous research experience, 
age and marital status. A research fellow 
is permitted to undertake a limited amount 
of part-time teaching and receive payment 
at the usual rate. 

RESEARCH ASSISTANTS in the fields 
indicated below, Candidates should have 
good honours degrees and will normally 
work for higher degrees over a period of 
two years. The salary scale is £870 by £30 
to £930 which includes payment for six 
hours’ teaching per week. 


Research in the Department is at pre- 
sent concerned with the fields of Quantum 
Theory. Statistical Forecasting and Hydro- 
dynamics. There is also interest in re- 
search into the applications of computing 
and computer methods. 


Apply in writing to the Head of the 
(1809) 


Department of Mathematics. 








XXXV 





UNIVERSITY COLLEGE CARDIFF 


Graduate or post-doctoral research fellow te 
quired for study of thermodynamic aspects of 
cavitation in nozzles handling a wide range of 
fluids. The project is sponsored by the Ministry 
of Technology and has important applications in 
aircraft and general cryogenic engineering. in- 
dustrial and/or research experience desirable, pre- 
ferably in field of fluid mechanics or heat trans- 
fer. Salary £800 to £1,500 depending upon quali- 
fications and experience. 

Applications, with names of two referees to be 
sent to Professor S. P. Hutton, University Col- 
iege, Newport Road, Cardiff, by December a 

{1785 





ADVERTISEMENT 
UNIVERSITY COLLEGE OF WALES 
ABERYSTWYTH 
CHAIR OF PURE MATHEMATICS 

The College Council invites applications for the 
CHAIR OF PURE MATHEMATICS. The 
salary will be within the Professorial range of 
£3,570 to £4,990 per annum. 

Further particulars may be obtained from the 
Registrar, to whom twelve copies of the appli- 
cation, with the names of three referees, should 
be sent not later than January 6, 1968. 

7852 
LAKEHEAD UNIVERSITY 
CANADA 

The Department of Physics has a vacancy for 
a Senior Physicist, preferably in the field of 
solid-state or dielectrics, A suitable applicant 
would be offered the position of Chairman. The 
Department offers general, honours and graduate 
degrees, There is a professional staff of eight, 
with three technicians and a number of teaching 
assistants and post-doctoral fellows, The usi- 
versity has excellent new science laboratories 
and workshop facilities including a major insiru- 
ment section, and an IBM 360/40 Computer, 
Total enrolment 2,000. 

Please enclose one copy of résumé and the 
names of three referees. 0838) 





UNIVERSITY OF EDINBURGH 
RESEARCH BIOCHEMIST 


Applications are invited for the post of 
RESEARCH BIOCHEMIST in the Depart- 
ment of Obstetrics and Gynaecology to join 
a research team concerned with the bio- 
chemical aspects of ovarian function, 


Ph.D. or equivalent degree preferred but 


Honours BSc. in Biochemistry would be 
considered if the applicant were suitable to 
work for a higher degree, Salary Scale, 
£1,200 to £1,750 per annum. depending on 
age and experience. 


Applications. together with the names of 
two referees, should be sent to Dr. D. 
Baird, University of Edinburgh, Depart- 
ment of Obstetrics and Gynaecology, 39, 
Chalmers Street, Edinburgh, 3, — (1768) 





MEDICAL RESEARCH COUNCIL 
CLINICAL AND POPULATION 
CYTOGENETICS RESEARCH UNIT 
WESTERN GENERAL HOSPITAL 
CREWE ROAD, EDINBURGH, 4 
The Medical Research Council has a vacancy 
for a BIOLOGIST with a Ph.D. or equivalent re- 
search experience to study human germ cells with 
especial reference to meiosis in normal and sub- 
ferlie men and women. his study is pam of 
a project on sub-4cr yhich is being 
organised jointly with ecological and 
Urological Clinics in the xy Infirmary of 
Edinburgh. The appointment for three years 
in the first place and the salary according to a 

= ience. 
ions should be 

























toro the Director, 
£ on Cytogenetics Re- 
search Un (BAT) 


GRADUATE IN BIOLOGY OR ROBIO- 
logy required in the Cytology Training Centre 
The successful candidate will be taught the cyto 
logical work and will be expected to assist in ad 
minisiration.—Applv in writing to Laboratory 
Superintendent, The Royal Free Hospital, Gray's 
Inn Road, London WCL 7D 
CHNICIAN (SENIOR) REQUIRED FOR 
Chemistry Departme To take charge of wei 
known excellently equipped routine —orgasic 
microanalysis laboratory. The applicant must 
have analytical experience, but necessarily i 
microanalysis. Salary scale £987 to £1,225 
annum.—-Apptications to The Personnel Adviser, 
University of Birmingham, P.O. 363, Edgbaston, 
Birmingham, 15. Quoting ref. 101/ST/193. 

(1805 
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. ` ROTHAMSTED EXPERIMENTAL _ 


STATION 
HARPENDEN, HERTS 


ASSISTANT STATISTICIAN for Statistics De- 
partment which analyses results of many kinds of 
. field experiments. and surveys done at Rotham- 
.sted and elsewhere in Britain and the Common- 
wealth. The Station has a computer. Qualifica- 
tions: Degree in Mathematics or Statistics. Salary 
according to age ín grade Assistant Experimental 
Officer, £830 (agë 2D to £1,150 (age 26 or over) 
on Scale to £1,385. Superannuation. 
Applications, giving full.particulars, names and 
addresses of two referees, to the Secretary by 
. December 16, quoting reference 1052/124. 5 
77 


THE MIDDLESEX HOSPITAL MEDICAL 
SCHOOL 
BLAND-SUTION INSTITUTE OF 
B PATHOLOGY 
RESEARCH ASSISTANT 


Applications are invited from medically or 
non-medically qualified graduates for a post of 
RESEARCH ASSISTANT in the Department of 
Morbid Histology. The successful candidate, who 
should have previous research experience, will 
assist: in. a project involving the use of an Elec- 
‘won Microscope (but previous experience of 
Electron Migroscopy is not required). The in- 
„vestigation. should provide an opportunity to sub- 
mit^work for a higher degree. 

s. Applications, to include the names and ad- 
dresses of two referees, to The Director, Bland- 
,Sutton Institute, The Middlesex Hospital Medi- 
"eal School, London, W.1, by December 21,198. 


"UNIVERSITY OF NOTTINGHAM 


RESEARCH ASSISTANT IN ENDOCRINO- 
logy required in the Department of Applied 
Biochemistry and Nutrition. Applications are 
invited for a graduate research assistantship to 
join in a study of the control of thyroid hormone 
eretion using new techniques, An interest in 
surgery is required, as well as a sound back- 
" ground of biochemical or physiological know- 

ledge. Applicants of cither sex will be considered 

and may be able to register for a higher degree, 

The salary is £800 p.a. for a period of three 

years, 

Further particulars may be obtained from Dr. 
¥. R. Falconer, University of Nottingham School 
of Agriculture, Sutton Bonington, Loughborough, 
Leics (1841) 








JOHN INNES INSTITUTE 
DEPARTMENT OF APPLIED GENETICS 
Applications are invited from graduates in 

plant sciences with particular interest in bio- 

metrical geneties for programmes combining both 
theoretical and applied studies of crop plants, 

The post will be to the Scientific Officer) Senior 

Scientific Officer grade in the salary range £1,020- 

£2,372 per annum.  F.S.S.U. 

Applications, giving full details and the names 
of two referees, should be sent to the Secretary, 
Colney Lane, Norwich, NOR 70F, by December 
31, 1968. (1843) 


RESEARCH ASSISTANT REQUIRED IN 
the Cardiac Department for physiological studies 
after cardiac surgery. Salary according to quali- 
fications and experience, with superannuation.—- 
Apply, giving details of experience and qualifica- 
tions and quoting Ref. C. to the Secretary, Guy's 
Hospital Medical School, London Bedae SER 











quired to assist in research on the physiology of 
the foetus and neonate. Salary within the scale: 
Technician £980 to £1,220; Junior up to £915.— 








to investigate immunologícal aspects of cancer. 
Experience in immunology or cancer research 
desirable. Commencing salary £1,895 or £2,000 
plus £60 London Allowance, according to experi- 
ence.—Appiy Secretary, St. Mary's Hospital 
Medical School, Paddington, W.2. (176) 


TECHNICIAN/JUNIOR TECHNICIAN RE- 
quired in Surgical Unit for research project in- 
volving preservation of living tissues. Experience 
of histological techniques essential Salary within 
scale: Technician £980 to £1,220; Junior £650 to 
£915 per annum.—Apply, Secretary, St. Mary's 
Hospital Medical School, Paddington, W.2. 

(1791) 

TECHNICIAN FOR ZOOLOGY DEPART- 
ment, experienced in Histology. Some field 
work involved for which it will be advantageous 
to have experience in conservation, an inet in 
hàlüràl history and ability to drive.—Applica- 
de rms from Establishment Officer (Zoo0/2), 
University College London, Gower MENT 

1815 








MEDICAL RESEARCH COUNCIL 
ELECTRON MICROSCOPIST 


at the a 
NATIONAL INSTITUTE FOR MEDICAL 
RESEARCH 


MILL HILL, LONDON, N.W.7 


A successor to the late Dr. Robin Valentine is 
required to take charge of the electron micro- 
scopy laboratory within the. Division of Bio- 
physics. Applicants should be experienced in 
all aspects of the electron microscopy of biologi- 
cal materials and a basic training in physics will 
be advantageous. The person appointed will be 
expected to prosecute his own research in the 
general field of molecular biology as well as to 
advise and collaborate with other workers in the 
Institute. Conditions of service are generally as 
in the universities with superannuation provision 
according to F.S.S.U. conditions ; salary will de- 
pend on the applicant's age and experience. 

Applications for this appointment should be re- 
ceived before January 18, 1969, and should be 
addressed to the Director, from whom further 
information may be obtained. (1758) 





UNIVERSITY OF HULL 
DEPARTMENT OF BIOCHEMISTRY 
POST-DOCTORAL BIOCHEMIST 


Applications are invited for this post, made 
possible by a grant from The Wellcome Trust 
for research on the biochemistry of Mycobacteria. 
The appointed person will probably study the 
biosynthesis and control of aromatic compounds 
participating in — iron-transport. Candidates 
should, preferably, have already completed their 
Ph.D. which should have been in Biochemistrv 
or Microbiology, but applications from other suit- 
ably qualified persons are not excluded. Salary 
will be at an appropriate point on the scale: 
S105 to £1,315 per annum plus F.S.S.U. bene- 
its. 

Further particulars may be obtained from the 
Registrar, to whom a detailed application (one 
copy only), should be submitted as soon as pos- 
sible but certainly no later than January 1, 1969. 

(1765) 





FOR SALE AND WANTED 


WM. DAWSON & SONS LTD. 
Back Issues Department, 
16 West Street, Farnham, Surrey, 
England. 
Tel.: Farnham 4664. 
Offer top prices for: 
BACK RUNS OF JOURNALS 


IN SCIENCE AND THE HUMANITIES 
uU 
















Wanted and for Sale 
Scientific and Technical Reviews 
SANTO VANASIA, 58 Via M. Macchi, 
20124 MILANO (X2) 








FELLOWSHIPS AND 
STUDENTSHIPS 





UNIVERSITY OF BRADFORD 


RESEARCH FELLOWSHIP (Ref. PYC/RF/I/X) 
in PHYSICAL CHEMISTRY. A post-doctoral 
fellowship to investigate surface reactions by low 
energy electron diffraction is available for one 


year. The value of the fellowship is ín the 
range £1,105 to £1,340 per annum. 
Applications (please quote ref), with the 


names of two referees, should be sent as soon 
as possible to the Registrar, University of Brad- 
(1830) 


UNIVERSITY OF MIAMI 
DEPARTMENT OF BIOCHEMISTRY 
POSTGRADUATE RESEARCH 
FELLOWSHIPS 
Applications are invited for Fellowships for 
training and research in biochemistry, leading to 
the Ph.D. degree. Candidates should possess a 
first- or upper-second-~class honours degree in 
biochemistry or chemistry or the equivalent, or 
may be proceeding to the honours degree in 
1969. Stipends begin at $2,400 plus tuition fees. 

Inquiries should be sent to: Professor W. J. 
Whelan, Chairman, Department of Biochemistry, 
University of Miami School of Medicine, P.O. 
Box 875, Biscayne Annexe, Miami, Florida 33152, 
U.S.A. (1720) 


UNIVERSITY OF WARWICK 
SCHOOL OF PHYSICS 


POST-DOCTORAL RESEARCH 
FELLOWSHIP 


It is proposed to appoint a Research 


Fellow to study the theory of instabilities 
and wave phenomena in semiconductors. 
This general area includes solid state plasma 
phenomena,  acousto-electric instabilities, 
hot electron effects, the Gunn effect and 
réiated topics. Recent experimental de- 
veiopments have exposed many challenging 
theoretical problems. The salary will be 
adjusted according to age and experience. 
Further detaiis may be obtained from 
the Registrar, University of Warwick, 
Coventry, CV4 7AL (1782) 





THE ROYAL SOCIETY 


JOHN MURRAY TRAVELLING 
STUDENTSHIP IN OCEANOGRAPHY AND 
LIMNOLOGY 
1969 
The Council of the Royal Society is prepared 
to receive applications for the above research 
appointment, which is open to male British 
graduates under the age of 35 and is to be 
used for the encouragement of travel and work 
in oceanography or limnology. This award, 
which is tc be taken up during 1969 and may be 
held for periods from three months to one year, 
will this year have the maximum value of £1,000 
and will be adjusted according to the qualifica- 
tions of the successful candidate and the place 
and length of time of the research proposed. 
Applications are specially invited from workers 
in the fields of oceanography and limnology, as 


well as from those in the fields of zoclogy, 
botany, geology, applied mathematics and 
physics, and it wil be permitted to hold the 


award while receiving a salary from a regular 
appointment. 

It is hoped that the John Murray Travelling 
Student wil! try to gain practical experience of 
deep-sea oceanography, as initiated by the 
Challenger Expedition, though this is not a con- 
dition of the award which is available also for 
limnology. Assistance can be given when op- 
portunities arise to holders of studentships to 
sail in oceanographic research ships, and help 
can be given in arrangements for visits and work 
at suitable institutions and research stations 
abroad. 

Applications. which should be received not 
later than December 15, 1968, should be made 
on forms to be obtained from the Executive 
Secretary, The Royal Society, 6 Carlton House 
Terrace, London, S.W.1. (1833) 


BEIT MEMORIAL FELLOWSHIPS 
FOR MEDICAL RESEARCH 


Notice is hereby given that an election of 
Junior Fellows to begin work on October ! next 
will take place in May 1969. Junior Fellowships 
have annual values of £1,300 to £1,600 per 
annum, plus yearly increments of £100 for three 
years. As a rule, superannuation benefits are 
provided to which the successful candidate will 
be required to contribute 5 per cent of the annual 
stipend and to which the Trust wil make a con- 
tribution of 10 per cent. Candidates must have 
taken a degree in a faculty of a university ap- 


proved by the Trustees in Her Majesty's 
Dominions, Protectorates and Mandated Terri- 


tories, India, Pakistan and the Republic of Ire- 
land, or a medical diploma registrable in the 
United Kingdom. Elections to Junior Fellowships 
are rarely made above the age of 35 years. Ap- 
plications from candidates must be received not 
later than April 1. Candidates must submit evi- 
dence that they can be given accommodation in 
the departments where they propose to work. 
which must be in either Great Britain or Ireland. 

Forms of application and ali information may 
be obtained by letter only. addressed to Profesor 
W. G. Spector, Beit Memoria! Fellowships for 
Medical Research, Pathology Department, St. 
Bartholomew's Hospital, London, E.C.1. For 
overseas candidates forms of application may be 
obtained from: The Secretary, South African 
Medical Council. P.O. Box 205, Pretoria, South 
Africa ; The Ministry of Health, The Government 
of India, New Delhi, India ; The Government of 
East Pakistan, Eden Buildings, Ramna, Dacca, 
East Pakistan: The Director, Commonwealth 
Office of Education, P.O. Box 189, North Sydney, 
N.S.W., Australia; The Department of Health, 


Wellington, New Zealand; and, The Canadian 
Medical Association, 244 St. Gon SENE 
7 


Toronto, Canada. 





NATURE, NOVEMBER 30. 1968 


MONASH UNIVERSITY 
MELBOURNE, AUSTRALIA 
DEPARTMENT OF CHEMISTRY 


RESEARCH FELLOWSHIP IN ORGANIC 
CHEMISTRY 

Applications are invited for appointment under 
an A.R.G.C. grant to a post-doctoral Research 
Fellowship to work with Dr. R. F. C. Brown 
on the synthesis of mycelianamide and related 
unsaturated cyclic hydroxamíc acids. The ap- 
pointment will be until December 3l, 1969, ín 
the first instance but renewal of the grant will 
be sought for 1970. The salary will be $A4,690 
per annum; air travel to Australia for one per- 
son will be paid for an overseas appointee. It 
is hoped that the appointee will be able to begin 
work early in 1969, 

Applications containing full personal particu- 
lars and details of academic qualifications and 
research experience, and the names and addresses 
of two referees should be sent to the Academic 
Registrar, Monash University, Clayton, Victoria 
3168, Australia, by December 20, 1968. Appli- 
cants should refer specifically to this position. 

General information concerning the University 
is available from the Academic Registrar, Monash 
University, or the Secretary-General, Association 
of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, S.W.1. 
Academic inquiries should be sent to Dr. 
R. F. C. Brown, in the University. 0778) 








THE QUEEN'S COLLEGE 
CLIFFORD NORTON JUNIOR RESEARCH 


FELLOWSHIP IN HISTORY OF SCIENCE. 
LINGUISTICS (INCLUDING PSYCHO- 
LINGUISTICS) OR DEMOGRAPHY 


The Governing Body proposes, if a suitable 
candidate presents himself, to elect to a Clifford 
Norton Junior Research Fellowship in History 
of Science, Linguistics (including Psycholinguis- 
tics) or Demography. The successful candidate 
wil enter upon his Fellowship on October 1, 
1969, or as soon as possible thereafter. 

The basic stipend of the Fellowship, which is 
pensionable under tne Federated Superannuation 
System for Universities, is £900 per annum. The 
Fellowship will be tenable for three years and 
may (but only in exceptional circumstances) be 
renewed for a further period not exceeding three 
years. The FeHow will be entitled to free rooms 
in College (or in approved cases to an increase 
of stipend in lieu) and to free luncbeon and 
dinner at the Common Table. He may, with the 
leave of the Governing Body, engage in teaching 
up to a maximum of six hours weekly. 

Candidates must by October 1, 1969 have 
passed all the examinations required for a first 
degrec at Oxford or another university and must 
not have exceeded the thirtieth term from their 
matriculation, Candidates should apply to the 
Provost, The Queen's College, Oxford, not later 
than January 15, 1969. They should enclose a 
statement of their qualifications and of the nature 
of the advanced study or research they propose 
to undertake, and should submit any publícations 
or other completed work they wish to have taken 
into account. They should also give the names 
of three persons prepared to act as referees. 
(1794) 


UNIVERSITY OF WINDSOR 


POSTGRADUATE RESEARCH FELLOWSHIPS 
PHYSICS OF ATOMIC COLLISIONS 


Applications are invited from highly qualified 
candidates who wish to proceed to the M.Sc. and 
Ph.D. degrees with specialization in physics of 
atomic collisions. The Fellowships provide an 
annual stipend of $3.000 and a travel allowance. 

Further information may be obtained from 

L. Krause, Head, Department of 
University of Windsor, Windsor, 
Canada. (1813) 





RESEARCH FELLOWSHIPS 
THEORETICAL PHYSICS INSTITUTE 
UNIVERSITY OF ALBERTA 
EDMONTON, CANADA 


Applications are invited for postdoctoral re- 
search fellowships in theoretical physics, Fellow- 
ships carry a stipend in the range $6,500 to 
$7,500 ner annum, income tax free and are ten- 
able for periods up to three years. Removal 
assistance is provided by the Institute. Applicants 
should ask two or three referees to write letters 
of recommendation. In addition, applicants 
should state their age, qualifications and experi- 
ence and supply a list of publications. 

All correspondence should be addressed to 
A. B. Bhatía, Theoretical Physics Institute, Uni- 
versity of Alberta, Edmonton, Canada. from 
whom additional particulars may be obtained. 

(18343 











GRANTS & SCHOLARSHIPS 


: 
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< 
y% The 
Kodak Awards 


If you are planning a project 
in which photography plays a 
major part then you may 
qualify for an award under the 
Kodak Awards Scheme. 

Write now for full details 

and application form to: 


The Administrator 
Kodak Awards. Kodak House 
Kingsway. London. W.C 2. 


Closing date for all 


applications 31st Jan. 1969. 
0772 





IMPERIAL COLLEGE OF SCIENCE 
AND TECHNOLOGY 

R.T.Z. Educational Trust, sponsored by the 
Rio Tinto-Zinc Corporation Ltd., offers awards 
tenable at the Royal School of Mines for 1969; 
70 and subsequent academic years : 

R.T.Z. Research Bursary : £525 to £825 per 
annum (according to qualifications and experi- 
ence) plus College sessional fees. Normaily for 
three years for research connected with applied 
geochemistry, geophysics, mineral exploration, 
mining geology, mining. mineral technology or 
extraction. metallurgy. Candidates must hoid an 
appropriate honours degree. 

R.T.Z. Advanced Course Bursaries : £450 to 
£650 (according to qualifications and experience), 
plus College sessional fees. For a postgraduate 
course of one academic year only in geophysics. 


mineral exploration, mining or minera: process 
design. Candidates must hold an appropriate 
first degree. 


Further particulars and application forms (to 
be returned by March 31, 1969) from the Regis- 
tar, Imperial College, London, S.W (0732) 





UNIVERSITY OF LONDON 
GRANTS FOR RESEARCH 


Applications are invited from members of the 
University and teachers in Schools of the Uni- 
versity for grants from the Central Research 
Fund to assist specific projects of research and 
for the provision of special materials and ap- 
paratus. Grants are not made for normal main- 
tenance. Applications must next be received not 
later than December 16. 

Forms of application. and further particulars 
may be obtained from the Secretary to the Cen- 
tral Research Fund Committee, University of 
London, Senate House, London, W.C.1. 

0822 


THE ROYAL SOCIETY 
BROWNE RESEARCH FUND 
GRANTS 1969 
The Council of the Royal Society is prepared 
to consider applications for personal grants to 
enable individuals to carry out research in marine 
biology : this year the total amount available for 
allocation will be of the order of £1,600. Ap 
plications are receivable from qualified research 
workers to enable them to undertake specific re- 
search at a marine biological laboratory or else- 
where for periods up to twelve months, on the 
understanding that their university or any other 
post they may hold would meanwhile be kept 

open for them. 

In accordance with Mr. Browne's bequest, pre- 
ference wil be given to those who propose to 
work on purely scientific problems rather than 
to those whose work would be primarily directed 
towards an economic end. 

Applications should be made on forms to be 
obtained from the Executive Secretary, The Royal 
Society, 6 Carlton House Terrace, London, 
S.W.1, and should be received as early as pos- 
sible, in any case not later than DECEMBER 15, 
1968. C2852) 





LECTURES AND CO 


THE UNIVERSITY OF 
BIRMINGHAM 


FACULTY OF SCIENCE AND 
ENGINEERING 


A wide variety of oppertunities is offered’ to 
those wishing to undertake postgraduate work 
kading to the award of the Ph.D. or Me. 
Degree, or the Diploma in Graduate Stedies. 
Newly qualified graduates, graduates with indus- 
trial or other experience, and in certain tases 
suitably qualified non-maduates may be con. 
sidered for admission. 

Postgraduate courses / the following subjects 
may be offered in 196970: 

Applied Genetics 

Applied Geophysics: 

Biological Chemice! Engineering ^ 

Brewing Science 

Chemical Engineering . 

Clinical Psychology (Two-year course) 

Comparative Neuso-Sensory Physiology and 
Behaviour 

Computer Science 

Engineering — Proguction 
Studies 

Foundation. Enginecring 

General Highway and Traffic Engineering 

General Virology "^ 

Immunology à 

Industrial Meta?urgy (Metallurgical Processes 
and Management) : 

Information and Systems Engineering 

Machine Tool Technology 

Materials and Construction Management 

Mathematical Statistics 

Meteorology and Climatology 

Mineral Chemistry EE 

Minerals Engineering 

Neurocommu: 

Operational Research 

Physics of Solids 

Pure Mathematics 

Quality and Reliability Engineering 

Radioactivity and Radiations Technology 

Radiobiology 

Reactor Physics and Technology Gneluding 
options in Reactor Physics and Engineer. 
ing, Reactor and Neutron Physics, Reat. 
tor Physics and Control, and Reactor 
Enginerring) 

Thermodynamics and Related Studies 

Transportation and Traffic Planning 

Urban Science 

Water vurces Technology 

Work Design and Ergonomics 

















and Management 














Further dew is of the above courses and of 
the research sacilities available in the Science and 













Engineering Departments are given in the Post 
graduale Prospectus obtainable from the Assistant 
Registrar The University of Birmingham, 
P.O. Box Birmingham, 15, quoting P.G.5.- 


GRIDD 





GLASGOW POSTGRADUATE 
MEDICAL BOARD 


(University and the Royal College of Physicians 
and Surgeons) 


COURSE IN STEROID ENDOCRINOLOGY 
OF REPRODUCTION 
M 19569 


cHnicians in human 








arch 24 to 28, 











d veterinary medi. 
ists interested in 
of reproductive 
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ING 









The / Association tific, Technical and 
Managerial Staffs have arranged a meeting in the 
Theatre, Uaiver College London, 







Street, W.CL1, at 
cember 4, 1968. 
t C. F. Powell, FRS. and Professor 
d wil give an appreciation of the 
s work, Al are welcome. (1769) 


7.30 p.m. on Wednes- 


VNIVERSITY OF 
erudued “Cos 
be delivered by Profi 
l 5.30 p.m. on December 6, at University 
(Chemistry Lecture Theatre), Gower Su 
^L o Admission free, without ucker-—M_ o 
Academic Hegistar. (FIR 



















To Put Precision Into 
Your Research 


PUT 4; 
REPIPETS and 
DILUTORS 
INTO YOUR 
REAGENT 

> BOTTLES. 





And pipet, dilute and dispense with a guaran- 
teed accuracy of 1% and a reproducibility of 

0.1%. Using L/I’s LAMBDA- 
DIAL" accessory, accuracy soars 
to a phenomenal 1% at 10 lamb- 
das! These unique instruments 
come with adapter caps that fit 
any %-ounce or larger reagent 
bottle. Or if you prefer, we'll 





supply the bottle. These all- 
PYREX instruments will handle 
any liquid, including concentra- 
ted acids, concentrated alkalies, 
chlorinated hydrocarbons, etc. 
More than 40,000 are now in use! 





L/1 10 mi REPIPET 
with LAMBDA-DIAL 


accessory 


ww & Co. LID 
WoW \ OW "i! 
IN WOO A AAA 


St. Albans. 


ndon. W.C 2 


NATURE, NOVEMBER 30. 1968 








Operation is incredibly simple. Place the instru- 
ment in the bottle, tighten cap, and set volume. 
To aspirate, lift plunger. To deliver, depress 
plunger. You eliminate mouth pipeting, you 
eliminate errors due to manual pipeting, and 
you eliminate cleaning! 


L7/I stocks REPIPETS and Dilutors in %, 1, 5, 
10, 20 and 50 ml sizes. Micro and macro Teflon 
tips included. Prices: REPIPETS $52.50; dilut- 
ors $99.50, LAMBDA-DIALS $49.00. Write 
to L/| at 1804E Second Street, Berkeley, 
California 94710, or contact your distributor 
L/I Phone: (415) 843-0220. Cable: GATE- 
MERC, Los Angeles. 
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HEATHWAY 


BELL TYPE ANNEALING OVEN 





Models for urban 
planning 


Britain’s fuel poli 





Basis of cancer 
Traffic and entro 


Mitochondrial 
DNA 


OVEN 'UP POSITION" 



















Operational advantages of this design are: 

Versatility—easy loading— 

flexibility of operation— 

Heat lost when opening minimized. ] = us 
ni Human calcitonin 

Specification: 

Normal "Up and Off" and "Up and 

Hold" plus temperature setting 

Max. operating temperature 650 C 


Sequence of 
methionine tRN/£ 


Inside dimensions of Bell: 
60" long 21" high 171" wide. 





OVEN 'DOWN POSITION" 


May we send you details of our range of lathes and equipment 
Write or phone 


The HEATHWAY MACHINERY CO., LTD 

UXBRIDGE ROAD, HILLINGDON, MIDDX 

TEL. UXB 36345/6. GRAMS: HECO UXBRIDGE 

Or contact one of our Overseas Agents : Canada: Nortel Manufacturing Ltd.— Scarborough 
Ontario. France: P. Foulon—Paris. Holland & Belgium: A. Bruyaux—Amsterdam. Australia: H.B 
Selby. Scandinavia Kebo—Stockholm U.S.A Bethlehem  Apparatus—Hellertown PA 
Switzerland: Ernst Keller—Basle. Germany: Hahn & Kolb— Stuttgart 


Review supplem: 
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acmillan (Journals) Limited 4-UK  60c US 
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EDWARDS ROTARY VACUUM 


PUMP DISPLAC 
UPRATED 29% 


EMENTS 


-at no extra cost! 


REDUCTION IN TIME TAKEN TO EVACUATE A 50 litre VOLUME 
which can be achieved using the new ES/ED100 series 
ich it replaces 


instead of the ES/ED75 series wh 


1000 
760 


wa 
o 


Pressure: torr 


ES100 | single stage 
ES75 pumps 





PRODUCTIVITY 


A saving of 1.3 minutes 
in a 7.3 minute cycle 
to O.1 torr 


ED100 | two stage 
ED75 pumps 


PRODUCTIVITY 


Nearly 2 minutes 
saved in a 10 minute 
cycle to 0.01 torr 


Time: minutes 


11 of Edwards rotary pumps now have 15-20% higher 
pumping speeds than the corresponding models they replace 
—witnout significant changes in dimensions. You get shorter 
pump down times and sharply and increased productivity— 
the ES/ED100 series, subject of the above graph, is typical of 
all the uprated pumps. And the new models are as quiet as ever. 
You'll need a guide to these uprated pumps; we have one 
ready—a summary that highlights the new performance 


figures-at a glance. Ask for Publication No. 03824. 


E EDWARDS 


EDWARDS HIGH VACUUM LIMITED 


A member of the British Oxygen group of companies 
GD 464 








SN MANOR ROYAL CRAWLEY SUSSEX ENGLAND 
e Telephone: Crawley 28844 Telex: 87123 Edhivac Crawley 
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. New Zeiss Microscope-Photometer with 
| indicator unit and power supply. 


This microscop 


Measurement is read from the indicator 
unit's parallax-free screen. 


O; 


% 45 30 5 
aaMmnnnnnnnnnnnnn 
pp P 

A 35 i 28 26 24 


e-photometer 


offers long-term stability of £0.12! 


You can now measure a single 
cell. Precisely. Down to areas 
of 0.5 micron. 

To do this requires an instru- 
ment with the extraordinary 
stability of the new Zeiss 
Microscope-Photometer. 

The transistorised power 
supply for the light source is so 
stable that input can fluctuate 
+10%, yet output to the bulb 
will vary less than +0.03%. 
Random external magnetic 
fields have no effect on the 
accuracy of the two photo- 
multipliers (for transmitted and 
reflected polarized and 
non-polarized light). 


The indicator, too, is so stable 
that an input variation of 10% 
will deflect the galvanometer 
by no more than 0.2% of the 
measured value. 

Amplification can be adjusted 
from 0 to 10,000. Throughout 
this range, the instrument 
maintains constant linearity, 
0-point, 100-point and 
sensitivity. 

Because of its remarkable 
stability, the Zeiss Microscope- 
Photometer is a new tool for 
micro-photometric analysis in 
transmitted and reflected white 
or monochromatic light from 
400 to 700 my, with all known 


Tel: 01-636 8 


microscopic techniques. In 
fact, you can even use the 
instrument to study weak 
reflections of silver grains in 
autoradiographs 

The rew Zeiss Microscope- 
Photometer is available as an 
accessory to the Ultraphot Il, 
Photomicroscope, and 
Standard Universal Micro- 
scope. Very soon, ultra-violet 
accessories will be available. 


Full details from Carl Zeiss at 
Decenhardt & Co. Ltd 


31-36 Foley Street, 


London W1 
50 (15 lines) 





Ew Ves | 
| ZEISS | | Germany | 


ul 
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_ FRACTIONATION, 
E PAA a ! 
| &EVALUATION 


UMPOLYFRAC 


A SYSTEM FOR FRACTIONATING R.N.A. BY POLYACRYLAMIDE GEL, ELECTRO- 
PHORESIS AND MEASUREMENT BY U.V. SCANNING OF THE UNSTAINED GEL 


Based upon a method described by Dr. U. E. Loening, this 


system has the following features :— Joyce Loebl also manufacture :— 
1. Electrophoresis Unit handles 8 gels simultaneously. ‘Mecolab’ — Automatic Laboratory 
2. Either Constant Voltage or Constant Current Electrophoresis: Met — 

Highly stabilized. Chromoscan' — Recording and Inte- 


grating Densitometer 
Microdensitometer 


3. Designed to minimize effects due to temperature change 


and pH variations. À 
p Autodensidater 





4, Takes either 6.5 or 10 mm. diameter (100 mm. gel columns). Unius = (Date: camion tee 

5. Asimple-to-load quartz cassette used in scanner. spectrophotometers 

6. Automatic scanner operation. Particle Sizing Disc Centrifuge 

7. Modular construction with easily interchangeable circuit Colorcord — Tristimulus Colorimeters 
boards. 


MUT E PN oan 03 


TELEX: 53257. CABELS: JAYELL, GATESHEAD. TEL: LOW FELL 877891. 


LONDON OFFICE: JOYCE, LOEBL INTERNATIONAL INSTRUMENT SALES LTD | 
LOEBL 2 NOBLE CORNER, GREAT WEST ROAD, HESTON, MIDDLESEX Lt. 


TELEPHONE: 01-570-7313 TELEX: 264488 E Lo 


SUPPLEMENT TO NATURE 


Identical appearance does not guarantee 
identical performance! 





If you're interested in turning to quality . . . please turn the page 


Identical appearance does 
not guarantee identical 
performance! 





One of these bottles was rejected by our quality con- 
trol . . . and, of course, the entire lot it represents was 
rejected. 


Therefore, Microbiological Associate's Quality Control becomes the 
single most important element both in your selection of sera and in our 
own sera production. 


Here are the carefully controlled steps we take: 


l. Pre-testing of raw sera for the production of a uniformly high 
quality product. 

2. Filling operations are conducted under laminar flow hoods as an 
extra precaution against random contamination. 

3. Fetal Bovine serum is tested by immunoelectrophoresis to ensure 
absence of gamma globulin. 

4. Production line samples and samples from final production lots are 
held and observed both at room temperature and at 37°C for 3 
weeks. During this period, additional samples are sub-cultured 
into 4 different types of bacteriological media to ensure sterility. 

5. Optimal cell growth promoting capacity is required in a cell 
plating efficiency test system. 


We urge you to become acquainted with the quality of our sera. 


MICROBIOLOGICAL ASSOCIATES 


MAIN OFFICE e 4733 BETHESDA AVENUE, BETHESDA, MD. 20014 + (301) 654-3400 
WEST COAST OFFICE + 503 SAN PABLO AVENUE, ALBANY, CALIF. 94706 « (415) 526-6228 


THE OLDEST AND LARGEST COMPANY OF ITS KIND IN THE WORLD 
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To Put Precision Into 
Your Research 


PUT 4» — 
REPIPETS and 
DILUTORS 
INTO YOUR 
REAGENT 
> BOTTLES. 


And pipet, dilute and dispense with a guaran- 
teed accuracy of 1% and a reproducibility of 
} 0.1%. Using L/ l's LAMBDA- 
DIAL* accessory, accuracy soars 
to a phenomenal 1% at 10 lamb- 
das! These unique instruments 
come with adapter caps that fit 
any Y?-ounce or larger reagent 
bottle. Or if you prefer, we'll 
supply the bottle. These all- 
PYREX instruments will handle 
any liquid, including concentra- 
ted acids, concentrated alkalies, 
chlorinated hydrocarbons, etc. 
More than 40,000 are now in use! 





L/1 10 mi REPIPET 
with LAMBDA. DIAL 
accessory 


















Operation is incredibly simple. Place the instru- 
ment in the bottle, tighten cap, and set volume 
To aspirate, lift plunger. To deliver, depress 
plunger. You eliminate mouth pipeting, you 
eliminate errors due to manual pipeting, and 
you eliminate cleaning! 


L/I stocks REPIPETS and Di'utors in “%, 1, 5, 
10, 20 and 50 ml sizes. Micro and macro Teflon 
tips included. Prices: REPIPETS $52.50: dilut- 
ors $99.50, LAMBDA-DIALS $49.00. Write 
to L/l at 1804E Second Street, Berkeley, 
California 94710, or contact your distributor. 
L/1 Phone: (415) 843-0220. Cable: GATE- 
MERC, Los Angeles. 
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BARR AND 


STROUD 


DARTON 


INSTRUMENTS FOR 
MEASURING 


PRESSURE 


MERCURIAL BAROMETERS 
B.O.T. PATTERN 
FORTIN'S PRINCIPLE 





Britain's 
leading suppliers 
of 


INFRA-RED 
COMPONENTS 












TEST BENCH 
(altimeter calibrator) 
KEW PATTERN 
etc. 
Barr & Stroud have many FOR : 
Jj years’ experience in OBSERVATORY 
41 developing and producing LABORATORY 





Infra-Red components and 
systems, and they are Britain's 
leading suppliers in this . 
field. This wealth of know- 
ledge is at your service. 
The Barr & Stroud range 


of Infra-Red 
materials includes Calcium 
Aluminate, Arsenic Trisulphide, 


Arsenic Triselenide and Tellurite glasses, 
and Calcium and Lithium Fluoride crystalline 
~ materials. Specific 
^w features 
include high 


INDUSTRY & EDUCATION 






TEMPERATURE & 
HUMIDITY 












infra-red band, absence of water 
absorption bands, and high physical 

strength. Materials are available 
which will transmit at wave-lengths 
up to 18 microns. A wide variety 


of components can be supplied 
to order. 
Please let us know 
your requirements. 


BARR & STROUD LIMITED 
Anniesland, Glasgow W.3. Tel: 041-954 9601 Telex: 778114 
Kinnaird House, 1 Pall Mall East, London S.W.1. 

Tel: 01-930 1541 Telex: 261877 





HAIR THERMO-HYGROGRAPH 


Records Temperature and Relative Humidity 
on one chart 


F. DARTON & CO. LTD. 


MERCURY HOUSE, VALE ROAD, 
BUSHEY, WATFORD, HERTS. 


Available through your usual laboratory furnisher 


Xx 124 





Seen the latest compacts? 


This one is our Desk Model PHYSIOGRAPH , and it's 
the life science recorder you've been looking for. 

Simple and compact, the Desk Model is a substantial 
piece of equipment that is rugged and precision engi- 
neered to accurately measure and record up to five 
physiological parameters simultaneously. In addition 
to four rectilinear or curvilinear recording channels, 
it features an optional servo channel for full chart 
width recording of a fifth parameter. 

It would be easy for us to say that the PHYSIO- 
GRAPH is rugged, student proof, reliable, flexible, etc. 
All these things are true. But leaving out cost (which 
is surprisingly low), the most impressive thing about 
our recorders is their over-all simplicity. They're amaz- 
ingly easy to learn anc easy to use. This simplicity of 
operation wasn't achieved at the expense of accura- 
cy; this is demonstrated by the fact that PHYSIO- 
GRAPHS are used in teaching and research applica- 
tions in 49 states and in more than 36 overseas 
countries. 

In addition to the complete selection of recorders, 
transducers, preamplifiers, and accessories, teleme- 
try systems are available for studies of unrestrained 
subjects. 

We're sold on the PHYSIOGRAPH system, just as 
thousands of our customers are. But then we're a 
little biased. May we demonstrate the Desk Model 
in your lab at your convenience? We think you'll be 
sold too. For a new PHYSIOGRAPH Catalog No. 107, 
write or call: 


E & M INSTRUMENT CO., INC. 


7651 Airport Blvd. 


Houston, Texas 77017 U.S.A. 


P.O. Box 12511I 
Telephone (713) 644-7521 


Cable: FISIO 
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Get the facts on the new J EM- “100 






















a brand new design with 
outstanding performance 





The JEM-100 is the latest addition to the range of JEOL 
Electron Microscopes. 


With a guaranteed resolution of 2A (lattice), it 
achieves a consistently high standard of performance. 
Operation is simple, rapid and safe. 


Principal features include: 

W Guaranteed resolution of 2A (lattice) 

@ Magnification from x500 to «500,000 

@ Accelerating voltage stepped from 20 to 100kV 
W Contamination rate less than 0.1 A/min 

W High image quality at low magnification 

= 


Very bright illumination at even the highest 
magnification 


m Drift-free specimen holder 
@ Simultaneous loading of six specimens 


B Automatic gun airlock system for rapid 
filament change 


W Automatic camera and vacuum systems 
W Automatic plate numbering 


W CRT display for accurate 
specimen positioning 


W Digital display of magnification 


Fully detailed specification 


and brochure sent on request 
to JEOLCO (U.K.) Ltd. 





JEOLCO (U.K.) Ltd., has been formed as a 
subsidiary of JEOL, Tokyo, to provide sales, 
installation and service facilities in the United 
Kingdom and Eire. 


The company incorporates the former Delviljem 
organisation. A new Applications Centre will be 
opened to display and operate a wide range of 
equipment and to facilitate investigation of pros- 
pective users' particular problemsand applications 


Finchley 


JEOLCO (U.K.) Ltd. London, N 3. 


el: 01-349 9241 





4 Shakespeare Road, 


The range of JEOL electron optical instruments includes, 
g f 


High Voltage Electron Microscopes, JEM-1000. JEM-750. JEM-500 
Metallurgical Electron Microscopes, JEM-200. JEM-120.J EM-100U 
Biological Electron Microscopes, JEM-100B. JEM-7A. JEM-T7 
Compact Type Electron Microscopes, JEM-30B. JEM-50 

Electron Probe Microanalysers, JXA-5. JXA-3SM 

Scanning Microscope, JSM-2 

Other equipment for; 

N.M.R. and E.S.R. 

Liquid Column Chromatography 
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CHEMISTRY—NEW AND RECENT TITLES 


The Chemistry of Titanium and Varadium. R. J. H. Clark 
University College, London, Great Britain 


CONTENTS: Preface; discovery, isolation, general and el ementary properties of titanium 
vanadium; halides and oxyhalides; complexes of titanium (IV), vanadium (IV) and (Vy; 

of tervalent titanium and vanadium; complexes of titanium and vanadium in the oxidation 
and lower; spectra and magnetism of titanium and vanadium complexes; metal oxo species; 
metallic compounds; oxides, sulphides and other binary compounds; other topics; app 
subject index. 









Inorganic Electronic Spectroscopy. A. B. P. Lever 


Associate Professor of Chemistry, York University, Toronto, Canada 





O- 
3 


CONTENTS: Preface; atomic structure; molecular symmetry; group theory; crystal field diagran 
term diagrams; selection rules, band intensities and dichroism; some theoretical aspects of electronic 
spectra; charge transfer spectra; crystal field spectra; appendices; index. 230s, 


Inorganic Sulphur Chemistry. Edited by Graham Nickless 
Department of Inorganic Chemistry, University of Bristol, Great Britain 


CONTENTS: The sulphur and its nucleus: orbitals in sulphur and its compounds; stereochemistry 
of sub-group VIB of the periodic table; mechanisms of sulphur reactions; structural studies on sulphur 
species; analytical chemistry of sulphur compounds; elemental sulphur; the sulphur cycle; the 
chemistry of the phosphorus-sulphur bond; sulphanes; oxides of sulphur; compounds contai 
sulphur- -halogen bonds; the nitrides, nitride-halides, imides and amides of sulphur; the lower oxy-acic 
of sulphur; sulphuric acid: physico-chemical aspects of manufacture; sulphuric acid as a solvent 
system; fluorosulphuric acid; amido- and imido-sulphonic acids; sulphides; subject index. 3825, 






Atomic-Absorption Spectroscopy and Analysis by Atomic-Absorption Flame Photometry. 


J. Ramirez-Munoz 


Principal Application Chemist at Beckman Instruments Inc., and Scientific Research Collaborator of 
the C.S.C., Spain 


CONTENTS: Preface; Part |. Fundamentals; introduction; 
nerai principles and characteristics; absorption and emi 
sp 2CLroscopy; Part Il. Instrumental Systems: 
absorption system; selection System; photometric systen 
tions of Atomic-absorption Methods: Determinable elements lines: 
in atomic absorption; Part IV. Experimental Methods: Experimental proce 
preparation of the sample; experimental measurements and calibration. 
Applications; appendix; bibliography; index. 
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Reactions of Transition-metal Complexes. 
:J. P. Candlin, K. A. Taylor and D. T. Thompson 


Imperial Chemical Industries, Ltd., Petrochemical and Polymer Laboratory, Runcorn, Cheshire, England 


CONTENTS: Part i: Types of reaction of transition- metal complexe 
combination reactions; redox reactions; Part IL AEACUET classes of r 
compounds; hydrocarbon reactions; reactions of organic 
monoxide and isonitriles; reactions of OR-, OH,, a and C N-——: 
of inorganic compounds; Part lil: Preparation of new org 
xes. 


Photoluminescence of Solutions. C. A. Parker 


With Application to Photochemistry and Analytical Chemistry 


Royal Naval Scientific Service, Head of Chemistry Division of the Admiralty Materials Laboratory, 
Holton Heath, Poole, Dorset 


CONTENTS: Basic principles, definitions and kinetics of fluorescence, phosphorescence and d 
fluorescence; polarisation; light scattering; ih irces, filters; photo 
actinometry; recording systems; inner filter effects: sp f 
measurement of photo escence efficiency and lifetime; purity of mat 
and triplet states; equilibria in the excited state; excited dimers; solvent effects; 
and phosphorescence analysis. 
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NATURE 
One Bang after Another 


Nosopy expects much of the United Nations sub- 
committee on disarmament during the months ahead 
when the participants will be biting their nails to see 
who will in the end sign the non-proliferation treaty. 
Nothing much can happen until the United States 
Congress is back in action at the end of January, and 
it has always seemed likely that the West German 
Government will not sign until after that—and perhaps 
not until after the next election of its own. But what 
about India? And Israel? Will they also wait, and 
will that matter? One difficulty is that the non- 
proliferation treaty, which has always been too much 
of a sanctification of the differences between the 
nuclear powers and the rest, may in the end turn out 
to be too much for the non-nuclear powers to stomach. 
That could be a serious problem, if only because it 
could dissipate the small momentum built up in the 
painful years of alternate negotiation and deadlock at 
Geneva. And although there is much in the view that 
what happens at Geneva must be somewhat unreal so 
long as the French Government studiously remains 
aloof and so long as mainland China is excluded, it 
would even now be valuable if the sub-committee were 
seriously to explore some realistic restraint of bomb 
technology among nuclear powers. Because a measure 
such as an agreed cut-off of the production of nuclear 
explosives is now politically out of the question, there 
is obviously much to be said for looking again at the 
extension of the test-ban agreement to cover nuclear 
explosions underground. Such a development could 
even be a substantial brake on the pace of weapons 
development. 

Since 1963, nothing much has been heard of schemes 
for banning nuclear tests entirely. Once the partial 
test-ban now in force had been duly signed, the fact 
that it is only a partial ban seemed somehow to 
persuade people that a full-scale ban would be out of 
the question. But is this so? Has nothing changed 
since 1963? That question is splendidly answered in 
a report now published by the International Institute 
of Peace and Conflict Research (Stockholm, £1). 
Although there has been no dramatic improvement of 
the means of detecting nuclear explosions underground 
in the decade since the first UN report on the subject, 
it is really quite remarkable how a decade of experience 
has made it seem entirely practicable that an extended 
test-ban of some kind or another might be policed 
with comparative ease, with conviction and without 
political trouble. Such has been the consequence of a 
decade’s expenditure on the capabilities of seismolo- 
gists. 

The report now published is based on two full weeks 
of study by an international group of seismologists, 
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although much of the hard work of compiling it has 
been done by Dr D. Davies of the Department of 
Geodesy and Geophysics at Cambridge. The report is 
a curious echo of that produeed in 1958 by what 
became known as the Geneva Conference of Experts, 
and which first sketched out she kinds of remote 
detection which might be attempted. Without the 
benefit of practical experience, that committee inferred 
that it might be possible to use seismic instruments of 
various kinds to tell that the seismic trace of an under- 
ground explosion is not an earthquake so long as the 
explosive power of the explosion is of the order of 
10 or 20 kilotons. Naturally and quite properly, the 
committee was also hopeful that further research would 
make it possible to reduce the detectable and possibly 
distinguishable limit to 5 kilotoms and even to some- 
thing between 1 and 2 kilotons. The new report 
differs very little in the numerical estimates which it 
provides of the feasibility of detection, but it differs 
enormously in the experimental foundation for its 
assertions. 

The accumulation of seismie data in the past few 
years has been striking: and the Stockholm study has 
been able to rely on data collected by arrays of seismo- 
graphs established by the United States, the United 
Kingdom and the Soviet Union largely for the deteetion 
or the study of underground explosions. Omne of the 
most valuable systems, the Worldwide Seismic Stan- 
dard Network, is already able to detect with quite high 
probability seismic events—eartiquakes or explosions 
—equivalent to a seismic magnitude (m) of 4-0 or 
thereabouts. But one of the merits of the report is 
that it explains by quoting evidence how the efficieney 
of detection can vary according to geological cireum- 
stances. Another striking piece of argument is that 
by means of which it has strung a mercator projection 
with contours showing the regions in which seismic 
events of given magnitude can be detected with 90 per 
cent probability—uncomfortabl; like certainty for 
potential violators of a test-ban treaty, But it is also 
clear that the noise arising from all kinds of natural 
phenomena—microseisms and the like—is an inescap- 
able limit of the efficiency of detection. Seismic 
stations at which noise contributes as little as one 
millimieron to the displacement of the surface at a 
seismic station seem to be rare, and there seems to be 
no future in the idea, much camvassed in 1958, that 
deep boreholes could reduce the afflietion of seismie 
noise. Arrays of seismic instruments offer the most 
obvious improvements, if onlv because noise may be 
reduced by a factor equal to the square root of the 
number of independent instruments. Independence 
implies that the separation is at east enough to ensure 
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that different instruments are not affected by a single 
extraneous disturbance, which of course implies that 
there are practical limits to the sensitivity of remote 
detection which even the largest arrays will not escape. 

The bearing of these developments on the detection 
of the kinds of nuclear explosions which nations are 
likely to set off depends on the relationship between 
the yield of the explosion and the magnitude of the 
seismic disturbance which results; and the Stockholm 
report reflects the way in which the optimism of the 
Geneva experts has been modified by experience. The 
proportion of the energy of an explosion which finds 
its way into seismic disturbance can vary by a factor 
of ten with the geological character of the surrounding 
rock, although it seems that alluvial deposits—where 
the coupling is least efficient—are rarely thick enough 
to contain sizable underground explosions. But 
artificial decoupling brought about by means of 
underground caverns can give a further factor of 100 
against the bomb detectors, although it is of course 
unlikely that full decoupling would be practicable for 
explosions yielding as much as 10 kilotons. Given all 
the uncertainties, the seismic magnitude of 4 may 
correspond to an explosion of anywhere between 2 and 
20 kilotons—the calibration is based on a series of 
measurements of the seismic signals from underground 
explosions in Nevada, Novaya Zemblya and central 
Asia. This is one of the impressive uses in the report 
of data gathered in the past ten years. 

But how easy is it to distinguish between seismic 
signals from earthquakes and from underground 
explosions ? Has the development of seismology in the 
past few years made possible a state of affairs in which 
the policing of a complete test-ban need not infringe 
the territory of nations under suspicion ? The Geneva 
experts suggested in 1958 that discrimination would 
be based on the simultaneous measurements of the 
direction of the first displacement of a seismic shock 
at an array of seismographs around the epicentre—the 
idea was that an explosion would give a symmetrical 
pattern of displacements. One of the implications of 
the attempt at Geneva to use this technique was that 
recording stations would have to be sited in the Soviet 
Union and the United States. Quite apart from the 
instrumental and even philosophical difficulties of 
basing a detection system on the assessment of the first 
motion of a seismograph affected by noise, it now seems 
that there is no regularity in the patterns of the two 
kinds of events. By good fortune, however, experience 
has supported the hope of the 1958 committee that 
differences between the propagation of body and 
surface waves from seismie events would make it 


Away with the Manager ? 


Wartcuine Intelsat, the International Telecommunica- 
tions Satellite consortium, is like watching a flea circus: 
you have to know what you are looking for. The 
circus proper will not begin until February 24 when the 


NATURE, VOL. 220, DECEMBER 7, 1968 


possible to tell explosions from earthquakes. Briefly, 
surface waves are less pronounced after explosions than 
after earthquakes, and the difference is most pro- 
nounced at comparatively long periods—20 seconds or 
so. With existing equipment, the world-wide network 
in particular, it seems that 20 kiloton explosions are 
reliably detected. An improved system with more 
long-period instruments could do better. Identifying 
10 kiloton explosions is well within range---5 kiloton 
explosions may even be accessible. It is good to see 
how enterprise and frankness by the operators of the 
British seismie networks seem to have played an 
important part in this development, at Stockholm and 
also in the past decade. The outcome is a coherent 
proof of several assertions which have been floating 
&bout in the past few years—that remote seismic 
observation can now pick out underground explosions 
as reliably as the 1958 committee hoped would be 
possible with a much more closely spaced array of 
instruments. The report is thus a credit to the Stock- 
holm institute and also a model—to Pugwash perhaps 
—of how technical discussions can influence events. 

But will the report set tongues wagging again about 
a complete test-ban ? Nobody can be sure, but it is 
quite clear that it is not a solution of all the problems 
which have been raised in the past decade. Smallish 
underground explosions would frequently go unrecog- 
nized as such or even undetected, which will not satisfy 
those who have been urging that there should be no 
comprehensive treaty without the provision for on-site 
inspection of suspeeted events. In the last resort, this 
is a political position—to what extent are signatories 
to give each other the benefit of the doubt ? "There is 
nothing in the Stockholm report to show why those 
concerned, many of them in the US Congress, should 
shift their ground from that adopted in 1962, when 
the partial test-ban was being discussed. Since then, 
however, all kinds of other things have changed. The 
partial test-ban has worked well, like many other 
international agreements. In retrospect, there must 
also be many in the United States and the Soviet 
Union who wish that the emergence of anti-ballistic 
missile systems had been retarded by a full test-ban. 
And the truth is, of course, that neither the United 
States nor the Soviet Union would dare to cheat on a 
test-ban and, for the time being at least, they are the 
only nuclear powers of importance. In the circum- 
stances, there is the strongest possible reason why other 
countries should now press forward for a full test-ban 
—they would probably find themselves doing more 
than getting their own back for the non-proliferation 
treaty. 


long-awaited international conference to decide on a 
permanent organization to run the global commercial 
system of satellite communication will begin in Wash- 
ington. Since it was set up in 1964, Intelsat has been 
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running on interim arrangements. Under these the 
organization has acquired 63 members, organized a 
nearly global network of communication by satellite 
and has advanced satellite development to the stage 
where 1,200 circuit devices are ready to be put into a 
geostationary orbit. Yet in Washington the governing 
committee which runs Intelsat is preparing its recom- 
mendations on the future structure of the organization. 
And around the world, in Europe especially, the various 
gripes and grudges against Intelsat’s status quo are 
being aired. What to watch for in the next few months 
is whether or not Comsat, the American Communica- 
tions Satellite Corporation, can remain the manager of 
the consortium which it has so successfully established 
and managed for four vears. 

More than a year ago the American position was 
made clear. Comsat would be allowed to relinquish 
its majority hold on the consortium, in which 63 
countries participate, but the United States wanted 
Comsat to be made permanent manager. The job is 
a desirable one, for the manager, like a headmaster or 
an editor, is the one who makes the practical decisions 
about what to buy and whom to hire. Expertise in 
space communications, therefore, rides with the mana- 
ger. It is not the kind of thing that the European 
partners of Intelsat want to sign away for ever. They 
therefore agreed, at the recent European Space Confer- 
ence in Bonn, that in the forthcoming negotiations 
they would demand a change in the managership. 
(Insofar as the British position differs from that of 
the European group as a whole, it is in having a friend- 
lier attitude toward Comsat and in not demanding 
that Comsat lets go, once and for all, on the first stroke 
of January 1, 1970, when the new agreement is to take 
effect.) 

If Comsat's hopes have in this way suffered a slight 
blow, they have been fortified by another development. 
The State Department, official host for the February 
conference, has decided to invite only the 63 current 
members of Intelsat. Theoretically, all 133 members 
of the International Telecommunications Union (the 
United Nations agency which keeps order in inter- 
national communications, even among enemies) might 
be asked to attend. The interim agreements signed in 
1964, setting up Intelsat, implied as much, although 
the actual wording is vague. Some members of the 
interim committee which serves as Intelsat’s governing 
body wanted the whole world to come. There are no 
communist countries in Intelsat and a generous 
invitation would have been an effective counter to 
the Russian proposal to set up its own Intersputnik 
system. But Comsat wanted Intelsat members only 
and that is what it is to get. Just what happens if 
outsiders want to attend the conference has not been 
decided. "They might attend as observers or become 
temporary members of Intelsat. 

A case might be made for moving Intelsat out of 
Comsat/s opulent new building and perhaps even out 
of Washington. (The French, nearly two years ago, 
suggested that the UN should run the satellite network.) 
A less American-oriented body might be more tolerant 
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towards allowing independence within the Intelsat 
framework: there are going to be enormous pressures 
for national and regional satellite systems in the coming 
decade; to oppose them rigidly will be to invite 
unnecessary trouble. Also, a more truly international 
Intelsat (that is, with an international managing 
committee or a rotating managership) might more 
easily create rapport with the Intersputnik system, 
which is not going to be a serious rival anyway. And 
a more international Intelsat might, for Europeans at 
least, take some of the sting out of having to depend on 
American rockets to launch satellites. 

This is not to say that Comsat has managed Intelsat 
badly—far from it. The synchronous satellite aystem 
is working better than anyone would have expected 
in 1964, before Early Bird. But Comsat has been 
tactless and high-handed. It should have made 
greater efforts right at the beginning to share contracts, 
jobs and decision-making with non-Americans. Now 
it should be willing to allow others a greater voice in 
directing Intelsat or it should stop pretending that its 
international partners are anything but minor share- 
holders in a very-well-run American show. 


SPACE POLITICS 


ELDO Fails Again 


Ir is now clear that Britain is not going to be let off 
its remaining two year financial obligation to ELDO-— 
roughly £10 million—without a struggle. The Minister 
of Technology made the ditching of the ELDO contribu- 
tion a condition for Britain's ^whole-hearted participa- 
tion” in the new space policy for Europe centred on com- 
munications satellites which he personally sponsored 
at the November European Space Conference in Bonn. 

At the postponed ELDO council meeting which took 
place the day before Saturday’s failure of the ELDO 
launcher to put up its first satellite. the five continental 
ELDO countries showed “a very cool response" to 
the British argument. A decision is now further post- 
poned until the council meeting which is scheduled for 
December 20, when ELDO's budget for next year will 
have to be settled. Whether Britain contributes its 
share or not is obviously a main consideration. Also 
uncertain is whether Italy will, in the end, conform to 
the economy plan agreed by the other nations for 
completing the Europa 2 launcher programme. This 
means dropping tests of the satellite and the apogee 
motor—the Italians’ chief share of the work—in return 
for an Italian contribution to comparable work on the 
Franco-German Symphonie communications satellite 
(Nature, 220, 633; 1968). Italian industrialists at 
Bonn were thrilled with this entrée, which they have 
been trying to obtain for 18 months, but government, 
representatives had reservations and the matter is still 
in doubt. French financial difficulties will not help 
ELDO's budgetary problems either. Fifty million 
franes had already been lopped off the French apace 
budget before the recent money crisis and the additional 
budgetary economies that followed. France is under- 
stood to have refused to contribute to the economie 
and technical studies on applications satellites adopted 
by the European Space Conference and estimated at 
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$1 million. It is assumed that the budget for the 
studies will now have to be $800,000. 

The failure last Saturday of the first "live" test of 
the complete Europa 1 launcher may in the end prove 
crucial to the ELDO concept. It has surely shaken the 
confidence of all but the most fanatical of European 
rocketeers. How much the failure will cost ELDO in 
time and money is still not clear. But it will certainly 
push the costs of the ELDO programme above the 
fixed ceiling of $620 million by 1972, a development 
already threatened by failures of the French second 
stage in the previous two tests and only avoided by 
the drastic cuts affecting the Italians recommended by 
the ELDO ministers on the eve of the European Space 





The German third stage. 


Conference in Bonn. Not only did the German third 
stage cut out early, but the Italian test satellite was 
lost in last Saturday's firing. ‘We don't know where 
it is," Colonel J. Dutton, an ELDO representative, is 
reported as saying. The test, known as F7, was origin- 
ally to have been last summer. A postponement from 
the rescheduled launch date of November 18 was due 
to trouble with the standby French stage sequencer- 

it was the second stage sequencer which failed during 
the most recent test of Europa 1 a year ago. Further 
attempts at launching took place on November 23, 
25. 27 and 28. The first of these was abandoned 
about three hours before the end of the countdown 
because of premature ejection of the umbilical plug 
from the German third stage, the second was abandoned 
35 seconds before lift-off when a fault developed in the 
arming of the separation motor of the French second 
stage, the third countdown was stopped an hour 
before lift-off because of a fault in the pressurization 
of the second stage, and the fourth attempt was stopped 
due to a false indication of an engine fault in one of the 
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first stage engines. In the end, on November 30, the 
French stage and its sequencer triumphed and much 
hard work was vindicated. But the launch was a 
blow for the Germans and the expensive third stage, 
by far the biggest space project in the Federal Republic. 
Only recently the Federal Minister of Scientific Re- 
search, Dr G. Stoltenberg, said the major problems 
facing ELDO were not in the third stage, and everyone 
is hoping he will be proved right. Paradoxically, the 
British booster has come through clear all along. Blue 
Streak has now made eight successful firings out of eight. 

It must be admitted, however, that by comparison 
with some of ELDO’s earlier efforts, this latest launch 
was almost a success. All three stages fired, at least, 
even if one of them eut out before it should have done. 
By ELDO standards, this is far from bad. It is only 
when this partial failure is added to the previous 
disasters with the second stage that the full effect can 
be realized. By going ahead with the orbital attempt 
instead of repeating the earlier firings until they were 
successful, ELDO took a calculated risk, which very 
nearly came off. 


CONSERVATION 


Aldabra all but Saved 


To judge from the Royal Society's report of council 
(published last week) and Professor P. M. S. Blackett’s 
presidential address, all that stands in the way of im- 
mediately establishing a permanent research station on 
Aldabra and maintaining the island as a nature reserve 
is a lack of funds. The chances are that money will 
be made available from the current negotiations 
between the Royal Society and the British Government 
on the one hand and the US National Academy of 
Sciences and the Smithsonian Institute on the other. 
Professor Blackett was able to say last week that 
"heeause of the several interests involved in the island, 
negotiations to seek the establishment of a permanent 
research station have necessarily been protracted, but 
the final stage seems now to be in sight". 

The Aldabra Researeh Committee, with Professor 
T. S. Westoll as chairman, has maintained groups of 
scientists on the island during the negotiations for a 
permanent station. Phase six of the Royal Society's 
Expedition sailed for the island this week. The group, 
led by Dr D. J. Bellamy of the University of Durham, 
plans to stay on the island until the middle of next 
February studying the offshore under-water marine 
ecology. It will take over from a group of shallow 
water marine biologists which has been on the island 
for the past four months studying the littoral ecology. 
By February plans for a permanent station should 
have been decided. 

The research committee has held talks with the 
Governor of the Seychelles who, as Commissioner of 
the British Indian Ocean Territory, is responsible for 
Aldabra. The Governor has apparently offered the 
fullest cooperation, so there are no local difficulties 
still to be overcome. All that remains to be done is 
to raise some money. How much is involved * With 
negotiations still in progress, nobody is willing to say 
exactly how much the Royal Society is hoping to raise, 
but the capital cost of the station is likely to be about 
£40,000 and the annual costs thereafter about the same. 
With luck the society should have secured this before 
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it holds a discussion meeting on the expedition, 
scheduled for early next year. 


TRANSPORT 


Slide to Work i 


Tuar old staple of science fiction writers, rapidly moving 
pavements for carrying people around cities, came a 
few steps nearer to reality last week. The Dunlop 
Rubber Company announced that, jointly with the 
Battelle Institute, Geneva, and with the backing of the 
National Research Development Corporation, it has 
devised a viable conveyor system capable of speeds of 
ten miles an hour or more yet fully accessible to the 
old and infirm. 

Passenger conveyors tried about ten years ago in 
the United States had a rubber belt sliding along a 
steel bed. Problems of friction soon led to the abandon- 
ment of this idea, and later designs had a belt running 
over rollers. This system was efficient though bumpy 
and uncomfortable, and Dunlop some years ago devised 
a belt strengthened by lateral and longitudinal steel 
cords. The belt needs support only at its edges: its 
centre span apparently gives a smooth ride. 





Photomontage of a Dunlop conveyor mounted above a city 
street. The whole structure weighs little, and support 
columns can be widely spaced. 


The other outstanding problem in conveyor design 
is access. A conveyor can move at no more than 
1} m.p.h. if its passengers have to step straight on to it. 
The Dunlop-Battelle system solves the problem quite 
ingeniously, At an access point, steps continuously 
emerge from an entrance comb—as in a normal escala- 
tor—and move towards the conveyor. The steps are 
set in parabolic tracks so that while their forward 
motion is constant, they are also subject to a small 
lateral acceleration, which continues until the steps 
meet the conveyor, exactly matched to it in sideways 
speed. Disembarking would, of course, take place in 
reverse sequence: one continuous loop of steps could 
handle both entrance and exit at a station. 

A double moving belt three feet wide could carry 
30,000 passengers an hour over a route of perhaps two 
miles. Routes would have to be fairly straight— 
Dunlop estimates that its belts have a minimum radius 
of curvature of 900 feet. Cost is estimated at £2 
million a mile—about a third of that of the Victoria 
Line. Cost per passenger mile is expected to be com- 
petitive with current systems. 

The first full scale version of the conveyor is expected 
in 1971 and already several city authorities here and 
abroad are taking a close interest in the development. 
The GLC Covent Garden Plan of a few days ago made 
reference to a conveyor system of some sort. but 
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Dunlop says that it does not know whether the GLC 
had its own system in mind. The company expects 
to spend about £500,000 on the development of the 
system, and costs will be shared equally with the 
National Research Development Corporation. The 
Battelle Institute apparently has no commercial stake 
in the enterprise—it merely has a research contract 
for the entry and exit device. 


EMPLOYMENT 


Woman Power 


Monk evidence of the scarcity of women in technical 
jobs is provided in the November issue of the Govern- 
ment's Employment and Productivity Gazette (HMSO, 
6s). An article entitled "Opportunities for Girls in 
Skilled Work" reports that between 1950 and 1967 
the number of employed women in Britain increased. 
from 7 million to 8-6 million, aecounting for almost. 
two-thirds of the total increase in labour force. A 
survey by the Government Soeial Survey in 1965 
showed that although married women work chiefly to 
augment the family income, they also want company 
and escape from boredom, and the indications are that 
in future most women will work and most of them 
will work outside the home, except. for perhaps 10 to 
15 years while their children are young. But most of 
the increase in women's employment so far has been 
in elerieal work or jobs requiring little training; and 
in the engineering and electrical goods industries there 
has been a sharp decline in the proportion of women 
in professional and technical posts. 

In Russia, 30 per cent of engineers are women and 
in Sweden the figure is seven per cent, but in Britain 
more than 77 per cent of girls entering employment in 
1967 went into elerical work or jobs requiring less than 
two months training. Only 7-2 per cent went into 
apprenticeships. of whom three-quarters were in hair- 
dressing. The report finds it unsatisfactory that many 
girls, who have never been shown to be less able than 
boys, should be doing jobs which do not make full 
use of their abilities. 

If the range of women's employment is to be 
broadened, a number of prejudices must be overcome. 
Many girls and their parents feel that certain jobs, 
like clerical work, are suitable for girls, while work in 
industry is usually dirty and umfeminine. Equally, 
science is often considered an unfeminine pursuit for 
sixth form girls. Many never think of entering a less 
traditional field of employment, or if they do they feel 
that prejudice will halt their progress. Girls receive 
scant encouragement from employers, who tend to 
consider that training girls is a waste of money. The 
report agrees that there is some truth in the belief that 
family commitments make it difficult to obtain an 
economic return on the training of girls, but points out 
that this idea ignores the changing pattern of women’s 
working lives, with more women returning to work after 
having their families. 

Attempts to ease this situation are under w ay, but 
success seems to be slow in coming. The Engineering 
Industrial Training Board has reminded employers 
that women and girls can make a contribution in the 
more highly skilled jobs, and has expressed the pious 
hope that girls will become more interested in careers 
in engineering. The board’s new proposals for craft 
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training mean that the minimum length of training for 
engineering will be no longer than for hairdressing, 
which many girls are prepared to enter as apprentices. 
This should remove at least one of the barriers. 

In Gloucestershire, Hertfordshire and the London 
Borough of Hounslow, employers who have difficulty 
in filling their craft and technician apprenticeships 
with boys are being encouraged by the Central Youth 
Employment Executive to give girls equal considera- 
tion. At the same time, youth employment officers 
have been urged to encourage suitably qualified girls to 
consider sandwich courses and apprenticeships. Initial 
reactions show that there is a great deal of work to be 
done. Prejudice against girl apprentices is strong in 
traditional manufacturing industries such as mechanical 
engineering, and employers are usually interested in 
giving jobs to girls only if insufficient boys are available. 
Another problem, which places responsibility on the 
schools, is that not enough girls obtain qualifications 
in science and mathematics to provide a good supply 
of recruits to firms prepared to take them. 


EDUCATION 


Professors for Everyman 


Last week Britain's university of the air, the so-called 
Open University, announced the appointment of its 
first five professors and two directors of studies. The 
three scientists among them are Mr J. M. Pentz, at 
present a senior physicist at CERN, who is to be 
director of science studies, Professor G. S. Holister, an 
engineer who will be coming home from Pennsylvania 
State University, and Dr Maxim Bruckheimer, currently 
senior lecturer in mathematics at the City University. 
In this first bateh of appointments the Open University 
seems to have done its bit to reverse the brain drain, 
for apart from Professors Pentz and Holister another 
of the appointees, the classicist Professor J. Ferguson, 
has been recruited from the United States. 

Despite the crisis in educational spending the Open 
University, as Miss Jenny Lee's personal saered cow, 
seems to have survived unscathed. As well as announ- 
cing these appointments, the university is currently 
advertising for more staff, from assistant lecturers to 
professors, and for a librarian. According to the 
advertisement in Nature, “members of staff will be 
expected to devote a proportion of their time to private 
study and research", but it is not clear yet where this 
will be done. Mr D. Stafford, the secretary of the 
university, said this week that the university was 
looking for permanent premises somewhere in the 
home counties within commuting distance—fifty or 
sixty miles—of London. The plan is to site the Open 
University close to a conventional university so that 
its staff can use the latter's library and perhaps appar- 
atus. But that may be straining the bonds of friendship 
too far, and Mr Stafford agrees that there could well 
be difficulties in catering for the needs of scientific 
research unless, of course, the Open University spends 
some of its money equipping its scientists. On the face 
of things, all this suggests that the Open University 
will be no place for scientists with anything but the 
most modest research ambitions. 

1f the staff of the university is to rely on conven- 
tional universities for its research facilities, how will 
the students fare ? The degrees which the Open Univer- 
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sity will offer will apparently be quite different from 
anything offered by the traditional universities. That 
may explain the eloquent silence of the Committee of 
Vice-Chancellors and Principals, which so far has made 
no official comment, not even a polite word of en- 
couragement, about the project. The Vice-Chancellors' 
Committee has, however, recently accepted in principle 
the invitation to send three members to the council 
of the Open University. No matter how general 
the degrees are to be, however, there will have to be 
some laboratory work and the university intends to 
persuade all the existing adult and higher education 
agencies to provide the facilities. The same applies 
to libraries; local publie libraries will apparently be 
expected to cope with the demand for multiple copies 
of textbooks. But where is the money to come from ? 
According to the Libraries Association, admittedly a 
vested interest, no one has any idea at the moment who 
will be paying for these special libraries, or, for that 
matter, what will be the most economic way of meeting 
the demand. The association makes no secret of its 
criticism that not enough attention has been given to 
libraries by the university’s Planning Committee. The 
usual pattern in new universities is to appoint the 
librarian as soon as possible, but the Open University 
belatedly decided last week to employ a librarian and 
is now advertising the job. That in itself is something 
of a triumph for the Libraries Association, which has 
been pressing for the appointment ever since the 
planning of the university began, but the question of 
funds has still to be solved. The public libraries are 
overstretched already and there is no obvious reason 
why the university, with a budget for 1969-70 of 
£1-5-2 million, should not, like every other university, 
provide its students with the library they need. The 
report on the plans of the university, which is due to 
be published in January, three months before the 
university receives its Royal Charter, may contain 
some definite proposals. 


GASTROENTEROLOGY 


Easing the Pain 


Tur traditional special diet of milk, puréed vegetables, 
white meat and fish does not seem to be as valuable in 
the treatment of peptic ulcers as faith in the time 
honoured method has suggested. Twelve years ago 
patients eating a normal diet (with the exception of 
fried food) or the traditional special diet were shown to 
be no different with respect to the pain they felt or 
the extent to which their ulcers healed. More recently, 
at the MRC Gastroenterology Research Unit at the 
Central Middlesex Hospital, the effeets of normal and 
special diets on the acidity of the gastric contents have 
been examined. Although food in general buffers and 
dilutes gastric acid so that acidity decreases, the special 
diet has not been found to be any more effective in 
this respect than a normal diet. 

Patients with duodenal ulcer often complain of pain 
in the early morning and before meals—times when 
acidity is greatest. The peak acidities before meals 
have been found to be less when a day's diet is given at 
two hourly intervals than when the same quantity and 
content of food is given in larger portions at four hourly 
intervals. More frequent feeding might therefore be 
expected to reduce pain during the day, although 
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there have not yet been any controlled therapeutic 
observations of the use of such a diet. 

The period of low acidity after food tends to last 
longer after meals containing a high concentration of 
protein than after meals with little protein but much 
carbohydrate. A controlled therapeutic trial at the 
unit, however, has not confirmed the suggestion thet 
à high protein, low carbohydrate diet might be useful 
in the treatment of ulcers. "These studies, as well as 
making treatment less irksome for patients, are relevant 
to investigations of dietary factors which may be 
responsible for the varying incidence of peptic ulcer in 
different parts of the world. 

Other work of the unit aimed at making the life of 
patients and doctors easier is the development of 
quicker ways of making a diagnosis. Using available 
information about the mechanism of production of 
symptoms it has been possible to build up an algorith- 
mic (flow chart) system of analysis of the causes of 
difficulty with swallowing. The patient answers "yes" 
or "no" to various questions and a diagnosis can be 
made without the use of X-ray or any other form of 
examination. The algorithm is in two forms; one for 
the doctor who questions the patient and one for the 
patient who answers questions from a book or on a 
film strip in a modified teaching machine. This version 
with the machine forms the basis for a system of auto- 
mated patient interrogation which is being developed 
by the unit in collaboration with the University of 
Essex. 


COUNTRYSIDE 


Unspoilt Coastline 


ALTHOUGH too much of the coastline of England and 
Wales has been spoilt by bad siting of caravans, 
bungalows, industry and defence structures, there 
remains about three-quarters of the coast that is still 
completely free from development of any kind. This 
surprising fact is contained in a recently published 
compendium of statistics compiled by the Countryside 
Commission from data supplied from local planning 
authorities (T'he Coasts of England and Wales : Measure- 
ments of Use, Protection and Development; HMSO, 
5s 6d). The coastline is shown to total 2,742 miles, of 
which a little over a quarter lies in Wales. Out of this 
mileage, camping and caravan sites exist or are planned 
for just under 105 miles of coast, industrial and com- 
mercial users occupy 157-1 miles, and some 134 miles 
are occupied by defence and other government land. 
On the other hand, there are 414 miles of coast that is 
in protective ownership of some kind—National Trust, 
Forestry Commission, National Nature Reserves, and 
the like. 

There are wide local variations in the extent of 
coastal development. The coasts of several counties 
are hardly developed at all—there are no buildings 
along any part of the Holland region of Lincolnshire, 
and only 6:3 per cent and 13-2 per cent of the coasts 
of Monmouthshire and Gloucestershire are built up. 
Conversely, the most developed county coastlines in 
England are those of West Sussex (68 per cent), 
Durham (53-6 per cent) and East Sussex (50-3 per cent). 
In Wales, however, the coast of Denbighshire (72-3 per 
cent) is more substantially developed than that of any 
English county. ` 
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There are wide variations, too, in the extent to 
which the coasts of county boroughs are developed or 
are committed for development. The most heavily 
developed coasts of county boroughs are those of 
Bootle, Grimsby, Tynemouth, Liverpool, and Great 
Yarmouth, all of which are completely built up. In 
contrast, the coasts of the county boroughs of South- 
port (15-4 per cent), South Shields (18-9 per cent) and 
Portsmouth (22-9 per cent) have far fewer buildings. 


AVIATION 


Aircraft on Trial 


Despite the rapid advance ir instrumentation in 
aviation, some comparatively old techniques survive. 
At the Ministry of Technology’s Aeroplane and 
Armament Experimental Establishment at Boscombe 
Down, good use is still made of a large blower, first 
used in testing flame damping exhaust systems on the 
British night bomber force of 1942. Four large fans, 
each ten feet in diameter and with ten blades, are 
driven by Merlin aero engines to produce airstreams 
with velocities of up to 400 mph. Whatever is being 
tested remains outside in the open, so that the blower 
itself cannot be damaged by breakage or jettisoning of 
equipment. Last week a quiet murmur of engineering 
French was to be heard around the blower as tests on 
the jettisoning of the canopy of the Anglo-French 
Jaguar wenton. Right on cue the canopy flew off to be 
held by a cat’s-cradle of wires and ropes, while a 
camera in the background recorded what went on. 
Because the canopy is undamaged and can be used 
again, costs are greatly reduced and the whole pro- 
cedure, according to the staff et Boscombe, is fifteen 
times cheaper than testing in flight. 





One of the newer facilities aè Boscombe is a hangar 
which has a good claim to be the biggest Turkish bath 
in the world. Entire aircraft can be exposed to high 
temperatures and humidities tc test the performance of 
their systems under extreme tropical conditions. Last 
week the RAF’s latest aircraft, the Harrier, was 
undergoing a test. Temperatures of up to 75° C can 
be reached, and maintained to within +2°C, and 
humidity can also be closely controlled. Cloud forma- 
tion can be maintained up to temperatures of 34° C, and 
the effects of solar radiation can also be simulated. In 
theory the hangar is at the disposal of industrial 
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companies (the military programme permitting), but so 
far none seems to have taken advantage. Lorries for 
export to hot and humid regions might well benefit 
from a programme of tests in the hangar, and costs of 
the order of £30 per hour for heating and humidity are 
quoted. 

Although the establishment comes under the 
direction of the Ministry of Technology, its function is 
still a military one. It is responsible for the trials of 
new aircraft and aircraft equipments before they go 
into squadron service. One of the station's facilities is, 
however, to be used for the Concorde programme. 
This is an old Canberra bomber, converted for use as a 
tanker. By spraying water from specially designed 
nozzles, it can simulate aircraft icing conditions. The 
Canberra can carry some 900 gallons of water, using 
tanks fitted on the bomb bay, and a converted fuel 
tank. When sprayed behind the aircraft, this produces 
a cloud into which the aircraft under test is flown. 
Again, this is à very much cheaper method of testing 
than waiting for the right conditions to occur naturally, 
which, as the staff at Boscombe point out, happens 
only when it is least wanted. 


ROYAL SOCIETY 


The Yeur of the Move 


“THE most important event was an evening reception 
on November 21, 1967, when the society was honoured 
by the presence of its patron, Her Majesty the Queen, 
who formally declared open the society's new home 
at 6 Carlton House Terrace.” So begins the Royal 
Society’s report of council for the year ending Septem- 
ber 30, 1968. But apart from removing to the heart of 
clubland the society has during the vear increasingly 
involved itself in current problems of science education ; 
the Dainton disease, the failure of industry and schools 
to attract scientists and technologists which was re- 
vealed in the Swann Report, and the problems of post- 
graduate education. The recent discussion meeting 
on “The Swing from Science in Schools" was a success, 
unlike the generally uninspired series of reports of sub- 
committees inquiring into postgraduate training. The 
last of these reports, on engineering and earth sciences, 
is promised this year. 

During the year the society has initiated discussions 
on the introduction of metrie units, given evidence to 
the Dainton Committee on a National Library, and 
agreed to increase the emphasis of its own library on 
the history of science, especially that in Britain. The 
society is, for example, investigating ways of preserving 
the papers of fellows. 

In the expeditionary field the society is on the verge 
of achieving its aim of setting up a permanent research 
station on Aldabra island (see page 947) and it has 
contributed to the International Biological Programme 
through its expeditions in Uganda and New Guinea, 
as well as numerous projects in Britain. The society 
has also jointly sponsored, with the Royal Geographical 
Society, an expedition to the Mato Grosso, and with its 
counterpart in New Zealand has arranged an expedition 
in the New Zealand ship Endeavour to mark the bicen- 
tenary of Cook's first cireumnavigation. 

The European Exchange Scheme, in its second year, 
is flourishing. Eleven West European countries have 
now agreed to put up matching money totalling 
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£72,656 so the society can ask the British Government 
for that amount to finance overseas scientists in Britain. 
With this Government money and grants from the 
Ford and Wates Foundations and Pergamon Press, the 
society awarded 90 fellowships (53 from Britain to 
Western Europe and 37 from Western Europe to 
Britain) and 50 study visits. In addition the society 
made 37 exchanges with academies of science in 
Eastern Europe. 

Parliamentary grants administered by the society 
in 1967-68 totalled £657,000, including £43,250 for 
rent and management of Carlton House Terrace. In 
the eurrent year the soeiety has a considerably larger 
budget, £802,000, most of the increase being for its 
International Fellowship Scheme and for furthering 
international relations. 


CONSTRUCTION 


Better Concrete 


Ir is estimated that some £130 to £150 million is going 
to be spent on elevated roads in Britain in the 1970s. 
Structures such as the Hammersmith Flyover, the 
Mancunian Way and the Western Avenue Extension 
are therefore going to become increasingly common 
features of the urban environment. The design of 
elevated roads, however, poses several problems— 
they have, for example, to be supported on a very small 
ground area, and they must be capable of being con- 
structed on a very restricted site. These and other 
problems associated with the design of elevated roads 
are being tackled by the Design Research Department 





The addition of skid resistant texture to an existing 
concrete road. 


of the Cement and Concrete Association's Research 
and Development Division at Wexham Springs near 
Slough. A comprehensive research programme lasting 
three years is now in progress at the laboratories with 
support from the Construction Industry Research and 
Information Association. Some of this work and other 
research on bridge design was demonstrated at an 
open day held last week at Wexham Springs. Work 
being done in two other divisions of the research station 
was also on display. The Construction Research De- 
partment deals with the construction process itself 
and its significance in relation to the properties of 
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concrete; with the aesthetic, functional and economic 
quality of the resulting produets; and with the im- 
provement of site procedures. Much time is spent in 
this department on problems associated with the con- 
struction of concrete roads. Results of tests of skidding 
resistance of this type of road have shown that the 
most effective and durable skid resistant surface for 
newly laid concrete on high speed roads is provided 
by closely spaced transverse grooving of the concrete 
surface. Work is also being done on ways of producing 
high skidding resistance on existing concrete roads 
which are smooth textured. 

The Materials Research Department carries out 
research into the basic nature of concrete—the rheology, 
physics and chemistry of the bonding process that takes 
place during hy dration of cement, ‘the properties and 
influence of the various constituents of concrete and 
so on. Of potential importance are the very high 
strength materials being made in this department from 
hardened cement pastes containing no aggregates. 
All this research is backed up by a technical advisory 
and information service on the uses of cement and con- 
crete, by publications and educational activities. 
Although the association works in collaboration with 
government laboratories like the Road Research 
Laboratory and the Building Research Station, and 
grant aided research associations, it receives no public 
funds. It is financed instead by voluntary levies 
paid by member cement companies on each ton of 
cement sold in the United Kingdom. 


EDUCATION 


Feeling the Squeeze 


(Tug British Government's unilateral and hotly con- 
tested decision to raise the university fees charged to 
overseas students at British universities by a factor 
of more than three seems to be taking effect. 
There was a decrease of 4,000 in the number of 
foreign students at the universities during 1967-68. 
This is the estimate of the annual report of the 
British Council, which was published on November 

8 (HMSO, 2s 6d). This was the first decline in the 
numbers of overseas students in Britain since the 
British Council began keeping records in 1957. The 
drop of 4,000 represents a decrease of 6 per cent in the 
total population of overseas students, but a decline of 
13 per cent in the number engaged in full time education 
at the universities and technical colleges. In 1967-68 
there were 69,000 overseas students in Britain of whom 
30,500 were engaged in full time education. The equiva- 
lent figures for the previous year were 73,000 and 35,000 
respectively. Another sign of the times is that in 
1967-68, for the first time, the number of overseas 
postgraduate students exceeded the number of under- 
graduate students. This presumably reflects the world- 
wide increase in university education. 

When the Government first announced its decision, 
the Committee of Vice-Chancellors and Principals 
conveyed to the Government the dismay and regret 
of the academic world. As the committee’s recently 
published report savs, "These reactions were repre- 
sented forcibly to the minister by our committee", 
but the only response from the Government was an 
agreement to start diseussions with the committee, 
the UGC and local authorities on the general levels of 
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university fees for both domestic ard overseas students. 
This still seems to be the position, and the Vice-Chan- 
cellors have been obliged to recommend that the 
universities continue to charge the diseriminatory fees 
as the negotiations drag on with no sign of a conclusion. 

Keeping in touch with overseas students in Britain 
is, of course, only a small part of the British Council's 
work, the main purpose of which is to show the British 
cultural flag overseas. In common with the other 
overseas services, the council's budget was eut. during 
1967-68, and the Middle East war and the Nigerian 
civil war disrupted some of the ceuncil’s activities, but 
most of its long-term projects have survived uncur- 
tailed. The council is now represented in 75 countries, 
and during 1967-68 it mounted 122 ex xhibitions of 
books in 53 countries, had 42 officers serving in over- 
seas schools and universities teaching English | and as 
usual promoted music and drama tours. This year 
even after devaluation, the council has, with a budget 
of a little more than £13-2 milion, £400,000 more 
spending power than in 1967-68. 








LECTURES 


Science for Christmus 


CHRISTMAS lectures for schoolchildren were begun at 
the Royal Institution in 1826 by Michael F araday, and 
have since become a permanen: fixture. This year 
the lectures are to be given by a professor from the 
United States— Professor Philip Morrison from Massa- 
chusetts Institute of Technology, who will talk on 
“Gulliver's Laws, the Physics cf Large and Small". 
Although not very many will be lucky enough to see 
the lectures live, they will be televised by the BBC— 
on December 28 and 31 and on January 2, 4, 7 and 9. 

When the lectures started, little science was taught in 
schools and universities, and the lecturer faced a 
relatively uninformed "juvenile zuditry". Now things 
are different: all children learn some science at school, 
where teaching methods use visual aids to a much 
greater extent than hitherto. Television, too, might 
be expected to have taken the edge off the appeal of 
the Christmas Lectures. Happily this does not seem 
to be the case—the lectures at the Royal Institution 
seem to be as popular as ever. The task facing the 
lecturer is a difficult one, because his audience covers a 
wide range of ages—officially the children are between 
ten and eighteen. Professor King of the RI says 
that the aims of the lectures remain unchanged—to 
present scientific information in as interesting and 
amusing a way as possible and te capture the imagina- 
tion and enthusiasm of the audience. 

Other institutions and societies offer lectures too. 
Some of them, like those organized by the Zoological 
Society, are only for the children of members. Others, 
like those at the Natural History Museum and the 
Science Museum, are open to the public. The museums 
produce lectures, films and lessons for schools all the 
year round, but the emphasis in their Christmas 
lectures is on general themes and a popular appeal, 
This year, members of the staff of the Natural History 
Museum are lecturing on subjects ranging from dino- 
saurs to voleanoes to seashore znimals, daily at 3 pm 
from December 27. The Science : Museum is presenting 
lectures on the Quest for Speed, intended for 12 and 
13 vear olds. 
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Parliament in Britain 


Defence Appointments 

Five university appointments financed by the Ministry 
of Defence have so far been created. Mr G. W. 
Reynolds, Minister of Defence for Administration, said 
that arrangements had been made with Aberdeen, 
Edinburgh and Southampton Universities, King's Col- 
lege (London) and All Souls’ College (Oxford) to appoint 
an additional member of staff to specialize in the 
defence aspects of his discipline. The ministry's grant 
is initially awarded for five years and will be reviewed 
at the end of this period. Responsibility for the 
appointment is the university’s. The ministry en- 
courages the publication of results unless classified 
information is involved. (Written answer, Novem- 
ber 22.) 


Influenza Vaccine 

AsKED what resources the Government has to deal 
with the threatened spread of Hong Kong influenza 
to Britain by about Christmas, Mr D. Ennals, Minister 
of State in the Department of Health and Social 
Security, said that the vaccination was desirable for 
people suffering from chronie diseases like bronchitis, 
tuberculosis, heart and renal diseases and diabetes. 
The supply of A2 virus vaccine is not likely to meet 
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all possible demands for it. (Written answer, Novem- 
ber 22.) 

Mentally Handicapped Children 

MxxsEns of the House welcomed the Prime Minister's 
statement that responsibility for the education of 
mentally handicapped children will be transferred from 
the health to the education service. No change is 
necessary in Seotland where the education authorities 
are already responsible. The Prime Minister said that 
the necessary legislation would be prepared as soon as 
possible. (Oral answer, November 26.) 

Fuel Supplies 

Tug Economist Intelligence Units study of Britain's 
energy supplies, recommending that the production 
of coal should not decline as fast as the Fuel Policy 
White Paper suggested, has been studied by officials in 
the Ministry of Power. But Mr Mason, the Minister of 
Power, said that he did not accept its conclusions or 
that it invalidated the Government's White Paper. 
(Written answer, November 26.) 

Hovertrain 

TRACKED Hovercrarr LrwrrED is to get an extra 
£1-5 million to produce an experimental manned vehicle 
on a track several miles long. Announcing this, Mr 
Mallalieu added that the question of fast transport to 
and from airports was seriously being considered. 
(Oral answer, November 27.) 


New Constitution for British Physicists 


Tue quaintly named organization which has been 
known as “The Institute of Physics and The Physical 
Society” for the past eight years may quite soon be 
ealled simply the Institute of Physics, and outsiders 
will no doubt welcome that simplification of a com- 
plicated world. The change of name, however, is only 
one of several proposals for change which constitute 
a package formally approved at an extraordinary 
general meeting held in London last week, on Novem- 
ber 27. The new developments centre on a proposal 
by the council of the Institute of Physics and the 
Physical Society (referred to in what follows as the 
Organization) to apply to the Privy Council for a Royal 
Charter. The immediate effect of this would be to 
change the basis of incorporation of the Organization, 
which is at present registered as a limited company 
with the Board of Trade, but there is also strong 
feeling among many influential members that the role 
of the Organization as a learned society will in the 
process be emasculated. Some of this opposition 
bubbled to the surface of the general meeting, and was 
no doubt charged with some of the resentment among 
members of the Organization at the haste with which the 
meeting appears tohave been called—the advance notice 
was only two days more than the statutory minimum. 

The origin of the Organization is to be found in the 
late fifties, when there were powerful arguments in 
favour of the merger of the Physical Society, a learned 
society, and the Institute of Physics, a professional 
body concerned with the professional status of physi- 
cists and competent to award to its members profes- 
sional qualifications similar to those awarded by the 
engineering institutions. Although the members (or 


Fellows) of the Physical Society were mostly academics 
and the members (Graduates, Associates and Fellows) 
of the Institute were mostly at work in industry, the 
overlap between the two bodies was considerable— 
both of them, for example, were accustomed to organize 
scientifie meetings which would necessarily appeal to 
members of both bodies. Discussions about an amalga- 
mation of the society and the institute were well under 
way in 1959, when the presidents of the organizations 
were, respectively, Mr J. A. Rateliffe and Sir George 
Thomson. 

Although the amalgamation of the two bodies which 
was finally carried out early in 1960 made it possible 
for the Organization to begin with a much stronger 
executive arm, and although the council of the Organ- 
ization brought together (as it still does) physicists 
with roots in the Physical Society and the Institute of 
Physics, the activities of the two organizations remained 
more or less parallel to each other. Fellows of the 
Physical Society remained Fellows of the Physical 
Society, while the grades of membership of the Institute 
of Physics, which implied professional status of a kind, 
also kept their separate identity. Only the non-voting 
student members were shared indistinguishably by the 
two amalgamated societies. 

Those who now resent the proposals which go along 
with the application for a Royal Charter say that when 
the merger took place, there was a "gentleman's 
agreement" that this parallel coexistence would 
continue. One resentful member says that he has, for 
the past eight years, regarded the Organization as 
federation, not an amalgamation. From this point of 
view, the most striking of the new proposals are those 
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Membership by grades at the end of 1967. 


which would require that present Fellows of the 
Physical Society will either have to become Fellows of 
the Institute of Physics or enter a kind of limbo in 
which they can continue to subscribe at the old rate and 
continue to enjoy the old privileges, but in which they 
cannot vote. There will be no further elections to the 
grade of Fellow of the Physical Society. 

The new scheme of membership is much more 
hierarchical than that familiar in most learned societies. 
In future, there will be two kinds of voting members— 
Fellows and Members. Fellows will be expected to 
have an honours degree in physics or its equivalent 
and something between seven and ten years of experi- 
ence after graduation in what is called "responsible 
work". Members, by contrast, will be expected to 
have similar qualifications and between three and five 
years experience—Associates of the Institute of 
Physics will be transferred to this grade without any 
further fuss. The non-voting grades of membership 
will inelude Associate Member and Associate, the 
former grade including newly qualified graduates from 
university and the second ineluding people with more 
experience (and who are more than 25). 

It is understandable that such distinctions between 
members should go against the grain for those who have 
sought to regard the Organization as a learned society 
in the old-fashioned sense. The argument in favour 
of the distinctions is that the grades of membership 
in the old Institute of Physics were frequently regarded 
by those who held them and sometimes by their 
employers as professional qualifications. Associates 
(the future Members) might often be men in their 
thirties who had found their way into physics by means 
of diplomas obtained outside a university. By the 
same test, the old Graduateship would tend to 
strengthen the status conferred on a person by a Higher 
National Certificate or similar academic qualification. 
One of the ironies of the present discontent in the 
Organization is that some of the professional members 
of the old Institute of Physies resent the way in which 
Fellows of the Physical Society will have an automatic 
right to become Fellows of the new institute without 
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going through the procedures which other people have 
to go through. 

Those who oppose the new arrangements say that 
what is proposed amounts to a breach of an implicit 
"moral" understanding within the Organization. This 
was one of the points to come up at the meeting on 
November 27. Among people working in the univer- 
sities, there is a feeling that the advocates of the new 
arrangements have not made a convincing case for the 
hierarchical membership structure or even for the view 
that professional activities are appropriate, let alone 
feasible, in a field such as physies. One of the poten- 
tially dangerous features of the present discontent is 
that it may create a gulf between academic and 
industrial physicists. 

In practice, however, even those who criticize the 
new proposals are quick to emphasize that the Organ- 
ization has in the past eight years been able to accom- 
plish many things beyond the reach of the constituent 
bodies. The way in which it has reorganized its 
publications commands respect, although there are 
many outsiders who regret that in the reorganization, 
titles such as the Proceedings of the Physical Society 
have been pushed into second place. The Organization 
has also taken a leading part, with good effect, in the 
organization of the European Physical Society. Among 
some members, however, there is a suspicion that the 
proliferation of sub-groups with specialized interests 
has tended to allow industrial interests to dominate 
scientific meetings. There is also a feeling that over- 
organization is responsible for the ever increasing 
charges for meetings. The registration fee for one day 
meetings is now as much as £1 10s for members and 
£4 for others. 

But may not all these snags be insignificant com- 
pared with the advantages of a Royal Charter? This 
is a question to be answered. Unfortunately the 
Organization’s own explanation is not particularly 
helpful. A memorandum issued on November | says 
that the benefits of a Royal Charter would be "intan- 
gible but nevertheless real”. This move, the argument 
goes, would be a “proclamation of leadership in physics” 
and therefore an asset to the Organization in its 
international dealings. “A chartered body is regarded 
as a public body and, with the passage of time, tends 
to become mere influential and powerful because of its 
special status". More informally, as one architect of 
the proposals says, a Royal Charter “will give us more 
leverage in the corridors of power". 

How far is the die cast? At the meeting on 
November 27, it seems that the new President of the 
Organization, Dr M. R. Gavin. said that the council 
would no doubt consider at its meeting next week the 
objections raised at the meeting on November 27. 
At the same time, the Organization does seem to have 
general support for the application for a Royal Charter, 
which was first brought into the open in February this 
year, and which was approved at a representative 
meeting later in the year. The vote in favour of the 
proposals last week—consisting largely of proxy votes 
—was also overwhelmingly in favour of the change. 
There is, however, some evidence that the new arrange- 
ments will create anomalies which the council may 
wish to avoid, and it is always possible that it will 
seem to the council prudent to draw off some of the 
steam which has been generated by allowing more 
time for discussion within the organization. 
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Germany spends More on Space 


from our Special Correspondent recently in Germany 


Ir was purely by chance that the recent European 
Space Conference—for once an encouragingly produc- 
tive affarr—was held in Bonn, but the venue could not 
have been more appropriate to underline the emergence 
of West Germany as a European space power. Exactly 
what shape Germany's space programme is going to 
take is as uncertain as that of any other European 
nation—the fault not so much of the planners in Bonn, 
but of the dithering which is now an established feature 
of European cooperative space efforts. But it is clear 
enough that Germany is set on becoming a space power, 
and exactly how this aim is to be achieved remains to 
be decided in the context of European space science and 
technology. 

The West German space effort is remarkable not only 
for the haste with which it has been built up, but also 
because of the impression that the present level of 
activity is merely the start of more ambitious work in 
the future. Space research in Germany started from 
scratch in 1962, when it received a scant £1-2 million 
from the Federal Government, split roughly equally 
between European organizations and the national 
programme. This year the expenditure is estimated at 
£34-2 million, again equally divided between European 
and national programmes, and by 1971 it will reach 
between £45-3 and £56-9 million. The precise final 
figure is still being discussed, and will roughly equal 
the French expenditure on space. Included in the 
German estimate for 1971 is a contribution of £15-9 
million to the European organizations, more or less the 
same level of expenditure as in every year since 1967. 
Clearly it is the national programme which is to receive 
the lion’s share of the increased federal support. In 
Britain, expenditure on space activities is currently 
running at £21 million, with no firm estimate of what it 
is likely to be in 1971. 


FEDERAL GOVERNMENT SPENDING ON SPACE 
(DM million) 
Possible 
extra 
programme 


European 
contri- 
bution 


Total 


National 
programme 


10-98 


30-0 
60-0 


430-9 110-0 


What is the reason for the accent on space research in 
West Germany, while Britain is becoming increasingly 
jaded about the prospect of accruing benefits from a 
space programme ? Germany's Federal Ministry for 
Scientifie Research, headed by Dr Gerhard Stoltenberg, 
is very conscious of the economic value of applications 
satellites in communications, navigation, air traffic 
control and meteorology, and believes that Europe 
must make strong efforts to become an active partici- 
pator in these areas. Not satisfied with American 
guarantees about the availability of launchers for 





European applications satellites, Dr Stoltenberg wants 
to see Europe develop her own rockets. To this end, 
Germany is heavily committed to ELDO, contributing 
27 per cent of the ELDO budget and responsible for the 
complex third stage of the Europa 1 booster. 

Just now, however, Germany is cautiously keeping 
all its options open. In the area of pure space research 
there is a strong national programme which is looking 
forward to the launching in October next. year of the 
first German rescarch satellite, Azur. Like the latest 
British satellite—Ariel 3—Azur is a national effort in 
the sense that Germany is responsible for the satellite's 
development and construction, but the Americans 
will launch it from the Western Test Range with a 
Scout rocket. By present standards, Azur is à con- 
ventional enough 78 kg satellite equipped chiefly with 
partiele detectors to investigate the inner Van Allen 
belt, the auroral zones, and to take measurements 
during solar flares. 

As part of the ESRO programme, Germany is par- 
tieularly proud of the work which Junkers has done as 
prime contractor of the HEOS-A satellite scheduled to 
be launched on December 5 from Cape Kennedy by a 
Delta rocket. On top of the European and the purely 
national effort in space research, Germany also takes 
part in bilateral projeets with France, chiefly the 
development of the Symphonie communications satel- 
lite to be launched by Europa 2. The intention is to 
have Symphonie ready in time to transmit the Munich 
Olympic Games in 1972—an optimistic time scale when 
ELDO is responsible for the launch vehicle. 

In the area of space technology, Germany is respon- 
sible for the third stage of the Europa 1 booster. Last 
Saturday's failure at Woomera of the third stage (see 
page 946) has temporarily poured cold water on 
German enthusiasm. The pill is particularly hard to 
swallow because Germany has shared the view that the 
failures resulting in the long run of abortive test 
firings which have brought the organization into 
disrepute have their origin in the French second stage. 
Now Germany has the responsibility for one failure laid 
at her door—an occupational hazard in cooperative 
ventures such as ELDO where each country takes 
charge of one vital aspect of the project. But it is 
Germany's only major rocket and it has turned out—on 
the admission of Dr Stoltenberg—to be far more 
expensive than it ought to have been, so the third stage 
means much to Germany and its ultimate success ean 
probably be guaranteed. 

Exactly what kind of space programme West 
Germany plumps for in the end—whether national, 
bilateral or multilateral—depends on what comes out 
of the melting pot of ESRO and ELDO. West Germany 
is not waiting for a pattern to emerge before embarking 
on new schemes, however. With the Americans. 
Germany is planning a solar probe for launch in 1973-74 
to explore the solar plasma and interplanetary matter 
up to 0:3 astronomical units from the Sun, the nearest 
solar approach by a satellite so far planned. Unoffi- 
cially, the probe is being called Helios—it will be built 
in Germany to contain German and American experi- 
ments, and will be launched by an Atlas-Centaur or 
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Saturn 1 booster. Tracking will be the responsibility 
of the United States, but the 100 m dish radio telescope 
which is being built at Effelsberg, in the Eifel moun- 
tains south-west of Bonn, will presumably have a part 
to play if it is ready in time. In fact, the Federal 
Ministry for Scientific Research is providing around 
£168,000 of the £3-2 million cost of the dish on the 
understanding that it will help track Helios. Junkers 
has completed a feasibility study of a second nat'onal 
research satellite, Azur 2, and has also carried out 
detailed examinations of the proposed payload for the 
next HEOS. 

Projects like these, fascinating as they may be, 
hardly provide enough work for all the space facilities 
which are being so generously provided for German 
space scientists. Near Munich, for example, a magnifi- 
cent space simulation chamber 3 m in diameter is 
nearing completion, at the Industrieanlagen- Betriebs- 
gesellschaft. mbG (an establishment similar in function 
to the Royal Aircraft Establishment) as part of a space 
simulation laboratory set up at the request of the 
Ministry for Scientific Research. This is in addition 
to a 2-5 m chamber at the Deutsche Versuchsanstalt 
für Luft- und Raumfahrt, at Porz-Wahn, near Bonn. 
But Dr Stoltenberg promises more space research 
projects to come, including more advanced CETS 
communications satellites, while keeping the proportion 
of the budget of his ministry which is spent on space at 
its present level of 12-14 per cent to allay the appre- 
hensions of scientists in other disciplines. 

For reasons which are part political, part financial 
and part geographical, Germany is limited to research 
on the upper stages of rockets only. In addition to the 





Vibration testing the Azur satellite 
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Germany's largest space simulation chamber nearing com- 
pletion at Ottobrunn, near Munich. 


work on the Europa 1 third stage, Germany is very 
much concerned with the development of electric 
propulsion and of high energy rocket fuels (involving 
particularly unpleasant chemicals), which are relevant 
to the final stages of space boosters. Germany is not 
cutting itself off entirely from the development of 
compl:te boost -rs, however. Since 1961 Junkers has 
been studying the concept of a space transport centred 
around a three stage design able to insert a three ton 
payload into e, 200 mile orbit with a total launch weight 
of 200 tons. The first stage of the system envisaged by 
Junkers is a rocket sled, and the second and third 
stages are to be re-usable roeket propelled vehicles, 
able to glide back to a base when their contribution to 
the mission is completed. Precisely how much backing 
the Federal Government has given the booster project— 
similar in concept to the American Dynasoar—is not 
clear. But the contention heard in Bonn last week that 
the re-usable booster study was undertaken because it 
was something the public could understand, and would 
thus enlist support for space technology, hardly seems 
to be the whole story. Although nobody in Bonn 
admits it, the accent on space technology in the 
Federal Republic is not only a well planned exercise to 
reap the benefits of applications satellites, but is also an 
insurance policy against a political situation which, 
seen from Germany, is precarious. 

Dr Stoltenberg agrees that management is the weak 
link in the European space effort. What is needed is a 
better cost control and preparation of projects, and the 
definition of projects must be made more carefully. As 
part of the rationalization of the German aerospace 
industry, the Federal Government encouraged the 
acquisition in October of Messerschmitt, a group of 
which Junkers is a subsidiary. by the Bélkow group, a 
company started up after the war by Mr Ludwig 
Bólkow. The result of the long awaited merger is the 
largest aerospace company in Germany. Fragmentation 
of research associations working in aerospace research 
is being reduced by bringing together under one heading 
the Deutsche Versuchsanstalt für Luft- und Raumfahrt 
(DVL) and the Deutsche Forschungsanstalt für Luft- 
und Raumfahrt (DFL) whieh between them have a 
number of establishments scattered throughout Ger- 
many. 
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Plasma Physics in Britain 


Tug Science Research Council has now published the 
review of plasma physics which it commissioned at the 
beginning of 1967. Most of the hard work in the report 
was earried out by Dr P. A. Davenport, who was 
seconded to the SRC from the UKAEA Culham 
Laboratory, and the review is the responsibility of the 
Plasma Physies Panel of the SRC, under the chair- 
manship of Dr R. S. Pease, director of Culham. But, 
unlike the recent SRC report on astronomy, this report 
is no exercise in special pleading—indeed, it makes 
searcely any attempt to argue the case for plasma 
physies or for more fusion research. It simply records 
the scope and range of the plasma physics teaching and 
research in Britain, including the work done in industry. 
As a work of reference, it will clearly be of very great 
value. As a means of persuading governments to spend 
more on research of this sort, it is less successful. 

The report does contain, however, a league table of 
international expenditure on fusion research which 
shows that British levels of spending are far from 
extravagant. Expenditure in the United States and in 
the USSR is of course much higher, but West Germany 
also rates higher than the United Kingdom, and France 
seems likely to do so within the next few vears. 

The report spreads its net wide—so wide, indeed, 
that it admits that there may be a significant overlap 
with areas which might more properly be called atomic 
or space physics. First, it classifies plasma physics 
into seven main categories—natural plasmas, labora- 
tory plasmas, basic studies using plasmas, research 
technology using plasmas, plasmas used as circuit 
elements, chemical and process engineering and finally 
power production and energy conversion. This broad 
definition has brought to light no fewer than 340 post- 
graduate students who are at present engaged on PhD 
courses, and the report estimates that the annual out- 
put of PhDs in plasma physics by 1970 will be eighty. 
Over half of these will continue in higher education 
and research, if the figures in the report are any guide. 
Analysis of a group of students from a number of 
British universities shows that 53 per cent of plasma 
physies PhDs went on to higher education and research, 
while 9 per cent went into schools, colleges and teacher 
training. Seventeen per cent went into industry and 
15 per cent into the Government service. 

In British universities, by far the greater part of 
the research falls into the basie sector, a finding which 
need surprise nobody. It is noticeable, however, that 
very little university research seems to be relevant to 
power and energy, the areas which provide most of the 
practical applications of the subject and much of 
the intellectual drive. Most of those interested in the 
development of fusion power stations and magneto- 
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hydrodynamic power generation seem to have been 
mopped up by Culham and the several industrial 
laboratories which are interested. But although the 
biggest potential market for plasma technology is in 
these areas, the report names several other possible 
markets. Mercury are valves for direct current elec- 
tricity transmission, gas discharge lamps, plasma 
torches, electrically augmented flames for use in the 
steel industry and gas lasers are all in some way 
dependent on a knowledge of how plasmas behave. 
The greatest growth point, the report suggests, is 
in plasma physies related to space and astronomy 
research, since “most matter outside the immediate 
surface of the Earth is in the plasma state". It makes 
the point that there is growing interest in the study of 
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the dynamies of highly ionized plasmas on the labora- 
tory scale. Experiments of this sort, it suggests, could 
well be relevant to the interpretation of astrophysical 
and space data, but very few vet seem to have been 
done in Britain. This area, the report recommends, 
well merits SRC encouragement and support, as a 
complement to the present space research programme. 

In its recommendations, the panel states its belief 
that it would be desirable to introduce plasma physics 
at an earlier stage in education, at some time during 
the undergraduate course. In the future, it adds, it is 
likely that the scale of support offered by the SRC to 
universities (£150,000 a year at the moment) will need 
to be increased, while at the same time universities 
should develop and encourage their contacts with 
industry. The panel also says that the SRC should 
continue to discuss with the UKAEA what is to 
become of the basic work on the physics of highly 
ionized plasmas which has hitherto been carried out by 
the AEA. 
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NEWS AND VIEWS 


Tug methodology of the natural sciences has exerted 
à powerful attraction on the practitioners of other 
academie disciplines, even to the point where the group 
of subjects whieh once lay in the province of the 
humanities has now come to be known as the social 
sciences. These disciplines have gained much from 
adopting the methods of the natural sciences but less, 
some would argue, from aping their manners in in- 
stances where these are inappropriate. An obvious 
example is the oecasional unguarded borrowing of 
terms from engineering or data processing to describe 
mental processes in psychology. 

In the current issue of Antiquity Jacquetta Hawkes 
voices her anxiety that archaeologists are trying to 
make their subject look as much as possible like a 
natural science, and in the process have eschewed the 
humanist interpretation and historical reconstruction 
which are the real purposes of the discipline. Scientific 
instruments and statistical analysis of data have their 
proper place in archaeology, she says, but there is the 
danger that they may dominate too much over 
imaginative insight and allow the “scientific and 
technological servant" to “usurp the throne of history” 

A tendency towards jargon and the blind accumula- 
tion of data is liable to oecur in any diseipline without 
unduly harmful effects. Dr Hawkes's concern is that 
resources in archaeology are limited and that dis. 
proportionate respect for scientific techniques has led 
archaeologists to make the wrong distribution of their 
labour. Unfortunately, perhaps, she cites only one 
instance, Dr C. B. M. McBurney’s excavation of Haua 
Fteah in Cyrenaica, in which she believes that fuller 
excavation of the site would have been more valuable 
than complete analysis of a narrow test pit, a verdict 
with whieh not all her colleagues will agree. 

Some, too, will be disappointed at her dismissal of 
the arguments that Stonehenge was used as an astro- 
nomical computer. “The lack of historical imagination 
made it possible to analyse [this ancient monument] 
from the point of view of wholly modern concepts. In 
this way, in my opinion, follies were committed quite 
as fantastie, because equally obsessional, as those of 
the British Israelites and their reading of the Great 
Pyramid". Although Dr Hawkes is careful to accord 
scientifie techniques their proper place, it seems that 
in her second breath she is asking for a return to the 
Druids and to the romantic interpretation of data. 

Those who regard archaeology as an applied science 
rather than a humanity may also jib at Dr Hawkes’s 
thesis that archaeology is, or should be, the hand- 
maiden of history. Archaeologists have provided much 
information of interest to climatologista and palaeo- 
botanists, so much so that the interpretation of man's 
own past can hardly be claimed as the exclusive 
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purpose of the discipline. These wider horizons and 
the valuable insights that can now be gained from 
considering archaeological settlements in ecological as 
well as historical terms are sound reasons in themselves 
for the use of the necessary statistical and other 
methods. 


WATER CONSERVATION 


New Dam in Nigeria 


from a Correspondent 


LaRcE dams built for flood control and to provide a 
dependable source of water for power, agriculture and 
fisheries, are becoming an increasingly important 
feature of the African landscape 

One of the most recent of these is the Kainji dam, 
closed on August 2. Four 80 MW generators were 
installed which should start preduction in December 
this year. Ultimately, there will be twelve generators 
to give a total power output of 960 MW, while the 
construction of canals and locks w ill sien navigation 
for the entire length of the River Niger. Vessels up 
to 4,000 tons in weight can then carry export products 
by river direct to sea ports. 
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The lake is 480 square miles in area and will regulate 
the river flow as far downstream as Jebba, sixty-four 
miles away. Improved irrigation will permit agricul- 
tural expansion and the yearly production of fish from 
the lake is expected to be more than 10.000 tons. The 
Borgu Game Reserve on the south-western side of the 
lake provides a tourist attraction. 

In 1951 the Electricity Corporation of Nigeria first 
assessed the electrical potential of the river, and the 
Niger Dam Authority was formed in 1962 “to const: uet, 
commission and operate the Kainji Dam development" 
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The work on the dam started in March 1964, with 
much international cooperation and financial assist- 
ance. The Kainji dam itself consists of a central con- 
crete part 215 ft high above the lowest foundation 
and 1,800 ft long, with an earth-filled dam to the right 
which is 260 ft high and 8,600 ft long, and one to the 
left which is 125 ft high and 3,950 ft long. Within nine 
weeks after the dam was closed, the water rose from 
elevation 353-1 ft to 450 ft but the normal maximum 
level of 465 ft may not be reached for some years yet. 

During the construction of the dam, certain safe- 
guards were taken against the usual dangers of river 
development. Approximately 107,000 acres of land 
in the immediate vicinity of the dam were cleared of 
bush and burnt to enable the lake to be profitably 
fished and to minimize the deoxygenation of the water 
from rotting vegetation. Bush clearance seems to 
have proved its worth at Kainji. First, it caused most 
of the larger wild animals to leave the area so that 
no rescue operation was necessary, although large 
numbers of smaller animals were drowned as the land 
became submerged under water. Secondly, the water 
has remained well oxygenated. Fifty-six days after 
the dam was closed, oxygen saturation at the surface 
was 54 per cent and at the bottom was 48 per cent. 

Health measures in connexion with the dam building 
and the resettlement included surveys of the incidence 
and abundance of Bilharzia vectors, which indicate 
that the problem may be serious when the lake stabil- 
izes. Oncocerciasis carried by Simulium was combated 
by the regular dosing of the river and its tributaries 
with DDT. Altogether, 42,000 people were resettled in 
117 villages or carefully selected areas. Another 3,000 
people received compensation in lieu of housing. 

Because the dam was closed during the peak of the 
river floods when the majority of the fish were breeding, 
the high water appears to have encoureged an immedi- 
ate expansion in the fish population. Most. if not all, of 
the 152 fish species in the river should adapt themselves 
to the new conditions in the lake to provide a fishery 
based on carnivores, mixed feeders and bottom 
dwellers. 

The form of the lake will produce three main ecologi- 
cal zones, each of which can be subdivided. There 
will be deep water near the dam, where Lates and the 
Mormyridae will thrive best. In the middle the lake 
will be shallowest and calmest, and will be twelve 
miles wide. Marginal swamps in this area will be 
extensive and important as feeding and spawn- 
ing grounds for the majority of fish species, but 
will particularly encourage the growth of Clarias, 
Synodontis, Gymnarchus and Tilapia. The northern 
part of the lake will resemble the river and will suit 
swift-water fishes such as Alestes and Labeo. In the 
wet season the characteristic fauna patterns will 
change as sexually active fish migrate into different 
breeding sites. 

The productivity of the new lake will depend on 
several factors. Because about 70 per cent of the 
area will be shallow, the lake should be generally 
fertile. The annual drawdown of 34 ft, the biggest 
for any man-made lake in Africa, will exert profound 
effects on the biology of the lake. For example, the 
reservoir will be reduced to between 30 per cent and 
35 per cent of its maximum volume during the months 
of September and October. How long the thermal 
stratification that will develop will persist before it 
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breaks down will be another important factor. There 
are indications that wave action, at least in the middle 
zone of the lake, will be strong and that wind action 
there will allow fairly frequent mixing in the water. 

It now seems possible that weeds may never consti- 
tute a problem at Kainji. Salvinia nymphellula, a 
relatively unknown weed which is common in the 
area, appears to be native to West Africa and has not 
been reported to form mats anywhere. Moreover, the 
two notorious weed species S. auriculata and Eichornia 
crassipes have not been reported in the lake area, 
and Pistia stratiotes, which is usually common, is not 
a problem here. 

A further important problem which may adversely 
affect fish production is the influence of phytoplankton 
blooms on the chemical composition of the water. 
Within eight weeks of the formation of the lake, 
surface scums of Anabaena were widespread in the 
middle zone of the lake. 

It will be one thing to expand the fish population and 
another to exploit it effectively. Already the local 
fishermen find that they require new and expensive 
fishing equipment and that transportation on the lake 
requires lake-worthy boats which are beyond their 
means. These human problems and the complementary 
academie studies of the chemistry, plankton and 
primary productivity of the lake are being tackled 
now so that a promising lake fishery can be developed. 


ASTRONOMY 


Cosmic X-rays 


Tue rapidly growing science of cosmic X-ray astronomy 
was brought out for an airing at an international 
gathering of astrophysicists at the Royal Society in 
London last week. Dr H. Friedman, from the United 
States Naval Research Laboratory, reviewed the types 
of X-ray sources that have been discovered so far and 
the models that have been advanced to explain their 
behaviour. (See also Nature,220, 862; 1968.) About 40 
discrete X-ray sources have been distinguished against 
a diffuse, almost isotropic background radiation. Most 
of these appear to lie in the arms of the Milky Way and 
five of them have convincingly been identified with 
optical objects—the positions of the others are not yet 
well enough known to make such identifications pos- 
sible. Only one extra-galactie source has been found. 

Dr K. A. Pounds from the University of Leicester said 
that the preliminary results his team were getting from 
the data recorded on a Skylark rocket flight last June 
indicated a surprising absence of X-ray sources in the 
southern part of the Milky Way. This was the first 
time a survey had been made of the southern sky and 
the system of detectors was the largest and most 
sensitive yet flown in a rocket. 

Much more information about the distances and 
spectra of these X-ray sources is needed before any 
satisfactory models can be found, according to Pro- 
fessor G. R. Burbidge of the University of California, 
but he was prepared to suggest that radio and X-ray 
emission from the Crab nebula originated in a number 
of small regions of very intense magnetic field. This 
theory is supported by the fact that a pulsar—an 
extremely small object—has just been discovered in the 
Crab nebula. He thought that the sources which had 
been identified with star-like objects might be binary, 


NATURE. VOL. 220. DECEMBER 7. 1968 


or more complex stars which exchanged the mechanical 
energy of their motion into heat so that X-rays were 
then generated by thermal bremsstrahlung. 

The interpretation of the diffuse background is 
important for cosmologists because it contains infor- 
mation about distant radio galaxies and the universe 
as a whole. Dr D. W. Sciama, from the University of 
Cambridge, thinks that the high energy (21 keV) 
X.radiation probably arises from inverse Compton 
scattering between cosmic photons and relativistic 
electrons in very distant radio sources. The low energy 
background may also be extra-galactic but it might 
arise in a dense hot intergalactic gas. 

Ground-based instruments are used to study high 
energy X-rays and Dr J. V. Jelley, working at Harwell 
with scientists from the Smithsonian Institute, has just 
developed a simple and cheap ground-based technique 
based. on measuring X-ray induced fluorescence in the 
upper atmosphere which has, potentially, the sensi- 
tivity of current rocket-based experiments. They 
intend using the technique to search for X-ray emission 
from pulsars. 

Balloons and rockets have been used to study X-rays 
with energies as low as 0-25 keV—the limitation on 
these techniques is the stability and pointing ability of 
the vehicles. Stabilized rockets allow observing times 
of ten to a hundred seconds and the most sensitive 
instruments on them can detect fluxes of 10-? photons 
enr? sec, Sensitivities as high as 10-* photons cm~? 
sec! should be obtained from instruments on satellites 
which can be stabilized to give observing times of hours. 
The first satellite carrying X-ray detectors—an orbiting 
solar observatory—should fly by 1970, and experiments 
have been designed for satellites scheduled to fly 
early in the 1970s. Dr Pounds and his group at Leices- 
ter have developed a modulation collimator to measure 
the positions of sources to an accuracy of 15 seconds of 
are. Interest is growing in the use of reflexion tele- 
scopes to measure spectra although these require a lot 
of space and possibly manpower for final adjustments 
and focusing. Dr Friedman said that the Americans 
are more interested in flying manned workshops than 
unmanned experiments. 


FLUIDICS 


Liquid Logic 
from a Correspondent 


Tux technology of fluidics and interest in its applica- 
tions continue to develop in spite of forecasts to the 
contrary—''ten years too late", “uneconomic and 
unreliable” or “electronics more flexible’. Problems 
abound: inadequate understanding of jet entrainment, 
secondary flows and unsteady state effects, "noise" 
generation and the like. The president of the Royal 
Aeronautical Society, Professor D. Keith Lucas, in 
his opening remarks at a symposium held recently, 
pointed out that there are many circumstances— 
notably in the field of aeronauties—in which fluidics 
might best satisfy engineering requirements. With 
better understanding of flow phenomena and improved 
design and construction methods for fluidic components, 
more accurate and reliable performance of sensing, 
computing and control equipment is certainly being 
attained, as the proceedings of the symposium showed. 

The symposium, which was organized by the Royal 
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Aeronautical Society under the aegis of the United 
Kingdom Automation Council, is the first on fluidies 
to be sponsored by the International Federation of 
Automatic Control. The subjee;—not originally under 
its present title—has featured at each of the three 
IFAC Congresses (Moscow 1966, Basle 1963, London 
1966), and indeed first attracted widespread attention 
as a result of work displayed a: the Moscow Institute 
of Automatics and Telemechanies in 1960. A specialist 
international meeting was overdue: in the event about 
150 people from 14 countries registered for it. Out 
of some 50 offers of papers, 23 from 160 countries were 
accepted. 

The papers were grouped under three headings, 
“Fluid Mechanics", “Components and Systems Design" 
and “Applications”. The development of fluidies 
has been to some extent handicapped by the scarcity 
of people with knowledge of spanning fluid mechanics 
and automatic control. The symposium was quite 
successful in bringing together people from both back- 
grounds. Even so, the divergence of attitude between 
the systems engineers, who were trying to meet engin- 
eering specifications and sell their wares, and the fluid 
mechanicians, who sought a better understanding of 
relevant flow phenomena and related design criteria, 
was apparent throughout the discussions. One must 
hope that each group left the meeting with a better 
awareness of the importance o? collaboration. 

In the fluid mechanics group the papers represented 
topies of current interest. A paper by R. D. Begg 
from the United Kingdom, on the predietion of down- 
stream pressure asymmetry effects on jet flow, attracted 
most diseussion. The misleading consequences of 
incorrect appreciation of theory were pointed out by 
T. Sarpkaya, from the Unitel States, in one of his 
many stimulating and sometimes provocative contri- 
butions, in comment on a paper by absent authors 
L. A. Zalmanzon, N. N. Ivancv and M. E. Limonova, 
of the USSR. 

In the papers on components and systems design, 
many experimental results were presented, but the 
gap between research and ad hcc development work was 
all too clear. Noteworthy results are, however, being 
achieved; C. Pavlin and P. Facon of France described 
work on curved-wall amplifiers with flat response to 
1,600 Hz for use in adverse environments on rockets, 
and A. Colamussi of Italy described an RC.type 
fluidic delay element for use in sequential logie cirenits, 
accurate to 1 per cent. 





IONOSPHERE 


A Better lonosonde 


from a Correspondent 
A NEW type of ionosonde which is potentially capable 
of great accuracy in measurements of the height of 
ionized regions has been constructed at the University 
of Queensland in Australia by E. Kantarizis, D. W. 
Rickard and J. D. Whitehead of the Department of 
Physics. The design is based on a suggestion made 
several years ago by J. D. Whitehead and A. Malek 
(J. Atmos. Terr. Phys., 25, 599; 1963). Called the 
phase ionosonde, the new instrument, built with the 
help of research grants from the US Army and the 
Radio Research Board of Australia, has a theoretical 
error of about 100 m for F-region measurements and 
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20 m for sporadic E measurements. This compares 
with errors of one or two kilometres in conventional 
ionosondes based on the time delay of radio echoes from 
the ionosphere. 

lonosondes measure the virtual heights of ionospheric 
layers—heights uncorrected for the refractive index 
of the ionesphere. A method equivalent to the time 
delay technique is to measure the way in which the 
phase of the echo changes with the frequency of the 
transmitted signal. The phase of the echo is compared 
with a continuous reference oscillation in phase with 
the transmitted wave. This was the method used by 
E. V. Appleton and M. A. F. Barnett in the first meas- 
urements of virtual heights (Proc. Roy. Soc., 109, 621; 
1925). 

The phase ionosonde combines both methods, Trans- 
mitted pulses 66 us long are spaced 15 kHz in frequency. 
The phase change between received pulses at adjacent 
frequencies is the measured phase change plus an 
integer times 2a. The value of the integer is determined 
from the time delay in reception of the echoes, for a 
change in the integer of unity implies a change in 
virtual height of 10 km. By using many frequency 
steps rather than just one, the error in the virtual 
height ean be much reduced, the optimum number of 
steps depending on how rapidly the virtual height 
changes with frequency. Assuming phase measure- 
ments accurate to one radian, theoretical errors are 
100 m for F-region echoes and 20 m for sporadic E 
echoes (White, J. D., and Kantarizis, E., J. Atmos. Terr. 
Phys., 29, 1483; 1967). This is equivalent to using a 
very narrow pulse of about 1 us width, without the 
attendant disadvantages, and compares with the 
errors of the order of à kilometre obtained with con- 
ventional ionosondes which, for various reasons, have 
an optimum pulse width of 50 us. 

The phase ionosonde at the University of Queensland 
is operational and is producing records consistent with 
theory. Such an instrument is hardly more compli- 
cated than conventional ionosondes, and would be 
ideal as a topside sounder. 1t lends itself to digital 
control and output, and besides its value in routine 
measurements it has great potential in sporadic E 
profile studies, in spread F structure, and in studies 
of the lower E-region and the valley between E and 
F-regions. 1t should also be ideal for use with rocket 
experimen x—the potential accuracy in height determ- 
inations of ionized regions approaches the accuracy 
of the determination of the height of the rockets 
themselves. 

The illustration is of a typical phase ionosonde record 
taken during an afternoon. At points A, the virtual 
heights of the upper (O-ray) trace are exact multiples 
of 10 km. The heights of the O and X-rays are easily 
resolved at point B, where the virtual height difference 
is 2-9 km 4 200 m. 
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MATERIALS SCIENCE 


Passage of lons through Crystals 


from our Materials Science Correspondent 


ELECTRON microscopy of thin crystal films has become 
one of the materials scientist s indispensable tools. The 
technique owes much of its usefulness to the fact that 
electrons moving through a crystal in particular direc- 
tions are anomalously absorbed and thus contract 
patterns are observed which can be related to the local 
orientation of a crystal or to its contained imperfections. 

Analogously, the passage of heavy positive ions 
through a crystal can also give rise to anomalous 
absorption, and this has in the past few years been the 
subject of a rapidly burgeoning research effort. One 
end product of this work, a useful "proton microseope”’ 
for studying the symmetry of the transmission pattern 
of protons passing through a erystal may soon be 
commercially available (R. G. Livesey and G. 
Butcher, paper presented to the fourth International 
Vacuum Congress, Manchester, 1968). Quite apart 
from this, however, the potentialities of this field of 
research deserve to be widely known, and a recent 
comprehensive review article (M. W. Thompson, 
Contemporary Physics, 9, 575; 1968) is therefore timely. 
The principal related features which have been studied 
include channelling and focused collision sequences, and 
these in turn have been closely connected with studies 
of two phenomena of technological importance, 
sputtering and ion implantation. 

An ion moving throuzh a crystal is said to be 
channelled when it moves accurately parallel to a low- 
index crystal direction or crystal plane (in the latter 
instance, its azimuth is immaterial). Professor 
Thompson’s review is primarily concerned with this 
phenomenon. Channelled ions are much less rapidly 
absorbed than ions moving in arbitrary directions, 
because all their collisions with lattice ions are glancing 
ones. Much of what is known about the process stems 
from measurements of penetration of monoenergetie 
ions in different directions and of the energy distribution 
of these various transmitted ions. Most of these 
studies have been concerned with heavy ions— 
usually noble gas ions—but last month a very de- 
tailed study appeared on the channelling of protons 
through various kinds of simple crystal structures 
(G. Dearnalay, I. V. Mitchell, R. S. Nelson, B. W. 
Farmery and M. W. Thompson, Phil. Mag., 18, 985; 
1968). The anisotropy of transmission was studied 
photographically and the energy spectra by means of 
a semiconductor detector, but the two types of informa- 
tion were also to some degree combined by a remarkably 
elegant technique due to the four first named authors 
(J. Materials Sci., 8, 1971; 1967), involving the use of 
multi-lavered colour film into which ions of different 
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energies penetrate to different distances, so that the 
colour of the developed image is an indication of ion 
energy. (This technique was originally developed to 
help in studying the injection of dopant ions into semi- 
conductor crystals.) 

The new study has shown particularly clearly that 
channelling is always accompanied by its converse, 
blockage. A proportion of incident protons, instead of 
being channelled, is scattered through large angles, 
giving a diffuse transmission background. This back- 
ground pattern is marked by a series of absorption 
lines, rather like Kikuchi lines in electron diffraction, 
which represent directions in which the once-scattered 
ions might have been expected to be channelled. These 
paradoxical protons are not channelled because they 
were all scattered by lattice ions, and so, while they were 
moving in the right directions, their motion started in 
a lattice plane and not between a pair of adjacent lattice 
planes, as is needed for proper channelling. A proton 
moving in a lattice plane is especially likely to be 
scattered a second time, and so the absorption patterns 
result. Dearnalay and his colleagues have studied the 
intriguing transitions from anomalous transmission to 
anomalous absorption as the direction of incidence of 
the protons is gradually altered from an exact crystallo- 
graphie vector, and from this have deduced information 
about the existence of a potential barrier between axial 
and planar channelling. The phenomena have all been 
interpreted in terms of a simple physical model for 
proton-ion collisions. 


DRUGS 


Action of Hallucinogenic Drugs 


from a Correspondent 


Tue Neurosciences Research Program of the Massa- 
chusetts Institute of Technology held a work session 
on the mechanism of action of hallucinogenic drugs 
from November 17 to 19. Some tentative conclusions 
were reached. There is some evidence that LSD 
interacts in a complex fashion with serotonin receptors 
in the brain. Freedman reported that many psychoto- 
mimetic drugs increase concentrations of serotonin in 
the brain and decrease those of its metabolites, indicat- 
ing a decreased turnover. LSD strongly inhibits 
the uptake of serotonin and inhibits its central effects, 
for example in the cortex and superior colliculus 
(whereas brom-LSD does not). Serotonin depleters, 
such as PCPA, potentiate the central effects of LSD 
and MAOIs diminish them. Bradley indicated that 
mieroiontophoretie injections of LSD inhibit about 
30 per cent of neurones in the reticular formation and 
can depress serotonin as well as glutamate-induced 
excitation; thus the absence of a non-specific compon- 
ent in the inhibition induced by LSD could not yet be 
assumed. 

Aghajanian reviewed his work on the inhibitory 
effects of intravenous LSD on the serotonin-containing 
cells of the raphe nuclei in the brain stem. LSD, as 
well as other psychotomimetic drugs, induced marked 
inhibition of these cells whereas brom-LSD was twenty 
times less active. Thus LSD in general inhibits central 
serotonin mechanisms, although there is evidence that 
in very small doses it potentiates them. 

Shulgin and Smythies presented data on the relation- 
ship between the structure and activity of the psychoto- 
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mimetic phenylethylamines and related compounds. 
Two conclusions are (i) that the 4-methoxy group is 
sufficient but not necessary for psyehotomimetic 
action in man and (ii) that, for the rest, the data sup- 
port the hypothesis presented by Snyder that the 
potency of these molecules depends on their capacity 
to form equivalents of the B or C rings.of LSD by 
hydrogen bonding. The tryptamine hallucinogens, 
which are in general more active than the mescaline 
analogues, could form part of the D ring of LSD. 
Kopin reported that LSD increases the release of both 
noradrenaline and serotonin from stimulated brain 
slices and pointed out that an agent like LSD which 
could affect several different transmitters in the brain 
would have an exceedingly complex mechanism of 
action, for with three possible modes of interaction 
(potentiate, diminish, no change) and 7» possible 
transmitters, there might be 3" modes of interreac- 
tion. . 

Several people suggested that the structural relation- 
ship between the molecules of LSD and serotonin 
should not lead us to overlook other possible important 
clues. Alivisatos suggested that the charge transfer 
complexes which serotonin appears to form with nico- 
tinic acid dinucleotide might approximate to the LSD 
molecule. The “upper” half of the LSD molecule is 
similar to nicotinamide. It is also similar to niketh- 
amide and &recoline, and Smythies suggested that the 
complex LSD molecule might straddle a serotonin 
receptor together with an allosteric or cooperative site 
similar to a cholinergic or adrenergic receptor, and 
that this might account for its great potency which 
appeared to be more than could be explained by a 
simple addition of separate actions on ordinary sero- 
tonin and noradrenaline receptors. Snyder showed 
that the LSD molecule ean be considered as an analogue 
of putrescine, linking it to the diamines, the important 
role of which in brain function is only just beginning 
to be appreciated. 

Axelrod reviewed the list of psyehotomimetic com- 
pounds that could be formed in the body by known 
mechanisms. This includes dimethyltryptamine, 5- 
methoxydimethyltryptamine, p-methoxy tyramine and 
some of their relatives as well as derivatives of mela- 
tonin. 

Kety and Elkes suggested the following synthesis 
of the available information. (i) The psychotomimetic 
drugs, particularly LSD, may produce their complex 
psychic effects by the inhibition of a basic brain 
stem mechanism (which might include the raphe nuelei, 
the afferent inflow into the reticular formation and 
possibly the locus coerulus), the function of which is to 
integrate the sensory inflow and the emotional and 
ideational state of the organism, and in particular to 
suppress irrelevant information. This system may 
depend on a complex interaction of serotonin and 
noradrenaline mechanisms. The basic requirements 
of a hallucinogen seem to be that it should (in specific 
doses) inhibit serotonin systems and potentiate nor- 
adrenaline systems. If these systems are normally 
mutually inhibitory, normal homeostasis might survive 
interruption of one of these mechanisms but would not 
survive simultaneous interruption of both in opposite 
senses. (ii) LSD may also affect serotonin and nor- 
adrenaline mechanisms in the retina and other visual 
systems (Zarcone, V., Gulevieh, G., Pink, T., and 
Dement, W., Arch. Gen. Psychiat., 18, 194: 1968). 
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Inside Adenoviruses 


from our Cell Biology Correspondent 

Tue elegant electron micrographs of core structures 
isolated from adenoviruses, which are published in the’ 
latest issue of the J. Mol. Biol. (87, 379: 1968) by 
Laver, Pereira, Russell and the late Robin Valentine, 
of the National Institute for Medical Research at Mill 
Hill, will surely convince even the most dyed in the 
wool sceptics that these viruses are not simply a nucleic 
acid molecule wrapped up in coat protein. They also 
give some indication of the extent of the loss to the 
Mill Hill laboratory and to molecular biology in Britain 
caused by the sudden death of Valentine. 

The paper in J. Mol. Biol. is in essence a description 
of the methods developed by the group for isolating 
the cores which consist of a family of proteins in asso- 
ciation with the viral DNA. It contains, however, a 
few preliminary results about the properties of these 
core proteins, and ina recent issue of Nature (219, 1127; 
1968) Russell, Laver and Sanderson reported on their 
chemistry. It appears that the core proteins have 
several properties in common with the basic protamines, 
which characteristically occur associated with the DNA 
of sperm, and also with the F? arginine rich histones of 
higher organisms. 

The core proteins, like the arginine rich histones, 
‘contain about 15 per cent of arginine, can be ex- 
tracted with an acid ethanol solvent system and are 
precipitated by absolute ethanol; furthermore, both 
groups have the same major N-terminal amino- 
acid, alanine. On the other hand, two of the core 
proteins, separated by polyacrylamide gel electro- 
phoresis, are devoid of tryptophan and much richer in 
arginine than the others. These two may be more 
closely related to the protamines than the arginine 
rich histones. All this does not, of course, mean that 
the eore proteins are identical to histones or prot- 
amines. Preliminary analyses of their total amino-acid 
composition have apparently revealed that they contain 
less of the other two basic amino-acids, lysine and 
histidine, than the protamines and histones. Nonethe- 
less, the obvious interpretation of the core proteins is 
that they have the same role as histones in higher 
organisms. If this can be established, then the core 
proteins of adenovirus will provide a comparatively 
simple model system in which to study the basic 
questions of the interactions of nucleic acids and basic 
proteins. And if the definition of a chromosome is an 
association of nucleie acid and basic protein, then 
adenovirus may be said to have a true chromosome. 

One of the first questions that has yet to be answered 
is whether or not the core proteins are specified by viral 
genes or derived from host cell components. Sero- 
logical experiments indicate that the core proteins are 
at least induced by the virus after infection, but that 
says nothing of their genetic specificity. 


PROTEINS 


Functions of Transfer Factors 


from our Molecular Biology Correspondent 
Tux recent successes in separating the steps involved 
in protein synthesis, and identifying the components 
implicated in them, offer hopes of understanding more 


NATURE. VOL. 220. DECEMBER 7. 1968 


precisely the function of metabolically active sub- 
stances. An interesting result on these lines was the 
evidence adduced last year by Collier that diphtheria 
toxin acts on mammalian cells by inactivating one of 
the supernatant transfer factors, transferase Il. 

Johnson et al. (J. Bact., 96, 1089; 1968) have 
elaborated this discovery, using cell-free systems from 
toxin-susceptible guinea-pig and resistant rat liver. 
In both cases protein synthesis was strongly inhibited 
by the toxin, but only in conjunction with NAD. A 
bacterial system was by contrast unaffected. Experi- 
ments with heterologous systems from bacteria and 
mammalian cells confirmed that the site of action of 
the toxin is in the soluble fraction of the latter, and 
not in the ribosomes. Moreover, in the rat liver system, 
with poly U as messenger, they found that the addition 
of phenylalanylt+RNA does not reverse the action of 
the toxin, which must therefore operate at a later stage 
in peptide bond formation. NAD is found to be 
absolutely required for inhibition, and is entrapped 
together with the transfer factors, transferase I and IT, 
in the floceules formed when antitoxin is added to the 
entire system. 

'The rest is more speculative: the toxin, which is a 
protein of molecular weight 74,000, is thought to bind 
to transferase II without any detrimental effect on its 
function. The NAD, which does not become reduced 
and is not therefore functioning in its normal mode, is 
thereby enabled somehow to form a ternary complex 
with both the transferases so that their function is 
destroyed. A final point is the response of the cells 
from the resistant animal to the toxin: the resistance 
is evidently a question of selective permeability of the 
cell membrane. 

Two further studies on the function of the same 
transferases come from Skogerson and Moldave (J. 
Biol. Chem., 248, 5354 and 5361; 1968). It has been 
found that preincubation of ribosomes with isolated 
transferase Il, together with a thiol and GTP, enables 
them to catalyse the aminoacyl-transfer reaction when 
transferase I, GTP and aminoacyl-tRNA are added, no 
further transferase II being then required. Evidently 
the ribosomes are somehow prepared to receive the 
aminoacyl-rRNA, perhaps by virtue of translocation of 
the incumbent peptidyl-tRNA from the aminoacyl to 
the peptidyl site. Once translocation has occurred, 
only transferase I is needed for the formation of a 
peptide bond with the new aminoacyl-tRNA. 

The transfer factors of micro-organisms differ in a 
number of respects from those of animal cells. Active 
factors, termed G, T, and T,, were identified in Æ. coli 
in Lipmann's laboratory, and experiments on heterolo- 
gous systems, notably yeast and E. coli, showed that 
yeast transfer enzymes appeared to be incompatible 
with Æ. coli ribosomes. Attempts have been made to 
localize the source of the species specificity, and 
Ciferri et al. (J. Mol. Biol., 87, 529; 1968) have now 
tested the ability of E. coli ribosomes to incorporate 
phenylalanine in the presence of fractionated yeast 
transfer enzymes. It seems that the yeast G and T, 
factors will function in the E. coli system, but that T, 
is strictly specific for its own ribosomes. Since T, 
and T, function by forming a ternary complex with 
GTP, which is able to interact with the aminoacyl- 
tRNA, Ciferri ef al. suggest that T, may well be 
responsible for the recognition process by which the 
aminoacyl-tRNA enters its site on the ribosome. 
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Modelling and Systems Analysis in Urban P 


by 
A. G. WILSON 


Centre for Environmental Studies, 
5 Cambridge Terrace, 
London NWI 


Poricy, design and understanding are the three principal 
aspects of urban planning!. By policy is meant the 
establishment of goals and the means by which they are 
to be attained. In design. alternative plans and their 
likely consequences are evaluated by a variety of tech- 
niques?. For the understanding of the system being 
planned, a model is set up so that hypotheses and theories 
about the system can be tested. The aim of this article is 
to outline the use of modelling and systems analysis in 
urban planning. 


Content of an Urban Model 

A recent paper entitled “Cities as Systems Within 
Systems of Cities"? illustrates rather well the usefulness 
of the "system" concept in urban research. A city is 
part of a higher order system of other cities, but is itself 
composed of a group of sub-systems. These sub-systems 
and their interactions must be identified before a model 
of the eity can be construeted. 

There are four broad groups of systems within a city. 
which can be characterized as demographic, economic, 
social and physical. We must know how many sectors or 
sub-groups are needed to give an adequate description 
of the entities, behaviour and interactions within and 
between each of these systems; and second, how fine a 
degree of spatial detail is required. The answers to 
these questions depend to some extent on the purpose for 
which models are being construeted, but the kinds of 
answers can be illustrated in a discussion of the structure 
of each of the four broad groups. 

Demography is concerned with population structure. 
At a spatially aggregated level, say for an entire city. 
population structure could be characterized by distribu- 
tions of age and sex, occupation, income and so forth. 
At a spatially disaggregated level, the city would be 
divided into zones and we would be interested in the 
numbers of people living in each zone (residential location) 
and working in each zone (workplace location). It is 
also convenient to define a transport system and to study. 
for example, the journey to work, which can be con- 
sidered as a measure of the interaction between residential 
and workplace population sub-systems. "Transport flows 
are seen to be functions of the residential and workplace 
distributions, as well as of the transport facilities which 
are provided. 

Similarly, in the economic system, we have to categorize 
goods and services and the corresponding flows. This 
system interacts strongly with (constrains and is con- 
strained by) the population system. The population's 
choice of workplace is constrained by decisions of em- 
ployers on the location of economie activity and vice 
versa; their residential choice is constrained by the 
provision of housing (an economic sector) and vice versa. 
The amount of goods produced is constrained by consumer 
demand and viee versa. "This mutual and strong inter- 
action between different sub-systems is a common char- 
acteristic of urban studies. 

Within the social system, community groups may be 
eharacterized by their styles of life, social activities and 
interactions. Modelling problems in the social field range 
from studies of the recreational activities of different 
community groups, to the problem of understanding the 
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Certain urban systems can be understooc with the aid of 
mathematical models. 


social effects of different rates of random contact between 
people in different densities of city and to the problem of 
understanding racial and ethnic conflict. 

The physical environment has tended to dominate the 
field of interest of the town and country planner, though 
more attention :s now being paid to economic and social 
analysis. We need to define the different types of physical 
infrastructure, their uses and thei interactions through 
the other systems. 


Theories and the Construction of Models 


Models are formal representations of theories. The 
traditional academic disciplines of Gemography, economies, 
sociology and geography each cover part of the field of 
urban studies with corresponding theories. But these 
theories often do not lend themselves to quantitative 
representation in models, probably because they represent 
incomplete, or less than adequate, understanding. "They 
can. however, offer valuable insights and suggest direc- 
tions of further work. 

In considering retail trading, for example, we need to 
understand the effect of competition in determining 
where retailers locate their shops. In a famous paper 
Hotelling* considered the situation of two ice cream sellers, 
called A and B, on a long beach. where each "resident" 
is assumed to buy one ice cream a day. Where do A and 
B set up their stands ? Suppose that each is trying to 
maximize his share of the market. Let A locate at a 
point X and B at Y; let H be the mid-point of the line 
XY, and let the ends of the beach be points P and Q as 
shown in Fig. 1. The beach is essumed to be uniformly 
populated with residents. 

Assume tha: A's share of the market t proportional to 
PH and B's to HQ. Suppose that A has first choice. Tf 
X is anywhere other than the mid-point of PQ, then B 
can locate at a point on the “longer half", say XAQ and 
gain more than 50 per cent of the market. Thus, m 
equilibrium, A and B will locate together at the mid-point 
where they will each have 50 per cent of the market. 

This mode! illustrates an interesting example of how 
planning can improve on the conditions which obtain 
under free competition. If eaca ice cream seller set 
his stand a quarter of the length of the beach from e 
end instead of at the mid-poirt, each would still have 
50 per cent of the market but the average distance 
travelled by members of the public for an ice cream would 
be less. Here is an opportunity for the local authority 
responsible for the beach to do some planning. 

The games theory approach cf this analysis—-Hotelling 
used calculus in his original formulation of the problem— 
shows how theoretical treatmen: of a problem ean provide 
a basis for understanding and action*. This particular 
problem can be generalized in qualitative terms to explain 
why shops tend to congregate in the centre of a town 
and why shops of the same kind often cluster together in 
the same street. But the theoretical understanding 
necessary to construct an effective general model of 
retail location in a city has not yet been achieved. 
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Fig. 1. The ice cream sellers at X and Y on a linear beach, 
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In constructing a model, the model builder must con- 
sider the degree of explanation which he wishes to achieve: 
Different techniques lead to different kinds of under- 
standing, and the art of model building is to aim at a 
level of understanding which is as full as possible but also 
enables an operational and testable model to be con- 
structed. Statistical analysis, for example, applied to a 
system with a large number of components, such as 
people travelling to work, will allow the development of 
a model which gives quite accurate results for certain 
aggregate variables such as the flow of people between 
two zones of a city. But in this instance it will be impos- 
sible to predict the behaviour of a single individual except 
in probabilistic terms. 

Different models can be constructed depending on the 
degree of explanation which is sought. An ambitious 
approach to the modelling of behaviour is to assume that 
people taking decisions will seek to optimize some utility 
function subject to certain constraints—a situation that 
can be treated by techniques such as linear programming. 
Statistical analysts, on the other hand, will search for 
regularities in large collections of empirical data. Others 
will adopt the methods of each of these schools to develop 
equations descriptive of the behaviour of the system 
under study. 

It is probably true that the builder of urban systems 
models rarely needs to be an original mathematician, 
though there are exceptions—game theory and linear 
programming were developed in an applied, though not 
urban context. Useful techniques can often be borrowed 
from “harder” sciences. The development of phenomen- 
ological equations describing transport flows was based 
on an analogy with Newton’s law of gravity. A deeper 
and better understanding of the same transport model 
has recently been achieved on the basis of analogies with 
statistical mechanics’. The methods used both in urban 
studies and statistical mechanics can be unified by the 
concepts of information theory*?. Some models of “social 
physies" are discussed in the appendix. 

The success of the “social physics” approach leads one 
to ask whether other branches of science can provide 
equally useful analogies for urban planning. Many pro- 
'esses in the city are governed by information trans- 
actions of various sorts, and the city can be considered 
as an organism in which information is the "energy" of 
reaction and development. Many of the fundamentals of 
biochemistry were understood when discovery of the 
strueture of DNA and its role in storing system informa- 
tion opened up new paths; a similar discovery in urban 
planning, such as an understanding in depth of informa- 
tion aequirement, storage and exchange, may enable the 
city to be seen as an organism and the nature of its inter- 
system linkages to be understood. Such a depth of under- 
standing is unlikely to be afforded by the social physies 
approach. 


Present Models of City Systems 

A general model of the principal systems of a city and 
their interconnexions is shown in Fig. 2, the upper half 
of the figure being concerned with population structure 
and the lower half with economie structure. The central 
section, enclosed by the dotted lines, illustrates intra- 
urban spatial strueture. 

]n the population sector, location decisions are assumed 
to be taken by individuals or families (though there are 
important exceptions, such as when local authorities 
allocate houses to families and restriet their choice); in 
the economie sector, location decisions are assumed to be 
made by employers, including government and other 
publie seetor employers, as well as the private sector. 
The figure assumes that to build a model of population 
or economie strueture at any stated level of spatial 
aggregation, eontrol totals are needed from a model at 
the next higher level: so regional models need national 
information, urban models need regional information, and 
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intra-urban models need urban information. This builds 
stability into the general model, and also provides a useful 
connexion with different institutional tasks, in national 
government, through regional to local government. 

Progress to date can be briefly outlined in terms of 
Fig. 2. There are good matrix models for forecasting 
national populations subject to assumptions about birth 
rates and international migration. The same methods 
can be used for models of regional population structure, 
though related models of migration have to be built as 
inter-regional movements are larger, relatively, than inter- 
national movements and so contribute à more major 
problem for the model builder!*. Urban population models 
can be constructed in the same way. 

Economie models at the spatially aggregated levels, the 
national, regional and urban levels, can be constructed 
using a common set of techniques: the so-called input- 
output model''??, a framework of analysis which can be 
put to use outside economies, for example, in the study 
of photosynthesis. At the national level, operational 
models exist in some countries and considerable progress 
has been made in Britain; the regional level is more 
difficult because of the task of modelling inter-regional 
flows about which there are usually few data. There are 
examples of urban input-output studies, though as yet 
they are few and far between. 

Thus at the spatially aggregated level there are at least 
the beginnings of good models, though much empirical 
work needs to be done to build adequate models for par- 
ticular places. The intra-urban structure field is less 
advaneed. "Phe different sub-systems will be discussed 
later in roughly increasing order of difficulty from the 
modelling point of view. 

The only model which is anything like adequate is the 
transport model. Mathematical models of urban transport 
flows have been used in many studies, including those 
being carried out in all the major conurbations of Britain, 
for example, in London. These are the only intra-urban 
models which are being used continuously by planners. 
The other sub-models have sometimes been built within 
more comprehensive urban development models, and 
sometimes individually. Models of retail loeation are 
being built with increasing suecess4, and are now being 
used by some planners for work on planning new retail 
centres’. The residential and workplace location fields 
have proved more difficult. Rudimentary models exist!*, 
but a better understanding is needed of certain funda- 
mentals, such as individual preference structures, before 
much more progress can be made!?!*, For similar reasons, 
the social sector is probably even more difficult to handle. 
Some progress has been made with industrial location 
models on the theoretical side!*, but this has only been 
taken a relatively little way on the empirical side?*, mainly 
because the kind of data demanded by the theories is not 
easily available. Infra-structure models?! are perhaps the 
most difficult of all, mainly because buildings have long 
lives and can change their use many times during their 
lifetimes. 

In conclusion, it may be said that teehniques which are 
recognizably scientific are now being applied to one of the 
most exciting of all subjects—man in his environment. 





Appendix 
Some “social physics" models. Suppose a city is divided 
into zones, and two zone labels are ? and j. Let Ta be 
the number of trips, for some purpose, say the journey 
to work, between i and j. If we are given the eost of 
getting from t to j, €y, the number of working residents 
in i, say O; (for trip origins for this purpose) and the 
number of jobs in j, say D; ifor trip destinations for this 
purpose), then we ean treat O; and D; as "masses" and 
cy as a distance, and build a Newtonian gravity model of 
trips as " KO:D; | 
duy eem a) 


eg? 
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where K is à constant. One would not insist on an inverse 
aquare law, so (1) ean be written more generally as 


Ti = KOiDif(eu) (2) 


where f is some decreasing function. 

Unfortunately, this does not work well for urban 
systems for which O; and D; are given, as Ty must 
obviously satisfy 


Bly = O1 (3) 
j 
2Ty = Dy (4) 
1 


and it is impossible to choose a single K so that all the 
equations (3) and (4) ean be satisfied. 

Suppose we now adopt a physieal analogy from 
statistical mechanics. If the possible energy levels of a 
particle are s; and if n; particles of a total n have such 
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Schematic urban model: inter-relations between the principal urban systems in a regional and national context, 


an energy, then the most probable value of n, is found 
by maximizing 


ni 
p = — 5 
mU! ( ! 
í 
subject to 
Lng = on {6) 
i 
Erni = nE {7) 
i 
where e is known; it is found that 
Ne = nec uet (8) 
where 
el = Xe-si (8) 
í 
and à is the Lagrangian multiplier associated with (6); 


u is the Lagrangian multiplier associated with (7j. 
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Equations (3) and (4) are more complex forms of (6), 
and if c defines possible states, then the transport 
analogue of (7) is 


z Ti eg Te (10) 
i 
where 
T = E Ty - QD 
ij 
and ¢ is the average expenditure on transport. If we now 
maximize 
T! 
Pa 12 
r Ty! HO 
i 


subject to (3), (4) and (10), we get 


Ty = A; B; 0, D; e~re (13) 
where 
Ay= 1/2 B; D; e- neu (14) 
3 
(15) 


B; = ME A; Oi e- it 
i 


A; and B; are generalized “partition functions" and are 
elosely related to the Lagrangian multipliers associated 
with (3) and (4). p is the Lagrangian multiplier associated 
with (10). Note that (13) has a similar form to (2), but 
with the negative exponential function instead of the 
general one, and A; B; replacing K (which allows us 
to escape the foregoing diffieulties of the Newtonian 
formulation). 
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In this ease, the approaches used in the social science 
models and in the statistical mechanics’ models can be 
seen to be very similar, and a deeper understanding of 
this can be obtained using the concepts of information 
theory?:?, 
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Britain's Fuel Policy in a European Context 


by Britain’s presence in the European Economic Community would 
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SiNcE the end of the Second World War, Western Europe 
has moved from a situation in which the possession of 
ample reserves of coal was a major advantage to one in 
which it is a major cause of embarrassment. Although 
coal is still the dominant source of energy in the United 
Kingdom, the economie and social costs of maintaining 
output at the levels of the early 1960s are increasing. In 
the European Community as in Britain, the emphasis is 
on securing à multi-fuel policy. This is in complete con- 
trast with policies in vogue at the time that the European 
Joal and Steel Community (ECSC) was set up in 1952. 
Then energy in general and coal in particular were scarce 
and the assumption was that they would remain so. In 
Britain, domestic coal was effectively rationed until 1958 
in order to safeguard supplies for power stations and for 
industry. Today, with the total demand for energy 
rising, that for coal is falling all over Western Europe. 
Energy policy cannot be considered on purely national 
lines, and it is important to compare what is happening 
in Britain with the situation in the rest of Europe and 
see what common factors are at work and how these are 
reflected in national energy policies. 

The OECD report, “Energy Policy —Problems and 
Objectives" (August 1966), set out the background prob- 
lems of the European energy situation. Demand for 
energy will continue to increase in the OECD countries 
in order to support economic growth until 1980 and 
beyond. It is unlikely that the fuel growth rate will be 
faster in the rest of the world. particularly the 
Eastern bloc. The import requirements of the West 
European countries, mostly in the form of oil, will continue 


have far reaching effects on the future development of a common 
energy policy. 


to increase faster than total energy requirements and 
this will pose balance of payment problems. Unlike 
earlier OECD statements, notably the Hartley report: 
of 1955 and the Robinson report of 1960, the 1966 report 
states that “resources are largely adequate to cover 
any foreseeable demand” in the years to 1980 and beyond 
at costs similar to those of today. Within this expanding 
market, however, the competitive position of the coal 
industry in OECD Europe will worsen. Looking farther 
ahead, nuclear energy is expected to become fully com- 
petitive in the 1970s and to increase its contribution to 
total energy requirements substantially. On the question 
of costs the OECD states that the price of nuclear energy 
will determine the prices at which fossil fuels can be 
sold for thermal power production. The other major 
influence on prices will be natural gas, whether produced 
indigenously or imported. 


UK Energy Policy 

Against the background of this picture of prospective 
supply and demand, what should be the objectives of 
future energy policy for the OECD countries ? Experience 
in the European community has shown how diffieult it 
is to evolve a common policy for energy. Each of the 
member countries is influenced by its own particular 
fuel balance so that its solution to the broader questions 
will inevitably be influenced by national considerations. 
In the United Kingdom the move towards a cheap fuel 
policy, set out in the Government White Paper of 
November 1967', was influenced by the discovery of 
natural gas in the North Sea and new developments in 
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the nuelear power industry. Similar considerations. 
partieularly in relation to natural gas, apply in West 
Germany, Holland, Belgium and France. In all these 
cases the principal impact of change is on the coal industry. 
Neither natural gas nor nuclear energy, however, is yet 
in the position to play a dominant part in the energy 
poliey of any of the European countries except perhaps 
the Netherlands. The great change that has taken place 
in the past decade has been the very considerable increase 
in the consumption of oil in the Common Market countries 
and to a relatively less extent in the United Kingdom. 
Since 1945 oil has developed from a situation where it 
was regarded as a useful supplementary source of energy 
to one where it is now successfully challenging coal as 
a principal fuel in the West European countries. The 
changes in the relative importance of the different fuels 
are shown in Table 1. 

'onsideration of the future energy position is dominated 
by two questions to which governments must find 
satisfactory answers. First, can adequate and reasonably 
secure supplies of the various forms of energy needed 
to sustain economic growth be assured? Second, will 
these supplies be available at reasonable prices so that 
the eost of energy to the national economies as a whole 
and to the individual consumers will not be increased ? 
The first question is particularly relevant in relation 
to natural gas, the second to nuclear energy. 

In addition there are à number of other aspects of 
economie and social life which have a considerable 
influence on decisions in the energy sector. In particular, 
there are in Britain, in West Germany, and to a lesser 
extent in France, the problems involved in the reduction 
in scale of the coal mining industry. Again there are 
balance of payment problems involved in increasing the 
imports of oil, but these have to be weighed in terms of 
costs in competition with indigenous fuels. When looked 
at in global terms European energy policy does not 
seem to present any insurmountable difficulties. Large 
resoures of energy are available in the world as a whole 
and it would seem at first sight that most OECD countries 
could secure sufficient supplies at reasonable and stable 
prices simply by removing existing obstacles to inter- 
national trade and allowing each fuel to win its markets 
on the basis of straightforward price competition. For 
countries without indigenous fuels freedom of choice for 
the eonsumer is easier to introduce than for those with 
the needs of major domestic fuel industries to consider, 
so that in praetice governments find it hard to rely 
entirely on market forces to ensure the most desirable 
development of the energy sector. 

As a result, no major West European country has been 
able to adopt a coherent energy policy based on the 
long term needs of the economy as a whole. In every 
case the various measures which, put together, constitute 
national energy policies have invariably been the result 
of exercises in reconciling various different and often 
conflieting factors. 





Increase in Oil Supplies 


One aspect of this difficulty is seen in the question of 
fuel eosts in relation to security of supply. Professor 
M. A. Adelman? and others have argued that the European 
Community countries and Britain have wasted vast 
sums through policies designed to maintain energy 
supplies in the form of coal rather than depend on imports 
of oil. The argument is that savings obtained by adopting 
a cheap fuel oil policy would have been sufficient not 
only to cover the cost of stockpiling emergency supplies 
of oil and of coal, but to pension off the greater part of 
the coal miners of Western Europe and still leave a 
considerable annual saving. The arguments for keeping 
the coal industry in being are (a) that as an inc,genous 
fuel it is not subjeet to interruption in supply, (b) it 
employs a large labour force often in areas where there 
is no alternative form of employment. and (c) it involves 
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no outlay of foreign exchange and therefore helps the 
balance of payments. Against this it is argued that the 
oil producers are unlikely to withhold their supplies for 
long because to do so will damage their economies, 
particularly where oil is their principal foreign earner. 
In support of this argument, developments since the 
Suez crisis of 1957 have broadened sources of supply. 
The oil companies now have new producing areas in 
Libya, Algeria and Nigeria all west of Suez, as well as 
the sheikdoms of the Arabian Gulf all of which have 
started or greatly extended production in the past ten 
years. At the same time the operation of bigger tankers 
and improved refinery methods have reduced marketing 
costs. All these developments have been particularly 
difficult to counter by the labour-intensive coal industry. 

So far as Britain is concerned the argument that vast 
savings in costs are to be achieved by going over to oil 
on a big seale has not the same foree as it has for the 
Community countries. The coal mining industry in 
Britain has achieved very considerable economies in 
production costs which will increase as the policy of 
concentration continues. The White Paper on “Fuel 
Policy” stated that the percertage of output power 
loaded from British mines had arisen from 75 per cent 
in 1965 to 86 per cent in 1966-67. Productivity expressed 
as output per manshift overall was 34:8 hundredweight 
in 1964-65, 36-1 hundredweight in 1965-66, and 36-6 
hundredweight in 1966-67. These improvements were 
largely the result of mining by the remotely operated 
longwall face (ROLF) method. The White Paper con- 
eluded that “A significant improvement in the industry's 
overall productivity is realizable simply from further 
concentration of output on the better collieries”. Provided 
that the coal industry is able to obtain the labour it 
requires in the profitable Midlamds and Yorkshire coal- 
fields, and assuming that the programme of modernization 
and concentration is not interrupted, productivity 
inereases of the order of two or even three times the 
1966-67 level are possible by 1980. None of the coal 
producing countries of the European Community can 
look forward to cost and effieienecy improvements of 
this order. 

The second reason why Britaim’s position with respect 
to choice of fuel is different from that of the European 
Community countries lies in the continuing balance of 
payments problem. Cutting dewn the use of coal would 
inevitably mean a large addition to imports of oil. The 
White Paper estimated that the "net delivered cost of 
oil to the balance of payments was about £300 million 
or about £4-1 per ton of oil retained in the United Kingdom 
(that is, after taking credit for :he value of oil exports)" 
in 1965. The difference between this figure and the 
£500 million in the c.if. (cost, insurance and freight) 
value of the oil as shown in the Trade Accounts is explained 
by the use of British tankers, inward investment by foreign 
companies, and in the case of British companies, items 
such as the cost of headquarters, research and other 
services, and the companies’ profit margin, all of which 
arise in or acerue to the United Kingdom. 

Overseas oil business brings other benefits to the 
balance of payments through the activities of British 
owned oil companies producing and selling oil elsewhere, 
and from overseas oil business which is carried on through 
London. The White Paper gave the total net benefit 
to the balances of payments from this overseas business 
in 1965 as about £200 million including exports of capital 
equipment. Both North Sea gas and nuclear power also 
have some foreign exchange content, although this is 
lower than for oil. The precise cost in foreign exchange 
of North Sea gas will depend on the price to be paid 
and on which companies supply it. In the case of nuclear 
reactors the uranium fuel comes in the first instance 
from overseas. For Britain it would seem therefore 
that the argument for maintaiming a compact and viable 
coal industry has considerable force in present cireum- 
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Table 1. APPARENT CONSUMPTION OF COMMERCIAL SOURCES OP PRIMARY ENERGY IN WESTERN EUROPE IN 1964, 1005 AND 1966 
(in thousand tons coal-equivalent) 


Centre and North-West.— Solid fuels 





Liquid fuels* 


Natural gast Nuclear energy 


major coal producers 1984 1965 1986 1964 1965 1966 1964 1965 1966 1964 1965 1966 
Belgium 24,980 23,941 21,851 18,861 19,934 21,2001 81 96 1151 6 — — 
France 73,341 7,301 62,066 62,463 69,737 75,068 6,598 6,545 6,917 E: 112 — 
Netherlands 16,099 13,939 12,721 23,802 27,161 28,571 881 1,820 3,097 wee — 
United Kingdom 189,016 185,063 176,050 86,022 96,299  103,0401 28 1,098 1,046 954 1,768 2,358 
West Germany 159,280 148,035 138,739 90,231 104,327 ^118.260 2,533 3,883 4,499 i2 14 3l 
Italy Ll 11,978 12,923 ¢ 51,518  .56,894 66,000 9,800 9,937 10,919 286 418 483 

This table was compiled from The Coal Situation in Europe in 1966 (ECE UN, New York, 1967). 
* Most of the data for 1966 are provisional or estimated. + 1966 figurés based on indigenous production. $ Estimate. 
stances. The devaluation of the pound in November the Netherlands $06 million. The system provides 


1967 altered the balance further in favour of coal and 
was the occasion for the withdrawal of the "Fuel Policy” 
White Paper for further consideration in view of the 
changed conditions. This reassessment is still going on. 


A Common Energy Policy 

The six Community governments have tried at various 
times over the past decade to formulate a common 
energy poliey. Progress has. however, been extremely 
slow because of the current conflicting interests of the 
member countries. An inter-Executive Committee repre- 
senting the Council of EEC, the High Authority of 
ECSC and the Council of Euratom was appointed, and 
put forward proposals based on the idea of a guidance 
priee. By this time, Mareh 1960, it had become clear 
that the post-war energy shortage in Europe was over 
at least for the time being. The guidance price to be 
determined by the Couneil of Ministers was the price 
to which the coal industries in the Community should 
adapt themselves in order to be competitive with im- 
ported coal and oil. Market stability would be secured 
by government action to adjust the prices of imported 
coal and oil by means of duties. The Council of Ministers 
failed to reach agreement on the guidance price proposals 
and they were eventually shelved. 

The next step towards a common energy policy was 
the memorandum transmitted to the Council of Ministers 
in June 1962. This proposed an elaborate system of 
market control to be introduced by January 1970. "This 
memorandum also disappeared after discussions at 
several meetings of the Council of Ministers. In May 
1963 à completely new high level Energy Policy Committee 
was appointed to reappraise the whole problem. It 
stated that no long-term comprehensive policy could be 
formulated at a time when conditions were changing so 
rapidly, and proposed to concentrate on a limited policy 
for eoal with the long-term aim of making Community 
coal fully competitive with imported sources of energy. 
After à year of largely fruitless diseussions, the Council 
of Ministers agreed in April 1964 to adopt a Protocol of 
Agreement on energy polieies. "This did no more than 
state the determination of the six governments to work 
and apply common energy policies, and affirmed the 
need of government assistance for the coal industries 
while they adapted themselves to the changed market 
conditions. The High Authority was instructed to work 
out proposals for a Community system of state aid to 
the eoal industry. On oil, governments were urged to 
promote indigenous produetion and the common policy 
for stock piling to abolish discrimination and to bring 
taxes on petroleum fuels into line. The six governments 
also stated their readiness to promote and intensify 
joint research and developments in nuclear energy. 

The most important action required as the result of 
the Protocol of Agreement was the working out of the 
Community policy on coking coal. The object of this 
tem was to bring down the price of Community 
produced coking coal to the level of that of imported 
coal, by means of subsidies paid by the national govern- 
ments in the coal producing countries. The amounts of 
the subsidy fixed for the individual coal producing countries 
are as follows: Germany (the principal supplier) $20-1 
million; Belgium $1 million; France 80-3 million; and 











that 40 per cent of these amounts will be met by the 
producing countries concerned and that the remaining 
60 per cent of the total of $22 million will be contributed 
by the six Community countries in agreed proportions. 

Since the elaboration of the coking coal subsidy 
scheme, energy policy in the Community has been marking 
time. It is, however. understood that as a result of the 
arrangements made for the fusion of the Executives of 
the three European Communities a further attempt 
will be made. New studies of supply and demand in 
each of the different energy sectors in the Community 
are planned, and these, it is hoped, will in due eourse 
lead to the formulation of proposals for greater co- 
ordination of energy policy. It would be over-optimistic, 
however. to suppose that quick results are likely. The 
mountains of paper and the hours of diseussion that 
have been dedicated to the search for an energy policy 
since 1957 have only produced the agreement on coking 
coal. Even this amounted in practice to no more than 
an agreement to subsidize the Community's steel industry 
ona national basis. In spite of the difficulties encountered, 
however, it is to be hoped that a common policy will 
sooner or later emerge. 

What is likely to be the content of a future Community 
energy policy? For coal the indications are that the 
individual Community countries will not attempt to 
fix a target below which they would not allow coal 
production to fall, though at one time this seemed likely. 
At the same time, governments are not prepared to 
see a too rapid or too great decline in the output of 
their coal industries for social regional or security 
reasons. It may be therefore that the Community 
arrangements for coking coal may be extended to other 
qualities of coal. "This possibility has been reinforced 
by the fact that American coking coal producers are 
finding difficulty in fulfilling their contraets and that the 
future export availability of coking coal from the United 
States may be open to some doubt. The same arguments 
do not apply so strongly to the power station market. 
where there is competition not only from American coal 
but also from Polish and Russian coal as well as oil. 
nuclear power and natural gas. 

With regard to oil, several of the Community countries 
can be expected to pursue their efforts towards building 
up their own overseas sources of supply and so reducing 
the share in their national markets at present held by 
the big international oil companies. In the field of 
nuclear power, the situation is unpromising. At a time 
when Europe urgently needs to pool its technological 
know-how and research effort, Euratom, which was 
devised specifically for this purpose, is in a critical situation 
and its common research programme has been drastieally 
reduced by massive budget cuts. Instead of a five year 
Community research programme there is to be & very 
limited holding operation covering the present wear 
only, and instead of pooling the research effort under a 
Community plan run by Euratom there is to be tech- 
nological cooperation on a purely inter-governmental 
basis. The European Commission is expected to make 
further efforts to save the nuclear research programine, 
but the prospects eannot be rated high. "There are signs 
that both France and Germany may continue to develop 
the types of reactor in which they are most interested 
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—Franee the gas graphite reactor, and Germany the 
boiling water reactor. At the same time, pressures are 
building up for Franco-German cooperation, especially 
in the development of breeder reactors. 

These are the factors which the Community will have 


to take into account in any further effort to arrive at a , 


coordinated energy policy. The objectives of such a 
poliey seem likely to be the pursuit of the lowest possible 
energy prices commensurate with the maintenance of a 
minimum level of indigenous produetion. Both the 
coking coal subsidy scheme and the measures in force 
to promote the sale of Community-produced coal to 
electric power stations have arisen as much from the 
desire to avoid inereasing reliance on outside supplies 
às from anxiety over economie and social disturbances 
in Community coal industries. In looking to the future, 
it is not impossible that the European Commission 
when considering energy policy will have in mind the 
repercussions in this field which would follow from the 


Microbiology in Bulgaria 


by 
|. PASHEV 
AL. TOSHKOV 


THE first microbiological institutions in Bulgaria were 
opened shortly after the country's liberation in 1878. At 
that time their funetions were closely connected with the 
needs of medical and veterinary practice—the production 
of vaccines, sera and diagnostic preparations against 
contagious diseases. Departments of microbiology were 
later opened in the medical, veterinary and agronomy 
faculties and became the new centres for the study of 
microbiology. At the same time, laboratories were 
opened to study the micro-organisms involved in the pro- 
cesses of fermentation. 

After the Second World War specialist medical institu- 
tions were established to deal with public health and 
large scale agriculture and the food, pharmaceutical 
and light industries were widely developed. Research 
institutes and laboratories concerned with various 
branches of microbiology were founded at the newly 
opened establishments of higher education and scientific 
institutes. 

The accelerated rate of development of the national 
economy necessitated wider study of the fundamental 
problems of miercbiology, chiefly from the general bio- 
logical point of view. In order to meet these requirements, 
the Institute of Microbiology was opened at the Bulgarian 
Academy of Sciences in 1947. Some of the most prominent 
Bulgarian microbiologists joined the institute, and the 
present staff includes three full members and three cor- 
responding members of the Academy of Sciences, five 
professors, eight associate professors, and other highly 
qualified scientists. 

The basie problems being studied at the institute 
include the metabolism and biochemistry of miero- 
organisms; variability and heredity in micro-organisms; 
the morphology, structure and function of micro-organ- 
isms; and the nature and laws of the interrelations 
between micro-organisms and the  macro-organism. 
Metabolic processes in various groups of micro-organisms 
are under investigation and it is hoped to find a means of 
directing and regulating biosynthetic processes in the 
microbial cell, as well as reconstructing the molecular 
structures in the subnuclear elements connected with them. 

The results of these studies have made possible the 
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accession of the United Kingdom to the Community. 
With the United Kingdom as a seventh member of the 
Community the importance of coal would be very greatly 
enhanced in the energy situation. Community indigenous 
coal supplies would account for more than 40 per cent 
of total energy requirements compared with little more 
than 30 per cent today. The impact of such à change 
would be very considerable, especially in the light of 
sgrowing uncertainty about the future level of oil prices 
and concern at the fast continaing rate of growth in 
energy demand. British participation in the working out 
and development of a commen energy policy would 
strengthen the argument for making the fullest possible 
use of the investment that has been made in Europe's 
eoal industries. In the context of Europe's energy needs, 
British experience has very considerable relevance. 











t Fuel Poliey (Cond. 3438) (November 1067): 
* Adelman, M. A., Security of Eastern. Fuel Sapply, Department of Economies 
Working Paper No. 6 (Massachusetts Institute of Technology). 





The Institute of Microbiology at the Bulgarian Academy of Sciences 
plays a leading part in microbiological research in Bulgaria. 


biosynthesis and commercial production of the 6 and 
«-carotene group of vitamins and enzymes, organic acids, 
amino-acids, microbial proteins, and so on, The staff of 
the institute have also studied the participation of various 
micro-organisms in the manufacturing of specific fermenta» 
tion products (Bulgarian yoghurt, soft and hard cheeses, 
local wines, beer, sausages). 

Lactobacillus bulgaricus, which was discovered in 
Geneva in 1905 by the Bulgarian scientist, Dr Stamen 
Grigorov, has also been the subject of detailed investi- 
gations which have shown that there is no significant 
difference between this organism and Lactobacillus acido- 
philus. They are the same species, and the differences 
observed between them are a result of environmental 
conditions. This explains why. despite its inelusion in 
yoghurt, Lactobacillus bulgaricus is not found in the 
alimentary canal. 

Certain features of mierobial variability are also being 
studied at the institute, as a result of which biochemical 
mutations notable for the increased productivity which 
they give have been obtained. 

The structural characteristies of various groups of 
micro-organisms have been examined in connexion with 
their functional, biochemical, antigenic and other prop- 
erties, and we have been able to explain the morpho- 
logical and antigenic relationship between the neo- 
rickettsiae and certain bacterial species. 

Detailed research is also being carried out into the 
interrelationship of pathogenic micro-organisms with the 
sensitive macro-organism and the functional changes 
which oceur in each during the infection and immunization 
processes. Experiments have been carried out on a 
method for inducing acute and peracute experimental 
and spontaneous fatal septicaemia. Characteristic 
features have been established for the multiplication and 
alterations in virulence and the biochemical and antigenic 
properties of the bacterial causative agents during illness 
and in the body after death. The increase in virulence is 
not particularly large in vivo, but in the septic corpse 
there is an irrepressible multiplication of the pathogen. 
This reaches a maximum between 12 and 24 h, depending 
on the ambient temperature, and then falls rapidly as 
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the destruction of the microbial cells begins. At the 
same time, although not at the same rate, as the multi- 
plication, virulence increases with exceptional speed, and 
then begins to drop abruptly after the cessation of the 
multiplication of the pathogen and its degradation. The 
spore-forming pathogens sporulate when conditions in the 
septie eorpse are unfavourable for multiplication; the 
achieved level of virulence is maintained. This periodicity 
of multiplieation and alteration of virulence can be repro- 
duced and is usually valid for all causative agents of 
bacterial septicaemia. 

The established facts have made possible an epizoo- 
logical and epidemiological assessment of the relative 
importance of the pathogens secreted and excreted in 
vivo, and those which multiply and become more virulent 
in the septic corpse. Similar trends in the alteration of 
the virulence of the pathogenic agent have also been 
found during reinfection; virulence continues to increase 
during the first few passages, although at a decreasing 
rate, until a maximum is reached, after which it gradually 
decreases in the following passages. Changes in virulence 
are accompanied by alterations in the morphology, bio- 
chemistry and antigenicity of the agents—circumstances 
which should be kept in mind during routine diagnosis. 

Experiments are under way using aetiotropie agents 
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and non-fatal septicaemie models which induce sterile post- 
infectious immunity or infectious immunity. The role of 
some infections as inductors of autoantigenicity is also 
being investigated and the role of anti-kidney and anti- 
lung antibodies in the organolocalization of experimental 
tuberculosis infection in guinea-pigs has been established. 

The institute cooperates with many establishments in 
other countries dealing with similar problems, in the 
USSR. Czechoslovakia, Rumania, Poland and so on, and 
with several Bulgarian laboratories to which it gives 
assistance and advice. Most of the workers at the institute 
participate in the training of microbiologists, by lecturing 
in basic and special university courses and by conducting 
practical work in microbiology in higher educational 
establishments. Scientists at the institute also serve on 
the scientifie councils of the individual specialist micro- 
biological institutes and are members of university staff. 
The institute is also in charge of the coordination of 
research in mierobiology throughout Bulgaria. 

Many of the results achieved by the Institute of Micro- 
biology have found application in the manufacture of 
biological preparations, antibiotics and biologically active 
substances, in microbe culture and in other fields of 
international importance, and have therefore been of 
practical use, both in Bulgaria and abroad. 


Tissue Homeostasis and the Biological Basis of Cancer 


by 
S. B. CARTER 


Imperial Chemical Industries Limited, 
Pharmaceuticals Division, 

Alderley Park, 

Macclesfield, Cheshire 


I wisH to consider two propositions. First, that the 
normal regulation of mitosis in a tissue cell is primarily 
dependent on the physical stability of the cell membrane. 
Second, that cancer is due to variation in the cells of à 
malignant clone and not to a specific fault in the individual 
cancer cell. 


Evolution of Mitotic Control 


Biological mechanisms evolve by progressive modifica- 
tion and elaboration. However eomplex such a mechanism 
may become, it is committed to function through the 
basic mechanism from which it evolved. Before the full 
complexity of mitotic control in higher animals can be 
unravelled this basic mechanism must be identified. To 
do this, it may be helpful to consider the control of 
mitosis in primitive multi-celled animals, in which the 
primary mechanism has not become obscured by secondary 
refinements. 

The probability that two particular changes will occur 
independently and simultaneously in the same organism 
is exceedingly small. We can therefore assume that cell 
association (the essential first step in the development of 
multicellular organisms) was not initially complicated 
by specialization of the individual cells. Even at this stage. 
however, a mechanism for the control of cell division 
becomes necessary if the new organism is not to destroy 
itself by uninhibited growth. This implies that the basic 
mechanism should be able to function in a simple com- 
munity of undifferentiated cells. 

The requirement for mitotic control in a primitive 
multi-celled organism suggests an essentially simple 
mechanism; but at the same time it must be highly 


Cell movement and cell division may share a common control 
mechanism. 
malignancy. 


Cell variation could account for its failure in 


adaptable. Intrinsic adaptability is essential if it is to 
offer adequate scope for the subtlety and refinement of 
control whieh further evolution will demand of it. 

Unicellular organisms move away from each other after 
division whereas the cells of multicellular organisms 
remain together. The simplest interpretation of this 
highly significant change in behaviour is that it refleets an 
inereased mutual adhesion between the cells. As we have 
seen, however, the new habit of cell association must be 
accompanied by a mechanism for limiting the reproduc- 
tion of the individual cells. If mutual cell adhesion could 
also account for the restriction of cell division, then a 
single evolutionary change could give rise to a multi-celled 
organism with à mechanism for mitotie control built in. 
The extreme improbability of two independent changes 
oecurring simultaneously in the same organism has been 
mentioned. A single change with two functional conse- 
quences would obviate this difficulty. We should therefore 
look carefully at cell adhesion to see if it can offer a basis 
for regulating mitosis in multi-celled animals. 

In higher animals the rate of cell division is closely 
related to the pattern of cell growth. It is difficult to see 
how growth rate and growth pattern could become so 
completely integrated unless they shared the same primary 
regulating mechanism. We must therefore seek a mechan- 
ism which offers a means of controlling the movement and 
arrangement of cells as well as their rate of reproduction. 

None of the mechanisms previously proposed for the 
control of cell division appears to fulfil these requirements. 
On this argument, therefore, none of them ean represent 
the primary control mechanism. 

I have suggested that the mutual adhesion between 
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cells should be examined to see if it can provide a basis 
for the primary mechanism of mitotic control. If we 
consider a drop of liquid (D) adhering to a substrate (5) 
and surrounded by a fluid medium (M), the adhesion of 
the drop is best described in terms of the work required 
to detach it from the substrate. This is the "work of 
adhesion" of the drop and is given by 


„DM + ,8M — ,DS 


where y represents the surface tension at each of the 
three interfaces. This expression makes it clear that the 
adhesion of the drop cannot be described only in terms of 
the region of contact between it and the substrate. There 
are three interfaces involved and each of these is potenti- 
ally of equal importance. The adhesion of such a drop 
may be considered as a mutual competition between the 
phases of the system for contact with each other. In the 
absence of valid reasons for rejecting it, the principle 
of competitiveness which applies to simple adhesive 
relationships should also be applied to the cell—whether 
the substrate is an artificial material such as glass or is 
represented by another cell. 

If cell adhesion is a competitive phenomenon, then to 
treat it only in terms of the cell and its substrate involves 
an unjustified over-simplification. It becomes meaning- 
less to say that one cell is more adhesive than another, or 
to treat “adhesiveness” as an intrinsic and potentially 
measurable property of the cell. Cell adhesiveness can 
only be meaningful with reference to a specifie substrate 
and in relation to a specific third component competing for 
the same substrate. 

To emphasize the competitive nature of cell adhesion 
the term "relative adhesion" will be used, implying 
that it is the relative magnitude of adhesive forces at all 
the relevant interfaces which matters, not their absolute 
magnitude at one particular interface. 

It has long been realized that there is a significant 
relationship between cell movement and adhesion. I have 
shown that cells in culture will move up a gradient of 
inereasing relative adhesiveness with greatly enhanced 
efficiency and in a highly directional manner!. This 
phenomenon (haptotaxis) appears to represent a funda- 
mental principle of tissue cell movement. 

On the basis of further experiments using specially 
prepared substrates, I have suggested a mechanism for 
haptotactic cell movement which links adhesion with 
cell movement in the most direct manner possible?. In 
this theory the adhesive forces between the cell and the 
substrate are themselves held responsible for moving the 
cell. Directional movement thus demands an imbalance 
of adhesive forces at the cell periphery. In the case of an 
adhesion gradient this imbalance is provided in part by 
the substrate itself; in the case of a uniform substrate the 
imbalance is considered to be due to alteration of the 
substrate surface by the passage of the cell. 

Steinberg has developed a theory to aecount for the 
mutual arrangement of cells in tissues*. This is based on 
the principle that the component cells tend to sort them- 
selves out to give a minimum interfacial free energy for the 
system as a whole. In arguing this theory, Steinberg 
accepts the conventional view that the cells are indepen- 
dently motile and can therefore move freely in both 
directions between two configurations, one of which is 
thermodynamically more stable than the other. 

If tissue cells have no true motile capacity, however, 
but are moved in accordance with the local surface forces 
to which they are subjected, then the basis of Steinberg’s 
thesis follows automatically and rigorously, but an 
important modification has to be made in its application. 
Haptotactic principles require only that the total free 
surface energy in the immediate environment of each cell 
should tend to a minimum. This condition need not apply 
to the system as a whole. Indeed, if a cell has no intrinsic 
capacity for independent movement, it may be unable to 
reach its theoretical position in Steinberg’s scheme. This 
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consideration allows an unlimited increase in the ultimate 
complexity of cell arrangements whieh are, for praetical 
purposes, thermodynamically stable. 

If we consider situations in which cells show a high rate 
of mitotic activity, it is evident that in all these situations 
the cells are moving in relation to each other. In wound 
healing there is simultaneous ecl! division and cell migra- 
tion. In embryogenesis continuously changing cell to cell 
relationships are correlated with a high mitotic rate. In 
cancer, a tendency to enhanced. mitotic activity is accom- 
panied by excessive cell movement, the peripheral 
aspects of which are manifested as invasion. Normal 
adult tissues with a high mitotic rate usually show a 
correspondingly high rate of cell loss, necessitating the 
continuous rearrangement of the remaining cells. Analo- 
gous situations in vitro show a similar correlation between 
cell movement and division. 

If cell movement is essentially a "passive" pheno- 
menon caused by an imbalance of adhesive forces at the 
cell periphery, it will cease completely when this imbalance 
is resolved. This will occur when the cell surface as a 
whole approaches a stable equilibrium with respect to its 
local environment. Cell surface stability can therefore 
only be acquired when an appropriate mutual arrange- 
ment has been established between neighbouring cells. 
The actual arrangement achieved will be dependent on 
the differing surface properties of the cells and non- 
cellular elements involved, and will correspond to the 
normal architecture of the tissue. Thus cell movement and 
cell arrangement are considered to be regulated through 
precisely the same mechanism, and need not be—indeed 
cannot be—treated separately. The term "pattern of 
growth" is intended to convey this interdependence. 
Specialized regions of cell contact such as desmosomes 
and tight junctions may serve in a secondary capacity to 
reinforce. the structural integrity of a particular cell 
arrangement. Such specialized regions are unlikely to 
develop between cells which are moving in relation to each 
other so their formation is probably dependent on the 
previous attainment of a thermodynamic equilibrium with 
respect to the cell surfaces. 

If the regulation of mitosis can now be related to the 
concept of cell surface stability (which in practice means 
the stability of the cell membrane), it may be possible to 
identify the fundamental link which integrates the rate 
of cell division with the pattern of growth. 

I use the term membrane stability in an entirely physical 
sense, treating the cell membrane as a physical structure. 
A cell membrane showing relatively rapid changes in 
physical conformation, for example, or a constantly 
changing physical relationship with other cells would be 
considered to be unstable in this eontext. "Thus the con- 
formational changes in the membrane involved in pino- 
cytosis would be regarded as an indication of physical 
instability. Whatever the mechanism of pinoeytosis, it 
is clear that the cell membrane must be free to nvaginate. 
If a cell is surrounded by other cells in apposition, it must 
first break contact with these cells-—at least over a limited 
arca—before pinocytosis ear occur. Any factor which 
tends to upset a stable adhesive relationship between the 
cell surface and surrounding structures may therefore be 
regarded as potentially conducive to pinoeytosis. 

The functional significanee of pinocytosis is poorly 
understood. There is evidence that pinoeytotie vacuoles 
may be directly or indirectly implicated in the formation 
of lysosomes. The induction of pinocytosis in macrophages, 
for example, is correlated with an increased production 
of granules which stain for acid phosphatase*?. Several 
other enzymes usually associated with lysosomes are also 
found to increase. The activity of one of these, acid 
deoxyribonuclease. has beem found to rise after partial 
hepatectomy in rats. preceding DNA synthesis by several 
hours*. it has been suggested that this enzyme may be 
eoncerned in a priming reaetion which is necessary for 
the initiation of DNA synthesis’. In turn it seems to 
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be generally agreed that initiation of DNA synthesis 
represents the decisive step which determines the sub- 
sequent division of the cell. 1 am not committed to this 
particular sequence of links in constructing a possible 
causal chain, and am concerned only to show that it is 
feasible in principle to relate the physical concept of cell 
membrane stability to the biochemical requirement for 
DNA duplication and so to the regulation of mitotic rate. 

The main proposition therefore remains—that mitotic 
homeostasis is primarily controlled by the degree of 
physical stability of the cell membrane. We can now 
consider how far this proposition satisfies the previously 
diseussed theoretical requirements for a basic mechanism 
of growth control The expectation that the primary 
mechanism is likely to be dependent on mutual cell 
adhesion is clearly fulfilled. The proposed mechanism 
also satisfies the criterion that it should function in a 
primitive community of identical cells. Even in its most 
basic form the mechanism makes the essential link between 
rate of growth and pattern of growth. The potential for 
adaptability and evolutionary refinement which the 
proposed scheme offers is very great. The stability of the 
cell membrane can be affected by physical as well as 
chernical factors. The loss of cells from a previously 
stable arrangement, for example, would create a temporary 
instability which would be satisfied only when these had 
been replaced. On the gross scale the physical forces 
exerted by one tissue or organ on another would be an 
important faetor in allowing them to accommodate to 
each other. The physical stretching of skin over a growing 
limb, for example, could alter the mutual relationships 
of individual eells. The instability thus created would 
inerease the mitotie rate of cells in the skin and allow it 
to keep in step with the growth of the limb as a whole. 

Several hormones are known to be concerned with growth 
eontrol. Many of these exert their effects on particular 
tissues. Some operate to produce precisely timed differen- 
tial patterns of growth to deal with the special and often 
temporary requirements of reproduction. These hormones 
could aet through the proposed basie mechanism in one of 
two ways. They could alter the synthetie biochemistry 
of specifie cells to change their surface chemistry, or they 
could directly affect the surface properties of these cells 
by specific adsorption. The second possibility is particu- 
larly attractive because of its simplicity and because the 
specific differences between cell surfaces present a ready- 
made basis for differential effects. Changes in cell bio- 
chemistry could, of course, arise as a secondary con- 
sequence of the specifie adsorption of hormone on the cell 
surface. 

In attempting to trace the fundamental interrelationship 
of cell adhesion, cell movement, cell arrangement and 
cell division, it has clearly been necessary to oversimplify. 
This is of little consequence provided the main theme has 
been correctly identified. No unifying scheme of functional 
integration within a cell community can be comprehensive 
unless it takes aecount of cellular differentiation, however. 
There are already hints that in cell adhesion we may find 
not only a basis for the mechanism of differentiation but 
also a means of relating it to the other main aspects of cell 
interaction. 





“Contact Inhibition of Growth” 

The close relationship between cell movement and 
mitosis is strikingly evident in the case of many normal 
cells which form monolayers on suitable substrates in 
vitro. Some time after the monolayer has become fully 
confluent, when individual cell movement has effectively 
ceased, there is a dramatic fall in mitotie rate. This 
phenomenon has come to be called “contact inhibition of 
growth", which has led to confusion with the "contact 
inhibition” which is concerned with cell movements. 
Although T consider these two phenomena to be closely 
related, it is essential to preserve the distinction between 
them. 
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The formation of a monolayer on a particular substrate 
implies (on haptotactic principles) that the relative 
adhesion between cell and substrate is greater than it is 
between cell and cell. In these conditions the cells may 
spread and multiply until all the available area of substrate 
is occupied. If the cells have identical surface properties 
this would result in an equilibrium position in which each 
cell has an equal share of the available surface. At this 
point, cell movement ceases and the membrane of each 
cell becomes stabilized. Because the sensitive phase for 
mitotic control is probably the onset of DNA synthesis, 
the cessation of mitosis will lag behind the establish- 
ment of a thermodynamically stable arrangement of 
cells. In addition, mitosis itself may tend to interfere 
with progress towards equilibrium. In some cases, several 
layers of cells may be built up before this equilibrium is 
achieved. 

If a single cell is placed on a substrate such as glass, it 
remains chronically unstable. Its outline is continually 
changing, and the margin may show continuous ruffling 
movements. I have interpreted ruffle formation on 
precisely the same principles of competitive adhesion as 
those which seem to contre] the movement of the cell as 
a whole*. A ruffle thus represents a local displacement 
of the cell by culture medium from an area of substrate 
which has been contaminated by cell contact. It is sig- 
nificant that ruffling of the cell margin is often associated 
with pinocytosis. In a confluent cell monolayer ruffling is 
no longer a prominent feature of the cell margin, and its 
absence appears to reflect the physical stability of the 
cell population as a whole. 

The study of “contact inhibition of growth” may prove 
to be the simplest and most valid approach to understand- 
ing the basis of mitotie control. The jargon which has 
grown up around this subject tends to assume that the 
effect is mediated by the transfer of specific chemical 
substances. Expressions which imply that cells can 
"recognize", "signal" or "communicate" with each other 
may be apparently harmless analogies. but they may also 
be highly misleading. Certainly they do not fit well with 
explanations whieh are primarily concerned with the 
physical properties of surfaces. 

The mechanism I am proposing for “contact inhibition of 
growth" suggests that it should be dependent on the 
surface properties of the substrate. as is the case with 
contact inhibition of movement!. If this is so it would be 
diffieult to reconcile with an explanation based on the 
concept of chemical signals which can be exchanged 
between one cell and another. 





Nature of Malignancy 


We can now consider how the phenomenon of malig- 
nancy may be fitted into this general scheme. A feature of 
malignancy which receives little or no attention in current 
theories of canecr is the variation which exists between the 
cells of the same tumour. To the pathologist this variation 
is well recognized. 1t is reflected in differences in the size 
and shape of individual cells and in their nuclear morph- 
ology and staining characteristics. To the eytologist it 
is frequently evident as a variation in chromosome number. 
An enhanced variability in eleetrophoretie mobility may 
also be found in cells which have been transformed in 
culture’, 

Such a widespread and perhaps universal feature of 
cancer must clearly be taken into account in any satis- 
factory explanation of malignancy. To suggest that it is 
simply another consequence of the breakdown of control 
mechanisms is in no sense an explanation. My proposition 
is that the variation observed is the cause of this break- 
down and not its result. 

The gross variation in genetic potential which differ- 
ences of chromosome number must represent should find 
expression in all the genetically determined characteristics 
of the cell ineluding those which affect the properties of 
the cell surface. If we consider a population of malignant 
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cells the surface properties of which are randomly different, 
and if each cell is moved according to the surface forces act- 
ing on it, it will be apparent that such a population is un- 
stable. If no new cells were added to the population, the 
cells could ultimately achieve a thermodynamically stable 
arrangement—even though the randomness of their 
surface variations would preclude a normal tissue architec- 
ture. The instability of the population induces further 
cell division, however, and the emerging pattern has to 
be continually changed to accommodate these new cells. 
Once it is fully established therefore, the instability of the 
cell population is self-perpetuating and growth control is 
lost. 
Normal cell division requires equal distribution of 


genetie material between the two daughter cells. For this 
the chromosomal DNA must be accurately copied, 
accurately separated and accurately distributed. A fault 


at any stage in this sequence could result in unequal dis- 
tribution of genes, resulting in daughter cells which 
were not precisely the same. Cells which have been treated 
with earcinogenic chemicals or exposed to X-rays often 
show abnormalities of the mitotic mechanism. This may 
be especially apparent at anaphase. Damaged chromatids 
may fail to separate cleanly, for example, and the genetic 
material is then torn apart and distributed unequally 
between the daughter cells. If the damage persists and 
interferes with subsequent copying or separation. the 
tendency to unequal distribution of genes will remain, so 
that the entire clone will show an abnormal degree of 
variation. Oncogenic viruses may produce essentially 
similar effects— perhaps as a result of incorporation into 
the cell genome. 

It will be apparent that the genetic damage necessary 
to produce variation in cell surfaces does not need to be 
specifie for the genes concerned with surface composition. 
Non-specific damage could affect the distribution of all 
the genes carried by the damaged chromosome. On the 

other hand. if a specific change were involved in the produc- 
tion of a malignant cell, it would be difficult to account for 
the fact that the same change can be induced by such a 
variety of agents. There is as yet no evidence for such a 
specific change, for no biochemical or immunological test 
can consistently identify a malignant cell. 

Another feature of cancer which argues against a 
specifie fault is that tumours derived from the same cell 
type can vary greatly in malignancy. According to the 
theory proposed here, a continuous range is possible 
according to the degree of variation resulting from the 
originally damaged chromosome or chromosomes. 

The latent period—sometimes several years— which 
elapses between exposure to a carcinogenic hazard and the 
clinical onset of cancer demands an explanation. If loss of 
homeostasis is due to variation between the cells of a 
malignant clone. then homeostatic control can only be 
lost after such a clone has been developed. As long as the 
clone is sufficiently small, minor adjustments between its 
component cells will restore local thermodynamic equi- 
libria and general stability in the region will be maintained. 
When the clone reaches a critical size, however (depending 
on the degree of variation involved), the necessary adjust- 
ments will be unable to keep pace with the need to 
accommodate newly produced cells. At this point the 
instability becomes self-perpetuating and homeostatic 
control is perrnanently lost. 

Most potential tumours probably never reach this 
critical point. Similarly, a single metastatic cell is unlikely 
to develop into a secondary tumour. A clump of cells de- 
tached from a tumour. however, may already exceed the 
eritical size and be able to develop immediately into a 
metastatic growth. This could have important implica- 
tions for the therapeutic control of metastatic spread. 

Normal cells at the edge of a tumour will be influenced by 
the instability of the peripheral tumour cells. The normal 
tissue pattern will be altered as normal and malignant 
cells intermingle. I have suggested! that tumour invasion 
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is due to the malignant cells heving a greater relative 
adhesion to normal cells than to each other. Whether or 
not a general tendency in this direction exists, non- 
specific variation in the surfaces of tumour cells is likely 
to ensure that some at least will have this property. 
Normal cells which become incorporated in the tumour 
would be expected to have an increased mitotic rate, and 
their particular surface properties would contribute to 
(and may enhance) the overall variability. . If another 
genetically injured cell should beeome incorporated in the 
expanding tumour, the unstable conditions to which it 
would then be subjected could immediat release its 
malignant potential. This is one of several possible ex 
planations for a sudden inerease in the degree of malig 
naney which tumours sometimes show. 

Berenblum™ has reviewed the evidence for distinguish- 
ing between compounds which initiate" tumour growth 
and those which ' "promote" it. If these terms applied 
to the present scheme, an initiator would be capable of 
causing the basic chromosomal damage. and a promoter 
would aet by increasing the local rate of cell division. This 
would increase the probability o? forming a critical clone. 
Because genetie damage is mor» likely to occur during 
DNA synthesis, it could also increase the number of ce ells 
at risk. A promoter may apparently cause eaneer on its 
own by encouraging the development of "spontaneous" 
tumours (that is, those in which the cause of the genetic 
damage is unknown). 

The concept of promotion ear usefully be extended to 
cover any factor which causes a local increase in mitotie 
rate. Thus hormones may have a promoting action. in 
some situations and chronic physical irritation could be 
regarded in the same category Carcinogenesis by im- 
planted plastic films" could also 5e the result of promotion. 
By creating an "unhealable wound” they may bring to ` 
light any potentially malignant. cells in the region. 

Cells in non-confluent culture are usually highly 
unstable and show a high rate of mitosis. These conditions 
may therefore be regarded as promotional, and "spon- 
taneous” transformation is common. It is highly signifi- 
cant that cells deliberately transformed in eulture by 
viruses or chemicals do not shew a latent period. Cells 
which are appropriately damaged in vitro are not subject 
to the restraints which would be imposed in vivo, so no 
critical clone size has to be achieved before these restraints 
are overcome. Cells which are transformed in this way 
may pile up on certain substretes, thereby showing loss 
of “eontact inhibition of movement”. I have interpreted 
this as an indication that such cells have a stronger 
relative adhesion to each other than to the substrate!. 
Perfect monolayering would recuire that all the cells must 
show a greater relative adhesion to the substrate than to 
any of their neighbours. Cell variation per se would there- 
fore tend to reduce contact inhibition of movement 
whether or not there was a general trend favouring the 
adhesion of cells to each other 

Among the many interesting experiments designed to 
investigate eontact inhibition o£ growth, some of the most 
significant may be of the type described by Eagle and 
Levine?. They showed that tawo normal cell lines which 
independently demonstrated centact inhibition of growth 
failed to do so when mixed toge:her. Such à mixture would 
be expected to enhance the variability of the cell popula- 
tion as a whole and so hinder the formation of a stable 
arrangement. 

















































Experimental Tests 

The most direet method of testing these ideas would be 
to create a physical environment with which a single 
isolated cell could establish a stable adhesive relationship. 
Such a cell should show an inhibition of mitosis which is 
independent of its normal or malignant origin. Attempts 
to ereate such an environment on the single cell scale 
have so far been unsuccessiul. Stabilization of the 
cell membrane is theoretically attainable simply by sus- 
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pending the cell in a fluid medium. Standard methods 
of suspension culture subject the cells to repeated colli- 
sions with other cells and the vessel walls, however. If 
potentially unstabilizing factors such as these were 
eliminated, suppression of mitosis would be anticipated 
for suspended cells irrespective of their malignant or 
normal nature. Conversely, a physical environment 
designed to create instability in the cell membrane would 
be expected to promote the growth of culture cells. 
Preliminary experiments of this type have given some 
positive indications and will be reported later. 

If cancer is due to random cell variation resulting from 
non-specifie genetic damage, and does not involve any 
characteristic change which could lead to a potentially 
exploitable difference between normal and malignant 
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cells, the ultimate prospects for cancer chemotherapy 
become very much less favourable. 
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This article offers a contribution to the theory of traffic distribution 


and presents some experimental results for comparison with the 
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theory. 


'SzvERAL authors’? have considered the applications of 
the methods of statistieal mechanies to the following 
traffic distribution problem. There are m sources, or 
origins, from which O; (i= 1,2,---m) journeys begin, and 
n sinks, or destinations, in which D; (j= 1,2---n) journeys 
end. What is the traffic flow T';; from i to j when there is 
a generalized cost, or deterrence, cy, not necessarily the 
aetual monetary cost, associated with the journey ij? 

It has been argued, notably by Blunden‘, that traffic 
distributions reach an equilibrium state so it is reasonable 
to attempt to formulate a theory in which the distribution 
{T'u} is derived from some equilibrium condition. Accord- 
ingly, each of these authors!-, proceeding by analogy 
with statistical mechanics, sets up an entropy function 
and asserts that, as for an isolated thermodynamic 
system, the equilibrium state will be that which minimizes 
the entropy. The entropy function is taken to be 


S=kInw (1) 


where k is a constant and w is the number of microscopic 
states, or complexions, corresponding to a given distribu- 
tion (Ta). 

Wilson! and Tomlin? have assumed an equal a priori 
probability for all journeys, but differ in their expressions 
for w in that Tomlin assumes distinguishable trips from 
points in O; to points in Dj. The two expressions lead to 
the same result, but here we shall use Wilson's simpler 
expression, and his notation, and write 








where 7' is the total number of trips. 

The distribution {T4} is then found by maximizing 
inw, subject to the obvious constraints implicit in the 
formulation of the problem, namely 


E Ty = OF (3) 
j 
E Tay = D; (4) 


i 
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together with one other, arising from the analogy with 
statistieal mechanies, which is that the total cost C is 
fixed 


E Tc; mu (5) 
ü 
The solution to this problem is readily found to be! 
Ty = AiB;OiD;e-fet (6) 


where A; and B, are constants and 8 is the Lagrange 
multiplier associated with equation (5). 

Sasaki's? discussion introduces a priori probabilities 
P so that equation (2) becomes 





and In w is then minimized, subject only to the two con- 
straints (3) and (4), and if X; and u; are the Lagrange 
multipliers associated with these two sets of equations, 
the solution is 


Ty = ehism-l, Pi; 


Thus the form of T4 is simply that which must be 
assumed for Piz. 

In the partieular case of equal a priori probabilities, 
Sasaki obtained 


Ty = E (8) 


a result also given by R. B. Potts at the Summer School 
on Traffic Theory held at Purdue University in 1967. 

The introduction of the fixed total cost constraint seems 
to be essential to a useful statistical argument, but. it is 
not easily justified and is avoided in the following diseus- 
sion. 


The Free-cost Function 


An alternative argument which leads to the same form 
of solution as equation (6) is based on an analogue of the 
Helmholtz free-energy function which is a minimum for a 
thermodynamic system in equilibrium in conditions of 
constant temperature and volume. This function is 
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F =E -8S = E — kð n w 
where E is the internal energy, 0 the temperature, S the 
entropy and k is now Boltzmann's eonstant. 

If we regard the generalized cost cj; as the analogue of 
an energy change in moving from state i to state j, we 
obtain a pseudo-Helmholtz, or free-cost function 

FLL Tei mdi i In w (9) 
ij 
where y replaces k0 and is a quantity which has the 
dimensions of cost but of which the magnitude remains 
to be found. 

We now assert that the equilibrium distribution is that 
which minimizes F subject to conditions (3) and (4). 
The fixed total cost constraint is not now needed and this 
formulation brings out the relation of the present method 
to two extreme cases. Ify=0 we have the Hitcheock— 
Koopmans problem’, while if y is so large that the first 
term of equation (9) is negligible it reduces to the problem 
considered by Sasaki? and Potts having the solution (8). 

From equation (2), using Stirling’s formula 

F = constant + D E Ty (ey + y In Ty) 

ij 
and minimizing this, subject to constraints (3) and (4) 
with Lagrange multipliers 2; and pu; assigned to these 
latter equations, we find for the equilibrium distribution 


(10) 


; Qcij 
yün Ti + 1) + ey + Tu iE 
01 ij 
where it is recognized that the ci; might depend on Tiz. 
If the ci; are independent of Tiz, as might be expected 
if the traffic density is not too high 


M-w=0 (1) 


1 
Ti = exp Y Qa + uj — Y — cy) 


which can be written 
PREGE 12 
Ty=a;bje ? ( ) 
This is of the same form as Wilson’s solution, but the 
value of y presents a problem. If we assume that a very 
large number of source-sink pairs is involved and that the 
ci; have an almost continuous range of values, the weighted 
average cost can be written 


o 2f 
E E Ty cy fabe F ede 
Bi an SEI ennt Og nee 
SST eo 
- ij 
ij paa e ¥ dc 


If we further assume that the products ab; vary but little 
with i,j then ab can be taken outside the integrals and we 
obtain 
tay 

It must be emphasized that this is only a rough estimate 
of what y might be and it was necessary to carry out some 
studies of experimental data to examine this point and 
the general validity of the theory. 


Experimental Studies 


A publication of the Metropolitan Adelaide Transporta- 
tion Study Group* gives a survey of the total number 
of trips undertaken over a period of 24 h between the 
eighty-seven traffic districts of the Adelaide study area. 
For the present purpose we considered two subsets, each of 
twelve traffic districts. The first consisted of the central 
eity area of Adelaide including the business area and inner 
city residential areas. The second subset consisted of the 
twelve districts making up the satellite city of Elizabeth 
to the north of Adelaide. 

The deterrence function used in discussing these 
examples was ci; = tij, the travel times between the district 
centroids. The resulting experimental distributions were 
compared with gravity model distributions given, by 
analogy with gravitational attraction, in the form 





Tu 


li 


t 


ij 

The équilibrium distributions were computed by well 
known iteration procedures for a range of values of y 
and of n, the inverse power of the gravity formula. These 
were then compared with the experimental data by cal- 
eulating the deviation 


(Ts 


—Bey 






d-xkE 


YE 
i j - dj 
where S; is the survey result for the number of trips 
itoj. The internal flows Tu were omitted’. 

Fig. 1 shows plots of the deviation d against y and n 
for the central Adelaide data. using an arbitrary scale for 
the costs (travel times) The weighted mean cost ¢ 
corresponding to the optimum value of y is marked on the 
Y axis and, in this example, is indeed very close to the 
optimum y. The distribution corresponding to this 
optimum is presented in Table 1, together with the 
optimum gravity model results and the survey data. 
Similar results were obtained for the Elizabeth area. 1n 
this case the optimum value of y was 23-1 and the corre- 
sponding € was 26-7. 








Table 1. TRAFFIC DISTRIBUTION FOR CENTRAL ADELAIDE 

1 2 3 4 5 6 T 8 9 WwW 11 12 
724* 746 688 641 366 770 S801 653 $20 790 1,430 
1 0 710t 745 652 776 576 327 718 775 446 B11 1,417 
886$ 700 781 S847 272 485 038 745 418 705 1,081 
1,480 562 720 2506 3064 543 Lip 412 644 2,004 
2 0 1,185 731 762 645 434 870 9M 594 (655 1,782 
A 897 732 619 291 580 842 510. 807 1,202 
560 803 987 604 5874 1,224 805 7190 1,787 
3 0 734 873 961 256 801 1,882 1,151 784 1,005 
676 s811 9071 487 807 1,250 1,106 5822 1,440 
1,000 8523 2340 847 1,522 884 460 1,150 
4 0 872 771 455 801 1,851 478 528 1,121 
1,049 950 418 692 1,000 433 501 937 
853 728 1,522 1,510 580 688 685 
5 0 918 705 1,544 1,008 457 BBL 792 
1,080 351 1,398 1,350 460 550 mz 
431 804 1,174 921 1,268 
6 O 420 920 1,141 856 448 1,080 
120 832 1,038 611 454 1,080 
843 540 435 GOR 076 
7 0 842 591 272 391 1,128 
776 750 — 847 397 1,087 
1,773 751 886 70L 
8 0 1750 419 484 Boz 
1,011 544 522 1,986 
1,8539 B88 500 

9 0 1,198 685 
1,087 781 1,601 
3 861 
10 O 534 764 
i7 O41 
2.005 
11 0 1,042 
1.45T 
12 0 


* Survey data. + Exponential result. t Inverse power result, 


Use of the Model 

In these examples y is in faet close to @ and the optimum 
exponential distribution is in better accord with the 
experimental data than tbe optimum inverse power 
distribution. This is particularly the ease for the traffic 
flow in central Adelaide. For the Elizabeth area the 
exponential distribution is only slightly better. This 
difference is not unexpected because Elizabeth is a satellite 
city in an early stage of development with a non-uniform 
population distribution. As a result there are very large 
variations in the numbers o^ trips between pairs of dis... 
tricts, some being very small or even zero. In contrast 
the central Adelaide area is more uniform and there is 
less variation in the numbers of trips between districts 
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Fig. 1. Plots of deviations between calculated and experimental values 
for the exponential model (dz against y), and the gravity model (du against 
n) ¢ is the weighted mean cost for the optimum y. 


so that a relatively simple model may be expected to be 
effective. For such a situation the exponential model 
with ya seems to be successful. 

In attempting to prediet a distribution in a situation 
where € is not known a priori, an iterative procedure must 
be used and might begin by choosing y equal to the un- 
weighted average eost. For the central Adelaide data 
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this unweighted average was almost equal to €, but this 
was to some extent fortuitous. 

If the validity of this statistical method can be firmly 
established, the deviations from, the mean distribution 
could be calculated by standard mathods of statistical 
mechanics. In this respeet the discussion of traffic 
distribution as an equilibrium situation defined by the 
laws of statistical mechanics has an advantage over the 
gravity model. i 

Finally, while emphasizing that the theory presented 
needs much more verification, we suggest that the method 
might be applicable to other problems of human choice, 
where the individuals of one or more groups may choose 
from a number of actions leading to certain goals with 
deterrences associated with the choices. For example, 
the distribution of investments by persons of different 
ienome groups might be considered, if these groups were 
regarded as equivalent to the traffic origins, and suitably 
grouped stocks and shares as the equivalents of the 
destinations. In such a case the deterrences are clearly 
not simply the actual prices of shares but involve other 
factors which might be difficult to assess. 

We thank Professor R. B. Potts for drawing to our 
attention certain papers and the availability of the 
Adelaide traffic data. One of us (J. A. T.) thanks the 
Australian Road Research Board for the award of a 
studentship, and Professor R. B. Potts for his adviee and 
guidance. 
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Occurrence of Complex Mitochondrial DNA in Normal Tissues 
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Mitochondrial DNA isolated from several mammalian organs con- 
tains from 6 to 9 per cent catenated dimers and 0:5 to 2 per cent 
catenated higher oligomers. 


Multiple length circular molecules, 


such as occur in leukaemic leucocytes, were not detected. 


Norman W. Church Laboratory for Chemical 
Biology, 

California Institute of Technology, 

Pasadena, California 


Tar DNA in the mitochondria of many higher organisms 
is now known to occur in the form of closed circular duplex 
molecules with contour lengths of approximately õu and a 
molecular weight of about 10 million daltons'. We have 
recently diseovered that human mitochondrial DNA 
(M DNA) oceurs in two larger cireular forms which we 
refer to as complex forms. The catenated oligomers are 
molecules that consist of two or more interlocked circular 
duplexes connected to each other like links in a chain 
(Fig. 1). The circular oligomers are circular duplexes with 
a contour length that is a multiple of the monomer length. 
White blood cells from patients with chronic granulocytic 
leukaemia contained catenated oligomers and circular 
dimers? HeLa cells, in contrast, contained catenanes but 
no cireular dimers were seen?. This disparity among human 
cells prompted us to examine a number of normal tissues 


for the occurrence of the two types of complex mito- 
chondrial DNA, and to develop procedures for reliably 
estimating the frequency of each type in an M DNA 
preparation. 

We have found that the mitochondrial DNAs obtained 
from rabbit brain, kidney, liver and bone marrow. 
from guinea-pig brain and liver, from normal human 
leucocytes, and from 13 day old mouse embryos contain 
2-9 per cent eatenated dimers but do not contain detect- 
able circular dimers. These results are similar to those 
obtained in previous studies of HeLa cell M DNA (ref. 3) 
and M DNA from the unfertilized sea urchin egg!, but are 
in marked contrast to the previously reported observations 
of the presence of circular dimers at a frequency of 26 per 
cent in leucocytes of a patient with chronic granulocytic 
leukaemia?*. All the M DNAs studied in this work con- 
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tained higher catenated oligomers—trimers, tetramers and 
so on—at a frequency that varied between 0:5 and 1-8 per 
cent. 


Scoring the Frequency of Complex Mitochondrial DNA 


Mitochondrial DNA usually represents only a minor 
constituent of the total DNA in the cell. A very efficient 
separation proeess for the removal of the overwhelming 
amount of nuclear DNA is therefore necessary before 
analysis for the various complex forms ean be under- 
taken. In our earlier work we removed most of the 
nuclear DNA with a cell fractionation procedure which 
yielded partially purified mitochondria. The DNA from 
such mitochondrial preparations was isolated and purified 
in a single step with the ethidium bromide-caesium 
chloride density gradient method’. The lower band, 
containing only closed circular M DNA that was free of 
both nuclear DNA and nicked M DNA. was recovered 
for further study. The use of lower band DNA introduced 
an uncertainty in the result for the frequency of complex 
mitochondrial DNA molecules, because these latter mole- 
cules are larger targets than the monomers for any process 
which introduces single-strand scissions into DNA. We 
have now improved our procedure for the purification of 
mitochondria so that the ratio of the closed M DNA in 
the lower band to the nicked M DNA plus linear nuclear 
DNA in the upper band is reduced from approximately 
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10 to 0-2-1-0 as judged by a visual estimate of the fluor- 
escence intensity of the bands (Fig. 2). Both bands and 
the intermediate caesium chloride solution between them 
were collected together to provide an unfractionated 
M DNA sample for electron microscope analysis. The 
remaining linear DNA does not interfere in the analysis. 
Occasional preparations in which the amount of DNA in 
the upper band exceeded the amount in the lower band 
were rejected. 

To obtain quantitative estimates of the frequenes of 
complex forms in a sample, we have examined a large 
population of molecules and distinguish the categories: 
monomer, circular dimer, catenated dimer and eatenated 
higher oligomer. The required size of the sample was 
estimated with the relation* 

a= + 196V(1—f)/nf 
where f represents the mean obtained in a survey of n 
molecules and f(1+) represents the interval which con- 
tains the true mean at a level of confidence of 95 per cent. 
In the present work we have classified about 2,000 mole- 
cules in each M DNA preparation so as to estimate the 
frequencies of complex forms which vary, for example, 
from 2 to 10 per cent. The corresponding ranges are 
+0-64 and + 1-2 per cent if 2.000 molecules are classified, 
and +1-2and + 2-4 per cent if 500 molecules are classified. 





Fig. 1. 
earlier and examined in a Philips £41300 electron microscope*. 


Representative electron micrographs of mitochondrial DNA isolated from rabbit bone marrow. 


Grids were prepared as described 


a, Monomer length mitochondrial DNA; b, catenated dimer, fully relaxed; 


c, catenated dimer with one relaxed submolecule; d, catenated trimer with one relaxed submolecule, The con*our length of the monomeric 
molecules and submolecules is approximately 5. 
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Fig. 2. A caesium chloride-ethidium bromide density gradient showing 
two bands of mitochondrial DNA from rabbit brain. The centrifuga- 
tion and tographic conditions were described previously??, The 
contents of the middle one-third of the tube were collected, diluted to 
5 ml., and concentrated into a pellet in an SW 50 rotor, 43,000 r.p.m., 
10h, 15° C. The total DNA from such preparations contained less than 
5 per cent nuclear DNA as indica! by electron microscopy and 

analytical buoyant density oo after removal of ethidium 

romide, 


Photographic methods are too slow to be practical for 
classifying such large numbers of molecules. We have 
therefore classified the molecules as they appear imaged 
on the fluorescent screen in the electron microscope. A 
general requirement for the scoring procedure is that 
circular molecules be free of extensive twisting. Highly 
twisted catenated dimers cannot be distinguished from 
twisted circular dimers even though it is possible to dis- 
tinguish twisted monomers from twisted dimers. Our 
previously described procedure*? for preparing specimen 
grids usually results in only a small fraction of highly 
twisted molecules. Specimen grids which contained more 
than 10 per cent of such molecules were rejected. The 
surface concentration of molecules must be low enough, 
less than about 400 per 300 mesh grid hole, for the eye 
readily to follow the contour of the molecule. The con- 
trast must be adequate, for the examination of the image 
on the fluorescent sereen and "flower patterns" should be 
infrequent. The linear DNA mass concentration should 
not exeeed 50 per cent of the total DNA. 

The specimen grid was examined at a magnification of 
5,400 beginning at a corner grid hole. The first grid hole 
was scanned completely in a systematie manner and was 
followed by similar scans of the laterally adjacent grid 
hole. Seanning was continued until an adequate number 
of moleeules had been classified or until all holes on the 
grid had been scanned. The results were tabulated on 
an eight unit blood cell counter as monomer, circular 
dimer, catenated dimer, eatenated higher oligomer and 
as ambiguous molecules. 

Decision making was in two stages. A decision was 
made between monomer, dimer and higher oligomer, and 
then between circular oligomer and catenated oligomer. 
The investigator readily learns, from the results of contour 
length measurements of photographed molecules with 
different shapes and differing extents of convolution, to 
distinguish monomers, dimers and higher forms. A basic 
problem is to ensure that overlapping monomers are not 
scored as dimers. We have reported earlier that molecules 
on a surface layer often appear to repel each other* and 
do not overlap on specimen grids unless very high DNA 
concentrations are used. Forms such as those illustrated 
in Fig. 3a, in which there is clearly no contact between 
two approximately concentric molecules, were not un- 
common. If there was adventitious overlapping, the 
frequency of catenanes should be expected to be a steep 
function of the surface density of molecules. A preparation 
of rabbit kidney M DNA was examined on specimen 
grids with three different surface densities: approx- 
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imately 500, 150 and 75 molecules per 300 mesh grid 
holes. The frequencies of total catenated oligomers in the 
three samples of approximately 1,000 molecules were 
7.2 * 1-6 per cent, 7-1+1-5 per and 6:2 + 2-0 per cent. 
The individual results do not differ significantly from the 
mean 6:8 I-1 per cent, so we conclude that the extent 
of adventitious overlapping is small. Specimen grids with 
surface densities of more than 300 moleeules per grid 
hole are difficult to score and were normally not used. 

Fig..3 (b, c and d) represents dimeric molecules and 
illustrates the problems encountered in distinguishing 
catenated dimers and circular dimers. Fig. 3 (b,-5,) 
represents unambiguous circular dimers because no cross- 
over exists that could divide the dimer into two monomers. 
Dimers which contain a crossover (arrow) as in Fig. 3 
(dy-d,) are regarded as catenanes and not as circular 
dimers, because we would have expected to have seen 
some unambiguous forms of circular dimers had they been 
present. These were not seen. Similarly, if circular dimers 
appeared in forms such as those illustrated in Fig. 3 
(d,-d,) we would have expeeted to find examples of such 
kinds of molecules of monomer length. Because these are 
only infrequently seen, circular dimers of this form can 
represent only a small fraction of circular dimers present 
in the sample. Dimers with the pulled out form illus- 
trated in Fig. 3 (d,-d,) were reported in preparations of 
HeLa M DNA (ref. 5) and were later shown to be eaten- 
ated dimers*, An M DNA dimer of the type shown by 
Suyama and Miura? from monkey liver would be scored 
as a catenane in this laboratory. 

Molecules such as in Fig. 3d, are scored as catenated 
dimers even if the detailed nature of the overlapping is 
not discernible. In order for a circular dimer to appoar 
in this conformation it would have to fold as in Fig. 3b,. 
We think this unlikely because tangential segments 
(arrow) are rarely seen in preparations known to contain 
circular dimers and circular monomers are never seen 
folded in such a manner as to appear to be a catenated 
dimer with a total contour length of 5u. 

Dimerie moleeules in the form represented in Fig. 3c 
are classified as ambiguous because of extensive twisting. 
Such forms, if they do not exceed 10 per cent, are appor- 
tioned according to the frequencies obtained with un- 
ambiguous dimers. No unambiguous cireular dimers were 
seen in this study, so ambiguous dimers were seored as 
catenanes. 


a C 

b, di 
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.9. Re tations of circular DNA conformations. a, Monomers; 
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Table 1. CLASSIFICATION OF COMPLEX M DNA FORMS IN THE SAME POPULA- 
TION OF RABBIT BONE MARROW M DNA BY FOUR INVESTIGATORS 
Circular Catenated Catenated 

Investigator Monomers dimers dimers trimers 
D.A.C. 175 ^. 0 19 6 
J.MJ. 175 ^ 0 18 7 
CAS. 175 0 19 6 
M.R.T. 175 0 19 6 


The variation of the results between four of the authors 
of this study was checked in a set of measurements with 
a given population of rabbit brain M DNA on one grid 
hole (Table 1). The results demonstrate that individual 
investigators classify the DNA molecules in essentially 
the same way. 

The mitochondrial DNA prepared in this study was 
examined in buoyant CsCl in the analytical ultracentrifuge 
in order to verify the purity of the DNA and to determine 
the buoyant densities of these DNAs. The buoyant 
densities are presented in Table 2. The details of the 
experiments are given later in this report. 


Table 2. BUOYANT DENSITIES GF MITOCHONDRIAL AND NUCLEAR DNAS 


ISOLATED IN THIS INVESTIGATION 
Buoyant density*, 0 (g/ml.) 


Source Mitochondrial Nuclear 
Rabbit: brain, kidney, liver, bone marrow 1-696 1-692 
Guinea-pig: liver 1-695 1-694 
Human leucocyte: normal and leukaemic? 1:700 1-690 


* Referred to E. coli DNA, 1-704 g/ml. and calculated with the buoyant 
density gradient? in experiments with crab dAT DNA, 0-1:670, or M. 
lysodeikticus DNA, 0— 1:725 g/ml. 


The results of our study of the frequency of complex 
M DNA in normal tissues are given in Table 3. The 
frequency of catenated dimers varies between 5:9 and 
9-1 per cent among the various organs from rabbit and 
guinea-pig. The frequency of the higher catenanes varies 
from 0-6 to 1-8 per cent. These results may be restated 
as the percentage of the 5p. circles that are catenated to 
form dimers or higher oligomers. In these units the 
catenated dimers vary from 10-9 per cent for rabbit 
kidney to 16-6 per cent for rabbit brain M DNA. Higher 
catenanes were assumed to be trimers in the latter cal- 
culations. We conclude from the quantitative analyses of 
the M DNA prepared from the normal tissues listed in 
Table 3 that catenated dimers and catenated higher 
oligomers are normal constituents of M DNA. Data 
obtained with rabbit liver and normal human leucocyte 
M DNA isolated from lower bands in the EB-CsCl gradients 
are also included in Table 3. These results, which must 
be regarded as minimum values because some selection 
against higher moleeular weight forms may have occurred, 
also show that eatenanes are normal constituents of M 
DNA. 


Table 3, FREQUENCY OF COMPLEX MITOCHONDRIAL DNA FORMS IN VARIOUS 
TISSUES 
Catenated — Catenated higher Circular Molecules 
Tissue dimers oligomers dimers scored 
2 % % % 
Rabbit 
Brain* 9:1413ċł 12+05 0-0 1,762 
Marrow* B1L+1-2 15206 0-0 1,845 
Kidney* 5940-9 0-6+40-3 0-0 2,817 
Livert (4840-8) (0-4:£ 0:2) 0-0 2,855 
Guinea-pig 
Brain* 7640-9 0840-3 0-0 3,287 
Liver* TIAL 1240-5 0-0 2,210 
Human 
Leucocytes t (17x05) (90-0) 0-0 2,707 
Monse 
Embryo* 5686+09 18405 0-0 2,800 


* Total DNA from purified mitochondria. 

f Closed DNA from purified mitochondria. These results in parentheses 
are regarded as minimum values for reasons explained in the text. 

1 Range of 95 per cent confidence interval calculated as described in text. 


The circular dimer form was not detected in the entire 
eourse of this survey of the complexity of M DNA from 
normal tissue (Table 3). We estimate that our limit of 
detection is of the order of one to two molecules per 1,000 
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molecules classified. This result is in marked contrast 
with our previous observations? that the circular dimer 
form occurs at a high frequeney in M. DNA from leuk- 
aemie leucocytes. It should be noted that the circular 
dimers were absent from the M DNA from the rapidly 
growing tissues—rabbit bone marrow and mouse embryo 
(Table 2). An examination of 400 molecules of M DNA 
from sea urchin gastrulae (S. purpuratus) also failed to 
reveal the circular dimer form. 

The frequency of catenanes does not seem to be 
especially enhanced in rapidly dividing tissue. The 
frequencies in rabbit bone marrow, 8-1 per cent, and 
13 day old mouse embryos, 5-6 per cent, are in the same 
range as in rabbit brain and kidney and guinea-pig brain 
and liver. These comparisons must be regarded as tenta- 
tive, because we have not as yet investigated the vari- 
ability of the frequency of catenanes among individual 
animals. 

We thank L. Wenzel, J. Edens and D. Stephens for 
technical assistance, and J. Ceasar for help in the pre- 
paration of the manuscript. This work was supported in 
part by grants from the US Public Health Service and 
by fellowships from the National Science Foundation and 
National Institute of General Medical Sciences. 





Preparation of Mitochondria and Mitochondrial DNA 


Brains from four rabbits were minced in cold 0-25 M sucrose, 0-01 M tris, 
pH 7-5, 0-01 M KCl, 0-005 M EDTA and washed twice, The tissue was sus- 
pended in 0-21 M mannitol, 0-07 M sucrose, 0-001 M tris, pH 7-5, 00001 M 
EDTA and homogenized with a loose fitting ‘Teflon’ homogenizer at 4° € 
until the homogenate appeared to be free of particulate material. The homo- 
genate, filtered twice through cheese cloth, was sedimented at 1,0009 for 10 
min. The supernatant was sedimented a second time to remove remaining 
nuclei and cell debris. A pellet containing mitochondria was obtained ina 
Sorvall SS 34 rotor, 10,000 r.p.m., 10 min. The pellet was resuspended in 
5 ml. of mannitol-sucrose medium and layered on to a step gradient of equal 
volumes of 0-75 M, 1-0 M, 1-30 M, and 1:75 M sucrose, each containing 0-1 M 
tris, pH 7-5, 0-01 M KCI, 0-005 M EDTA, and centrifuged for 1 hat 50,000g, 
4° C, in a swinging bucket or a fixed angle rotor. The material a£ middle 
interface was collected with a pipette, diluted with mannitol-suerose media 
and resedimented at 10,000 r.p.m. as described. The pellet was washed once 
and resuspended in 10 ml. 0-25 M sucrose, 0-01 tris, pH 6-7, and 0-005 M. 
MgCl, DNase I, 100 ug, Sigma Chemical Company, was added and the mix- 
ture incubated at 25° € for 30 min. The digestion was stopped by addition of 
0-2 ml. 0-5 M EDTA and chilling to 0° C. The mitochondria were sedimented 
to form a pellet which was washed once and the DNA extracted with 8D8 and 
banded in CsCl-ethidium bromide gradients as described by Radloff et al.*. 

These procedures were also used for rabbit kidney and bone marrow, 
guinea-pig brain and liver, and the 10-12 day mouse embryos except as noted 
below. The mouse embryos were freed of the embryonic sacs and heads and 
limbs discarded before mincing. The homogenization and wash solution 
was 0-25 M sucrose, 0-01 M tris, 0-001 M EDTA, pH 7-2, This solution was 
also used in the preparation of total mitochondrial DNA from guinea-pig 
liver and brain. E 

In the preparation of the rabbit liver mitochondrial DNA, the first mito- 
chondrial pellet was subjected to nine cyeies of suspension in MS buffer with a 
Thomas loose fitting homogenizer, followed by a 1,000g spin (pellet discarded) 
and another 10,000g spin. No sucrose gradients or DNase treatments were 
used. The closed band in an ethidium obromide-CsC] gradient was used for 
scoring. The upper band was examined and shown to contain less than 10 
per cent circular material. Mitochondria! DNA from normal human lento- 
cytes was isolated as described previously". 


Examination of Preparations in the Analytical Ultra- 
centrifuge 


The rabbit liver M DNA was isolated from a lower band in an ethidium 
CsCl gradient, freed of dye by chromatography through a small Dowex 20 
column and centrifuged as previously described?. A single symmetrical band 
was obtained. A comparable experiment with rabbit liver nuclear DNA 
formed a band skewed toward the dense side with a maximum 4 mg/ml. less 
dense than M DNA. A synthetic mixture of equal parts of nuclear and M 
DNA gave a single broad band. The combined upper and lower bands from 
purified mitochondria from rabbit braia, kidney, and bone marrow formed 
single bands in dye-free CsCl that were skewed to the light side in rough 
agreement with the known 10-26 per cent contamination by nuclear DNA seen 
in the electron microscope. The buoyant densities corresponding to the band 
maxima were the same as for rabbit liver M DNA. Comparable results were 
obtained for the nuclear DNAs from al! rabbit organs, The guinea-pig liver 
M DNA isolated from the bottom band in EB-CsCl gradients formed a sym- 
metrical band 1 mg/ml. more dense tban the corresponding nuclear DNA. 
The norma! human leucocyte M DNA obtained from a bottom band formed a 
symmetrical band 10 mg/ml. denser than the nuclear DNA, with a buoyant 
density in agreement with those previously reported for the corresponding 
DNAs from leukaemic leucocytes. 
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Pooling of Visual Evoked Signals from Humans— 
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Fox and O'Brien! have reported a positive correlation 
between slow wave and spike activity recorded from the 
same electrode in the cat visual cortex. The temporal 
characteristics and wave shapes of these responses agree 
with those recorded by signal-summing computer tech- 
niques from the scalp of visually stimulated humans. 
Buchwald, Halas and Schramm? reported extensive 
variability in the relationship between slow wave ampli- 
tude and “the output of an integrator" which was used 
to process the higher frequency signals. More peripheral 
signal relationships have been examined by Heath and 
Galbraith*, who reported that when human scalp and 
cortical recordings were made simultaneously there was a 
positive correlation between cortical and scalp wave 
activity with variations in agreement of detail. Relative 
smoothing of the scalp response was notable. 

The variations between data from animals and data 
from humans create problems for the neurophysiologist 
who hopes to relate his observations to the activity of 
some molecular physiological system. It is, however, 
logical that properly pooled evoked signals (a measure of 
central tendency) might reduce variability further to the 
advantage of a basic signal‘, 

The isoelectric vitreous body functions like a passive 
integrator, processing cellular data over a very large area?. 
Dawson and Stewart“ reported that high frequency signals 
can be recovered from corneal recordings with the appli- 
cation of appropriate techniques. There is also evidence 
that the structures above the cortex also help to average 
the signals’*. In this report, pooled low and high fre- 
quency signals at the scalp of visually normal humans are 
considered during visual stimulation. Measures of central 


Signals in the 70 to 500 Hz pass-band which are time-locked and 
positively correlated in amplitude with the visual evoked response 
(0-1-20 Hz) can be recorded on the human scalp over the visual 
Highly consistent responses have been produced between 
independent samples of normal humans by pooling signals within 


tendency (arithmetic means) are made of group data for 
the further reduction of signal variability. The effective- 
ness of this approach is shown. 

Signals were led from scalp electrodes attached with 
conductive paste 1 em above the iníon and 5 em in front 
of the vertex (series I and II) or with a distributed 
indifferent electrode (series III) with contacts on the vertex 
and 1 em above each mastoid process. Each contact was 
led to the amplifier by a 10 kQ resistor. Distributed 
indifferent electrodes are used in cardiography to provide 
additional reference stability*. The left earlobe was 
grounded and the indifferent was attached to the negative, 
balanced input of a ‘Crass’ P511 preamplifier which was 
set to pass the frequency band 0-1-10,000 Hz. As shown 
in Fig. 1, the amplifier was led directly to channel A of 
the signal-summing computer (American Optical Co. 
'Neurac, Model 2604). Filters in channel A admitted 
the pass-band 0-1-45 Hz. The preamplified signals of the 
broad band were led also to two Kronhite 330 tunable 
filters, with an adjustable pass-band. These filters 
achieved a roll-off slope of 48-58 dB/octave in cascade. 
High frequeney signals passed hy the active filters were 
then averaged by two Philbrick Model 65 operational 
amplifiers wired to provide an ideal rectifier-averager. 
The time constant of the averaging circuit was 15 ms. 
The amplifier eireuit provided feedback of a reference 
signal so that signals near the base line, in the mV region. 
were not excluded as they are in simple solid state or 
vacuum-tube integrators like those used by others?ie.i, 
The rectified high-frequency data were admitted to 
channel B of the averaging computer and processed with 
the slow potentials which were admitted to channel 4. 

The computer was set to process data during 
the 500 ms period after stimulation by a 
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f A-D CRO 20 us xenon flash (Grass PS2). Phe 
P2 RU ia AMPLIFIER CONVERTER MEMORY AND brightness of the stimulus was 9,200 ft-L at 
i NRITEOYT the position of the subject’s eyes, 15 inches 
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Fig. 1. 
eapaci 
quency signals. 
frequeney than the computer could normally process. " 
integrator" varied and was determined by the tunable filter. 


Signal low diagram. The system is primarily an averaging computer of two channel 
" Additional components have been added to allow “preintegration” of high fre- 
“Preintegration” for 15 ms allowed the averaging of signals of higher 
The band admitted to the "pre- 
Idealized waveforms 
encountered within the system are drawn near the appropriate component. 












from the flash tube. The flash tube was 
centred in a 120? flat-ewhite | surround 
illuminated at approximately 10 fr-candles. 

Slow and fast signals were recorded from 
three independent samples of subjects. These 
were series I, consisting of eleven persons: 
series IL. twelve persons; series ILI. four 
persons. Each subject was seated before 
the surround. electrodes attached, and 
stimulation was begun at 2 Hz until 128 
stimuli were delivered. For series I and IJ 
stimulation procedure was repeated for each 
of the eight pass-band settings used to 
select signals admitted to channel B of 
the signal-summing computer. A similar 
sequence was followed for series IJI except 
that six brightness levels with a fixed (70-- 
500 Hz) channel B bandwidth were substi- 
tuted for the fixed stimuli and varied band- 
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Fig. 2. c € 
period after a brief flash was triggered. 
are shown, 
Limit marks are + one standard deviation. 

upperfrequency limit was varied in this series. 


widths which were used in ll and I. Measures of the 
relative noise were made by placing an opaque poster- 
paper oecluder between the stimulus lamp and the subject. 
Three noise control measures were made for each subject. 

X-Y tracings of the computer-processed signal for both 
A and B channels provided eight pairs of analogue data 
for each subjeet. Processed data for each pass-band from 
channel B, channel A controls and the noise controls 
were pooled aeross subjeets in each of the three inde- 
pendent samples. Twenty-five points were manually 
averaged to describe a group curve for channel A and 
channel B responses in each pass-band. The results of 
the data poolings for the series I group are shown in Fig. 2. 
The limit points in these curves describe the standard 
deviation of the mean. The group mean visual evoked 
response of channel A was sampled in measurements 1, 
4 and 8 of 8. Where two waves appear in a box, the 
upper wave is the signal produced by viewing the stimulus 
flash; the lower wave response was obtained by recording 
noise for an equivalent period. When measured at three 
times in a 1 h experimental sequence, the channel A 
group mean visual evoked response shows good reliability. 

As the band admitted to the channel B "integrator" 
circuit narrowed to 70-800 Hz, two characteristics 
emerged. The first was the relative simplicity of the 
response of channel B's signal, and the second was a 
negative-positive-negative complex. Similar results were 
obtained from the series II subject group (Fig. 3) where 
a time constant of 25 ms was used in the channel B 
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Channel B 


























Evoked responses generated by pooling data from the series I subject sample of eleven. 
A and B channel measures were taken simultaneously. 
Its pass-band was 0-2-45 Hz (C and Hz are used interchangeably). Channel B pass-bands are in cycles or cycles-kilocy cles. 


The lower waveform in some boxes is the noise-contro! response for that condition. 
Arrows indicate zero time and voltage. All records are averages of 256 responses. 





Machine averaging considered the 500 ma 
Channel A records 1, 4 and 8 


Channel E 


"integrator" cireuit. The channel A wave forms are 
superimposable on those in Fig. 2 excepting a slight attenu- 
ation of the first negative potential. The channel B results 
were similar also. A negative-positive complex in the 
high frequency data was seen again in the 70 Hz to 
2 kHz band and maximum amplitude was reached between 
70 Hz and 1 kHz. Series I was designed to explore the 
effect of upper frequency limit in channel B where the 
lower limit was fixed (70 Hz). Conversely. in series IT the 
lower limit was varied. 

Frequency analysis of FM taped data from a subject 
selected for large signal-noise ratio indicated a large 
response amplitude in the eustomary visual evoked 
response range, 0-2-20 Hz. In Fig. 4 a reduction of ampli- 
tude is found in the range 50-100 Hz, with an increase 
to approximately 50 per cent of the low-frequeney 
response in the 100-200 Hz region. The magnitude of 
the signals from peak-to-peak gradually diminished as 
the band 200 to 500 eycles was analysed in increments of 
50 Hz. Analysis for area was less discriminating because 
the signal contribution occured in a relatively small 
portion of the 500 ms analysis period, 

In the series HI experimen:, high and low frequeney 
responses of four subjects were examined. The results 
are pictured in Fig. 5. We attribute the reduction in 
relative noise in these records to the use of the "dis. 
tributed” indifferent electrode’. 

The xenon stimulus intensity at 9,200 ft-L, was reduced 
by the insertion of neutral density filters. Mean amplitudes 
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Fig. 3. Pooled responses from the series II subject sample of twelve. Notations are asin Fig. 2 


i . Channel B lower frequency limit was varied in 
this series. A large stimulus artefact appears in the 200-2KC ana yaaa records, Noise is subtracted from the signal (200-2KC)in the lower 
right recording. 


from peak-to-peak were plotted across subjects for both 
low frequency and high frequency components. The 
results indicate that responses in both pass-bands were 
positively related. Statistical analysis for correlation 
gave a Spearman r of + 0-75 for the five datum point 
pairs representing the two signal bands. Seven pairs are 
required for P< 0-05 when r=0-75 (ref. 4). A low corre- 
lation (rz — 0-01) was found between channel A responses 
of two subjects, selected randomly from series I and IT. 
A higher r found (-- 0-18; P» 0:5) between the 70-1 kHz 
pooled recordings for series I and II. A very high r 
(+082; P<0-001) was found between measures number 
one in series I and II, channel A data. 
Finally, recordings were made of visually evoked signals 
in the 50-500 Hz pass-band, the fast occipital potential 
(FOP). A subject whieh had given very large signal-noise 
ratios and a very low-noise preamplifier was used for 
these recordings. The analysis was made by a 1024 
address ‘Fabritek’ 1054 computer. Otherwise, the pro- 
cedures were like those already described. Fig. 6 shows 
the direct recordings of the slow and FOP taken simul- 
taneously from one subject. The principal FOP activity 
occurred before the first peak in the slow potential. The 
latency, however, was identical to the beginning of each 
response. There are two signal minima in the FOP. The 
first coincides with the late peak in the slow response. 
Falling (negative) slow potential direction was associated 
with increased FOP activity while rising (positive) slow 
signals were associated with a reduction in FOP activity. 
Generally, the problems of artefacts which apply to the 
FOP also apply to the lower frequency components of 
the evoked response. Reports like those by Domino and 
Corssen?? and by Katzman" establish clearly the validity 


Relative area 


of these signals. The FOP, however, can be criticized for 
being possibly contaminated by eye-blink artefacts. Our 
subjects were instructed against blinking, and when we 
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g Frequency analysis of the evoked signal in one subject in 
series IHE The raw data (0-1-1 KHz) were stored on FM tape. Playback 
of the same responses was through the channel B integrator with several 
pass-bands as noted on the abseissse, Total area of the response is 
shown for 500 ms after stimulation. Amplitude measures are peak-to- 
peak and relate only to the first 100-170 ms of the response, Noise 
measures were taken with stimulator flashing and covered. @--- e. 
Signal; O— O, noise, 
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have attempted to synchronize very dim light flashes 
with blinks we have failed to obtain a discriminable signal 
to noise ratio.  Katajima!? has recently analysed the 
visual evoked response in the d.c.-70 Hz pass-band. 
Peaks were found in the 38-58 Hz pass-band at points 
other than harmonies of the stimulation rate. Also, there 
is general agreement with evidence of high frequency 
signals in the visual evoked response (L. Kaufman, of the 
Sperry Rand Research Center, personal communication). 

Based on the information at present available, it would 
be improper to speculate that the high frequency signals 
which have been demonstrated in humans are directly 
related to axon or dendritic activity within the visual 
cortex. They occur in the frequency bands described by 
Doty and Kimura'?, who reported oscillations around 
200/s from the striate cortex of the flash stimulated 
monkey, and 25/s in the visual cortex of the flash stimu- 
lated cat. 

The preliminary findings on the variation of FOP with 
the brightness of the stimulus suggest that its amplitude 
does not correspond perfectly to the conventional evoked 
response. When the series III, conventional responses and 
FOP amplitudes are plotted and eompared with the 
individual subject results like those in Fig. 6, there is 
agreement that the conventional signal is more responsive 
to stimulus intensity. A plot of these results (not pictured 
here) shows that the relation of the FOP intensity tends 
to conform to a power function model while the conven- 
tional response of the function of the size of the amplitude 
approaches a logarithmic plot. 

Elaboration of the cortical situation is difficult. There 
are numerous technieal problems associated with the 


Channel 4 0-1-45 Hz 
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simultaneous recording of cellular fast and slow activ wo 





by microelectrode. The resulting confusion has been. 
indicated. Polyanskii#*, however, has recorded. init and — 
slow potentials successfully from single mieroeleetrodes - 
in the visual cortex of the unanaesthetized rabbit. ‘The 
responses were evoked by xenon lamp pulses and were 
divided into low and high frequeney component channels. 
The extent of the relationship with Fig. 6 would allow 
direct interchange of portions of the human and animal 
signal. In view of the history of the evoked response of 
the variability between subjects any similarity between 
species is notable. The extent of signal variation 
between normal humans has been documented by Kooi 
and Bagchi!’ and by Werre and Smith’, Our experienc 
with the individual evoked responses (pass-band 0-2- 
50 Hz) was as summarized by Werre and Smith, who 
reported that while there was & recognizable similarity 
between VER’s, there were outstanding departures 
between subjects. 

Interest on variance reduction has grown over the past 
100 years in the behavioural sciences. Psychometrics 
applied to complex human responses has given scores of 
both high reliability and validity in many areas, par- 
ticularly when group results were available’. 

Psychometric publications on the responses of single 
subjects would be viewed with suspicion. Workers on 
evoked responses rarely pool data; they usually publish 
the tracings of responses from single persons, Yet the 
evoked response is as complex as the simple responses 
required of participants in visual psychophysical experi- 
ments where training has been applied to eliminate 
"excess" response and the instruction is given to report 
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Pooled evoked responses from the series III subject sample offour. Notations are asin Fig. 2. Pass-bands were constant In this exports 
ment. Stimulus intensity was varied by the insertion of neutral density filters. Filter density value isiadicated in the upper right of each block. 
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Fig. 6. Responses in different pass-bands (BP) recorded from a “low-noise” subject, 


“standard” described in the methods section. 


only “I see the light". Perhaps the pooling of evoked 
responses across subjects eliminates excess response 
information. The value of eduction of a simple measure 
of central tendeney has been shown in the stability of 
the results of the three independent series of measures. It 
is elear that responses of the human visual cortex are not 
wholly individual but eontain major eomponents which 
are determined phylogenetically rather than  onto- 
genetically. 

This research was supported by grants from the US 
Publie Health Service. 
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CALCITONIN is a polypeptide hormone which lowers plasma 
calcium! and is secreted by the C-cells?-*. These cells 
form the ultimobranchial bodies in fish, amphibians, 
reptiles and birds*-. In lower mammals, such as the rat, 
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Stimulus rate was one per second. 
Cut-off slope was 24 dB/octave on either side of the set frequency. 
128 stimulations. The controls are with the lamp occluded. 


Intensity was the 
All records are the result of 
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Two calcitonin peptides have been characterized 
from human C-cell tumours. This has important 
practical consequences. 


pig. dog and goat, the C-cells do not form a separate body 
but are found in the thyroid. 

The situation is different in man: calcitonin is present 
in the thyroid, parathyroid and thyraus, suggesting that 
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Table 1. EXTRACTS USED FOR THE ISOLATION OF CALCITONIN M AND D 


Case 1 Case 2 Case 3 

Metast. Prim. Metast, 

tumour tumour tumour 
Activity (MRC units/mg) 10 12 4 
Weight (mg) 6,000 360 600 
Ratio of calcitonin M/D 1:T5 1:0 1:01 


the C-cells are widely distributed!*. Further, the con- 
centration of calcitonin in normal human thyroid! or 
blood"? is low and it would be difficult to isolate enough 
of the hormone to determine its structure. 

Human C-cell tumours are very rich in calcitonin'?-'*, 
however, and recently we have been able to isolate two 
highly active calcitonin peptides in pure form from one 
case (Case 1) of medullary carcinoma of the thyroid’. 
They were characterized as calcitonin M with thirty-two 
amino-acids, and calcitonin D, a dimer of M. These 
peptides are quite different in structure from porcine 
«-thyrocaleitonin!?:?9, Although explicable by the 
species difference, this might have been due to the isolation 
of an abnormal peptide rather than the normal human 
hormone. For this reason we studied a further four cases 
of C-cell tumour to see if caleitonin M was present in each 
one. We summarize here the original isolation and 
characterization of calcitonin M, reported in detail else- 
where!*, and show that this peptide is present in all four 
further tumours investigated. 


Table 2, HUMAN CALCITONIN PEPTIDES: ANALYTICAL DATA FOR CHROMATO- 
GRAPHY AND ELECTROPHORESIS ON THIN LAYERS 
R values Cathodic run 
Rp* values ribonu- (em)17 V/cm, 
clease = 1 90 min 
Solvent O-1N Acetic acid- 
Peptides Solvent Solvent Solvent 1014 formic formic acid- 
52on  790on 45on on acid on water, pH 
alumina alumina alumina 'Avicel' ‘Sephadex 1-9, on 'Avi- 
cellulose — G-25' cel cellulose 
D 0:54 0-63 0-32 0-46 0-95 42 
Ddisulphoxide 0-44 0-59 0-27 0-41 0-95 4-2 
M 0-59 0-65 0-37 0-52 0-82 3-7 
M sulphoxide — 0:55 0-62 0-33 0-48 0-82 37 
Dicysteic acid- 
methionine 
sulphone~ 
peptide 0-36 0-52 0-24 0-41 0-87 13 
Tr, O27 0:23 0-21 0-42 0-70 3.9 
Tr, 0-75 0-78 0-69 0-59 0-68 45 


* The solvent systems were: 52, 2-butanol : acetic acid : water (75 : 7-5 : 21 
viv), pH 2:9; 79, n-butanol : pyridine : water (1 : 1:1 v/v); 45, sec-butanol : 3 
per cent (w/v) ammonia (70 : 30 v/v), pH 11-0; 1014, n-butanol: pyridine: 
acetic acid : water (42:94 : 4 : 30), pH 5:2. 


Five cases of C-cell cancer were studied. 

Case 1 (London). Mediastinal C-cell tumour froma 48 year 
old male. Thetumourwas 13 x 11-5 x 7-5 emand weighed 815 
g. The cut surface showed a large mass of nodules of grey- 
ish white tumour containing yellowish calcified foci. Histo- 
logically the tumour was a well differentiated medullary 
carcinoma of the thyroid with much fibrous tissue and 
numerous areas of amyloid in the stroma. The tumour 
was removed 3 h after death and kept at — 20° C for 5 
months until freeze dried; calcitonin M and D were 
isolated}. 

Case 2 (Newcasile upon Tyne). Thyroid tumour from a 
19 year old girl; a detailed description of this patient is 
given by Cunliffe et al.. The tumour was frozen in liquid 
nitrogen immediately after surgery, freeze dried and 
extracted 2 days later. 

Case 3 (Ozford). Metastatic tumour from the liver of a 
65 year old woman; in 1955 she was operated on for the 
removal of carcinoma of the thyroid which was shown to 
be medullary carcinoma. The hepatic tumour was 
removed 5 h after death in 1966, frozen in liquid nitrogen 
for a few months, freeze dried and kept at — 20° C for 20 
months. 

Case 4 (Utrecht). Thyroid tumour from a 57 year old 
woman; histology: medullary earcinoma. The tumour 


Case 4 Case 5 
Prim. Prim. Lymph Metast. 
tumour tumour node tumour Thyroid 
3 5 6 r6 0-02 
970 63 48 179 156 
1:0 1:03 1:04 1:02 1:03 


was removed surgically, frozen fer a short period, freeze 
dried and kept at — 20? C for 1 month. 

Case 5 (Basle). Normal thyroic tissue, thyroid tumour, 
lymph node and metastatic tumour from the neck of a 
46 year old male; histology: medullary carcinoma. The 
tissues were frozen in solid CO, immediately after surgery, 
freeze dried and extracted separately after one week. 





Bioassay 

The plasma-calcium-lowering activities of extracts and 
pure peptides were assayed in the rat by the technique of 
Kumar et al.?! against the MRC Research Standard B for 
pig thyroid calcitonin. Before injection the test samples 
and standards were dissolved in 1 per cent w/v sodium 
acetate trihydrate, pH 3-0, containing 0-1 per cent w/v 
bovine serum albumin. The activities were expressed as 
MRC units/mg dry weight. 


Calcitonin M and D from Case I (Ref. 18) 

The lyophilized tissue was defatted with ether and 
extracted three times with n-butanol ; acetic acid : water 
(715:7-.5:21 v/v). The pooled and lyophilized extracts 
weighed 6-85 g and had a potency of about 10 MRC units/ 
mg dry weight (Table 1); when 9 g was treated with hot 
0-1 N formic acid, 3-6 g was soluble. This portion was 
chromatographed on ‘Bio-Gel’ F-6 in 0-1 N formic acid, 
and the 100 fractions eluted were analysed by bioassay, 
thin-layer chromatography and thin-layer electrophoresis 
(Table 2). The most active fractions emerged from the 
column well separated at relative elution volumes of 
0-40 and 0-53 (total column volume=1); they were desig- 
nated as calcitonin D and M respectively. Both peptides 
were further purified by counter-current distribution over 
about 300 steps in n-butanol : acetic acid : water (4: 1:5 
v/v); the K-values of D and M were 0-2 and 0-5 respee- 
tively. The principal fractions isolated were pure as 
judged by the chromatographic and electrophoretic data 
(Table 2) and amino-acid analysis of the native and per- 
formic acid-treated peptides (Table 3). Calcitonin M con- 
tains thirty-two amino-acids with a disulphide bridge 
between the two cysteine residues. Calcitonin D is a dimer 
of M due to an intermolecular exchange of the disulphide 
bridge. Both the monomer M and the dimer D have a 
poteney of about 120 MRC units/mg dry weight. 


Table 3. AMINO-ACID COMPOSITION OF THE HUMAN CALCITONIN PEPTIDES D 
AND M COMPARED WITH THAT OF PORCINE o-THYROCALCITONIN’ #0 
a-thyro- 
D M calcitonin 
Trp 0 Hu i 
Lys 2 1 9 
His 2 i 1 
Arg 0 0 2 
Asp 2 i ü 
Asn 4 2 4 
Thr 10 5 2 
Ser 2 i 4 
Gla 0 a l 
Gin 4 2 [n 
Pro 4 2 2 
Gly 8 4 3 
Ala 4 2 1 
Eys), 4 2 g 
Va 2 1 i 
Met 2 H 1 
lle 2 i Q 
Leu 4 2 3 
Ter 2 i 1 
Phe 6 3 7 
Total amino-acids 64 32 32 
Molecular weight cale. 6,838 3,419 8,604 
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On treatment with a dilute solution of hydrogen 
peroxide in 0-02 N acetic acid, M and D yield two different 
sulphoxides (Table 2). It is important to note that the 
activity of both sulphoxides is about 100 times less than 
that of the native peptides M and D. 

On oxidation with performic acid all four peptides 
(M, D and their sulphoxides) yield the same di-cysteic 
acid-methionine sulphone-peptide (Table 2). Further, the 
dimer caleitonin D and its disulphoxide can easily be 
transformed into the monomer calcitonin M and its 
sulphoxide, respectively, by treatment with 1 N ammonia 
for I h at 45°, In suitable conditions trypsin splits 
caleitonin M into the amino-terminal octadecapeptide 
Tr: and the carboxy-terminal tetradecapeptide Tri: (for 
the amino-acid composition of the fragments, see ref. 18). 
The latter was also obtained by tryptic digestion of 
calcitonin D, but its amino-terminal fragment (Tri), was 
shown to be a dimer of Tri. Both Tri and (Tri), were split 
into smaller peptides on prolonged incubation with trypsin 
or ehymotrypsin?, yielding a characteristic pattern of 
fragments. 


Isolation of Peptides from Cases 2, 3, 4 and 5 


'The dry ground tissue was extracted three times with 
n-butanol-acetic aeid—water (75:75:21 v/v) and the 
solution partitioned between dilute aqueous acetic acid 
and ether. The activities of the crude lyophilized 
extracts are given in Table 1. The isolation procedure was 
similar to that described for Case 1 and comprised 
chromatography on columns of ‘Bio-Gel’ P-6 in 0:1 N formic 
acid, and counter-current distribution of the active 
eluates in n-butanol-acetie acid—water (4: 1:5 v/v) over 
140—300 tubes. 'The different steps were carefully followed 
by the rat assay?!, thin-layer chromatography on alumina 
and cellulose, thin-layer electrophoresis at pH 1-9 and 
several colour reactions. 


Peptides isolated from Cases 2, 3, 4 and 5 


The techniques used to compare the isolated active 
peptides with calcitonin M and D (Case 1) and with 
porcine  «-thyrocalcitonin were: thin-layer chroma- 
tography, thin-layer electrophoresis, determination of 
K-values in counter-current distribution and the measure- 
ment of elution volumes in ‘Bio-Gel’ P-6 columns. By 
these criteria, the peptides isolated from Cases 2, 3, 4 and 
5 were identical with calcitonin M. In Cases 3 and 5 the 
dimer calcitonin D was also present in variable ratios as in 
Case 1 (Table 1). «-Thyrocalcitonin was not detected in 
any of the cases. 

In order to prove unequivocally the identity of the 
peptides isolated from Cases 2-5 with calcitonin M and D, 
the characterization was completed as follows: M-like 
peptides: (1) amino-acid analyses; (2) oxidation to the 
di-cysteic acid-methionine sulphone-peptide by performie 
acid; (3) pattern of the tryptic fragments. In Cases 1 and 
2 the amino-terminal amino-acid of fragment Trn was 
identified as phenylalanine by polyamide thin-layer 
chromatography. D-like peptides: (1) transformation 
into ealeitonin M by treatment with ! N ammonia; (2) 
oxidation to the di-eysteie acid-methionine sulphone- 
peptide by performie acid. The results showed beyond 
any doubt that the tissue of all cases under study con- 
tained calcitonin M. 

In addition, we studied the apparently unaffected 
portion of the thyroid gland of Case 5 and a follicular 
thyroid carcinoma from a 65 year old female. Although 
the concentration of calcitonin was too low for the isola- 
tion of pure peptides, the elution pattern in ‘Bio-Gel’ P-6 
columns could be followed by the rat assay. In contrast 
to porcine «-thyrocalcitonin, which has a peak elution 
volume in 0-1 N formic acid of about 0-75 column volumes, 
the values for the human thyroid calcitonin peptides were 
0-42 and 0-55 respectively. They coincided exactly with 
those of calcitonin D (0-40-0-44) and calcitonin M (0-53— 
0°57). 
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Significance of the Work 


To our knowledge this is the first oceasion on which a 
polypeptide hormone has been isolated from a tumour and 
rigorously characterized. From the fact that the dotria- 
contapeptide calcitonin M is present in all five C-cell 
tumours and other tissues investigated, we conclude that 
it represents the normal human calcitonin. Its complete 
amino-acid sequence has been elucidated recently?? and 
the proposed structure has already been confirmed by 
total synthesis. This work will be described elsewhere? 
A structural comparison of porcine «-thyrocalcitonin and 
human calcitonin M reveals a total of eighteen substitu- 
tions in sequence. Such a marked change in hormone 
structure between relatively closely related species seems 
to be unique. It is, however, important to note that both 
hormones consist of thirty-two amino-acids, contain a 
disulphide bridge near the amino-terminus and have 
prolinamide at the carboxyl-terminus. 

There are two important practical consequences. The 
first is that immunoassays of human tissues based on anti- 
bodies to porcine materiel’? may be misleading. The 
second is that if calcitonin proves to be therapeutically 
useful the human material might have important ad- 
vantages in efficacy and freedom from the risk of antibody 
formation. 

We are most grateful to the following clinicians and 
pathologists for giving us the valuable tissue samples 
which made this investigation possible: Dr E. D. 
Williams (London—Case 1); Dr W. M. Keynes (Oxford-— 
Case 3); Dr F. Schwarz (Utrecht, Netherlands—Case 4); 
Professor Dr M. Allgówer and Dr H. G. Haas (Basle, 
Switzerland—Case 5); Dr D. Maingay (Leyden, Nether- 
lands—follicular thyroid earcinoma) We thank Dr 
Hondius-Boldingh (Organon, Oss, Netherlands) for lyo- 
philizing the tissues of Case 4 and of the follieular thyroid 
carcinoma. We also thank Miss L. Galante, Mrs M. Rist, 
W. Pignat, A. Milani and R. Steiner for technical assist- 
ance. The work at the Royal Postgraduate Medical 
School, London, was supported in part by the MRC and 
the Welleome Trust. 
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and angular momentum. The second part contains 
examples of applications to è wide range of physical 
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helpful in solving problems. 

There is a new chapter of graphical methods. 

25/- net 

Oxford Library of The Physical Sciences 
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Functions 
W. K. Hayman 


This book is concerned witk the study of functions 
meromorphic in the plane and in the unit circle. 

It should be accessible to any student who has had 
a first course in the theory of functions of a complex 
variable, and introduces the reader to modern 
research. The basic tool is the fundamental theory 
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roots of the equation ffz)==a for different values of 
a with the rate of growth cf the characteristic 
function Tír,f). This is a corrected reprint of a book 
first published in 1964. 

75/- net paper covers 63/- net 

Oxford Mathematical Monographs 


The Determination 
of Molecular 
Structure 


P. J. Wheatley 


The second edition of this book, like the first, is 
designed to give an introcuction to the main 
physicochemical methods that can be used for the 
determination of molecular symmetry or molecular 
geometry. Each technique is discussed from the 
point of view of a non-specialist who wishes to 
know which method is most suitable for a given 
molecule. The main addidons and alterations are 
in the chapters on neutroa diffraction, X-ray 
diffraction, and nuclear magnetic resonance, and 
reflect the advances made in recent years, 

2nd edition numerous text-figures 50/— net 
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CONTRIBUTIONS TO 
MECHANICS 


David Abir, Professor of Aeronautical 
Engineering, Technion—lsrael Institute of 
Technology 


An 80th Anniversary Volume in honour of 
Professor Markus Reiner containing original 
contributions from more than 30 of the 
world's leading scientists on topics of current 
interest in the fields of theoretical and applied 
mechanics. 

Contents include: ERINGEN: Mechanics of 
Micropolar Continua: FREUDENTHAL : The 
Ronay Effect in Media showing creep ; MARK: 
Polymers in Material Science; BURGERS: A 
Phenomenological Approach to Quantum 
Theory; CARAFOLI: Pressure Distribution 
on Conical Delta Wings in Supersonic— 
Moderate Hypersonic Flow. 

468 pages £8 $21.00 


FOUNDATIONS OF CLASSICAL 
AND QUANTUM STATISTICAL 
MECHANICS 


R. Jancel, Maitre de Recherche, 
Institut Henri Poincaré, Paris 


A source book for research workers who 
wish to examine the theoretical foundations 
of statistical mechanics. It reviews the 
difficulties encountered in justifying the 
hypotheses of statistical mechanics by 
classical or quantum methods. 

Contents include : Ergodic theory in classical 
statistical mechanics ; Probability Quantum 
Ergodic Theorems ; H- Theorems and Kinetic 
Equations in Quantum Statistical Mechanics. 
424 pages £6 $16.00 


QUANTUM MECHANICS 
A. S. Davydov, Moscow State University 


A unique and valuable reference source for 
lecturers and other scientists which can be 
used to introduce the study of quantum 
electrodynamics, nuclear theory or solid 
state theory. 

Contents : The basic concepts of quantum 
mechanics ; Change of quantum states in 
time; The connexion between mechanics 
and classical mechanics ; Elementary 
representation theory ; The simplest 
applications of quantum mechanics. 


696 pages 90s. $15.00 


ANTENNAS IN 
INHOMOGENEOUS MEDIA 


J. Galejs, Sy/vania Electronic Systems, 
Waltham, Mass 


Treats impedance calculations of antennas 
for a number of different environments. 

The reader is assumed to be familiar with 
basic electromagnetic field theory. The first 
part of the book contains material covering 
a general course on antenna theory, while 
the remainder is suitable for more specialized 
graduate courses. There are extensive 
numerical results and this material is useful 
as a reference for design engineers. The 
material on antennas in magnetoionic media 
will be of special interest to space 
experiments and design of antenna probes. 


312 pages £7 $18.00 


BIOLOGICAL ASPECTS OF 
CANCER AND AGING 

Studies in Pure Line Mice 

Leonell Strong, Director, Leonnel C. Strong 
Foundation, Inc., Del Mar, California 
Covers the biological problems of stability 
and instability and also discusses the theory 
that cancer is a result of some aspect of 
biological instability. Another important 
topic considered is the link between aging 
and cancer in relation to Genetics. 


240 pages 75s $10.00 


CORRELATIONS AND ENTROPY 
IN CLASSICAL STATISTICAL 
MECHANICS 

J. Yvon, University of París 

A description of the methods and general 


results of applying classical statistical 
mechanics to problems of entropy. 

Contents include : Probability densities and 
their evolution, statistical entropy ; Canonical 
laws of equilibrium; Fine structure in 

thermal equilibrium. 


204 pages 60s $8.00 





Richard T. Kimber, Lecturer, School of 
Library Studies, The Queen's University, 
Belfast 


Although written from the point of view of 
the Librarian, in order to obtain much of the 
material, the author has had to approach 
libraries as a library user. Thus he has 
blended his experiences to produce a book 
which is essential reading for all librarians. 


Contents : Libraries and automation ; 
Introduction to computers—Anne H. Boyd; 
Ordering and acquisitions ; Circulation 
control; Periodicals listing and accessing ; 
Catalogues and bibliographies ; The present 
state of automation in libraries. 


152 pages 45s $6.00 


CHEMICAL TECHNOLOGY 


F. A. Henglein, Technische Hochschule, 
Karlsruhe 


An extremely useful two part monograph for 
students of chemistry and chemical 
engineering and for all people connected 
with the chemical industry. Part one contains 
information on general chemical engineering 
techniques and economics. Part two deals 
with specific methods for processing raw 
materials into finished products and covers 
inorganic and organic material. 


874 pages £15 $40.00 


THE BIOLOGY OF THE 
MOLLUSCA 


R. D. Purchon, Professor of Zoology, 
Chelsea College of Science and Technology 


An authoritative up-to-date book dealing 
with not only the biology of the Mollusca 
but also the principles of Animal Biology, 
using the Mollusca as examples. As 
compared with other text books on the 
Mollusca it differs in that it draws attention 
to developments over the last thirty or more 
years in the study of all aspects of function. 
The chapter on the nervous system of the 
cephalopoda contains much material which 
will be novel to undergraduate zoology 
classes. An appendix devoted to laboratory 
exercises is also included. 


Contents include: Form and Function of the 
Mantle Cavity and Associated organs ; 
Feeding Methods and Evolution in the 
Bivalvia ; Adaptive Radiation in the 
Polysyringian Bivalves. 


596 pages £10 $27.00 


PHOTOELASTICITY 

The Selected Scientific Papers of 
M. M. Frocht 

Edited by M. M. Leven, Westinghouse 
Electric Corporation, Pittsburgh, U.S.A. 


The selected Papers of Max M. Frocht 
provides an almost complete history of the 
development of photoelasticity in the United 
States during the last three decades. 

The publication of these 29 papers is 
therefore only a small tribute to a man whose 
untiring efforts and ceaseless devotion 
changed photoelasticity from an optical 
curiosity to a precise scientific and 
engineering tool. 

Contents include : Photoelasticity, studies in 
stress concentrations ; Photoelastic Analysis 
of Vierendeel Trusses ; Studies in Dynamic 
Photoelasticity ; Scattered Light in 
Photoelasticity—Basic Equipment and 
Technique. 


502 pages £7 $18.50 


INTERNATIONAL JOURNAL FOR 
RADIATION PHYSICS AND 
CHEMISTRY 

Editor-in-Chief : 

Dr. H. Hering, Gif-sur-Yvette, France 


This new international journal, to be 
published shortly, will provide a specialized 
medium for articles dealing with the physical 
and chemical effects of ionizing radiation. 
The whole range of phenomena will be 
surveyed, from the physical step of energy 
deposition to the chemical reactions of 
resulting products, and will include 
information on the techniques primarily 
intended to investigate such effects. 

Papers are published in English, French, 
German and Russian 

Published;Quarterly 
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@ MAJOR NEW WORKS 


edited by J. ANDRÉ THOMAS, 


Department of Cellular Biology, Sorbonne Academy of Medicine, Paris, France 
Translated by EXPRESS TRANSLATION SERVICE 


ORGAN CULTURE Discusses the techniques of organ culture in vitro, emphasizing the 
differentiation of organs in natural and synthetic media. Beginning 
with a review of the general principles of organ culture, the authors 
discuss various specialized topics. 
P. 1968. 370 pp., 200s. 6d. ($21.50) 








by A, V. LUIKOV, Heat and Mass Transfer Institute, Minsk, BSSR, USSR 
edited by JAMES P. HARTNETT, 





University of IHlinois, Chicago, Hlinois 
ANALYTICAL HEAT An advanced and definitive treatment of heat conduction stressing 
DIFFUSION THEORY analytical approaches. The author not only deals with the traditional 

separation of variables method, but he also emphasizes the use of 


transform techniques in treating transient conduction problems. 
February 1969, 685 pp., 303s, 6d. ($32.50) 


edited by D. E. BUETOW, University of illinois, Urbana, Illinois 


This comprehensive treatise discusses all the aspects of the genus 
Euglena from taxonomy and ecology to biochemistry. It further 
THE BIOLOGY OF considers its role and widespread use in modern cell biology experi- 


o 
mentation. 
EUGLENA TREE aes 
Volume 1: GENERAL BIOLOGY AND ULTRASTRUCTURE 
VOLUMES | AND 2 1968, 361 pp., 177s. 6d. ($19.00) 


Volume 2: BIOCHEMISTRY 
1968, 417 pp., 205s. 6d. ($22.00) 


Two-Volume Set Price 326s. 6d. ($35.00) 





edited by JOHN M. LOWENSTEIN, 


Department of Biochemistry, Brandeis University, Waltham, Messachusetts 
Volume 13 of METHODS IN ENZYMOLOGY 


edited by SIDNEY B. COLOWICK, Vanderbilt University, Nashville, Tennessee 
and NATHAN O. KAPLAN, Brandeis University, Waltham, Massachusetts 
1968, about 690 pp., 275s. 6d. ($29.50) 
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edited by JOHN M. LOWENSTEIN, 


Department of Biochemistry, Brandeis University, Waltham, Massachusetts 
LIPIDS Volume 14 of METHODS IN ENZYMOLOGY 


edited by SIDNEY B, COLOWICK, Vanderbilt University, Nashville, Tennessee 
and NATHAN O., KAPLAN Brandeis University, Waltham, Massachusetts 
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edited by RAYMOND B. CLAYTON, 


Stanford University School of Medicine, Stanford, California 
Volume 15 of METHODS IN ENZYMOLOGY 
edited by SIDNEY B. COLOWICK, Vanderbilt University, : 3 
and NATHAN O. KAPLAN Brandeis University, Waltham, Massachusetts 
1969, about 780 pp. 





edited by G. W. BROWN, JR. 


College of Fisheries, University of Washington, Seattle, Washington : 
Volume 1 of a treatise dealing with the biological aspects of the 
world's deserts, focuses on the forces causing deserts and arid 
regions, the evolution of desert plants, water economy, desert 
ecology and limnology, poisons of desert animals, and the adapta- 
tion and behaviour of plants, reptiles, amphibia, birds, fish; and: 
mammals (including man). A 
1968, 634 pp., 275s. 6d. ($29.50) 


by K. YA. KONDRATYEV, University of Lenmgrad, Leningrad, USSR 


The first monograph to describe current experimental and theoretical 
investigations of radiative transfer in the atmosphere. Numerous. 
problems are considered based on both fundamental spectroscopic. ^ 
information about the atmosphere and experimental studies of solar 
and terrestrial radiation. In these studies various vehicles, including 
satellites, are employed. In treating the subject the fundamental 
physical laws are combined with a climatological and descriptive 
analysis of the data. 

February 1969, 915 pp., 364s. ($39,00) 


edited by HAROLD LIEBOWITZ, 

School of Engineering and Applied Sciences, The George Washingion University, Washington, D.C. 

A comprehensive treatise presenting a detailed interdisciplinary 

treatment of the problems of brittle and other types of fracture from 

both the microscopic and macroscopic viewpoints. 

Volume 1: MICROSCOPIC AND MACROSCOPIC FUNDAMENTALS 

1968, 597 pp., 277s. 6d. ($29.60) 

Volume 2: MATHEMATICAL FUNDAMENTALS 

1968, 759 pp., 326s. 6d. ($35.00) 

Volume 3: ENGINEERING FUNDAMENTALS AND ENVIRONMENTAL 
EFFECTS 

In Preparation 

Volume 4: ENGINEERING FRACTURE DESIGN 

February 1969, about 450 pp., 214s. 6d. ($23.00) 

Volume 5: FRACTURE DESIGN OF STRUCTURES 

April 1969, about 505 pp., 234s. 6d. {825.00} 

Volume 6: FRACTURE OF METALS 

May 1969, about 500 pp., 242s 6d. ($26.08) 

Volume 7: FRACTURE OF NONMETALS AND COMPOSITES 


in Preparation 
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LABORATORY TEXT AND NOTEBOOK 
FOR ORGANIC CHEMISTRY, Fourth 


. Edition. 


4 Roy G. Bossert, Ohio Wesleyan University, and Wallace 
R. Brode, Scientific Consultant. 


This new edition retains the general approach and 
form of previous editions. It now includes new sets of 
questions and exercises and a revision of all discussions, 
particularly the theory, and integrates the topics in 
aromatic and aliphatic chemistry. Unique in its use of 
molecular models to present structures, review 
nomenclature, and to review various aspects of 
stereoisomerism. Emphasis is on correlation of class 
and laboratory work. 


473 pages 53s. December 1968 


SELECTED APPLICATIONS OF 
NONLINEAR PROGRAMMING 


by Jerome Bracken and Garth P. McCormick, Re- 
search Analysis Corporation. 


First presents an introduction to nonlinear program- 
ming that considers all its facets, and then proceeds to 
deal with various problems and their nonlinear pro- 
gramming models. Gives a brief summary of the prob- 
lem, the mathematical formulation of a nonlinear 
programming model, and examples based on both 
realistic and hypothetical data. 


110 pages 84s. November 1968 


DESIGN SYNTHESIS 


by J. H. Ellinger, Aero Engine Division, Rolls Royce Limited, 
Derby. 


This work, in two volumes, deals with the development 
of prototype design from its inception to the commen- 
cement of detail design. The first volume contains the 
text, the second volume the technical illustrations. 


Volume! 136 pages, Volume2 83 pages 
315s. December 1968 


ADVANCES IN ENZYMOLOGY AND 
RELATED AREAS OF MOLECULAR 


BIOLOGY, Volume 31. 
edited by F. F. Nord, Fordham University. 


A new volume in the annual collection of timely and 
authoritative reviews that characterize this dis- 
tinguished series. 

261 pages 140s. December 1968 





ENVIRONMENT CONSERVATION, 
Second Edition. 


by Raymond F. Dasmann, The Conservation Foundation, 
Washington. 


Now encompasses a giobal view of conservation and 
emphasizes the quality of the environment. Stresses 
the integrated, inter-related nature of man and his 
environment together with the principles of ecology, 
forest, range and wildlife management, etc. Topics are 
expanded; new chapters study urban problems, pre- 
servation of national areas, and the demand for re- 
creation. 

375 pages 80s, December 1968 


THE THEORY AND PRACTICE OF 
MICROELECTRONICS 


by Sorabh K. Ghandi, Resselaer Polytechnic Institute. 


Describes the theory and practice of the micro- 
electronics process for the circuit engineer. Provides 
an in-depth understanding of what can and cannot 
be done as well as enough theoretical background to 
allow for critical evaluation of new developments as 
they arise, Stresses the physical understanding of the 
subject. 

487 pages 150s. November 1968 


BUILDING CONTRACTS FOR DESIGN 
AND CONSTRUCTION 
by Harold D. Hauf, University of Southern California. 


Deals with the contractual relations between the 
owner and the firm of architect-engineers who design 
a project and those between the owners and members 
of the construction organization. Emphasis is placed 
on the role of the architect-engineer in the selection 
and specification of materials and on his position during 
the construction of the project. 


342 pages 103s. November 1968 


ANNUAL REVIEW OF INFORMATION 
SCIENCE AND TECHNOLOGY, 


Volume 3. 
edited by C. A. Cuadra, System Development Corporation. 


Like its predecessors this new volume of the Annual 
Review continues to provide the most complete and 
dependable analysis of recent accomplishments and 
trends in the information sciences available in any 
single source. 


457 pages 140s. December 1968 


American Society for Information Science in coopera- 
tion with Encyclopaedia Britannica. Distributed in Europe 
by John Wiley and Sons Limited. 
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INTRODUCTION TO STATISTICAL 
PROCEDURES: WITH COMPUTER 
EXERCISES 


by Paul R. Lohnes, State University of New York, at Buffalo, 
and William W. Cooley, University of Pittsburgh. 


A new approach to a one-semester course in intro- 
ductory statistics for those in the behavioural sciences 
and education. Explains how to read and use computer 
programs; presents selected examples of behavioural 
research and data.  Teaches fundamental principles 
of statistics. through a series of computer-based 
sampling experiments using Monte Carlo methods. 


280 pages 8Cs. November 1968 


CARBON AND GRAPHITE HAND- 
BOOK 


by Charles L. Mantell, Editor, Engineers Materials Hand- 
book, Member of American Institute of Chemical Engineers 
and American Institute of Mining, Metallurgical and Petroleum 
Engineers. 


A source of current and important information on 
graphite and carbon in a treatment that covers sources, 
manufacturing, properties and applications. 


538 pages 173s. December 1968 


MACROMOLECULAR REVIEWS, 


Volume 3. 

edited by A. Peterlin, Camille Dreyfus Laboratory, North 
Carolina, M. Goodman, Polytechnic Institute of Brooklyn, 
S. Okamura, Kyoto University of Japan, B. H. Zimm, 
Revelle College, and H. F. Mark, Polytechnic Institute of 
Brooklyn. 


Comprises current articles on important areas of 
polymer research that investigate new polymeric 
materials and techniques. 

437 pages 140s. November 1968 


SYNTHETIC PROCEDURES IN 
NUCLEIC ACID CHEMISTRY: 
PREPARATION OF PURINES, 
PYRIMIDINES, NUCLEOSIDES AND 
NUCLEOTIDES, Volume 1. 


edited by W. Werner Zorbach, Gulf South Research 
Institute, and R. Stuart Tipson, National Bureau of Stand- 
ards. 


Constitutes a ready reference for those engaged in 
the organic synthetic aspect of nucleic acid chemistry. 
Deals with the preparation of intermediates and 
representative descriptions of current synthetic 
techniques in 163 articles by experienced researchers. 


Approx. 570 pages approx. 159s. due January 1969 





























































PYRIDOXAL CATALYSIS: ENZYMES 


AND MODEL SYSTEMS 


edited by E. E. Snell, University of California, Berkeley, 7 
A. E. Braunstein, E. S. Severin and Yu M. Torchinsky, 
all at the Academy of Sciences of the U.S.S.R., Moscow. 


A full treatment of the latest information on chemical: 
and biological aspects of Pyridoxal Catalysis as pres 
ted at the International Union of Biochemistr 
meetings held in Moscow, September 1968. ; 


770 pages 176s. September 1968 


PROGRESS IN PHYSICAL ORGANIC 
CHEMISTRY, Volume 6. 
edited by Andrew Streitwieser, Jr., University of 


California, Berkeley, and Robert W. Taft, University. of = 
California, Irvine. : 


Provides a forum for an exchange of views and for - 
critical and authoritative reviews of topics in the field. - 


466 pages 160s. December 1968, - 


GAS CHROMATOGRAPHY 
by Orion Edwin Schupp IH, Eastman Kodak Company. 


This book, Volume 13 in the series Techniques of 
Organic Chemistry, covers the techniques of gas 
chromatography in all its experimental details in & 
presentation designed to promote the efective 
application of gas chromatography to mary types of- 


problems. 
437 pages 155s. December 1968 


CRYSTAL STRUCTURES, Second 
Edition, Volume 4. 
by Ralph W. G. Wyckoff, University of Arizona. 


The latest volume in the revised hardcover edition of 
this classic work deals with miscellaneous inorganic 
compounds, silicates and basic structural information. 


566 pages 235s, December, 1968 


NOISE AND ACOUSTIC FATIGUE 
IN AERONAUTICS 


by E. J. Richards, Vice-Chancellor, Loughborough University 
of Technology, Loughborough, and D. J. Mead, Reader in 
Aeronautics and Astronautics, University of Seuthampton, 
Southampton. 


This book is about the general propagation and 
attenuation of aeronautical noise, also the vibration 
generated in airframe structures by external noise 
and the metal fatigue caused. It also considers the 
factor of the amount of noise transmitted through into 
the passenger cabins and the subjective effects of noise. 


528 pages 150s. December 1968 





OHN WILEY & SONS LTD 





BAFFINS LANE - CHICHESTER: SUSSEX 


XXIV 


New Titles... 


THE PROPERTIES OF 
LIQUID METALS 


edited by P. D. Adams, H. A. Davies and 
S. G. Epstein 


Proceedings of the International Conference 
held at Brookhaven National Laboratory, Upton, 
U.S.A. September 1966 


104" x7%"—600 pages—illustrated cloth 


| Published September 1967 
| Reprinted September 1968 155s. 





SOURCES OF PHYSICS TEACHING 
| Parts 1 and 2 
With an introduction by Professor Sir Nevill 
* Mott, F.R.S. 102" x73"—130 pages—illustrated 


September 1968 19s. 


Per Part 





HYDROGEN-BONDED 
SOLVENT SYSTEMS 


edited by A. K. Covington and P. Jones, School 
of Chemistry, University of Newcastle upon 
Tyne. 

104" x7%”"—366 pages—illustrated cloth 


October 1968 120s. 





ELECTROMAGNETIC WAVES 
IN METALS IN A MAGNETIC FIELD 


by E. A. Kaner and V. G. Skobov, Academy of 
Sciences of U.S.S.R. 10$"x7$"—160 pages— 
illustrated cloth 


November 1968 60s. 





THE DIARY OF 
ROBERT HOOKE, M.A., M.D., F.R.S. 


9"x6"— 528 pages—illustrated cloth— 
Reprint edition 
September 1968 1 68s. 


published under the imprint of Wykeham Publications 
(London) Ltd. and distributed by Taylor & Francis Ltd. 





Available through your bookseller or direct from the 
publishers. 





TAYLOR & FRANCIS LTD 


Red Lion Court, Fleet Street, London, E.C.4 
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Books 9 on pure 
AND APPLIED SCIENCE 


LARGE STOCK ALWAYS AVAILABLE 











Many of the books reviewed or 
mentioned in this journal are available 
from stock. Foreign books not in 
stock obtained to order with the least 
possible delay. 


Catalogues on application. Please state interests 


Scientific Lending Library 
New books and latest editions available promptly 


ANNUAL SUBSCRIPTION, FROM £2-15-0 
Prospectus free en request 


Second-hand Books 


Large stock of recent editions 


H. K. LEWIS & Ce. Ltd. 
LONDON: 136 GOWER STREET, W.C.l 
Telephone: 01-387 4282 (7 lines) 


LATEST LIVINGSTONE BOOKS 


THE GENERA OF HYPHOMYCETES 
FROM SOIL 

GEORGE L. BARRON 

310 pages, 226 illustrations, £7. 

TEXTBOOK OF PHYSIOLOGY 

AND BIOCHEMISTRY 

G. H. BELL, J. N. DAVIDSON and H. SCARBOROUGH 
Seventh Edition, 1268 pages, 1043 illustrations, 80s. 
COMPOSITION OF PERIPHERAL NERVES 
i. A, BOYD and MARY R. DAVEY 

70 pages, 31 illustrations, 30s, 
EPITHELIAL-MESENCHYMAL INTERACTIONS 
R. FLEISCHMAJER 

354 pages, 160 illustrations, £7 5s. 

PLANT TOXICITY AND DERMATITIS 

A Manual for Physicians 

K. F. LAMPE and R., FEGERSTROM 

216 pages, 78 illustrations. 85s. 

VICTORY WITH VACCINES 

The Story of Immunization 

H. J. PARISH 

256 pages, 30s. 

LOWER ORGANISMS IN CULTURE, 
DIFFERENTIATION AND DEFENSE 
MECHANISMS IN LOWER ORGANISMS 
Proceedings of a Symposium held by the Tissue Culture 
Association, June 1967 

M. M. SIGEL and CLYDE J. DAWE 

250 pages, 98 illustrations, £5 7s. 6d. 

NERVES AND NERVE INJURIES 


SYDNEY SUNDERLAND 
1178 pages, 640 illustrations, £12 10s. 


Complete catalogue sent on request 
E & S LIVINGSTONE LTD, TEVIOT PLACE, EDINBURGH 
aE TD 
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We are pleased to announce the publication early next year 
of the third of a series of journals devoted to critical com- 
mentaries on significant current developments appearing in 
scientific literature. 


COMMENTS ON ASTROPHYSICS AND SPACE PHYSICS 
will contain original material by a distinguished group of 
scientists in astrophysics and space science. The journal will 

be coordinated by A.G.W. Cameron of Belfer Graduate School, 
Yeshiva University. 


The journal will be issued bi-monthly. Each volume will con- 
sist of six issues. 


Contents of the first issue: S.N. HAWKING and D.W. SCIAMA, 
Singularities in Collapsing Stars and Expanding Universes; C.P. 
SONNETT, Fractionation of Iron: a Cosmogonic Sleuthing 
Tool I. Radioistope Heating; K.S. THORNE, Relativistic Gravi- 
tational Effects in Pulsars; R. M.GOODY , Motions in the Atmos- 
phere of Jupiter; G.R. BURBIDGE, The Galactic Magnetic 
Field; A.J. DESSLER, General Applicability of Solar-Wind 

and Solar-Breeze Theories. 


Correspondents: E.M. BURBIDGE, University of California, 
La Jolla; G.R. BURBIDGE, University of California, La Jolla; 
L. DAVIS, Jr., California Institute of Technology; A.J. DES- 
SLER, Rice University; F.J. DYSON, The Institute for Ad- 
vanced Study; G.B. FIELD, University of California, Berkeley; 
W.A. FOWLER, California Institute of Technology; H. FRIED- 
MAN, Naval Research Laboratory, Washington; V.L. GINZ- 


GORDON AND BREA 
‘of Technology; F. HOYLE, University of Cambridge; C 
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BURG, Soviet Academy of Sciences, Moscow; R.M; GOODY, 
Harvard University; J.L. GREENSTEIN, California isine 
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Cornell University, E.E. SALPETER, Cornell Universit 
SCIAMA, University of Cambridge; CP. SONETT, NASA 
Ames Research Center, California; E.A. SPIEGEL, New Yo 
University; K.S. THORNE, California Institute.of Techno 
F.L. WHIPPLE, Smithsonian Institution, Cambridge; Ya. f 
ZEL'DOVICH, Soviet Academy of Sciences, Moscow. 


Individuals who warrant the journal is for their own use and. 
order direct from the publisher, per volume, postpaid 


in Great Britain £4, 3. 6d 
USA and elsewhere £4. 11. 6d. ($17.00) 
airmail edition £6. 5. Od. ($15.00) 
Libraries, research institutions 
and others, per volume postpaid 
in Great Britain £8. & 6d 5 0 
USA and elsewhere £8. 15. Od. [82100] — . 
airmail edition £10. 8. 6d. ($25.00) 


A microfiche edition is available, per volume postpaid 


£8. 6. 6d. ($20.00) 


TO GORDON AND BREACH SCIENCE PUBLISHERS LTD. 


8 BLOOMSBURY WAY, 


Please enter. 


rate of 





LONDON W.C.1 


subscription(s) to COMMENTS ON ASTROPHYSICS AND SPACE PHYSICS at the subscription 


g I am interested in COMMENTS ON ASTROPHYSICS AND SPACE PHYSICS and should like further information. 


C Please send me a complimentary copy of your new journal. 


Name 





Address 








Signature 














« Masoro : 


‘PHYSIOLOGICAL CHEMISTRY OF 


LIPIDS IN MAMMALS 


304 pages. Illustrated. 

(£3 6s. Od. Published: Ocotber 1968. 

By Edward J. Masoro, Ph.D , Women's Medica 
College of Pennsylvania. 


Barnes : 
INVERTEBRATE ZOOLOGY 


Second Edition 

743 pages. Illustrated. 

£4 9s. Od. Published: July 1968. 

By Robert D. Barnes, Gettysburg College. 


Florey : 


An introduction to GENERAL AND 
COMPARATIVE ANIMAL 
PHYSIOLOGY 


713 pages. Illustrated. 
£4 5s. Od. Published: July 1966 
By Ernst Florey, University of Washington 


Giese : 


CELL PHYSIOLOGY 

Third Edition. 

671 pages. Illustrated. 

£5 0s. Od Published: May 1968 

By Arthur C. Giese, Stanford University. 


van Tienhoven : 


REPRODUCTIVE PHYSIOLOGY OF 
VERTEBRATES 


498 pages. Illustrated. 
£7 17s. 0d. Published: August 1968. 
By Ari van Tienhoven, Ph.D., Cornell University. 


Villee, Walker and Smith : 


GENERAL ZOOLOGY 


Third Edition. 

844 pages. Illustrated. 

£4 3s. Od. Published: May 1968. 

By Claude A. Villee ; Warren F. Walker ; and 
Frederick E. Smith. 


Villee : 


BIOLOGY 

Fifth Edition. 

730 pages. Illustrated, 

£3 10s. Od. Published: March 1967. 
By Claude Villee, Harvard University. 
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THE NEW JOURNAL OF STATISTICS 
AND OPERATIONAL RESEARCH 


CONTENTS OF VOLUME IV, PART II 
1. Machine Interference with two repairmen when repair time is constant: equa- 
tions are derived and tables covering the useful range given for this case which is more realistic 
and differs appreciably from the exponential repairs case. 





2. Further tables of confidence limits for the 2 x2 homogeneity contingency table: 
these are for when the column sums M, M’ satisfy 16<M<20, 0<M’<M; the Type I and 1I 
errors being greatly superior to previous (Fisher-Yates model) tables. 





CONTENTS OF VOLUME IV, PART III 


1. Formulae and tables of exact confidence limits for the reliability product q, q, 
...Qk: Given di observed defectives in ni individuals from a binomial population with para- 
meter pz exact 1—« confidence limits for q,...qk whatever k and the dz, which are most 
powerful if the n are equal or nearly so, are provided. 

2. Test for homogeneity in the k x 2 contingency table fully correct to the second 
order: The modification to the x? test is given allowing for continuity, departure from nor- 
mality and all second order corrections. 


Each issue of this journal contains two papers of a mathematical nature but of real practical 
value and written in a style which takes account of the user. There are 3 issues per year. 
(Rates : 15/- p.a. Great Britain and Ireland, 16/6 elsewhere ; obtainable from the Editor, 
C. Mack, University of Bradford, England). 
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RECENT BOOKS FROM EDWARD ARNOLD 


Corrosion and Oxidation of Metals: 


First Supplementary Volume 
ULICK R. EVANS £6 10s. net 
After careful examination the author has decided not to revise his work Corrosion and Oxidation of Metals, but 
has prepared a supplementary volume along the lines of a German Ergánzungsband. 
This new book covers entirely fresh work during the period from 1960 to 1966 and includes supplements to the 


chapters of the previous book. The second half contains papers, reports and lectures and presents the entire 
arguments of each topic under consideration. 


The Fundamentals of Mycology 
J. H. BURNETT Boards £6 10s. net; Paper 65s. 


This work will greatly appeal to all botany and agriculture students and to the increasing number of scientists 
who are not primarily mycologists but who use fungi for experimental work. 





Cell Structure and its Interpretation 
S. M. McGEE-RUSSELL and KEITH F. A. ROSS £7 10s. net 


The title of this book reflects the wide variety of cytological topics covered by the thirty odd contributors. The 





book contains original research work hitherto unpublished, and will be of great importance to a large number of 


graduate scientists and research workers. 





NEW BOOKS FROM EDWARD ARNOLD/MARCEL DEKKER 
LLRA PEELE 


Hematological Reviews 
Volume 1 


JULIAN L. AMBRUS, edited by £7 10s. net . 


In view of the increasing complexity of hematology, an up-to-date reviewing medium was most urgently needed. | i 
Hematological Reviews was established to answer this need. The subject has been interpreted in the broadest — 
sense, to include all its aspects and the resulting reviews will be of value to both practising physicians and research 


scholars. 





Organic Semiconducting Polymers 
Monographs in Macromolecular Chemistry 
J. E. KATON, edited by £8 10s. net 


This is the first time that detailed information on semiconducting polymers has been compiled in one work. 
Intended for the synthetic polymer chemist, the book critically reviews the present state of knowledge of the subject, 





Oxidizers 
y 
IVAN C. LAWLESS and EDWARD W. SMITH £6 15s. net 


An intense research effort into the use of highly energetic oxidising agents as ingredients of advanced chemical 
propellants began in about 1955, T his review serves as a comprehensive source book and historical record of the 
important contributions made in this research area by the individuals and laboratories involved. 





Organometallic Compounds of the Group IV Elements: Volume 1 
The Bond to Carbon: Part il 
ALAN G. MACDIARMID, edited by £8 net 


The object of this series is to present to the senior student and to the research investigator a summary of the 
organometallic chemistry of the group IV elements. 


Laser 
A Series of Advances: Volume II 
ALBERT K. LEVINE, edited by £9 net 
This series provides the background, principles, and working information tha: is needed by physical and hio- 


logical scientists who seek io use lasers as a tool in their research, and to engineers who wish to develop the laser 
phenomenon for commercial and military applications. 
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REVIEW SUPPLEMENT 


How Much do Science Books Cost? 


NEARLY every other review of a scientific book these 
days carries some criticism about the high price of the 
book. This criticism is especially levelled at proceed. 
ings of symposia and conferences and at books designed 
to be student texts. A justification of these criticisms 
would require an analysis of the economics of publish- 
ing which cannot easily be carried out, but there seems 
very little doubt that scientifie and technical books 
have increased in price more or less at the same pace as 
books in other fields. 


Table 1. RECENT PRICE CHANGES 
25 increase 
Average Average or decrease 
Jategory price price 1967-68 
1966-67 1967-68 over 
£ 8 d £s d 1966-67 
Adult fiction 17 0 16 4 - 39.9 
Adult non-fiction (includ- 
ing reference books) 2 310 212 3 +19-2 
Although individual scientists often air their 
criticisms of book prices, librarians—in academic, 


public and special libraries—are usually the most 
vociferous. With slim budgets, librarians are forced 
to keep watchful eyes on price increases of books and 
periodicals, and they do everyone a service by publish- 
ing an analysis of prices of books each year in the 
Library Association Record. 

Since 1965, an analysis has been made each year at 
the British National Bibliography at the request of 
the Library Association’s research committee. It is 
based on publications listed each week in the British 
National Bibliography—a classified list of books published 
in Britain (with a few exceptions), and deposited under 
the Copyright Act at the British Museum. This year’s 
analysis (Library Association Record, 70, 233; Septem- 
ber 1968) covers the period from July 1, 1967, to June, 
30, 1968. The survey is not comprehensive. Pamph- 
lets and reprints, for example, are excluded, but 
it does include all new books and new editions. 
The most recent comparisons are no doubt affected, 
but to an unknown extent, by the British devaluation. 
Even so, there has been an increase of some 50 per cent 
in the price of adult non-fiction books since 1964-65 
and an increase of 19-2 per cent (Table 1) since 
1966-67. 

How do scientific and technical books fit into the 
picture? Table 2, extracted from the full analysis 


Table 3. 


Table 2. 

(Dewey Decimal Arrangement—-Classes 300; 500 and 600 Only 
some subjects in 300 and 600 are shown.) 

54 ineremse 


ADULT NON-FICTION BY SUBJECTS 















Average Average or decreise No. » 
Category price price 1967-68. of 
1966-67 1967-68 over . volun 
£ s d £8 d 1966-67 196 
Social science 117 6 2 8 7 
Politics 11610 2 6 1 
Economies 109 2 5 2 
Law 214 4 5 16 104 
Total-—Class 300 1 9 5 210 4 eU 
General science 21511 3 0 & VEX 
Mathematics 22 3 212 1 23-3. 
Astronomy 210 4 2 6 i2 
Physies 3 3 4 4 t mx 
Chemistry 4 110 5 
Geology, meteorology, 
palaeontology 3 4 8 8 
Prehistory, anthro- 
pology 2.89 3 
General biology 3 6 0483 
Botany 3.932 
Zoology 217 0 3 
Total—Class 500 | 2 19 9 £4 
Medicine 3 0 7i3 
Publie safety 149 2 
Engineering and gen- 
eral technology 211 412 
Agriculture (including 
horticulture, fores- dud 
try, livestock) 113 932 0 l} 193 
Total—Class 600 2 9 542 17 10 4169 


in the Library Association. Record, is à go 
There seems to be quite a considerable variat di 


books seem not to be significantly more expensi e 
books in other subjects. A scientific library of any size 
will, however, subscribe to several hundred different 
periodical titles a year. Prices here seem to have 
been increasing faster than those of books. A guide 
to such increases has also appeared annually in the 
Library Association Record (70, 202; August 1968), 
and includes periodicals published eutside Britain, 
including those in languages other than English, Mrs 
W. I. Veasey, who has compiled it, shows that journals 
in science and technology appear to have increased 
most rapidly in price. The most highly priced journals, 
including abstracting and indexing services, have gone 
up more than the cheaper publications. Devaluation, 
it seems, has caused an overall increase of 20-1 per cent 
in the price of journals in 1968 (see Ta5le 3). 


PRICES OF PERIODICALS— TOTALS ALL SUBJECTS 


Journals priced between 10s and £25 All prices 

No. Average A Increase No. Median pt Inerease 

Subjeet of price 1968 increase on 1965 of price 1968 incesease — on 1985 
titles £ s d on 1967 (160) titles Es d on 1967 (100) 
Humanities and social sciences 663 43 5 16-7 132.1 671 411i 1 56-7 134-7 
Medicine 188 716 3 17-2 136-5 197 9 19 6 17.7 137-8 
Science and technology 810 713 9 18-5 133-8 898 12 17 3 214 144-1 
Total 1,661 6 51H 17.8 133-6 1,766 9 5 3 20.1 i4r3 
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General Books 


WHO COLONIZED THE PACIFIC? 


Sea Routes to Polynesia 
By Thor Heyerdahl. Pp. 232 +424 plates. 
Unwin: London, August 1968.) 42s. 


(Allen and 


The Kontiki Expedition brought world fame to Heyerdahl. 
The motivation that led to this expedition was to prove, 
first, that it was possible to reach, by balsa raft, islands 
in the Pacific, and secondly, that these islands were 
peopled by American Indians. He proved the first but, 
as he! admits, the second was not proved. His subsequent 
books had this same end in view. This present book 
contains a selection of nine essays in support of this 
second contention. I shall show, however, that this book 
does not achieve his objective. 

Tho best and most fascinating chapter is on balsa raft 
navigation. Here Heyerdahl writes as the world’s expert 
on things he has handled. His information on handling 
centre boards (guara) and sails simultaneously so that the 
raft could change course and, if need be, sail into the 
wind is masterly. His handling of the statues on Easter 
Island is impressive, but when he writes (page 55): “By 
1941 experiments with floating coconuts had been con- 
ducted in Hawaii. The results disproved the old belief 
that a coconut could float across almost any ocean gaps 
and germinate when washed ashore at the other end", he 
is writing against the weight of evidence. Ridley? showed 
that it is not a belief but a proven fact that coconuts do 
float across oceans and then germinate. 

Heyerdahl discusses the various possible sea routes 
over the Pacific, but what is of great importance is 
whence came the people who occupied the Pacific. From 
the subsidiary title, “American Indians and Early Asiatics 
in the Pacific’, one expects to find traces of American 
Indians in these islands. To establish his point he gives 
a one-sided picture, and much of this review will be spent 
in giving data contrary to those supplied by Heyerdahl. 

For example, he states (page 26): “. . . the bow and 
arrow, as a fighting weapon, disappeared abruptly on the 
transit line from Melanesia to Polynesia". Yet Lowie* has 
pointed out that the Maori arrived in New Zealand with 
the bow. The author states (page 35) that feather cloaks 
were unknown throughout the Old World but charac- 
teristic of New World cultures. As such cloaks are found 
among Polynesians, the deduction is that the Polynesians 
borrowed them from the New World. The Polynesians 
may have done so, but feather cloaks are worn by 
“maskers” in West Africa. 

In dealing with cotton, Heyerdahl does not quote the 
conclusions reached by Hutchinson, Silow and Stephens 
(ref. 4, page 80). Instead (page 59) he gives his own 
conclusion that “linted cotton had necessarily reached 
Polynesia ‘since the establishment of civilization in 
tropical America’ ". Lucas? stated that “the home of 
the cotton industry is undoubtedly India . . . woven 
cotton fabrie has been found at Mohenjo-daro in India 
dated between 3250 Bc and 2730 mc". No cotton fabrics 
of comparable age have been found in the New World. 
Hutchinson, Silow and Stephens* pointed out (page 75) 
that the Indian species of cotton crossed the Pacifie to 
the Americas and it could do so only under the hands of 
men. These authors support their contention by pointing 
out that: “In the desert graves of pre-Inca Peru have 
been found the spinning and weaving instruments with 


which cottons . . . were manufactured in the earliest known 
South Ameriean cultures. Of their spindles the same 
deviee was used in Peru as was employed by the fine 
spinners of the Dacca muslins of India". These three 
authors then showed that the Peruvian loom "originated 
in India . . . that we find it together with the technical 
subtleties of fabric construction in the cotton areas of the 
New World is difficult to explain except on the assump- 
tion of direct or indirect social contact". 

There is other evidence of culture contact referable to 
India where there is a dicing game called pachise and a 
similar game called patolli in Mexico. Kroeber* remarked : 
“There are five or six specific features in which pachise 
and patolli agree: flat dice, score board, cross shape, 
several men, killing opponents, penalty or safety stations. 
The mathematical probability of two games invented 
separately agreeing by chance in so many specific features 
is very low". Another Indian indieation of west to east 
trans-Pacific contacts is the stylized elephants carved 
on the stelae at Copan with mahouts on their necks’, 

The people who brought these culture traits across the 
Pacific would colonize the Pacific coasts of America and 
miscegenate with the Amerinds. Here the observations 
of Hooton and of Pickering are invaluable. Hooton’, 
describing the racial types met, wrote: “As one goes 
further south into the tropical forest areas the picture 
changes . . . some of these jungle types indeed rather 
recall the more uncomely of the Polynesians”. A hundred 
years earlier the Polynesian type on the eoasts of Cali- 
fornia was even more conspieuous, and Pickering? was 
satisfied that the indigenous Californians were in appear- 
ance Polynesians. 

Heyerdahl uses blood groupings in support of his theory 
of the peopling of the Pacific from America, but he omits 
to say that “high frequencies of M are found throughout 
most of Asia and among the American aborigines including 
the Eskimos, while the frequency of N is high in most of 
the Pacific Islands ... "'*. The high frequency of M in 
Asia and in America points to the indigenous Americans 
being derived from Asia. If the Polynesians came from 
America they would also have a high frequency of M. 
As they do not, but have a different blood group pattern, 
high frequency of N, they cannot be derived from Amer- 
ican stock. On this serological blood grouping, Garn! 
concluded that the Polynesian “population movement 
was primarily west to east, as Japtain Cook was able to 
confirm". 

The Maya Indians themselves claim a western or 
Polynesian origin, for in their sacred book, Popol Vuh, 
Reeinos, Goetz and Morley! reported that the Maya 
claim: * From the west we came to Tulan, from the other 
side of the sea . . .". Heyerdahl's earliest carbon dating 
(page 176) for Easter Island is AD 380. At a earbon- 
dating conference held in Washington in 1965 a carbon 
date for the Marquesas was between 150 BC and ap 100. 
The farther out inte the Pacific one is from the Americas, 
the older is the carbon dating. The position thus is that 
Polynesians, as T? have pointed out, reached the Americas. 
Some returned westwards bringing American items with 
them. 

Heyerdahl“! veers towards this view, for he wrote: 
“South-east Asia and the islands adjacent constitute a 
major source area of the peoples and cultures of the 
Pacific Islands, as does South America on the other side of 
the Pacific". Note that this record, endorsed by Heyerdahl, 
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refers to areas, not to people. So far, Heyerdahl has not 
shown that the Americans were responsible for colonizing 
the Pacific Islands. M. D. W. JEFFREYS 
! Heyerdahl, T., The Kontiki Expedition, 230 (London, 1950). 
? Ridley, H. N., The Dispersal of Plants throughout the World, 322 (London. 
1930). 
? Lowie, R., Introduction to Cultural Anthropology, 216 (New York, 1946). 
* Hutchinson, J. B., Silow, R. A., and Stephens, S. G., The Evolution of 
Gossypium (London, 1947). 
* Lucas, A., Ancient Egyptian Materials and Industries, 189 (London, 1948). 
* Kroeber, A. L., Anthropology, 551 (New York, 1948). 
1 Smith, G. E., Elephants and Ethnologists, 1 (London, 1924). 
Hooton, E. A., Up from the Ape, 646 (New York, 1947). 
* Pickering, C., The Races of Man, 99 (London, 1850). 
* Anonymous, Notes and Queries, 18 (Royal Anthropological Institute of 
Great Britain and Ireland, London, 1951). 
! Garn, 8. M., Human Races, 119 (Illinois, 1962), 
1t Recinos, A., Goetz, D., and Morley, 8. G., Popol Vuh, 63 (London, 1951). 
? Jeffreys, M. D. W., S. Afr. J. Sci., 68 (3), 73 (1907). 
^ Heyerdahl, T., Kon-Tiki: Mission Accomplished, 353 (The Readers’ Digest 
Condensed Books, London, 1968). 


RECORD OF.A CULTURE 


The Material Culture of the Peoples of the Gwembe 
Valley 

By Barrie Reynolds. (Kariba Studies, Vol. 3.) Pp. xiii 

262--15 plates. (Manchester University- Press: Man- 

chester, 1968. Published on behalf of the National 

Museums of Zambia.) 555. 


Unti the decision was taken to build the Kariba Dam, 
the Tonga, who lived in that remote part of the Zambezi 
valley often called Gwembe, above the site of the dam, 
were one of the least known peoples in Central Africa. 
With the publication of this third volume of the Kariba 
Studies, intended to record their way of life before they 
were moved from the valley, they are now one of the best 
deseribed. Indeed, I know of no other group in Africa 
which has been so systematically and so ably studied by 
a social anthropologist, an ecologist and an ethnologist, 
all working in conjunction with one another. 

Reynolds, at that time on the staff of the Rhodes- 
Livingstone Museum, did his part of the work during six 
months in 1956-57 which were spent almost entirely on 
the north bank of the river. He gives us the results here 
in a very full, descriptive survey of all important aspects 
of Tonga material culture: buildings and furnishings; 
tools, weapons and utensils; the technology of subsistence 
activities; dress and ornaments; arts, crafts and enter- 
tainments. The raw materials employed and the pro- 
cesses involved in their manufacture and use are all 
detailed wherever possible. In fact, Reynolds takes very 
little for granted, and if his text is therefore sometimes 
rather unexciting for the general reader, it is precisely 
this attention to detail which distinguishes the specialist 
from the amateurs who have written most previous 
accounts of Central African material culture. A similar 
care is evident in the way that he notes a number of 
regional variants within the general Gwembe area. His 
efforts have been well supported by those responsible for 
the numerous line drawings essential to a work of this 
kind, and the book's general standard of produetion is 
high. It is a major addition not only to the study of the 
Tonga but also to our knowledge of a whole region in 
which, as the author remarks, material cultures are often 
very similar. 

One possible complaint is that rather more might have 
been included of the Tonga technical vocabulary. For 
instance, although the vernacular names of artefacts and 
materials are given, there seem to be no Tonga verbs in 
the book. As only someone with the author's training 
and experience could appreciate all the complexities of 
the manufaeturing processes, nobody else could collect 
the terms which describe them and provide the appropriate 
English equivalents. He apparently missed this oppor- 
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tunity of making a contribution to linguistie knowled, 

and therefore to the wider context in whieh mate: 
culture is included. We have sufficient reason io 
grateful to him and his colleagues, however, for: 
in which they took the opportunity to make. 
record of a culture which has already disappeare 
form that they knew it. We now wait to learn w 
has taken its place. W, 4. Ancvik 












WORKERS IN OBSIDIAN 


Excavations at Saliagos, near Antiparos v 
By J. D. Evans and Colin Renfrew. (The British Seh 
of Archaeology at Athens. Supplementary volum 
No. 5.) Pp. xi+ 226459 plates. (Thames and Hud 
London, July 1968.) 105s. 


Tus volume is a report on two season's digging, in 19 
and 1965, on an islet lying off the northern tip of Antip, 
The site proved to be that of a small village of fa 
and fishers dating from the Middle to Late N a 
period of the Aegean. As the existence of Neolithi 
cultures in the Cyclades had hitherto only been suspected © 
from surface finds, the discovery is of considerable | 
importance. The new material, together with the surface 
finds, has now been identified by the name of Salagos. 
eulture. SOUS 

The people of Saliagos were skilful workers in obsi 
importing almost all the raw obsidian from Melos 
were also prolific and original potters, pr 
surfaced wares often handsomely decorat 
metric designs in matt white paint. A favouri 
the pedestalled bowl or "fruit-stand'.. A 
kept sheep and goats, cattle and pigs, and į 
of barley together with some emmer and © 
As fishers they were very successful with 
not scorn shellfish, such as limpets. The 
to have used fishhooks, but rather nets or bos 
Something of their religious ideas may be | 
marble figurines, one a magnificently buttock 
female, the other a “fiddle idol" of a sype well | 
the Early Bronze Age. ee 

Only parts of the stone foundations of rect 
houses and a rectangular enclosure wall have sui o 
In the text certain clay deposits are said to suggest that — 
the upper walls might have been mudbriek or pisé, but | 
one of the many appendices makes it clear that the 
had not in fact been derived from suck building materials 
—a culpable inconsistency. Wattle and daub are the most 
likely alternatives. 

In Neolithic times the sea may hava been as much as 
six metres below its present level, and in these conditions 
Saliagos would have formed the end cf a promontory of 
Antiparos. Sheltered and provided with harbours, it 
would have offered ideal conditions for a fishing and farm- 
ing economy. 

Professor Evans and Dr Renfrew find the affinities of 
the Saliagos culture to be in mainland Greece, the eastern 
Aegean and Anatolia. In general it can be said to repre- 
sent a local development of the compos:te Aegean cultures 
of the day. As for when that day was, the archaeological 
estimate that the settlement flourished during the transi- 
tion from the Middle to Late Neolithic times was happily 
confirmed by carbon-14 figures which for the present can 
be read as giving a foundation date at about 4300 Bc and 
a duration of five or six centuries. 

Except for the inconsistency alreacy complained of, 
and the omission of “Notes to the Figures” for the pottery 
section, the report has been painstakingly compiled. 
There is a vast amount of repetition, and a simple summary 
of the kind given above might have beer: a useful addition. 
Some of the writing is quite good, notably a few pages on 
"Environment and Life" which inelude interesting cori- 
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parisons with the present day. Some is also very bad. 
An important summarizing paragraph opens with this 
almost impenetrable and quite unforgivable sentence: 
“The affinities of the Saliagos culture are not so marked 
in the case of any one culture as to single out the latter 
as a likely point of departure for the inhabitants of 
Saliagos"'. 

In Excavations at Saliagos we have a large volume de- 
voted to a small and uncomplicated site. It is a significant 
little site, undoubtedly, yet until recently a substantial 
paper in a periodical would have been considered sufficient 
to deseribe it. In view of what I wrote recently in this 
journal on the Haua Fteah report (Nature, 218. 1181 
1968) I feel it to be a duty to return to this subject of 
conspicuous waste in the publication of scientific archaeo- 
logy. In comparison with the earlier volume, this one 
took only three years instead of ten, and costs only 5 gns 
instead of £12 (the costs were met by the Cambridge 
Faculty Board of Classies). These are already consider- 
able figures for an excavation of this kind. 

Many archaeologieal scientists will find these criticisms 
entirely wrong-headed; yet nobody can honestly deny 
that they relate to serious problems. One answer might 
be that the full rigour of analytical arehaeology should be 
encouraged in those who have faith in it (with the proviso 
that they should do their work at top speed to avoid the 
danger, foreseen by Professor Grahame Clark, of dying 
before its completion) but that there should be far more 
selectivity in what is published. Even very full verbal 
Summaries support ted by essential figures and illustrations 
would be slim in comparison with these volumes. The 
working papers. of interest to very few, eould then be 
held for inspection together with the finds themselves. or 
made available through photostats. Such ideas are worth 
discussion. JaAcoQuETTA HAWKES 











BIOLOGY FOR BANK CLERKS 
Mr Tompkins Inside Himself 


Adventures in the New Biology. 
Martynas Yeas. Pp. xiv +274. 
London, 1968.) 35s. 


A sparrow is really a highly modified dinosaur, Mr 
Tompkins is told by Charles Darwin, one of the several 
distinguished cicerones coopted to conduct this innumerate 
bank clerk through the kingdom of the new biology. 
With an exuberance of wit and imagination Gamow and 
Yčas describe the intricacies of protein synthesis, molecular 
evolution, biogenesis and other growing points of current 
biological research. The non-scientist, for whom the book 
is Intended, will appreciate the lucidity of their exposition 
and the pace of their narrative, whilst the scientist will 
recognize the enviable skill with which they describe 
complex things sumply, yet at no expense of accuracy 
Mr Tompkins enters a Brobdingnagian world w here 
mitochondria are graphically sliced open by kitchen knives, 
bacteria are as big as dogs and creatures looking like tad- 
poles attack and enter them. Thinly disguised celebrities 
take turns by chapter to conduct Mr Tompkins around 
their specialty; Herr Max the phage trainer explains 
about viruses, Saint about muscle contraction and a Dr 
Exkins about X-ray crystallography. In a dream Mr 
Tompkins communes with Charles Darwin, and it is good 
to learn from Darwin's own lips that “here in Dreamland 
we receive immediately the latest issues of all scientific 
publications such as Nature and & entific American". It 
is less uplifting to hear that both "ignose" and "Godnose" 
were rejected as names for the sugar molecule of unknown 
structure discovered to be vitamin C because "at that time 
the editors of Nature were serious people, but unfortunately 
without a moleeule of humour in their cerebral cortices 
Darwin's discourse on evolution, informed of course by the 
very latest results, is one of the best in the book, and Mr 


By George Gamow and 
(Allen and Unwin: 
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chrubing the staircase, . 


(From Mr Tompkins Inside Himself.) 


Two men were 


'lompkins's journey, which begins with the solipsistic 
experience of being injected inside himself, ends with an 
enthralling disquisition on entropy, cosmology and the 
possibilities of extraterrestrial life. NiCcHOLAS WADE 


CULTURAL DIVIDE 


Science and English Poetry 


A Historical Sketch, 1590-1950, By Douglas Bush. 
(The Patten Lectures. 1949, Indiana University.) Pp. 


viit+ 166. (Oxford University Press : London and New 


York, 1967.) 10s. 

When the first edition of ; ce and English Poetry 
appeared in 1950 it earned a lavish review in Nature from 
Professor Andrade, and it seems churlish not to repeat the 
compliment for the second edition, But either charity 
has declined or expe etations have risen in the eighteen 
year interim, for it is hard to feel much enthusiasm for the 
book today. 

Douglas Bush traces the effects of science on English 
poetry from the Renaissance to the present, and it goes 
without saying that he judges that the effects have been 
bad. His objections to science seem to be two-fold. 
First, arid explanation has replaced fertile myth. The 
Moon is no longer the cool mistress of the tides of love: 
now it is a lump of dusty rock violated by space probes. 
Second, by making the environment, and even the mind, 
of man subject to manipulation, it corrodes the basis of 
moral struggle. 

Surely the first objection raises little steam nowadays. 
Aldous Hux] ey was able not so long ago to rebuke the 
poets for misinterpreting the ecological value of the 
nightingale’s song, but, thankfully, few comments of this 
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sort are heard today, except occasionally from Cambridge 
Nobel Laureates. This type of naive positivism was more 
or less demolished by the bitter and deadly assault it 
met from three giants of literature—Lawrence, Eliot and 
Yeats. The second objection has more substance, but 
Douglas Bush contributes little to the current debate 
about the moral implications of imminent biologies. 

There are, however, some fine things in the book. 
It was good to read Robert Burton’s description of the 
human brain, from the Anatomy of Melancholy, a reminder 
of the simple wisdom that was possible before Descartes 
confused things : the brain "is a soft, marrowish and white 
Substance, engendered of the purest part of seed and 
spirits, included by many skins, and seated within the 
skull or brain-pan, and it is the most noble organ under 
heaven, the dwelling-house and seat of the soul, the habit- 
ation of wisdom, memory, judgment, reason, and in which 
man is most like unto God". And Bush describes well the 
hatred of scientific rationalism that fired the early roman- 
ties. Blake was able to announce that "Art is the Tree 
of Life . . . Science is the Tree of Death". Blake was 
particularly incensed by Newton, though perhaps un- 
fairly, for Newton himself treated his own discoveries 
with a response far from any barren rationalism. Blake's 
true enemy was perhaps something more elusive than 
science : witness two more of his maxims—"Energy is 
Eternal Delight" and “Sooner murder an infant in his 
cradle than nurse unacted desires". 

Bush is an erudite man and a charming writer, vet his 
book in sum is unsatisfactory, largely because it ignores 
the biggest factor in the dealings of science and man's 
imagination—industry, and the social alienation that 
came in its wake. The "dark, satanic mills" were a 
bigger threat even for Blake than any scientifie law. 
Today's erop of artists seem to have little quarrel with 
science as such: they are ready enough to exploit the 
fruits of electronics and pharmacology. But to a man 
they are committed to lifelong guerrilla warfare against the 
structures of industrial society. 

Another, though clearly a linked, aspect of the book is 
its unremitting stand of extreme literary conservatism. 
Bush views eontemporary poets with hostility and dis- 
taste : one feels that artists themselves pose bigger 
problems for his conception of culture than scientists ever 
will. Freud he berates with a bizarre intensity—it is an 
unrecognizable Freud to the one who is a hero of Lionel 
Trilling’s marvellous book The Liberal Imagination. 

NicHOoLAS Evans 


THOUGHTFUL READING 


Before Hansard 

By Horace Maybray King. Pp. 
London, November 1968.) 25s. 

Ir society changes in the next three hundred years at least 
as fast as it has changed in the past three hundred, much 
of today's Hansard, even those solid pieces culled from it 
by Nature's parliamentary correspondent, will no doubt 
make as amusing reading in 2268 as the titbits of old 
parliamentary business whieh Horace King has collected 
in his anthology. Horace King, the present speaker of 
the House of Commons, as a hobby, ferrets among the 
Rolls of Parliament, diaries of parliamentarians and the 
Parliament journal of the days before Hansard was part 
and parcel of Westminster. He does not pretend that the 
excerpts in Before Hansard reflect anything more than the 
sidelights and trivia of historv; the more important and 
signifieant passages have been left for a graver book. 
None the less, the author has managed, with his judiciously 
selected pieces, to establish in an entertaining and some- 
times surprising way his well worn theme that human 
nature has changed but little in the three hundred years 
which have revolutionized man's environment. 


viiit+114. (Dent: 
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have always spent much of their time complai 
taxes, the cost of living, a sick balance of pay 
lobbying for vested interests. They have always 
each other, made weak puns, spoke 
against their own humbug; as did Mr Hame 
"moved the House to omit from the preamble o 
Precautions Bill the words ‘Whereas it hath ple 
Almighty to visit’, on the grounds that th 
humbug and hipoerisy'. His amendment w 
They have always shown off their vanity. A 
these sensitive days few do so in such a retre 
frank manner as one Colonel Birch who in 1689. 
speech with, ^I am in a new periwig, and: 
House look at me before I am heard”. : 

This little book also has its surprises. Who, for 
would have thought that the House of Commons 


on June 5, 1685, Dr King tells us that an applicat 
made “for granting a longer time in the use of the 
tion of making seawater fresh and wholesom 
1781 Henry Phillips was seeking a patent for hi i 
for which he was finally granted a reward in 178 
in 1668, one Dr Chamberlayne was lobbying for ar 
tion, which our latter day cireumnavigators. wi 
useful, for always "sailing in a straight line against an 
wind". cse 
Before Hansard was never meant, of course, 
serious work of history, but, like a collection of ep 
it is both enjoyable to read and thought provoking 
J: Toor 


PASTORAL TRADITIONS. 
oe 2 14 ^| 23 





Cow doctors’ appliances used until recently in the more 


remote parts of the Yorkshire Dales. From a chapter, "Cures 
on the Farm", in Life and Traditions in the Yorkshire Dales, by 
Marie Hartley and Joan Ingilby (Dent: London, 84s) The 
authors, who have written several books about this beautiful 
part of England, have lived in the Dales for many years, and 
their latest book is a unique record in werd and picture of a 
way of life as it was lived up to the arrival of motor transport, 
electricity and modern farm machinery. 
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NORTHERN BEAUTY 


The Pennine Dales 

By Arthur Raistrick. (The Regions of Britain.) Pp. 236+ 
40 plates. (Eyre and Spottiswoode: London, September 
1968.) 635. 


* THERE are important and beautiful parts of England 
^ north of Hendon, however much some Londoners and 
many others in the south-east pretend never to have heard 
of them. One area in particular is strangely forgotten by 
many people. This is the region known as the Pennine 
Dales, at the northern end of the “Pennine Chain" ——an 
area with some of the most spectacular scenery in the 
country and one with a quite extraordinary unity and 
character. It is the area that Arthur Raistrick has 
written about with loving pen. He writes with authority, 
too, being born and bred in Yorkshire, a member of the 
Dales Park Planning Committee, as well as president of 
the West Riding Ramblers Association. 

Arthur Raistrick defines the Pennine Dales by a rect- 
angle that joins Carlisle and Newcastle in the north with 
Lancaster and Harrogate in the south. The valleys of 
Eden and Lune form its western edge, and the Great 
North Road lies a few miles beyond its eastern boundary. 
It embraces not only the lush valleys like Wharfedale 
and Wensleydale, but also a wild moorland plateau and 
the rugged summits of Ingleborough, Whernside, Peny- 
ghent and Crossfell. 

The Pennine Dales is not a tourist handbook as its 
glossy cover might suggest, although it could be profitably 
read as an introduction to the area. It is a serious regional 
study, and can be read both for pleasure and as a reference 
book. Arthur Raistrick outlines the history of the region 
from Mesolithic man to the present day. He describes 
its geology and climate; the growth of villages, towns 
and markets; the development of mining, textiles and 
agriculture; and the effects of the industrial revolution 
and the coming of railways. The book has an extensive 
bibliography, and there are plenty of plates and diagrams 
of very good quality. 

As many of the dalesfolk and some visitors know, the 
dales are wonderful places for walks and, as the author 
peints out: “There are few parts of the country where a 
person can have more confidence of finding interesting 
walks to suit whatever length he fancies”. It is fitting 
therefore that Dr Raistrick includes a chapter at the end 
of the book to write about one of the greatest walks in 
the country, the Pennine Way, which was officially 
declared open in 1965. This route, a 250 mile walk along 
the “backbone” of England, runs from Edale in Derby- 
shire right through to the Scottish border. In marked 
contrast to this wild and hilly way, there is planned a new 
riverside footpath through the dales along a 73 mile route 
from Ilkley to Bowness-on-Windermere. It came as a 
nice coincidence that the proposal to create this path was 
submitted to the West Riding County Council a few days 
after the publication of this book. If the proposal is 
approved, the new path will be called the Dales Way. 

The Pennine Dales are beautiful and they have a 
strange fascination that haunts all those who live or have 
lived there. But how long will this beauty last ? Already, 
parts have been spoilt through careless planning and 
inconsideration. Arthur Raistrick ends his book with 
these thought provoking comments: “The new motorways 
are bringing populations of fifteen to twenty millions 
within an hour's run of the dales and the Lake District. 
Are these lovely areas to be opened to more and ever 
more cars, without limit, until they become one vast car 
park with crowded, jammed traffic on every road on to 
which a car can force its way? Or are we as a nation 
going to accept à measure of planning and control as the 
price of keeping our greatest treasures ? "This choice has 
not yet been put to trial nor explained to the nation with 
sufficient force and clarity; it is still left too much to the 
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voice of a quiet minority. It is a choice that cannot be 
avoided if we are to keep for the enjoyment of future 


generations such areas, and there are many, as the dales 
which this book has tried to describe”. Saran BUNNEY 


SCIENTIST-EXPLORER 
The Letters of F. W. Ludwig Leichhardt 


Edited by M. Aurousseau. Vol. 1: Pp. xvi 1-424. 
Vol. 2: Pp. v--425-820. Vol. 3: Pp. v+821-1175. 


(The Hakluyt Society. Second Series, Nos. 133-135.) 
(Cambridge University Press: London, July 1968. 
Published for the Hakluyt Society.) 1265. 


Ow February 22, 1848, a week before he was to lead an 
ill-fated expedition inte the interior of Australia, F. W. 
Ludwig Leichhardt, scientist and explorer, wrote, 

. whatever I have done has never been for honour. 
I have worked for the sake of science, and for nothing 
else; and I shall continue to do so even if not a soul in 
the world pays any attention to me. I am fearful of 
losing God's blessing, should 1 give way to vanity and 
confound the driving ambition to be acclaimed and 
famous with the genuine, quiet and laborious striving 
after knowledge". The expedition of seven men was 
never heard of again, but Leichhardt became a legend 
in Australia. Unfortunately, this extraordinary man 
with a passion for science is little known outside of that 
country, a situation this excellent edition of his letters, 
ably edited by M. Aurousseau and published under the 
sponsorship of the Hakluyt Society, will help to correct. 

'The son of a Prussian civil servant, Leichhardt began 
his university career in 1831 by reading philology at 
the Friedrich Wilhelms Universität in Berlin. Two years 
later he transferred to Góttingen where he imet John 
Nieholson, a young Englishman who had turned from 
medicine to linguistics. His interest in the sciences 
aroused by Nicholson, Leiehhardt returned to Berlin in 
1834 and took up medicine. In the 1830s it was no easy 
matter for a young man with little money to devote 
himself to science, fer there were few salaried posts 
available. Medicine, however, offered a means of support 
and an opportunity for serious scientifie research. Leich- 
hardt left Berlin before taking his medical degree to 
travel and study with his affluent friend William 
Nicholson, John's younger brother. William, in effect, 
became Leichhardt's patron. They pursued science in 
the libraries, museums and lecture halls of London and 
Paris. 

The studies of the two friends were in preparation for 
careers of scientific exploration in remote parts of the 
world. They planned to explore Australia together, 
but in 1841 Leichhardt sailed alone when Nicholson 
decided to remain in England to practise medicine and 
to take up the family responsibilities that had fallen to 
him on the death of his father. With little money and 
the disadvantage of not being English, Leichhardt 
struggled to establisb himself in Australia, overcoming 
poverty and moments of doubt. He tutored children and 
gave publie science lectures. He benefited from the 
kindness of new friends and suffered from the indifference 
of people who could have helped him in his enterprises. 
Somehow he kept his independence and enthusiasm 
as he pursued his study of Australian natural history 
and geography, beginning collections and opening 
correspondence with European naturalists. He made 
several scientific trips. often alone, and led two expeditions, 
the first in 1844-45 establishing his reputation as an 
explorer, the second in 1846-47 ending in failure. On 
the third expedition he and his comrades vanished. 

Besides being a rich source of information about life 
in the English settlements of the 1840s, Leichhardt's 
Australian letters reveal the single-mindedness and 
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tenacity of a man with a love of discovery and scientific 
knowledge who was determined to succeed despite human 
weakness and natural obstacles. Aurousseau has now 
established an authentic text of Leichhardt's corre- 
spondence, opening the way for publication of his journals. 
As Leichhardt has remained a controversial figure in 
Australian history, this edition of his letters is an 
important beginning to the needed scholarly reappraisal 
of his life and work. HAROLD FRUCHTBAUM 


RACE, SEX AND INTELLIGENCE 


Negro and White Children 

A Psychological Study in the Rural South. By Earl E. 
Baughman and W. Grant Dahlstrom. Pp. xxii + 572. 
(Academic Press: London and New York. July 1968.) 
140s. 


"Tuis remarkable book reports on a series of closely related 
psychological studies of children in a segregated commun- 
ity in North Carolina. For a period of four years the 
authors led a team of Negro and white investigators who 
collected data from children, parents and teachers belong- 
ing to their own racial groups, relevant to the measure- 
ment and understanding of intelligence and academic 
achievement in boys and girls from kindergarten age to 
adolescence in an economically deprived community. 

As one would expect, all children score somewhat below 
national norms, particularly after the age of 11; by and 
large, the girls in both racial groups outstrip the boys; 
the Negro scores of both sexes are with one or two excep- 
tions below the white scores. It is almost an injustice to 
this book, however. to report these crude overall results. 
What makes these studies remarkable is the conception 
of intellectual functioning and development as embedded 
in other personal attributes as well as in the child's social 
environment (his family and the community). Accord- 
ingly, this is not just a testing exercise; the data pre- 
sented stem from interviews with children. their mothers. 
peers and teachers; two types of intelligence tests: 
objective and projective personality tests; direet observa- 
tions; and a variety of rating scales and sociometrie choices. 
While the authors. of course. assume that intelligent 
actions and motivation are the result of the interaction of 
biological and environmental factors, they fully realize 
that we do not, as yet, have the methods to partial out 
these two components, with the result that "no one can 
prove that one race is innately inferior to another. Nor 
ean it be proved that there are not racial differences in 
some behaviours attributable at least in part to genetic 
factors". 

The work includes longitudinal studies over a period of 
three years and provides additional evidence for the spon- 
taneous changes in measured IQ. About two-thirds of 
the Negro children undergo a change of IQ of at least 
5 points, ranging from a gain of 19 points to a loss of 29 
between the ages of 4 and 7. A parallel longitudinal study 
was conducted with white children between the ages of 
1l and 15; here more than half showed spontaneous 
changes of at least 5 points, ranging from a gain of 29 
to a loss of 24. 

The crucial question is. of course. what accounts for 
such shifts ? There is some evidence to show that Negro 
children who attend kindergarten develop at a rate equal 
to that of white children. while without such training 
their development is slower than that of white children: 
children from the relatively more privileged families per- 
form better than those from more deprived families. 
Included in the book is a detailed account of the investiga- 
tors’ deliberate effort to accelerate the motivational and 
intelleetual growth of some of the children. In contrast 
to the head-start programmes, the investigators decided 
to conduet their weekly sessions with each child in the 
child's house; this is not only less eostly but involves 
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the considerable advantage of being able to teach thi 
mother while teaching the child on how to awaken inte 
in learning in apparently uninterested and unmotiv 
children. Even though the measurement of progress 
this project was inevitably less objective than in 
rest of the book, the detailed description of the plan o 
action, its rationale and its impact present a fascinat 
chapter. He 
Some of the personality attributes of these children are 
less comprehensively investigated and hence lead some- 
times to inconclusive results which further research will, | 

I hope, refine and develop. As one of its virtues, the 
book is scrupulously precise and detailed on method 
scoring procedures; for example. on how to obtain scores 
for achievement motivation, where it is on so low. 
that MeClelland's well-known procedure would. 
uniform zero. By the same token, the amount of techn 
detail makes minor criticisms easy (why, for exemple. 
collect so many questionnaire data which are ne 
perhaps cannot be meaningfully analysed ?). and 
bore the non-psychologist reader unless he is pr 
to pick and choose. : 
Altogether, however, this is an important book which . 
sets a new high standard for the study of the complex | 
relation between race. sex and measured intelligence. 
Marte Janona 






























CHANGING FOR THE BETTER . 


Beyond the Therapeutic Community 
Social Learning and Social Psychiatry. By Maxwell J 
Pp. xxii+ 150. (Yale University Press: New Hav 
London, July 1968.) 58s. 





THE basic concept of the therapeutic community. is tha 
getting an individual to join a group, in which certain 
desired attitudes or behaviours are valued, will. 
















change him for the better. Maxwell Jones first app 
this idea to people who had employment and other sooi 
difficulties and subsequently extended it to those a 
to mental hospitals or prisons. He now further | 
it to take in more general educational pro 
devotes detailed attention to the problems o 
in a therapeutie community and indicates how: 
of group appraisal works in his own Seottish | 
hospital. Jones needs to assume that "the 
hospital ean be seen as a microcosm of society o 
because otherwise much of the text would appem 
vant to the larger issues he wishes to diseuss. Never 
less, he does not draw upon the very large and relev 
literature concerning the use and abuse of political pe 
although parallels seem to arise on every page, partion. 
larly when he is discussing the problems of leadership, 
consensus, decision-making, confrontation and crisis, 
Jones argues in favour of “multiple” leadership (based. 
however, on the charisma of one leader). The group will 
find itself (so long as the potential Trotskys contain 
themselves and the potential Red Guards are not over- 
enthusiastic) using the leader as their "vehicle of expres- 
sion". The value or otherwise of formal checks and 
balances and a formal opposition are not discussed. It is 
assumed that “a group identity" will emerge "that 
transcends individual identity” —demoeraey will then be 
fully achieved. 

Coming down from these higher planes to the actual 
treatment of patients, one is surprised to seo no attempt 
to deal with the rapidly growing scientific literature on 
social psychiatry, in which claims for social treatments are 
subjected to the same critical analysis and experimenta- 
tion as those for more traditional therapies. In the long 
run, the therapeutie community as defined by Maxwell 
Jones must prove itself in practical terms. At the very 
least it must be shown that people who are exposed to it 
are betier off in some measurable way than people who 
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are not. This minimal demonstration has yet to be made. 
Meanwhile, all those who are concerned with the 

management of institutions which try to change people 

will profit from reading this book. J. K. Wine 


HITCHCOCKIAN FICTION 


Is Anyone There ? 
By Isaac Asimov. Pp. xii 320. 
London, September 1968.) 355. 


(Rapp and Whiting: 


(Tuis is a somewhat miscellaneous collection of thirty- 
seven essays written at various times for various magazines 
on various subjects, from the comparatively homely (effects 
of chemicals on the human brain) to the comparatively 
exotie (hundreds of millenia of space-travel). 

Not all the essays appeared in Consultant, Science. Year, 
Petroleum Today, ov The North American Review (an excel- 
lent short survey of the time-paradoxes in the theory of 
relativity). Some come from Harper's Bazaar, Mademoi- 
aelle, Cavalier, and Venture Science Fiction. Within reason. 
most people like to know why they eat too much, what 
amino-acids do, or why their neighbours are schizophrenic. 

In many ways, Isaac Asimov is the Hitcheock of 
American popularizers. darling at once of the masses and 
the intellectuals. His methods of exposition are clear but 
slightly tricky; he dearly loves a weird effect; and he 
makes, as it were, personal appearances ("When I was 
young. 1 used to win niékels by betting I could write down 
the names of all the States in less than five minutes ...°”). 

Fast and interesting exposition communicates excite- 
ment over---for instance-—the constituent elements of the 
human body and the nature of blood identity; he has an 
excellent chapter on catalysts. using metaphor to describe 
their function and remove their mys (“Science is 
devoted to making the universe less mysterious"). Meta- 
phor is an essential part of his expository method. 

As he works his way out into the universe, attention 
becomes less engaged. One wonders if science-popularizers 
should devote themselves so whole-heartedly to making 
the universe less mysterious. In a chapter on the tan- 
talizing subject of the atmosphere of Earth in Cryptozoie 
eons, Asimov has this to say: "By some 600,000,000 years 
age, the amount of oxygen in the atmosphere had grown 
to be at least one-tenth what it is now, This brought about 
a biological revolution and ushered in what geologists call 
the Cambrian period”. Although he then tarns to mend 
the gulf existing between these two sentences. the reader 
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OBJECTS IN SPACE 


Plasma Astrophysics 

Edited by P. A. Sturrock. (Proceedings of the Inter- 
national School of Physics “Enrico Fermi", Course 39. 
Varenna on Lake Como, July 11-30, 1966.) Pp. xvi+ 
364. (Academic Press: New York and London, 1967.) 
182s. 


High Energy Astrophysics 

Vol. 3. Edited by C. DeWitt, E. Schatzman and P. Veron. 
(Lectures delivered at Les Houches during the 1966 ses- 
sion of the Summer School of Theoretical Physies.) Pp. 
xii+ 449. (Gordon and Breach: New York and London, 
1967.) $12.50 boards; $8.50 paper. 


Tr is plausible to suppose that the probability of finding 
an unlikely object in space increases as the volume sur- 
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(originally the reader of The World Book Science Annual) 
may come to think of the biological revolution as an event 
— somewhat like the French Revolution—and certainly 
not as a process as gradual as the accumulation of oxygen 
itself. Perhaps the faets are conveyed; the truth escapes. 

Still further away from the here and now, he can 
explain why the broadcasters of radio waves from a source 
known as CTA-21,. if they come into the category of 
intelligent life, must be thousands of years in advance of 
our civilization. He can tell us what a Martian would look 
like, were he not an impossible being. There is no necessity 
to believe him when he tells us that within a hundred light 
years of us there are fifty Earth-like planets; isn't it 
greater wisdom to admit we still don't know ? 

1f one is an optimist, however, one can speeulate 
cheerfully about little self-contained worlds hollowed out 
of the moon, the asteroids, and so on, and visualize the 
descendants of man—a null-g species-—careering about in 
these capsules for millions of years. One can so do, even 
if the sense of strain shows. But Asimov, as several of his 
science-fiction stories demonstrate. is unusually pre- 
disposed towards living underground away from the Sun. 
(Furthermore, “many advantages of living underground 
can be duplicated underwater.) 

Some readers will not wish to follow him this far. 
Asimov's optimism, like that of many other progress-fan, 
leads him to superficiality and seeming callousness when 
discussing human problems. He shows an impatience 
with individuals missing from his approach to the common 
enzymes. It is insufficient, even in a quick whizz through 
The World of 1990, to dismiss the pains of taming new 
lands for colonization by saying that nuclear energy will 
help in opening up the Antarctie for habitation, or that 
“The jungle will have fewer terrors, for the large predators 
will be either extinct or definitely on the road to extinction 
by then, and the more deadly insects, worms, and micro- 
organisms will be under better control". So much for 
conservation ! 

Perhaps one takes too seriously a volume that may be 
no more than the modern equivalent of a book of E. V. 
Lucas's belles-lettres; certainly the last facetious chapters 
on science-fiction dispose one towards this view. But, 
although the book is not a particularly good one. it 
frequently approaches something more ambitious. Asimov. 
here at least, is partly the victim of his virtues; his 
Hiteheockian sleight of hand may both baffle the ground- 
lings of Harper's Bazaar and make the judicious of 
The North American Review grieve. 

Brian W. ALDISS 


Sciences 


veyed. We should not find it surprising, therefore, that 
progress in astronomy produces an increasing awareness 
of our ignorance. In the past few years, radio galaxies, 
quasistellar objects and pulsars have, in rapid succession, 
pointed out how limited is our knowledge and how feeble 
our imagination. The two books under review represent 
the reachings of that imagination towards the heavens 
whieh far exceed its grasp. 

The first, Plasma Astrophysics, represents an attempt 
to apply our gradually increasing knowledge of the 
dynamical processes in ionized gases to an explanation of 
astronomical phenomena. Plasma physics is expounded 
by Lust in an introductory chapter, while Sturrock gives a 
short description of wave phenomena in uniform plasmas, 
and Kulsrud provides a remarkably condensed account of 
plasma instabilities. A further chapter by Scheuer 
describes the process of synchrotron radiation, which is 
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astronomical sources. A good third of the book is devoted 
to the behaviour of the Sun, largely an account by Bumba, 
Zirin and Boischot of observations of motions and mag- 
netie fields in the solar atmosphere, and of the radio 
signals emitted by the Sun. One might feel that this is a 
region in which theory and observation could be brought 
together; there is a great mass of detailed information, 
while the physies involved, classical fluid motion and 
electromagnetism, is well explored. The motions, how- 
ever. are turbulent, and violently distort the magnetic 
fields, and even in this familiar region our grasp of physies 
is not sufficient to provide an adequate understanding of 
processes on the solar surface. Theoretical progress is 
modest, but Sturrock deseribes some possible magnetic 
struetures and gives a plausible theory of solar flares, 
while Parker discusses the turbulent heating of the corona 
and the origin of the solar wind. 

À somewhat more remote study is that of stellar mag- 
netism, to which Mestel applies the concepts of magneto- 
hydrodynamies. He investigates both the effects of a 
primeval magnetic field on star formation and the 
development of magnetic fields by dynamo or “battery” 
action in a star. 

Observations again dominate two chapters by M. 
Burbidge and Scheuer on radio galaxies and quasi-stellar 
objects as they appear in the optical and radio frequency 
parts of the spectrum. G. Burbidge then discusses pos- 
sible sources of y and X-rays and describes a number of 
physieal models of radio galaxies and quasi-stellar sources, 
none of which he finds satisfactory. although Sturrock 
attempts to provide one by a scaled-up version of his solar 
flare theory. 

The second book, High Energy Astrophysics, the third 
volume of which is entitled "General Relativity and High 
Density Astrophysics’, is. in fact, entirely about the 
properties of matter at very high densities, and as such is 
much further removed from observation than is the first 
volume; indeed, much of the book is devoted to neutron 
stars for whose existence there is no observational 
evidence. On the other hand, eondensed matter has been 
found in white dwarfs, to which a few uncritical pages are 
devoted. 

Even although there are no observations, so powerful are 
the methods of thermodynamies that a good many things 
can be said about the properties of very dense objects, and 
a good deal is said. As white dwarf densities degenerate, 
electrons provide support, and the equilibrium is, by 
astrophysical standards, fairly well understood. As 
densities increase, however, the repulsive forces between 
nuclei come into play, the underlying physics becomes less 
clear and the relevant nuclear forces are uncertain. as is the 
thermodynamies of nuclei away from the lowest energy 
states. In spite of these uncertainties, however. Cameron 
and his colleagues have explored in some detail possible 
models of extremely dense stellar interiors, finding equili- 
brium structures, the concentration of nuclear species, the 
stability and rates of cooling. One would feel, perhaps, a 
little more comfortable about these arguments if the theory 
of conventional stellar structure were adequate unam- 
biguously to predict the neutrino flux through the Earth. 

When a star has exhausted its available nuclear energy. 
it must collapse, and, as it does so. endothermic nuclear 
reactions may produce a copious flux of neutrinos and a 
sudden release of gravitational energy. If the star is 
sufficiently massive this may be deposited in the outer 
parts of the star and a supernova explosion produced. 
Arnett describes calculations describing this process, but. 
makes no serious attempts to relate these to the meagre 
observations of supernova. 

In extremely dense stars, the neutron may be more 
stable than the proton with its associated electrical energy. 
and in such circumstances inverse 8 decay will produce a 
star composed entirely of neutrons, an object first dis- 
cussed by Oppenheimer and Volkoff in 1939. At such high 





PEN believed to explain the polarized light from many i 





. densities one expects Newtonian gravitational theory £o. 


be inadequate, and to find significant relativistic effects on 
the stellar structure. The second half of this book 
comprises an excellent review by Thorne of those effects. 
It is somewhat surprising that although general relati stic 
effects on equilibrium are modest, the effect on stability is. 
significant, hence the subject is of genuine importance im 
the study of superdeuse stars. : 

The final section of the book is devoted to one. of the | 
puzzles of gravitational theory: the gravitational collapse — 
of massive objects, a puzzle that exists even in À ian 
theory and requires only the principle of equivalence. 
As gravitational forces increase with mass, and also. 
with density, any large enough object must collapse to an 
infinitely dense point. It is a modest consolation tha the D 
gravitational red-shift and the asseciated time. dilatio 
both well established phenomena, will ensure 
outside observer the collapse occurs infinitely slow! 
the objeet slowly vanishes before che final catast ap 
Thorne explains an elegant theorem of Penrose: 
suggests that deviations fr om spherizal symmetry. will i 
alter these conclusions, and using Kruskal's ! 
the Schwarzschild metric gives a picturesque accon: 
the collapse process. but does not really make th 
state of the object more intelligible. 

Both of these volumes make interesting: read 
although the production of the second somewhat di 
ishes that pleasure. The first, lying as it does mm 
to observation, should be of interest to. many nstro-- 
physicists, and should help to bridge the gap ; 
them and ead colleagues who work with pl 





























the rather pa record of plasma theory 
laboratory results. The second volume 
extreme limits of extrapolation of j| physi 
such is exciting; it is, however, a long 
empirical science of astronomy, and I expec 
be more seductive than productive. Tt is: 
cut off from observation, however, as ie 
Thorne’s Research Problem No. 20, “Detect $ 

from a neutron star—-and convince the aste 
community that the source is indeed a neutron 
WILLIAM B. TH 








ASTRONOMY BOOM 


The New Universe 

By H. A. Brück, Sir Bernard Lovell, Sir Richard bins Der 
Riet Woolley, Sir Martin Ryle, J. Shakeshaft, R. D. 
Davies, J. L. Greenstein, M. Schmidt, Frederick Reines 
and R. H. Dicke. (A Science Journal Book.) Pp. 127. 
(liffe: London, 1968.) 42s. 


THERE is no doubt that astronomy is the growth science 
of the 1960s, and there is no sign yet of the present boom 
reaching a peak. Astronomers are at full stretch to explain 
the three unexpected discoveries of the decade--the 
microwave background radiation, the quasars, and now 
the pulsars. Awareness of the existence of quasars. and 
their unusual properties dates from about 1960 with the 
identification of 3C 48 with a 16th magnitude star, and 
the pervading presence of the micrewave radiation was 
realized in 1964. Pulsars may not have the same. signi- 
ficance to the burning question of the nature f the 
universe as do quasars and the microwaves, birt their 
discovery a year ago is proving no less of a headache to 
theoreticians. Unfortunately for the publishers of he 
New Universe, pulsars came too late to receive anything 
more than a brief mention in an introduction to the book 
by the Astronomer Royal for Scotland, Professor H. A. 
Briick. The book is a collection of articles published in 
Science Journal in October 1966 covering the achieve- 
ments of recent years and the problems astronomy. ie. 
facing today. The format of Seienee Journal has been 
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largely retained, and the eight artieles making up the 
bulk of the book are clarified with the diagrams which 
originally accompanied them. One quibble—one or two 
illustrations retam what are, to me, rather dull colours, 
carried over presumably from the original articles. In the 
article by Dr R. D. Davies on magnetic fields in galaxies, 
for example, an otherwise splendid photograph of the 
Crab Nebula is printed in a particularly drab shade of 
pea-soup green. Otherwise, the illustrations are successful 
in clarifying points made in the text, and there are several 
eolour photographs. 

The New Universe stands out from the current flood of 
astronomy books. Written by the scientists responsible 
for many of the important developments described, it 
takes the reader rapidly to the new discoveries and their 
importance. It is therefore chiefly for the reader who 
wants to know what astronomers are doing today, 
and who is willing to forgo an extensive history of the 
subjeet, already covered very well in any number of 
books. 

It is worth listing the contributors and the articles 
they have written. Sir Bernard Lovell sets the scene for 
the progress of the 1960s with an article which gives the 
book its title, and Sir Richard Woolley describes the 
galaxy and how it was mapped out. Sir Martin Ryle and 
Dr John Shakeshaft write on radio galaxies, Dr R. D. 
Davies on magnetic fields in galaxies, Dr Jesse L. Green- 
stein on observing the universe (an article discussing 
what sort of telescopes are needed), Dr Maarten Schmidt 
on quasi-stellar objects, Frederick Reines on neutrino 
astronomy, and R. H. Dicke on gravitation and the 
universe. The mtroduction by Professor Briick serves to 
tie the whole together. EDWARD PHILLIPS 


SPACE ODYSSEY 





Gemini 7 taken through the hatch window of Gemini 6 at an 
altitude of 160 miles—one of the illustrations from The Promise 
of Space, by Arthur C. Clarke (Hodder and Stoughton: London, 
70s). This well-illustrated book by the author of some twenty 
works of science fiction and several popular books on 
astronautics is a review of what has been done so far in the 
exploration of space and what may happen in the future. 
In the introduction to his book Clarke writes that after a 
“prolonged and near-fatal flirtation with the Indian Ocean" 
described in an earlier book, his interest in space travel was 
reawakened by “three years’ hard labour" working on the film 
2001: A Space Odyssey with Stanley Kubrick. The result was 
this entirely new work, replacing his earlier books on space 
travel now made very much out of date. Clarke optimistic- 
ally hopes The Promise of Space will not depreciate technologic- 
ally by more than a few per cent per annum. 
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LOOKING AT STARS 


Observation in Modern Astronomy 
By David 8. Evans. Pp. xiv+273+48 plates. (English 
Universities Press: London, August 1968.) 84s. 


Tuts book deals with the uses of ground based optical 
telescopes; it gives a general review of modern observa- 
tional techniques and the results which have been 
obtained. Written for the general reader, with a deserip- 
tive and non-mathematical exposition, it achieves a good 
balance between the seven areas covered. These are: 
positional astronomy (the accurate measurement of the 
positions of stars and how these change with time); the 
measurement and analysis of stellar radiation and the 
classification of stars as to spectral type; the relations 
between stellar magnitudes, temperatures, masses, spectral 
types, etc., and their bearing on the problems of stellar 
evolution; the motions of stars in the galaxy; variable 
stars, novae and supernovae; binary stars and stellar 
associations; and, finally, galaxies with particular refer- 
ence to the Milky Way system. Each section contains a 
list of references which will lead the reader on to more 
detailed reading matter. It is a pity, however, that no 
references later than 1965 are made, because this leaves 
certain paragraphs, such as those dealing with quasars 
and cosmology, sadly out of date. The production of the 
book is good, although I would have liked to see more 
figures in the text as this would definitely assist some 
of the descriptive passages. The 48 plates are exception- 
ally fine, although it is odd that they do not seem to be 
referred to in the text. 

While the book emphasizes the older and well proven 
observational techniques, it is disappointing that many 
newer techniques are omitted or at best just mentioned. 
The author quotes as his cardinal rule “Write about what 
you know, and not what you think you ought to know". 
It seems unfortunate to me that this has led him to omit 
any mention of our nearest astronomical neighbours, the 
Sun, the Moon and the planets. 

In the preface the author states that he has tried to 
produce “a manual for the student who aspires to be a 
working astronomer, or the physicist who wants to know 
what gocs on in observatories, which will give indications 
of standard methods and standard topics of discussion". 
He describes astronomical research as the painstaking 
recording of telescopic observations, their complex reduc- 
tion and the slow but sure revelation of the structure of 
the stars and the galaxies. These are truly important 
aspects of astronomical work, but, for me, the author 
fails to engender enthusiasm and much of the excitement 
of present day astronomy is lost. Astronomy is not as 
dull as it is here made out to be. We are living in great 
times and soon man will set foot on the Moon and look 
up at the stars without being fettered by the earthly 
blanketing atmosphere. In the next decade we can truly 
say the sky is the limit. Never before have astronomers 
lived at such an exciting time. Davip W. HUGHES 


TRIBUTES TO AN ASTRONOMER 


Modern Astrophysics 

A Memorial to Otto Struve. Edited by M. Hack. Pp. 360. 
(Gauthier-Villars: Paris; Gordon and Breach: New York, 
1967.) 78 francs. 


OTTO STRUVE was a great man, one of the leading astrono- 
mers in the present century. At various times he held 
some of the most eminent positions in astronomy: he 
directed Yerkes Observatory for eighteen years during the 
period of its greatest activity and distinction; from there 
he moved to Berkeley and, towards the end of his life, he 
was the first director of the National Radio Astronomy 
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Observatory at Green Bank, West Virginia. He was also 


president of the International Astronomical Union, at a 


time when modern astrophysies and radio astronomy were 
beginning their spectacular development. In summary, 
he was a leader of men during an important epoch. 
Nevertheless, he found the time to do much observation 
and research and to publish nearly a thousand papers. 

What was the character of this man who achieved so 
much and earned so many distinetions ? In appearance and 
bearing he looked rather like a general in mufti, and indeed 
he had served in the Russian White Army at one time. 
His attitude to scientific matters was somewhat military 
too: simple effects have simple explanations and he 
expected to be able to find such explanations without too 
much delay in any instance. He was direct and out- 
spoken and he would give his frank opinion to whoever 
needed it. This might be some astronomical Procrustes, 
trying to stretch the protesting universe into his pre- 
conceived theoretical bed; it might be some committee 
in Washington attempting to push through a harebrained 
scheme that only a committee could dream up; or it 
could just be a research assistant who had done a bad 
job. 

Now, some years after his death, thirty-six astronomers 
have eollaborated to produce this volume in honour of his 
memory. Many are former associates, two (Strómgren and 
Morgan) were subsequent directors at Yerkes, and one 
(Swings) a later president of the IAU. Not all were 
direetly associated with Struve but, as Ginzburg remarks 
at the end of his paper, this was ‘‘all the more reason . . . 
to write a paper ... to pay tribute... to the memory of a 
man whose name is inseparably linked with the develop- 
ment of astronomy in this century”. 

Indeed, Ginzburg, who had never met Struve, pays the 
most sincere homage, writes the most useful contribution. 
on cosmic ray astrophysics, and comes closest in spirit to 
the title of the book. Struve would have doubtless liked 
this article. He would have also liked those by Mrs 
Bóhm-Vitense on magnetie stars, and by Swings on 
moleeular astrophysies; the former because it takes a 
simple model and explores its consequences in common- 
sense fashion, the latter because it starts from a historical 
point of view and gently brings the reader up to date. 

But what would Struve have said about a book called 
Modern Astrophysics, in which chapter one deals with 
the question of what Plutarch might have known about 
the Moon ? What would he have said about contributors 
who sent in bits of lecture notes, accounts of investigations 
that turned out to be inconclusive, lengthy computer 
programs or other unpublishable matter ? What would 
he have said about the erratic typesetting and proof- 
reading and the strange lapses in English syntax ? Those 
of us who knew him will have little trouble in answering 
these questions. 

Doubtless the organizers of this volume meant well, 
but their achievement does not match their intentions. 
The man to whom they wanted to pay tribute deserves a 
better memorial. F. D. Kann 


CELESTIAL MECHANICS 


Analytical and Numerical Methods of 
Mechanics 

By G. A. Chebotarev. "Translated by Seripta Technica. 

Translation edited by Ludwig Oster. (Modern Analytic 

and Computational Methods in Science and Mathematics.) 

Pp. xvilit+ 331. (Elsevier: New York, Amsterdam and 

London, 1967.) 175s. 


Tue general theory of celestial mechanics has been well 
covered in the literature, but books for the practitioners 
who have to compute perturbations and construct 
ephemerides have not been so common, and this excep- 
tionally readable introduction to the practical aspects of 


Celestial 
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the subject will be particularly welcome to those who wish. : 
-to engage in numerical celestial mechanics. The author's | 


principal object has been to provide his readers with as _ 
complete an account of perturbation methods and their - 
numerical application as can be put into a book of reason- 
able size; there is little doubt that he has succeeded | 
admirably, and has made a valuable contribution to the | 
literature which every intending practitioner should be 
advised to read. It may seem presumptuous for à t : 
practitioner to express such opinions on a matter out 
his competence, but the general excellence of the presente 
tion leaves room for no other, and, on consultation, 
practitioners have confirmed these views. m 
To give some idea of the scope of the book, the first. . 
chapter mentions time reckoning briefly and goes on to: 
give an account of coordinate systems and the relations 
between them; the second chapter discusses the th 
of the major planets from the pomt of view of tl 
Laplace-Newcomb method, and the third contains a dis- | 
cussion of the theory of the minor planets based on Hill's 
method and Poincaré’s periodic orbits. Succeeding - 
chapters deal with satellite theory, Hill's lunar theory, 
and cometary theory using Cowell's method. There are | 
seventeen appendices containing various useful formuli 
astronomical constants, and orbital elements, and th 
is also a long list of references, mostly to papers by _ 
Russian authors. The translation editor has provided | 
some general references in English, but has not attempted: 
to give references to recent original papers in English, ~ 
which, as he remarks, can be obtained readily by thambing = 
through suitable journals; he has also provided a useful 
index. i 
The author assumes a general background knowledge of 
mathematics, mechanics and gravitational theory, and . 
proceeds to develop each of the methods in detail, with 
clear instructions on how to proceed with their ; 
tions. The text is supplied liberally with num 
information about the orbital elements of pli 
satellites, and there is mention, with references, . 
other than those which are develcped in de 
addition, there is a lot of historical informatio 
fascinating asides to enliven the otherwise ine 
nature of the material. One possible criticisn 
there is little indication of the merits and demert 
various methods from the point of view of convèni 
and eomputational aceuracy, but this is consistent. 
the general philosophy of omitting background material | 
that can be found elsewhere, and to have included it. 
would have increased the length of the book unduly, The 
format is clear and the translation is good. It appears 
that the equations have been taker directly from the 
original Russian text and that they have been reduced. 
in size during the process; this results in the characters 
in some of the more elaborate formulae being rather too 
small for comfort, but the reproduction is clear, so they 
can be read by those with good eyesight. There are some 
errors in the text, but most of them are rather obvious 
and should not cause confusion. G. N. Wann 


















































MEANINGFUL HISTORY 


A History of Mathematics 
By Carl B. Boyer. Pp. xv+717. (Wiley: New York and 
London, September 1968.) 97s. 


Tue history of mathematics is not sc easy to tell as the 
many authors of books usurping this title seem to think. 
The requirements of meaningful histery-writmg are not 
satisfied by the mere recital of a succession of mathematical 
achievements of widely varying types and quality. The 
all but smooth growth of mathematical thought only 
aequires significance of it is brought into relation with the 
vicissitudes of the intellectual environment in which it has 
taken place and the social needs to which it responded... 
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The pertinence of this simple consideration eannot be 
better illustrated than by putting it in practice, as D. J. 
Struik has done in his Concise History of Mathematics ; 
although the modest compass of this book prevented the 
author from giving full scope to the discussion of the 
social aspects, he managed, by including them in the 
picture, to convey the impression of active thinking and 
human endeavour that is so painfully lacking in the 
traditional expositions. 

The author of the present volume is not one of those 
who would regard any allusion to social implications of the 
queen of sciences as irrelevant, if not irreverent; but he is 
not too keen either to follow Struik's example. In fact, the 
brief discussions he inserts here and there of the impact of 
political events upon the development of mathematics 
are rather half-hearted and, as a result, muddled. When 
he gives biographical details about the heroes of his tale, 
they do not rise above the anecdotie; when he enquires 
into the social station of mathematicians and the organiza- 
tion of their activity at different periods and among 
different nations, he does declare that the question is 
“interesting”, but he does not say why. This is all the 
more regrettable as he writes for students of mathematics, 
for whom such a course may be the only opportunity of 
becoming aware of these important historical issues. 
However much we may deplore it, we have to take 
this textbook for what it is: a refined product of the 
conventional brand, in which history is conceived in the 
narrative manner of Herodotus, rather than in the 
searching spirit of Thueydides. 

From this narrower point of view, the book deserves 
high praise. It is written in a simple, pleasant style; the 
mathematical arguments are presented with great 
elegance and clear emphasis on the essential points. The 
author’s mastery of the mathematical side of the subject 
is as deep as his information is all-embracing and up to 
date, Each chapter is provided with an excellent bibli- 
ography, more detailed than one would expect to find in 
a textbook; scholars will be happy to make use of it. 
Students øre offered a large choice of exercises, which may 
tend to confirm them in the belief that their history course 
is just an entertaining diversion; even so, they will be 
fortunate to have accomplished their sightseeing tour into 
the past under such authoritative guidance. 

L. RosENFELD 


ARTIN'S NOTES 


Algebraic Numbers and Algebraic Functions 

By Emil Artin. (Notes on Mathematies and its Appli- 
cations.) Pp. xii4-349. (Nelson: London, July 1968.) 
905. 


THis book reproduces, without any essential changes, 
a set of mimeographed notes of a course of lectures 
given by Emil Artin in 1950 and 1951. In their original 
format, these notes have been familiar for many years 
to specialists in algebraie number theory. They provide 
an efficient and elegant account of the theory of local 
fields (including local class field theory) and of function 
fields in one variable. 

In a little more detail, the contents are as follows. 
Part one (chapters 1 to 5) deals with valuation theory: 
valuations of a field, completion with respect to a valuation, 
complete fields, ramification and residue class degrees, 
ramification groups and the different. Part two (chapters 
6 to 10), which includes a preliminary chapter on Galois 
theory for infinite field extensions and Galois cohomology, 
covers local class field theory and its applications. In 
the third part (chapters 11 to 17) the global fields of 
number theory (that is, algebraic number fields and 
function fields in one variable) are characterized by 
means of the product formula for valuations: up to a 
point, this allows the two types of global field to be 
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treated simultaneously on the same footing. The re- 
maining chapters of the third part are devoted to topies 
which are peculiar to the function field ease: the 
Riemann-Roch theorem and its applications, the effect 
of constant field extensions, and differentials. 

In principle, anything that Artin did is worth having, 
and some at least of the material here is not available 
in other texts. By making these notes generally available, 
the publishers have performed a useful service to the 
mathematical community. Il. G. MACDONALD 


MECHANICS OF PARTICLES 


Theoretical Mechanics 
By T. C. Bradbury. Pp. xiii +641. 
and London. April 1968.) 114s. 


THE theory of the classical mechanics of particles and 
rigid bodies is nowadays perhaps not the most glamorous 
branch of physies, and it is not easy to bring a fresh 
approach to it. The great merits of Professor Bradbury's 
book are that it is very readable and that it presents 
mechanies as a live subject which forms an important part 
of modern physics. The book is a textbook on rigid body 
and partiele dynamies suitable for undergraduates in 
their final two years, although many postgraduate 
students and others will read parts of it with profit. 
It is directed to the needs of physicists rather than of 
applied mathematieians or engineers, and this bias is 
refleeted in the illustrative examples and problems for 
solution by the student. The author has not hesitated, 
however, to draw his examples from many fields, and 
there are excursions, for instance, into electrical network 
theory, the theory of heat conduction, and electromagnetic 
theory. 

Almost a third of the book consists of material which 
would normally be dealt with in mathematies courses. 
The first three chapters on vector and tensor caleulus 
and matrix algebra treat these subjects fully and clearly. 
Towards the end of the book there is a chapter on the 
ealculus of variations, and substantial sections of other 
chapters are concerned with differential equations, 
Fourier series, and elliptic functions. The inclusion of 
such material makes the book long but self-contained. 
There is little in the treatment of the mathematical 
topies with which a mathematician would quarrel. The 
mechanics is developed in a conventional order; it pro- 
ceeds from one-dimensional motion of a particle to motion 
of a particle in two and three dimensions, and thence to 
many particle systems. The bias towards physics is 
illustrated by the presence of chapters on motion of a 
charged particle in an electromagnetic field and on 
scattering theory. Rigid body mechanics follows these and 
the final two chapters, each of about fifty pages, treat 
vibrating systems and special relativity respectively. 
The mechanies of deformable continuous media does 
not come within the scope of the book, although there 
is some discussion of vibrating elastic strings, rods and 
membranes in chapter 12. The emphasis throughout is 
on principles rather than on techniques of solution of 
difficult, problems, and there is a wealth of illuminating 
illustrative examples. 

Welcome features are the early and clearly explained 
introduction of Lagrange’s equations, the free use of 
veetor and tensor notation, and the stress placed on 
invariance principles from as early as page seven. The 
one feature I would wish to change is the treatment of 
continuous media, both rigid and deformable. as assem- 
blages of partieles, even though the ground has been 
well prepared, mathematically and conceptually, for a 
treatment more in keeping with modern continuum 
mechanics. This, however, is a small criticism of a large 
book, which forms a welcome addition to the literature 
on mechanies. A. J. M. SPENCER 


(Wiley: New York 
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BEHAVIOUR OF INSULATION 


Dielectric Relaxation 
By Vera V. Daniel. Pp. xiv+281. (Academie Press: 
London and New York, 1967.) 75s; $13. 


‘Tux days are remote when a Ferranti could suggest paper, 
when questioned about the possibilities of a cable for 
high voltage (10 kV ?) transmission. The days are also 
gone when a famous Metropolitan-Viekers engineer, 
taking part in one of the ineessant conferences to con- 
sider the reduction of manufacturing costs, could afford 
to say in effect, even if I do inadvertently misquote. "The 
trouble with our insulation is that it is too thick”. The 
lessons at any rate are clear: no one makes a significant 
advance without either introducing a new material or 
significantly achieving a new understanding of an old 
one. The book Dielectric Relaxation has certainly con- 
tributed greatly to our understanding of the behaviour 
of insulation for a specialist few. 

It was to be hoped that this topic, which is of great 
importance to the electrical engineering industry, might 
have been presented in a form more suited to its reading; 
this is partieularly 80, for the book has emanated from the 
Electrical Research Association. For example, the fol- 
lowing specific criticisms could well be advanced. The 
MKS system, and for that matter SI units, are now 
universally accepted throughout electrical engineering; 
Miss Daniel’s book uses CGS units throughout. The phy- 
sicists’ notation for complex terminology, which is s’ + ie”, 
is not used; the form acceptable to engineers, e’— ic^, is 
used, although i is used instead of j to represent the 
square root of minus. Furthermore, the physicists’ termin- 
ology such as *'Dieleetrie Constant" is used even though 
the author observes that engineers prefer “Relative 
Permittivity". 

The book in general is very good because it has been 
cast correctly towards physicists, engineers and chemists. 
It reduces mathematical proofs to a minimum and lucidly 
explains prevailing theories pertaining to the physical be- 
haviour of dielectries. The original criticism still remains, 
however, because couching the book in terms which are 
acceptable only to pure science research workers makes 
it difficult for it to be used by the majority of people 
most concerned with dielectrics; much is heard about 
two cultures, but it often appears that no concessions are 
to be made in terms of communication between the en- 
gineer and the physicist! This criticism is particularly 
apt when one considers the lack of sufficient detail in 
certain chapters, such as chapter six on measurements, 
for example. A practical engineer or, for that matter, a 
practical physicist would gain little from such a chapter 
because the material is lightweight and there are far 
better books covering the subject. A confusing misprint 
appears in chapter six in connexion with the Schering 
bridge equation, which should obviously be Z,Z,= Z,Z,. 

All those interested in dielectrics, their physical response 
and the interpretation of their behaviour should find the 
book both illuminating and very useful. It is one of the 
very few books attempting to relate theory with practice; 
this is an extremely difficult task when the theory has 
been derived for simple models, when practical insulation is 
in reality very complex. COLIN ADAMSON 


ALL ABOUT LASERS 


Gas Lasers 
By Arnold L. Bloom. (Wiley Series in Pure and Applied 
Optics.) Pp. ix-- 172. (Wiley: New York and London, 
1968.) 80s. 


Laser Parameter Measurements Handbook 

By H. G. Heard. (Wiley Series in Pure and Applied 
Optics.) Pp. xii--489. (Wiley: New York and London, 
1968.) 1508. 


soo 





"TugsE books are both in the Wiley Series in Pure and 
Applied Opties, and supplement one another rather well in - 
the field of gas lasers. Bloom’s book is intended for- 
scientists who need to use gas lasers and who wish io 
understand the principles of their operation so that they | 
can select a laser best suited to their particular needa ond 
can appreciate the design criteria which limit its perfore 
mance. The handbook is really a laboratory reference 
work dealing with all the available teehniques for me: 
ing properties, from noise and coherence to energy of m. : 
types of laser. It contains the contributions of thirty-seven. 
authors who conducted an extensive literature si 
Gas Lasers deals first with the fundamental prope 
and principles of laser action. Mathematical techniqi 
used wherever they are appropriate, but one of t à 
features of the book is that it emphasizes the physical 
principles involved rather than trying to preserve 
mathematical rigor. An interesting derivation of the. 
basic equations is given using an analogue of Bloch’s 
phenomenological equations to deseribe the behaviour of 
classical variables directly. Some discussion of the rate 
equations could perhaps usefully have been ineluded as 
well. The next section reviews the practical characteris- 
ties of neutral atom, molecular and eontinuous ion gas 
lasers and treats briefly the effects o? applied magnetic ^| 
fields and tube length and bore on the gain of the lasers. 
The properties of resonators and methods of athieving 
single spatial or temporal mode operation are discussed. 
Optical characteristies of laser beams including the effects > 
of truncation and aberration in focused beams and plasma 
and mode interaction noise are compared with the char 
teristics of "ideal" Gaussian laser beams. Finali 
applications are discussed and safety preblems reviewed. 
The Laser Parameter Measurements Handbook is unique 
in the sense that it deals comprehensively with a wid 
range of measurement techniques spanning a wavelength 
range from 200 nm to 0-4 mm and suitable for laser: 
operating in modes from continuous to Q-switched, t. 
includes a discussion of some statistics of data analysis 
and the problems associated with sampling the required 
characteristic of the laser beam, particularly that of the ^ 
interaction of the beam with the sampling device. LU 
Newer techniques like resonant transition monitoring, 
harmonie conversion and photochemical decomposition: 
are evaluated. Each chapter reviews the principles of and 
the chief problems associated with the measurement of 
the parameters concerned, which are the beam and gain 
parameters, the energy, the wavelength, the frequency 
stability and the noise and modulation on laser carriers. 
The editor takes into account the fact that the book covers 
a wide variety of fields, each with its own system of 
symbols, by including in each chapter a list of its, own 
principal symbols. This is an effective way of dealing 
with the problem. It is unfortunate, although no doubt 
understandable, that the references do not include any 
after 1966. Because the book covers thoroughly such a 
wide range of subjects, it seems well worth buying as a 
reference work. Linpsay Warp 




































NUCLEAR MODELS 


Collective Models of the Nucleus 
By J. P. Davidson. Pp. xii--238. ‘Academic Press: 
London and New York, August 1968.) 112s. 


THIs monograph gives a general review of collective models 
of the nucleus mainly from a phenomenological point of 
view. A basic introduction to macrescopic collective 
theory is given in a chapter on the physics of the Hquid 
drop and some useful appendices on rotation matrices, 
collective parameters and model state functions, This 
is followed by three chapters on the rotational and vibra- 
tional models for even-even nuclei, odd—A nuclei and odd- 
odd nuclei. The applications of these models in the inter- 
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pretation of a variety of nuclear phenomena are deseribed 
in ehapters on the electromagnetic properties of nuclei, 
alpha and beta decay, the nuclear photo-effect and 
mu-mesie atoms. The discussion of these latter topics is 
relatively brief and no attempt is made to review the 
current experimental situation or to survey the literature, 
although a substantial bibliography is given. 

The text is clear and the format is attractive, but the 
number of diagrams is quite surprisingly small considering 
that the subject is one which lends itself to pictorial 
representation more readily than many other branches of 
nuclear theory. It is not quite clear what level of reader- 
ship is aimed at. Postgraduate students and others new 
to the subject may find that some effort and reference to 
original papers are necessary to work through the book 
completely, but those with some knowledge of the subject 
may well find it one of the most enjoyable works on nuclear 
models currently available. Dapune F. JACKSON 


DALTON'S ACHIEVEMENTS 





Type of Volta's eudiometer described and used by John 
Dalton. This is one of several pieces of scientific apparatus 
used by Dalton described by Kathleen R. Farrar in a paper 
presented to a conference held in Manchester in 1966 to mark 
the bicentenary of Dalton's birth. This and the other papers 
have now been published in a volume edited by D. 5. L. 
Cardwell, John Dalton and the Progress of Science (Manchester 
University Press: Manchester, 55s). 


THEORY OF SOLIDS 


Solid State Physics 

An Introduction to its Theory. By Hylton Clark. Pp. 
vii+240. (Macmillan: London; St Martin's Press: New 
York, 1968.) 40s. 


Tar author has set out to write an elementary textbook 
dealing with the material basie to a more advanced course 
in solid state physics. It is a book designed to meet the 
specific needs of undergraduate and first year research 
students. It seems a pity that this fact could not have 
been more clearly expressed in the title. The level of the 
book is quite different from those with similar titles and 
this, together with the set of well-thought-out problems 
that appear at the end of each chapter, makes for a fairly 
unique text. 

Chapters 1, 2. 5 and 6 discuss the role of the electrons 
in solids. The material here, though perfectly standard, 


NATURE. VOL. 220, DECEMBER 7, 1968 


is quite clearly presented and with the minimum of 
*s . . it ean be shown that . . .". There are two 
chapters which deal with the lattice; the cohesive pro- 
perties of the principal types of solid are covered in the 
seventh chapter. Throughout the book, there is great 
emphasis on the fundamental property of crystalline 
solids; namely, the existence of a regular crystal lattice. 
Thus the third chapter is about elementary group theory and 
it is a useful introduction to the more advanced texts on the 
subject. Obviously, there are topics which the author has 
omitted and which individual readers will feel should 
have been considered. I would like to have seen the idea of 
electron screening in metallic crystals more explicitly 
discussed (the passing reference to it in chapter 7 is rather 
misleading). On the whole, however, the selection of 
material to be included has been wisely made. 

There are several places where a closer contact with 
experiment would have improved the book. The theory 
of solids, which really consists of a series of judicious 
approximations, has always developed hand in hand with 
experiment. “Metals are plastic . . . " asserts the author 
in the seventh chapter, forgetting to point out that many 
metals become brittle at low temperatures. Again, 
although the nearly free electron theory is adequately 
treated mathematically, the surprising success of this 
relatively crude model in describing the electron states of 
a variety of metals is not brought out at all. A reference 
to the underlying reasons behind this success would have 
been very weleome at this point. 

But, in spite of this criticism, this book must surely be 
counted a success and the author is to be congratulated on 
producing a well-written introduction to what is, after all, 
a difficult subject. J. E. ENDERBY 


NEW FRONTIERS 


Kinetics in Analytical Chemistry 

By Harry B. Mark, jun., and Garry A. Rechnitz. (Chemical 
Analysis: a Series of Monographs on Analytical Chemistry 
and its Applications, Vol. 24.) Pp. xi+339. (Interscience 
(Wiley): London and New York, August 1968.) 1605. 


During the past decade there has undoubtedly been an 
explosion of new ideas, methods and techniques in the 
traditionally conservative area of analytical chemistry. 
Many new physico-chemical procedures have come to the 
fore, and, in the area of trace analysis in particular, it may 
now be more appropriate to talk of analytieal scienee 
rather than chemistry. It is certainly true, however, that 
the sensitivity and specificity of these trace methods are 
such that many reaction rates can now be monitored by 
them to a degree not previously possible. Thus reaction 
kinetics can be pressed into service for analytical chemistry 
as well as the equilibrium methods used before. This use 
of dynamic systems opens out many new possibilities. For 
example, many isomeric compounds show little difference 
in reactivity under equilibrium conditions but may react 
at very different rates so that differentiation is easily 
possible. 

The role of kinetically based analytical procedures in 
analytical chemistry is the subject matter of this new 
book—the first in the field. The book is essentially con- 
cerned with the kinetics of slow reactions and their 
analytical implications. It first of all discusses methods 
for the measurement of reaction rates based on changes in 
concentration, temperature, solvent or ionic strength and 
deals with mixing methods, sprung and periodic methods, 
and so on. This is followed by chapters on kinetic methods 
for catalysed and uncatalysed reactions. A large section 
follows on the kinetic resolution of mixtures of closely 
related compounds and another on the basis of determin- 
ing mixtures or organie compounds by differential reaction 
rate methods. Finally, the text makes a full and detailed 
assessment of the value of using analytical reactions based 
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.. on kinetic measurements and it gives many examples based — 


* ehiefly on redox reactions in aqueous media. These give 
"very great food for thought, and on the inorganic side of 
trace chemistry they might well have sparked off a new 
frontier. Their importance, however, is largely over- 
shadowed by Walsh's evolution of atomic absorption 
spectroscopy which is virtually specific for metallic 
elements and which has been supplemented in sensitivity 
more recently by the advent of atomic fluorescence 
spectroscopy. Whilst, therefore, it is my opinion that the 
sensitivity, specificity and rapidity of atomic spectroscopy 
are analytically more advantageous in almost all cases, 
there is absolutely no doubt that, for organic or molecular 
problems, kinetic reactions are well to the forefront in 
interest and potential at the present time. 

. The book is well written and well produced. The mathe- 
matical treatment is clear and concise and need deter 
no one from reading this text. Whatever its impact may 
be on inorganic analysis, there is no doubt in my mind 

«that this book will play a significant part over the next few 
years in shaping the thinking of analytical scientists con- 
cerned with organic analysis. New frontiers present an 
unavoidable challenge. They are here in this book. 

T. S. West 


REFLECTANCE SPECTROSCOPY 


Modern Aspects of Reflectance Spectroscopy 

Edited by Wesley W. Wendlandt. (Proceedings of the 
American Chemical Society Symposium, September 11-12, 
1967; Chicago, Illinois.) Pp. x--254. (Plenum: New 
York, 1968.) $12.50. 


Tais book is a collection of the papers presented at the 
American Chemical Society Symposium on Reflectance 
Spectroscopy. Compared with absorption spectroscopy, 
reflexion studies have been comparatively neglected until 
recently. Now, with the ready availability of instruments 
for the direet recording of ultraviolet, visible and infrared 
spectra, there is a wide range of problems that can more 
easily be solved using reflexion rather than absorption 
methods. 

As most materials refleet a composite of specular and 
diffuse radiation, it is scarcely to be expected that the 
theory of reflexion from real surface would be simple. 
The present status of diffuse reflectance theory, however, 
is ably reviewed in the first contribution, which directs 
attention to the pitfalls of using "standard theory" for 
all materials. Throughout the rest of the book there 
tends to be a marked absence of basie theory and most 
of the papers deal with technical applications of an em- 
pirieal type. Many of these are of considerable industrial 
importance, and, as most of the substances studied have 
far from ideal surfaces in which multiple reflexion takes 
place, the lack of theory is perhaps justified. On this 
account the appeal of the book will be very much greater 
to the practical spectroscopist wishing to extend his 
knowledge of techniques rather than to the more theoretic- 
ally inclined scientist who uses the reflexion technique to 
gain information on optical constants. Although most of 
the papers deal with reflexion in the visible region, there 
is adequate coverage of the use of internal reflectance 
spectroscopy (ATR) in the infrared. Many of the con- 
tributions describe special techniques such as high tem- 
perature reflectance spectroscopy, reflectance from com- 
pacted powders, identification of gas chromatographic 
fractions, and other microsampling methods. 

The book is well illustrated with diagrams and pictures 
of apparatus. It is reproduced directly from the type- 
writer, which no doubt has kept the price within reasonable 
limits. It can be warmly recommended for the industrial 
speetroscopist who wishes to further his knowledge of 
spectroscopic techniques for dealing with difficult materials. 

G. R. WILKINSON 








FROM IONS TO HELICES 


Structure and Bonding 1 
Vol 4. Edited by C. K. Jorgensen, J. B. Neilands, Bit 
Ronald S. Nyholm, D. Reinen and R. J. P. Williams. Pp. 
iv--229. (Springer-Verlag: Berlin and New York, . 
1968.) 48 DM; $12. 


Tuis is the fourth of a series appearing at irregular 
intervals and dealing with structure and bonding in ^ 
inorganic chemistry, chemical physics and biochemistry. 
As in the preceding volume, there are only three articles. 
Two of these are encyclopaedic reviews and the third . 
is more akin to an original paper. P 

Two-thirds of the volume is taken up by F. Hulliger's 
“Crystal Chemistry of Chaleogenides and Pnictides o 
the Transition Elements". This extensive survey of the 
structures, electrical and magnetic properties of compounds 
of the elements of groups VB and VIB ef the Period) 
Table contains 532 references, 34 pages of tables an 
65 of the 77 figures in the volume. One half of a shorter 
article on “Quantum Chemical Studies of the Submoleculs 
Structure of the Nueleie Acids” by S. Fraga and C. — 
Valdemoro consists of tables and references. Tabulations: . 
of, for example, bond lengths and angles of purine and _ 
pyrimidine bases, z-electron charges, bond orders, orbital | 
and transition energies and of oscillator strengths form ©. 
the most useful feature of this review of theoretical 
work on the fundamental units of nucleic acids. A 
tentative explanation of coding specificity is given on 
the basis of electron density distribution for stacked 
bases. Finally, there is a short contribution “Tonic 
Radii and Enthalpies of Hydration of fons” by D. F. C. 
Morris. A new set of ionic radii is given for the alkali 
metal and halide ions, based on the minima in electron 
density in crystals. These radii differ markedly from 
conventional Pauling and Goldschmidt radii, those of 
the cations being larger and of the anions smaller. "The 
radii are used to estimate absolute enthalpies of hydration 
of the single ions. 

The editors have still failed to adopt a uniform format 
for tabulating references. Inadequate editing has also. 
left some rather bizarre English usage. Cumulative 
author and subjeet indices would be helpful in future 
volumes. As this expensive and rather diverse series 
is more likely to appeal to libraries than to individuals, 
hard covers would be preferable to the present limp 
bindings. F. J. €. Rossorrr 



















LATTICE DEFECTS 


Lattice Defects and their Interactions 

By R. R. Hasiguti. Pp. vii+ 1,144. (Gordon and Breach: 
New York and London. 1967.) Professional $35; Refer- 
ence $68. 


ArTER reading this book, I am sure the reader will remain 
somewhat puzzled as to the aim, purpose or usefulness of 
such a publication. Moreover, it is not until one reads 
the publicity “blurb” on the back flap of the book cover 
that the reason, or more accurately the exeuse, becomes 
apparent. It turns out that in September 1965 a sym- 
posium on lattice defects and their interactions was held 
at the University of Hawaii in Honolulu, sponsored by 
the Physical Societies of America and Japan, and the 
book contains expanded papers based on the talke 
presented there. 

Apart from such glaring weaknesses in presentation as 
the absence of a foreword or preface, the book abounds 
in errors both large and small. The editorial mistakes 
start at the contents page and continue, in varying 
degrees, almost throughout this bloated vekime of 1,144 
pages. Typical is the interchange of figares between 
non-related papers. For example, Fig. 1 ef the article 
by Hasiguti (which starts on page 201 and mot page 181) 
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is really Fig. 2 of the artiele by A. Sosin. Missing para- 
graphs or pages, for example, page 563 and page 1007, 
are also evident, and the conclusions to the paper by 
Yoshida and Kiritani are ineluded at the top of the last 
page rather than at the end of the artiele. All of which 
indicates that the task of editing the publication of a 
complete conference is too great to be carried out by 
just one of the conference participants. 

The book is arbitrarily divided into four sections called 
(i) elementary defeets, simple complexes and their inter- 
actions, (ii) elusters and dislocation loops, (iii) radiation 
damage, and (iv) collective behaviours and motions of 
dislocations and their results, respectively. There are, of 
course, some good articles included in the book, but in 
the main they are submerged by pages and pages of 
doubtful verbiage, of whieh the 165 pages devoted to 
digital computations of the energies of dislocations and 
point defects in f.c.c. metals using Morse potential func- 
tions must take the top prize. Most of the other artieles 
are, however, of a manageable length of 25 pages, with 
something for everyone. In general, much of the work 
described in the book is reasonably good conference 
material, certainly for a trip to Hawaii, but not for a 
book; not even a well.edited version. 

R. E. SMALLMAN 


POLAROGRAPHIC METHODS 


Polarography 

By D. R. Crow and J. V. Westwood. (Methuen's Mono- 
graphs on Chemical Subjects.) Pp. x+174. (Methuen: 
London, August 1968.) 30s. 


THis latest addition to Methuen’s well-known series of 
monographs on chemical subjects presents a fairly simple 
and concise account of the polarographic method written 


Biological 


SET TASKS 


Reward and Punishment in Human Learning 

Elements of a Behavior Theory. By Joseph Nuttin, 
in collaboration with Anthony G. Greenwald. Pp. 
x+205. (Academic Press: New York and London. 
July 1968.) 79s 4d. 


Teis short book is designed to discuss the question: 
"What is learned when a response is rewarded, and how 
does this differ from what is learned when a response is 
punished ?" Despite à statement on the jacket, the 
method is purely behavioural, not physiologieal: the 
authors advocate a ‘conception of a personality con- 
structively interacting with its environment . . . as the 
framework for theoretical analysis". 

The eore of the book consists of six chapters, each a 
detailed aecount of the findings from experiments in 
which human subjects are set tasks, such as estimating 
areas, and are variously rewarded or punished by being 
told "right" or "wrong". This work is due to the senior 
author, and was originally published (in French) in 
1953; some long footnotes and an appendix of 49 pages 
are designed to bring the text up to date and to present 
observations by the junior author. 

Among the conclusions from the experiments is "that 
rewards do not have any inherent property of enhancing 
stimulus-response connexion strength or in otherwise 
facilitating learning in laboratory learning tasks". 
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essentially with the undergraduate in mind. Although 
several specialist texts dealing with polarography are now 
available, and most textbooks of instrumental methods 
of chemical analysis give prominence to the methods and 
techniques of polarography, there does appear to be a 
need for a monograph of the size and scope of the present 
volume. 

After a short introduction to the subject, the funda- 
mental principles leading to the establishment of the 
llkovie equation are given. This is followed by aspects 
of the practice of classical d.c. polarography, including 
differential and derivative polarography. The use of 
polarography in the study of inorganic complexes, and im 
organie chemistry. is then described. The discourse on 
classical polarography is completed with an account of 
the amperometric titration technique. The book con- 
cludes with chapters dealing with the more sophisticated 
topies of a.c. and oscillographie polarography. 

There is no doubt about the utility of this little volume, 
particularly to the student concerned with electro- 
analytical processes. In recent years, polarography has 
become so much a part of the general analytical scene that 
a working knowledge of the method is essential for all 
professing an interest. in chemical analysis. The use of 
the techniques in advancing the study of organie reaction 
mechanisms, inorganie complexes and many other 
chemical problems will undoubtedly extend the appeal of 
this book to include the research worker with little or no 
previous knowledge of the field. Here he will find the 
essentials of polarography adequately presented for intro- 
ductory purposes and, if this is sufficient to arouse further 
interest, the moderate number of references at the end 
of each chapter should enable him to enter more fully 
into the literature on the polarographie method. This, 
then, is a book to be recommended to all interested in 
knowing about the fundamental principles of polaro- 
graphy. WILLIAM J. STEPHEN 


Sciences 


Emphasis is put rather on the importance of expectation 
that remembering a response (whether rewarded or 
punished) will be useful on future occasions. If punish- 
ment is infrequent, giving it may draw special attention 
to the punished responses, and these may be remembered 
better than others that have been rewarded. The authors 
criticize previous (early) work in which learning was 
reported to be enhaneed by reward: the experimenters 
often told their subjects that rewarded responses would 
later be more useful than punished ones, and they also 
used reward only infrequently. Clearly, controls for these 
features are needed in all experiments of the type described 
in this book. Whether similar effeets would be observed 
with rewards and punishments of different kinds is not 
discussed. 

The first and last of the chapters of the main text 
give the authors’ theoretical position. This is stated for 
the most part in turgid prose of high generality. The 
authors attack stimulus-response interpretations of human 
behaviour, though few people nowadays hold the views 
that they criticize. There are some tantalizing sentences 
which at first promise useful comment on current problems. 
For instance, what Nuttin and Greenwald call “the 
constructiveness of behaviour" demands discussion of 
curiosity, exploratory behaviour and allied activities; but 
this very relevant field of study is neglected. Again, 
we are told: “The basic product of learning is the 
acquisition of behavioural . capabilities at the per- 
former's disposal". But important questions of transfer 
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of training are ignored. Similarly, a plural interpretation 
of memory is implied, but is not followed up. 

"This book, with its detailed aceount of methods and 
findings, will be of interest to workers experimenting in 
special branehes of social and educational psychology; 
but the seope of the book is far too narrow for its title. 

S. A. BARNETT 


PHYSICS OF RADIOLOGY 


Fundamental Physics of Radiology 

By W. J. Meredith and J. B. Massey. 
(Wright: Bristol, 1968.) 90s. 

Tuis book sets down the basie physies of radiology in a 
straightforward and lucid way for the primary benefit of 
radiologists and radiographers. It is intended to educate 
those with limited physics training in the understanding 
of the properties of ionizing radiations and their applica- 
tions to medicine. In expounding their subject for this 
purpose, the authors have sueceeded admirably, and with- 
out doubt the book is one which will be widely used alike 
by students and their teachers. 

The material of the book is presented in four sections 
dealing respectively with general physics. diagnostic 
radiology, radiotherapy and radiation protection. The 
first section begins at once with the concepts of matter and 
energy, atomic and nuclear structure and radioactivity. 
Elementary electricity and magnetism. with which nearly 
all books on radiology begin, are not ineluded but left, 
sensibly in my view, to other available texts. The inter- 
action of radiation with matter, the measurement of radia- 
tion and the concepts of absorbed dose and of dose units 
are all thoroughly and lucidly expounded in this section. 

An outstanding feature is undoubtedly the section on 
diagnostice radiology, a subject which radiation physicists 
have rather tended to neglect. The treatment here is 
deeper and more extensive than in any other book of this 
kind that I know of and the relevance of the physical factors 
to diagnostic practice is kept clearly before the reader. 
Every step, from the passage of the X-ray beam through 
the body to the recording and processing of the image on 
the film, is carefully expounded. The factors affecting 
image quality (geometric factors, absorption and scatter- 
ing of X-rays, and so on) are discussed in turn and chapters 
on the practical operation of X-ray apparatus and on 
special techniques conclude the section, which is the 
longest and one of the most valuable parts of the book. 

Equal thoroughness and breadth are evident in the third 
section on radiotherapy, which gives the physical prin- 
ciples underlying the radiation treatment of disease and 
deals most thoroughly with practical methods of physical 
dosimetry, treatment planning and its execution. A large 
part of this section concerns the use of high energy 
radiation—from linear accelerators and — cobalt-60 
Sources—since these forms of apparatus have now almost 
superseded the lower voltage machines used hitherto. 
This change to the high energy machine is further reflected 
in the comparatively limited space given by the authors to 
the use of radium and radon sources. 

If one could fairly ask for more of a book which already 
gives so much, it would be that the section on radiation 
protection could be longer, not only in respect of the 
operator, but also with regard to the patient. Although 
other books specifically on the use of radioactive isotopes 
are available, some readers will, I think. wish that the 
single chapter on this subject could have been longer. 

The style of the book is lucid and it is easy to read, with 
an abundance of helpful diagrams. It is impossible in a 
short review to call attention to all the important facets of 
this book, but it is one to be highly recommended, not only 
to radiographers and postgraduate radiologist students. 
but to physieists in radiological work, irrespective of their 
involvement in teaching. F. W. Spiers 


Pp. viii +599. 





USING RADIOISOTOPES 


Radioisotopes in the Human Body 

Physical and Biological Aspeets. By F. W. Spiers 
(American Institute of Biological Sciences and US Atom 
Energy Commission.) Pp. xiv + 346. (Academic Press: 
New York and London, May 1968.) 14s. 

THE possible hazards arising from the absorption of radio- 
active material in the human body is an emotive subject 
in the popular imagination and at the same time the souree 
of a wide range of fascinating scientific problems. ‘The 
publicity given to radioactive fallout from nuclear 
explosions, to rare leaks of radioactivity into the atmo- 
sphere and to the occasional loss of a radioactive source, 
together with the extensive use of radioisotopes in med 
cine, industry and inereasingly in everyday life, have: 
tended to arouse somewhat irrational fears among ti 
general publie and even in many scientists. The common 
est reactions to the word “radioactive” are a step backs 
ward and an apprehensive smile. E 









There are still many unsolved probleins in this field, but ^| 
a generation of biologists and physicists, cf whom Profes-: o. 


sor Spiers is an undoubted leader, have brought the situa. 
tion into rational perspective and provided quantitative 
and satisfying answers to many of the major questions 
concerning the hazards of radioactivity. It should be 
made clear, however, that this book is not primarily 
concerned with the assessment of hazards nor with human 
reactions to them. The monograph is a comprehensive 
and scholarly presentation of the problems of the deposi- 
tion of radioisotopes in the human body and of methods 
by which the consequent radiation dosmnetry may he. 
achieved. This involves dealing with both the physical - 
and biological aspects of the subject, and the author 
has achieved à most satisfying synthesis. Although the 
problems are treated as rigorously as possible, the book 
should be well within the grasp of any interested physicist 
or biologist. Two introductory chapters cover the physical 
properties of radioisotopes and their radiations and: 
isotope metabolism in the human. The eere of the | 
is concerned with the dosimetry of radiossotopes in 
tissue and in bone and is both comprehensive and a 
tative. Not unnaturally, in view of Spiers's owt 
ing work in this field, and also of its importance 
point of view of isotope deposition, bone is studied in 
considerable detail. This study is a most valuable contri- 
bution to a complex and difficult problem. ce 

One chapter is devoted to the quantitative determina. — 
tion of both natural and man-made radioactive materials > 
in the human body. Only in the final chapter is the ques- 
tion of hazard, as such, raised. 
the present position on the determination of maximum 
permissible levels of radioisotopes in the body and of 
recommended maximum concentrations of radioisotopes 
in water and air. 

This book will undoubtedly become a standard work in 
this field, of constant value to medical men, physicists 
and biologists using radioisotopes in medicine and biology, 
and to all who are concerned with radiological protection. 

J. E. ROBERTS 














PAINFUL STIMULI 


Pain 
Edited by A. Soulairac, J. Cahn and J. Charpentier. 
(Proceedings of the International Symposium on Pain 


organized by the Laboratory of  Psyehophysiology, 
Faculty of Sciences, Paris, April 11-13. 1967.) Pp. 
xi4 562. (Academic Press: London and New York, 


1968.) 1265. 

THIS symposium, dedicated to the memory of René 
Leriche, had two avowed aims: first, to review recent 
important progress in the physiology, pharmaeology 










This chapter summarizes 
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and pathogenesis of pain and, second, to derive from the 
various disciplines a “total and unitary concept of pain”. 

Whilst the first of these aims was realized, the second, 
regrettably, was not, and at the present stage of knowledge 
it seems a rather ambitious aim. It is a goal always to 
be kept in mind, however, and one which will be reached, 
if ever, by diverse paths. Many of these paths were 
described by the contributors to this symposium and 
they ranged from a study of tail-flick in the rat in response 
to radiant-heat before and after various analgesics to 
the perception of pain in man inflieted by electrically 
stimulating the teeth. 

An interesting and intermediate path between the 
study of rodents and the study of man is represented 
by the paper in which D. Rémer describes analgesic 
effects in the monkey. The "painful" stimulus was an 
alternating current passed through the tail, and the 
monkey's responses included mydriases, slight facial 
movements with or without crying, baring of teeth 
with loud erying, and pronounced agitation. Some 
excellent photographs accompany this paper. 

In their preface the editors claim that this volume is 
unique for the amount of information it contains on all 
aspects of pain. Its scope ean be seen from the titles 
of its six sections: ‘“Neurophysiological and Psycho- 
physiological Bases of Pain”, "Experimental Methods for 
Pain and Analgesia”, “Biochemical Basis of Analgesia", 
“Psychopharmacology of Analgesics”, “Electrophysio- 
logical and Electroencephalographical Bases", and ‘*Clini- 
cal and Therapeutical Application”. 

Although some of the papers were given in French, 
- all except the general conclusions have been translated 
into English. Unfortunately, some of the translations are 
far from good and thus render comprehension tiresome 
and difficult. The “discussions”, which appear in the 
table of contents as a part of each section, do not conform 
to the usual type of discussion at such symposia but 
consist rather of a further series of papers. 

In his summing-up Professor Soulairac says that in 
spite of the various approaches to the study of pain 
there is fairly general agreement on the importance of 
“levels of vigilance” in the perception of pain and its 
integration, and it is this concept which has provided 
perhaps the most interesting basis for research in the 
pharmacology of pain. He goes on to say that whatever 
the beliefs of research workers, the criterion of efficiency 
remains the same; namely, to understand the mechanisms 
of pain in order to suppress it; it is this which explains 
the importance of pharmacological and psychopharma- 
ecological studies in this field. He ends on a gloomy note 
saying that the diversity of explanatory hypotheses of 
pain and analgesia serves only to underline the paucity 
of present knowledge. 

The contributors to this volume represent many 
disciplines and it will therefore be of interest to a wide 
variety of people including neurophysiologists, pyscho- 
pharmacologists, psychologists, psychiatrists, anaesthe- 
siologists and neurosurgeons. Diana R. HASLAM 


NERVOUS TISSUE GROWTH 


Growth of the Nervous System 

Edited by G. E. W. Wolstenholm and Maeve O'Connor. 
(A Ciba Foundation Symposium.) Pp. xi 4 295. (Churchill: 
London, 1968.) 655. 


Tuis book, the product of a symposium held in June 
1967 in London, serves to take stock of progress in experi- 
mentation and ideas in the subject. This, together 
with several imaginative looks into the future, makes 
for a very interesting and exciting volume. The contri- 
butors have sought to investigate various aspects of 
nervous tissue growth by use of a variety of techniques 
and experimental material. The benefits gained by 
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these differences in approach revealed themselves parti- 
cularly well during the spirited discussions, which have 
apparently been reported in full. 

The symposium itself was divided into four main 
areas: development of specific neuronal connexions; 
development of movement; role of chemically specific 
signals in the development of the nervous system; and 
trophic interaction, peripheral and central. The intro- 
ductory survey by Szentagothai enables the reader 
newly interested in this subject to appreciate the problems 
and the progress made in the past twenty years, and 
how the approaches have changed with the introduction 
of new techniques such as the electron microscope. 
unit level physiology, and radioisotope labelling. They 
have proved to be especially productive when used in 
conjunction with each other, and on simple physiological 
systems. 

Briefly, the results reported range from seemingly 
random synaptic connexions formed in nervous tissue 
culture experiments, to the specific retino-rectal eon- 
nexions achieved under various adverse circumstances 
in the amphibian eye; and from the positive effects of 
nerve growth faetor on neuronal development to the 
action of cholinergie transmission blockers in their 
ability to mimie the muscle degeneration produced by 
surgical section of the nerve. Some important observations 
are made regarding the dynamic relationship between 
the axon and the myelin sheath, and the ability of the 
latter to allow “external” biochemical communication 
with the axoplasm all along its length. Also included is 
an investigation of axoplasmie flow in snail and frog 
CNS/nerve/muscle preparations —which shows a relatively 
rapid flow (1 em/20 min in snail nerve), with a consequent 
release of glutamate at the muscle. 

To the non-specialist, some of the papers may prove to 
be rather hard going, but, having persevered, the rewards 
are generously measured in terms of stimulated interest 
and a new appreciation of how the fascinating subject 
of growth in the nervous system is developing. In the 
words of the chairman of the symposium, Sir John 
Eccles: “We have to realize the immensity of the problems 
as we try to imagine them from our present still primitive 
viewpoint. Before we knew anything about the problems, 
these were all solved for us in some magical way by 
'mysterine' or what you will”, Maybe "mysterine" 
will suffer exposure in the not too distant future ! 

The presentation of the book is of a high standard. 
In particular, the high quality of the electron micrograph 
reproductions deserves mention. It is essential reading 
for any who wish to keep abreast of events in the ever 
widening horizons of neurophysiology. 

Davio R. GARDNER 


GLOBULIN DISORDERS 


Monoclonal and Polyclonal Hypergammaglobulinemia 
Clinical and Biological Significance. By Jan Gösta 
Waldenström. Pp. vii +223. (Cambridge University 
Press: London, 1968.) 55s. 
Tue y-globulin fraction of serum is associated with anti- 
body activity and its concentration is frequently increased 
in echnical disorders. Electrophoretic analysis showed 
that such hypergammaglobulinaemias are divisible into 
two distinct groups. In one, referred to as monoclonal 
hypergammaglobulinaemia, the increase is caused by a 
structurally homogeneous y-globulin apparently corre- 
sponding to a single species of antibody molecule and 
arising by proliferation of a single line of cells. In the 
more common polyclonal hypergammaglobulinaemia as 
oceurs, for example, in chronic infections, there is a 
generalized increase in y-globulin produced by a great 
diversity of cell lines. 

In this book Professor Waldenström gives an account 
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"ef a wide ‘spectrum of clinical disorders associated with 
these two forms of hypergammaglobulinaemia. The text 
cis based on his own extensive clinical experience in 
Uppsala and Lund-Malmo. Much of it is written in 
aneedotal form and the text is freely interlaced with 
detailed case histories. The account of current concepts 
of Ig synthesis and structure is rather fragmentary. More 
detailed descriptions are given of clinical phenomena 
associated with disorders of Ig production and much of 
this is provided in useful tabular form. Everyone inter- 
ested in the synthesis and metabolism of y-globulin mol- 
ecules will find this a valuable monograph providing much 
stimulating, and sometimes provocative, comment. 
8. COHEN 


HONOURING PAULING 


Structural Chemistry and Molecular Biology 

Edited by Alexander Rich and Norman Davidson. Pp. 
907. (Freeman: San Francisco and London, June 1968.) 
94a. 


Tais volume contains some sixty articles by the "students, 
colleagues and friends” of Linus Pauling. The scope of 
the volume is very large, mirroring the great importance 
and wide influence of Pauling’s scientific work. The book 
opens with a concise history of his work by J. H. Sturdi- 
vant, but it is impossible to cover in such short compass a 
life which, to 1967, includes 370 papers and several major 
books, as shown in the bibliography compiled for the book. 

The topics are generally related to structural chemistry 
and molecular biology, two fields that have been trans- 
formed by Pauling. As is inevitable in a Festschrift volume 
of this type, the range and level of the articles are very 
varied. Some review recent research. others are straight- 
forward accounts of personal researches, some are historical 
and others speculative. The appellation Festschrift, 
however, which suggests a collection of choice pieces of 
work or nice points of theory offered to adorn the volume, 
does not quite convey the flavour of the volume con- 
sidered as a whole. A few of the articles are of this kind, 
but the majority reflect the intimacy and excitement of 
working closely under a great man in a great school of 
chemistry created by that man. 

A large part of the book ean be recommended in its 
own right as providing authoritative and interesting 
articles on the scope of modern structural chemistry. 
Between them, the papers by Donohue, Hamilton and 
Marsh cover most aspects of current thought and work on 
hydrogen bonding, and the same is true of the papers by 
Stevenson and Kamb on ice and water. The papers by 
Bastiansen and by Bauer and his colleagues on molecular 
structure determination by electron diffraction remind 
one that the “heroic period of gas electron diffraction of 
the early thirties is above all connected with the CalTech 
group", and that Pauling himself "greatly influenced both 
the method itself and the choice of chemical problem that 
could be studied by the method". The articles by Samson 
and by David and Clara Shoemaker deal with the structure 
of complex intermetallie compounds, a subject in which 
Pauling's intuition and insight have led to so many new 
results. There are some half dozen articles on chemical 
theory, mostly of a research character, and a lay reviewer 
cannot help noticing that molecular orbital theory domin- 
ates, there being only one article (by Simonetta) on valence 
bond theory, the approach which Pauling himself de- 
veloped in the form of resonance theory and which forms 
the basis of his great book, The Nature of the Chemical 
Bond. Because it lent itself readily to pictorial repre- 
sentation, the valence bond method has provided a ready 
bridge between the Schrodinger equation and the familiar 
structural concepts of chemists, and Pauling himself has 
obtained novel and important results by its use—the 
example of the planarity of the amide group in poly- 
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peptides springs to mind. It seems, however, that the 
method is not easily adapted to more complex problems 
such as the description of excited states nor is it suited to 
quantitative calculations and correlations. 

It is good to have an article by Waser to remind us of 
Pauling's great contribution to the teaching of chenustry 
as well as to his introduction of new concepts providing 
immediate insight into chemical bonding and molecular 
behaviour. Waser expounds Pauling’s eleetroneutrality 
principle at a level suitable for the beginner on the 
grounds that it has not been given the prominence it 
deserves in the teaching of chemistry. I would assent to 
this from personal experience: I well remember reading 
Pauling’s book General Chemistry for the first time in the 
1950s and the excitement with which I realized that I 
was beginning to understand the chemistry of complex. 
ions for the first time. Indeed, the book as a whole had à 
profound influence on someone like myself, primarily 
educated as a physicist, who had taken some rather old- 
fashioned courses in chemistry, but whieh did not seem 
to relate at all to the applications one had learned of the 
Schrédinger equation to the hydrogen molecule and the 
hydrogen molecule ion. I felt on reading Pauling that J 
was seeing the light for the first time: chemistry was a 
subject that could be understood rationally in terms of 
moleeular structure. 

The other large division in the book deals with articles 
on biochemistry and molecular biology. There are sortie. 
half dozen articles on ‘molecular disease", a concept 
which Pauling was the first to recognize and elaborate in 


the studies by him and his associates of sickle-cell anaemia, © > 
which served as one of the bridges from biochemistry to... 
genetics and so helped to create molecular biology as we. 
There are two articles on Pauling's theory on 


know it. 
anaesthesia—which, whether correct or not, has led to - 
useful considerations on gas hydrates—and three on anti- 
body formation, all subjects which Pauling has influcnecd. 

Dorothy Hodgkin and D. P. Riley give a most interest- 
ing account of the early history of protein X-ray analysis 
which, while not strictly connected with Pauling's own 
work, is a story which has not been fully teld before and 
also serves to provide an introduction to the approach on 
protein structure determination as followed by the school: 
deriving from Bernal. There is an article by Bernal 
himself, which is a fine assessment of Pauling's work, 
and in which he mentions discussing the problem of 
protein structure determination with Paulmg before the 
war. Two modes of attack suggested themselves. The 
first was a straightforward X-ray crystallographic study 
on erystalline proteins—a course followed by the British 
school which was eventually to lead to the successful 
determination of the structures of myoglobin and haemo- 
globin—and the second was a model building method 
based on the exact knowledge of the structures of amino- 
acids and smaller peptides themselves—the method 
favoured by Pauling which led to the enunciation of the 
z-helix on the basis of the series of structures of amino- 
acids determined by R. B. Corey and his colleagues at 
CalTech. It is nice to think that both approaches paid off 
in the end and also to remember that it was Pauling’s 
approach whieh led to Watson and Criek's suecessful 
proposal for the structure of DNA. Wider considerations 
on the types of mind involved in the different scientific 
approaches which have gone to make up what is currently 
called molecular biology are to be found in the very 
perceptive article by Kendrew on “information and 
conformation” in molecular biology. 

The volume is beautifully produced and illustrated and 
with its 907 pages must be considered cheap at 94 shillings. 
The editors and the publishers ought to be congratulated 
on bringing out this volume, which serves not only to 
honour Pauling but to provide a useful stere of informa- 
tion and ideas which will be consulted many times by 
students and active workers in the fields of chemistry and 
molecular biology. A. Kure 
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INSECT CELLS 





Two scanning electron micrographs of wing scales of the 


tropical moth, Urania ripheus. A (x 1,300) shows parts of 
several overlapping scales at low magnification. A row of 
cuticular sockets arising from the wing membrane is visible 
(arrow); into each of the sockets is inserted the narrow neck of 
a scale, which broadens into a flattened sac. B( 11,000) is 
a higher magnification of the same material. Both these 
micrographs are taken from Insect Cells : Their Structure and 
Function, by D. S. Smith (Oliver and Boyd: Edinburgh, | 26s). 
There are altogether I17 plates of electron micrographs of 
insect cells, illustrating the fine structure of the integument, 
the musculature, the nervous system, the gut, the excretory 
system, and soon. Each group of micrographs is accompanied 
by text and a bibliography. 


WHOLE CELLS 


Functional Dynamics of the Cell 
By Edward Bresnick and Arnold Schwartz. Pp. xii 4- 482. 
(Academic Press: New York and London, May 1968.) 985. 


LIVING tissue is the raw material of the biochemist. From 
it, he extracted first small molecules and later macro- 
molecules. He established the nature of metabolic cycles 
essential to life and characterized "pure" enzymes, but 
until recently he was less concerned with the whole cell. 
It is a measure of change during the past ten years that 
the authors of this book are more concerned with the 
whole cell than with its component molecules. In making 
this transition, they have set themselves a formidable 


task. It is obviously impossible to produce a textbook 
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which covers effectively histochemistry, cytology, mem- 
brane structure, active transport, function of subcellular 
organelles, genetics and cellular specialization, without 
running into one of two difficulties: either the book must 
become a "handbuch" extending to many thousands of 
pages or it must become telegraphic and at times super- 
ficial. Bresnick and Schwartz have limited themselves 
to less than 500 pages, and I at least was left with doubts 
about the value of some of these pages. A considerable 
effort has obviously been made to incorporate the most 
recent results, but recent results are necessarily incomplete 
and often unreliable. Many statements are made without 
giving the source of the evidence, but for the student it 
is surely more important that he should learn to assess 
evidence than that he should have a superficial knowledge 
of a multitude of “facts” 

Despite these criticisms, the idea behind this book 
is admirable. The major objective of the text is, 
in the words of the authors, “to emphasize the importance 
of viewing, in a correlative way, the structural and bio- 
chemical features of cellular components". From this 
point of view, the text is partially successful. If the 
authors can be persuaded to produce a second edition, 
they might consider a more selective approach to their 
objective. The standard of discussion of mitochondrial 
function and of active transport obviously presupposes 
a considerable background training in biochemistry and 
cell biology, yet the chapters on the technology of research, 
on genetics and on cytology are at the level of an intro- 
ductory course. There is undoubtedly need for text- 
books along the lines plone ered by these authors, but the 
very nature of these poses problems of selection which 
have not been entirely solved in the present volume. 
Perhaps this book will be of more value to the teacher 
than to the student in that it will stimulate him to 
rethink some of his courses. Even though no reference 
is given to many of the statements made in the text, 
each chapter carries a generous list of references to 
specialized reviews and articles. T. S. WORK 


ACADEMIC APPROACH 


Elements of Entomology 
By Harold Oldroyd. Pp. viii+ 3124+50 plates. 
feld and Nicolson: London, September 1968.) 


(Weiden- 


45s. 


THE extreme diversity of form in the insects has convinced 
the academic entomologists that they fit best into about 
thirty different orders, some of which have been erected 
to hold one or two obscure insects which few entomologists 
will ever encounter. Others, like beetles, bugs, flies and 
moths, contain thousands of species many of which are 
familiar to every observant person. If an elementary 
book begins with these familiar forms it should be possible 
to give the reader a deeper understanding of what insects 
are and perhaps lead him to practical study and to more 
advanced books. 

Elements of Entomology is not a book of this type. In 
spite of claims that the book is written to interest those 
embarking on the study of natural history, to bridge 
the gap between school and university and that it is 
intended for background reading, the whole approach is 
too academic. The author seems to have based his book 
more on other British and American textbooks than 
on personal experience with living insects. 

In the first chapter, on “Insects and Other Animals”, 
the author discusses the relationships between the insects 
and the rest of the arthropods. Beginners may find 
Fig. 1, stated to be a diagram of “the component parts 
of an arthropod segment”, very puzzling. It is in fact a 
diagrammatic section through one of the winged segments 
of an inseet in which (for some obscure reason) only 
cuticle is indicated; components like muscles, the gut, 


heart and nervous system are omitted! The first table 
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summarizes the comparative segmentation in the four 
najor elasses of arthropods and gives a detailed foot- 
mote on the pectines of scorpions. “The second chapter, 
on immature insects, describes insect development with- 
ut any attempt to explain the underlying physiological 
schanges. The line illustrations here and elsewhere in the 
Mook lack any indication of scale and seem chosen to 
Allustrate the exceptions rather than the normal. Begin- 
mers might often fail to identify the head end in some 
adiagrams. Should the budding naturalist remain un- 
aunted by the next fifty pages in which the thirty 
“insect orders are described with the aid of rather inadequate 
line illustrations, he will reach quite interesting chapters 
on many diverse features of insect life. 
Bound in the middle of the book are fifty half-tone 
plates on twenty-four pages. Some are beautiful, but 
three have been turned on their sides putting the insects 
into unlikely attitudes. The good picture of a lace-wing 
larva (Fig. 23) is misidentified as that of a ladybird. 
Tt this were the only error it could be forgiven; however, 
errors of fact, outdated theories and misspelt terms and 
“names of insects and of plants are too numerous for 
me to be able to reeommend this book. 











G. C. VARLEY 


ASCARIDS AND DISEASE 


Ascaridata of Animals and Man and the Diseases caused 
by Them 

By A. A. Mozgovoi. Part 1. (Essentials of Nematodology, 
Vol. 2.) "Translated from the Russian by M. Raveh. Pp. 


x+390. (Israel Program for Scientific Translations: 
Jerusalem, 1968. Distributed by H. A. Humphrey. 
London.) 1485s. 


Tus book is about roundworms called ascarids, ubiquitous 
endoparasites of vertebrate animals of all classes and some 
invertebrates, Adult worms infect man and many animals 
of commercial value, and as ascarid parasites are patho- 
genic, at least in larval and juvenile stages, they give rise 
to many problems of public health and affect national 
economy. There is no shortage of information on nema- 
tode systematics, but texthooks are rare, and this one 
should not be criticized too much on taxonomic grounds. 
The book was published originally in Russian 15 years 
ago, however, and this recent translation cannot inform 
us about some systematic modifications subsequently 
made, which should be mentioned. 

Mosgovors scheme was, in fact, propounded in 1950, 
and it represents a suborder (Ascaridata) divided into 
two superfamilies, Ascaroidea and Anisakoidea. The 
former contains two families, Ascaridae (nine genera), 
and Ascaridiidae (one genus); the latter four families, 
Anisakidae (twenty-five genera), Angusticaecidae (three 
genera), Goeziidae (one genus) and Heterocheilidae (four 
genera). The entire group thus comprises (in the Russian 
scheme) six families and forty-three genera. This book 
is the first part of a pair of volumes, and only ten genera 
of Ascaroidea are considered in it. 

A later, rival scheme, devised by Yamaguti in 1961, 
mentions the nematological researches of Skrjabin, 
Schultz, Schikhobalova, Soboiev, Boel and Ryzhikov, as 
well as Mosgovoi, and presents this group of roundworms 
as a single new order. Ascarididea with four families, 
Ascarididae (five subfamilies, fifteen genera), Hetero 
cheilidae (three subfamilies, thirty-two genera), Oxy- 
ascarididae (three subfamilies, four genera) and Quim- 
peridae (six genera). Yamaguti placed all but two or 
three of the twenty-five genera of Anisakidae (Russian 
scheme) in a new subfamily (Filocapsulariinae) of Hetero- 
cheilidae, regarding Anisakis as a synonym of Filocapsu- 
laria. The Russian book is therefore not concerned with 
more than the first two subfamilies of the family Ascarid- 
idae Blanchard, 1849, but we can regard it as an elabor- 
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ated treatise of an important section of the Ascaridata (or 
Ascaridea, if that name is preferred) whieh contains 
important genera such as Ascaris, Parascaris, T'oxascaris 
and Ascaridia, respectively parasites of man and pigs, 
horses, dogs, and chickens. 

The book is divided into a short general part dealing 
with biology and morphology, a long specialized part im 
which genera and species are considered in succession, a 
host list, an index of genera and species, a list of Russian 
references, and a list of papers published in other languages. 
Unfortunately, as the work is incomplete, there is no 
general index, although the table of contents names 
genera and species and thus assists the student perusing 
the book. The specialized section of the book is rich in 
detail, mentioning for eaeh species the hosts, locations, 
geographical distribution and brief descriptions of male 
and female worms separately. Where it is known; an 
account of the life cycle follows, and for medically: or. 
economically important species such as Ascaris Dumbri- 
coides there is information on epidemiology, pathe 
effects, abnormal locations, pathogenesis of migrating — 
forms in various organ systems, clinical features of disease, - 
classification of ascaridoses, diagnosis, therapy and ^ 
phylaxis. Some of the pieces of deseription are verbos, 
some expressions astonishing, "'oviduets turn insensi 
into the ovaries" (page 25), and figures are often hea 
printed, unfortunately so when pathologieal findings 
under consideration (Fi igs. 162-169). Some more aecade: 
information will interest zoologists, because th 
include snakes and lizards, and many birds and mamma! 

Bex Dawgs 































ECHINODERMS AND CHORD. 


Treatise on Invertebrate Paleontology 
Directed and edited by Raymond C. Moore. 
Echinodermata 1. Vol. 1: Pp. xxix 1-296. 
Pp. 297-650. (Geological Society of America: B 
University of Kansas: Lawrence, 1967.) $20. 
THESE two volumes maintain the high standard of editin. 
and illustration characteristic of the “Treatise 
addition, their writing has involved intensive study 
the groups described, and many new observations. 
published. Some contributions, however, are highly 
putable. The two volumes will be enormously uscfiu but ; 
nobody should hold them sacred. 





The first volume begins with an editorial introduction, X 


followed by a general account of the echinoderms bs 
Ubaghs, and a diseussion of their classification into the 
subphyla of Crinozoa, Asterozoa, Echinozoa and Homa: 
lozoa. To me, the last seems a sack-group. Larval 
forms and the concept of growth gradients are rë- 
viewed by Fell. His view that larvae are not useful for 
working out interelass relationships can be taken as 
proven, as also can the close relationship between asteroids 
and ophiuroids. Fell's view that asterozoans arose from 
a crinoid is, if taken strictly, much more dubious, as 
Ubaghs shows (page 57). Fell also rejects the view that 
echinoderms are closely related to hemichordates; but 
his reasons are unconvincing. The Cystoidea are com: 
prehensively treated by Kesling. There was a great need 
for this, because the last comparable reviews are now 
seventy years old. It is still uncertain how far the Cystoidea 
are a natural group. The Paracrinoidea are also described 
by Kesling, and the Edrioblastoidea and Parablastoidea 
by Fay. 

The Blastoidea begin the seeond volume. These pretty 
animals have attracted many workers, and are accordingly 
dealt with by several authors. Beaver explains the general 
morphology with great clarity. His statement, however, 
that the hydrospires are part of the water-vascular systera 
(page 341) is highly surprising. Also, he describes the 
circum-oesophageal rings simply as nervous; this may 


pe 
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be true, but needs to be argued. Growth, water flow 
and geographical distribution in blastoids are diseussed 
by Macurda. Fay and Wanner wrote the systematic 
part. 

The chapter on Eocrinoidea by Ubaghs is a major 
advance. It is the first attempt to describe this important 
group comprehensively and in detail, and is virtually 
faultless. Ubaghs also wrote the chapter on Stylophora. 
I have recently transferred these animals to the Chordata 
(Bull. Brit. Mus. (Nat. Hist.) (Geol.), 16 (6); 1968), because 
they possess gill slits and other chordate features, and 
their stems can be taken as equivalent to tails. For 
Ubaghs, however, the stems are arms. In my opinion 
his view disagrees with the observed structure of the stems 
and of the thecae. I find it impossible to understand 
Ubaghs’s work without "translating" it and turning most 
of the pictures upside down. No doubt he has equal but 
opposite difficulty with my work. It is fitting to add that 
the writing is clear, the observations objective and the 
systematics largely acceptable. 

The chapter on Cincta, also by Ubaghs, is the first real 
contribution to knowledge of this group for forty years. 
Ubaghs may have transposed mouth and anus. The 
plating of the presumed food groove does not look right 
for its suggested function. The Soluta are dealt with by 
Caster. This appears to be a contribution of high standard. 

A summary of knowledge, such as this one, also reveals 
our ignorance. Two things are obvious: first, there must 
be innumerable forms to be deseribed especially from the 
Cambrian; second, the internal anatomy is unknown in 
the great majority of cases. Future work must fill these 
gaps, and allow us to write a connected history of our 
earliest ancestors and their relatives. 

R. P. S. JEFFERIES 


DEEP-SEA STUDIES 





A holosaur of the genus Aldrovandia, one of several fish that 
live at the bottom of the sea. It is seen in this picture with 
a brittle star. As shown, holosaurs swim by undulating the 
rear half of the tail, though exceptionally the whole body may 
be thrown into eel-like waves. This picture from a chapter 
entitled “Deep-Sea Photography in the Study of Fishes”, by 


N. B. Marshall and D. W. Bourne, is one of many in the latest 

number, Deep-Sea Photcgraphy, edited by J. B. Hersey, in the 

series, The Johns Hopkins Oceanographic Studies (Johns 

Hopkins Press: Baltimore; bier s University Press: London, 
166s 6d). 
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FISH MIGRATION 


Fish Migration 
By F. R. Harden Jones. Illustrated by H. E. Jenner. 
Pp. viii--325. (Arnold: London, April 1968.) 120s. 


Despite its importance to the pure and applied fish 
biologist and the large research effort devoted to it: 
investigation during the present century. no genera 
account of the subject of fish migration has appeared in the 
English language since Dr Alexander Meek's classical work 
was published in 1916. Since that time. with the develop 
ment of new techniques of investigating fish movements ir 
the field and laboratory, important advances have beer 
made in our understanding of their general migratior 
patterns in the sea and in freshwater, and of the sensory 
and behavioural mechanisms governing them. This worl 
has been conducted on many different species of fish ir 
different parts of the world; in consequence, a very large 
and scattered literature has accumulated, presenting the 
student of this subject and even the advanced researc} 
worker with a major literature search problem in becoming 
fully informed of the results of past work and in keeping 
up to date with eurrent progress in this field. An author 
itative, eritical and up to date account of the present state 
of knowledge on this subject was therefore urgently 
needed. 

Dr Harden Jones's book fulfils this need most impres 
sively; in my view it is one of the most important post 
war additions to the literature on fish biology and wil 
probably remain the most complete work on the subjec: 
of fish migration for many years to come. It should be 
read not only by all students and research workers in the 
fish biology field but also by workers engaged in studies o 
the migrations and movements of other animal groups. 

The book contains thirteen chapters, which fall con 
veniently into three main groups, namely, chapters 1-3 
4-9 and 10-13, each dealing with a major division of the 
total subject matter. The first three chapters provide £ 
general introduction to the subject, starting with the 
meaning and definition of migration and other relevan: 
concepts and terms, followed by a general description o 
features of the general biology, physiology and behaviow 
of fish, and of the environment in which they live, o 
relevance to migration processes, and a brief review of thi 
methods used in the study of fish migration. This i: 
followed in chapters 4-9. which make up just over half th 
text, by a critieal review of the available information or 
the migration patterns and processes for each of five 
widely differing groups of fish. which have been subject t 
intensive investigation for many years and on the explana 
tion of the migration processes of which various hypo 
theses have been erected. These chapters, I think, forn 
the main meat of the book. Then, in the remainin; 
chapters, the author examines the basic mechanism 
involved in fish migration. including the concept of anc 
evidence for homing; the parts played by directed ant 
undirected movements in migration; the types of sensor; 
stimuli governing fish movements and the behavioura 
responses to them. Finally, in chapter 13, the autho 
draws attention to the absence of critical scientific dati 
relating to many of the mechanisms involved in th 
migration processes in the sea and hence of the difficulty c 
assessing objectively the validity of the various, ofte 
conflicting hypotheses erected by different worker 
deseribing them. As he also points out, however, th 
recent development of new techniques, especially secto 
scanning sonar, for tracking the detailed movement 
of fish in the sea has provided the wherewithal fo 
more precise studies of these basic mechanisms in th 
future. 

The author has collected together in chapters 4-9 
vast amount of detailed descriptive information, some ¢ 
it previously unpublished, in presenting an objectis 
pieture of current knowledge of the migrations of h 
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selected groups of fish; indeed, for some of them, especially 
the herring, his treatment goes much further than the 
description of migration in giving a very useful account of 
"their general distribution and life history. Perhaps the 
most impressive and important feature of the book, 
however, is the author’s critical, yet objective, review of 
the evidence relating to various aspects of the total 
migration processes in the species of fish he has chosen for 
detailed treatment. His treatment of the “home stream 
theory” for salmon and trout, the general problem of 
“homing” and the question of eel migration are but three 
important examples. 

The book is superbly illustrated, with eighty-six text 
figures, many of which are originals, and it contains a 
comprehensive list of references and an author index. 

B. B. PARRISH 


EMPTYING THE ARK 


Vanishing Wild Animals of the World 

By Richard Fitter. Illustrated by John Leigh-Pemberton. 
Pp. 1444-43 plates. (Published by Midland Bank in 
Association with Kaye and Ward: London, October 
1968.) 30s. 


THE sort of emotional waffe that tends to be spoken 
about extinet and vanishing species is hardly likely to 
invoke feelings of distress in those practical cynics who 
consider that their lives will be little different if they 
never again sce a herd of antelope galloping across the 
African plain. But, when it comes to facts, they may 
ponder over the realization that one mammal is now 
reckoned to become extinct each year, with between 250 
and 300 dwindling in numbers so fast that they are in 
danger of extinction at almost any time. This book clearly 
sets out the precarious position of many mammals in the 
various zoogeographical regions of the world, with informa- 
tion drawn chiefly from the edition of June 1967 of the 
Hed Data Book of the International Union for Conservation 
of Nature. This is a list of animal species in danger of 
extinction; a list which has constantly to be brought 
up to date. 

Thus the reader learns that all five species of rhinoceros 
are now considered to be in danger, especially the three 
Asian species which are widely killed for their horns, 
considered to have aphrodisiac properties. Only two dozen 
of the Javan rhinoceros (Rhinoceros sondaicus) are known 
for certain, in a reserve in western Java. In Africa twelve 
species of antelope are in danger of being hastened to 
extinction, principally by man—oil surveyors, soldiers, 
tribesmen and sportsmen. The polar bear (Thalarctos 
maritimus) is another species threatened by the gun. At 
the moment they range all round the Arctic region, but 
despite restrictions are being hunted to excess, especially 
by wealthy Americans who pursue the bears from the air. 
Three other bears are also threatened in North America—- 
there is only one small population of the Mexican grizzly 
bear (Ursus arctos nelsoni), in grave danger from the poison 
used against predators by the local population. 

In Australasia, at least thirteen wallabies and rat 
kangaroos are in danger and in all between 15 and 23 
per cent of marsupials are listed in the Red Data Book. 
This is the highest proportion of endangered species of 
any continent. But Australia has, too, the classic example 
of an animal saved from extinction at the last moment. 
In 1939 the koala (Phascolarctos cinereus) had been 
exploited commercially to the extent that there were only 
about 1,000 in Victoria and 10,000 in Queensland, where 
100 years ago there were perhaps a million. Now there are 
more than 40,000 koalas: however, numbers have not 
yet built up sufficiently for commercial utilization to be 
possible again. There are various other stories of conserva- 
tion triumphant, ineluding the cases of the American 
bison, which was all but exterminated by the European 





settlers, and the Pribilof fur seal (Collorhinus ursinus) now 
proteeted from the ravages of Japanese and Canadian 
hunters. 

Vanishing Wild Animals of the World recounts all the 
stories of success, and explains just what car. and is being 
done to save all the mammals still threatened. It is à 
book that deserves to be read, and it seems a pity that 
the full colour illustrations, originally Midland Bank 
posters, are so much less satisfying than photographs. 
But for such a lavishly illustrated book this is not expen- 
sive—thanks again to the Midland Bank-—-and, with a 
foreword by the Duke of Edinburgh and an introduetion 
by Peter Scott, the World Wildlife Fund ean hope to 
benefit from the royalties which it is to receive. 

Mary LiNDLEY 


ENERGY FLOW AND PRODUCTION 


Secondary Productivity of Terrestrial Ecosystems 
(Principles and Methods.) Edited by K. Petrusewiez. 
Vol. 1: Pp. 1-380. Vol. 2: Pp. 381-879. (Institute of 
Ecology, Polish Academy of Sciences.) (Panstwowe 
Wydawnictwo Naukowe: Warszawa. 1967.) n.p. 


THis two volume work reports on a sympos:um at which 
the Polish Academy of Sciences acted as hosts to par. 
ticipants from many parts of the world. The first volume - 
is concerned with general principles of secondary opro- 
duction studies and with their application to vertebrate 
animals, both at the general level and in relation to par ` 
ticular populations. The second volume covers the same ^: 


ground for invertebrate animals and alse contains à URGE 





section concerned with particular types of terrestria) 2d 
ecosystem. TUQUE. 

lt is to the great credit of the editor that this sizable — 
work, containing no fewer than fifty-four papers, appeared 







within a year of the symposium on which it reports. No D 


doubt the editorial device of asking participe 
referee each other's papers has much to commend it as a 
means of speeding such a large volume to the printing | 
press. 


The papers presented are of diverse emphasis, ranging sd 


in content through elueidation of the general principles of 
production studies at both the conceptual and meth 
ological levels, reviews of past work and presentatior 





new research material. In a rapidly developing subject ^^ 


such as production ecology of terrestrial animals, all these - 
aspects are relevant and valuable components of à sym. 

posium volume. The general impression is cne of vitality 

and enthusiasm for this relatively recent sphere of eco- 

logieal research. B 
will provide an invaluable souree of referenee and in- 
spiration to all those engaged in production ecology, A 
particularly valuable aspect of the symposiam is that it 
renders a great deal of excellent Polish work readily 
available to English speaking scientists. 

In the light of these virtues, criticism of linguistic and 
typographical errors (which are by no means few) and of 
some overlap of content between papers seems rather 
petty. The inconsistency of terminology among authors 
is rather more disturbing: it is somewhat alarming to 
find the symbol J used to indieate the rate of food con- 
sumption by a population, and the input of farmyard 
manure to a pasture, in papers separated by only a few 
pages. If the reader has a copy of IBP News, No. 10, at 
hand, however, he can translate the terminology for 
himself. 

In July 1967 the International Biological Programme 
moved from phase one, concerned largely with feasibility 
studies, into its second operational phase. it is apparent 
from the wealth of material presented at this symposium 
that the section of IBP concerned with the productivity 
of terrestrial communities is off to a good start. The 


















There is no doubt that these volumes — 
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contents of these two volumes clearly reveal that the 
basie premises of energy flow and production studies, on 
which the IBP is largely based, are both stimulating and 
fruitful. F. B. O'Connor 


FUNGAL WORLDS 


The Fungi: An Advanced Treatise 

Vol. 3: The Fungal Population. Edited by G. C. Ains- 
worth and Alfred S. Sussman. Pp. xix 4- 738 4- 13 plates. 
(Academie Press: New York and London. August 1968.) 
2548 4d. 


Tuts is the third volume of the treatise edited by Drs 
Ainsworth and Sussman, the first two volumes of which 
were concerned, respectively. with the fungal cell and 
the fungal organism. Whereas the earlier volumes dealt, 
in the main, with fungi in pure culture in the laboratory 
or fraetionated into their chemical components, this one 
takes the reader into the larger and messier world of fungi 
in their wild state. To the laboratory experimentalist 
much of the knowledge reviewed in the present volume 
will seem inconclusive and unsatisfactory. Nevertheless. 
it was an excellent idea to cover in the same series both 
the molecular, which is sometimes so precisely known. 
and the ecological, which often seems so nebulous. Under- 
standing of the larger biological environment, of which 
fungi are an important part. is as important for the 
future of man as knowledge of the internal workings of 
the cell, if not more so. One may hope that each field 
may eventually help to illuminate the other. 

There are twenty-seven chapters. almost all by different 
authors, and they show considerable variation of approach 
and style. One approach is exemplified by David Park. 
whose chapter on ‘The Ecology of Terrestrial Fungi" is 
an essay concerned with general principles with relatively 
little emphasis on actual examples. Others, like Sparrow, 
who contributes chapter 2 on "Ecology of Freshwater 
Fungi", are more concrete; in Sparrow's chapter different 
kinds of freshwater environment are dealt with in turn, 
many fungal genera are mentioned in context and there 
is some discussion of sampling techniques. I preferred 
Sparrow's approach, but this is doubtless a matter of 
taste. Later chapters in the first section on saprobic 
fungi deal with other types of environment and ways of 
life—marine, thermophilic and psychrophilic. After a 
bridging chapter on mycorrhiza (by Harley) there is a 
substantial section on parasitism in which the invasion 
by fungi of plants, vertebrates, invertebrates and of other 
fungi is reviewed in turn. 

There follows a series of chapters concerned with special 
aspects of response of fungi to their environment, including 
an account by Mazur of survival after freezing and desic- 
cation which is likely to hold even more interest for 
keepers of laboratory collections than for ecologists. 
Person's article on “Genetical Adjustment to the Environ- 
ment" is stimulating and thought-provoking. especially 
on the subject of parasitic specialization. The volume 
concludes with a number of chapters dealing. from 
various points of view, with taxonomy and evolution. 
The chapter by Barnett on biochemical criteria for the 
classification of the yeasts serves to emphasize that this 
group is the only one among the fungi in which the 
comparative biochemical approach is yet possible. Among 
the chapters on evolution Savile’s confident and some- 
what combative account of the relationships and origins 
of the major fungal groups contrasts with J. R. Raper's 
eautious treatment of such smaller-scale but baffling 
matters as the origin of multiple-allele systems of hetero- 
thallism. 

The editors promise us a further volume on the main 
fungal groups. This should increase the value of the 
other volumes and round off a very worthwhile series. 

J. R. S. FiNCHAM 
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MICROCHEMISTRY OF LICHENS 





At present there are about 36 different chemical substances 


known to occur in lichens of the genus Cladonia. These 
substances are identified by microchemical techniques and can 
be a help in the taxonomy of the group as each species contains 
at least one characteristic substance. |n a new compendium 
by John W. Thomson (The Lichen Genus Cladonia in North 
America, Toronto University Press and Oxford University 
Press, 121s éd), the chemical substances are identified and 
illustrated. The substance shown here is cryptochlorophaeic 
acid, diagnostic of the species Cladonia cryptochlorcphaea. 
The microchemical test for this acid on dried extract of the 
lichen is one part each of glycerine, alcohol and water. The 
result is a series of very fine, needle-like crystals which 
radiate out from condensation nuclei and which branch and 
rebranch to form hair-like masses. 


PANORAMA OF THE FUNGI 


Fundamentals of Mycology 
By J. H. Burnett. Pp. xiii 4-546. 
October 1968.) 130s. 


ANYONE attempting to compress the many facets of 
mycology into one medium-sized volume sets himself a 
task which few aspiring authors would even consider. 
Yet this is exactly what Professor Burnett has undertaken, 
and there can be little doubt that his aim of presenting 
an overall picture of the fungi has been achieved to a 
remarkable degree. Nowhere is superficiality accepted, 
but instead detailed accounts are presented in a manner 
which will retain the interest of beginner and specialist 
alike. 

The text is divided into four broad sections, and the 
first of these deals with structure and growth. The 
account starts with a consideration of the fine structure 
of hyphae and moves into a discussion of the organization 
of hyphae into a mycelium and finally into the structures 
of reproduction. Some of the descriptive passages, such 
as that dealing with spore dispersal, are, of necessity, 
remoulded from standard texts, but sections which 
review rather more controversial topics, for example the 
dynamies of hyphal growth, make stimulating reading. 
This interest is generated partly by shrewd selection of 
the relevant data, but more particularly by the manner 
in which the absence of critical studies in certain areas 
is fully exposed rather than being shrouded by some 
nebulous half-truth. 

The second section, “Function”, discusses the bio- 
chemical and physiological activities of the fungi under 
both laboratory and natural conditions. Simple aspects 
of metabolism are covered together with the absorption 
and translocation of nutrients, and a glimpse of the 
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Buteraetions which occur between fungi and other 
rganisms is also included. On balance this is probably 
je least satisfactory section of the book, for the sheer 
wolume of available data on the subject renders satis- 
Caetory condensation into around a hundred pages 
almost impossible. As a result, there is a certain feeling 
f discontinuity about the text, and this disquiet is 
postea by the faet that the author has been rather 
Mess than objeetive in his assessment of some of the 
material. Thus, in discussing the translocation of nutrients 
y fungi, the work of Schutte is given great prominence, 
"while that of Lucas and his associates which questions 
"the basic premise of Schutte's experiments is included 
almost as a curiosity. The last two sections dealing 
with “Recombination” and “Speciation and Evolution” 
show the same crispness and coherence of narrative 
that were apparent in the first section. The sexual cycles 
of the fungi are examined in relation to the exchange 
and recombination of genetic material, and due attention 
“has been paid to the unique non-sexual mechanisms 
“whieh generate variation within certain groups. Par- 
ticularly noteworthy is the salutary emphasis on the 
significance of these mechanisms under natural conditions. 
Overall, the balanecd selection of material together 
with the critical appraisal of its merits make this a 
most valuable work. The illustrations are generally 
“instructive, although some relating to intracellular 
Structures might have been better left as photographs. 
Nevertheless it must surely rate as one of the outstanding 
textbooks on mycology to reach the market in recent 
years, and anyone whose work involves some knowledge 
of these fascinating organisms will be grateful to the 
author for having put the subject into such sharp 
perspective, R. K. ROBINSON 













VIRUSES IN PLANTS 


Plant Viruses 
By Kenneth M. Smith. Fourth edition. (Methuen’s 
Monographs on Biological Subjects.) Pp. ix+ 166415 


plates. (Methuen: London, March 1968.) 30s. 


Ereur years ago, when the third edition of Professor K. M. 
Smith's Plant Viruses was published, I commented that 
it was regrettable that plant viruses were so little studied 
in British universities, and the third edition was welcomed 
in the hope that it would encourage such study. 

In the past few years plant viruses have, at last, achieved 
recognition in several British universities and have 
taken their plaee in both teaching and research pro- 
grammes. At the same time plant virology has continued 
to advance so rapidly that the absenee of an up to date 
introductory text to the subject has become marked. 
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This new fourth edition is very welcome, therefore, and 
it should do much to interest students in the subject. 

The new edition is virtually a new book; the inerease 
in page size and a more readable type alone are great 
improvements. There is little increase in the volume of 
the book, however, the number of pages having been 
reduced slightly. "There are fifteen plates beund together 
in the middle of the book—a practice which I feel lessens 
their value considerably —and two figures aecompanying 
the text. 















include those on symptomatology, physiolog 3 
transmission by vectors, transmission by other methods, 
serology, isolation and purification, testing for viruses, 
assay and control of virus diseases.  Inelüded in this 
fourth edition are new seetions dealing with the morpho- 
logy and ultrastructure of virus particles, chemistry of 
plant viruses, infection and replication, tissue and cell 
culture of plant viruses, and nomenclature and classifica- 
tion. 

It would be surprising if one could not find omissions 
in a book of this size. For example, in chapter five, 
there is no mention of the theory of quasi-equivalent 
bonding of identical subunits to form isometrie shells of 
varying sizes and appearance with icosahedral symmetry. 
Without this, the results of the high-resolution electron 
microscopy and X-ray diffraction studies deseribed must 
be of doubtful value to the student “with no previous 
knowledge". a 

The section on the chemistry of plant viruses is biet, 
and no mention is made of the characteristic eleetre 
phoretie mobilities, isoelectrie points, or sediméntati 
coefficients of different viruses, nor of the different ult 
violet-absorption spectra of the protein and nucleic 
constituents of viruses. Yet all of these have impe 
practical applications in virology. In chapter 
vector transmission, Cadman's Nepovirus grow 
borne viruses is discussed (with no explanati 
term), but the other group of nematode-tran: 
viruses which are rod-shaped is not mentioned. 

The final chapter contains an unusual assortme: 
subjects: a short but welcome diseussion cf the. 
problems of nomenclature and classification. of. 
together with the down-to-earth considerations: 
control of plant virus diseases. 

These examples demonstrate my main criticism o 
book, which is that insufficient space has been allowe ERATES 
accommodate our much-increased knowledge of plant 
viruses, resulting in some loss of clarity and aecuraey, 

These points having been made, however, ‘thet 
much in this book that should interest students and 
stimulate them to further study of plant viruses, Tt 
can be recommended to all students of biology. 

R. R. Frost 







































Applied Sciences 


EXPLOITING FISH 


Fisheries Biology 

A Study in Population Dynamics. By D. H. Cushing. 
Pp. xii +200. (University of Wisconsin Press: Madison 
and London, August 1968.) 71s 3d. 


Since the war, fisheries science has witnessed many 
advances, among the most important of which has been 
the growth of quantitative studies of the dynamics of 
exploited fish stocks, embracing the development of 
appropriate, theoretical dynamie models, describing the 


biological and man-made processes governing fish pro- 
duction and fishery yields, and the necessary analytieal 
methods for their evaluation. In this book, the author 
gives an account of this basic theory, the methods of 
analysis and some of the results of their application in the 
study of a number of important marine fisheries, mainly 
in the north-east Atlantic. He deals with his extensive 
subject matter in ten well-chosen chapters. The first six 
chapters deal with the basie concepts, theory and methods 
used in population dynamies study and their application 
in fishery management problems; chapters seven and 
eight, respectively, consider in more detail the processes 
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of growth and recruitment in exploited stocks with special 
reference to the factors governing them; chapter nine 
deals with the influence of environmental boundary con- 
ditions in the sea on the distributional properties of fish 
(and hence of their availability to fisheries and, especially 
in the case of upwelling, on their total production; and 
finally, in chapter ten, the author presents an assessment 
of some of the present unknowns in our understanding of 
the dynamics of exploited fish stocks and some of the 
avenues along which he considers future research should 
move towards a better understanding of them. With 
numerous equations (it is a pity that there is an error in 
equation (1) on page 9, which should read P,=P,+@+ 
R-— 2), eighty-two text figures, numerous references to 
relevant literature and a glossary of terms, the author 
has succeeded in packing into only two hundred pages 
a great deal of important information on a large and 
complex subject. 

In this short review it is not possible to comment 
specifically on many of the important items of subject 
matter dealt with in the book, but a notable feature of 
it is the attention the author gives to the recruitment 
problem in exploited fish stocks and especially the relation 
between recruitment and stock size. As well as devoting 
the whole of chapter eight to a useful review of the 
underlying theory and current information on the nature 
of this relationship, he rightly directs attention in chapter 
six to its importance in assessments of the effects of 
fishing on exploited stocks and hence in relation to fishery 
regulation policy and practices. It is evident from the 
last sentence of that chapter that the author seriously 
doubts the validity of what he calls ‘‘the present dogma 
that recruitment is independent of stock size . ..". While 
I agree that there is no room for complacency about the 
validity of this assumption, I do not think that the 
existing information for the main exploited stocks of 
marine teleosts (on which world fish produetion is prin- 
cipally based) justifies his assertion that it has “outlived 
(misprinted as "outlined" in the text) its usefulness and 
might even be dangerous". It is true that the available 
data cast some doubt on its general validity for some 
exploited fish stocks, but by no means for all of them. 
The important thing is that detailed attention is paid in 
future to the nature of the relationship and of the factors 
governing recruitment to exploited fish stocks. 

The book is based on a series of lectures which the 
author gave to graduate students at the University of 
Wisconsin. As such, it is not written as a textbook, but 
more as an up to date review, addressed to students and 
teachers at the university level, fisheries biologists and 
administrators. TI recommend it to them. 

B. B. PARRISH 


PROPERTIES OF SURFACTANTS 


Solubilization by Surface-active Agents and its Applica- 
tions in Chemistry and the Biological Sciences 

By P. H. Elworthy, A. T. Florence and C. B. Macfarlane. 

Pp. 335. (Chapman and Hall: London, June 1968.) 63s. 


Ir is almost fifteen years since general accounts of the 
solvent properties of surface-active agents appeared in 
two books, one by Mary McBain and Hutchinson and the 
other by Winsor. This new book will therefore attract the 
attention of many workers in pure and applied science 
looking for an up to date discussion of the field. 

A general account of micellization is given in the first 
chapter, which wisely avoids too much repetition of the 
ground work covered in earlier books and the rather sterile 
MeBain-Hartley controversies. Much of the discussion is 
illustrated by results from recent investigations, a useful 
feature for those familiar with the earlier work. The 
pseudo-phase and mass-action theories of micelle forma- 
tion are briefly considered on pages 48-52. A point clearly 
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made is that many experimental measurements are in- 
sufficiently aecurate to distinguish between the two 
bales Figures 1.18 and 1.19 illustrate this particularly 
well. 

Basie work on solubilization is rather briefly reviewed 
in the second chapter. It is only too obvious that a funda. 
mental deseription of the process is still far off, although 
the qualitative pieture has advanced considerably since 
the earlier books mentioned previously. 

Pharmaceutical applications of solubilization are com- 
prehensively dealt with in the following chapter. The 
authors have broadened their approach to include the 
phenomena of hydrotropy and complex formation, 

A number of basic problems have arisen in the use of 
surface-active agents for solvent purposes in pharmacy, 
and the authors have regrouped the data in the fourth 
chapter to emphasize some of these; for example, effecta 
on drug activity, and drug absorption and stability. 

The use of solubilization in the production of eosmeties 
and insecticides is considered in the fifth chapter, but the 
sixth chapter, which deals with its biological aspects, is 
probably of wider interest. In this area the authors con- 
sider not only the action of synthetic surfactants but 
also the properties of the naturally occurring phospho- 
lipids and bile salts. The discussion is often speculative 
and, in the case of the solubilization of carcinogens, rather 
frightening, but the chapter as a whole makes fascinating 
and stimulating reading. 

The last chapter describes chemical reactions in solubil- 
ized systems, emulsion polymerization, detergency, and 
dyeing and other textile processes. 

The selection of literature throughout the book is 
extremely good and will, in my opinion, probably with- 
stand examination by specialists in the diverse fields 
covered, Integration of basic research with data in the 
applied fields is also satisfactory and in many cases has 
given some stimulating chapters with original grouping 
of the material. These should provide considerable insight 
for many practitioners in the field as well as for students 
and others with potential interests in the remarkable and 
diverse properties of surface-active agents. 

B. A. MurLEv 


EXTRACTION OF METALS 


Advances in Extractive Metallurgy 

(Proceedings of a Symposium organized by the Institution 
of Mining and Metallurgy and held in London from April 
17 to 20, 1967.) Pp. xiv+1023. (Institution of Mining 
and Metallurgy: London, 1968.) 2005. 


Proressor F. W. RicHaARDSON, in his 1964 Howe 
Memorial Lecture, “The Climate of Extractive Metallurgy 
in the 1960s" (Trans. Amer. Inst. Min. Engrs, 230, 1912; 
1964), pointed out that extractive metallurgy has been 
rather neglected in many universities and colleges through- 
out the world for some time and that research in extractive 
metallurgy in industry also has probably not received the 
attention it warrants. According to him, at that time ten 
times as much effort was being expended on research on 
physical metallurgy as on extractive metallurgy. He 
referred also to this in the seventh Sir Julius Wernher 
Memorial Lecture, “Growth and Use of Basic Knowledge 
in Extractive Metallurgy” (Bull. Instn. Min. Metall., No. 
727, 5; 1967), which, very appropriately, was presented 
on the evening preceding the symposium proper. 

It seems that a change in the climate may be taking 
place and that this is reflected in the papers presented 
at the symposium, which was concerned with “the ex- 
traction of metals from ores and residues (the shaping of 
metals being excluded), with emphasis on research and 
development associated with new processes and process 
improvements and new or non-conventional soureo 
materials (including secondary materials)". 
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The thirty-eight papers from eleven countries presented 
in nine main sessions and included in this volume, together 
with diseussions and good name and subject indices, cover 
a wide range of topics concerned with pyrometallurgical 
and hydrometallurgical processes, eleetrometallurgy, con- 
trol and general papers, with emphasis on economic aspeets 
of some of them. The whole forms a fine (and well- 
produced) collection of papers and discussions of wide 
importance to industry and to those concerned with 
teaching and research, a collection which gives in relatively 
small compass a cross-sectional view of the advances 
which have taken place in extractive metallurgy during 
the past few years. 

Only a few of the subjeets, even in title, can be men- 
tioned in this short review. The topics range from the 
use of computers in connexion with produetion scheduling 
in certain Copperbelt operations, problems of measure- 
ment and control in pyrometallurgical operations, sin- 
tering, pelletizing, levitation heating, slag fuming, de- 
zincing of lead, high rate and continuous smelting processes 
for different metals, chlorination processes, electrometal- 
lurgy and refining by molten salt electrolysis, a review of 
recent developments in hydrometallurgy, production of 
metals by gaseous reduction from solutions, bacterial 
leaching of ores, and solvent extract processes for metal 
separation, to a paper on recovery of copper and associated 
metals from secondary sources (that is, from serap— 
much more interesting and demanding in fundamental 
knowledge and techniques thàn might possibly be thought ). 
The metals referred to in the papers include Al, Sb, Bi, 
Cd, Cr, Co, Cb, Cu, Hf, Ir, Fe, Pb, Mg, Ni, Nb, Pd, Rh. 
Ag, Ta, Th, Ti, W, U, Zn, Zr, and the alkaline earth and 
rare earth metals. 

The standard of the papers is high. It is not easy to 
draw attention to any special highlights, but it may be 
of interest to mention some of the aspects of chemical 
metallurgy or of process metallurgy which are attracting 
attention today but which may not be as widely appreci- 
ated as perhaps they should be. 

These would include the increasing interest in bacterial 
leaching of certain ores in situ or in percolation heaps; it 
ean also be used in treating suitable tailings. In addition 
to the use of sulphur and iron bacteria m this way, there are 
interesting possibilities in using denitrifying bacteria for 
ores of certain metals. 'lhere are even more interesting 
possibilities for the use of bacteria in metallurgical pro- 
cesses in fields other than leaching. 

Another feature of current work is the renewed interest 
in chlorination methods, not only for treatment of 
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relatively high value materials but also for upgrading of 
lower value material such as ilmenite. Still another is the 
increased interest in the use of organic reagents in solvent 
extraction and separation of various metallic ions. 

Finally, reference must be made to the increased 
attention being paid to the process side of extractive 
metallurgy, particularly in pyrometallurgy, where heat 
transfer, mass transfer, fluid flow at high temperatures 
and under very complex conditions have to be taken into 
consideration as well as the chemical metallurgical 
reactions involved. 

This volume is important, not only for those engaged 
in extractive metallurgy but also because it shows how 
broadly based the subject is, far from the narrow special- 
ization that some people wrongly think. It is hoped that 
it will encourage, and indeed it should, the expenditure 
of more effort in research in all aspects of extractive 
metallurgy. Stacey Warp 


AIRCRAFT ENCYCLOPAEDIA 


All the World's Aircraft 1968-69 
The Illustrated Annual Record of Aviation Development 
and Progress. Edited and compiled by John W. R. 
Taylor. (Fifty-ninth year of issue.) Pp. 72+683+xxx. 
(Samson Low, Marston and Co.: London, 1968.) 210s. 
THE publication of Jane's is always a good excuse for a 
survey of the development of aviation. This year’s 
edition, bigger and better than ever, paints a sombre 
pieture. Military developments in China have already 
shifted the balance of power, and encouraged the United 
States to undertake the development of an anti-ballistie 
missile system, while in the Middle East, Jane's suggests 
that Israel could have nuclear weapons, and a means of 
delivering them, within two years. Marcel Dassault of 
France is developing a surface to surface missile, desig- 
nated MD-660, which is designed for a range of 280 miles, 
and could carry either high explosive or nuclear warheads. 
The nuclear warheads could be developed from materials 
produced in the Dimona reactor near the Dead Sea. 
Information about developments in China is scantier, 
but this year's edition does contain some information 
about the fractional orbital bombing system developed in 
the Soviet Union. It is interesting, as the editor J. W. 8. 
Taylor points out in his introduction, that this system 
is designed to neutralize the manned bomber forces still 
operated by the United States. So much for the prophets 
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—the British Ministry of Aviation. among them——who 
predicted the demise of manned aircraft ten years ago. 
The FOBS system consists of a launcher 113 feet long, 
with six first stage rockets, launching a rocket into an 
orbit about 100 miles from the Earth. Before the first 
orbit is complete, the bomb is brought out of orbit on to 
the target. According to Jane's, observations at Farn- 
borough of tests of the FOBS system suggest that the 
bomb is about 6 feet 6 inches long and 4 feet in diameter. 
In the aireraft sphere, there have been several dis- 
appointments. Variable geometry has had a bad year, 
with the disappointing performance of the F111, and the 
abandonment of the ambitious design for the American 
Supersonie "Transport in favour of a fixed wing design. 
Concorde still remains on the ground. But the British 
vertical take-off fighter, the Harrier, did come into service 
with the RAF, and this may turn out to have been an 
event of considerable significance. Mr Taylor (who makes 
all these points) is not alone in predicting that the Harrier 
will be as successful in export markets as the Hunter was. 
As for Jane's itself, there are few changes in this year's 
edition. For the first time the missiles section is divided 
into two, with military missiles separated from space 
research vehicles. Airships are back in favour, although 
there are only four of them, one a replica put together 
for the purposes of a film. Many aircraft are listed 
of which only one prototype has ever been built, often 
by single enthusiasts to their own designs. 
thoroughness is typical of Jane's. which remains the 
standard work about aeroplanes. Nice, HAWKES 








SIMULATION AND ANALYSIS 


Mathematical Models for the Evaluation of Electric and 
Magnetic Fields 

By O. V. Tozoni. 

Seripta Techniea. Pp. 328. 


Edited by A. A. Kaye. Translated by 
(Liffe: London, 1968.) 75s. 


Tus book is a contribution to the growing literature 
dealing with computational methods for solving engin- 
eering problems in electromagnetism. The methods in 
this book are restricted mainly to finding solutions of 
Laplace’s equation and Poisson’s equation, though one or 
two sections are coneerned with non-linear equations; 
at least two-thirds of the book is devoted to two-dimen- 
stonal fields. 

Most space is allotted to finding the field when the 
potential (or its normal derivative) is preseribed on a 
complicated boundary so that an analytical solution is 
completely out of the question. There are three ways of 
obtaining an answer: by analogue computer, by digital 
computer, or by a mixture of computation and analysis. 
The author dismisses rather rapidly the digital computer 
in spite of the occasional section later in the book. This 
dismissal may reflect the capacity of the computers avail- 
able in Russia ten years ago (the references in the original 
text cease at 1960) and the author might write differently 
today. Certainly I would seriously consider using an 
integral equation approach together with a digital com- 
puter before embarking on some of the simulation 
deseribed. 

The author’s main aim is to describe a combination of 
simulation and analysis which has proved to be practically 
useful. In this respect engineers will find it a helpful 
reference because of the careful explanation and the 
attention paid to estimating the errors likely to arise in 
the actual simulation; however, there are no exercises for 
students to try. The analytical methods are described in 
some detail and so is the simulation apparatus; the author 
points out the praetical difficulties involved in the con- 
struetion of such apparatus and also notes why these 
difficulties may make one form of simulation more accept- 
Able than another. 


This kind of 
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The first chapter goes over the usual properties of an 
analytical function of a eomplex variable and includes à 
derivation ab initio of Poisson's integral representation. 
lllustrations of conformal mapping and the use of the 
Poisson representation occupy the later sections of the 
chapter. Those who have taken a standard university 
sourse in mathematics for engineers should be able to 
follow this chapter and, indeed. most of the analysis in 
the book. 

The second chapter is concerned with simulating the 
conformal mapping of an arbitrary shape into a standard 
shape such as a strip. The simulation is achieved by 
means of a current flow in a thin sheet and one note- 
worthy illustration is that for the Sehwartz-Christoffel 
transformation. 

In the third chapter the method is applied to the 
determination of the magnetic field in a direct current 
machine, and a four pole machine with gaps between the 
poles and yoke is examined in some detail. 

The fourth chapter takes up the problems of Poisson's 
equation and of domains which extend to infinity. The 
author shows, by an ingenious mapping of part of the 
region, how a finite analogue ean be constructed for the 
second problem with an error which lies within acceptable 
limits. As regards the first problem, there is a full dis- 
cussion of the errors introduced by the simulation of the 
sources in Poisson's equation; the imperfections of the 
device used for Dirichlet’s problem are also treated fully. 
'The last two seetions eover non-linear media and the 
design of three-phase lines. 

Three-dimensional fields are considered in the fifth 
chapter. The main problem that is discussed is the 
simulation of stray and eathode currents in underground 
pipes and electric railways. 

The standard of translation is reasonably good, although 
there are one or two lapses-—to say that a Riemann surface 
disintegrates when branch lines are chosen is not a happy 
choice of phrase. But this is a minor criticism of a book 
which is a worthwhile addition to the field of analogue 
computation. D. S. Jongs 





PROGRAMMING TEXT 


Recursive Techniques in Programming 
By D. W. Barron. (Maedonald Computer Monographs.) 
Pp. 64. (Macdonald: London, 1968.) 25s. 


A GOOD test of one's sympathy with a textbook is the 
extent to which one s urged to incorporate the contents 
into one's teaching. I regard this as an excellent little 
book. I think the author has done a wonderful job in 
introducing so many facets of the subject so concisely and 
[ shall use much of the material. 

It is valuable to have a clearly illustrated deseription of 
a fundamental difference between ALGOL and FORTRAN 
in a context in which the differences are not easy to 
describe. The inelusion of description of rocursive systems 
in list processing languages is also very welcome. It is a 
pity that the facilities of PL/I are dismissed so lightly 
and, of course, there is no mention of the advances in 
ALGOL 68. This dates the book a little after only a single 

year since publication. 

There is a very comprehensive range of recursive applica- 
tions in mathematics, sorting, compiler writing, meta 
language definitions and so on. 

The chapter on the mechanics of recursion introduces 
both hardware and software techniques. The concepts 
and mechanism of stacks are very well described and 
many will find the clear description of much bewildering 
jargon a great boon. 

This book is a “must” for a professional programmer and 
will be of educational value to a much wider class of 
reader. R. J. Ongp-SurTH 
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Starch and its Derivatives Fourth Edition 
J. A. Radley 


‘Radley’ is the acknowledged standard reference work on starch chemistry 
and technology; this new edition takes into account all recent advances. 
Fully documented with numerous references. £T 


High Vacuum Series 


The Physical Basis of Ultrahigh Vacuum 


P. A. Redhead, J. P. Hobson and E. V. Kornelsen v 
Correlates the information gathered from the various disciplines, and examines — d 
the diverse physical and chemical processes relevant to the production, _ 
measurement, and application of ultrahigh vacuum. £S Bs. | 


A Preliminary Course in Analysis 


R. M. F. Moss and G. T. Roberts 


Based on experiments in teaching analysis by modern methods, this book aims 2 
to give students a rigorous but easier introduction to the subject than is offered _ 
by more traditional courses. 368. 


Measurements in Applied Physics 
A. A. Burr, K. J. Dean and R. J. Trebilcock 


Discusses the more important physical measurements in electrical current, 2s 
photometry, low pressures, viscosity, strain, temperature, etc. 38s. . 


CHAPMAN & HALL 





Noble-Gas Chemistry 


John H. Holloway 


Provides a complete picture of the chemistry of the noble gases, and at the | 
same time presents basic principles in a simple way. The work includes 
extensive reference lists. 428. 





Understanding Quantum Mechanics 
G. Troup 


The introduction and use of Dirac notation unifies quantum mechanics so that 
the close relationship between wave mechanics and matrix mechanics is Clearly 
seen. A number of problems are solved in both matrix and wave mechanical 
representations. 18s. 


METHUEN 11 New Fetter Lane, London EC4 
Published in U.S.A. by Barnes & Noble Inc., 108 Fifth Avenue, New York, N.Y. 10003 
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Steward — Growth and Organization in Plants 


F. C. Steward Of particular interest to the advanced student, this book deals mainly with the 
Cornell University problems of flowering plants, seen as the dominant plants of today. "The author, 
in a deliberately personal account, stresses the belief that there must be a com- 
bination of knowledge from all branches of science in an effort to explain how 
plants grow and develop. The unified treatment emphasizes throughout that 
physiology, biochemistry and experimental morphology are all mutually comple- 
mentary and equally necessary to understand plants as organisms. The book is 


544 pp. 477 illus, (1968) superbly and profusely illustrated with material drawn from the author's long 
Clothbound 140s. research experience and the work of other authorities. 
Hill — Thermodynamics for Chemists and Biologists 
Terrell L. Hill Designed as a text for graduate chemical thermodynamics courses, the book 
University of California presents chemists, and many biologists, with special topics not included in under- 
Santa Cruz graduate physical chemistry. Following the trend in physical chemistry, the 
author has chosen many topics to overlap physical chemistry with biochemistry 
. and molecular biology. Though primarily thermodynamic in character, the book 
208 pp, 56 illus. (1968) introduces examples at the molecular level to create a mixture of thermodynamics 
Clothbound 52s. and statistical mechanics. 
Sears and Brehme — Introduction to the Theory of Relativity 
Francis W. Sears This book, designed for intermediate courses at university, uses à mathematics- 
Dartmouth College, through-geometry technique to solve many problems in relativity with both ease 
and Robert W, Brehme and clarity. The authors use Galilean and Lorentz geometric diagrams to 
Wake Forest University simplify descriptions of Einstein's relativity theory. Included are detailed solutions 
. p m to many famous “ paradoxes”. The philosophical and metaphysical aspects of 
288 pp, 109 illus. (1968) relativity are not discussed. 


Clothbound 61s. 
Jauch — Foundations of Quantum Mechanics 


J. M. Jauch : This book is designed to acquaint the reader with the modern approach to quantum 
University of Geneva mechanics and with the mathematical tools used in this approach. A notable 


feature of the book is its use of modern mathematical language to a greater 
degree than is customary in works of this nature. In addition to standard reference 
material, the book provides the reader with the results of recent research on the 


229 pp, 26 illus. (1968) foundations of quantum mechanics, which has been conducted in Geneva over 


Clothbound 140s. the past few years. 

Nevanlinna — Space, Time and Relativity 

Rolf Nevanlinna This classic monograph introduces the fundamental ideas of relativity as viewed 
Academy of Finland against the whole background of man's ideas of space and time. The author 
Translated from the German by presents some of the most sophisticated ideas in science—such as the principles 
Gordon Reece of Einstein s General Theory of Relativity—in such a lucid manner that little 


i mathematical sophistication is required on the part of the reader. 
192 pp, 32 illus. (1968) 
Paperbound 28s. Clothbound 40s. 


Powles — Particles and their Interactions 


J. G. Powles. This unified view of the subject developed from an interdisciplinary course of 

University of Kent lectures given by the author to students intending to specialize in physics, elec- 

tronics, chemical physics, chemistry and chemical engineering. However, the 

material should prove equally valuable as background reading for those taking 

: more traditional courses in physics, chemistry or engineering. The treatment is 

272 pp, 153 illus. (1968) logical and deductive. Suggested experiments are listed in an Appendix ; frequent 
Paperbound 47s. references to them in the text form a useful link between theory and experiment. 
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HANDBOOK OF TECHNIQUES 
: IN HIGH-PRESSURE 
. RESEARCH AND ENGINEERING 


WATER IN 
BIOLOGICAL SYSTEMS 


ATOMIC PHYSICS 


* ADVANCES IN 
NUCLEAR PHYSICS 
Volume 2 


FORTHCOMING BOOKS 








mo 


NEW AND 





By Daniil S. Tsiklis. Translation Editor: Alfred Bobrowsky. 


Pressure Technology Corporation of America, Boalsburg, Pennsylvania. and 
Pennsylvania State University. 
Translated from the Russian. 


Unique in the field of reference and descriptive works on high- 
pressure technology, this volume provides a remarkably detailed 
account of equipment suitable for the synthesis, measurement of 
physical and chemical properties, and processing of materials in 
the application of high-pressure methods to laboratory, prototype 
and industrial uses. 


504 pages PP 1968 $35.00/£16,75; 


Proceedings of a Symposium on the State and Role of Water in Biological 
Systems held in Tbilisi, USSR. Edited by L. P. Kayushin. 


Translated from the Russian. 

A broad survey of current research on the nature of water and. 
aqueous solutions, the interactions of water with maeromolecules, 
the state of water in biosystems. : 


Approx. 115 pages CB January 1969 $15.00/£7.. st 







Proceedings of the International Conference on Atomic Physics held in New. 
York City. Ghee 
Edited by Benjamin Bederson, New York University, Victor W, Coben, Brookha: 
National Laboratory, and Francis M. J. Pichanick, Yale University, 
Conference Chairman: Vernon W. Hughes, Yale University. 


A comprehensive and stimulating account of the present status of — es n 
atomic physics including suggestions on the direction of fu us 
research as indicated in the areas of fundamental problems 
atomic physics, atomic structure, atomic collisions, newexperimental | 
methods, and the applications of atomic physics to other scientific — 
fields. 

Approx. 600 pages PP January 1969 $25.00/£ 11.135; 


Edited by Michel Baranger, Department of Physics, Carnegie Institute of 
Technology, Pittsburgh, Pennsylvania and Eric Vogt, Department of Physics, 
University of British Columbia, Vancouver, B.C., Canada. 


This second volume in an outstanding review series charts the field 
of nuclear physics with original papers by internationally recognized 
experts in all areas of nuclear research, emphasizing the physical 
aspects of each subject rather than theoretical treatments or experi- 
mental techniques. 

CONTRIBUTORS: Daniel R. Bes, S. Devons, I. Duerdoth, C. Glashausser, 
Peter Signell, Raymond A. Sorenson, B. M. Spicer and J. Thirion. 


Approx. 430 pages PP January 1969 $18,50/£8.13s. 


Also availableVolume 1 
416 pages PP 1968 $18.50/£8.13s. 
* Place your standing order today for books in this series. It wili ensure delivery 


of new volumes immediately upon publication; you will be billed later. This 
arrangement is for your convience and may be cancelled by vou at any time. 











Plenum Publishing Co. Ltd. Plenum Publishing Corporation 


Donington House, 30 Norfolk Street, 227 West 17th Street, 
London, W.C.2 (Tel. 01-836-5238) New York 10011, U.S.A. 
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IMPORTANT TITLES FROM /L/FFE 


design of relay control systems 
CLAUDE POLGAR 
English translation edited by N. G. Meadows, Ph.D., B.Sc., C.Eng., M.LE.E. 


This book will prove of great value to those technicians without specialised knowledge 
of ‘switching’, who want an insight into the techniques of designing circuits for 
automation applications. Easy-to-read ‘symbolic’ diagrams are dealt with in the first 
chapter, but afterwards the treatment of the subject uses Boolean algebra. 


312 pp. approx. 65s. net 66s. 8d. by post 


essentials of optimal control 


P. NASLIN 
Lecturer, l'École National Supérieure de l'Armement 


It aims at presenting the essentials of modern control theory in a language that can 
easily be understood by those familiar with the new classical theories of automatic 
control—especially linear feedback-system theory and can be read with only a 


ILIFFE perfunctory knowledge of automatic control theory. 


BOOKSLTD. |. . . . 


42 RUSSELL SQUARE, 
LONDON, W.C.l 


elements and circuits for automatic control 

English translation edited by N. G. Meadows, Ph.D., B.Sc., C.Eng., M.I.E.E. 
This book gives examples of typical elements of control systems and discusses their 
applications in systems for automatic control. Many examples are given throughout 


the book, much of which is slanted towards practical applications, with particular 
reference to control systems for electric drives. 


221 pp. 146 illustrations 50s. net —— 5s. 8d. by post 








NEW BLACKWELL BOOKS — 


A Companion to Medical Studies Genetic Markers in Human Blood 

Vol. x Anatomy, Biochemistry, Physiology and Related ELorE R. GIBLETT, M.D. February 1968. 640 pages, 
Subjects. 95 illustrations. 85s. 
Edited by R. PASSMORE, M.A., D.M., and J. S. ROBSON, ! . 

M.D., F.R.C.P.F. 1968. 1142 pages, 1075 illustrations The Genetics of Bacteria and their 

(5 colour plates). Cloth £6 6s., Limp 95s. Viruses 

Blood Groups in Man W. HAYES, F.R.s. Second Edition, January 1969. 936 


ages, 176 illustrations. $. 
R. R. RACE, PH.D., F.R.C.P., F.R.S., and RUTH SANGER, pages, 17 95 


PH.D., B.SC. Fifth Edition, 1968. 628 pages, 37 illustra- 


io £5 105. Survival in Cold Water 


The Physiology and Treatment of Immersion Hypothermia 


nd of Drowning. 
ant Cells S E 
doni Monographs, Volume 8) W. R. KEATINGE, PH.D., B.CHIR., M.B. January 1968. 


146 pages, 13 illustrations. 308. 
F. A. L. CLOWES, M.A., D.PHIL., and B. E. JUNIPER, M.A., 
D.PHIL. December 1968. 560 pages, 163 ae Handbook of Biochemistry 

; ere . £ Selected Data for Molecular Biology 

Experiments in Microbial Genetics Edited for the Chemical Rubber Company by HERBERT 
Edited by R. C. CLOWES, B.SC., PH.D., D.SC., and W. A. SOBER, PH.D. 1066 pages. Á1S5 
HAYES, F.R.S. 1968. 256 pages, 20 illustrations. 42s. 

Handbook of Laboratory Safety 
Handbook of Chemistry and Physics Edited for the Chemical Rubber Company by NORMAN 
Edited for the Chemical Rubber Company by RoBERT V. STEERE. 580 pages, 130 illustrations. £10 ros. 


C. WEAST, PH.D. Forty-ninth Edition, 1968. 2120 pages. 


£r Handbook of Tables for Probability 


Standard Mathematical Tables and Statistics 

Edited for the Chemical Rubber Company by SAMUEL Edited for the Chemical Rubber Company by WILLIAM 

M. SELBY, PH.D, Sixteenth Edition, 1968. 702 pages. H. BEYER, PH.D. Second Edition, 1968. A oe 
758. 9 I5s. 
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BIOGRAPHIES | : E GRE AT 



















ESSAYS 
DICTIONARIES 
DISSERTATIONS | 
HISTORIES | 
COLLECTED WORKS WAS — 
JOURNALS p, TES ue 
& ETC. VEND. 


NEW E Published under the general editorship of — 
REPRINTS. Harry Woolf, Willis K. Shepard Professor of the — 


NOW AVAILABLE 





























Theatrum Chemicum Britannicum 
ELIAS ASHMOLE Messenger 


A reprint of the London 1652 edition. Introduced by Allen JOHANNES KEPLER 
G. Debus, Assoc. Prof. of History of Science, University Introduction and notes by Edward Rosen, Prof. of the 





of Chicago. History of Science, City University of New York, d 
The Sources of Science, no. 39 The Sources of Science, no. 5 4 
[e MEL $17.50 s Selec taser he pee eh eke oa Et $9.00 : 


Memoirs of the Life, Writings and Discoveries 
of Sir Isaac Newton The Mathematical Works 


DAVID BREWSTER ISAAC NEWTON 


Reprint of Edinburgh 1855 edition. Introduction by Assembled, with an introduction by Dr. Derek T. White- gs 
Richard S. Westfall, Prof. of History of Science, Indiana side, Research Fellow in Mathematics, Whipple Science 


University, Museum, Cambridge, England. 

The Sources of Science, no. 14 In two volumes 

DECEDERE RETE $35.00 The Sources of Science, no. 3 
Vol by ClO iii anuo eet $14.50 
Vol 2, cloth: «usse cris OE $17.50 

The Anatomy of Plants The History and Present State of Electricity | 

NEHEMIAH GREW JOSEPH PRIESTLEY 


Reprint of the 1682 edition. Introduction by Conway Reprint of the Third Edition, London, 1775. Introduction 
Zirkle, Prof. of Biology, University of Pennsylvania. by Robert E. Schofield, Department of Humanities and 


Includes 83 engraved plates. Social Studies, Case Institute of Technology 
The Sources of Science, no. 11 The Sources of Science, no. 1g 
CIQUY xac oso oe eene $35.00 2 vols, cloth sse ecd $27.50 


The Sources of Science series offers books and journals which influenced the intellectual community at the time of 
their original publication and which continue to be a source of information on the history of science, 


Each volume is prepared by an expert in the field and most contain introductions explaining the relevance of the work 
to modern scientific thought, 


All of the titles listed above are available for immediate delivery. Many more titles are available or ir production, 
For a free brochure describing the selections of this series, please write to: 


JOHNSON REPRINT CORPORATION Johnson Reprint Company Ltd. 
111 Fifth Avenue, New York, N. Y. 10003 Berkeley Square House, London W.1, England | 












History of Science, Johns Hopkins University. 


Kepler’s Conversation with Galileo's Sidereal| — 
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Recent Books from Canberra 


Ecology Available March; April 1969 


Australian Inland Waters and their Fauna: A Bibliography of Fiji, Tonga, and Rotuma 
Eleven Studies Compiled by P. A. Snow. About 460 p, 25 cm, 
A. H. Weatherley (ed.) xv, 278 p, plates, figs, 24 cm, — offset/paperbound. 105s. 


cloth 105s. Geochemistry 


Water and Land: Two case studies in irrigation The Geochemistry of the Lovozero Alkaline Massif 

T. Langford-Smith and J. Rutherford xiv, 266 p, V, I, Gerasimovsky et al, trans. D. A. Brown 

plates, figs, 24 cm, cloth. 758. (Original Russian text first published 1966) 

Island Populations of the Pacific Part 1: Geology and Petrology (vii, 224 p); Part 2 

Norma MeArthur xvi, 381 p, figs, maps, 24 cm, Geochemistry (vi, 369 p); 24 cm, offset/paperbound. 

cloth. 96s. 90s. (set) 

Available in United Kingdom and Europe from 

C. Hurst and Co., 13 James Street, London W.C.2. 

Bibliography A complete catalogue is available on request. 

An Ethnographic Bibliography of New Guinea 

Compiled by the Department of Anthropology and 1 ; 

Sociology, A.N.U. Vol. 1: Author Index, x, Australian 


318 p; Vol 2: District Index vi, 110 p; Vol. 3: ——— National University 


Proper Names Index vi, 255 p. 25 cm, off set/ S Press - Canberra 
paperbound. 120s. (set) 





SPORES : FERNS : MICROSCOPIC ILLUSIONS ANALY ZED 
Volume | C. S. HIRES 


An exceptional book for nature lovers, artists and scientists in many fields. 
Living ferns beautifully illustrated, cell structure. Development—spore to maturity. 


Unique, 3-dimensional studies with models, line drawings and photomicrographs clarify basic spore structures ; 
their wall arrangements organized for easy reference. New approaches to details and microscopic illusions. 
Simple, accurate terms. 


572 pages, 1,150 illustrations, 14 in colour Price: $22.50 


MISTAIRE LABORATORIES 


152 Glen Avenue, Millburn, NJ. 07041 U.S.A. 





| 
GLASSWORKERS' WANTED TO PURCHASE 
STAIN-VIEWING BOOKS AND PERIODICALS 
POLARISCOPE In the fields of Science and Humanities 


Entire libraries and smaller collections: 








Full wave retardation analyser 





for 5800 A gives most sensitive — | sets and runs, foreign and domestic. 
ier regs of strain, 

ield and sight aperture T 
dia. Dimensions 63" X54" X5". | WALTER J. JOHNSON INC. 
Price: £15 10s. 6d. | 111 Fifth Avenue, New York, 3, N.Y.. U.S.A. 
As above but without colour Cable Address ROOKJOHNS, NEW YORK 
analyser showing strains against i 
black field. Price: £11 Hs, 0d. | British Office: WALTER J. JOHNSON LTD. 


Immediate delivery Footscray High Street, Footscray, — Sideup, Kent 


FOOTSCRAY 0155 


H. S. B. MEAKIN, LTD., 25, Victoria Street, S.W.1 | Cable Address REPRINTS, DARTFORD 


SUPPLIERS OF POLAROID PLASTICS, WAVE PLATES and GLASS "Tel. : 01-222 6713 
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Recent books... 


George Neville Jones 

TAXONOMY OF AMERICAN SPECIES 
OF LINDEN (Tilia) 

A detailed description and discussion of the American 
species of linden including their geographical distri- 
bution and phylogenetical development. 

Illinois Biological Monographs No. 39. 


(Illinois) 5 maps, 30 plates, 4 tables Paper 50s. 6d. 


David A. Langebartel 


THE HYOID AND ITS ASSOCIATED 
MUSCLES IN SNAKES 

“This is a work for the snake specialists . . . | hope that 
they will consider this work, for | believe that it can 
contribute to the eventual writing of a history of snakes 
of general biological interest"—Garth Underwood, 


"Nature", 
Illinois Biological Monographs No. 38. 
(IHlinois) 19 figs. Faper 42s. Od. 


Norman D. Levine, editor 


NATURAL NIDALITY OF DISEASES 
AND QUESTIONS OF PARASITOLOGY 
Translated by Frederick K. Plous, Jr. 


Originally published in Russian in 1961, these proceedings 
of the IV Conference on Natural Nidality of Diseases 
and Problems of Parasitology of Kazakhstan and the 
Republics of Central Asia make available extensive 
information on epidemiologic research carried out in 
Russia, but virtually unknown to the Western World. 


(Illinois) 483 pages 84x11 83 plates 104s. Od. 


C. W. Seibel 
HELIUM: CHILD OF THE SUN 


Relates the discovery of helium and the history of its 
development from a chemical curiosity in a University 
of Kansas laboratory into a significant feature of current 
technology and space exploration. 


(Kansas) illus. 47s. Od. 


Harold Vagtborg, editor 
THE BABOON IN MEDICAL RESEARCH 


Proceedings of the Second International Symposium on 
the Baboon and Its Use as an Experimental Animal. 


(Texas) 908 pages illus. 143s. Od. 


Tetsuo Yoshikawa 


ATLAS OF THE BRAINS OF 

DOMESTIC ANIMALS 

The most complete and detailed atlas of the brains of 
domestic anímals yet published with sections on the 
cow, horse, pig, sheep, goat and chicken. 


(Pennsylvania State) 180 pages l6x 10 186s. Od. 


e 





AMERICAN UNIVERSITY PUBLISHERS GROUP LTD. 
27 Whitfield Street, London, W.1 


Forthcoming books... 








Alvin L. Berman 
THE BRAIN STEM OF THECAT . 
A Cytoarchitectonic Atlas with Stereotaxic Coordinate 
This atlas provides an anatomical guide for experim: 
research and a modern anatomical survey of the nucle 
groupings in the brain stem of the cat. ds 
(Wisconsin) 80 superb photomicrographs, magnifie 
172x223 illus. 467s. Cd. ija 

















Karl W. Butzer and Carl L. Hansen 
DESERT AND RIVER IN NUBIA e 
Geomorphology and Prehistoric Environmenzs at the 
Aswan Reservoir p 
A comprehensive study of the evolution of the | 
morphic landscape of southern Egypt during the i 
geological past. SWR 
(Wisconsin) Book 167s. Od. (Jan. 1969). 
Maps 95s. Cd. (ian. 1969) 


164 illus. 


D. H. Cushing 
FISHERIES BIOLOGY 
A Study in Population Dynamics p 


In this abundantly illustrated book, Dr. Cushing use 
established present knowledge to demonstrate ho 
quantitative, rather than qualitative and descriptiv 
methods can be applied for measuring fish populati 


(Wisconsin) 82 illus. 71s. 6d. (Dec. 19 


Ross Davis and Donald D. Huffman 


A STEREOTAXIC ATLAS OF THE 
BRAIN OF THE BABOON 

Foreword by Harold Vagtborg Wet 
This atlas will be of special interest to those involved. 
in research into the baboon brain and for these whose 
work requires the accurate location of brain stem struc- 
tures for the stereotaxic placement of electrodes, 


(Texas) 120 illus. 186s. Od. (ian. 1969). 
S. G. Gilbert 

THE PICTORIAL ANATOMY OF 

THE CAT 


Gilbert's newest manual is designed for use as 3 dissection 
guide in comparative vertebrate anatomy or in mam- 
malian anatomy. 


(Washington) 75 figs., 14 drawings 


Paper 42s. éd.. Gan. 1969), 


Edward Harrison Taylor 
THE CAECILIANS OF THE WORLD 


A taxonomic study of the Gymnophiona, least known of 
all ordinal groups of vertebrates with the exception 
of certain orders of deep-sea fish, this volume describes 
over 160 species and subspecies, including a number 
of new forms. 


(Kansas) 425 illus, keys, tables 238s. 0d. (Dec, 1968). 
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Catalogue of the Library of the ARCTIC INSTITUTE 
of North America, Montreal, Canada 
One of the world’s three largest libraries devoted to the polar regions, it is particularly strong in arctic and 
subarctic material, including cold weather research and snow and ice studies. Well represented are the sciences 
(physical, biological and social), technology and many works of general interest. Publications are in French, 
German, Danish, Norwegian, Swedish, Finnish, Japanese, etc., though most are in English and Russian. 
This dictionary catalog is subject cataloged in depth. The collection consists of over 8,700 volumes, 20,000 
pamphlets and reprints and 1,000 periodical titles of which 850 are regularly received. All material has been 
cataloged and classified, with analytics for about 4,500 articles in the non-polar serials. 
Estimated 70,000 entries reproduced in 4 volumes 
Prepublication price $242.06; after January 31, 1969: $302.50 


A Dictionary Catalogue of the 
BLACKER-WOOD LIBRARY of ZOOLOGY and ORNITHOLOGY 
McGill University, Montreal 


This outstanding reference library in natural history contains nearly 60,coo volumes, including bound reprints 
and some 2,000 sets of periodicals. Imprint dates range from a 1472 edition of Pliny’s Natural History to 
contemporary publications such as a modern work in oceanography. Author, titles and subject entries are 
interfiled in a single alphabetical sequence. Estimated 135,000 cards reproduced in 9 volumes. Price: $605.00 


BOTANY SUBJECT INDEX 

U.S. Department of Agriculture Library, Washington, D.C. 
Entries in this index, which is worldwide in scope, are arranged alphabetically both by subject and by scientific 
name with many subdivisions. Pertinent literature, records of voyages and travels, textbooks and biographies 
are also indexed. 
315,000 cards reproduced in 15 volumes 


Prices include 10% additional charge on orders outside the U.S, 
Descriptive material on these titles and a couplete ca‘a'os af p tblications are available on request. 


G. K. HALL & CO. 































Price: $990.00 






70 Lincoln Street, Boston, Massachusetts, U.S.A. 02111 





Publications of the HUNT BOTANICAL LIBRARY 


distributed exclusively by S- H SE RVIC E AG E N CY 


BOTANICO-PERIODICUM-HUNTIANUM (B-P-H) 

1063 pages, buckram binding. 1968. $30.00 

Botanico-Periodicum-Huntianum is a compendium of some 12,000 titles comprising 

the world's periodical literature important in the plant sciences, and to historical and 

biobibliographical studies of those sciences. 

For each title there is given an adopted unambiguous abbreviation, and place and 

dates of publication. In addition, there are included some 12.000 synonymous 

abbreviations, as encountered in the literature, and cross-referenced to the adopted 

abbreviation. 

L'HÉRITIER DE BRUTELLE, C.-L. 

Sertum anglicum 

4to. xcvii, (iv), 36, (14) pages, 37 plates (35 in facsimile) 
colored frontisp. 1 illus. (Hunt Facismile Series No. 1} 
1788 (Reprint 1963). $15.00 


ADANSON, M. 

The bicentennial of Michel Adanson's “ Familles des 
Plantes ” 

Part 1: xii, 392 pages, 38 illus. 

Part 2 : xi, pages 393-640, illus. 39-47. 


2 vols. (Hunt Monograph Series Nos. 1 & 2) 
1963-1965 
Cloth $30.00. Paperbound $25.00 


CATALOGUE OF BOTANICAL BOOKS IN THE COL- 
LECTION OF RACHEL MCMASTERS MILLER HUNT 
Vol. I, compiled by Jane Quinby, holdings of 1151-1700 
Vol. H, compiled by Allan Stevenson, holdings of 
1701-1800 in Parts I & II 

2 vols. in 3. 1958-1961. $325.00 

Also available on handmade paper. $375.00 


HUNTIA 

A yearbook of botanical and horticultural bibliography 
Vol. 1, vi, 221 pages, 27 illus. 1964. Paperbound $10.00 
Vol. 2, vi, 305 pages, 79 illus. 1965. Paperbound $12.00. 
Case binding $14.00 

Vol. 3. In preparation. Paperbound $14.00. Case 
binding $15.00 


REDOUTÉ, P.-J. 

A Catalogue of Redoutéana 

Exhibited at the Hunt Botanical Library, 21 April to 
1 August 1963. 

X, 117 (5, index) pages, colored plates, 22 illus. 1963. 
Incl bibliogr. of all works and eds. illustrated by P.-J. 
Redouté. Paperbound $10.00 


WALAHFRID STRABO 

Hortulus. 

Facsim. of 9th century mss. . 

xii, 92 pages, 20 facsim. plates, 28 linocuts, 4 line cuts. 
Printed in 2 colors. (Hunt Facsimile Series No. 2) 1966. 
$15.00 

Facsim, of 9th century mss., with new and only English 
transl. based on this mss. Incl. biographical essay, bibliogr. 
of all eds, and list of modern binomials for all plants 
cited. 


S-H SERVICE AGENCY, INC., 31 East 10th Street, New York, N.Y. 10003 
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| DYES FOR USE IN ALL INDUSTRIES 


RESEARCH & PRODUCTION CHEMISTS: if you 
are looking for dyes with specific chemical and physical 
properties suitable for particular manufacturing and/or 
| testing processes you are invited to contact 


- EDWARD GURR LIMITED 


for supplies. 





We hold stocks of an enormous variety of dyes, ready for immediate 
despatch, including: 

Cyanine, Dicyanine, Fast Bordeaux O, Aurantia, Crystal violet, BPC- 
(d Scarlet R, BPC, Diazonium salts, Neutral violet. Lacmoid, Nile blue, 
Janus green, Brilliant green BPC, Rosolic acid, Methyl green, p- Ethoxy- 
thrysoidin, Methyl red, Nitrazine yellow, Pinacryptol green, etc. 





Industrial Research Establishments 


are invited to make use of our professional services as 
consultants on the selection and use of dyes as research 
and production tools. 





BIOLOGISTS are invited to send for our catalogue of: 


‘Mil CHRO MIE? 


STAINS & REAGENTS FOR BIOLOGY 


Acridine orange, Aquamount, Fluormount, Lipid crimson, Matamount, 
May-Grünwald, Leishman, Giemsa, Toluidine blue, Cresyl fast violet, 
Papanicolaou stains, Thioflavine S, Brilliant cresyl blue, Nile blue, 
Pyranin Y, Trifalgic acid, Rhodanile blue, Haplo, etc. 


EDWARD GURR LTD 


42 Upper Richmond Road West, London, S.W.14 
Cables: Micromlabs London SW14. Telephone: 01-876 8228/9 













if vou use a 


MICROSCOPE 


you need a 


SINGER 


FULLY PATENTED 


MICROMANIPULATOR 


Singer micromanipulators are used in 
most laboratories all over the world. 
"Three types available: 

Mk I Low power for magnifications 
xI to x200 

Mk II For magnifications x1 to 

x 500 

Mk III High power for magnifications 
X100 to x 1,000 plus 

The most advanced instruments for 
micromanipulation. As described by 
Barer and Saunders-Singer with further 
improvements. 

Full details and demonstrations upon 
request to: 


SINGER INSTRUMENT CO. LTD., 
Fountain Court, 83 London St., 
Reading, Berkshire, England. 
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MORE FIRSTS FROM SIGMA: 


NEW CYCLIC 
NUCLEOSIDE PHOSPHATES 


CYTIDINE 3°:5’-CYCLIC MONOPHOSPHORIC ACID 


Grade 1: Free Acid, Approx. 98%, 

5 mg.—-$10.00 100 mg.—$ 90,00 

25 mg.— 33.00 500 mg.— 300.00 
1 g.—$500.00 


THYMIDINE 3°:5’-CYCLIC MONOPHOSPHORIC AID : 
Grade 1: Approx. 98% Sodium or Ammonium. ` 
5 mg.—$ 7.50 100. mg.—$ 57.50 

25 mg.— 24.50 500 mg.— 225.00 
1 g.—$375.00 


URIDINE 3':5’-CYCLIC MONOPHOSPHORIC ACID 

















Grade 1: Approx. 98%  Ammonitn 
5 mg.—$ 5.00 100 mg.—$ 45 
25 mg.— 16.50 500 mg.— 130 


1 g.—$250.00 


ALSO AVAILABLE: 
Adenosine 2’:3’-Cyclic Monophospheric Aci 
Adenosine 3’:5’-Cyclic Monophospheric A 
Cytidine 2’: 3’-Cyclic Monophosphoric A ; 
Guanosine 2':3'-Cyclic Monophospharic Acid | 
Uridine 2': 3-Cyclic Monophosphoric Acid | 

GLUCOSAMINE-6-PHOSPHATE 





Grade 1: Approx. 98% Sodium Salt 
25 mg.—$2.50 500 mg.—$:8,00 
100 mg.— 5.90 I g.— 3000 





d- « Keto- METHYL-n-VALERIC ACID 


Grade HI: Approx. 95% Sodium Salt 
10 mg.—$3.50 100 mg—$18.50 1 g.—$100,00 


May contain a minor amount of “P isomer 





Grade II: Approx. 95% Sodium Salt 
10 mg.—$2.50 100 mg.—$13.00 1 g.—- $70.00 


Mixed Isomers—estimated ratio of current fot equals 
approx. 75% "d" and 25% "|", 
TELEGRAM : SIGMACHEM, St. Missouri. 
3 The Research Loboratories of 
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3500 DE KALB ST. + ST. LOUIS, MO, 63118 » LSA. 
MANUFACTURERS OF THE FINEST BIGCHEMICALS A 

















Distributed in the United Kingdom through 


SIGMA LONDON Chem. Co. Lid., 12, Lettize Si, 
London, S.W.6, England 


RENown 5823 (Reverse Charges) 






Phone : 
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precise - predictable - practical 
— PEARSE CRYOSTATS 


Edd 


APPLICATIONS . . . 

Diagnostic Biopsies © Routine Histology 

Enzyme Cytochemistry - Autopsies 
Immunohistochemistry (Fluorescent Antibody Methods) 
Auto Radiography * Fluorescent Microscopy 
Analytical Histochemistry 

Undecalcified Bone Sectioning 


ALSO... 
Botanical Research. Technological Materials 


PERFORMANCE DATA... 
Section sizes up to 120x90 mm. 
Section thickness down to 0.2 micron 
Automatic or manual operation 





Type MS ASK for demonstration 


SLEE MEDICAL EQUIPMENT Co. Ltd. 


LANIER WORKS, HITHER GREEN LANE, LONDON, S.E.13, ENGLAND. Tel 01-852 4814 Telex 262586 


SLEE INTERNATIONAL INC. S.L.E.E. G.m.b.H., 65 MAINZ GONSENHEIM 
PENNSAUKEN, N.J., U.S.A, Tel 609-663-3848 WEST GERMANY Telex 203-4187-5114 







vemadean | $ 
. 
earth shattering 
-> 
discovery 
We have taken rare earth metals and 
shaped them into foil and wire. So that 
now you can examine the properties of 
fabricated metals more easily — just cut 
off the amount you want for testing. 
This is just one of the ways our rare 
earth products could have a catalytic 
effect on your next project. N 
But don't be put off by all this grand talk. 
Rare earths are surprisingly low priced for 
what they can do. If you would like analytical data 
orto discuss a project, talk with two of the 
world's authorities on the subject: 


Messrs, Tennant (commercial) and Sherman (scientific). 
You'll discover them at the address below. 


Rare Earth 
Products Limited 


Waterloo Road, Widnes, Lancashire, England. Tel: Widnes 4126. Telex 627366. 
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THE FARADAY SOCIETY 


A SYMPOSIUM ON 


MOLECULAR WAVE 
FUNCTIONS 


will be held at The Royal Institution, 
21 Albemarle Street, London, W.1, 
on December 12 and 13, 1968 


I c 


The Symposium will mainly be concerned with the 
calculation. of molecular properties using non- 
empirical methods though a part will be devoted to 
empirical methods. 

Contributions by : G. P. Arrighini, M. Maestro and 
R. Moccia (Pisa), F. Grimaldi, A. Lecourt and C. 
Moser (Paris), J. N. Murrell and C. L. Silk (Sussex 
University), S. F. Boys (Cambridge University), H. 
Weinstein and R. Pauncz (Haifa) R. McWeeny 
(University of Sheffield), T. E. H. Walker and 
WwW. G. Richards (Oxford University), A. D. 
Buckingham (Bristol University) G. G. Hail 
(Nottingham University), J. A. Pople (Carnegie- 
Mellon University), M. Klessinger (Göttingen 
University) and G. Doggett and A. McKendrick 
(University of Glasgow). 

Programmes may be obtained from: 

The Faraday Society, 

6 Gray’s Inn Square, London, W.C.I. 

Telephone ; 014-242-8101 


AVAILABLE 
FOR 
IMMEDIATE 
DELIVERY 


DEUTERATED HEXAMETHYL 
PHOSPHORAMIDE, [(CD,),N]; PO 


“The most remarkable polar aprotic solvent” 
Ref: H. Normant, Angew. Chem. Internat. Ed. 6, 1046(1967) 
HMPA-D 354-800 1 Gram 5 Grams 10 Grams 
$ $420 $ 
This newest Miles-Yeda product is only one of 65 exciting 
new deuterated solvents and reagents, carbon-13, nitrogen-15 


and oxygen-18 compounds described in Miles’ just-published 
Stable Isotope Labeled Compound brochure. 


Request your personal copy. 
/7 


[^ 
MILES 
CI jut 


RESEARCH PRODUCTS DIVISION 
MILES LABORATORIES, INC. 


514 


Elk ya 46514 USA. 
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eHigh luminosity 


Double spectrometer with optical coupling 
arranged for additive dispersion 

gives at least double the intensity for 

a given resolution. 


eLow instrumental scatter 
«10-8 at 25 cm~' from 6328A 
<10-12 at 250 cm from 6328A 


eResolution 
Lines as close as 0.08A (0.2 cm-! at 6328A) 
can be resolved 


eLinear wavenumber drive 
Read-out in wavenumber and Delta wavenumber, | 
the latter easily resettable to zero at j 
any excitation line. 
Scanning speed range: 
0.8 to 2000 cm~'/min in 20 steps. 


i eOQuickly interchangeable sample holders 


for liquids, solids, single crystals or gases. 
eHighest sensitivity detection and 
recording system including photon counting 
and DC amplification from extended S- 20 
response photomultiplier. 
e@Full flexibility for incorporation of 
new accessories currently under develooment. | 
Please write or telaphone for full particulars, oríces 
and demonstration, quoting reference NAISS LR | 


GLEN CRESTON 


The Red House, 37 The Broadway, 
Stanmore, Middlesex, England. 
Telephone 01-854 4218 
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CAMBRIDGE PAPERBACKS 








Experimental Biology 3 


Bird Navigation second Edition 
G. V. T. MATTHEWS 


The second edition has been completely rewritten in the 
light of recent work. 

Comment on the First Edition : 

‘A remarkably lucid and compact statement, effect- 
ively illustrated by diagrams. It can be thoroughly 
recommended not only to every ornithologist but to 
all who find interest in this fascinating special topic.’ 
Science Progress 155. net 


Physiological Approach 


to the Lower Animals second Edition 
J. A. RAMSAY 


Dr Ramsay's successful introductory account of the 
physiology of the lower animals is intended for students 
in their final vears at school and first vear zoology under- 
graduates. In the second edition a new chapter on chemical 
coordination has been added, and that on muscle and 
nerve divided into two. There is now an index. 

Comment on the First Edition: 

‘It will prove stimulating and enlivening to all keen 
teachers of zoology in schools.’ Nature 125. net 


Scientific Explanation 


A Study of the Function of Theory, Probability 
and Law in Science 
R. B. BRAITHWAITE 


‘This is one of the most important books on scientific 
methodology that has appeared in recent years.’ 
Philosophy of Science 

‘A clear and logically consistent account of the way 
in which modern statisticians proceed.’ 


Science Progress 155. net 


Cambridge Chemistry Texts 


First books in the series: 


Peptides and Proteins 
D. T. ELMORE 


This book concentrates on general principles and en- 
courages the student to ignore artificial boundaries be- 
tween chemistry and biochemistry. Starting with the 
methods for the separation and identification of peptides 
and proteins, Dr Elmore goes on to consider the macro- 
molecular structure of proteins, the chemical synthesis of 
peptides, the biosynthesis of proteins, and, finally, the 
relationship between the structure and biological activity 
of peptides and proteins. 155. net 


Some Thermodynamic Aspects 
of Inorganic Chemistry 
D. A. JOHNSON 


In this book Dr Johnson brings out the importance of the 
relation between chemical behaviour—as exemplified by 
chemical reactions—and the thermodynamic properties of 
the compounds involved in the reactions. Because the 
thermodynamic approach is limited by the feasibility of 
constructing satisfactory theoretical models rather than 
by the thermodynamics itself, the book is concerned 
largely with simplified ionic structures although a final 
chapter contains a detailed discussion of covalent sub- 
stances. 185. net 


Basic Concepts of 
Measurement 
BRIAN ELLIS 


Professor Ellis writes from the standpoint of an empiricist 
and positivist. He distinguishes and defines the basic 
concepts in measurement, and discusses the problems of 
classifying scales of measurement and the special logic 
problems associated with each kind of scale. 

"This book is a substantial contribution to the 
philosophy of quantification.” Journal of the Royal 
Statistical Society 155. et 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Upper Limits on Low Energy 
Cosmic Ray Protons and Heavy 
Nuclei in Interstellar Space 


TRE recent advent of artificial satellites has made it possible 
to measure cosmic ray intensities at energies less than 
50 MeV in the vieinity of the Earth. The fluxes of these 
cosmic ray protons and heavier nuclei are, however, not 
known in interstellar space, because the reduction of 
intensity during traversal against the solar wind from the 
edge of the solar system to the Earth is not known. I 
use the observations on extraterrestrial background gamma 
radiation between 0-3 and 2 MeV to set upper limits for 
cosmic ray protons and CNO nuclei in interstellar space, 
and I use these values to indieate the nature of solar 
modulation at low energies. 

Gamma radiation can be produced in interstellar space 
by the following processes : (1) bremsstrahlung; (2) 
free-bound transitions; (3) synchrotron radiation; (4) 
inverse Compton effect; (5) nucleon-nucleon or nucleon- 
nucleus reaction through m-meson decay; (6) electron— 
positron annihilation; (7) nucleon—nucleus reaction 
through nuclear de-excitation. I use the nuclear de- 
excitation process to set upper limits on intensities of 
protons and CNO nuclei, assuming in turn that all the 
gamma radiation between 0-5 and 2 MeV arises from this 
process. 

Cosmic gamma radiation between 0-3 and 2 MeV has 
been observed by Metzger et al.’ using the Ranger space- 
craft, by Rocchia et al, and by Okudaira and Hirasima?. 
The differential energy spectrum is of the form 1-2 x 107 
E-* photons cmn- sr-! s-t MeV, where Æ is the energy of the 
photon in MeV. With this spectrum the intensity of the 
radiation between 0-5 and 2 MeV is 2 x 10-* photons cm~? 
sr- $7. Inaddition, Peterson‘, using the results from an 
experiment in the OSO 1 satellite, set upper limits for 
photons with energy between 1:5 and 4:5 MeV that are 
consistent with the extrapolated spectrum of Metzger 
et al. Ishall use only the definitive results obtained 
between energies 0-5 MeV and 2 MeV. 

Table 1. CROSS-SECTIONS FOR GAMMA RAY PRODUCTION BY NUCLEAR 
DE-EXCITATION FOR PROTON ENERGY BETWEEN 5 AND 30 Mev 
Cross-section (barns) 


Nucleus 0-5-2 MeV 0-5-10 MeV 
C 0:13 0-24 
NM 0.28 0-56 
on 0:29 0-56 


The cross-section for production of gamma rays between 
0-5 and 10 MeV by protons of different energies with CNO 
nuclei has been obtained by Dolan and Fazio® and by 
Hoffman and Winckler*, who used available experimental 
results; it is given in Table 1. Using the results of 
Scherrer et al.7, who have given the eross-section for the 
lines above 2 MeV, I obtain cross-sections for the produc- 
tion of gamma rays between 0-5 and 2 MeV; these are 
given in Table 1. These cross-secticns correspond to a 
proton energy between 5 and 30 MeV; above 30 MeV the 
cross-sections fall rapidly. 

The atomic hydrogen density in the galactic plane is 
measured by use of the 21 em hydrogen line. The average 
density in the direction of the galactic centre is 1 atom 
cm- (ref. 8). The density of molecular hydrogen is not 
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known; Gould ef al estimate that the hydrogen atom 
density due to molecular hydrogen can be as high as 
5 molecules cm, Ishall usea density of oniy l atomem 
the presence of molecular hydrogen will bring down the- 
upper limits thus calculated. The number density of 
CNO nuclei together in interstellar space is 10 of the | 
atomic hydrogen density!*. dA 

I now calculate the flux Fy of cosmic rey CNO nucleb o. 
and the flux F of cosmic ray protons in interstellar space. hoo. 
The intensity of gamma radiation Z is given (in units of 
photons em-? sr-! s~?) by 

I=FolLe 

where is the cross-section, o is the density of the ambient 
hydrogen or CNO nuclei as the case may be, and D is the ~ 
dimension under consideration. I use the largest galactic 
distance from the Earth—in the direction from the Earth 
toward the galactic centre—when L=7 x 1% em. Using 
I from the spectrum given and the cross-section for produc}. 
tion of gamma rays with energies between 9-5 and 2 MeV. 
(average weighted according to the ratio cf CNO nuclei, 
which is 1: 2: 4 in interstellar gas and 1 : 0-25 : 1 in cosrme 
rays) gives 





Fy = 1-43 em? gr s7? 
similarly, 
Fp= 1,100 cm sr-! s+ 


These values of Fy and Fp are obtained assuming tha 
the gamma rays are all due to the nuclear de-excitation — 
process ; there could, however, be a contribution from. : 
the other processes. These values of Fw and Fp are 
therefore upper limits. The latter can be compared w 
the flux of protons between 5 and 30 MeV observed ni 
the Earth, which is 1-26 x 10-* em~? sr“! s~" (ref, 11). * 
intensity of the CNO nuclei at the Earth haa been dete ; 
ined down to 30 MeV/nucleon; an extrapolation to lowe 
energies is not tenable, because the differential energy 
spectra seem to show a change of slope as seen from speetra. 
of protons and helium nuclei. From the nature of the 
helium speetra and from any of the proposed theo ies o 
propagation of cosmic radiation, however, the vali 
obtained by extrapolation of the observed energies. 
lower energies should be lower limits. Sach an extra 
polation yields a flux of 1-5 x 10-* em-? sr s^ for CNO 
nuclei between 5 and 30 MeV/nucleon™. This may be 
compared with Fy. : 

Gloeckler and Jokipii!? have shown that for energies u 
greater than 100 MeV /nucleon, the ratio of the intensity ino 
interstellar space and that at the Earth, or the modulation 
factor M, can be represented by exp(—7/R9), where y is 
a constant with a value about 0-6 GV, R is the rigidity. 
of the nucleus and 8 is the velocity in units of velocity of 
light. This form of modulation leads to peculiar spectra. 
below an energy of about 50 MeV/nucleon. An alternative 
expression for M at these energies is exp(— njh with 
n’ about 0-15 (ref. 13). I have proposed an anisotropic 
solar modulation model in which the low energy particles 
leak into the solar magnetosphere from high latitudes. 
Using the derived upper limits of intensities in interstellar 
space and the observed values at the Esrth, I obtain 
modulation faetors that are compared with the three 
models in Table 2. It is clear that modulation of the 
form exp(—7/R8) is ruled out in the energy region 5-30 
MeV, while modulation of the form exp(—w/B) may 
still be compatible. The modulation factors suggested 
by the anisotropic modulation model are well within the 
upper limit for M. 

I thank Professor R. R. Daniel for useful suggestions. 
Part of this work was done at the Tata Institute of Funda- 











Table 2. COMPARISON OF MODULATION PACTORS 
Anisotropic 
Upper limit in J space pope tet id 
Nucleus Flux at Earth exp(—7/R8) exp(— 9/3) model 
Protons 8:9 x 105 ioi 5x10 2-5 x 105 
CNO 108 4x 10* 5x10* 50 
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mental Research, Bombay, and it was completed while I 
held a National Research Council senior postdoctoral 
visiting research associateship supported by the Smith- 
sonian Institution. 

M. V. K. Arranao* 
Smithsonian Astrophysical Observatory, 
Cambridge, Massachusetts. 
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Accretion Rate of Cosmic Dust 
estimated from Cosmogenic 
Aluminium-26 


A Goon criterion for recognizing particles of cosmic dust 
on the Earth is the detection of radionuclides such as 
aluminium-26, formed by the action of cosmic rays on 
dust in free space’, Terrestrial dust is protected by 
the atmosphere. 

Amin et al.? found the mean ratio of activity of alumin- 
ium-26 to beryllium-10 in two cores from the Pacific 
basin to be 0:19-- 0-04, and Wasson et al. reported an 
aluminium-26 content of 0-8 d.p.m. kg- of dry sediment, 
slightly higher than the results of Amin et al. MeCorkell 
et al.*, however, found that the ratio of aluminium-26 to 
beryllium-10 in a Greenland ice was an order of magnitude 
lower than the ratio obtained by Amin et al. Recently, 
Tanaka et al.6 measured the ratio of aluminium-26 to 
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beryllium-10 in a Pacific Gore and found a low ratio of less 
than 0-06. These results are summarized in Table 1. 

Beryllium-10 is produced in the atmosphere by cosmie 
ray spallation of atmospherie nuclei, and similarly 
aluminium-26 is produced in the atmosphere from argon. 
Lal and Peters? estimated that the ratio of aluminium-26 
to beryllium-10 se produced is about 0-01. In a previous 
report’, I recalculated this ratio using new cross-section 
data of Yiou et al.? and suggested that the ratio of alumin- 
ium-26 to beryllium-10 of around 0-1 can be explained as 
resulting only from spallation of atmospherie nuclei, so 
that we need no influx of aluminium-26 with cosmic dust. 
The rate of accretion of cosmic dust by the Earth may 
therefore be much lower than that expected by Lal and 
Venkatavaradan'*. The purpose of this letter is to estim- 
ate the upper limit of the rate of accretion of cosmic dust 
bearing aluminium-26. 

The ratios of aluminium-26 to beryllium-10 in Table 1 
are the mean ratios in the cores 1 m deep. From these 
mean ratios, I have estimated the ratios in freshly depos- 
ited sediment by assuming an exponential deerease of 
activities as a function of the depth of core 


4 IPBAADY 
PR Ape\i-e * 7 (1) 
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where R is the mean ratio of aluminium-26 to beryllium-10 
of a core p em deep, Rẹ is the ratio in the top of the core, 
k is the rate of sedimentation, and Aq; and dpe are the 
decay constants of aluminium-26 and beryllium-10, 
respectively. The ratios obtained by this correction are 
given in column 3 of Table 2. 

The global production rates of aluminium-26 and 
berylium-10, by spallation of atmospherie nuclei, are 
(8+4)x 10 and (8x 4)x 10-5 d.p.m. cm yr-!, respec- 
tively’, so the ratio of aluminium-26 to beryllium-10 due 
to the atmospheric production is 0-13: 0-07. The excess 
of the observed ratio over this expected ratio, if it exists, 
may be attributed to an influx of alurninium-26 with 
cosmic dust. I have obtained a negative excess from the 
data of Tanaka et al. and a slightly positive but not con- 
vincing excess frem the data of Amin et al. (column 4 of 
Table 2). The data of Wasson et al. were not used because 
they did not measure the activity of beryllium-10. 

The excess was successively converted to the excess of 
aluminium-26 concentration (column 5 of Table 2) and 
then to the influx of aluminium-26 per unit area (column 
6). The density of the eore material, defined as the ratio 


Table 1. SUMMARY OF MEASUREMENTS OP ALUMINIUM-26 AND BERYLLIUM-10 


Mean specific activity 
(d.p.m. kg-! dry sediment) 
Al-26 Be-10 


Oceanic sediments Mean ratio 


Al-26/Be-10 


Tanaka et al. 4420-9 0-00 + 0-06 
Amin et al, 0-46 x 0-17 3-9x0-2 0-12 £ 0-04 
Wasson et al. 0-81 40-12 = -— 


* Rectified value (there was an arithmetical error in the original values: 0-01 
t Recaleulated value for the soluble part (McCorkell et al. reported 0-96 


recaleulated from the mean of three measurements). 
1 The insoluble part. 


Precipitation rate 


Greenland ice (10-8 d.p.m. em? yr-1) Mean ratio 
Al-26 Be-10 A]-20/ Be-10 
4. 95 
MeCorkell e! al. 0-75 + 0-17 + 55+% } zoda 
«061 ud 
*01 + 0°13), 
0-27, but they used orly the highest value of three measurements, This is 


Table 2. RATE OF ACCRETION OF COSMIC DUST DETERMINED BY ALUMINIUM-26 METHOD 


Ai-26 Accretion 
Rate of Al-26/Be-10 Excess content Excess influx rate of 
Sample sedimentation In fresh (d.p.m. kg-! (10 d.p.m. cosmic dust 
(mm/10* yr) sediment Excess dry sediment) em yr’) (ton/day earth) 

Pacific sediment 0-4 0-0140-11 — 0-09 10-13 «O24 «03 «40 
(Tanaka et ai.) 2 0-00 + 0-07 ~ 0:104060-10 < 0-65 «3 <40 
Pacific sediment 04 0-24 + 0-08 0-14 011 0-78 + 9-62 1-8412 240 +180 
(Amin et al.) 2 0:14 :£ 0-05 0-04 + 0-09 037438 Liter 250 + 560 
Greenland ice «Ot «60 
(MeCorkell et al.) — — — — <08 <90 
Expected value — 0:10 0-071 — — GS$ — 


* The soluble part. 
f The insoluble part. . : 
1 The expected ratio due to atmospheric production. 


$ The expected influxjof aluminium-26 with cosmic dust assuming a hypothetical accretion of 10* tona‘day earth, 
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of the dry weight of the coreto the volume occupied by 
it in-situ at the ocean floor, is 0-5 for the cores of Amin 
et al, and 0-35 for the core of Tanaka et al. These values 
were used to convert weight concentration (d.p.m. kg-!) 
to volume concentration (d.p.m. 1.-!). 

For these cores, I have obtained a rate of sedimentation 
of 0-3 to 0-4 mm (10? yr)? by the beryllium-10 method’. 
I have therefore used a rate of 0-4 mm (10? yr)! for this 
calculation. In Table 2, the results obtained by assuming 
another rate, 2 mm (10? yr)-!, are also given to show the 
effect of the rate of sedimentation on the estimation of the 
influx of aluminium-26. Asseen in Table 2, the sedimenta- 
tion rate does not affect the final results because a higher 
assumed rate of sedimentation resulted in a lower ratio of 
aluminium-26 to beryllium-10 in the fresh sediment, but 
this effect was then cancelled when the excess of alumin- 
ium-26 was converted from volume concentration to rate 
of influx. 

For the Greenland ice data, upper limits of the influx 
of aluminium-26 can be directly obtained from the com- 
parison of the precipitation rate of aluminium-26 with 
the expected rate: {(0-75+40-17)— (0-8 + 0-4)} x 10-%= 
« 0-4 x 10-5 d.p.m. cm? yr. All aluminium-26 produced 
in the atmosphere was assumed to be in the soluble part. 

Lal and Venkatavaradan? estimated the production 
rate of aluminium-26 in the cosmie dust by solar and 
galactic cosmic rays. Assuming a solar proton flux of 
E >10 MeV — 100 em-? s-! and saturation of the radiation, 
they estimated the influx of aluminium-26 with cosmic 
dust to be 12x10- atoms cm- s-! (6-8 x 10-§ d.p.m. 
em-? yr-!) for a hypothetical rate of accretion of cosmic dust 
of 103 tons/day earth. By comparing this value with the 
results of column 6 in Table 2, I have found the rate of 
accretion of cosmic dust (column 7 of Table 2) to be 
less than 40 tons/day earth from the data of Tanaka et al. 
and about 300 tons/day earth from the data of Amin et al. 
The data of Tanaka et al. seem to be more reliable 
because they used a more elaborated method of chemical 
purification and a more sensitive counting apparatus. 

An upper limit of 150 tons/day earth was obtained 
from the data of MeCorkell et al. by adding together the 
soluble and insoluble parts. 

Lal et al.2 estimated that, in the bombarded dust 
particles, the recoil losses of aluminium-26 are negligible 
in grains of larger than 1 mieron radius. They estimated, 
however, that a dust grain of 10 microns will be exposed 
to solar cosmic rays for a period of only 3 x 105 yr because 
of the heliocentrie shrinkage of the orbit of the dust 
particles, due to drag effects. Thus the activity of alumin- 
ium-26 (half life, 7:4 x 10* yr) in grains of this size is only 
25 per cent of the saturated activity. Grains larger than 
30 mierons would remain in space for longer periods 
and may be practically saturated. According to Singer’, 
saturation may even be present in a small grain of 1 
micron if the self-destruetion of dust is intense, but this 
effect may depend on the concentration of dust in inter- 
planetary space, which is not well known. On the other 
hand, the production of aluminium-26 may drop in grains 
larger than 500 microns because of ionization losses of 
low energy protons’. The grain size of cosmic dust 
bearing aluminium-26 is therefore in the range 30 to 500 
microns. 

Parkin and Tilles!?, summarizing estimates of the acere- 
tion of cosmic dust, said the strongest evidence for a higher 
influx of the cosmic dust was the detection of aluminium- 
26 in marine sediments!^!^, My estimates, however, 
suggest that the aluminium-26 data are consistent with the 
relatively low influx obtained by other methods. 

From balloon measurements of the concentration of 
stratospheric dust!? the aceretion of dust larger than 
1 micron certainly does not exceed 550 tons/day earth and 
is probably less than 50 tons/day earth. This method 
cannot detect the influx of large grains from space which 
are heated and vaporized on entering the atmosphere. The 
survival limit depends on velocity and is about 100 
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microns for grains in near-circular orbits at low inclina > 
tions to the ecliptie, and about 30 mierons for inclinations .- 
of 30°. The limit drops to 10 mierons for typical meteor 
velocities. Singer!! suggested an average inclination of 
30? for zodiacal dust, so the balloon method detects gra: 
of roughly 1 to 30 microns. The aluminium-26 method, — 
however, detects grains of 30 to 500 microns. The former 
method measures the present influx whereas marine — 
sediments (but not Greenland ice) measure à mean influx 
for the past million years. The results obtained by the 
two methods are very similar, however. We conclude 
that the total terrestrial accretion of cosmic dust of 

1 to 500 microns certainly does not exceed 1,000 tons/day 
earth and is probably less than 100 tons/day earth. 

I thank Dr J. Labeyrie for helpful discussions. 
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Absolute Transition Probability of the 
Auroral Green Line 


A MEASUREMENT of the transition probability of the 
5577 Å (Sy —'D;) auroral line of oxygen is important, not 
only because this is one of the predominant spectral 
features of aurorae and the upper atmosphere but also to 
provide a check on the theoretical predictions for this 
parameter. The latter is especially important in this case 
because of the quadrupole nature of the transition in- 
volved. Recent work!-? here and in other laboratories 
has shown that there is good agreement between theory 
and experiment when the relative transition probabilities 
of multipole lines from the same upper level are considered. 
Omholt* obtained a value for the 5577 A transition prob- 
ability by studying the behaviour of the line in rapidly 
fluctuating aurorae, but so far no absolute laboratory 
measurements have been reported for the transition prab- 
ability of this multipole line. This communication is a 
preliminary report of such a measurement. 
The intensity of a spectral line is given by 
I = NA photons/s (1) 
where N defines the population of the upper state and A 
is the transition probability of the transition. Any experi- 
ment to measure A must necessarily involve measurement 
of J and N simultaneously. 
The auroral green line was strongly exeited by passing 
a 50 Hz, 100 mA, high voltage discharge through a mixture 
of oxygen and helium at a total pressure cf some 20 mm 
of mercury, the oxygen content being approximately (5 
per cent. The discharge tube was similar to that described 
previously! with the exception that a third side arm 
containing an electrode was added. This enabled different 
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lengths of the discharge to be excited by using different 
pairs of electrodes. The 5577 A line was detected using 
a Hilger #614 spectrograph which had been converted 
for use as a monochromator using the device described by 
McConkey and Burns*. The absolute intensity of the line 
was determined by comparison of the detector signal with 
that obtained from a tungsten filament standard lamp. 
At the same time the density of metastable ^S, atoms was 
determined by observing the absorption of the 1218 A 
'P*—'S, line within the discharge. The absorption co- 
efficient is related to the population of the lower state 
(^S, in this ease) through the absorption oscillator strength 
for this transition. The discharge itself acted as a source 
of the 1218 Å line and the absorption coefficient was 
obtained by comparing the signals obtained when different 
lengths of the discharge were excited. The observations 
in the vacuum ultraviolet were made using a McPherson 
0-5 m Seya monochromator with a sodium salicylate 
coated photomultiplier. Full details of the technique, 
which has a general applicability for the measurement of 
state densities, will be published elsewhere. From the two 
sets of measurements A was obtained making use of 
equation (1). 

The value obtained was 1-34 0-4 s-*.. Systematic errors 
in the experiment may be large due primarily to an 
uncertainty in the 1218 A f value which may be as high 
as 50 per cent’. Other experimental errors amounted to 
25 per cent, so the value obtained eannot be considered 
accurate to better than a factor of two. It does, however, 
agree very favourably with the theoretical value of 
1-28 s-! given by Garstang? and with Omholt/s measured 
value of 1:43 8-1. 

This project was supported by the Science Research 
Council. We thank our colleagues, in particular Dr 
D. J. Burns, for many helpful discussions. J. A. K. 
thanks the Government of Northern Ireland, Ministry of 
Education, for the award of a postgraduate studentship 
during the course of the investigation. 
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New Integrals of Motion and the 
Orbital History of the Moon 


GoUDAS! has criticized the integrals of motion that I 
have given? for the elliptie restricted three body problem. 
He states: "Contopoulos has given an integral equivalent 
to the Jacobi integral for the elliptic restricted problem 
as well as one additional time-independent integral 
for the same equations of motion. It seems, however, 
that the work of Contopoulos is not in harmony with a 
famous theorem by Poincaré’ because "if two integrals, 
time-independent and independent of one another, 
exist, then there should be two zero characteristic 
exponents associated with each periodic solution”, 
which is not the case. 
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Goudas seems to have misread my paper. In fact: 
both my integrals depend explicitly on time; therefore 
the theorem of Poincaré, mentioned by Goudas, which 
refers to integrals not explicitly dependent on time, 
does not apply in this case. My integrals are formal 
series, of which only the zero and first order terms are 
given; however, even these truncated integrals are 
useful, as indicated by a numerical example where they 
are found to be approximately conserved along an orbit. 
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Strains recorded on a High 

Magnification Interferometric 
Seismograph 

WE report here a comparison between wavetrains 
recorded on seismographs of the pendulum type and on a 
strain seismograph with high magnification and low 
distortion. 

Earthquakes generate elastic waves with a frequency 
range of tens of Hertz to zero (unrecovered strain). A 
seismometer of the pendulum variety is sensitive to a 
more restricted frequency range, however, so that several 
instruments must be used to cover the frequencies occur- 
ring in nature. Furthermore, it is difficult or impossible 
to construct a pendulum with a frequeney very low in the 
seismic band, and the record written by a pendulum 
seismograph is affected by frequency-dependent phase 
and amplitude distortion. The Benioff gauge! has ex- 
tended the sensitivity range of seismographs to strains 
of periods without limit, resulting in the discovery of 
phenomena previously unseen. The bandwidth and 
accuracy of this instrument are, however, restricted by 
internal resonances and by the non-infinitesimal response 
of vitreous quartz to ageing and to changes of temperature 
and humidity in its environment. 

The development of the laser resulted in proposals to 
use light emitted by this source as the measuring element 
in an earth-strain interferometer, but to observe changes 
in the number of waves of red light standing in the gap 
between mirrors stationed 50 ms apart, for example, 
is to do no more than record strains of one part in 10° or 
greater, a sensitivity barely sufficient to detect earth 
tides and less than that of the Benioff gauge. 

To circumvent this, a laser-aetuated Fabry-Perot 
interferometer has been developed in which it is possible 
to observe changes in path length of a small fraction of a 
wavelength of light?5. The fundamental equation of 
such an instrument, observing strains in a ground sample 
of dimension I, is 

Al/l= ANIN 
where N is the number of wavelengths, 4, of light standing 
in the field of measurement. N is a function of the velocity 
of propagation ¢ and the emission frequency f of the 
source, so that 
ANI 


Ac eff 
Changes in the frequency of the laser light or in the 
velocity of its propagation therefore appear as spurious 
readings of strain. In the case of a beam propagating 
through the atmosphere, a change in pressure of 1 mm 
of mercury introduces an apparent strain in excess of 


and 
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1077... To attempt to compensate for atmospheric changes 
by making the interferometer arms cf equal length places 
unattainable demands on the system’. 

For this reason and to enable an interference pattern 
of perfect form to be followed, air has been excluded from 
the observation gap. We accomplished this by enclosing 
all but 1 mm of the 180 ms beam in a chamber formed of 
aluminium pipe evacuated to less than 10° mm Hg. The 
accuracy is now limited by the stability characteristics 
of the laser. 

Through the cooperation of the US Air Force (project 
VELA Uniform), it has in the past few months been 
possible to compare the output of the phase-locked, 
vacuum-path interferometer with that of high magnifica- 
tion pendulum seismographs operated in the same vault. 
The vault is located at the Cascades Geophysical Site, 
operated by the Department of Geology, University of 
Washington, in a tunnel 4 km in length penetrating the 
central granites of the Cascade Range at 47° 47’ N, 
120° 50 W. 

The response of this form of seismograph is linear, in 
that magnification is uniform in respect to ground strains 
for waves of all frequencies from zero to the frequency of 
the galvanometer used in the read-out system?. The 
galvanometer used at present has a fundamental of 300 Hz, 
but the bandwidth in Figs. 1 and 2 is restricted at the 
high end by the carrier (centre frequency 27 Hz) of the 
tape storage unit. Output recorded directly on a wide 
band visual monitor has shown that there is insignificant 
seismie energy above 5 Hz. Calibration flips are generated 
when the driving voltage falls outside the range repre- 
senting one interference fringe, which is to say, a dimen- 


TOTS 


sional change of 3164 A in a length of 180 ms, equivalent 
to a strain of 1-8x10-*. To display the waveform, flips 
have been removed. An endless number of fringes is _ 
available, so the amplitude range is unlimited. The 
optical bridge used in the seismograms reproduced here. 
is sensitive to a change of one hundredth part of a fringe. 
representing a strain of 1-8 x 10-4. Su 
A large number of wave trains and secular strains have 
been recorded, generated by the earth tides and by local 
and distant seismic disturbances. These range from events © 
which appear only on the interferometer, and so cannot 
be independently shown to be real, to weves proceeding 
from all the events detected by the pendulum seismo” 
graphs. 
Figs. 1 and 2 show tke trace of an event of the smallest 
variety. taking place locally, and portions of a typical: 
teleseismogram. For comparison, trace 4 m Fig, 1 shows 
the information obtainable from a fringe-counting inter- 
ferometer. The trace of the phase-locked interferometer 
(Fig. 1, trace 3; Fig. 2, trace 2) has been played back at 
a level barely sufficient to show P arrivals but permitting | 
the reproduction on paper of the long-period excursions ^ 
and a portion of the secular strain. : 
The microtremor of which we reproduce the disturbance 
in Fig. 1 is typical of numerous such occurrences, which 
grade downwards in magnitude until they are distinguish- _ 
able only on the interferometer. The majority so far 
recorded have the same sign, so they are presumably a 
concomitant of local processes of mountain-building. 
The step change observed in the stationary strain state 
at 0118 h is typical of most but not all such events. It is 
succeeded by an oscillatory disturbance with a period of ^ 
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Fig. 1. Microtremor occurring on February 8, 1968. Traces: 1, horizontal pendulum, period 20 s, magnification 10,700, aligned parallel to 

interferometer gap; 2, vertical pendulum, period 3 s, magnification 389,000; 3, phase-locked interferometric seismograph; 4, fringe counting 

strain seismograph. In the case of traces 3 and 4, the units marked on the QNEM coordinate each represent strain of 1 part in 10°; extension 
ownward. 
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Fig.2. Representative portions of traces (a) before and (b) after earthquake of February 3, 1968, at 16-7° N, 99-4? W. Traces: 1, hori 


minutes 





isontal pendu- 


lum, period 20 s, magnification 10,700, aligned parallel to interferometer gap; 2, output of phase-locked interferometric selezograph. The 


units marked on the vertical coordinate each represent strain of 5 parts in 10*. Sense is extension downward. 


The arrival of P is signalled on 


trace 2 by a short-period strain of amplitude 3-4 x 10-*°, not visible at the scale reproduced, 
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tens of minutes of which we have not yet examined the 
decay characteristies. 

The trace of the central American earthquake (4—37^, 
M=5-7) in Fig. 2 is representative of the teleseismic 
events recorded. Many are visible only on the inter- 
ferometer in the form of their coda, so identification can 
only be effected as seismograms become available from 
other stations. A comparison between the trace written 
by the strain seisrnograph and by the pendulums is a 
reminder that the response of the latter is quite sharply 
tuned. Asin the case of many of the disturbances we have 
recorded, the wave train of largest amplitude arrives when 
the principal part has passed as far as the inertial instru- 
ments are concerned. The disturbance of which we 
reproduce part continues for several hours. 

The strain appearing as drift in trace 2, as for example 
in the form of a partial wave at 0612 h, is not recovered. 
The start of secular strain imposition at 0505 h may be 
connected with a form of foreshock activity. In this con- 
nexion, strain of 49 parts in 10* had accumulated at our 
site by the time of occurrence of the shock at 0536 h. 
In such cases the accelerating imposition of strain is 
clearly distinguishable from surface wave packets residual 
from earlier earthquakes, and from the step change 
associated with local microtremors. 

The long-period limitation of our instrument is presented 
by the frequency instability of the laser emission, known 
only to be less than 1 part in 10!°/h (ref. 3). With respect 
to most episodes of unrecovered deformation we have 
recorded, a corroboratory signal is detectable at their 
start on the long-period pendulums. In respect to events 
having no component of period less than a few hundred 
seconds, there must be recourse to other standards. We 
are developing mutually corroborative forms. The first 
is a Fabry—Perot etalon maintained at a constant length, 
designed to feed stabilization signals into the laser’. The 
second is an interferometer outlining a tetrahedron’, 
in which strain is read as the ratio of arm lengths, being 
then independent of frequency fluctuations in the laser 
light. 

This research was supported by Boeing Scientific 
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Fitting Boulders: the Result of an 
Important Shore Process 


Ix the course of petrological studies on the coastal out- 
crops of Constant Gneiss! to the south and west of West- 
port, New Zealand, some remarkable contact features of 
boulder against boulder/bedrock were observed. The 
adjacent boulders or boulder/bedrock have developed 
closely fitting mutual interfaces, and from the examples 
given here it can be seen that they are being eroded most 
rapidly by the processes acting along their interfaces. 
The phenomenon is therefore of considerable importance 
to eoastal studies. Similar fitting boulders have now been 
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observed in other environments. No referenee to the 
phenomenon has been found in standard works on coastal 
processes and so I hope that this report will bring it to 
the notice of geologists and geographers working else- 
where in marine or lake shoreline environments. 

The boulders illustrated in Figs. 1 and 2 are found in 
steep gullies eut in rock platforms 1 mile south of Cape 
Foulwind, 5 miles west of Westport, These examples are 
above high tide but well within the spray zone of this 
exposed coast. The rock is a granitic gneiss containing 
large phenocrysts of feldspar that are visible in the photo- 
graphs. In Fig 1, a large boulder (centre) is wedged 
between bedrock to the left and a large boulder to the 
right and is overlain by another large boulder, all interfaces 
having a perfect and intricate fit. The lower large boulder 
also fits onto a smaller boulder beneath it. Perfect fits 
between four large boulders are shown in Fig. 2 (the 
obvious crack near the pocket diary in the centre of the 
photograph is within a single boulder), and a residual scar 
can be seen where a boulder had formerly rested on that to 
the lower right. 

Fitting boulders are common on the coast to the south 
of Charleston, 15 miles south-west of Westport, where 
rocky outcrops at the top of very steep vegetated cliffs 
of the order of 500 feet high have strewn the base with a 
seree in which the individual boulders range up to more 
than 10 feet across. Here, boulders of dioritie as well as 
granitic composition fit together in places to produce a 
mosaic. Fitting boulders are found in the intertidal zone 
as well as many feet above high tide where the rocks are 
sprayed by seawater. 





Fig. 1. Scale mark represents 2 feet. 


Fitting boulders of basalt up to 6 feet across were found 
at the base of sea cliffs cut on the flanks of the Tertiary 
Akaroa Voleano? near Lake Forsyth, south of Christ- 
church. Furthermore, large basalt boulders fallen from 
the cliff-top have developed extensive and intricate inter- 
faces against the agglomerate that forms the base of the 
cliff. The fits are found in the intertidal zone and above 
the barnacle line, and the softer agglomerate has been 
preferentially removed during their formation. At the 
same locality but below the barnacle line, small boulders 
of basalt can be found fitting together (Fig. 3). Te Oka 
Bay is a mile-long drowned valley 3 miles south-east of 
this locality, and at its head on the north-west side a 
large boulder several cubic yards in size was found resting 
and fitting on approximately horizontal bedrock and 
against adjacent large boulders. Small boulders, less 
than 2 feet across and with no superimposed load, were 
found fitting together a few yards away at the same rela- 
tive position in the intertidal zone. Further examples 
are present in the intertidal zone of Akaroa Harbour, 


cmm 


NATURE. VOL. 220. DECEMBER 7. 1968 


which is 1-2 miles wide and reaches 10 miles from the 
Pacific Ocean into the heart of the old volcano. Boulders 
of trachyte breccia* were found fitting together north of 
Akaroa village, on the east side of the harbour 8 miles 
from the entrance. 

On the southern shores of the large freshwater Lake 
Wanaka, in and around Damper Bay, large boulders of 
chlorite-zone schist, up to 2 or 3 cubic yards in size, were 
found resting with up to several square feet of intricate 
fit on nearly horizontal bedrock. Other boulders were fitting 
with nearly vertical interfaces against adjacent boulders. 
The boulders are derived from Pleistocene moraines, and 
the fitting examples lie in the zone of spray or, at times of 
high lake level, completely below water. 

Most boulder beaches visited so far have produced 
examples of fitting boulders and it seems likely that the 
phenomenon will be of widespread occurrence, unless 
boulders at a particular locality are continually disturbed, 
in which case the fits will not be preserved. 

An explanation of the fits involving mechanical move- 
ment and grinding of the rocks does not seem applicable 
to many of the examples. The fits are often so close and 
intricate that no jostling is possible ; near Lake Forsyth, 
however, fitting boulders that have presumably moved 
slowly downwards gravitationally to low tide level are 
jostled, and the fits enlarged and loosened. At Te Oka 
Bay, wave action could not have moved the large boulder 
without completely dislodging the smaller boulders. A 
slow grinding process during downwards movement in a 
scree could not be applied to those boulders resting on 
nearly horizontal bedrock. South of Charleston, the 
swift 4 Mile River, on reaching the coast, passes through a 
deep gorge over piles of boulders similar to those on the 
coast. The force of the torrent is considerable, but no 
fitting boulders could be found. Finally, it seems un- 
likely that the small waves generated on Lake Wanaka 
could shift the large residual boulders in Damper Bay. 
It is not known how effective the continual microvibra- 
tions generated along shore-lines by wave action would be 
in causing mechanical attrition. 

Fitting boulders have features in common with pitted 
pebbles in conglomerates that have suffered pressure 
solution*. Although there is no general evidence that 
solution is a significant process along granite, basalt or 
schist shores, the solution of silicate minerals by micro- 
organisms is well established**. The fitting interfaces 
tend to remain damp and, although not penetrated by 
much light, would receive a supply of organic material 
from spray capable of supporting bacteria and fungi, 
but quantitative estimates of the effect of these organisms 
in natural situations cannot yet be made. Some inter- 
faces, especially in the intertidal zone, have an abundant 
animal and plant life around their periphery, but others 
in the spray zone seem quite clean, and it seems unlikely 
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The hammer head is 5 inches long. 


in the extreme conditions of drying salt spray and periodic 
washings of sea or rainwater that micro-organic influences 
are great. 

Mechanical and organic processes doubtless contribute 
to the process of erosion, but the dominant process is 
beheved to be disruption by crystallization of salt around 
the ocean shores and of ice in the severe frost conditions of 
Lake Wanaka. Water falling on the exterior surfaces 
of the boulders will either evaporate or run off quickly 
whereas water penetrating the interfaces will be prefer- 
entially trapped because of surface tension and slow 
evaporation. The eventual crystallization of salt or ice 
along the interface itself will have an erosional effect, 
but the tendency to continual dampness will allow the 
rock pores to be thoroughly penetrated by water, thus 
making erosion by crystallization more effective. Further- 
more, crystallized salt in the interfaces will tend to 
accumulate whereas that on the exterior surface 
is easily removed. Rock, pulverized by crystallization 
along the fitting interfaces, will be washed out during 
periodic heavy spray or rain, and the areas of contact 
slowly enlarged. 


Dav SHELLEY 
Department of Geology, 
University of Canterbury, 
Christchurch, New Zealand. 
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Mossbauer Spectra of Deep-sea 
Iron-Manganese Nodules 


THE composition of the deep-sea concretions known as 
manganese nodules is of considerable interest. Nodules 
obtained from different locations on the ocean floor con- 
tain widely varying percentages of iron, manganese, 
cobalt and nickel as well as other trace elements'. We 
have applied Méssbauer spectroscopy, chemical, sedimen 
tation and X-ray analysis. in an effort to determine how 
the iron is bound in the nodules. 

Nodules from the Atlantic Blake Plateau, approximately 
100 miles east of the South Carolina coast (sample A) and 
from two mid-equatorial Pacific Ocean locations (samples 
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B and C) were investigated. Two types of sample prepara- 
tion were studied: in one case sections were cut from a 
nodule and ground in an agate mortar, and for other 
experiments samples were prepared by ball milling several 
nodules, representative of each location, to pass through 
100 mesh sieves. 

X-ray diffraction patterns of the composite samples 
(Table 1) showed a multitude of sharp lines which were 
different for nodules from different locations. Todorokite, 
a mineral containing manganese which has been identified 
by other workers?. was not positively identified. Lines for 
manganese minerals reported by Buser and Grütter? were 
present.  Manganocaleite seemed to be present in the 
Atlantie nodules, and phillipsite was identified in the 
Pacific nodules labelled B. These minerals were also 
identified in hand-picked specimens from the light 
coloured areas in the nodules. It is interesting that in 
spite of the relatively high percentage of iron present no 
iron-containing minerals could be identified. Specifically, 
goethite, which has been reported’, was not found. 

The composite samples were chemically analysed for 
Mn, Fe, Co and Ni (Table 2) and both the sectioned and 
composite samples were subjected to sedimentation 
analysis using liquids of density from 2-10 to 2-74. There 
was no signifieant concentration or separation of metal 
ions as a result of the density fractionations for any of 
the nodules. The results for sample A are listed in Table 3. 
Although there were some differences in the concentration 
of metal ions at different locations within the nodule, 
there were no significant differences in X-ray diffraction 
patterns from a given nodule. Where differences in metal 
content were found, the concentration of nickel and cobalt 
varied directly with the concentration of the manganese 
in sample A, but showed no correlation with the iron 
concentration. On the other hand, the B nodules showed a 
linear relationship of nickel, iron, cobalt and manganese. 

Mossbauer spectra were run on a constant acceleration 
spectrometer built in this laboratory following the design 
of Ruegg, Spijkerman and DeVoe*. The RIDL model 
34-7 series multichannel analyser was operated in the 


Table 1. X-RAY POWDER DATA FOR UNHEATED NODULES 


A B C 
d(À) 1 d(À) I dÀ) I 
10-10 — 100 
9:74 40 
7-18 60 
500 80 
4°73 40 
4-10 20 
3-31 20 3-36 80 
3310 100 3-17 20 
3-00 — 100 
2-69 20 
2-46 60 245 80 2-45 60 
2-25 60 
2-07 60 
1:89 60 
185 60 
1-59 20 
1-50 20 
142 20 142 20 142 20 
1.38 40 


Lines of intensity less than 20 are not included. Intensities were determined 
visually, Fe radiation, 4s 1-0373 A; camera diameter 114-6 mm. 


Table 2, CHEMICAL COMPOSITION (WEIGHT PER CENT) 
Element 
Nodule Mn Fe Co Ni 
A 17:3 Li 0-28 0-56 
B 16-2 16.3 0-34 0-24 
[^] 29-5 4-9 0-18 1:28 
Table 8. DENSITY FRACTIONATION AND CHEMICAL ANALYSIS 
Sample A (100 mesh) 
Weight Percentage Percentage 
Density (per cent) Mn Fe 
100 17-3 11-4 
Runt 2-10-2-32 2:5 
2.32-2-10 42-2 10-4 14-2 
2-49-2-74 39-9 18-4 9-32 
Above 2-74 3-7 
Run Il 2-10-2°32 3:0 
2-32-2-49 39-4 18-9 113 
249-274 32-0 13-5 9-56 


Above 2-74 21 
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X-RAY POWDER PATTERN FOR HEATED NODULES 


Table 4, 
A B d 
d(À) I d(À) I aA) I 
4-92 60 4-96 60 4-87 60 
4:19 40 
3-86 20 3-88 20 3-89 20 
3-31 60 
3-02 80 3-02 80 3-00 80 
2-83 20 2-83 20 
2.73 40 
2-67 40 
2:55 100 2-57 100 2:56 100 
2:45 20 
2-32 20 
2-19 40 2:13 80 212 40 
1-74 60 
1-63 40 1-64 80 1-63 40 
1:55 40 
1-50 60 1:50 80 150 80 
Table 5. MÓSSBAUER SPECTRA 
Nodule A B C 
Temperature 25°C -196°C 25°C -198°C 25°C —196" C 
AEq mm/s 0:53 0-50 0-65 0-56 0-64 — 
ó* mm/s +063 40-70 +06240-31 +064 — 
Heated nodule A B C 
'Temperature 25° € 25°C 25°C 
AEq mm/s 0-60 1:20 0:56 
ó* mm/s + 0-64 +067 +0-48 
H koersteds — 500 ~ 
4e mm/s ~ 0-60 


* Measured with respect to sodium nitroprusside. 


multiscalar mode. Samples of the ground nodule were 
pressed into disks at a concentration of approximately 
10 mg/em? of iron. 

The Móssbauer spectra of the unheated samples showed 
a quadrupole doublet of 0-6 mm/s with an isomer shift of 
+0-6 mm/s (Table 5, Fig. 1, spectrum A) consistent with 
a high spin ferric compound. There were no differences in 
the spectra of samples from the three different locations. 
The lack of X-ray patterns for any of the known hydrated 
iron oxides and the faet that goethite is often found in a 
highly divided state* implies that the iron in the nodule is 
present in very fine particles. Bulk goethite has a hyper- 
fine field of 364 koersteds at 295" C and 515 koersteds 
at 77? C (ref. 6) indieative of its antiferromagnetieally 
ordered structure. The hyperfine field collapses and the 
speetrum shows a quadrupole doublet, however, if the 
particles are so small that they exist in the superpara- 
magnetic state. The temperature at which the collapse 
occurs varies with particle size. No Zeeman pattern was 
found for any of the nodules at 77° C, the lowest tempera- 
ture available, indicating particles less than 70 A in 
diameter’. It must be pointed out, however, that the Móss- 
bauer spectrum does not rule out y-FeOOH, lepidocrocite, 
which is paramagnetic at the temperature of liquid nitro- 
gen$. 

When recovered from the ocean floor the nodules are non- 
magnetic, but they become magnetic on heating at 650° C. 
The X-ray diffraction patterns of the heated material 
(Table 4) indicated, in each case, the presence of either 
magnetite or jacobsite. "These cannot easily be distin- 
guished without the use of neutron diffraction. In any 
ease the results are indicative of a spinel type structure. 

The most strongly magnetic sample was sample B 
which had the highest iron content. The Méssbauer 
spectrum (Fig. 1, spectrum B) showed a six-line pattern 
with a hyperfine field of 500 koersteds and a superimposed 
doublet having a quadrupole splitting of 1-2 mm/s and an 
isomer shift of +0-6 mm/s. The magnitude of the hyper- 
fine field is consistent with a spinel structure containing 
MnzFe;-z0,, where = 0, <1 (ref. 8). The central doublet 
is larger than would be expected for a mixture of large and 
small particles and is probably due to some variation of 
the substitution of iron and manganese in the lattice 
sites. This is not unlikely because iron and manganese 
ean combine over a wide composition range as normal or 
inverse spinels. The variable substitution is favoured by 
the fact that there is no site preference energy for the 
occupation of tetrahedral or octahedral sites*1?, There is, 
however, a marked effect on the magnetic properties of 








_ NATURE, VOL. 220, DECEMBER 7. 1968 


Counts 





~8-0 -40 0-0 40 80 12-0 


Velocity (mm/s) 
Fig, 1 


the compound. As the percentage of manganese is in- 
creased there is a decrease in the magnetic field and a 
lowering of the Curie temperature". 

The Móssbauer patterns of the calcined samples 4 and 
C showed only a doublet (Table 5). Considering that the 
X-ray lines which were correlated with the jacobsite 
pattern were not broadened, and the length of the heat 
treatment, it seems unlikely that the doublet is due to the 
presence of superparamagnetic particles. 

The heated materials were fractionated magnetically. 
Chemical analysis of the most magnetic portions of the 
samples showed no significant change in the ratio of iron 
and manganese from that of the unfractionated samples, 
which indicates that they are bound together in a single 
matrix. In nodules containing a high concentration of 
manganese it is reasonable to assume that the manganese 
ions would substitute in the lattice g:ving a higher ratio 
of Mn to Fe than required by the jacobsite formula, 
MnFe,O, The substitution of additional manganese for 
iron lowers the Curie point so that the material would 
be in à paramagnetie state at room temperature showing 
only a quadrupole splitting. The value of 0-6 mm/s is 
in good agreement with the values obtained by Tanaka 
and his co-workers? for MnzFe,.;0, for x» 1. 

Thus it seems that the roasted nodules from different 
locations have the same basic structural units with vary- 
ing proportions of iron and manganese oecupying the 
spinel lattice sites. The Móssbauer spectra of the unheated 
nodules also indicate that the iron in the nodules from 
different locations is bound in a similar fashion. The 
apectra are consistent with the presence of lepidocrocite or 
goethite in a finely divided state; however, the exact 
composition of the iron matrix in the unheated nodules is 
still in. question. 

This work was supported in part by Newport News 
Shipbuilding and Dry Dock Company. 


H. M. Gacer 


Virginia Institute for Scientifie Research, 
Richmond, Virginia. 
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Anisotropy in Simulated Random 
Packing of Equal Spheres 


WE have used an IBM 1130 computer to simulate the 
very slow settling of rigid equal spheres from a dilute 
slurry into a randomly packed bed. Settling took place: 
in a box defined by {2,y,2|0<9<20, Os y<20, 2201, 
where the dimensions are given in sphere radii. Initial 
x and y coordinates of the spheres were chosen by pseudo- 
random numbers. Once an incoming sphere made iis 
first contact, the process was completely deterministic: 
the sphere rolled and sometimes fell until it reached a 
stable position. Thus some spheres rolled all the way 
from a peak to a valley. Gross wall and end effects were 
avoided by varying, by means of pseudo-random numbers, 
the position of walls and floor for each sphere. The final 
packed bed consisted of 1,561 spheres, but measurements 
were made on interior spheres only. 

A local packing density was determined by calculating 
the solids fraction in a spherical volume with a diameter | 
equal to three sphere diameters. The centre of each ^. 
spherical volume was set by three pseudo-random nuri- ; 
bers. Estimates of the mean local density and the standard 
deviation were calculated from fifty determinations at 
each height interval. The results are given in Table 1. 





Table 1. PACKING DENSITY OF EQUAL SPHERES 


Position of centres Local packing density 
Height Width Mean S.D. Lowest Highest 
10-12 6-14 0.597  0-0119 (0-567 0-610 
18-20 6-14 0-581 — 0-0006 — 0-556 — (608 
26-28 6-14 0.590 — 0-0161 0-556 — 0-613 


The overall mean of 0-59 is very close to Scott/s extra- 
polated value of 0-60 for loose random packing!. The: 
variation in mean density from one level to another may.” 
be periodie. An ordered listing of all the spheres in the 
packed bed showed some periodicity in the number of 
spheres with centres in a given interval of height. This 
may have been the result of a small cross-sectional area 
and a residual end effect. 

The distribution of nearest neighbours was determined 
for 297 interior spheres. In Table 2, the results are 
compared with those of Bernal and Mason?.. 





Table 2. NEAREST NEIGHBOURS 


Number Percentage 
No. of Simu- Simu- zu 

contacts lation Loose? Close? lation Locse Close 
3 0 21 5 0 5-2 iy 

4 10 78 13 3-4 18-4 2 

5 66 i28 72 22:2 30-5 151 

6 123 108 132 414 25-7 27-7 

7 77 57 133 25-9 13-3 27.0 

8 20 24 95 7 5 20-0 

9 i 4 22 0-3 13 446 
10 0 ü 4 0:0 0:3 63 


The simulated packing is built up one sphere at a time, 
so each interior sphere must be in contact with at least 
four others. The experimental packing, on the other hand, 
has holes’. As expected*, the simulated packing has a 
strong peak at six contacts and the average number of 
contacts is 6-1. Although only one sphere was in contact 
with nine others, two with eight neighbours had another 
Sphere within 0-01 of touching. 

The distance between nearest neighbours is 2-000 
x: 0-001, so the expected length of the projection on each 


1024 


Table 3. LENGTHS OF PROJECTIONS OF LINES JOINING CENTRES OF TOUCHING 


SPHERES 


Position in array No. of pro- Length of projection on 





(from bottom) jected lines z-axis y-axis z-axis 
201-300 249 1.020  r015  L024 
301-400 262 1:002 0992 1-061 
401-500 237 0.933 0-979 1-107 
501-600 290 0-986 1003 1084 
601-700 243 0-986 1003 1093 
701-800 246 1:004 0-057 — 1-108 
801-900 268 0.995 0-997 1083 
901-1.000 272 0-957 1:086 — 1-106 

1,001-1,100 280 0.084 — 0-958 — 1:107 


of the axes is 1-000 for isotropic paeking?. The actual 
lengths are given in Table 3. 

It is apparent that the packing is anisotropic and that 
the anisotropy is not an end effect. Excluding the first 
two entries in Table 3 which seem to represent a transition, 
the average projections were 0-978, 0-991 and 1-098 on 
the x, y and z axes respectively. It is possible that the 
anisotropy is a residual wall effect though this seems 
unlikely because only interior spheres were considered. 
Future tests on arrays of 20,000 spheres will be conclusive. 
The gravitational force acts downward, so anisotropic 
packing might be expected. 

The recent enlargement of our computer memory to 
16,384 sixteen-bit words will enable calculations to be 
done in extended precision and quadruple the cross- 
sectional area of the array. The program has been 
written to handle any size distribution of spheres. Tt 
also has a stability parameter which will allow pre- 
eariously stable spheres to be jarred loose. Testing of 
these features is incomplete. Periodic wall conditions 
have been used suecessfully in the two-dimensional ease 
and their extension to three dimensions seems feasible. 

This research was begun at Brookhaven National 
Laboratory under the auspices of the US Atomic Energy 
Commission and completed through the support of the 
National Research Council of Canada. We thank P. T. 
Shannon and M. M. Levine for assistance. 
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Non-Hookean Behaviour of 
Strong Carbon Fibres 


Fottowine the work of Watt, Phillips and Johnson}, 
carbon fibres of very high axial stiffness and strength have 
been prepared at AERE, Harwell. There is an appreci- 
able increase in the apparent modulus of these fibres as 
a tensile load is applied, and this observation applies 
both to fibres of type I, heat treated at 2,600? C and with 
a modulus ~ 3:8 x 10!? dynes/em* and to those of type IT, 
heat treated at 1,500? C, and with a modulus ~ 2-7 x 10! 
dynes/em? (compare refs. 2 and 3). 

The effect is easily overlooked in measurements with a 
static tensile machine because of the variable softness 
factors exhibited by the machine and mountings at low 
loads. It can, however, be followed with precision by 
observation of the velocity of elastic waves propagated 
down the fibre axis. The wavelength of the elastic waves 
used is approximately a thousand times the fibre diameter 
(~9 microns) so their velocity is related through the 








TYPE H 


Dynamic Young's modulus x 10'* (dynes emo?) 


nw 


TYPE H 


Attenuation (dB cm) 








0 6*0 8.0 
Load (g) 

0 32:3 EI 9-9 13-2 

Stress x 10° (dynes em-?) 


Fig.1. The dynamic Young's modulus and acoustic attenuation for type T 
and type II fibres, showing the effect of load. 


fibre density to Young's modulus of the fibre and this is 
the gradient of the fibre stress-strain curve. 

A pulse of 075 MHz ultrasound is injected into the end 
of a single fibre from the point of a solid exponential horn 
transformer. A similar horn glued by its point to the 
other end of the fibre receives the transmitted pulse, the 
velocity of which is obtained by measurement of transit 
time in the fibre. Tension is applied to the fibre bv mount- 
ing the horns in the jaws of a tensile machine. Fig. 1 
shows experimental results for both types of fibres. 

The total increase in modulus between loads of 0-2 and 
7-0 g is about 30 per cent. The effect is completely revers- 
ible and we found no hysteresis. There are, however, 
two clearly differentiated regions. For loads above 2:5 g 
the change of modulus with load is linear, but at lower 
loads a more rapid, variable dependence is observed. 

The linear part of the effect is associated with a change 
of crystallite orientation. By using an X-ray microscope 
fitted with a toroidal mirror' which focuses a beam of 
X-rays to a spot ~10 microns in diameter, diffraction 
haloes have been obtained from single carbon fibres of 
type I. These results have been analysed by the method 
of Bacon? to yield the orientation functions of crystallite 
c-axes in space. Fig. 2 shows the reversible sharpening 
of this distribution occurring when a fibre is loaded to 5g 
as compared with the unloaded fibre. 

From the orientation function the uniform stress and 
uniform strain averages of the erystallite elastic moduli 
can be computed*/. This gives theoretical limits for the 
fibre modulus apart from a correction for porosity. 
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Fig. 2. The Bacon orientation function J (y) of crystallite c-axes at an 


angle to the fibre axis, showing the effect of load. x, 5gload; ©, no 
load; M. 5 g load re-applied. 


From the eurves illustrated, the uniform stress average 
for the unloaded fibre is 9-07x 10" dynes/em*? which 
increases by 7:3 per cent on loading. These values are 
much lower in absolute terms than those measured, but 
the relative change is of the expected order. The uniform 
strain averages for the moduli are much higher (~ 10" 
dynes/em?) than the experimental values and do not 
change appreciably on loading. 

The more rapid changes of modulus observed at low 
loads are associated with stronger acoustic attenuation. 
This attenuation decreases rapidly as the load is applied 
(Fig. 1) and reaches an almost constant value at loads 
corresponding to the beginning of the linear region in the 
modulus eurves. We suggest that the low load effects 
are associated with basal dislocations. From the work of 
Chou and Eshelby* it is possible to caleulate the line 
tension L of curved dislocations in a graphite structure 
and then from the expression stress— L/BR, where B is 
Burgers vector and R is the radius of curvature, to calcu- 
late the stress at which these dislocations would all be 
driven up against the crystallite boundaries. For crystal- 
lite sizes in the range 20-200 A, the stress calculated lies 
in the range 0-9-3-3x 10° dynes/em*, corresponding to 
fibre loads between 0-55 and 2-0 g. This is in fact the 
range above which the effects ascribed to dislocations are 
suppressed. 

The model which emerges from our observations there- 
fore shows the following features. The crystallites in the 
fibres are of highly deformed graphite mostly aligned so 
that their c-axes are within 15° of the fibre radii. They 
may be thought of as linked in series by grain boundaries 
of small or moderate angle. Stress on the fibres reduces 
this angle appreciably before fracture occurs. The 
structure contains some mobile dislocations which become 
pinned against grain boundaries at moderate stresses, 
but no sources of new dislocations are in evidence. 

We thank Mr M. Hancock for experimental assistance. 

G. J. Curris 

J. M. MINE 
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Harwell, Berkshire. 
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Role of Monolayers in 
Evaporation Retardation 


MacRrrCHiE! has suggested that the presence of a mono- 
layer on à water surface can increase the thickness of the 
stagnant layer of air over the surface and in this way 
reduce the evaporation rate of the water. He has also 
implied that this is the only mechanism by which the 
monolayer affects the evaporation rate. 

The second point can easily be disproved. The high. 
resistance to evaporation which can be imposed by a layer: 
of stagnant air has long been recognized*? and most 
experiments have been designed to minimize it in order 
to measure the relatively small effect cf the mono- 
layer?-*. Thus in the Langmuir-Schaefer form of appar- 
atus®*, usually used for accurate measurements, the 
evaporation rate is measured by absorbing the water 
vapour in a desiccating agent supported only a few milli- 
metres above the water surface. The air gap between 
water and desiccant surfaces is much thinner than the 
normal stagnant air layer'*. Thus all the values of 
specific evaporation resistance whieh have been measured 
with the Langmuir-Sehaefer form of apparatus (for 
example, refs. 6-10) have been obtained in conditions in 
which variations in the thickness of the gaseous diffusion 
layer have been deliberately prevented. I: follows that 
it is not possible to ascribe these resistances to an effect 
of the monolayers on the thickness of the gaseous diffusion 
layer. 

In other experimental conditions, particularly in the 
field, in evaporimeter pan experiments, and in laboratory 
experiments where the water evaporates into the atmo. 
sphere. variations in the thickness of the diffusion layer | 


z^ 





are possible and would affect the rate of evaporation. . E 


MacRitchie? reports that in such conditions hexadecanol 
monolayers increase the thickness of the diffusion layer. 
It is of interest to analyse these data in terms of evapora- 
tion resistances. 

In any evaporation experiment the total resistance fo 
water evaporation (r) can be expressed as the sum of the 
monolayer (Langmuir-Sehaefer method) evaporation 
resistance (7m), the resistance of the gaseous diffusion 
layer (rg), and various other resistances which can be 
collected together and assumed to be eonstant and 
unaffected by the presence of a monolayer (rj. The 
overall resistance can be calculated from experimental 
data by using the relation? 

r= 


(ww — wa)fJ 


a) 


where (uw -— wa) is the difference in water vapour concern- 
trations in equilibrium with source (water surface) and 
sink (desiccant or laboratory air), and J is the measured 
rate of evaporation per unit area. It can aiso be shown? 
that 

Tg = AiD 


where A is the thickness of the gaseous diffusion layer, 
and D is the diffusion coefficient of water vapour in air. 
Primed symbols will be used to indicate th» presence of 
a monolayer and unprimed ones a clean water surface. 

Table 1 lists resistance values calculated from the data 
of MacRitehie!. The values of À used in equation (2) are 
those he obtained from measurements of temperature 
gradient, and his value for D (0-26 cm? s-!) was also used. 


(2) 
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Table 1. SPECIFIC EVAPORATION RESISTANCES CALCULATED FROM THE 
DATA OF MACRITCHIE! 
Air Specific evaporation resistance (s em) 

circu- Tg fg r r fm Tm 

lation (equation 4) — (n, = 6) 
Natural 4646-4 61,204 5-24 6:18 -0-8408  00,-04 
Mild 2:5 3-6, 2.33 3-68 0-2 0-0, 
Moderate <08 13, 0-58 1:77 > 0-6 0-4 


It is assumed that the water surface was at 20° C and 
that the relative humidity of the air was 50 per cent. The 
monolayer was hexadecanol at its equilibrium spreading 
pressure at 20? C. The monolayer resistance (7 m’) can be 
ealeulated from the relationship 

(3) 
where 7’ and rg' are calculated from equations (1) and (2) 
respectively and r, may be either assumed to be zero or 
caleulated from 


, , a ; 
Tm =r — Te, — a 


, 


ry = To =T — fg {4) 
Values calculated by both methods are given in Table 1. 
The errors given are derived from the stated errors in ^; 
variations in surface temperature have not been con- 
sidered. 

It is immediately evident that the monolayer resistances 
calculated from MacRitchie’s data are zero within the 
experimental error, and that, on the evidence of these 
data, he is justified in attributing the evaporation retard- 
ing effect of the monolayer to its influence on the thick- 
ness of the stagnant air layer (to rg^—rg). In experiments 
using the Langmuir-Schaefer method, however, mono- 
layer resistances of about 1-8 s em~ have been measured’! 
and these results cannot be attributed to the gaseous 
diffusion layer. 

Two explanations can be suggested for the absence of 
a significant monolayer evaporation resistance in Mac- 
Ritchie’s experiments. The first concerns the purity of 
the monolayer, for monolayer evaporation resistances are 
extremely sensitive to impurities in the monolayer material 
or in the water!':i?, The observation! of equal evaporation 
rates, with and without monolayer, for water under a 
6-2 em column of stagnant air supports this suggestion. 
The second explanation questions the use of h values 
measured on an aluminium tray 30 cm? for interpreting 
evaporation data from a 9 em diameter glass dish’, 
These points can only be resolved by further experiment. 

The practical aspect of MacRitchie’s findings may be 
very important. In field trials, monolayers of hexa- 
decanol have been shown to effect a considerable reduction 
in water evaporation™ despite the impurity of the com- 
mercial aleohols used and the unclean state of natural 
water surfaces. It is interesting to speculate that in these 
adverse conditions the monolayer resistance is very low, 
but the modification of the thickness of the stagnant air 
layer still takes place and is the more important factor 
in reducing evaporation. 

G. T. Barnes 
Department of Chemistry, 
University of Queensland, 
St Lucia, Brisbane. 
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Specific Cation Effects under 
Monolayers of Octadecanol 


In studies of the effeet of electrolytes on the properties 
of fatty acid monolayers'~*, reference is often made to 
the probable effect of ions on water strueture at the 
monolayer-electrolyte interface. This is a minor effeet, 
in the case of ionized monolayers, in that the major 
effect of ions is concerned with their interaction with 
the electrical double layer at the interface. 

During a general programme on the nature of inter- 
facial water under monolayers of insoluble surfactants, 
we have found that specific ion effects exist under simple, 
nonionie monolayers of long chain alcohols. These 
effects can be shown to be direetly related to the general 
“structure breaking", “structure making" effects** of the 
ions considered on the interfacial and bulk structure 
of water. 

The pressure-area curves were obtained on an automatic, 
recording Langmuir trough, the whole assembly being 
mounted within a thermostated cabinet. The trough 
was coated with ‘Teflon’ and the barriers were of solid 
‘Teflon’. The surface pressure was monitored continuous- 
ly, using the Wilhemy plate technique with a mica or 
platinum plate and a strain gauge transducer, the output 
of which was fed directly to a recorder. 





——r—————À 
n- OC TADECANOL,2IC, 






DEN Ini OUI AIEEE SRN SSeS 


Surface pressure (dyne cm-!) 





15 20 25 30 
Area/molecule (À*/moleeule) 


Fig. 1. The effect of 4 M electroiytes on the pressure-area isotherms 
of n-octadecanol. Substrates: ——-—, water; ~O-O-, 4M KCl; 
ttm ,A4M NaCl; «+--+, 4M MgCl; -~--, 4 M Cath. 


The sample of n-octadecanol used in this study has 
been described in detail previously"?. The ultra-high 
purity of the sample was established by chromatography 
and by the more sensitive monolayer permeability 
technique of La Mer et al”. All other reagents were of 
A.R. grade and all water used was distilled three times, 
the second stage being from alkaline permanganate. 
Monolayers were spread from n-hexane solutions. 

The results shown in Fig. 1 summarize the principal 
effects of inorganic ions on the pressure-area curves of 
octadecanol. Each curve in Fig. 1 represents the line 
of best fit for six or more separate pressure-area deter- 
minations. The water curve represents the mean of 
approximately thirty separate curves. 
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All salts tend to cause the monolayer to condense at 
lower pressures than for pure water, but the high pressure 
effects can generally be divided into structure breaking 
effects (K+, Na*) and structure making effects (Mg?*, 
Ca*+). This classification refers to concentrated solutions 
as discussed elsewhere’, For the former, the limiting 
areas are significantly less than that for pure water 
(20:1 A%/molecule) while the latter yield areas greater 
than that for pure water. 

The values of the limiting areas are summarized in 
Table 1. 


: Table 1. LIMITING AREAS FOR n-OCTADECANOL AT 21? C FOR A SERIES OF 


AQUEOUS SUBSTRATES 


Rubstrate Limiting area/molecule (A*) 
4 M MgC, 20-91 40-02 
1M MgCl, 20-4 404 
0-01 MgCl, 19-94 + 0-06 
4M CaCl, 20-7 £032 
Distilled water 20-1 £01 
4 M NaCl 20-0 +0-3 
4MKCI 17-65 € 0-09 
IM KCI 19-4 20-2 
0-01 M KCI 19-71 + 0-Q8 


To our knowledge no such effects have been reported 
previously. Replotting of the data of Zisman ef al.5, 
however, reveals that dilute thorium (IV) does yield the 
expected slight structure making effect. 

In view of the nature of the high purity reagents used, 
it is extremely unlikely that impurities are responsible 
for the observed shifts in the pressure-area curves. It 
is also unlikely that the impurities, if any, would allow 
KCl and NaCl curves to be displaced below the water 
curve and MgCl, and CaCl, above the water curve. 

The salts considered all raise the surface tension of 
water!*:!!, but if this effect is subtracted out the same dis- 
stinetive pattern as that in Fig. 1 persists. Again, if it 
is assumed that the electrolyte decreases the solubility 
of octadecanol, in order to obtain the general shift in 
pressure (or area) it is necessary to assume that octadecanol 
monolayers spread on water itself are soluble to an 
unrealistie extent. 

The results in the low pressure region below 20 dynes 
indicate that each electrolyte enhances the orientated 
water structure immediately below the monolayer such 
that the hydrated ion enhances long range head group, 
head group interaction in the alcohol monolayer. As 
the aleohol head groups approach each other and higher 
pressures are observed, K+ and, to a lesser extent, Na+ 
are able to disorientate the water structure associated 
with the monolayer. With KCl, the oetadecanol mono- 
layer is able to assume a close-packed array with a spacing 
approaching that observed in solid erystals of long 
chain alcohols". 

With "structure-makers" like Mg?+ and Ca?* the 
ordered interfacial water prevents the close-packing 
usually observed on pure water. 

We thank Albright and Wilson Pty Ltd (Australia) 
for a donation which assisted in part in the construction 
of the Langmuir trough facility. 
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intramolecular Electrostatic 
Electron Traps 


Most of the better known radical anions and dianions 
have in common the fact that their precursors possess 
low-lying vacant molecular orbitals. It is deduced that 
compounds in which atoms are suitably disposed to afford : 
the maximum overlap of vacant orbitals should constitute 
suitable electron acceptors so that a stable reduced species 
might be obtained. 

Recently, however, a new series of coripounds--—the 
perfluoro compounds— has emerged as important electron 
acceptors. Rajbenbach! noted that only eyolie perfluoro- 
carbons reduced the yield of hydrogen gas (produced on: 
electron cation recombination) from the radiolysis of 
cyclohexane and n-hexane whereas the straight chain 
isomers were ineffective. We report here some further 
evidence which we believe supports Rajbenbach’s eon 
clusion. It is very difficult indeed to envisage low-lying . 
molecular orbitals made of the atomie wave functions of 
fluorine or carbon, so we propose a more general hypothesis 
for radical anion formation for these compounds. This is 
based on the concept of intramolecular electrostatic traps 
for electrons consisting of negatively charged fluorine 
atoms and positively charged carbons. Rough calculations 
encourage us to believe that such traps may be 1 or 2 eV 
deep. 

In two different approaches, we used two different kinds 
of source of thermal eleetrons—ionizing radiation and 
Geiger-Müller eounter discharges. 


Methyl tetrahydrofuran (MTHF) has been shown ios. 5i 


trap the electrons produced by cobalt-60 gamma radiation 
in its glassy matrix at 77° K (ref. 2). Trapped electrons. 
can be measured quantitatively with the broad but 
characteristic absorption band? or by the electron spin 
resonance signals! which they display. Hamill has used 
this matrix to produce the molecular ious of various 
solutes*. Cyclic and straight chain perfluorocarbons were 
irradiated with "Co gamma rays in this matrix at 77° K 
(the concentration of each solute was 0-05 per cent v/v). 
With the cyclic perfluoroearbons perfluoro cyclobutane, 
perfluoro methyl eyclohexane and perfluoro cycloctane, 
the electron band (Amax at 12,000 A) was reduced, which 
indicates that these compounds have scavenged the 
electrons from the MTHF which are trapped in the glass 
matrix. But when the straight chain perfluoroearbons 
perfluoro n-hexane and perfluoro n-octane at the same 
concentration were irradiated, the trapped eleetron band 
in MTHF remained unchanged, indieating that these 
compounds do not react as efficiently wrth electrons. 
Mahan and Young? recently found that perfluoro methyl 
cyclohexane attaches thermal gaseous electrons and they 
measured the rates of attachment using a mierowave 
cavity resonance technique. 

As stated earlier, Rajbenbach! noted that, whereas 
CF, and C;F, had no effect on the yield of nitrogen gaa in 
the radiolysis of a mixture of N,O and n-hexane, eyelie 
perfluorocyclocarbons depressed the yield considerably 
although the straight chain isomers did not. Recently, 
Sagert! has also reported that perfluoro ethane did not 
reduce the yield of any product from the radiolysis of 
cyclohexane in solid phase. All this evidence has led us 
to suppose that only those fluorocarbon compounds which 
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possess an adequately deep well, due to intramoleeular 
geometrie electrostatic attractions, capture electrons. 

In our second approach, the same cyclic and non-cyclic 
perfluoro eompounds were tested by using the electrons 
generated in Geiger-Müller counter tubes. 

The voltage pulse is characterized by à rapid growth to 
full value (in about 10-* s) followed by a slow recovery 
to normal as the positive ions drift to the negatively 
charged wall*. This is due to the sudden onset of ionization 
inside the counter near the wire where the field is highest 
followed by the collection of electrons on the central wire, 
thereby reducing its potential. The return of the wir 
potential to normal is accompanied by the removal of 
the positive ions to the wall. 

If a negative ion were formed within the 
of the counter during the discharge, accelerated 
by the field, would drift toward the central wire, The 
mobility of the negative ion would be about the 
order of magnitude as that of positiv: would 
arrive on the average before is eompleted in 
10-* s. Such negative ions, then, may arrive in the 
high field region next to the wire after the 
space charge sheath has progressed far enough toward 
the cylinder, so that the field near the 
recovered its normal value. Thus the 
ing the high field may electron in the 
immediate neighbourhood of the wire by a kind of tun 


active volun 


this ion, 


SATH 
ions, SO It 
recovery 
about 
positive ions 
wire has partly 


negative ton enter 





region lose its 


avalanche and 
producing a new count prematurely, before 


nelling cold emission, thus starting a new 
recovery is 
complete. This phenomenon is easily recognized on the 
voltage against time trace on the oscilloscope screen. 
When our series of perfluoro compounds was tried as 
additives in a typical Geiger-Müller tube, it was noticed 
that, at the same concentrations, the cyclic fluorocarbons 
formed multiple counts while the straight chain fluoro 
Fig. 1. The 


principal gas used was helium with about ] per cent by 


carbons did not. The results are given in 
volume of isobutane, at a pressure of 30 em of mercury. 
The perfluoro compounds were added to 0:5 em. 

results, coupled with the recent 
Altshuler e£ al.” regarding the difference in sensitivity of 
eyclic and 


detectors, led us to suggest 


These evidence of 


non-eyclic fluorocarbons in electron capture 
that “intramolecular traps" 


for electrons exist in the evclie perfluorocarbons 
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Simple Viscoelastic Model for the 
Stress Relaxation of Rubber 
Vulcanizates 


SEVERAL theories for the description of the 
rubber-like polymers 


long-term 
relaxatior ot 


stress 


transients of 
have been put forward! which require complex distribu- 


and retardation 


tion funetions of relaxation times. 
Tobolsky and Aklonis! have postulated that such a 
comp relaxation modulus arises from torsional vibra- 





tions and internal rotations of the chain molecules as 
well as motions of the entangled rubbe ry networks The 
difficulty inherent in all these theories is either that they 


fail to explain why the relaxation and retardation spectra 





as additive (straight chain); C, 


Perfluoro compounds as additives in a Geiger-Müller tube 


i, Counter gas alone; 
air as additive; D, C,F, as additive (cye lic) 
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Fig. 1. Decay in tension following two different length steps applied to 
natural rubber vulcanizate ‘G°. The data are taken from Fig. 1 of ref. 6. 
The mean molecular weight of natural rubber vulcanizate 'G' is 14,800 
(39-3 per cent dicumy! peroxide, vulcanization at 135°C, curing time 
30 min) The applied length steps are indicated in the figure; the 
experimental temperature was 30°C. The solid lines correspond to 
theoretical curves for the exponent indicated. The experimental values 
are superimposed, 


do not drop very rapidly or that they require very com- 
plex assumptions such as eooperative changes of con- 
figuration involving whole groups of polymer strands 
which become dominant at long intervals of time?. 

An analysis of stress relaxation data obtained with 
isolated muscle fibres, material which behaves like rubber 
in many respects?, has shown that the long-term transients 
of tension decay in glycerinated insect fibrillar musele 
following an applied length step can best be described by 
the transfer function of an sk element‘. An analogue com- 
puter simulation has shown that physically such an 
element can be described by the combination of a con- 
ventional dash-pot in series with a spring with strongly 
non-linear length-tension characteristics, which produces 
tensions that increase as the kth power of length‘. 

If the data available for stress relaxation of rubber 
vuleanizates** are plotted as log force against log time, 
they give straight lines; the slopes correspond to power 
law decays of the form t£, £» 0. As an example, Fig. 1 
shows the response of natural rubber vulcanizates follow- 
ing very large length steps. Chemical degradation can 
be excluded in the experimental conditions used. Only 
two different extensions are shown, but Chasset and 
Thirion* noted that the stress relaxation curves are 
essentially parallel over a wide range of increases in 
length. The values for the exponent k differ only between 
0-304 and 0-345 (see Fig. 1). The response can therefore 
be deseribed by the equation 


A(t) = Atk 
corresponding to the transfer function 
F(s) = Ask 


as has been derived previously*. The frequency response 
of an s% element* predicts equally well the low frequency 
dynamie behaviour of vulcanized rubber polymers re- 
ported by Stratton and Ferry*. 

The long-term transients are characteristic for the stress 
relaxation of vulcanized rubbers*9, so the dynamie 
response seems to be dominated by the cross-links, the 
transfer characteristic of the cross-links being that of an 
sk element. The findings of Chasset and Thirion® suggest 
that the degree of cross-linking has a direct effect on the 
exponent k; the exponent decreases from 0-5 with less 
vuleanized to 0-05 with more vulcanized natural rubbers. 
According to these authors the relaxation curves are 


1029 


shifted along the time axis depending on the mean 
molecular weight of the vulcanizate. As a pessible moleci- 
lar mechanism it is suggested that the mechanical pro- 
perties of the sum of the cross-links ean be represented. by 
a strongly non-linear spring which increases its tension 
with the kth power of length, while the length of the 
entangled chains as reflected by the molecular weight 
determines the initial extension of the conventional dash- 
pot and hence the position of the slope along the time 
seale. The upward curvature commonly observed in 
log-log plots at the longer time end of the stress relaxa- 
tion curve®® would be predicted if a d.e. component of 
stiffness were present in parallel with an s* element‘. 
Such an elastie restoring force may well be generated by 
the distortion of the random coils to less probable shapes. 


R.A, CHAPLAIN 


Department of Bioengineering, 
TH Otto von Guericke, 
Magdeburg, 

Germany. 


Received October 21, 1968. 


Kirkwood, J. G., J. Chem. Phys., 14, 51 (1948), Blizard, R. Bo J. Appl. 
Phys., 22, 730 (1951). Andrews, R. D., and Tobolsky, A. V., J. Polymer 
Sei. 7, 221 (1951). Rouse, P. E., J. Chem. Phua, 21, 1272 (1953), 
Bueche, F., J. Appl. Polymer Sei, 1, 240 (1959). Tobolsky, A. V., and 
Akilonis, J. J., J. Phys. Chem., 68, 1970 (1964). 

* Ferry, J. D., Viscoelastic Properties of Polymers, 294 (Jobn Wiley and Sone, 
New York, 1961). 

* Mr E., Die Muskeltàtigkeit (Hungarian Academy of Sciences, Budapest, 
1958). 

t Chaplain, R. A., Frommelt, B., and Brandt, M., Kybernetik, 8, 121 (1968). 

? Stratton, R. A., and Ferry, J. D., J. Phys. Chem., 82, 2791 (1962). Stratton, 

A., and Ferry, J. D., Rev. Gen. Caoutchuc, 41, 635 T1064). 

* Chasset, R., and Thirion, P., in Physics of Non-erystalléne Solids (edit. by 

Prins, J. A.), 345 (North-Holland Publ. Co., Amsterdam, 1065). 


BIOLOGICAL SCIENCES 


Short Caesium Half-times in 
Patients with Muscular Dystrophy 


THE equivalent biological half-time (Tuja) is defined as 


0-693 aa body content ^, 





This concept was first applied to the interpretation of 
“Cs metabolism by Miller. If retention cam be described 
by a single exponential, the T,;, of the exponential 
equals the equivalent Tiza If the retention function is 
a sum of exponentials (as is the retention ef caesium in 
mammals?) the equivalent T, in equilibrium conditions 
of constant daily intake or following a single intake is 
the weighted average of the component haif-times'. 

The relationship between diet and equivalent T, is 
explored mathematically in the appendix te ref. 4, where 
it is shown that large changes in the rate of caesium 
intake produce relatively small changes in the equivalent 
Tue Because the effects of biological fluctuations in 
the rate of Cs excretion on the measured excretion 
rate can be minimized by extending the excretion collection 
period, we required each of our subjects to collect a 
gallon of urine, which takes about 3 days for most adults. 
The chief potential limitation to our resulta is the possi- 
bility of incomplete collection of exereta. We tried to 
minimize this by seleetion of reliable subjects who were 
required to keep detailed records of “hits” and "misses". 
An incomplete collection would cause the computed 
Py), to be too long. In the few cases where unreported. 
losses were suspected, repeat. collections were requested. 
We believe that collections of excreta were accurate for 
almost all our subjects. 




















Cs equivalent T} (days) 








30 40 50 60 
Age (yr) 
Fig. 1. Cs half-tlmes in normal humans. The half-time increased 


with age from 1948 days (mean + standard deviation) in five infants 
to 97 +28 days in forty adults. One standard deviation on each side of 
the mean for all subjects is shaded. 6, Males; ©, females. 


The inherent reliability of this method of determining 
the Tijs of caesium has been verified experimentally‘. 
Our technique for measuring the 7',,. of caesium seems 
to be reasonably reliable when accurate collections of 
excreta are made. Furthermore, the characteristic T, 
of a given normal adult seems to remain relatively 
constant. 

Our method for counting *7Cs in humans has already 
rur deseribed*.* and evaluated’? (participating laboratory 

o. 15). 

We have also diseussed our technique for determining 
178 in exereta*. In most cases, urine alone was collected 
and was assumed to represent 85 per cent of the total 
excretion of !*'Cs^*5, Environmental levels of "Cs 
from fallout, were sufficiently high during the period when 
this investigation was conducted (1963-1966) that 
artificial administration of radioactivity was not required. 

The caesium half-times measured for a number of 
normal subjects of various ages are shown in Fig. 1l. 
Individual values are tabulated in ref. 4.  Half.times 
increased with age from 19-8 days (mean + experi- 
mental standard deviation) in five infants, to 5720 
days in seven children and adolescents, to 97--28 days 
in forty adults (84 +28 days in the fourteen women and 
105 + 25 days in the twenty-six men). 

A comparison of the half-times in persons with muscular 
dystrophy with values for normal subjects is shown in 
Fig. 2. The dystrophies confined to wheelchairs had 
half-times much below normal, whereas the individuals 
whose values were within one standard deviation of the 
mean were less severely disabled. In general, the greater 
the disability, the shorter the caesium half-time. The 
single value which was significantly above the normal 
range we initially suspected to be in error. Two collections 
made by this individual 2 months apart yielded virtually 
the same T/a} however. 

Values for boys afflieted with Duchenne dystrophy are 
shown in Table 1. Half.times are also expressed as a 
percentage of that for normal children of the same age. 
The first patient (MP) had only slight disability. The 
second patient (DL) stil walked, but with difficulty, 
using braces. The other boys were severely disabled 
and were confined to wheelchairs. The severity of the 
disease is reflected in both shortened half-times for 
70s and in reduced potassium concentrations. Normal 
boys have about 2-2 g of potassium/kg body mass’. 

Duchenne dystrophy is inherited as a sex-linked 
recessive trait!*, so the dystrophic boy received the gene 
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Table 1. BOYS WITH DUCHENNE DYSTROPHY 
Potassium 

Age Height Weight concen- Cs Tua — Percent 

Subject (yr) (em) ikg) tration (days) age of 

(gi kg body) normal 
MP 4 100 13:6 1-99 174 6 49 
DL 10 127 24-0 1-29 18+ 6 30 
cc 1i 138 27-7 1-19 + 5 a0 
CM 12 158 ATT 0:71 11£ 6 16 
AG 12 150 56.5 0.76 T+i4 i0 
TG 13 138 29-6 0-97 12418 17 
FS 14 150 59-1 0-93 19+13 28 
PS 14 141 19-5 1-33 124 6 186 
KS 15 152 21:4 1:03 12+ 7 15 
LS 18 161 53-0 077 12+ 7 18 


* The tabulated standard deviation for an individual in Tables 1-3 is the 
statistical counting error for a single measurement of Cs in both the tota 
body and in the exereta. It doss not include biological variation in thi 
excretion rate. The values listed therefore represent the minimum standart 

eviation. 


from his mother. Data on equivalent half-times foi 
caesium were obtained for mothers of five of these ter 
patients. The results are shown in Table 2. At least 
three of these five women are carriers of this disorder. 
EC and EP are sisters, and each has had more thar 
one dystrophic child. FJ has had two boys with 
dystrophy, and her sister had a child affected by thi: 
disorder. No other dystrophy is known in the familie: 
of GL or BM. None of these five mothers showec 
half-times which were significantly lower than our group 
of fourteen adult female controls, and their potassiun 
concentrations correspond to values for normal womer 
of the same age. 


Table 2. MOTHERS OF DUCHENNE DYSTROPHIC BOYS 
Potassium 
Age Height Weight concen- Cs Tile Percent- 
Subject (yr) (em) (kg) tration (days) age of 
(g/kg body) normal 
BM 32 171 80 1:40 864+ 7 102 
GL 38 154 59 1:80 824 7 98 
FJ 43 187 55 1-85 834 7 99 
EP 46 161 55 164 764+ 5 90 
EC 53 151 70 1.34 134 € 21 160 


Table 3 shows the data for the dystrophic adults include 
in our study. The severity of the disease seems to b 
reflected in the reduction of both potassium concentration 
and eaesium half-time. 

Perhaps the metabolism of caesium is different i 
diseased and healthy tissue of persons with sever 
dystrophy. This possibility is being investigated. 

We have examined the P, in two patients wit 
other (non-dystrophie) muscle disorders. For a 9 yea 


200 ] 


160 4 


Cs equivalent. 7'$ (days) 








30 
Age (yr) 


Fig. 2. 

deviation for normal parsons is shaded. 17 

muscular disability ail had short half-times. Open symbola, female; 

filled symbols, male. @, ©, Slight disability; , A, moderate dis- 
ability; *, advanced disability. 


Cs half-times in dystrophics. The mean tone standard 
The dystrophies with advanced 
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Table 3. DYSTROPHIC ADULTS 


Per- 

Sub- e Dystrophy Height Weight Potas- centage 
ject (yr) disability* (em) (kg) sium — Cs Tj. of 

: and typet (alke)t (days) normal 
GK 84 Slight Myo. 179 74 2-23 102+ 5 7 
EA 25 Sight Myo. 180 62 2.21 108412 103 
RB 25 Slight FSH 186 69 2-26 165 x12 157 
IRE 38 Slight Myo. 157 65 1:45 78x12 93 
MF? 30 Slight Myo. 153 59 1:25 11119 132 
BB? 34 Slight Myo. 165 62 1-23 48413 57 
LW? 84 Slight Myo. 174 R5 1235 69 x 10 82 
WSs 40 Mod. FSH 177 7 132 39+ 5 37 
AG? 25 Mod. L.G. 172 55 1.20 70212 88 
JC 30 Mod. Due. 171 48 150 64+ 8 61 
BC 46 Mod LG. 175 84 1-2 404 4 38 
JK 58 Adv. Myo 173 55 0-98 23+ 4 22 

* Disability: Slight, minimal loss of muscular function; moderate, 


i; diffüeult to stand and walk; advanced, confined to wheelchair. 

WAT Types of dystrophy: Myo., myotonic; FSH, facioscapulohumeral; 
L.G., limb-girdle: Duc., Duchenne (atypical). 

1 Potassium concentrations and standard deviations were 2-07 + 0-21 g/kg 

in sixty-nine normal men and 1:70 + 0-23 g/kg in fifty-three normal women*. 


old boy (JB) with myotonia congenita, the Tj, was 
= 6348 days, which was within one standard deviation 
of the mean value for his age. In a 25 year old female 
patient (JS) with paraplegia and subsequent muscular 
atrophy (caused 2 months previously by spinal injury in 
an automobile accident), the measured 7, of 77:16 
days was within one standard deviation of the mean 
value for adult females. 

Muscular dystrophy can have a marked effect on 
caesium metabolism; very short half-times were observed 
in patients with advanced disability. Further work is 
needed to reveal the mechanisms by which caesium 
retention is decreased in dystrophic patients. 

We thank Mrs Maxine Stowell for her help in patient 
contacts, and the people who made excreta collections. 
This investigation was supported by the US Atomic 
Energy Commission, the US Public Health Service 
National Center for Radiological Health and the US 

National Institutes of Health. 
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Conformational Similarities of 
Vitamin D and Cholesterol as 
Enzyme Substrates 


Investigations of the synthesis of vitamin D long 
chain fatty acid esters found in rats have indicated 
that cholesterol-specifie esterifying enzymes in the small 
intestine and plasma have vitamin D as substrate! 


ja-OH 





Fig. 1. Molecular structure of (a) cholesterol; (b) choiecaleiferol (after 
Crowfoot Hodgkin, Webster and Dunitz'); and (e) precholecaiciferal 
(after Verloop, Koevoet and Havinga”). 


Specificity studies show that the substrate conformation 
required by the pancreatic esterifying emzyme is à B 
configuration of a C(,-hydroxy group, an A/B-trams- . 
decalin configuration and an intact, preferably saturated 


B-ring?*. Vitamin D in the form of ergo or cholecalciferal ^ 
satisfies none of these requirements, but it is a suitable: 


substrate for this enzyme. 

To help resolve this paradox, models of vitamin D 
and cholesterol were compared (Fig. la and b) Chole» 
ealeiferol has a side chain and rings C and D identical 
with those of cholesterol. Carbon 8 in ring C, through 
its ethylenic linkage, inclines the conjugated bond 
system and the A-ring to the 8 side of the molecule 
(Fig. 16). If a horizontal plane is imagined passing 
through Cha), Cha) Chs) and Ch) then the oxygen. of 
the 38-hydroxyl of cholesterol (Fig. la) is about 2 A 
above this level. Because of the molecular tilt, the 
3a-hydroxyl of cholecalciferol is suspended downwards 
and its oxygen is also 2 A above the Che) Cla), Os); 
C(;) plane (Fig. 2). Thus although the 3-hydroxyl is 
sterically on the opposite side of the molecule from : 
cholesterol, it is in a similar horizontal plane with regard 
to the D-ring. If the molecule is viewed from the 5 
side, cholecalciferol hydroxyl is seen to have moved to 
the left by about 4-8 A from the cholesterol hydroxyl 
position. 

These observations suggest two explanstions for the 
esterification of cholecaleiferol based on: (1) an enzyme 
binding site specific for a steroid substrate, and (2) 
substrate availability to the enzyme in a micellar solution. 

The first explanation assumes that the enzyme binds 
cholesterol from the « side, for the angular methyl groups 
at Che) and Cà) would tend to hinder & 8 approach. 
This view has been expressed with reference to other 
studies on substrate binding to steroid-active enzymes 
such as oestradiol-178 dehydrogenase? and oestrogen 
sulphotransferase". Because alterations to the cholesterol 
side chain impair activity, it is also postulated that the 
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Fig. 2. 


Comparison of the position in three dimensions of the 3-hydroxy 
group oxygen of (a) cholesterol; (6) cholecaleiferol; and (e) prechole- 
caleiferol, relative to a plane through carbon atoms Cha), Cha), Cis), CG2. 


enzyme has a site which is specific for the full length of 
the molecule from the A.ring to the side chain. Both 
cholesterol and cholecalciferol would bind to the enzyme 
with the side chain and the C/D-rings. After this chole- 
calciferol bends away from the enzyme with the A-ring 
hanging free. The hydroxy group of choleealeiferol 
would, however, be positioned at a similar distance to 
that of cholesterol from the enzyme, although displaced 
laterally from the cholesterol hydroxyl position. If the 
carboxy group of the fatty acid can be held near this 
point then esterification might occur. The reaction 
rate with cholecaleiferol was only about 10 per cent 
that of cholesterol! which could reflect greater difficulty 
in apposing the hydroxy and carboxy groups. 

Precholecalciferol is esterified at about 25 per cent 
the rate of cholesterol’, but it is difficult to fit the accepted 
formula? to a model because there would be repulsion 
between the hydrogen atoms of C(,) and that on C(,). 
Thus the A-ring double bond cannot be co-planar with 
the double bonds C(,):C(,) and C(,):C(,. Verloop, 
Koevoet and Havinga? have suggested that the previtamin 
D molecules oceur in two sets of rotational isomers with 
rotation around the C(,):C(,) and C(;):C(,) single bonds. 
A compromise position was therefore chosen for Fig. lc. 
In this way the 3a-hydroxyl is about 2-6 A above the 
Chah Chah Chs) CO) plane and is displaced 4-6 A towards 
the C-ring with reference to cholesterol (Fig. 2). With 
rotation of the A-ring possible, the most suitable confor- 
mation for esterification can be induced in prechole- 
calciferol while bound to the enzyme, and thus a higher 
rate of reaction can be obtained. 

By this hypothesis, cholecalciferol and precholecalcifero! 
are not attached by A and B-rings and so the binding 
specificity depends on the rest of the molecule. This 
is in agreement with the elegant experiments of Ringold, 
Graves, Clark and Bellas*, who demonstrated that the 
substrate recognition site of 3a-hydroxysteroid dehy- 
drogenase was complementary to C and D steroid rings. 
It could thus be predicted that the ergosterol-type side 
chain would hinder the binding of ergocalciferol to the 
cholesterol-specific enzyme. Its reaction rate is only 
2 per cent that of cholesterol, whieh is evidence for the 
further deerease in enzyme recognition. 

'The seeond hypothesis proposes that variation in the 
activity of the enzyme with a change in substrate 
strueture may be a result of changed ability to form 
micelles. The enzyme may be specific only for the hydroxy 
and carboxy groups suitably positioned in micelles and 
not far for the rest of the molecule. When it is difficult to 
form a substrate micelle, for example, ergosterol compared 
with cholesterol!®, there may be few hydroxy groups 
available for reaction, and so the position of the hydroxyl 
in the lipidie substrate complex, rather than its position 
on an enzyme-steroid reaction intermediate, would 
determine whether esterification occurs. 
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Cholesterol esterifying enzyme from plasma, unlike 
that from pancreas, has a stable lipoprotein substrate 
and not a micellar dispersion of fatty acid and cholesterol. 
Yet both enzymes esterify vitamin D at rates much 
lower than they esterify cholesterol. It seems therefore that 
vitamin D esterification depends more on the steroid-type 
interaction with enzyme than on the physical properties 
of the substrate preparations. 

If this interpretation is correct it is possible that 
vitamin D is a substrate for other cholesterol-specific 
enzymes, or indeed other enzymes requiring a 38-hydroxy 
group on asteroid molecule. Thus the reported formation 
of vitamin D sulphate in liver, stomach and intestinal 
tissues of the rabbit!! by a "vitamin D sulphokinase" 
could be regarded as a reaction by a cholesterol sul- 
phokinase. Likewise if the “active site" for vitamin D 
function were & protein its specificity may be akin to 
that of other steroid sites with, in this ease, the essential 
conjugated triene system positioned exactly for function. 
Here the steroid side chain need not be of prime importance 
for the site specificity, for in many species ergo and 
cholecaleiferol are equally active. 

D. R. Fraser 
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Milton Road, 
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Two Spectrally Distinct Components 
in Preparations of Chlorophyll c 


ALTHOUGH chlorophyll c has been purified by several 
different methods!^, its reported spectral properties vary 
widely. The ratios of Soret (450 nm) to red (630 nm) 
bands of chlorophyll c in diethyl ether have been given 
as 7-0 (ref. 4), $:9 (ref. 2), 11-4 (ref. 1), 11-5 (ref. 3) and 
12-5 (ref. 5). Some of these differences in band ratios can 
now be explained by the finding of two spectrally distinct 
components in preparations of chlorophyll c. In addition. 
different marine algae contain different proportions of the 
two components. Each component has a three-banded 
chlorophyll e spectrum which differs markedly in band 
ratios, with, however, only small differences in the position 
of the absorption maxima. Separation of the two com- 
ponents was achieved on thin layers of a special poly- 
ethylene powder (Dow Chemical Co. melt index <2, 
partiele size about 1 micron). 

Chlorophyll c was isolated from the brown seaweed 
Sargassum flavicans by a method similar to one deseribed 
earlier*. Freshly collected fronds of Sargassum were 
frozen at — 20° C for 30 min, and the frozen tissue was 
homogenized several times in methanol/acetone (1: 1 v/v). 
The pigment extract was centrifuged, and pigments were 
transferred to diethyl ether by adding an equal volume 
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Table 1. ABSORPTION MAXIMA AND BAND RATIOS OF CHLOROPHYLLS €, AND 


€s FROM Sargassum flavicans IN DIETHYL ETHER 


Chlorophyll c Experiment Absorption maxima (nm) and band 
fraction No. ratios (compared with 628 nm band) 
Chlorophyll e, 1 4444 578-2 628.2 
9.9 0-67 1-00 
2 444-5 579-0 628.2 
10-2 0-68 1-00 
Chlorophyl e; 1 448-6 582-1 629-3 
14-12 1:215 1-00 
2 448-2 58I5 628-2 
14-9 13i 1-00 


of ether to the methanol/acetone extract, and then 
washing with ten volumes of 10 per cent NaCl solution. 
The ether extract was concentrated under nitrogen to a 
small volume (1-2 ml.), diluted with an equal volume of 
light petroleum (60°-80° C), and chromatographed on 
columns of cellulose (Whatman CF11). The developing 
solvent was 0-5 per cent (v/v) n-propanol in light petro- 
leum. The chlorophyll e zone, which remained at the top 
of the column, was collected, packed into a fresh column, 
and the chlorophyll e was eluted with 4 per cent methanol 
in diethyl ether, washed with ten volumes of 10 per cent 
NaCl to remove the methanol, and eoncentrated under 
nitrogen for polyethylene ehromatography. 

Thin layers of Dow polyethylene were prepared by 
slurrying the powder in acetone and spreading according 
to the method of Lees and de Muria*. The chlorophyll c 
extraet was applied to the origin, and the plates were run 
in one dimension with 90 per cent acetone as solvent. 
Chlorophyll e separated into two light green zones with 
Re values of 0:43 and 0-29, designated chlorophyll ¢, and 
Ca respectively. "Traces of fucoxanthin, left after cellulose 
chromatography. ran just behind the solvent front on the 
polyethylene plate with an Zr value of 0-95, and were 
therefore readily removed from the two chlorophyll c 
zones. The absorption maxima and band ratios of two 
preparations of chlorophyll e, and c; in diethyl ether from 
Sargassum flavicans are shown in Table 1. Chlorophyll c; 
had characteristically higher band ratios than chloro- 
phyll ¢,, with a mean ratio of 14-5 and 1-13 for the Soret 
and 580 nm bands, respectively, whereas corresponding 
band ratios of chlorophyll e; were 10-1 and 0:68. The 
absorption maxima of chlorophyll c, were at slightly 
longer wavelengths than those of chlorophyll ce, with 
differences most marked at the Soret maximum (448 nm 
for c, 444 nm for c). 

Chlorophyll c, from Sargassum flavicans had an identical 
spectrum to chlorophyll c, prepared from diatoms or 
chrysomonads. Chlorophyll e, from Sargassum also 
possessed the same spectrum as chlorophyll c; isolated from 
a diatom, a chrysomonad, a dinoflagellate and a crypto- 
monad. Natural mixtures of the two components yielded 
absorption speetra intermediate between those of pure 
chlorophyll e, and pure chlorophyll c}, with band ratios 
that depended on the proportions of c, and c, present. 

Chlorophyll c, was the most widely distributed com- 
ponent, being present in every chlorophyll e containing 
marine alga which was examined. Both components were 
present in brown seaweeds, diatoms and chrysomonads. 
but only cy was present in the several species of dino- 
flagellates, symbiotie dinoflagellates (zooxanthellae) and 
eryptomonads which were tested. 
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Unusual Occurrence of Squalene in a 
Fish, the Eulachon 
Thaleichthys pacificus 


SQUALENE is commonly associated with liver oils obtained 
from certain elasmobranchs'-*. It is only occasionally 
reported in trace quantities in the fats (body and liver) 
of teleost species. The saturated hydrocarbon pristane is 
usually found in trace amounts in teleosts and in other 
life forms!:7-1%, 

Eulachon were taken by trawl in 50 fathoms of water 
in Barkley Sound, Vancouver Island, on May 23, 1968. 
During an investigation of the lipids from: pooled indi- 
viduals (of average length 14:5 cm, average weight 24:3 g. 
and no obvious sexual development) it wes noted that 
the non-saponifiable material included a large amount of. 
oily material which was identified as squalene. Criteria in~ 
cluded behaviour identical with authentic squalene on 
thin-layer and gas-liquid chromatography. lack of sig 
nificant absorption in the ultraviolet, susceptibility to 
attacks by ozone, resistance to silylating reagents and 
quantitative conversion to squalane on hydrogenation. 
Two individuals (A, 17-1 em, 40-8 g; B, 150 em, 2b0 g) 
were examined in addition to the pooled specimens. 
Lipids were extracted by the method of Bligh and Dyer" 
and the solvent removed with caution to prevent loss of 
pristane. 

Analyses of lipids for pristane and squalene (Table 1) 
were carried out by direct injection of solations of the 
lipids into the injection port (fitted with a zlass liner, at 
a temperature of 300? C) of a *Hy-Fi' (Varian-Aerograph) 
gas chromatograph. The column was of giass, 1/8 inch 
outside diameter and 6 feet in length, packed with 80-100 
mesh ‘Anakrom S' coated with 3 per cent S#-30, and was 
programmed from 180* to 250? C to permit good definition 
of the relatively low-boiling pristane. Heliummat 40 pounds/ 
square inch g was the carrier gas. Quantitation was effected 
through peak area comparison with authentic standards. 
Recovery of squalene was 95-98 per cent ir this system. 
With a comparable stainless steel column, up to 40 per 
cent of the squalene was lost. This procedure did not 
reveal any significant amount of phytane*:52?, or of trace 
components possibly corresponding to unsaturated forms 
of pristane!, in the lipids examined. The reference 
squalene, of commercial origin and presumably derived 
from an elasmobranch liver oil, contained 1:3 per cent of 
a material with the same retention time as squalane on 
gas-liquid chromatography as well as traves of pristane 
and other hydrocarbons. 







Table 1. LIPID AND HYDROCARBON CONTENTS FROM SIXTEEN POOLED 


EULACHON AND FROM INDIVIDUAL SPECIMENS 4 AND B 
Head and body Stomach 
Pool A B Pool A B 


Liver 
Pool A B 
Total lipid, g/100 g wet 

ue 


tiss! 20-8 19-4 19:5 18:0 202 100 43 41 15 
Per cent triglyceride in 

lipid BÀ — — 65 — -15 pes cud 
Per cent phospholipid 

in lipid $1 — — 104 — 100 — — 
Per cent pristane in 

lipid 0-02 0-02 0-03 0-03 0-01 0-10 0-02 Q-03 0-13 
Per cent squalene in 

lipid 12-0 12-8 93 180 153 42 RO TY Bh 


We know of no reason for the accumulation of squalene 
in the eulachon. De novo biosynthesis in eiasmobranehs 
is highly probable“, but hydrocarbons occur in many 
zooplankton!'5 and squalene could be aecumulated by 
the eulachon from this source. Concentrations of squalene 
in the stomach contents indicate this erigin, but in 
certain elasmobranchs stomach oils may‘, or may not’, 
contain squalene. Preliminary fatty acid analyses suggest 
that squalene partially substitutes for fatty acids with 
five and six double bonds in the body ^ei". During 
spawning migration, depletion of metabeüzable depot 
fats with sexual maturation could lead to higher levels 
of squalene (~17 per cent) in proportion te other lipids 
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in the whole fishi. Fish egught at this time, after drying, 
were suitable for burning as "candlefish" and the semi- 
solid eulachon grease was at one time important to the 


Pacific Coast Indian tribes!*. ^Sqnalene is therefore likely 
to be a normal major component-in eulachon lipids. 
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Selective Metabolism of Cyclodiene 
Insecticide Enantiomers by Pig Liver 
Microsomal Enzymes 


Tue molecules of several cyclodiene insecticides such 
as heptachlor, heptachlor epoxide, «-dihydroheptachlor', 
a-chlordane and §-chlordane are asymmetrical and so 
exist as racemic modifications capable, in principle, of 
being separated into enantiomeric forms. Such com- 
pounds contain no functional groups amenable to the 
usual methods for resolution of racemic modifications, 
and their separation into enantiomeric forms has not 
been effected, although these forms might conceivably 
exhibit interesting differences in their interaction with 
biological systems. 

During an investigation of the metabolism of certain 
eyclodiene epoxides by the mixed function oxidase 
enzymes of housefly and pig liver microsomes it was 
observed (ref. 2 and our unpublished results) that pig 
liver microsomes contained other enzymes able to cleave 
the epoxide rings of these compounds to give the corre- 
sponding trans-diols. With the eyclodiene epoxide 
1,2,3,4,9,9 - hexachloro - 5,6 - epoxy- 1,4,4a,5,6,7,8 -8a- octa- 
hydro-1,4-methanonaphthalene? (I; HCE) and the analo- 
gous compound 4,5,6,7,8,8-hexachloro-2,3-epoxy-3a,4,7,7a- 
tetrahydro-4,7-methanoindane (II; chlordene epoxide), 
diol formation in pig liver microsomes virtually ceased 
when half of the added epoxides had been converted and, 
because both compounds are asymmetrical, a likely 
explanation seemed to be that preferential enzyme attack 
on one enantiomer occurred in each case. 

In aecordance with this view, the unconverted HCE 
from such experiments, when recovered and purified by 
column chromatography (alkaline alumina), sublimation 
and reerystallization, was found to be optically active 
with [a]5 = — 15° (optical measurements in methanol). As 
expected for an enantiomeric form, its infrared spectrum 
and mass spectrum were identical with those of racemic 
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HCE, while optical rotatory dispersion (ORD) measure- 
ments between 589 myu and 250 my indicated a progressive 
increase in the negative rotation. The infrared spectrum 
and mass spectrum of unconverted chlordene epoxide 
were likewise identical with those of racemic chlordene 
epoxide; in this case the recovered epoxide had zero or 
slightly negative optical rotation at the sodium D line. 
but ORD measurements indicated a rotation increasing 
from [x]? « 0? at approximately 339 mu to [a] "= +91° 
at 256 my. The diols produced in these reactions were 
isolated and purified by chromatography on, successively, 
columns of alkaline alumina and siliea gel, followed by 
sublimation; the products had infrared and mass spectra 
identical with those of the corresponding racemic trans- 
diols obtained by hydrolysis of the authentie epoxides. 
The metabolite from HCE had [a]5-— +15° and that 
from chlordene epoxide [a]5 = + 10°. 

When incubated with pig liver microsomes the recovered 
HCE was virtually inert, but the recovered chlordene 
epoxide was converted into diol at about one twentieth 
the rate found for the other enantiomer in comparable 
conditions (as determined with the racemie modification). 
The only previously recorded optically active cyclodiene 
compound is the trans-6,7-dibydroxydihydroaldrin having 
[x]p = — 137° isolated from the urine of rabbits treated 
with dieldrin (aldrin-6,7-epoxide)!. In this case the 
formation of an optically active product shows that the 
enzyme cleaving the epoxide ring of dieldrin is able to 
distinguish between the chemically equivalent 6 and 
7-positions of this symmetrical molecule, for the products 
of selective attack by OH- ion on the 6 or the 7-position, 
respectively, would be the enantiomeric trans-diols. 

Cleavage of the epoxide rings of racemic chlordene 
epoxide and HCE by the microsomes occurs in the absence 
of added cofactors, but in the presence of NADPH and 
oxygen hydroxylation products are also formed by the 
action of microsomal mixed function oxidases*. It is not 
known to what extent, if at all, the oxidative enzymes 
can distinguish between the enantiomeric forms of these 
epoxides, but those enantiomers (that is, the recovered 
compounds) of chlordene epoxide and HCE that do not 
suffer appreciable epoxide ring cleavage are found to give 
the expected hydroxylation products in the presence of 
microsomes and NADPH. It may be that in pig liver 
microsomes these enantiomers are the sole source of the 
observed oxidation products, the other enantiomers being 
hydrolysed before oxidation can occur. 

Nothing is known of the toxicity or metabolism of 
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chlordene epoxide or HCE in vivo in the pig, but if the 
in vitro processes observed in pig liver microsomes reflect 
events in vivo, then for each racemie epoxide this animal 
possesses a hydrolytic detoxication mechanism for 
one enantiomer and an oxidative detoxication mech- 
anism for the other. The housefly, on the other hand, 
appears to detoxify these compounds chiefly by oxidative 
mechanisms which are qualitatively similar for both 
species and are susceptible to inhibition by insecticide 
synergists of the 1,3-benzodioxole type (inhibitors of 
microsomal oxidation); the toxic action of the epoxides 
in the housefly is consequently synergized in combination 
with certain of these inhibitors**. The pig, however, might 
be afforded some protection against synergist combina- 
tions involving the racemic epoxides by the apparent 
ability of its liver microsomes to detoxify half the toxic 
material by a hydrolytic process unaffected by synergists 
of this type. Furthermore, synergist combinations with 
those enantiomers, not at present obtainable, that are 
rapidly hydrolysed by pig liver microsomes should be 
toxie to the housefly and innocuous to the pig. 
These observations illustrate the way in which com- 
parative metabolic studies with different species can 
indicate possible pathways to selective toxicity. 
We thank Dr N. Janes, of Rothamsted Experimental 
Station, for measuring mass spectra, and Dr G. Ryback, 
of the Milstead Laboratory, Shell Research, Ltd, for 
measuring optical rotatory dispersion. 
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Chitin in the New Wall of 
Regenerating Protoplasts of 
Candida utilis 


ALTHOUGH many results have been published in the past 
decade on the formation and physiology of yeast proto- 
plasts, little information has been presented so far con- 
cerning the de novo synthesis of cell walls by these 
protoplasts^? in defined conditions. Knowledge of the 
components of new cell walls which appear during the 
reversion of yeast protoplasts constitutes the first stage 
in the study of cell wall biosynthesis. 

Candida utilis CECT 1061 cells were grown in Winge 
medium consisting of 2 per cent glucose (w/v) and 0:3 per 
cent yeast extract (w/v). Protoplasts have been obtained 
by helicase attack of cells in the exponential phase of 
growth as described elsewhere?. Preliminary experiments 
have shown that protoplasts prepared by treatment with 
"strepzyme" and helicase behave similarly in immuno- 
logical tests? and in their regenerating properties. 

The protoplasts were incubated at 30° C in the growth 
medium to which was added 0-55 M MgSO,. Samples 
were taken at intervals and their development was 
followed in a phase contrast microscope. Light and 
electron micrographs of this phenomenon have recently 
been published by Uruburu et al.4, and these show that 
all the initially spherical protoplasts changed to tubular 
forms (after about 18 h), from which new yeast cells later 
originated. 
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Normal and regenerated eell walls- were freed from = 
cytoplasm by disruption with glass beads in a Braun | 
disintegrator, followed by differential centrifugations. - 
Parallel studies on the.chemical composition of both wall 
preparations were carried out and colorimetric deter- 
minations of protein*, carbohydrate* and hexosarnine’ 
were performed. Characterization and evaluation of © 
sugars were performed by chromatographic techniques — 
after hydrolysis in determine onditions. The resulta: 
are shown in Table 1. 





Table 1. CHEMICAL COMPOSITION OF CELL WALLS OF Candida utilis 
Normal cell 18h regenerated: 


(per cent) cell (per cent) 
Total carbohydrate (anthrone) 78 50 
Glucose 49 49 
Mannose 28 0:51 
Tota! hexosamine’ i 29 
Total N-acetylglucosamine (chitinase) 0-5-1 22-27 
Protein* 9-5 15 
Free and bound lipids (gravimetrically) 1 5 


The considerable content of glucosamine in regenerated 
walls suggests the presence of chitin. To verify this 
hypothesis these walls were incubated in the presence of . 
commercial fungal chitinase (Koch Light) and the products 
liberated by the action of the enzyme were studied by 
chromatography. A high content of N-acetylglucos- 
amine and chitobiose, characteristic components of chitin... 
were detected with a diphenylamine reagent. This last > 
result, is in agreement with the solubility in acid and 
alkali of regenerated cell walls. 

The fact that the amount of chitin (22-27 per cent) in 
regenerated walls is similar to that of mannan in normal 
cells suggests that this glucosamine polymer substitutes for: 
the mannose complex when, in certain conditions, a new 
wall is synthesized by protoplasts. Necas and Svoboda* 
have reported that the synthesis of mannan in the re- 
generating wall needs very particular physieal conditions 
in the surrounding medium. A very small amount of chitin. 
occurs in normal yeast cell walls, which means that the 
mechanism of synthesis of this component is always 
present in the yeast. We have no evidence, however, 
that during the preparation of protoplasts the mechanism > 
of mannan synthesis can be damaged, nor that the 
protoplast builds this wall with a more resistant complex, 
that is, with chitin, as a protection in an adverse en- 
vironment. 

In view of the differences in composition between. 
normal and regenerated cell walls, another question 
which arises is whether the mannan is a typical component 
of the ellipsoidal form of the yeast, and chitin of the 
tubular form. Further studies on the chitin content 
after different periods of regeneration should throw light 
on whether this chitin constitutes a component inter- 
mediate, or a definite structure in the "new" yeast as a 
result of some derangement of the membrane-bound coll 
wall synthesizing machinery. Work is now in progress 
on the structure of these regenerated walls. 
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Extraction and Fractionation of Low 
Molecular Weight RNA on the 


Microscale 


SEPARATION techniques involving gel electrophoresis 
recently introduced for high molecular weight RNA 
molecules are most useful, compared with sedimentation 
analysis, in making possible increased resolution of migrat- 
ing RNA species. Electrophoretic techniques are also 
valuable because they can be scaled down to make 
analysis of RNA from the single cell relatively easy. 
Single cell analysis was originally developed by Daneholt 
et al.!, who used agarose gels for separating the ribosomal 
RNAs and 4S RNA. This purpose, however, can be 
served better with the use of composite polyacrylamide- 
agarose gels that improve separation (see following com- 
munication). Separation of the relatively low molecular 
weight species. of RNA (species smaller than 168 size )on 
a small scale is, on the other hand, best carried out in 
relatively concentrated polyacrylamide gels. We describe 
here the isolation and separation of RNA from individually 
isolated cell components from salivary gland polytene 
cells. We also show that the information which can be 
obtained in this way is of unique value, because well 
defined structural components can be isolated separately 
from a fixed tissue preparation without exposing the 
tissue components to aqueous fluids during the isolations, 
with the eonsequent uncertainties about the origin and 
native state of the analysed nucleic acid. 

Salivary glands from late fourth instar larvae or early 
prepupae of the dipteran Chironomus tentans were excised 
and fixed in alcoholic formaldehyde as described pre- 
viously?. Cytoplasm, nucleoli, chromosomes and nuclear 
sap were isolated by mieromanipulation?. Nuclear com- 
ponents were pooled in quantities corresponding to the 
RNA content of thirty to forty cells obtained from two or 
more glands. The pooled components were placed as 
separate groups in the oil chamber used for the micro- 
dissections and digested in hanging drops in the liquid 
paraffin environment. The fluid used for the digestions 
was a standard saline-citrate solution (0-15 M NaCl and 
0-015 M sodium citrate) containing 0-5 mg of sodium 
deoxycholate, 5 mg of sodium dodecylsulphate and 1 mg 
of pronase/ml. The solution was predigested at 37^ C for 
at least 30 min and was used in quantities giving a rapid 
dissolution of the isolated components (volumes of the 
order of twenty to fifty times the volume of the com- 
ponents) After 3 h at 37? C digestion was considered to 
be complete and a piece of filter paper (Munktell’s, 
Swedish filter paper 1F, 0-1—0-5 mm?), depending on the 
volume of the droplet, was inserted, using a steel needle, 
through the oil into the chamber to absorb the digest. 
The paper with the extract was then rinsed for 1 min in 
chloroform after which it was placed in 10 ml. of phenol 
saturated with 0-01 M tris buffer (pH 8-1), with 0-5 per 
cent SDS, 0-5 mM EDTA and 0-14 M NaCl, and kept 
there with gentle shaking at room temperature for 45 min. 
Next the paper was passed through chloroform (3 min) 
at room temperature and then through absolute ethanol 
where it was kept for 30 min at 4? C. The paper was then 
dried in air and the RNA was eluted with 0-01 x SSC in 
the oil chamber or in distilled water. The aqueous extracts 
evaporated in an oil-free part of the lower surface of a 
cover slip. Evaporation by this procedure did not result 
in any breakdown of RNA from Æ. coli as judged by the 
migration pattern in separate analyses. The extraction 
procedure can be used in the range of 10-1"-10-* g of RNA. 

Before electrophoretie analysis of the low moleeular 
weight fraetions, the RNA moleeules of high molecular 
weight were removed by dissolving low molecular RNA 
fractions in 0-02 M tris buffer at pH 8-0 with 1-5 M KCI. 
The extract could be subjected to microelectrophoresis 
without further treatment. 

The recovery of RNA after phenol extraction was 
determined in a pilot experiment. RNA from E. coli 
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dried on a piece of filter paper was subjected to the stand- 
ard extraction procedure and RNA was extracted with 
0-01 x SSC. The recovery was nearly complete as judged 
by absorbance determinations of the extract. When 
applied to RNA from salivary gland cell components, 
however, this procedure only gave 50-70 per cent recovery. 
Nevertheless specific fractions did not appear to be lost. 

A stock solution of 15 per cent recrystallized acrylamide 
and l per cent recrystallized bis- acrylamide was prepared 
in E buffer (0-02 M tris- buffer, pH 7-9, containing 0-02 M 
NaCl and 0-002 M EDTA Ay. Ten per cent polyacrylamide 
gels were prepared by mixing | ml. of the stock solution 
acrylamide, 400 yl. of 1 per cent bis-acrylamide, 50 4l. 
of E buffer and 50 ul. of 10 per cent ammonium 
persulphate solution. Finally 5 ul. of N,N,N^,N"-tetra- 
methylethylenediamine was added, and after shaking the 
mixture was poured into a ‘Plexiglass’ mould (85 x 50 x 0-1 
mm) in which it was left to polymerize for 2-3 min. From 
the resulting polyacrylamide block thin slices (30 x 4 x 0-1 
mm) were eut with a razor blade. The slices were placed 
in a highly viscous solution of glucose-E buffer (4 g 
glucose/ml. of E buffer), and were kept at room tempera- 
ture for 6-8 h before storage at 4? C. 

The microelectrophoretie technique used here was in 
principle in accordance with that of earlier reports (ref. 1 
and following communication). The gel slice was placed on 
à quartz glass (24 x 30 x 0-5 mm, Zeiss, Oberkochen, West 
Germany) parallel to the long side. Application grooves 
about 100u long were cut in the gel with a piece of razor 
blade. For application of RNA the gel was covered with 
paraffin oil and inverted on top of an oil chamber. 
Approximately 0-1 mul. of solution containing 500--1,000 
pug of RNA was used for each application. The clectro- 
phoretic staining with acridine orange, photography and 
densitometry was carried out as described elsewhere in 
ref. 1 and the following communication. A migration 
distance of 100-200u was required for resolution of the 
4S and 5S fractions. This was achieved after a run for 
2-3 h. 

Fig. la illustrates the mieroelectrophoretie profile of 
low molecular weight E. coli RNA in the range of 4-148, 
E. coli RNA was used to standardize migration distances 
in runs of RNA from salivary gland cell components. The 
best electrophoretic resolution was obtained with nucleolar 
RNA from salivary gland cells (Fig. 15). In addition to 
4S and 5$ fraetions two other fractions were recovered 
between 5S and 14S. The 45 RNA is of particular interest 
in view of the conflicting evidence for its presence in the 
nucleolus*-*. As Fig. lc and e shows, the low molecular 
weight cytoplasmic and nuclear sap RNA have similar 
eleetrophoretie patterns with a high ratio of 4S to 58 
RNA. Furthermore, there is at least one additional 
fraction between 48 and the application groove in both 
cases. 

We had considerable difficulty in separating low molecu- 
lar weight RNA from the chromosomes. This may have 
been because of the heterogeneity of the chromosomal RNA. 
The electrophoretie profile is dominated by 4$ (Fig. ld). 
In addition, two small RNA species were observed with 
slightly lower relative eleetrophoretie mobilities than 45 
RNA. One of these low molecular fractions may be 55 
RNA. The electrophoretogram and the densitometer 
curve reveal the existence of a further band, which was 
identified as DNA on account of its sensitivity to DNase 
and staining properties with acridine orange. 

The observation of low molecular weight RNA fractions 
apart from 4$ and 5S RNA pre ferentially located in the 
nucleoli is not unique?, but the nature and function of 
these fraetions are unknown. 

In summary, a mieroelectrophoretie technique using 
concentrated acrylamide gels to analyse low moleeular 
weight RNA fractions has been develo; »ed. This technique 
is capable of separating RNA idiot bos in the range of 
5x 10-1? to 10-5 g. Preliminary results of the analysis of 
low moleeular weight fractions of the cell components 
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Fig. 1. Microelectrophoretogram and densitometer scanning of RNAs 
from larval salivary glands of Chironomus tentans. The separations 
were carried out in 10 per cent polyacrylamide gels and photographed 
under an ultraviolet microscope at 260 mj. (a) E. coli; (b) nucleoli; 
(c) cytoplasm; (d) chromosomes; (e) nuclear sap. Separations (a), (d) 
and (e) were stained with acridine orange. 


from salivary glands of Chironomus tentans showed that 
all of these components contain 4S and 55 RNA species. 
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Agarose-Acrylamide Composite Gels 
for Microfractionation of RNA 


A MICROELECTROPHORETIC technique for fractionation of 
RNA has already been described’. Further work showed 
that it was necessary to increase the resolution when 
microisolated RNA was subjected to electrophoresis. 
Although the fluid consistency of polyacrylamide gels of 
low percentage prevented their use on æ microscale, it 
was found that polyaerylamide-agarose composite gels? 
could be handled on a small scale and that sharp separa- 
tion of RNA molecules is possible. 

E. coli RNA was isolated by phenol-SDS extraction 
and rat liver RNA was isolated as described earlier’. 
Salivary glands from Chironomus tentans were fixed in 
alcoholic formaldehyde*. Cytoplasm, nuclear sap, nucleoli : 
and chromosomes were isolated by mieromanipulation in 
an oil chamber’, and microisolation of RNA was performed 
as described in the preceding communication. 

One per cent agarose was prepared by mixing 0-1 g of 
agarose with 10 ml. of E buffer (0-02 M tris-HCl buffer, 
pH 7-9, containing 0-02 M NaCl and 0-002 M EDTA) and 
heating in a boiling water bath for 10 min. The solution was 
cooled in tap water to about 40°C anc poured into a - 
‘Plexiglas’ mould to form an agarose sice 300g thick. 
The slice was cut to 7-5 x 3-0 em and transferred to avial 
with 20 ml. of E buffer containing acrylamide (2-75 per 
cent) and bis-acrylamide (0.1375 per cent? monomers and 
equilibrated overnight at 4° C. Stock solutions of 15 per 
cent acrylamide and 1 per cent bis-acrylamide were pre- 
pared in E buffer after the acrylamids had been re- 
erystallized with chloroform and the bis-acrylamide with 
acetone*. After equilibration of the agarose slice in the ^ 
monomer solution overnight, 10 per cent ammonium. 
persulphate (0-33 ml/g of acrylamide) and N,N,N',N*- 
tetramethylethylenediamine (0-033 ml./g of acrylamide) 
were added after degassing for 30 s. The agarose slice : 
was placed between two ‘Plexiglas’ slides and surroun: 
by acrylamide solution. After 30-60 min the aerylam 


polymerized and the eomposite gel was eut in 2x 25 mm : 


strips and transferred to E buffer and kept at 4° C over- 


night. The gels were equilibrated for at least 24 hina i= 


solution of 4 g of glucose/ml. of E buffer. 

Before use excess moisture was removed from the gel 
surface by repeated transfer onto a clesn glass surface, 
and the gel was placed on a quartz glass (24 x 30 x 0-5 mm, 
Zeiss, Oberkochen, West Germany) parellel to the long 
side. Some thin grooves were made in the gel with a 
razor blade for the application of the RNA. The gel was 
immediately covered with liquid paraffin. and the quartz 
glass was placed inverted to form the top cf an oil chamber 
as described before’. By means of a de Fonbrune miero- 
manipulator and a micropipette with a tip diameter of 
10-154 the RNA extract (about 500—1,000 pug of RNA 
in 0-1 mul. of E buffer) was introduced into one of the 
slits in the gelt. Usually the application was 100-200g. 
long. 

The quartz glass with the gel was transferred to an 
electrophoretic chamber of the same type as described by 
Wieme', but made smaller so that it fitted the quartz glass 
used. Buffer bridges were formed from blocks of 2 per 
cent agarose in the E buffer. The electrophoretic chamber 
was connected to a power supply (LKB, type 33710, 
LKB-produkter AB, Stockholm, Sweden) by platinum 
electrodes. Liquid paraffin was used to cover the gel 
during the run. The separation was carried out for 1-2 h 
at 4? C with a constant field strength of 200 V/em and a 
constant current of about 0-1 mA. During this time the 
4S RNA migrated 250-5004 and the riboscmal components 
were separated into two bands, about 10. wide. 

The separation of RNA species can be visualized and 
photographed after the run in an ultraviolet microscope 
at 265 nm with a total magnification of x 100. The 
photographs can be subjected to densitometry by & 
Vitatron densitometer (Vitatron, Amsterdam). Acridine 
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Fig. 1. A schematic picture of a gel with RNA extracts. Above are the 

dimensions of a whole gel and below is a x 10 magnification of the dotted 

areas to show the aerangoment, er application points and migration 
distances, 


orange can be used for staining as described earlier!, 
Staining with proflavine and tryptoflavine has been tried, 
but they do not show any advantages over acridine 
orange. Alternatively, for inspection in a light microscope, 
staining can be done with methylene blue or toluidine blue. 
Before staining it is necessary to immerse the gel in 10 
per cent TCA for 30 min at 4^ C to remove the glucose and 
precipitate the RNA in the gel. The gel is then dried on 
a glass slide forming a 10u thick film which ean be stored. 

Washing the gels in E buffer is a good way to remove 
ultraviolet absorbing material, until the gels become highly 
transparent at 265 nm. Free diffusion of the RNA mole- 
cules must be decreased considerably for fractionation at 
the microscale, Diffusion of the RNA containing bands is 
kept minimal by using the glucose-E buffer solution 
which increases viscosity of the mobile phase of the electro- 
phoresis medium. The gels can be kept for months in the 
glucose-E buffer solution in a refrigerator. Application 
grooves for RNA samples are made longer than is neces- 
sary to separate a single RNA preparation, so several 
extracts can be applied in one slit without mixing. This 
procedure is useful when referenee RNA is run parallel to 
the sample. There is a place for several slits at different 
intervals along the gel; thus many separations can be run 
simultaneously in a single gel. An applieation point for 
samples should not be more than 5-10p thick. For good 
application points we recommend a pipette angle 60° 
rather than the 35° previously recommended’. Further- 
more, it is important to have the RNA extract as highly 
concentrated as possible. 

The composite gel formed in this way has different 
physical properties than either agarose or acrylamide 
alone, being both firm and flexible. Gels made in this way 
have also been tested on a macroscale, with excellent 
results. Acrylamide concentrations from 2-0 to 3-0 per 
cent have been tried and 2-75 per cent has been found 
useful, for it permits separation of the high molecular 
weight RNA in a very short distance. The procedure of 
Peacock and Dingman? was also tried on a microscale, 
but gels of that type were difficult to handle, because they 
were not firm enough to be manipulated. Fig. la is a 
schematic picture of a gel with RNA extracts. 

When E. coli RNA and rat liver RNA were mixed, it 
was possible to separate the four ribosomal components 
(28S, 23S, 185 and 168) from each other. A separation of 
500-1,000 uug of E. coli RNA is shown in Fig. 2 with 
densitometer tracing. The relative mobilities of these 
fractions were caleulated and plotted (Fig. 3) against the 
log of the molecular weight of these fractions, and a 
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linear relationship was found. A similar relationship has 
also been found by large scale eleetrophoresis?'*, 

Densitometer curves of separations of microisolated 
RNA are seen in Fig. 4. A separation of microisolated 
cytoplasmic RNA (Fig. 44) shows three major bands, two 
ribosomal bands of approximately 278 and 178, and one 
4S band. The pattern agrees well with a pattern obtained 
from macroisolated total salivary gland RNA (only 1 per 
cent of the RNA in gland cells is found in the nucleus). 

Fig. 4B shows a separation of the RNA from nuclear 
sap. We wanted to be sure that no contamination of 
cytoplasmic material occurred during dissection, and so 
colleeted only sap sticking to the chromosomes. There 
were three major fractions: two dominate and move like 
ribosomal RNA (at about 27/5 and 178) and the other is 
a 48 fraction. 

Fig 4C shows separation of nucleolar RNA. About 20 
nucleoli were used for four separations. There are two 
major heavy components the mobilities of which seem to 
be identical with 27S and 178 ribosomal RNA (both E. coli 
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Fig. 2. A separation of 500-1,000 pug of E. coli RNA on 1 per cent 

agarose-2-75 per cent acrylamide composite gel. The separation was 

photographed under an ultraviolet microscope at 265 nm (magnification 
x 100) and subjected to densitometry. 
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Fig. 8. E. coli RNA and rat liver RNA were mixed and separated on 

1 per cent agarose-2-75 per cent acrylamide composite gel. The relative 

mobilities of the ribosomal fractions (285, 235, 185 and 165) were 

determined and plotted against the molecular weight to show that 

there is a linear relationship. Values of the molecular weights are 
cited from Peacock and Dingman’. 
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Fig. 4. Separations of microisolated RNA from (A) cytoplasm; (B) 


nuclear sap; (C) nucleoli; and (D) chromosomes from the salivary gland 

cells in Chironomus tentans run on 1 per cent agarose-2-75 per cent 

acrylamide composite gel. The separations were photographed under 

an ultraviolet microscope at 265 nm (magnification x 100) and traced 

by a densitometer. The lower arrows indicate the application grooves, 
the upper arrows fractions not registered by the densitometer. 


and salivary gland cytoplasmic RNA have been used as 
referenees run simultaneously). Besides these two heavy 
components a single faint fraction in the high molecular 
weight range can be seen. This high molecular weight 
“and is probably one of the precursors to the ribosomal 
RNA, Along with the high molecular weight fractions a 
^ AS band is seen, and between the 4S band and the ribosomal 
bands there are three faint fractions, badly registered by 
the densitometer but seen under the mieroscope. The three 
faint fractions have also been observed by microelectro- 
phoresis in 10 per cent acrylamide gels (see preceding 
communication). The nucleolar RNA profile obtained by 
this technique agrees well with the one found in starfish 
ytes’. 

Fig. 4D illustrates a separation of chromosomal RNA. 
About ten sets of chromosomes were used for each separa- 
tion. This RNA gives a more heterodisperse picture, and 
the high molecular weight RNA appears quantitatively 
dominating. There is nevertheless a tendency for the 
RNA to be separated into different fractions. 

In summary, we have developed a method for separating 
high molecular weight RNA by microelectrophoresis. This 
technique is capable of separating the ribosomal RNA 
components of bacteria from the ribosomal RNA of 
mammals. Preliminary analyses of RNA from dipteran 
salivary gland cells using a micro dissection procedure to 
prepare the RNA for electrophoresis permitted analyses 
of cytoplasmic, nuclear sap, nucleolar and chromosomal 
RNA. Several unique fractions were observed. 

We thank Dr J.-E. Edström for his hclp and support, 
and Dr J. Cummins and Dr P. Peterson for critically 
reading the manuscript. This work was supported by 
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Institutes of Health, US Public Health Service. 
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Primary Structure of a 
Methionine Transfer RNA from 
Escherichia coli 


TRANSFER RNA ({RNA) from E. coli contains two meth: 
ionine accepting species (£RNA p and RNAm). Methionine 
attached to £RNA y can be formylated to give F-Met- 


tRNAy whereas methionine attached to !«RNÀ does not 


accept formyl groups. Formylmethionyl-ZKNA y appears 


to be the polypeptide chain initiating {RNA in bacterial — 


systems.  MethionylRNA w, on the otber hand, has. 
properties similar to all other {RNAs and places meth- 

ionine into internal positions of growing polypeptides. 

Having elucidated the nucleotide sequence of (RNAr. 
we now report the complete nucleotide sequence of (RNA w 

and compare the sequences with each other. 

A rapid two-dimensional method for separating oligos 
nucleotides labelled with P has been deseribed by 
Sanger and his colleagues?. To make use of this method 
we purified tRNAw from E. coli CA 265 grown in the | 
presence of **P-phosphate*. After extraction of the total 


tRNA, the {RNA was purified by chromategraphy, first 


on a column of DEAE-'Sephadex' and next on ben- 
zoylated DEAE-cellulose’, the second step separating — 
{RNAp and {RNA from each other. The (RNA. was 
obtained with a purity of 85 per cent or more, which ‘is 
sufficient for work on nucleotide sequences. 
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Fig. 1. The nucleotide sequence of (RNAy isolated from E. coli CA 

265. Standard abbreviations are used for the four usual nucleotides, 

v, Pseudouridylie acid; T, ribothvmidylie acid; 7MeG, T-methyl 

guanylie acid; 2'OMeG, 2’0 methylgnanylie acid; D, cibydrouridylie 
acid. 
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Fig. 2. 


The sequence of the labelled (RNAs was determined 
by the methods of Sanger et al.?. The end products of 
digestion with TI or pancreatic ribonuclease were 
separated by the two-dimensional system and their 
sequences were determined by further enzyme digestion. 
To overlap the end products, larger fragments were 
produced by partial Tl or pancreatic ribonuclease diges- 
tion and separated by homochromatography*. The 
sequences of the partial fragments were determined from 
their complete Tl and pancreatic ribonuclease products. 
From the large number of partial digestion products a 
unique sequence was determined (Fig. 1). As in the case 
of all other {RNAs known so far, the sequence can be 
arranged in the ‘‘clover leaf” pattern. 

During the sequence work, two {RNAws which differed 
by the exchange of a uridylic acid (U) for a dihydrouridylic 
acid (D) residue were detected. It is not clear whether 
they are two separate species of {RNAx or whether the 
exchange of U for D simply reflects different stages in the 
modification of the tRNA. No U residues, however, have 
ever been identified in the positions of the other three D 
residues. In addition, tRNA « lacking the methyl group 
in the sequence 2/0MeGG has been isolated. This is 
probably because fRNA is not fully eee in the 
conditions of bacterial growth used in this work. Thus the 
different forms of {RNAm detected here could all be ex- 
plained as arising from incomplete modification of tRNA m, 
but they may equally well represent separate species. 


The nature of the bases U*, G, A* and X is still in doubt. 
U* may be 4-thio uridylic acid—-as in the identical position 


in «RNAs. Č is very unstable in alkali and acid, yielding 
a normal eytidylie acid (C) residue, and is likely to be an 
N,-acylated C. A* is probably an N,-acylated A with a 
bulky substituent on the amino group, because the phos- 
phodiester linkage between U and A* is split only slowly 
with panereatie ribonuclease, indicating some kind of 
sterie hindrance. The nature of X is unknown, and is 
interesting because it also occurs in an identical position 
in {RNAPhe (unpublished observation of B. Barrell). 

In tRNA X only four base pairs can be formed in the 
stem of the loop which contains TY’CG, as against the 
usual five. On the other hand, the first base pair near the 
-CCA end ean be formed in this species but not in tRNA r. 

The adenylic acid (A) residue next to the anticodon is 
modified in :RNAw but not in tRNAr suggesting that the 
unique ability of iIRNAr to read both triplets ApUpG 
and GpUpG might be due to the absence of a modified A 
next to the anticodon. The modified A in an equivalent 
position in ¢RNAm might prevent its being recognized by 
GpUpG, thus permitting recognition only by its estab- 
lished codon, ApUpG. Finally, tRNA» contains the 
GT'YCG sequence common to most (RNAs, while tRNA r 
has a GT'Y'CA sequence instead. Apart from this single 
substitution the sequences in this loop are identical. 

Pure methionyl-tRNA synthetase charges tRNA w« and 
tRNA p equally well*, and so it must recognize a structural 
region common to both. Fig. 2 illustrates a linear compari- 
son between the two sequences, showing that, despite 
some degree of homology, the two tRNAs differ strikingly 
from one another. The forty-one nucleotides that occur 
in similar positions are mostly in regions common to all 
tRNAs, and the degree of homology between {RNAr and 
tRNA x is in fact less than that between E. coli tRNAVs, 
and ¿RNAm (unpublished observation of M. Yaniv and 
B. Barrell) which have fifty-one homologies. Judging by 





Comparison of the nucleotide sequences of £RNAp and {RNAwm. Similar sequences, ignoring base modifications, are in boxes. 


the sequences of the two methionine (RNAs, it might be 
supposed that the Met-tRNA synthetase would recognize 
the anticodon loop, but this is not compatible with the 
work on tyrosine suppressor tRNA”, in“ which a base 
change in the anticodon does not lead to any impairment 
of the ability of the tRNA to accept tyrosine. The type ol 
recognition that occurs between a (RNA and its corre. 
sponding aininoacyl-£RNA synthetase, however, might not 
be as general as is normally assumed. Thus the recognition 
of one {RNA could possibly be different from the cor- 
responding process for another tRNA. 

In conclusion, the nucleotide sequences alone do not 
indicate which regions of the molecules are specifically 
recognized by the Met-/RNA synthetase, or by the trans- 
formylase, or by the initiation faetors. For all these 
functions the tertiary structures of 1RNAy and {RNAp 
must be of major importance. We hope that the recent 
crystallization of tRNAr*® will be the first step towards 
their elucidation by X-ray analysis. 

We thank Dr F. Sanger, Dr G. G. Brownlee and Mr 
B. G. Barrell for helpful discussions, and Mr M. J. Young 
for technical assistance. We also thank the Radiochemical 
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Mode of Action of Morphine-like 
Drugs on Autonomic Neuro-effectors 


MonP?HuiwE-like drugs depress transmission across certain 
neuro-effector junetions!~* ; this effect is more marked at 
low than at high frequencies of stimulation®** and is 
caused by depression of transmitter release?5-!, Fig. 1 
shows the reduction in the release of acetylcholine caused 
by morphine when the innervated longitudinal muscle 
strip of the guinea-pig ileum is stimulated transmurally. 
These observations confirm and extend the findings of 
Paton and Zar! that in the presence of morphine the 
spontaneous output of acetylcholine of the unstimulated 
preparation is reduced and that the evoked output per 
volley is low and almost constant at frequencies between 
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01 and 18/s 
volley is 3 
stimulation and falls with inereasing rates of excitation. 

Tt sééms to be of general importance for an understand- 
ing of the, mechanism of impulse transmission that effects 
similar to that of morphine are obtained (1) when adren- 
aline is added to the bath fluid (Fig. 2). an observation 
extending the findings of Watt's and Vizi'*, (2) when the 
concentration of Mg™ is raised from 6-1 to 5 mM (Fig. 3). 
or (3) when the bath temperature is lowered from 35 
to 25? C (Fig. 4). 

It therefore seems that at the neuro-effector junction 
“of the longitudinal muscle preparation there is a mechan- 
‘jam which ensures a much higher release of transmitter 
‘at low than at high frequencies of stimulation and which 
is sensitive to the depressant action of diverse agents. 

Paton and Zar!! thought that the pattern of high resting 
output, high volley output at low rates of excitation, 
and sensitivity to morphine is linked to the absence 
of specialized neuro-effector junctions and that it repre- 
sents the characteristics of a relatively primitive trans- 
mission system. An alternative explanation, however, 
may be the presence of a mechanism of transmitter 
release which has two components. The first, or basal, 
component would lead to a low volley output which 
is constant at all frequencies and is insensitive, or at 


"whereas without morphine the output per 
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gually much higher at low frequencies of 
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Fig. l. Innervated longitudinal muacle strip of the guinea-pig ileum’? 
suspended in Krebs solution containing choline (20 uM) and gassed with 
95 per cent oxygen and 5 per cent carbon dioxide. Output of acetyl- 
choline in the presence of eserine (7-7 MD, either spontaneous or evoked 
by electrical feld stimulation with supramaximal stimuli at frequencies 
of 0-1, 1 and 10/s; the period of stimulation and collection was 4 min. 
The temperature was 35° C. Five preparations were used. Black 
columns ,controls (C); white columns, in the presence of morphine 
(Mo, 2-1 uM). 
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Fig. í. Acetylcholine output of the innervated longitudinal misele strip 
of the guinea-pig ileum. Experimental conditions were as im Pig. i 
Black columns, 35? C; white columns, 28° C, 


least relatively so, to low temperature, high concentration 
of Mgt and the presence of adrenaline or morphine. 
When only this basal component of the release mechanism 
is aetive, the responses to low frequeney stimulation 
(0-1-1 stimulus/s) would be much reduced. The other, 
or booster, component of the release mechanism would 
ensure an increased output at low frequencies of excitation 
but would be inoperative at high frequencies: it is 
subject to inhibition by the agents mentioned. This 
booster component would be essential for the release of 
the relatively large amounts of transmitter necessary to 
obtain responses at low frequencies. If this view is cor- 
rect. it may be that morphine-like drugs exert their 
depressant effects only at junctions which require a 
booster mechanism in order to be effective. This possi- 
bility could explain the variations found in the sensitivity 
of different junctions to morphine: for example, the 
vagus-sinoauricular node junction is insensitive to mor- 
phine in the cat and guinea-pig but sensitive in the 
rabbit and ratt, whereas the junction at the nictitating 
membrane of the cat? and that at the longitudinal musele 
of the ileum of the guinea-pig? are highly sensitive. 
Melzack and Wal’ have recently suggested that a 
neuronal gate controls the sensory input to the spinal 
cord. It may be that a depressant actien of morphine 
on a booster mechanism is the basis for at least part of its 
analgesic action. l 

Apart from their effects on the release of transmit 
morphine-like compounds have certain characteristic 
actions which must also be considered. All analge 
drugs of the morphine, morphinan, morphinone, beny 
morphan and oripavine series have a dual pharmaco- 
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Fig. 5. The interactions between the depressant effects of the partial 
agonists, cyclazocine (upper trace) and M5050 (lower trace), and the 
antagonists, naloxone, on the isometrically recorded responses of the 
longitudinal muscle strip to electrical field stimulation; supramaximal 
stimuli at a frequency of 0-1/s. At the first arrows, cyclazocine or M5050 
was added to the bath; at the second arrows, naloxone was added and it 
restored the height of the twitch, At the break in the tracing, all drugs 
were washed out; note the reappearance of the depression of the twitch. 
Time marks, 1 min. 


logical action, in that they almost all have agonist and 
antagonist activities!® 17, One of the very few compounds 
which has purely antagonist properties is naloxone 
(N-allylnoroxymorphone), which is devoid of analgesic 
activity in man. In the guinea-pig ileum this compound 
has been shown to interact with morphine in a manner 
which suggests competitive antagonism. For an under- 
standing of the mode of action of morphine-like drugs it 
is of importance to establish, if possible, whether the 
antagonism is competitive in the sense that the antagonist 
displaces an agonist from its receptor site. Both the 
agonist and antagonist actions of cyclazocine (2’-hydroxy- 
2-eyclopropylmethyl-5,9-dimethyl-6,7-benzomorphan) last 
considerably longer than the antagonist action of nalox- 
one", so it was possible to test in the following way the 
proposition that naloxone displaces cyclazocine from the 
receptor site. First, the responses of the longitudinal 
muscle strip to electrical field stimulation were depressed 
by the addition of cyclazocine to the bath fluid ; when 
equilibrium was reached, the addition of naloxone re- 
stored the twiteh to its original height. If at this stage 
the bath fluid was replaced by fresh Krebs solution con- 
taining neither cyclazocine nor naloxone, the height of 
the twitch decreased again, a finding which indicates that 
eyelazoeine was still exerting its depressant action and 
had not been displaced from its receptor site (Fig. 5a). 
Similar effects were obtained with the long acting com- 
pound M5050 (N-cyelopropylmethyl-6,16-endo-cthano-7 x- 
(1-hydroxy-1-methylethy])-tetrahydronororipavine) (Fig. 
5b), and with nalorphine (N-allylnormorphine) which has a 
shorter duration of action. 

The most obvious interpretation of these findings is 
that naloxone exerts its antagonist action at a site different 
from that at which eyclazocine, M5050 and nalorphine 
exert their agonist actions. If this is true, it has to be 
postulated that the allosteric interaction between the 
agonist and the antagonist sites, probably situated on the 
same receptor molecule, has kinetics characteristic of 
competitive inhibition’. 

This concept may be helpful in the interpretation of 
the mode of action of analgesic narcotic agonists and 
antagonists. The more prominent the antagonist activity 
of a compound, the less likely it will be to cause psychic 
dependence and therefore be abused as a drug of addic- 
tion!?®, Such compounds very often have hallucinogenic 
properties, however, which reduce their suitability as 
analgesic drugs. To explain these facts, Martin'* proposed 
the following hypothesis: morphine-like agents with 
strong agonist and weak antagonist activities-— for 
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example, morphine and heroin— act on one set of recep- 
tors, on which the pure antagonist, naloxone, also acts; 
similarly, the partial agonists, nalorphine and cyclazocine, 
in their capacity as antagonists, also act on this same 
receptor. The agonist actions of nalorphine and other 
similar partial agonists are, however, assumed to be due 
to an action on another receptor. This would explain 
the different analgesic, euphoric and psychomimetic 
effects of chiefly agonist compounds--morphine and heroin 
—on the one hand, and of chiefly antagonist compounds 
—nalorphine and eyelazoeine—on the other hand. This 
interpretation, however, is not consistent with the hypo- 
thesis that the observed action of a compound results 
from the integrated interaction between agonist and 
antagonist sites on the same receptor molecule. A decision 
between these two models eannot be reached at present. 
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Requirements for Capacitation of 
Rabbit Sperm 


Tue need for capacitation of rabbit sperm has been well 
documented'3, but the requirements for the production 
of this phenomenon are still unclear. Capacitation has 
not been achieved in vitro in a defined media, and partial 
capacitation occurs in uterine fluid and beta-amylase 
solutions*. Incubation of sperm suspensions in a double 
ligated and distended uterine horn delays capacitation 
without altering the fertilizing ability of sperm?. 

These observations lead to the conclusion that either 
spermatozoa are not capacitated in uterine secretions, or 
they require close physical contact with the endometrium 
to be capacitated. The aim of the work reported here is 
to gather more direct evidence concerning these require- 
ments. 

Mature New Zealand White rabbits were used in the 
investigations. Oestrous does were used as egg donors, 
and males of proven fertility as semen donors. Tech- 
niques of sperm collection and washing, egg recovery and 
examination have been previously deseribed*. Ocstrous 
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does were induced to ovulate with intravenous injections 
of 5^ 1v of human chorionie gonadotropin (HCG) 
(Follutein, E. R. Squibb and Sons). Incubated sperm 
were placed in the oviducts of egg donors 12-5-13 h after 
injection with HCG. 

In the first series of experiments 0-1 ml. of sperm sus- 
pended in saline (0-5-0-7 x 10* sperm) was incubated in 
utero for 10-11 h. Sperm incubated in a non-ligated 
uterine horn of an intact oestrous doe fertilized 74 per 
¿o cent of the egg donor's ova compared with only 49 per 
¿eent when incubated in a double ligated uterine horn 

(Table 1). Ineubation of sperm in a double ligated uterus 
of an ovariectomized rabbit injected with 0-5 ug of 
oestradiol eyclopentylpropionate (OCP)/kg for 6 days 
. before incubation with sperm severely reduced capacita- 
. ion. Only 7 per cent of the eggs were fertilized by sperm 
ineubated in the double ligated uterus, as compared with 
86 per cent by sperm from a non-ligated uterus. The 
- only obvious difference between the double ligated uterine 
horns from the intact oestrous does and the ovariectomized 
does treated with oestrogen was that an average of 
_ 0-5 ml. of uterine fluid accumulated in the intact oestrous 
|. doe’s uterus, and 1-1 ml. of uterine fluid accumulated in 
the uterus treated with oestrogen during the period of 
sperm incubation. Does treated with oestrogen had much 
more distended uteri, therefore. 


Table 1. FERTILIZATION BY RABBIT SPERM IN EGG DONORS AFTER INCUBATION 


in utero 
No. of Egg recovery 
Incubation conditions* incubations Fertil- — Per cent 
Total ized fertilized 

Oestrous doe - 

Non-ligated uterus (10 h) 4 39 29 74 

Ligated uterus (10 h) 17 138 67 49 

0-22 micron tube filter (0-8h) 4 37 1 3 

0-45 micron tube filter (10 h) 2 12 0 0 
Ovariectomized doe (0-5 ug OCP/kg for 6 days) 

Non-ligated uterus (10 h) 5 99 85 86 


Ligated uterus (10 h) 6 91 6 7 


* Incubated sperm placed in oviduet of egg donor 12-5-13 h after inocu- 
lation with 50 rU of HCG. 


Table 2. FERTILIZATION BY RABBIT SPERM IN EGG DONORS AFTER INCUBATION 
IN REPRODUCTIVE TRACT SECRETIONS 


Egg recovery 


Incubation medium* No. of Fertil- — Per cent 
incubations Total ized fertilized 
¥resh oviduct fluid 
Oviduct (10 h) 7 43 21 49 
In oviduct fluid (6-10 h) 
collecting flask under oil 4 48 2 4 
Bladder pouch (10 h) 4 32 0 0 
Fresh uterine fuid 
With leucocytes (8 h) 2 23 0 6 
Without leucocytes (6 h) 3 60 0 0 


* Incubated sperm placed in oviduct of egy donor 12-5-13 h after injection 
of 50 1U of HCG. 


A suspension of sperm enclosed in a ‘Millipore’ tube 
filter (0-22 micron pore size) and incubated in a non- 
ligated uterus did not become capacitated. This filter 
retained 10-12 per cent of the protein when oviduct fluid 
or uterine fluid passed through it. In two additional 
experiments sperm were not capacitated when the pore 
size of the tube filter was increased to 0-45 micron, which 
allowed all protein to pass through freely to the sperm 
(Table 1). In these latter experiments free sperm were 
placed in the same uterine horn as a tube filter containing 
sperm. ‘The sperm outside the filter in contact with the 
uterine epithelium fertilized 40 per cent of the egg 
donor's ova. This demonstrates that the presence of the 
tube filter in the uterus does not prevent capacitation. 

In the second series of experiments, sperm were in- 
cubated in freshly secreted female reproductive tract 
fluids (0-3-0-5 x 105 sperm/ml. of secretions) for 6-10 h. 
Previous experiments in Dr W. L. Williams's laboratory 
at the University of Georgia indicated that oviduct fluid 
stored for 1-8 weeks at 4? C would not capacitate sperm. 

Sperm incubated in a flask? containing oviduct fluid, 
overlaid with mineral oil, failed to be capacitated. Like. 
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wise sperm incubated in a bladder pouch filled with — 
oviduct fluid collected through a cannula from the oviduct 
were not capacitated (Table 2). Control sperm incubated —— 
in the opposite oviduct of the same rabbit were able to 
fertilize 49 per cent of the egg donor's ova. In these. 
experiments the oviduct was slightly distended with 
0-15-0-20 ml. of oviduct fluid which probably accounts ` 
for lowering of the fertility of the control sperm. 

Sperm incubated in vitro at 37° C in uterine fluid. 
(combined samples of fluid allowed to accumulate for 
24 h in a ligated uterine horn) overlaid with mineral oil 
failed to be eapacitated (Table 2). The presence or absence 
of leucocytes in this fluid had no effect or. capaeitation. 

It is concluded that rabbit oviduct and uterine secre- 
tions do not contain all the factors necessery for capaci 
tation. The factors needed to be bound to the 
uterine and oviduct epithelium, requiring the sperm 
to have intimate contact with the epithelium. 

This work was supported by a grant from the National 
Institute of Child Health and Human Development. We 
thank Mr Lee Jennings for technieal assistance. 
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H-Reflex of Single 
Motoneurones in Man 


As early as 1918 Hoffmann described how electrical 
stimulation of the tibial nerve in man evokes, in addition 
to a direet motor response in the calf muscles, another 
well synchronized motor response at a lateney of about 
30 msi, He concluded that this later response was identi. 
cal with the myotatie reflex, because it had the following 
characteristics : (1) it appears only ir the museles 
supplied by the stimulated nerve; (2) it can be evoked 
by shocks which are subliminal for motor axons and it 
tends to be blocked at stronger stimulus strengths; (3) 
it is conducted in afferent fibres of high velocity and its 
central delay is short enough to indicate a. monosynaptie 
pathway; (4) it is facilitated by a voluntary contraction 
of the muscle involved and obliterated by a contraction 
of its antagonist. 

These features of the electrically evoked reflex response, 
which was termed the H-reflex after Hoffmenn?’, have been 
confirmed by other investigators. Further analogies with 
the stretch reflex were its augmentation by the Jendrassik 
and the voluntary reinforcement manoeuvre, as well as 
by post-tetanie potentiation?. 

Other workers have studied the functional mechanisms 
underlying the H-reflex, or used its amplitude as a measure 
of excitability of the spinal motoneurone pool, and even 
of its pre and postsynaptie inhibition or facilitation. 

All these studies, however, suffered from an important 
disadvantage: the participating population of motor 
units could never be exactly defined, and it was suspected 
that the population changed more or less continuously 
throughout the experiments. Furthermore, the amplitude 
of the electrical response could not be regarded as a eonm- 
pletely reliable index of the number o? motor units 
involved (for example, the drop-out of motor units with 








1044 


an early lateney should result in an inerease rather than a 
deerease of the amplitude of the total response). For the 
same reason, precise latency measurements were of 
limited value. 

I therefore anticipated that more insight into the 
mechanisms of the H-reflex might be gained by the use of 
single muscle fibre eleetromyography*. In fact, it proved 
possible to record the H-reflex from single motor units in 
human subjects. 

The electrical stimulation had to depolarize as few IA 
afferent fibres as possible to activate only a small number 
of motor units, and this accomplished by 
stimulation with single square pulses (0-25 ms, 2-20 V) 
delivered through a needle electrode (Disa 1323) in the 
close vicinity of the medial popliteal nerve. A recording 
needle electrode (Disa 13403) introduced in the 
region of the medial gastrocnemius muscle (in one case 
into the soleus) where slight twitches could be seen with 
the stimulation moderately over the threshold. Electrical 
responses were displayed on a dual beam oseilloscope 
(Tektronix 565) and recorded on tape. One channel was 
used for simultaneous superficial recording of the H-reflex 
and of the direct response, if present, to monitor for the 
constancy of the stimulating conditions. 

Stimulus amplitude was decreased close to the threshold, 
and the position of both needle electrodes adjusted so as 


was best 


was 


to obtain a clean single muscle fibre action potential 
(Fig. 1), or, in some cases, a discrete pair of such poten- 
Com- 
pound motor unit potentials in which single fibre poten- 
tials could not be discerned with certainty were rejected, 
because they might contain action potentials of muscle 
fibres pertaining to different motor units. 

The criteria used to identify single muscle fibre action 
potentials were those of Ekstedt*: that the action poten- 
tials (smooth biphasie potentials) on consecutive dis- 
charges remained completely identical in amplitude, shape 
and duration. Another criterion was added—that the 
response to slightly varied stimulation was all or none. 


tials, pertaining to a single or to two motor units. 


In this way it was possible to study latency time of 


the H-reflex of twenty-four single motor units in six 
healthy adult volunteers with an accuracy of up to 
+10 us. It must be realized, however, that a latency 
variation by as much as +30 us may be due to variation 
in transmission time at the motor end plate (“the neuro- 
muscular jitter") and in conduction velocity along the 
motor nerve terminal and the muscle fibre’, An approxi- 
mately equal degree of variation (+ 20-40 us) was found 
in this study for the direct response recorded by the same 
technique, at stimulation rates between 0:2 and 20 Hz. 
In the case of the H-reflex, however, the range of lateney 








Recording from a single muscle 


H-reflex of a single motor unit > m 
fibre, Calibration: upper beam, 0:5 mV, 5 ms; lower beam, 1 mV, 500 ys 


Fig. 1. 





Positive deflexion upwards, Six 
Two responses failed. 


(delayed 33 ms from the stimulus). 
stimulations at a rate of 3-5 Hz. 
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Fig. 2. 
lation rate: 
fist before the stimuli triggering the third, seventh, tenth and eleventh 


Recovery of the response by the Jendrassik manoeuvre, Stimu- 


0:5 Hz. The patient was ordered to clench his contralateral 
sweep (top to bottom), Calibration: 0:5 V, 500 ps 
the stimulus: 28 ms 


Sweep delay from 


variation was much wider: 400-2,400 us, with a mean 
at 950 ps for twenty-four motor units (see also Fig. 1). 
'The largest part of this variation is thought to be a result 
of variability in the central events affecting the moto- 
neurone excitability level. 

If the rate of stimulation was raised above a certain 
level (ranging from 0-5 to 5 Hz in most cases), an increas- 
ing proportion of the responses dropped out, while further 
inerease in stimulation rate (above 1-15 Hz) resulted in 
complete blocking of the responses. 

Below and somewhat above the latter level the response 
could be recover d by the application of the Jendrassik 
manoeuvre (Fig. 2) 

The same effect could be obtained by voluntary rein- 
forcement manoeuvre ; that is, by a slight contraction 
of the triceps. On the other hand, a constant response 
could be blocked by voluntary activation of the antago- 
nistic muscle, the tibialis anterior 

Recording of the H-reflex of single motoneurones in 
man is therefore technically possible and can be expected 
to furnish some additional information about 
tional mechanisms involved. 

I thank Dr M. R. Dimitrijevié for his advice and en- 
couragement, Dr E. Stálberg for the details of single 
muscle fibre electromyography, and M. Župančič and 
J. K. Trontelj for technical assistance. 
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Speed of Mating and Sexual 
Isolation in Drosophila 


SEXUAL isolation is considered to be among the most 
important that prevent or inhibit interspecific 
matings and that maintain species integrity among many 
animal may result when 
animals are capable of discriminating between members 


factors 


species. Sexual isolation 
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buf their own species and those of other species. Such dis- 
rimination may be based on behavioural differences 
etween species (ethological isolation). During the court- 
iip the occurrence of incongruent actions may lead to a 
reaking off of courtship and/or failure to mate. Inter- 
pecific discrimination may also be based on species 
specific stimuli, auditory, visual or chemical (olfactory 
and tactile) in nature, which inhibit the elicitation of 

ongruent mating behaviour between heterospecific part- 
liners. 

In addition to diseriminative factors, mating drive or 
ropensity has also been associated with sexual isolation. 
pieth*, in a study of several species of the virilis group, 
ascribed some of the sexual isolation between D. nova- 
mexicana and D. americana texana to differences in mating 
drive. It has been suggested? 9? that there is an inverse 
relationship between mating drive and sexual isolation; 

animals, particularly females, with slow mating propen- 

-sities being more discriminating in their choice of mating 
. partners than faster mating animals. The study described 

here was designed to examine this problem. I tested the 
hypothesis that strains with tendencies toward rapid 
mating would yield a lower sexual isolation than those 

-which tended to slower mating, using wild type strains 

of D. pseudoobscura and of D. persimilis, selected for fast 
and for slow mating. 

The selection procedure will be described in detail else- 
where. Briefly, females and males of a given species were 
confined in a tube for 1 h and mating pairs were removed 
by means of an aspirator. The first ten pairs to mate 
served as parents for the sueceeding generation in the 
fast (F) line, whereas ten pairs of flies, randomly chosen 
from the non-mating group, served as parents for the 
succeeding generation in the slow (S) line. After fifteen 

enerations of selection, sexual isolation tests were per- 
ormed using Elens-Wattiaux* observation chambers. 
Ten virgin females of each species and ten males of each 
species were placed together in the chamber and observed 
for 30 min or until 50 per cent of the possible matings 
occurred. The two species are morphologically indis- 
tinguishable, so flies were either spotted with a con- 
spicuous pigment or else one wing was clipped to enable 
identification of the kind of mating being observed. Six 
of eaeh of the following types of observations were made: 
F D. pseudoobscura x F D. persimilis, F D. pseudoobscura x 
S D. persimilis, S D. pseudoobscura x F D. persimilis, S D. 
pseudoobscura x S. D. persimilis, control (unselected) D. 
pseudoobscura x control (unselected) D. persimilis. Storage 
bottles in which flies were aged for 7 days before testing 
were coded so that the investigator could not know which 
type of observation was being made nor the kind of 
"mating that he was observing. All observations were 
made between noon and 1700 h, at room temperature 
and using overhead fluorescent lighting. 



















Table 1. PROPORTION OF HOMO AND HETEROSPECIFIC MATINGS AND ISOLATION 
COEFFICIENTS IN STRAINS SELECTED FOR FAST AND FOR SLOW MATING 


Percentage of mating 
D. pseudo- D. per- RS Homo- Hetero- Isolation 
obscura, similis pairs specific specific coefficient 
F F 78 88-5 1r5 0-769 + 0-072 
F 8 70 85-7 14:3 0:714 + 0-084 
s F 62 87-1 12-9 0:742 + 0-085 
8 8 7 86-7 134 0-731 + 0-091 
€ C 89 87.6 124 0-753 + 0-070 


F, Fast; S, slow; C, control (unselectod). 


Isolation coefficients were calculated by the method 
suggested by Malogolowkin-Cohen et al.*. The proportion 
of homospeeifie and of heterospecifie matings for each 
type of observation was determined and the coefficient, 
1, caleulated as I-p-q. where p is the proportion of 
homospecific matings and ¢ the proportion of hetero- 
specific matings. The variance is 4/(1~—J?)/N, 
where N is the total number of matings observed. The 
results are shown in Table 1. It is evident that in the 
conditions of my experiments no alteration of the sexual 
isolation was produced by selection for mating speed. 
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These data are in contrast with my earlier resalts™ when T 
obtained bidirectional alteration of the sexual isolation. 
between D. pseudoobscura and D. persimilis when selection: 
for and against interspecific mating was practised. In 
these latter experiments, selection was based on the pers 
formance of males of one species with females of the 
other. The initial heterospecific maters in each generation 
served as parents for the subsequent generation in the 
low isolation line of each species and, in each generation 
of the high isolation line, parents were obtained from 
individuals which first failed to mate heterospecifically 
(during a period of 1 h) and then mated rapidly with 
conspecifics. Thus in the low isolation linss there was 
simultaneous selection for rapid mating and for increased 
heterospecific preference, whereas in the high isolation 
lines there was selection for decreased heterospecitic 
preference and for an unclear pattern of mating speed. 
It was found that modification of the speed of mating 
had occurred as a correlated response to selection; the 
low isolation lines exhibited increased and the high 
isolation lines decreased sexual activity. Because of the 
design of these experiments it could not be determined 
whether the alterations in the sexual isolasion between 
the two species occurred as a consequence of or despite 
changes in the speed of mating. My findings suggest that 
differential mating speed does not necessarily alter the 
sexual isolation between D. pseudoobscura and D. per- 
similis. Thus my previous findings” are best interpreted 
as meaning that the species mating preferences—in other 
words, their discriminatory abilities—had indeed been 
altered, leading to modifications of the sexual isolation, 
Further studies are being carried out to ascertain whether 
the sexual isolation may be altered at a later stage of 
selection for speed of mating and to elucidate the relative 
contribution of each species and of each sex to the 
observed sexual isolation. 

This work was supported by a grant from the National 
Institute of Mental Health. 
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Evolutionary Significance of the 
Thoracic Duct 


I THINK Dumont and Rifkind! are mistaken in explaining 
their interesting observations on the rudimentary con- 
dition of the thoracie duet in bats, New World monkeys 
and sloths. They suggest that “the unique functional 
characteristic shared by all three species is nothing more 
than the habit of hanging upside down . ..*. Their inter- 
pretation might apply to bats, which spend most of their 
lives hanging head downwards, but not to New World 
monkeys and sloths, which do not. Some New World 
monkeys can hang head downwards suspended by their 
prehensile tails, but surely they do not spend even half 
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their lives in that position; the attitude is adopted 
occasionally and momentarily. Sloths do not hang head 
downwards, but back downwards; they are inverted 
pronogrades, and the effect of gravity on the contents of 
the thoracie duct can be little different from that in all 
four-footed pronograde mammals. When sloths do not 
hang downwards, their position is usually head upwards 
elinging to the trunk or sitting in the fork of a tree. 
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Early Campanian (Late Cretaceous) 
Mammals from Alberta, Canada 


ALTHOUGH the occurrence of fossil mammals in North 
American Upper Cretaceous rocks has long been known!, 
only since the applieation in 1956 of new collecting 
techniques? have large samples of skeletal—especially 
dental—remains of Late Cretaceous mammals been 
recovered?. Important systematic studies have been 
based on these samples during the past decade. Maes- 
trichtian (latest Cretaceous) assemblages from sites in 
New Mexico (W. Clemems, personal communication). 
Wyoming’, Montana! and Alberta’ include several 
placental (Eutheria) orders, and many multituberculates 
(Allotheria) and didelphoid marsupials (Metatheria). 
Assemblages of late Campanian age in Montana* and 
Alberta (unpublished results) are nearly as rich in 
multituberculates and marsupials, but are relatively 
poor in placentals, with only two orders (Insectivora 
and Deltatherida) represented. 

In spite of this flurry of interest in Late Cretaceous 
mammals, there had been no significant chronological 
extension of the mammalian fossil reeord downwards in 
the North American Late Cretaceous since the discovery 
of fossil mammals in the dinosaur-rich Oldman Formation 
(late Campanian), Alberta, more than 60 yr ago. The 
stratigraphie interval between the late Campanian and 
the Albian (Early Cretaceous) of Texas, containing 
triconodonts, symmetrodonts, archaic (plagiaulacoid) 
multitubereulates, and therian mammals of metatherian- 
eutherian grade (but probably assignable to neither 
sinfraclass'-*?), remained devoid of mammalian fossils. 

In May 1968, I discovered isolated teeth of small 
fossil mammals in the continental sandstones and shales 
of the upper part of the Milk River Formation, southern 
Alberta, Canada; these rocks are early Campanian 
in age, The teeth occur in Verdigris Coulee, 18 miles 
east of the village of Milk River, Alberta, at three localities, 
with coordinates on file in the Department of Geology. 
University of Alberta, Edmonton. The mammalian 
teeth occur together with the fragmented skeletal parts 
of other vertebrates, including elasmobranchs (teeth), 
actinopterygian fishes, salamanders, lizards, turtles, 
champsosaurs, crocodiles and dinosaurs, and therefore 
occur in associations resembling those in younger mammal- 
yielding Cretaceous rocks. Among the mammals, teeth 
of both multituberculates and marsupials are present; 
these are the oldest North American Late Cretaceous 
mammals known, and provide the earliest record of the 
infraclass Metatheria, order Marsupialia. 

The multituberculate teeth are of ptilodontoid and 
taeniolabidoid type, and resemble most closely the later 
Cretaceous genera Mesodma Jepsen, Cimolodon Marsh 
and Cimolomys Marsh, but are not necessarily congeneric 
with them. The marsupial teeth, perhaps a third as 
abundant as those of multituberculates, are of didelphoid 
type. with tribosphenic molars, stylar shelves supporting 
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numerous cusps on the upper molars, and closely approxi- 
mated hypoconulid and entoconid cusps on the lower 
molars. At least four new genera of didelphoid marsupials) 
are present, including the largest of North American: 
Campanian mammals; two of these genera show no 
close resemblance in molar morphology to families of” 
later Cretaceous marsupials, while two may pertain to 
the Didelphidae, already recorded from Cretaceous rocks 
younger than those of the Milk River Formation. The 
four genera, although possessing their own molar 
specializations, seem to exhibit a distinetly more primitive 
grade of molar evolution than do late Campanian and 
Maestrichtian marsupials, in that the Milk River forms 
lack molar cusp specializations for crushing and grinding 
of foodstuffs which are common in their younger Cre- 
taceous relatives. The molar teeth of two additional 
kinds of marsupials in the Milk River Formation closely 
resemble the late Campanian stagodontid  Eodelphis 
Matthew and the late Campanian and Maestrichtian 
didelphid Alphadon Simpson, respectively. Systematic 
descriptions of these and other elements of this new and 
significant fossil assemblage are in preparation and will 
be published elsewhere. 

I thank Mr L. Krishtalka and especially Mr L. A. 
Lindoe, whose careful work in the field secured the 
samples on which this communication is based. This 
work was supported by the University Research Fund 
and the Department of Zoology, University of Alberta. 
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Incidence of R Factors among Gram 
Negative Bacteria in Drug-free Human 
and Animal Communities 


TRANSFER of drug resistance among Enterobacteriaceae 
is mediated by eytoplasmie particles called R factors 
which seem to eonsist of a transfer factor (RTF) coupled 
to genes which determine the drug resisting capacity of the 
bacterial host?. Although the origin of the intact R 
factor is obscure’, there is some evidence! that the transfer 
factors are widely distributed in the Enterobacteriaceae, 
and that they may on some occasions have picked up 
bacterial chromosome genes whieh determined drug 
resistance. Another possibility! is that R factors arose 
in otherwise unrecognized plasmids during the course of 
mutations to a resistant form, but whatever mechanism 
is responsible, there is no doubt that R factors are selected 
and maintained by drugs in the environment‘. The 
finding® of transmissible drug resistance in a strain of 
Escherichia coli lyophilized in 1946 may indicate that 
R factors were already present in pre-antibiotie cultures. 
The purpose of this investigation was to determine the 
ineidence of R factors in intestinal Gram-negative bacteria 
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Focus on Ultramicrotomy 


This is the second of a series presenting the LKB Ultrotome 
lil by explaining its ability to solve problems in Ultra- 
microtomy. 


LKB ULTROTOME Ill SOLVES 
PROBLEM OF ORIENTATION. 


The grain of the structural detail of many specimens, such 
as fibers, films, membranes, muscle, skin and others, lies 
in more than one direction. Therefore this structural detail 
within the specimen must be located and the cutting cor- 
rectly aligned to enable the best sections to be produced. 


It is a great advantage to be able to produce sections 
either by cutting the specimen longitudinally or by making 
transverse cuts. The universal orientation head of the 
Ultrotome IIl used together with the vise-type specimen 
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holder allows one and the same specimen tc be adjusted 
in three directions perpendicular to each other without any 
need to loosen the specimen in the holder. Due to the 
goniometer-type construction of the orientation head with 
its unique 45° arc displacement, the axis of the specimen 
block can be positioned, and rigidly fixed at angles up to 
45° with respect to the axis of the specimen arm. This 
provides the fastest and most precise structure orientation 
possible without the need for any reembedding or other 
additional procedures. 


Having all-round mobility, and a vernier scale on the arc 
which allows adjustments of 0.1°, the orientation head 
needs only one precision adjustment to enable cutting se- 
quences in two or three directions to be carried out. 


This orientation head is exclusive to the LK8 Ultramicro- 
tome LKB 8800 


Sensitive enough for analysis at picogram levels yet 
fully capable of preparative separation in large quan- 
tities . . . that's the kind of split personality we've built 
into the new 7300/7400 Series Gas Chromatographs. 
Truly modular construction gives you unequalled versa- 
tility in oven and column styles, detector types (all 
interchangeable), and programmers. Oven door opens 
and closes automatically as part of the automatic heat/ 
cool cycle, and the highly stable power supply can be 
set from 0.5 to 1000 volts. 

There's never been a gas chromatograph with all 
these features. And purchase price includes packed 
columns, an accessory kit and installation by a trained 
technician. Get the full story from your Packard Sales 
Engineer or write for Bulletin 1058Z to Packard Instru- 
ment Company, Inc., 2200 Warrenville Road, Downers 
Grove, Illinois 60515 or Packard Instrument Interna- 
tional S.A., Talstrasse 39, 8001 Zurich. Switzerland. 





Accurate, precise independent temperature 
controls at injection ports, column oven 
and detector... youranalyses are consistent 
and repeatable. 


Two separate "electronic ice baths" provide 
column and detector with absolute temperature 
contro! reference points, accurate to within 
t0.3°C. Three separate computing temperature 
controllers establish temperature set points—re- 
peatable within +0.5°C over the entire 0-500°C 
range. There's no drifting, no need for periodic 
re-calibration. 

With this kind of dependability in temperature 
control —exclusive with Packard —you're free to 
examine other experiment variables that may be 
masked in other instruments. 
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of wild animals and humans living in surroundings free 
of drugs. 

The populations investigated consisted of forty-seven 
Kalahari bushmen, 334 wild animals (mostly impala and 

. blouwildebeest) in the Kruger National Park and 201 
< animals (mostly warthog and kudu) in the Pohwe river 
valley in Rhodesia. The particular group of bushmen 
selected had not been in contact with other humans for a 
period of about 10 yr and there is no reason to believe 
that the wild animals had been in contact with commercial 
antibiotics. Single specimens from the intestines of 
v freshly killed wild animals and fresh faeces of bushmen 
v were directly plated on separate Difeo MacConkey agar 
"plates containing either sulphonamide, streptomycin, 
_ -ampicillin, chloramphenicol or tetracycline in concentra- 
tions of 10 pg/ml. Colonies which arose after incubation 
for 48 h at 37° C were considered drug-resistant and were 
investigated for infectious resistance by conjugation with 
"sensitive recipient strains of Escherichia coli, Salmonella 
typhimurium and Salmonella typhosa*^. Donor and 
¿ recipient colonies were distinguished by fermentation 
; reactions on MacConkey agar containing 10 g/l. of the 
appropriate sugar. 

Thirty-two animals (9 per cent) of those in the Kruger 
National Park carried strains of Gram-negative bacteria 
(ten Escherichia coli, nine Aerobacter aerogenes, six Pro- 
vidence spp., one Proteus vulgaris, one Proteus morganii, 
five Alcaligenes faecalis) resistant to one or more of the 
drugs streptomycin, ampicillin, chloramphenicol or tetra- 
eyeline. The levels of drug resistance varied from 10 

. to 1,000 ug streptomycin/ml., 10 to 500 ug ampicillin/ml., 
i 10 to 100 ug chloramphenicol/ml. and 20 to 100 ug/ml. 
o for tetracycline. Sixteen animals (8 per cent) of those in 
the Pohwe river valley had strains of Gram-negative 
bacteria (three Escherichia coli, eleven Aerobacter aerogenes, 
two Alcaligenes faecalis) resistant to 10, 50 or 100 ug/ml. 
of ampicillin. Nine (19 per cent) of the bushmen carried 
Gram-negative bacteria (five Escherichia coli, four Aero- 
bacter aerogenes) resistant to 20, 50. 100, 250 or 500 ug/ml. 
of ampicillin. Thus 57 (10 per cent) of the 582 specimens 
contained drug-resistant Gram-negative bacteria. This 
incidence is low compared with 78 per cent of 207 humans 
investigated in Pretoria®, who harboured strains of 
Escherichia coli resistant to at least 25 ug/ml. of one or 
more of the drugs. Although the high level of drug 
resistance of some of the strains is suggestive of R factor 
mediated resistance!, none of the 57 drug resistant strains 
transmitted resistance to the sensitive recipients. Resist- 
ance is not infectious and could be chromosomally con- 
trolled. This is supported by the fact that segregation of 
sensitive clones was not demonstrated by replica-plating 
thousands of colonies from agar free of and containing 
drugs. 

This investigation has not resolved the question of the 
origin of R factors, but their absence from these popula- 
tions supports the view* that selection by drugs plays an 
important part in the maintenance of R factors. 

This work was supported by grants to Professor J. N. 
Coetzee from the Council of Scientific and Industrial 
Research. Ithank Dr P. de Moor for his help in organizing 
the field work. 
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Synthesis and Activity of RNA uu 
Polymerase of a Temperature Sensitive _ 
Poliovirus Mutant at an Elevated * 
Temperature 


Tue Sabin poliovirus 1 vaccine strain LSc, 2ab (ref. 1). 
multiplies readily at 37^ C, but not at 40^ C. In eon- = 
trast, wild virus strain Brunhilde also replicates well at. 
40° C. Several investigators have postulated that the 
temperature sensitive mutant cannot symthesize viral 
RNA at an elevated temperature. We hav» investigated: 
this problem and the temperature sensitivity of viral 
RNA polymerase. Meanwhile, Nichol and Tershak* have 
obtained independently some of the results reported here. 
Viral RNA synthesis was determined in pulse-labelling 
experiments. Infected HeLa cells were kept at 36-5° Coo 
40° C after the addition of virus. Non-infected cultures: 
served as controls. From 3-5 to 45 h after infection 
53H-uridine (0:8 uCi/ml., 2 Cifmmole) was present in the 














medium. Eagle's minimum essential medium’ was used 
throughout. If desired, cellular RNA synthesis was 


inhibited by actinomycin D (1 ug/ml.) Fcur and a half 

hours after infection, cells were extracted with trichloro- 

acetic acid (TCA) and the radioactivity in the acid- 

insoluble fraction was determined. The procedures used. 
have been described in detail by Scholtissek**. 

A typical experiment is presented in Table 1. In cells 
infected with LSe, 2ab virus, and incubated at 40° ©, 
RNA synthesis remained at background levels, whereas. 
in cells infected with Brunhilde virus viral RNA synthesis 
reached substantial levels even at 40° C. As a further 
control, the radioactivity of the 'TCA-soluble fraction was 
also measured. These determinations showed that . 
differences in incorporation into the TCA-msoluble frae- 
tions were not a result of any shortage of low molecular 
weight preeursors. Niehol and Tershak? have obtained: 
similar results. By chromatography of Lic, 2ab virüs-- 
induced RNA on MAK columns they demonstrated an. 
inhibition of single and double stranded ENA synthesis 
at 40° C. 












Table 1. INCORPORATION OF ?H-URIDINE INTO VIRAL OR CELLULAR RNA 


AT 36-5? C AND 40* © 
Actinomycin D D.p.m. x 16/7 x 10* eetis 
36.5^C 40^ C 


Virus strain (1 ugíml.) 
Lse, 2ab + 353 13-5 
— * 16 12.8 
Brunhilde * 584 330 
LSc, 2ab - 489 580 
= ~- 588 607 


The inhibition of viral RNA synthesis at 40° C in cells 
infected with LSe, 2ab virus raised the question of 
whether the viral RNA polymerase itself :s temperature 
sensitive. 

The kinetics of mutant virus polymerase activity was 
studied at 36° C. Four and a half hours after infection 
with LSe, 2 ab virus, the microsomal fraction was pre- 
pared from the cells and polymerase activity was measured 
by the incorporation of ?*H-guanosine triphosphate (GTP) 
into TCA-precipitable RNA (refs. 6 and 7) Fig. 1). After 
a linear increase for about 20 min the speed of incorpor- 
ation decreased and quickly a platean was reached. This 
indicated that the enzyme preparations were free of 
ribonucleases capable of cleaving the reaction products 
into TCA-soluble fragments. The kinetics of polymerase 
activity of the mutant virus were closely smalar to those 
of wild Brunhilde virus. Extracts from cells “infected 
with Brunhilde virus were prepared only 4 h after infec- 
tion, for the replication cycle of this virus is shorter than 
that of LSe, 2ab virus. 

Results of the experiment on the temperature sensi- 
tivity of the LSe, 2ab virus RNA polymerase are sum- 
marized in Table 2. It demonstrates (1) that the RNA 
polymerase, once synthesized in infected celle after 
incubation at 36-5" C, is active in vitro also at 40" €; 
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Fig. 1. Kinetics of incorporation of *H-GTP at 36^ C into the micro- 
somal fraction of HeLa cells infected with LSc, 2ab virus. The reaction 
mixtures—total volume 0-5 ml,—consisted of: (i) 0-20 ml. of microsomal 
fraction in TMK--~buffer (0-01 M epa 0-01 M KCl; 0-0015 M 
MgCl,; 0-001 M A-mercaptoethanol; pH T 4) corresponding to about 
0:15 mg protein; (1) 0-05 ml. of tris-Ac- gCl,—buffer (0-6 M tris-acetate; 
0-15 M MgCl; pH 8:1): (iii) 3 mumoles each of ATP, UTP, CTP; 
(iv) 3 mumoles *H-GTP (0-8 Cimimols): (v) 0:8 umoles phosphoenol 
pyruvate; (vi) 2 ug of phosphoenolpyruvate kinase; (vii) 5 ug of actino- 
mycin D, @, Infected cells; Bi, uninfected cells, 


(2) if, however, the infected cells are incubated through- 
out at 40° C, the RNA polymerase activity in extracts 
prepared from such cultures is found to be strongly 
reduced, regardless of whether the preparations are in- 
cubated at 37° C or 40° C. 


Table 2. TEMPERATURE SENSITIVITY OF LSC, 2ab VIRUS RNA POLYMERASE 
D.p.m./mg protein — 
Microsomal fraction prepared from 37° € 40°C 
Uninfected cella 4-5 h at 36° € 1,228 11 
Uninfected cells 4:5 h at 40-5? C 472 559 
Infected cells 4-5 h at 36° € 4,040 5,700 
Infected cells 4-5 h at 40:5? C 891 1,110 

For experimental conditions see Fig. 1. Time of *H-GTP incorporation 

was 15 min. 


We conclude that in cells infected with LSe, 2ab virus 
incubated at 40° C, the synthesis of virus RNA polymerase 
is impaired. Once the enzyme has been synthesized, it 
is active at 40° C. 

This investigation was supported by the Deutsche 
Forschungsgemeinschaft. 
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Role of the Fc Fragment in the 
Regulation of the Primary Immune 
Response 


Speciric antibody, passively transferred, has the capacity 
to inhibit the preduction of the specific immune response 
(reviewed in ref. 1), and may even terminate a response’. 
There have been several reports dealing with the ability 
of F(ab’), antibody (the antibody fragment which has 
the two antigen-binding sites but lacks the Fe fragment) 
to suppress the primary immune response (refs. 3-5, 
and F. J. Dixon, quoted in ref. 1). The specificity of 
this type of immunosuppression is best explained in 
terms of antigen-antibody binding so that the antigenic 
site is masked, and so it was not surprising that F(ab'), 
was found to induce antibody-mediated suppression of 
the immune response. In an initial attempt at preparing 
F(ab') antibody, however, we found that all the sup- 
pressive activity in the F(ab’), preparation could be 
explained on the basis of contaminating whole 78 antibody. 
We report here the results of experiments in which the 
5S F(ab’), antibody digested by pepsin and remaining 
undigested 75 antibody were separated on sucrose 
gradients and their activities in suppressing the primary 
antibody response tested separately. 

Sera containing 7$ anti-sheep erythrocyte haemolysin 
was obtained from inbred Swiss mice 40 to 60 days after 
a second injection of 10° sheep erythrocytes. After three 
precipitations with 40 per cent ammonium sulphate, 
pepsin digestion was carried out in a 0-07 M acetate and 
0-05 M chloride buffer at pH 4-0 in the presence of 1 mg 
of pepsin (2,650 v/mg, twice erystallized and lyophilized) 
per 100 mg of protein*. Titration of the pooled serum 
gave a log, haernolysin titre of 10 and pepsin digestion 
decreased the titre to 8 without altering the haemaggluti- 
nin titre. The 5S (F(ab'),) and 7S (whole and undigested) 
anti-sheep erythrocyte antibodies were separated on 
5 to 20 per cent sucrose gradients in 0-9 per cent NaCl. 
To resolve the 5S and 7S antibodies into two peaks, the 
gradients were centrifuged in the SW 40 swinging-bucket 
titanium rotor which accommodates 9/16 inch x 3$ inch 
nitrocellulose tubes. The fanen were centrifuged at 
40,000 r.p.m. for 40 h at 5? C. The separation of 5S 
and 75 antibodies is lied in Fig. 1. Haemolysin 
activity was found only in the 7S peak, whereas agglutinin 
activity occurred in both 5S and 7S peaks to roughly the 
same extent. The 75 peak contained undigested whole 
antibody, whereas the 55 peak contained pepsin-digested 
F(ab’), antibody. 

Varying amounts of the whole 78 and 5S F(ab’); 
antibody were incubated with sheep erythrocytes in & 
concentration of 10* erythrocytes/ml. After incubation 


7S 58 
sample taken sample taken 


Log, antibody titre 





i0 12 14 


Fraction No. 


Fig. 1. Separation of pepsin-digested F(nb', the 5.5 haemagglutinin, 
from the undigested 75 antibody showing both lysis and agglutinin 
activity. ©, Haemolysin activity; ; € haemagglutinin activity. 
Untreated 78 antibod sedimented in the region of the haemolysin 
activity which survived pepsin digestion, and the 6S agglutinin activity 
sedimented slightly faster t an albumin. Fractions 8 ta 12 were used for 
78 antibody, and eerte 16 to 22 were used for 55, F(ab'),, antibody. 
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at 37? C for 1 h, 0-1 ml. of the sheep erythrocyte and 
antibody suspension was injected intraperitoneally into 
inbred Swiss mice, so that each animal received 107 
sheep erythrocytes. Collection of sera and their titration 
for haemolysin activity has been described previously. 


Table 1. EFFECT OF VARIOUS DILUTIONS OF F(ab’), AND 7S ANTIBODY ON 
THE PRIMARY HAEMOLYSIN RESPONSE 
Amount of serum F(ab‘), antibody 78 antibody 

injected (ml.) Mean S.E. Mean S.E. 
0-025* 7Tlt 0-24 r3 9-60 
0-01 6-2 0-44 «r0 0-38 
0-005 7-0 0-00 1-4 0-68 
0-0025 5.9 0-42 4d 0-83 
0-001 4:6 1-06 43 117 
0:0005 8-0 1-13 4-9 0-76 
0-0001 5-6 0-76 5-0 110 
7-0 0-30 6-7 0:19 


* Each group contained six to eight mice. 
+ All figures refer to the log, of the haemolysin titre 7 days after intra- 
peritoneal injection of either antigen-antibody complexes or antigen alone. 


Table 2. EFFECT OF UNDILUTED PREPARATIONS OF F(ab’), AND 7S ANTI- 
BODY ON THE PRIMARY HAEMOLYSIN RESPONSE 


7 day uis 14 day titres 


Preparations* Mean S.E. Mean S.E. 
Fab’), first 49 0-67 51 071 
F(ab’), second $7 0-94 41 0:98 
78 antibody <10 0:15 1-4 0-68 
No antibody 4-4 0-92 5-6 0-81 


Undiluted preparations were equivalent to 0-1 ml. of serum injected. 
* Each group contained six to eight mice. 


Tables 1 and 2 show the effect of 7S and 5S antibody 
to sheep erythrocytes on the primary haemolysin response 
to this antigen. For quite a wide range of antibody 
concentrations, the F(ab’), preparation was inactive or 
only minimally effective in suppressing the primary 
haemolysin response, whereas the whole 7S antibody 
was very effective in inhibiting the primary response 
(Table 1). When the dose of antibody was increased 
even further (Table 2), the F(ab’), was still ineffective in 
preventing the primary response, while the 75 antibody 
had a high degree of effectiveness. 

Why do our results differ from those of others (refs. 
3-5, and F. J. Dixon, quoted in ref. 1)? First, the 
experimental systems differ in several ways, and the lack 
of effect of the F(ab’), antibody in suppressing the primary 
response to sheep erythrocytes in our strain of mice may 
not be a general phenomenon. The other possibility 
which requires investigation is that the F(ab’), prepara- 
tions used by others were contaminated with small 
amounts of whole 7S antibody, and that this contamina- 
tion accounted for all the immunosuppressive activity 
of their F(ab’), preparations. Tao and Uhr? looked for 
the presence of 7S antibody using a passive cutaneous 
anaphylaxis system, but it is conceivable that the presence 
of circulating F(ab’), antibody would compete with the 
skin-fixed 75 antibody for antigen, thus lowering the 
sensitivity of the system. In more recent attempts at 
pepsin digestion, we have been able to lower the haemo- 
lysin titres by at least 6 log, units while not reducing the 
haemagglutinin titre. Nevertheless, appreciable haemo- 
lytic 78 antibody appeared on sucrose gradient separation 
(a real decrease of only 3 log, units), indicating that the 
5S antibody did compete with the 7S antibody expression 
of haemolytic activity. 

The most simple line of reasoning is to attribute the 
lack of ability of the 5S F(ab’), antibody in inhibiting 
the primary haemolysin response to the loss of the Fe 
fragment. The 5S F(ab’), antibody can inhibit the 
expression of haemolysin activity of the 7S antibody 
(our unpublished observations), and so the two types of 
antibodies seem capable of combining with a comparable 
range of antigenie determinants on the sheep erythrocytes. 
The 58 preparation is therefore not lacking in antibodies 
with certain specificities which allow some antigenic 
determinants to remain uncovered. The affinity of 
F(ab’), antibody for antigen is reported to be similar 
to that of whole 7S antibody*?-!*, and, because the haemag- 
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glutinin activity did not decrease on pepsin digestion. in 
our work, it can be assumed that the Fiab', and TA 
antibodies had comparable antigen-binding activities o 
in this study. The agglutinin activities of the sera con- 
taining 5S and 78 antibodies were the same (Fig. I) 
Therefore, because the F(ab’), antibody preparations. 
contained a representative sample of the original anti- 
bodies and the antibody activities were approximately 
the same on a semi-quantitative basis, the difference 
between the F(ab’), and whole 78 antibodies in affecting 
the primary response is probably related so the lack of 
the Fe fragment on the F(ab’), antibody. 

Why should the loss of the Fe fragment lead to the loss 
of ability of the F(ab'), antibody in inhibiting tbe primary 
antibody response ? In the absence of antigen, the F{ab’), 
antibody is eliminated rapidly from the circulation and 
the body", but when the F(ab’), antibody is combined 
with antigen, as it has been in this study, the F(ab‘), 
antibody-antigen complex is removed from the circulation 
at a slower rate than are the complexes between whole 
7S antibody and antigen". Thus more rapid removal 
of F(ab’), is not likely to be the basis for the inability 
of the F(ab’), antibody to inhibit the primary antibody 
response. This leaves the possibility that the Fc fragment 
on antibody which is attached to homologous antigen 
either dictates the handling of the antigen or influences 
in some way the response of cells which have the capacity 
to react immunologically to the antigen. With regard 
to the handling of antigen, antibody against the Forss- 
man antigen can inhibit the immune response to the: 
separate isophile antigen in rabbits, indicating that the 
erythrocyte as a whole is prevented from interacting with 
the immune system. The most obvious mechanism. for 
this phenomenon is the rapid elimination of antigen | 
through increased phagocytosis and digestion. The: 
F(ab’), antibody may be incapable of increasing the rate ^. 
of phagocytosis and digestion of the whole erythrocyte, | 
allowing the erythrocyte opportunity to interact with the 
immune system. The other possibility worth considering ` 
is that the presence of antibody combined with antigen: 
can prevent the antigen-sensitive cells from reacting 
against neighbouring antigenic sites which are not covered 
by antibody*, and that such an activity possessed by 
antibody requires the presence of the Fe portion. Such 
a mechanism may operate in systems where the elimina- 
tion of the whole antigen molecule, presumably through 
the action of the reticuloendothelial system, cannot be 
demonstratedH. 

We thank Mr Earl Long for technical assistance. This 
work was supported by a grant from the Medical Research 
Council of Canada (to N. R. 8tC. 8.) and by the National 
Cancer Institute of Canada. 
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Transformation of Human Blood 
Lymphocytes under the Influence of 
Smallpox Antigen 


THERE have been many investigations of in vitro trans- 
formation of lymphocytes under the influence of non- 
specific stimulators and specific antigens. Transformation 
of lymphocytes by virus antigens'-*, including vaccinia 
virus*-*, has been demonstrated. 

We have investigated the capacity of human peri- 
pheral blood lymphocytes to transform in the presence of 
smallpox virus. In view of the fact that there are so far 
no absolute indices of the intensity of immunity to small- 
pox, we felt that any possibility of developing such 
indices would be useful and have tried to determine the 
extent of blast reaction in relation to the time of previous 
vaccination. 

The source of lymphocytes was heparinized venous 
blood from twenty-one donors immunized against small- 
pox at various times: 1 month before bleeding and 3, 6, 
13, 14, 20, 30 and 50 yrago. Ten per cent gelatine solution 
was added to heparinized venous blood of donors (1 ml. 
of gelatine/10 ml. of blood). The blood with gelatine was 
mixed by light shaking and left at room temperature for 
40 min-1 h, until a light surface layer was visible. Then 
the surface layer, which represents the plasma containing 
lymphocytes, was seeded into bottles in amounts of 
0-6 x 10*-1:0 x 10® cells/2 ml. of medium (medium 199 
with 10 per cent human serum, without antibiotics). 
Simultaneously with seeding of the cells half the cultures 
were infected with smallpox virus (multiplicity of infec- 
tion, 0:001 plaque forming units/cell), and the rest of the 
cultures were kept as controls. At various times during 
incubation at 36° C lymphocyte cultures were fixed with 
methanol and stained with a mixture of azure and eosin. 
In each preparation 1,000 mononuclear cells were counted. 

Results obtained were as follows (Table 1). Lympho- 
cytes of four subjects vaccinated against smallpox 20, 30 
and 50 yr ago responded to inoculation with smallpox 
antigen by poorly manifest transformation (1-3-3-1 per 
cent) which appeared late in cultivation; in one case 
after 72 h, in other eases after 5-6 days. In one case 
there was no sign of transformation during 5 days of 
observation. Slightly higher rates of blast formation 
(3-8-6-3 per cent) were found with specimens from two 
subjects immunized 13-14 yr ago: maximum trans- 
formation was observed 5 days after inoculation with the 
antigen. 

More intensive blastogenesis was demonstrated in 
cultures of lymphocytes from subjects vaccinated 6 yr 
ago. Some acceleration of the process of blast formation 
was observed, with maximum transformation after 
48-96 h (6-0-9-8 per cent). 

We obtained interesting results in studies of the trans- 
formation process in lymphocyte cultures from subjects who 
had been revaccinated recently (1 month before bleeding) 
and from four hyperimmune persons (staff of this labora- 
tory permanently working with smallpox virus and 
repeatedly immunized). Intensive blast formation began 
in these cultures 48-72 h after inoculation. The per- 
centage of transformation in cultures from the subjects 
vaccinated 1 month previously, despite recent stimulation 
of the immune system of the organism, was low (4:8 per 
cent, 7-4 per cent and 12-1 per cent). Only one case 
showed 22:2 per cent transformation after 5 days. 

Contrary to expectation, the percentage of blasto- 
genesis in the hyperimmune subjects in permanent con- 
tact with smallpox virus was comparatively low. The 

rocess of transformation, however, was quite rapid, 
with 24-3-27-8 per cent transformation 48-72 h after 
inoculation of the cultures. 

In cultures of lymphocytes from hyperimmune subjects 
and subjeets immunized 1 month previously, we saw, 
24-48 h after contact with smallpox virus, significant 
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Eig: 1. Lymphocytes and cell elements of intermediate type in a culture 
of lymphocytes from a hyperimmune subject after contact with smallpox 
virus for 24 h. 


numbers of cell elements of an intermediate type. Mor- 
phologically these cells resembled immature plasmoeytes 
without the characteristically marked basophilia of the 
cytoplasm (Fig. 1). They differed from lymphocytes in 
the strueture of the nucleus (large chromatin clumps) and 
also frequently in increased size and relatively abundant 
cytoplasm. Among the intermediate type cells there were 
cells even more closely approaching immature plasmo- 
cytes in the mild basophilia of the cytoplasm which had 
a clear perinuclear zone. Occasional cells were typical 
immature plasmocytes in their structure and staining 
properties. 

Intermediate type cells were much more numerous in 
lymphocyte cultures from hyperimmune persons, in which 
they represented up to 85 per cent of all transformed 
cells. Later these cells became less numerous and the 
usual blast reaction was observed. Control preparations 
(lymphocyte cultures without smallpox antigen and 
inoculated with non-specific antigen-poliomyelitis virus) 
contained no such cells. These cell elements were 
observed only in hyperimmune or recently revaccinated 
subjects, which suggests that their presence indicates 
intensity of smallpox immunity. 

Summing up these preliminary observations, we suppose 
that the intensity of lymphocyte transformation depends 
on the time from the preceding vaccination. This does 
not agree with data obtained by Matsaniotis and Tsenghi*. 
Readiness of lymphocytes to undergo blastogenesis seems 
to be subject to individual variations and serological 
values of immunity. Apparently the factor of “reminding” 
is significant here, that is, the frequency of contacts with 
the antigen or the regularity of immunization. 

We could not find any distinct correlation of virus 
neutralizing antibody titres with intensity of transforma- 
tion (Table 1). For example, the virus neutralizing anti. 
body titre of the subject vaccinated 30 yr ago is 4 
(subjeet 4) and is associated with the absence of trans. 
formation. The same antibody levels in persons vaccinated 
6 yr, 5 months and 1 month ago (subjects 10, 12, 14) are 
correlated with considerable transformation. There is ar 
obvious dependence of the intensity of transformation 
on the time from the previous vaccination and we took 
this as a starting point for our work. The data in Table ] 
demonstrate again that the haemagglutination inhibition 
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Table 1. LYMPHOCYTE TRANSFORMATION IN RELATION TO THE TIME OF PREVIOUS VACCINATION 


Humoral antibody titre 









Maximum 











Time from last Haemagglutinin- Virus-neutraliza- Percentage of transformation at es 
No. vaccination inhibition tion test on CAM — 24h 48h 72h 96 h 5 days 8 days transformation — 
test of chiek embryos in controla oo 
1 50 yr «10 «10 0-0 —* 6.0 t-6 6 — oz 
2 50 yr «20 «10 = — md 01 3 e 0s 
3 30 yr Not tested — aT LS — - n: t2 
4 30 yr <1 = _ 0-0 0-0 -— r8 ot 
5 20 yr Not tested 0-0 — — — 2-7 — pü 
6 14 vr «10 «10 r7 2-2 — 4-3 DD — 09 
7 13 ye 5 «10 — — -— a8 — i4 
8 6 yr «10 «920 OL 58 6-0 L6 — — 4 
9 8 yr «10 80 — 6-0 — 43 T4 -— 1-2 
10 6 yr 5 40 — oR 6-0 Td O5 
1 8 yr «10 160 — 3-3 — — — — p? 
12 5 months 10 40 — 17 — 86 = — 04 
13 1 month «10 <20 131ł 0-8 3-7 LR - a oe? 
14 1 month 5 40 z0t 18 r8 Tu — id 
15 1 month <5 10 — 123 — — — 01 
16. 1 month 10 Not tested 58t — 0 
17 1 month 20 yi 3» $8t Tå — — — ti 
18 Hyperimmune subjecta 10 180 4»3t — 27.8 — 64 10 
19 » " <5 160 30-44 +6 -— 16-8 = — 14 
20 d i <5 320 140f — — — — ie ÜR 
2 i Vs 10 160 TOt 24-3 — — — — £7 


* Not tested. + Among transformed cells, elements of the intermediate 


"test is of no value in the determination of the intensity 
of immunity. The most similar and the highest virus 
neutralizing antibody titres (Nos. 18-21) were found in 
hyperimmune subjeets who exhibited maximum trans- 
formation (with low titres of antihaemagglutinins). In 
this case there was a correlation of serological factor with 
intensity and speed of transformation. When the level 
of immunity is high some indices probably correlate with 
each other. 

/e thank Dr Ya. S. Tsypkin and N. I. Braude for 
their advice. 
E. B. GURVICH 
I. A. SvgT-MorpAvsKAYA 
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Inhibition of the Macroglobulinaemic 
Phase of the Antibody Responses 


RzrEATED antigenie stimulation usually affects the 
immune response, qualitatively and quantitatively, by 
shifting the antibody equilibrium from the 198 towards 
the 75 class}. 

In the hope of understanding the underlying mechan- 
isms involved in the immune response, we have assumed 
that a dose of antigen exists which, when administered 
repeatedly to laboratory animals from the day of birth, 
would specifically inhibit the macroglobulinaemie phase 
of the response. It should be possible to interfere only 
with the 198 immunoglobulin synthesis, because in the 
response to antigens 19S antibody is synthesized before 
78 (ref. 2). 

In order to test this hypothesis, groups of Swiss albino 
mice were injected with sheep erythrocytes (109-9 x 10°, 
suspended in 0-05 ml. of a balanced salt solution) every 
fourth day from the day of birth. Injections were given 
into the orbital branch of the anterior facial vein or into 
the caudal vein, according to the age and the avail- 
ability of the vessels. The mice were killed at regular 
5 day intervals from the sixth to the forty-first day of life. 

The agglutinating titre of the serum was assayed by 
standard methods and the number of splenie plaque- 


Ga 


ype described in the text are predominant. 


forming cells (PFC) was assayed by a modification? of à 
technique* which measures the 19S antibody forming 
cells. 

Isolated and washed splenic cells were resuspended in 
Eagle's medium at a concentration of approximately 
2x105/ul. Equal volumes (50 uL) of cell suspensions 
and of a 0-5 per cent agar Noble (Difco) solution in Eagle's. 
medium (42°~-44° C) and 100 ul. of a 20 per cent suspension 
of sheep erythrocytes were poured, mixed and evenly 
spread on the surface of a microscope slide previously 
coated with 0-1 per cent agar Noble. 

After the agar had set, the slides were incubated at 
37° C for 120 min and then for another 30 min with 
added complement (1/15 guinea-pig serum). The plaques 
were counted with the aid of a hand magnifying glass 
and a strong indirect light source. 

Results show that the agglutinating antibody titres 
and the number of plaque forming cells (PFC) do not 
vary for doses from 10* to 5x 10* of sheep erythrocytes. 
A sudden change in the immune response oceurs with 
a dose of 2x 10° cells, when antibody production is so 
delayed that peak titres are reached 10 days later than 
they are with lower doses of sheep erythroeytes (Fig. 1), 
and the number of PFC remains at the basic value (Fig. 2). 
With lower doses of sheep erythroeytes, the number of 
PFC rises to 100 on the sixteenth day and then decreases 
slowly. reaching the basic value about 36 days after the 
start of the experiment. 


a 


J 
6 i 


rz 


Log, titre/10 


t» 








6 il 16 21 
Days 


Fig. 1. Agglutinating titres from mice stimulated repeatedly with sheep 

erythrocytes. Log, of titres/10 are plotted against the-age of animals 

(n days) Each point represents the mean of eight to ten mice. Black 
columns, & x 10%; hatched columns, 2 x 10°, 





1052 


ee 
c 
—— 
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6 11 16 21 26 31 36 41 
Days 
Fig. 2. Antibody formation by splenie cells from mice stimulated 


repeatedly with sheep erythrocytes. Log, of PFC/10* spleen cells are 

plotted against the age of animals (in days). Each point represents the 

mean of eight to ten mice. PME cohimns, 5x 10°; hatched columns, 
2x 10°, 


The scarcity of PFC following a dose of 2x 10? cells 
suggests that the circulating antibodies belong chiefly 
to the 75 elass; the serum titre following treatment with 
2-mercaptoethanol did not decrease compared with 
that of the unreduced samples. 

In this system, it seems that the 2 x 10* dose of sheep 
erythrocytes represents a threshold at which the pro- 
duction of specific 19S maeroglobulins may be inhibited, 
and at which the immune response consists of the synthesis 
of 7S antibodies. Although this response begins sluggishly, 
it later reaches levels similar to those induced by lower 
doses of cells. 

This is the more remarkable in view of the fact that the 
erythroeyte antigens are usually able to induce a high 
and prolonged production of macroglobulin, even during 
the secondary and successive responses. 
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Behavioural Measures of the 
Spectral Sensitivity of the 
Dark-adapted Goldfish 


TuE eye of the goldfish has a single rod photopigment 
with a peak spectral absorption at about 522 nm, together 
with three different photopigments of the cones!. The 
spectral sensitivity curve of the electroretinogram (ERG) 
in the dark-adapted goldfish has been found to be consider- 
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ably broader than the rod pigment absorption function 
suggesting a significant contribution of cone response tc 
the dark-adapted ERG. This ERG result contrasts witt 
those from very similar experiments on humans whict 
show that the spectral sensitivity of the scotopic ERG i: 
very closely related to the absorption spectrum of the 
visual pigment of the rods*. To elucidate more fully 
the relations between the psychophysics and physiology 
of goldfish vision, a behavioural method was devised tc 
determine spectral sensitivity functions in fish. This 
method has previously been used to measure the spectra 
sensitivity of the goldfish in light-adapted conditions*** 

The apparatus was similar to that described previously‘ 
with some details changed. Two transparent ‘Plexiglas 
targets were suspended in the water at the front of a 
3-5 gallon tank. Directly behind each of these targets, 
outside the tank, was a circular stimulus patch 13 mm in 
diameter. A third target was placed at the back of the 
tank. An electro-mechanical food delivery magazine was 
fixed above the centre of the experimental tank. 


Log sensitivity 








400 500 600 
Wavelength (nm) 


Fig. 1. Log En% (log relative spectral sensitivity) for two measure- 

ments on two dark-adapted subjects: the straight lines connect the 

means at each wawelength. The dashed function is the mean ERG 

relative spectral sensitivity for dark-adapted goldfish eves from Burk- 

hardt?. Data are in relative energy units at the cornea. Functions are 

displaced arbitrarily on the ordinate. ‘The solid curve is the Dartnall 
nomogram for Anax = 522 nm. 


Visual stimuli were provided by illuminating the trans- 
lucent circular patches from behind with the grating 
image of a Bausch and Lomb monochromator. Stimulus 
wavelength and intensity were controlled by changing 
manually the monochromator setting and density filters 
between blocks of trials. No other light than that from 
the stimuli was present in the apparatus; subjects were 
able to find the food reinforcement in the absence of any 
light. 

We used the common goldfish, Carassius auratus, 
about 7 inches long. Their home tanks were in à room 
lighted by four General Electric 200 W bottom silvered 
incandeseent bulbs; the illuminance at tank level was 
17 foot-candles. The room lights were turned off from 
0600 h to 2400 h. Experimental sessions were started 
at about 1000 h, or after 4 h of dark-adaptation. 

The full details of training procedures have been given 
before*. The basic experimental method was a two lever 
choice procedure with discrete trials. A response on the 
third lever was required to initiate a trial. 

For measurement of spectral sensitivity, a press on the 
target at the rear of the tank exposed the stimulus light 
behind one of the transparent targets. In order to find the 
stimulus energy level of a given wavelength required for a 
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75 per cent choice of the illuminated (rewarded) target, a 
modified. method of constant stimuli was used. Stimuli 
|"were presented in blocks of twenty-five trials in two de- 
v seending series for a total of fifty trials at each energy level. 
Because only near threshold energy levels were used the 
fish was kept in a nearly constant dark-adapted state. 
Energy was varied between blocks of trials in steps of 
approximately 0-3 log unit, and between four and six 
different energy levels were required to cover the total 
| response range. Percentage correct values at each energy 
| devel for a given wavelength were corrected for guessing 
-and converted to z scores; energy required for 75 per cent 
-correct responding was found analytically with a least- 
< squares linear fit to the data. Two determinations of 
(sensitivity were made for each of two subjects at eleven 
"points in the spectrum. 
This procedure yielded data that were sufficiently 
orderly to indicate that the choice behaviour of the fish 
*'was under strong stimulus control. Examples of psy- 
|; ;ehometrie functions for a single fish in a similar experi- 
" ment were presented earlier‘. 





DARK-ADAPTED 
RED-ADAPTED 


Log sensitivity 


BLUE-ADAPTED 





400 500 600 700 


Wavelength (nm) 


Fig. 2. Comparison of mean log relative spectral sensitivity with the 

dark-adapted conditions of the present experiment and two light- 

adapted conditions using the same subjects and apparatus’. Data are in 
relative energy units at the cornea. 


Log 1/E;,«, for each wavelength is plotted in Fig. 1 for 
the two measurements on each of the two subjects used in 
this experiment. These data are in energy units at the 
cornea with no correction for preretinal absorption or 
quantal energies. The function shows maximal sensitivity 
near 500 nm, with a broad shoulder into the long wave- 
length region of the spectrum. Fig. 1 also shows the 
mean spectral sensitivity of the ERG from a dark- 
adapted goldfish reported by Burkhardt?. The most 
striking feature in common between the two functions is 
the fact that both are broader than the absorption 
spectrum of the goldfish rod pigment, especially at the 
long-wavelength end. There is clearly a major con- 
tribution from the cone systems in both these experiments 
in spite of the thorough dark-adaptation preceding the 
measurements. 

In Fig. 2 there is a comparison of the mean spectral 
sensitivity in this experiment and the spectral sensitivity 
of the same two subjects in two different sets of conditions 
of light-adaptation*. Dark-adaptation results in an approx- 
imate 2 log unit increase in sensitivity over the light-adapted 
states. The extent to which this increase is due to 
photopigment regeneration, photomechanical effects or 
neural factors*? is unknown so far. 
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It is premature to attempt to account for dark-adapted. 
spectral sensitivity in the goldfish by assuming an additive 
combination of responses from both rods and cones, 
although the additive model works well in a pure photopic 
situation’. It has been shown in the monkey retina that, 
with short stimulus durations, when the cone system is 
driving a ganglion cell, rod input to that cell is bloeked*. 
Before a model of dark-adapted spectral sensitivity based 
on photopigments in the goldfish ean be constructed, 
physiologieal data on the interactions between rod and 
cone input to the ganglion cells, with both long and short 
stimulus durations, must be available. 

This work was supported in part by grants from the 
US Publie Health Service. 
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GENERAL 


Publication Trends in 
Biological Control 


DE SOLLA Price has described in some detail the overall 
growth of science’, but to those concerned with planning 
scientific research it is important to know the relative 
growth rates of various topics within a restricted field. 
Ideally such studies should be based on details of man- 
power, allocation of research funds, numbers of papers 
produced and so on, but in practice data on numbers of 
publications are easier to obtain than those on manpower 
and funds. 

In view of the interest generated by the pesticides eon- 
troversy in the United States* and elsewhere, we have 
analysed the relative growth rates in the number of 
publications dealing with biological eontrol. Since 1956 
the journal Entomopkaga has periodically published 
extensive classified bibliographies on biological control’, 
The trends in the field have been classified into the 
following groups?: (1) general papers on the total subject; 
(2) fundamental research on the utilization of entorio- 
phagous arthropods (without taxonomy); (3) appliea- 
tion of biological control by means of entomophagous 
arthropods (including methods of checking efficiency); 
(4) fundamental research on micro-organisms as patho- 
gens of arthropods (but without aiming at complete 
coverage of the specialized topic of diseases of honeybees 
and silkworms); (5) application of miercbial control of 
arthropods; (6) work on enemies of arthropods (verte- 
brates, non-arthropod invertebrates, joint action of miero- 
organisms and metazoa); (7) biological control of weeds; 
(8) integrated control; (9) autocidal control, including 
fundamental papers. Using these bibliographies, we have 
obtained the numbers of papers published annually in 
each of the groups, and estimated the trends within thë 
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FUNDAMENTAL RESEARCH ON THE UTILIZATION OF ENTOMOPHAGOUS INSECTS 


Table 1. 
Volume of Date of publication of papers 
'Entomophaga" 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1960 
1956 31 
1957 1 84 67 19 
1958 1 17 46 90 41 
1959 6 13 54 116 25 
5 34 148 53 
1961 6 27 105 136 51 
1962 
1963 2 12 33 96 253 325 91 
1904 1 1 8 20 99 208 108 
1965 
1966 2 3 li 31 122 257 194 
1967 i 1 1 H 5 21 90 190 135 
Totals 1 1 89 130 177 231 3814 295 336 160 442 455 384 135 


It is clear that information is lost at both ends of the timescale; 
because a bibliography for 1955 is not included. 
“tn the pipeline”. 


; for example, we do not knew how many papers were actually published in 1955 
Nor do we know how many papers came out in 1966, because more information is presumably 


The data for 1956-1962 were assumed to be virtually complete. These seven totals do not provide a very long time series, however, particularly aftei 
smoothing by transformation to a moving average, and to eounteract this shrinkage the series was extended to include 1955, 1963 and 1964. 


individual groups. Table 1 gives details of publications 
appearing under classification (2). 

The following method was used. Data for 1956-62 
were divided into groups comprising papers appearing in 
years ty, fy, ta, . . „ where f, indicates papers cited by 
Entomophaga in the year of their publication, t, those 
referred to 1 yr later, and so on. In this way a basis was 
constructed for deciding the fraction of the total expected 
to appear in year t, or any combination ti, tj tr, . . . and 
these estimates were used to adjust the totals for the 
incomplete years 1955, 1963 and 1964. 

ÜThis 10 yr series was smoothed by a 3 yr moving 
average (Fig. 1); the resulting seatter did not seem to 
justify any assumption of non-linearity, and a trend line 
was fitted by the semi-average method. 








600 
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Fig. 1. Numbers of papers listed in Entomophaga plotted against time. 


Moving averages: @, group (2); ©, group (6); A, group (9). 


The remaining groups for which data on the scale of 
group (2) were available were treated in the same way. 
In no case did the scatters show patterns which clearly 
departed from linearity. 

For group (9), however, the information was very 
sparse, and it was not easy to extract a trend from the 
figures. Nevertheless, a 2 yr moving average was con- 
structed for this recently developed field by making use 
of knowledge derived from the other series, and a straight 
line fitted (Fig. 1). It is admittedly tentative, in view of 
the paucity of data. 

Though straight lines were found to give the best fits, 
we do not wish to imply that the curves can be extra- 


polated over a leng period without errors being incurred 
Publications have been appearing in most of the groups 
for many years, but from the early 1940s to the mid 
1950s the field was marked by a certain stagnation. It 
seems reasonable to assume that the steepest trend lines 
are in fact segments of S curves, linear over the perioc 
accessible to our inspection. 

Notwithstanding the tentative nature of their long. 
term forecasting potential, the curves are useful indi- 
cators of relative activity in the various categories 
during the recent past. By plotting all the trend lines 
on one graph with a common origin their slopes can bc 
compared. Given the form Y —a--bT, where Y is the 
number of papers published each year and T indicates 
the time, the values of b for the various groups are as 
follows 


Group b 
(2) 45-00 
(4) 32-50 
(9) 22-50 
(3, 5) 12-50 
(3, 6) 10-00 
(1) 5-00 
(7) 135 


The rate of growth of group (9), autocidal control, is 
exceeded only by those of groups (4) and (2). Simon‘ has 
pointed out that publications on autocidal control show 
the highest rate of increase over the period 1955-65 when 
compared in percentage terms (x 8-3). 

Future changes in the pattern of activity in biological 
control will depend on several factors. A change in the 
distribution of research funds within the field could alte: 
the picture; higher allocation would increase activity. 
and this would presumably be reflected in an increase ir 
publications; lower allocations would reduce activity 
The appearance of new techniques could also change the 
existing balance. Already autocidal control (sterile mali 
techniques, and 30 on), the newest method of control 
included in our data, seems to be producing literature at 
a greater rate than most other trends. 

This research is supported by a grant from the Nuffield 
Foundation. We thank Professor F. R. Jevons and In 
Wallis Taylor for their advice and encouragement, and 
Mr Ivan Sorah for technical assistance. 
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Obituaries 
Professor C. Lovatt Evans 


Sim CHARLES Lovarr Evans, emeritus professor of 
physiology in the University of London and a former 
vice-president of the Royal Society, who died on August 29 
at the age of 84, was the foremost pupil and a lifelong 
associate of E. H. Starling. The latter, when Jodrell 
professor of physiology at University College London, 
examined Lovatt Evans in 1910 for the external BSc in 
physiology of the University of London, and offered him 
the post of Sharpey Scholar in the department. 

Here Lovatt Evans found the opportunity to develop his 
great promise in a department then entering a period 
of intense and fruitful research, which originated in the 
invention by Knowlton and Starling (1912) of the dog 
heart-lung preparation. In this the artificially ventilated 
lungs and heart were isolated from the rest of the body 
so as to pump defibrinated blood round a closed circuit 
which embodied devices representing the features of the 
normal circulation; with this Starling made his classical 
studies on the mechanical action of cardiac muscle, epito- 
mized as the "law of the heart". During the next five 
years, Lovatt Evans, with Ogawa, Matsuoka and Starling, 
studied the gaseous and carbohydrate metabolism of 
the isolated heart and lungs in normal and diabetic 
animals, and the features of the coronary blood flow. 
With Bainbridge, Lovatt Evans evolved the heart-lung- 
kidney preparation, in which the heart-lung unit was 
used to maintain an isolated kidney. This was the first 
isolated kidney preparation which could be regarded as a 
suecess; it formed the basis of the later classical studies of 
Starling and Verney on the mechanism of urine formation. 

After qualifying in medicine at University College 
Hospital in 1916, Lovatt Evans joined the Royal Army 
Medical Corps and served under Starling in anti-gas work; 
this experience was to be called upon again during the 
Second World War. After demobilization in 1918 and a 
brief period as professor of physiology and pharmacology 
in Leeds, he joined the staff of the National Institute for 
Medieal Research in 1919; there under Dr H. H. Dale 
(later Sir Henry) he worked on the circulatory effects of 
carbon dioxide and the regulation of the reaction of the 
blood. These studies were included in his first book 
Recent Advances in Physiology published in 1925, three 
years after he had moved to the chair of physiology at 
St Bartholomew's Hospital Medical College. The book 
was an immediate and enduring success. In 1930 he 
took over the editing of Starling's Principles of Human 
Physiology and carried this ever increasing labour through 
eight editions until 1956. "This book, started by Starling 
in 1912, became a world famous text for students of 
physiology, distinguished for its exposition of the funda- 
mental principles of the subject. 

In 1926 he succeeded A. V. Hill in the Jodrell chair at 
University College (Hill had followed Starling in 1923). 
In a series of papers, first with Grace Eggleton and then 
with Tsai, F. G. Young and others, he examined and 
clarified the problems of the relation between blood glucose 
and lactate and liver and muscle glycogen; and from this 
was led, as described in a paper published in 1933 with 
seven co-authors (he usually referred to it as “Uncle Tom 
Cobley and all"), to the study of blood sugar and lactate 
levels in the dog heart-lung preparation and the explana- 
tion for their variation iu relation to cardiac metabolism. 
That the working heart used both substances had been 
shown by him and others on the basis of arterial/coronary 
venous differences; but it was also known from the earlier 
work of Anrep and Cannan (1923) that in a heart-lung 
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preparation the blood laetate might rise if the lungs were 
ventilated with air instead of oxygen/CO,. With Grace 
Eggleton (1930) he had discovered a similar phenomenon 
in hind-limb preparations perfused with biood, but no 
final explanation had been offered as to the origin of the 
lactic acid. The key to the problem was new seen to lie 
in the conditions governing blood glycolysis—the trans- 
formation of blood glucose into lactic acid; end in a paper 
the next year (1934), with Hsu and Kosaka. he described 
how the isolated dog's lung was perfused with blood 
pumped round a closed circuit, the extent of blood 
glycolysis in different conditions of ventilation was 
accurately measured and the lungs themselves were 
revealed as an important site of lactate formation from 
blood glucose. Patterson and Starling in 1913 had 
come to the conclusion that a good deal of the sugar used 
by the heart-lung preparation was accounted for by the 
lungs alone; but they had supposed that the sugar was 
oxidized. 

These results clarified the complex situation governing 
blood glucose and lactate levels in the heart-lung prepara. 
tion; but they also indicated that, if the carbohydrate 
metabolism of the isolated working heart was to be 
measured directly, the lungs must be removed and replaced 
by an oxygenator. Control determinations of blood 
glycolysis in vitro—a simple matter— would then make it 
possible to caleulate the use by the heart of blood glucose 
and lactate using determinations of the ehange in blood 
levels and the circulating blood volume. In the same 
year (1934) Lovatt Evans, Grande and Hsu evolved two 
simple heart-oxygenator circuits for blood-fed dog hearts 
(the design was later improved by other pupils) in which 
the heart would work at high rates in excellent condition 
for several hours. With this preparation a series of pioneer 
studies were made of the carbohydrate metabolism of the 
dog's heart. With Grande and Hsu it was shown that the 
heart used two or three times more lactate than glucose, 
with a certain degree of reciprocity depending on blood 
levels; with Lee (Australia) and Mulder (USA) added to 
the team, the diabetic dog's heart was shown to use almost 
as much lactate as the normal, but much less glucose; 
insulin considerably increased the gluecse usage and 
reduced the lactate consumption. When the normal 
heart was driven at a high rate of work in the presence of 
adrenaline, lactate was used preferentially to glucose; and 
high levels of the former, though not the latter, were 
markedly beneficial in impending failure. Pyruvate 
and beta-hydroxybutyric acid were shown to be used in 
large amounts when added to the circuit, although usage 
of the former did not spare that of blood glucose or lactate. 
Finally, the place of heart glycogen in the metabolic 
scheme was defined as a store which could be called upon 
as blood lactate and glucose declined, or during anoxia, 
and was replenished (from blood glucose, but not lactate) 
when conditions were reversed. 

When these remarkable studies were interrupted by the 
war a totally enclosed oxygenator had beer. devised which 
would have made possible continuous determinations of 
the respiratory gas exchanges. 

In 1945 when he was released from his service at the 
Chemical Defence Establishment at Porton Down, and 
returned to University College, Lovatt Evans devoted 
himself with characteristic unselfishness to building up 
the department and preparing the way for his successor. 
On retirement from the chair in 1949, he found opportunity 
for continuing work in experimental physiology by 
rejoining the staff at Porton and becoming consultant 
first to the Ministry of Supply and later to the War Office, 

Lovatt Evans had no great liking for the formal 
occasion, whether scientific or social; and although he 
gave a number of eponymous discourses, he was perhaps 
at his best as a lecturer with his junior undergraduate 
students. Here (believing such teaching to be his special 
responsibility) he was probably unsurpassed in his 
generation. The long bench in the phrsiology lecture 
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theatre at University College would be crowded with 
apparatus, upon which he demonstrated, as he spoke, 
many of the experiments he was describing; and woven 
into each aecount was the historieal background of the 
subject, enlivened by anecdotal illustrations often drawn 
from his own recollections and experience. 

His great services to every aspect of British physiology 
are indicated by the many bodies of national importance 
on which he served with devotion of much time and effort, 
among them perhaps most notably the Medical Research 
Council. He was elected FRS in 1925, FRCP in 1929, 
was knighted in 1951, received honorary degrees from the 
Universities of Birmingham (his birthplace) and London, 
was a fellow of University College London, and of the 
Royal Veterinary College, London, and an honorary 
member of many learned societies, including the Physio- 
logical Society, which gave him especial pleasure. 


Correspondence 


Is Botany Dead ? 


Sig, —1 have followed the article by Sir Frank Engledow 
and other correspondence on "Is Botany Dead ?" with 
great interest (Nature, 220, 521, 541 and 834; 1968). It 
seemed to be generally agreed that the main contributory 
faetor to the present disinterest in the subject was its 
bad image to the publie at large. 

Various ways of solving the problem have been put 
forward, but none of these seem to attack the root cause. 
This, in my opinion, is the fact that botany has now split 
up into many varied branches, each of which is now 
considered as a separate science. Thus all the major 
research done on plants, and the exciting discoveries 
resulting from this, come under the heading of molecular 
biology, genetics, biochemistry, ete. This relegates botany 
to the pursuit of nature fanatics, flower pickers, amateur 
gardeners and the like, which takes it out of the realms 
of modern science. 

'The solution to this 1s either to drop the word botany 
from scientific usage—rmaybe to be replaced by “plant 
sciences"—or else to make a concerted effort to re-estab- 
lish the link between it and its many subsidiaries in the 
eyes of the ordinary man. 

Yours faithfully, 
PETER G. THOMSON 
Department of Botany, 
University of Southampton. 


Scientists Informed 


Simg,—During this year, we have had the International 
Federation for Information Processing Conference and 
many official reports on the subject of information re- 
trieval and associated computer science topics, all of which 
have portrayed an unsatisfactory state of affairs strangely 
at variance with claims made for specific projects in the 
mass communication media. The report of the Parlia- 
mentary and Scientific Committee on the subject revealed 
a deplorable lack of communication between the special- 
ized groups involved and concluded that the scientific 
and technological information network of the country was 
as good an example of a non-systcm as it was possible to 
find. More recently (Nature, 220, 320; 1968) the Royal 
Society conference on the subject called attention to the 
inadequate progress made since its last deliberations in 
1948 and coneluded that the remaining problems of com- 
puter based information retrieval would not be solved 
until machines expressly designed for the purpose were 
evolved. If investment and volume of activity in the field 
had been small, this state of affairs would be understand- 
able, but in fact vast sums of money have been spent, 
particularly in the United States, and the volume of 
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literature in the field almost constitutes a mini-information 
explosion in its own right. Clearly, the causes of failure. 
cannot be attributed solely to the scientific difficulty of 
the problem, for a great many able minds have considered 
it from many specialized points of view. 

Having recently brought my own work in the field to 
the point of implementation, I have been taking a strategic 
look at official and academic attitudes to present and 
future information retrieval problems. Not only are 
the conclusions of the bodies mentioned here supported. 
but there is abundant evidence that there is little interest 
in seeking solutions outside conventional hardware and 
software philosophy. Few, if any, computer scientists 
recognize that the information handling as distinet from 
the numerical processing aspects of computer design 
are at the present moment theoretically inadequate. 
There is certainly no enthusiasm for a specific information 
handling machine, despite the fact that such a project 
would represent a better investment in both academic 
and commercial terms than many of the projects eurrently 
being funded, some of which are undoubtedly doomed to 
obsolescence in the prototype phase. Computer scientists 
seem to be more motivated by professional chauvinism 
and the polities of fund raising than concern for extending 
the theoretical base of computer science and there i& 
abundant evidence of over-specialization. Few, if any, 
think beyond the confines of numerical mathematics and 
conventional boolian logic. 

Other professional groups involved, information scien- 
tists, statisticians and librarians, likewise tend to be 
unable to.see beyond the narrow confines of their own art. 
Many statisticians seem unable to grasp the fact that the 
real information retrieval environment is statistically in- 
homogeneous and librarians tend to look on the computer 
merely as a way of mechanizing their traditional approach 
to subject matter. In all groups there is a curious di- 
chotomy between privately expressed interest and en- 
thusiasm and official conservatism and complacency. 

What then is the answer to this problem which affects 
almost every branch of scientific endeavour? Firstly, 
some of the massive new funding of projects needs to be 
directed to areas where there is a possibility of funda- 
mental long term advance, rather than merely rehashing 
of existing technology to produce short term political and 
commercial gains. Secondly, experts in the various fields 
have got to be prepared to extend their knowledge to the 
point where they can see realistic generalized solutions 
related to other people’s disciplines. And, finally, there 
must be official mplementation, not just lip service, to 
the idea that original and adventurous thinking in science 
is worth supporting. Competition in the field of ideas is, 
in the long term, a sounder investment for a country of 
limited productive capacity than financial jiggery-pokery. 

To conclude on the specifie topic of this letter, it is my 
contention, based on my own work, that the development 
of an information retrieval computer could be brought to 
prototype phase within one year for a eost in the region of 
£100,000. The device would be based on an autocoded 
internal metalanguage strueture for associative memory 
and learning functions. Input. output and most program- 
ming operations would be in natural language, from a 
VDU keyboard. The metalanguage processor could be 
built from standard logie elements and any commercial 
computer with variable word length and multi-program- 
ming facilities could be used as a basis for design. In 
addition to commercial opportunities in one of the few 
computer markets which is not overerowded, the deviee 
would have applications in linguisties, pattern recognition, 
computerization of medical records and mathematies of 
higher finite group spaces. 







Yours faithfully, 
Gorpon Hype 
Datatrac Ltd, 
6 Collingham Place, 
Earls Court, SW5. 
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Jniversity News 


Yr J. Lowy, London, has been appointed professor of 
he Institute of Biophysies at the University of Aarhus. 


)r A. P. Millman, Royal Sehool of Mines, has been 
ippointed to the second chair in the Department of 
Kineral Exploitation at University College, Cardiff. 


Professor N. Geschwind, Boston, has been appointed 
lames Jackson Putnam professor of neurology at Harvard 
Jniversity and head of the Harvard Medical School's 
Department of Neurology. 


Dr Russell J. Barrnett has been appointed chairman of 
ihe Department of Anatomy in Yale University. 


Appointments 


Mr J. A. Nettleton has been appointed the first director 
3f the National Park Centre at Brockhole, Windermere. 


Dr John Seddon has been appointed to the post of 
director-general of scientific research (air) by the Ministry 
of Technology. 


Announcements 


The Royal Society has awarded the following three 
Royal Medals : to Professor M. F. Atiyah, University 
of Oxford, for his contributions to algebraic geometry 
and to the study of differential equations by the methods 
of algebraic topology ; to Professor W. T. J. Morgan, 
formerly deputy director of the Lister Institute, for his 
contributions to the knowledge of the chemistry of blood 
group substances, with special reference to genetical as 
well as immunological considerations ; to Sir Gilbert 
Roberts, Freeman, Fox and Partners, consulting engin- 
eers, for his contributions to civil engineermg and in 
particular to the design and construction of long-span 
suspension bridges. 


CORRIGENDUM. In the article “A Pulsar Supernova 
Association ?" by M. I. Large, A. E. Vaughan and B. Y. 
Mills (Nature, 220, 340; 1968) the correlation coefficient 
0-53 in the third from last paragraph should read — 0-53. 


EnRATUM. The first sentence of the review of the book 
Plant Viruses (p. 1011 of this issue of Nature) should read: 
“Eight years ago, when the third edition of Professor 
K. M. Smith's Plant Viruses was published, B. D. Harrison 
commented that it was regrettable that ...”. 


Erratum. In “Slower Pace of Growth in France" from 
our Paris Correspondent (Nature, 220, 645; 1968), there 
was a mistake in the last paragraph caused by an error 
in transmission. The last but one sentence should read: 
“One can already foresee that the level of investment of 
the Fifth Plan...” 


Erratum. In the article by our neurophysiology corre- 
spondent “Leech Neurones" (Nature, 220, 539; 1968), 
work was attributed to Nicholls and Taylor which was in 
fact carried out by Nicholls and Baylor. 


Erratum. In the letter from G. H. Keswani (Nature, 
220, 311; 1968) the last reference should be to A Die- 
tionary of Scientific Units. and not to Relativity: The 
General Theory. 


EnRATUM. In the article “Early Experience and Im- 
munity” by George F. Solomon, Seymour Levine and 
John Kersten Kraft (Nature, 220, 821; 1968) the correct 
name of the journal in refs. 22 and 23 should have been 
Fizio. Zh. SSSR Sechenov. 
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Internationai Meetings 


January 29, Recent Developments in Free Radical 
Chemistry, Kingston upon Thames (Dr P. B. Brindley, 
Kingston College of Technology, Department of Chemistry, 
Penrhyn Road, Kingston upon Thames, UK). 

May 3-15, In situ Investigations in Soils and Rock, 
London (Institution of Civil Engineers, Great George 
Street, London SW1). 


May 4-9, Mechanisms of Action of Fungicides, Anti- 
biotics and Cytostatics, Reinhardsbrunn iProfessor H. 
Lyr, Institut für Fortwissenschaften, Alfred-Mollerstrasse, 
13 Eberswalde, Germany). 


May 5-8, Aerospace Medical Association Meeting. 
San Francisco (Dr William J. Kennard, e/o. Washington 
National Airport, Washington DC 20001, USA). 


May 5-10, Mining and Metallurgical Congress, 
London (Honorary Secretary of the Congress, Common 
wealth Council of Mining and Metallurgical Institutions, 
44 Portland Place, London W1). 


May 5-15, Rules for the Approval of Electrical Equip- 
ment, London (310 Utrechtseweg, Arnhem, The Nether- 
lands). 


May 6-8, Power Thyristors and their Applications. 
London (Conference Department, Institution of Eleetrical 
Engineers, Savoy Place, London WC2). 


May 6-9, Fluid Sealing, Philadelphia (J. J. Sherlock. 
c/o Midwest Aero Industries, Inc., POB 536, Oak Ridge 
Station, 4834 Delamere Avenue, Royal Oak, Michigan 
48073, USA). 


May 11-18, Exhibition on Diagnostics, Munich (Mun- 
chener Messe-und Ausstellungs-Gesellschaft MBH, Theres- 
ienhohe 13, 8 Munich 12, Germany). 


May 12-16, Photographic Science and Engineering, 
Los Angeles (Safety of Photographic Scientists and. 
Engineers, 1330 Massachusetts Avenue, NW, Washington 
DC 20005, USA). 


Sabbatical Itinerants 


In the hope of providing some practical assistance in the 
good cause of mobility between laboratories Nature is 
proposing to advertise the needs for housing of families 
about to take up periods of sabbatical leave. To begin 
with, no charge will be made for advertisements like this. 
It is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 
whether they are effective. 


WANTED: In Manchester area, furnished house 
with 4-5 bedrooms, from December 1968 or January 
1969 to November 1969. Family includes New 


Zealand physicist on leave from University of 
Canterbury, Christchurch, New Zealand, wife and 
three housetrained small boys, all of whom would be 


careful tenants. Please send details to Professor 
A. G. McLellan, e/o Geology Department, Man- 
chester University, Manchester 13. 


EXCHANGE: MIT (Cambridge, Massachusetts) 
professor and family (wife and two children) plan- 
ning to spend year in London, summer. 1969, to 
summer, 1970. Would like to exchange 6 room 
furnished house in Arlington, Massachusetts, for 
reasonable furnished apartment or small house with 
convenient publie transport to Lincoln's Inn Fields 
and near good schools. House in Arlington is on 
bus line to Cambridge and Boston. Dr Phillips W. 
Robbins, 56-631, Massachusetts Institute of Tech- 
nology, Cambridge, Massachusetts, USA. 
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BRITISH DIARY 


Monday, December 9 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2)— 
Colloquium on ‘Cathode Ray Tube Displays", 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 2.30 p.m.— 
ric R. J. Harrison: "Biological Communication" (Civil Service 
ecture). 


INSTITUTION OF ELECTRICAL ENGINEERS (at the Royal Aeronautical 
Society, 4 Hamilton Place, London, W1), at 6 p.m.— Discussion meeting on 
“The Use of Digital Computers in Navigation Systems", opened by Mr W. 
MeKinlay, Mr J. Vickers and Captain J. Monro. 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND 
STUDENT SECTION (at Savoy Place, London, WC2), at 6.30 p.m.— Professor 
J. M. Meek: Presidential Address. 


Tuesday, December 10 


LONDON ScuooL OF ECONOMICS AND POLITICAL SCIENCE (at Houghton 
Street, Aldwych, London, WC2), at 5 p.m.—Professor Fritz Machlup: 
"International Monetary Problems”, 


INSTITUTION OF ELECTRICAL ENGINEERS (atf Savoy Place, London, WC2), 
at 5.80 p.m.— Professor F. A. Benson: "Corona Tubes". 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, AEROSPACE, MARI- 
TIME AND MILITARY SYSTEMS GROUP (at 9 Bedford Square, London, WC1), 
at 6 p,m.—Mr B. Ray: "Audio Communication between Divers", 


. INSTITUTION OF MECHANICAL ENGINEERS, AUTOMOBILE DIVISION (at 1 
Birdcage Walk, Westminster, London, SW1), at 6 p.m.—Mr N. B. Chew: 
“Long Distance Road Fleet Vehicles". 


SOCIETY FOR ANALYTICAL CHEMISTRY, MICROCHEMICAL METHODS GROUP 
(at “The Feathers”, Tudor Street, London, EC4), at 6.30 p.m.— Discussion 
meeting on “The Use of Instruments in Practical Inorganic Analysis", intro- 
duced by Dr D. A, Pantony. 


UNIVERSITY OF LONDON, DEPARTMENT OF EXTRA MURAL STUDIES; and 
the LINNEAN SOCIETY oF LONDON (at the Linnean Society, Burlington House, 
Piccadilly, London, W1), at 6.30 p.m.— Professor B. M. I. White: "Medieval 
Zoology". (Eleventh of twelve lectures on “The Historical Background to 
Modern Zoology’’.) 


Wednesday, December 11 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.—-Discussion meeting on “Gassing of Transformer Oil”. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.—Mr D. E. L. Shorter: ‘“Broadeast Stereophony’’. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 5.30 p.m.— 
Sir Lawrence Bragg, CH, FRS: “What Makes a Scientist ?” 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, COMPONENTS AND 
Circuits GROUP (at 0 Bedford Square, London, WC1), at 6 p.m.—Dr T. 
Davies: “Taking a Close Look at Contacts”. 


BOCIETY OF CHEMICAL INDUSTRY, FOOD GROUP—NUTRITION PANEL (at 
14 Belgrave Square, London, SW1), at 6.15 p.m.-- Dr A. E. Bender: ‘Modern 
Techniques for Measuring Protein Quality”. 


PHARMACOLOGICAL SOCIETY OF GREAT BRITAIN (at 17 Bloomsbury Square, 
London, WC1), at 7 p.m.—Dr E. F. Hersant: “Pharmaceutical Analysis 
and the British Pharmacopoeia" (Harrison Memoríal Lecture). 


Thursday, December 12 


INSTITUTION OF MECHANICAL ENGINEERS, NUCLEAR ENERGY GROUP (at 
1 Birdcage Walk, Westminster, London, SW1)-—All-day Symposium on “‘Re- 
fuelling of Gas-cooled Reactors”. 


SOOIETY FOR ANALYTICAL CHEMISTRY, ATOMIC ABSORPTION SPECTROSCOPY 
Group (at the Pharmaceutical Society of Great Britain, 17 Bloomsbury 
Square, London, WC1), at 2 p.m.—Annual General Meeting, followed by 
Scientifle Papers. 

CHEMICAL SOCIETY (in association with the Biochemical Society, in the 
Main Chemistry Theatre, Queen Mary College, London, E1), at 2.30 p.m.— 
Symposium on ''Stereospecificity of Enzyme Reactions”. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.-—Diseussion meeting on “Power Station Ash—Its Use and 
Disposal” opened by Mr F. R. Hunt and Mr A, Wilson. 

INSTITUTION OF ELECTRICAL ENGIN 8 (at Savoy Place, London, WC2}, 
at 5.30 p.m.— Discussion meeting on “The Role of Thin and Thick Films in 
Microminiature Equipment". 
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INSTITUTION OF MECHANICAL ENGINEERS. FLUID PLANT AND MACHINERY 
GROUP (at 1 Birdcage Walk, Westminster, London, 8W1), at 6 p.m.—Diseus 
sion meeting on "Specification and the Use of Hydraulic Fluids". 


ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE (at Manson House 
26 Portland Place, London, W1), at 7.30 p.m.— Professor W., Peters: “Drug 
Resistance in Malaria—a Perspective". : 





Thursday, December 12—Friday, December 13 


FARADAY Society (at the Royal Institution, 21 Albemarle Street, London 
W1)—Symposium on “Molecular Wave Functions". 


Friday, December 13 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, JOINT IERE/TEE: 
COMPUTER GROUPS (at the Institution of Electrical Engineers, Savoy Place, 
London, WC2)}—CoHoquium on “The Technology of Modern Micro-Circuifl 
Digital Equipment". 


Saturday, December 14 


INNER LONDON EDUCATION AUTHORITY (at the Horniman Museum, 
London Road, Forest Hill, London, 8E23), at 3.30 p.m.—Mr George Ordish 5 
“Foods of the Incas, Aztecs and Maya— Europe's Debt to Ancient America". 


Monday, December 16 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), ati 
SR p.mn.—Diseussion meeting on ‘Electronic Properties of the Vitreousi 
ate", 


REPORTS and other PUBLICATIONS 


(not included in the montAly Books Supplement) 
Great Britain and Ireland 


Sih 
The Nature Conservancy. Progress 1964-68, a 75. (London: The 
a Conservancy, 1968. Obtainable from H.M. Stationery one) 
78. 6d. hi 
International Index of Laboratory Animals. Pp. 84. (Carshalton, Surrey: 
Laboratory Animals Centre, Medical Research Council, 1968,) [811 
Tropospheric Wave Propagation. (Conference Publication No. 48.) Pp. 
vii--251. (London: Institution of Electrical Engineers, 1968.) [811 
University of Nottingham. Report of the School of Agriculture 1967-1968. 
Pp. 145. (Sutton Bonington: University of Nottingham, School of Agri- 
culture, 1968.) 105. pin 


Other Countries 


National Academy of Sciences, Publication 1690: Research in Optical 
Spectroscopy: Present Status and Prospects. (A Report of the Committee 
on Line Spectra of the Elements, National Research Council.) Pp. 35. 
(Washington, DC: National Academy of Sciences, 1968.) [811 

World Health Organization. Technical Report Series. No. 300: Micro- 
biological Aspects of Food Hygliene— Report of a WHO Expert Committee 
with the participation of FAO. Pp. 64. 4 Sw. francs; 8&,; $1.25, No, 402: 
Genetics of the Immune Kesponse— Report of a WHO Scientific Group. 
Pp. 52. 3 Sw. frames; 65,; $1. (Geneva: World Health Organization: 
London: H.M. Stationery Office, 1968.) [811 

National Museum of Canada. Anthropology Papers. No. 18: The Sum- 
merstown Station Site, By James F, Pendergast. Pp. 47 (7 plates), No, 19: 
Archaeology of Rice Lake, Ontario. By Richard B. Johnston. Pp. 49 (11 
plates). Bulletin Nc. 220: Dance and Song Rituals of Six Nations Reserve, 
Ontario. By Gertrude P. Kurath. Pp, xiv-- 205 (26 plates), (Ottawa: 
Queen's Printer, 1968,) Bil 

The National Research Council of Canada. Review 1968. Pp. 237. (Pub- 
lication No. 10159) (Ottawa: National Research Council of Canada, 
1968.) Sil 

Koninklijk Nederlands Meteorologisch Instituut. Mededelingen en Ver- 
handelingen, No. 91: The Increase of Mean Wind Speed with Height in the 
Surface Friction Layer. By P. J. Rijkoort. Pp. 115. (De Bilt: Koninklijk 
Nederlands Meteorologisch Instituut, 1908.) 15.50 Df. [111 








Federal Radiation Council Radiation Exposure of Uranium Miners. (A 
Report of an Advisory Committee from the Division of Medical Sciences: 





National Academy of Sciences—National Research Couneil—National 
Academy of Engineering, Washington, DC.) Pp. 31. (Washington, DC: 


Federal Radiation Council, 1968.) (M 
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C.Truesdell 


Essays 

in the 
History 

of 
Mechanics 


| By C. Truesdell, The Johns Hopkins University, 
Baltimore, Maryland 


With 126 figures. XII, 383 pages. 1968 
DM 78,— 


Classical mechanics has weathered through 


“the revolutions of politics and science in this 


century and has experienced a revival almost 
to the degree of rebirth in the past two decades. 
These essays, by one of those who took part 


and is still taking part in the culture of the new | 


mechanics, tell how some of the firmest and 
finest parts of the old were discovered and 


founded in massive solidity and serene confi- | 
:dence. Although written so as to be understood | 
by any modern scientist, the essays emphasize 


the growth of mathematical thought applied to 
physics. They concern the history of various 
central problems: the principles of momentum 


and moment of momentum, the concept of | 


stress, the motion of fluids, the kinetic theory 
of gases, with particular emphasis on the work 
of Leonardo da Vinci, Newton, the Bernoullis, 
Euler, D'Alembert, Herapath, and Waterston. 
The last essay concerns rational mechanics in 
the decade from 1946 to 1956. 


=m Prospectus on request! 
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CARBOHYDRATE | 
RESEARCH 


This international journal publishes original full- 
length papers, short notes, and preliminary com- 
munications dealing with carbohydrates in general 
and including, for instance, sugars and their deriv- 
atives, nucleosides, cyclitols,and model compounds 
for carbohydrate reactions, oligo- and polysac- 
charides, glycoproteins and glycolipids. 



































The following aspects are considered to fall within 
this scope: 


Chemical synthesis - The study of structures 
and stereochemistry - Reactions and their mech0. 
anisms - Isolation of natural products - Physico- 
chemical studies - Analytical chemistry - Bio- 
chemistry (biosynthesis, degradation, etc.) - 

Action of enzymes - Technological aspects 
(where these are important to chemists in 
general) 





Selection from the December issue 





Nucleophilic replacement reactions of sulphonates, Part IV. 

Transformation of 2-amino-2-deoxy-D-glucose into deriv- 

atives of 2-amino-2-deoxy-D-galactose and 2-amino-2,4,6- 

trideoxy-D-xylo-hexose - J. Hill & L. Hough (London) 
(Great Britain) 

Methyl 2,3,6-trideoxy-2,3-epimino-o-D-allopyranoside — - 
C.F. Gibbs, L. Hough, A.C. Richardson & J, Tjebbes 
(Bristol, Great Britain) 

Chemical modification of trehalose. Part I. Selective 

sulphonylation of trehalose, and determination of the 

conformation of hexa-O-acetyl6,6 -dideoxytrehalose -~ 
G. Birch & A.C. Richardson (Weybridge and London, 
Great Britain) 

Biosynthesis of starch. Part XI. Inhibition effects of thiol 
reagents on phosphorylase action - J, Holló, E, László, 
Á. Hoschke & P, Varga (Budapest, Hungary) . 
Studies on uronic acid materials. Parts XXX-—-XXXII. 
- D.M.W. Anderson, LC.M. Dea, & Sir Edmund Hirst 

(Edinburgh, Great Britain). 

Methods for the microscale identification of some acidic 

mucopolysaccharides - S.A. Barker, J.F. Kennedy, & 

P.J. Somers (Birmingham, Great Britain) 









Preliminary communication 


A synthesis of derivatives of L-perosamine(4-amino-4,6- 
dideoxy-L-mannose) - J.S. Brimacombe, O.A. Ching, & 
M. Stacey (Birmingham, Great Britain) 
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Classified Advertisements 


All copy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion, 
The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers’ errors, 
although every care is taken to avoid mistakes. 
Semi-displayed £6 per single column inch, 
Minimum £3, each additional I/I2th of an inch 
10s. Full page £158, Half page across £80. 
Colour (orange) £20 extra. 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number, 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement's 
Inn, Strand, London, W.C.2. Telephone: 
01-405 4743, Telegrams: Textualist, London, 


APPOINTMENTS VACANT 


AUSTRALIAN NATIONAL 
UNIVERSITY 
INSTITUTE OF ADVANCED STUDIES 
THE JOHN CURTIN SCHOOL OF 
MEDICAL RESEARCH 
DEPARTMENT OF MEDICAL CHEMISTRY 


Applications are invited from physical chemists 
for the position of Research Fellow in the De- 
partment of Medical Chemistry (Head of Depart- 
ment; Professor Adrien Albert). 

The successful applicant will be a member of 
a group, under the direction of Dr. D. D. Perrin, 
which is making quantitative studies of the cqui- 
libria berween metal ions and complexing species, 
especially in relation to biological systems. Most 
of the work is concerned with the accurate deter- 
minations of stability constants and oxidation- 
reduction potentials, and with their application 
to multi-metal-multi-ligand mixtures. An IBM 
model 50 electronic computer and a range of 
computer programmes are available for arith- 
metical calculations. 

Applicants should hold the degree of Doctor 
of Philosophy or have had equivalent experience 
in research, The salary of a Research Fellow 
is determined in the range $A5.400 to $A7,250 
depending on qualifications and experience. Ap- 
pointment is usually for three years in the first 
instance with a possible extension to five years. 
Superannuation is on the F.S.S.U. pattern with 
supplementary benefits, Reasonable travel ex- 
penses are paid and assistance with housing is 
provided, 

Further particulars and information as to the 
method of application are available from the 
Association of Commonwealth Universities 
{Branch Office), Marlborough House, Pail Mall, 
London S.W.1. Applications close on January 
15, 1969. (1721) 





ELECTRON MICROSCOPIST 
at the 


NATIONAL INSTITUTE FOR MEDICAL 
RESEARCH 


MILL HILL, LONDON, N.W.7 


A successor to the late Dr. Robin Valentine is 
required to take charge of the electron. miero- 





BIOPHYSICIST OR 
PHYSICAL BIOGHEMIST 


Applications are invited for a senior position in the Depariment 
of Basic Research (Nutrition). Research to be undertaken will 
involve physico-chemical approaches into certain problems of 
nutrition and metabolic diseases of nutritional origin. 


Candidates should have a higher degree and have worked in fields 
in which there has been a close relation between physiological and 
biochemical problems and physical chemistry. The successful 
applicant will be expected to work closely with, and in some cases, 
supervise scientists of other neighbouring disciplines. 


NUTRITIONAL 
BIOCHEMIST 


A new unit is being formed to carry out fundamental studies on 
nutritional and biochemical problems associated with the rearing of 
young farm animals and the major metabolic problems of adult 
animals. 

Applicants should have a good degree in a relevant discipline and 
probably a higher degree as well as considerable research experience 
in this field. 


The successful applicant will be expected eventually to lead a team 
working closely with Scientists engaged on field studies and with 
research workers of other disciplines. 


m M MÀ M MM MÀ MÀ à 


These appointments offer excellent starting salaries which will be 
reviewed regularly. There are generous fringe benefits including a 
non-contributory pension scheme and, profit sharing worth an 
additional 10-1195 of salary. The laboratories are situated in a 
pleasant area of Surrey within easy reach of London and considera- 
tion may be given to removal assistance. 


Applications should be sent to: The Head of Personnel Department, 
Beecham Research Laboratories, Brockham Park, Betchworth, Surrey. 


(1884) 





Salary to $11,250 
scopy laboratory within the Division of Bio- SeecaxosweusuUs An ————— ne: 
physics. Applicants should be experienced in 
ali aspects of the electron microscopy of biologi- 
cal materials and a basic training in physics will 
be advantageous. The person appointed will be 
expected to prosecute his own research in the 
general field of molecular biology as well as to 
advise and collaborate with other workers in the 
Institute. Conditions of service are generally as 
in the universities with superannuation provision 
according to F.S.S.U. conditions ; salary will de- 
pend on the applicant's age and experience. 
Applications for this appointment should be re- 
ceived before January 18, 1969, and should be 
addressed to the Director. from whom further 
information may be obtained. 758) Resources 


e 
Glacier 
Research Jerem ar nre gegar in 


understanding of the nature and behaviour of polar 

ice masses and of their relation to the current and 

post-climate and the recent geological history of 
Polar Continental the Arctic. 


Shelf Project DUTIES: To study cores from polar glaciers and 
f ice caps and to interpret their glaciological, 

Department o geophysical, geological or climatological sig- 

Energy, Mines and nificance. 

Qualifications include university graduation in a 

physical or earth science, preferably at the Doctor- 

ate level and demonstration research experience in 

a related field of study. 

For details and application forms please write to 

the 

BIO-PHYSICAL SCIENCES PROGRAM, 

PUBLIC SERVICE COMMISSION OF CANADA, 

OTTAWA 4, ONTARIO. 


Please quote circular 68-110-04, (1839) 





HAMMERSMITH, W.6 


Owing to rebuilding and reorganisation, vacan- 
cies exist for two suitably qualified TECH- 
NICIANS (men or women) to take charge of 
the Biology and Chemistry laboratories respec- 
tively, Salaries on LL.E.A. scales {£1,000 to 
£1,290 or £745 to £1,080 according to qualifica- 
tions) Free lunch ; pension scheme. " 

Written applications stating. age, experience, 
and names of two referees, to The Bursar, Laty- 
mer Upper School King Street, Tondon ye: 
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AGRICULTURE 


General Agriculturists and agricultural specialists of m kinds 
are frequently required in the effort to match the large demand 
from the developing countries, The vacancies advertised below 
are a selection from the many openings which exist now, While 
they ave being filled, other vacancies are arising. 
Salaries within the ranges quoted are assessed on qualifications 
and experience; and the terms of most appointments include 
. free or subsidised accommodation, education grants, family pas- 
sages, good leave on full pay, etc, A contributory pension scheme 
is available in certain circumstances, 
Candidates must be citizens of, and normally resident in, the 
United Kingdom. 


BAHAMAS 
Agricultural Officer RC 213/14/01 


Duties: To develop a market garden industry to supply the expanding 
hotel industry with fresh fruit and vegetables on New Providence and the 
Qut Islands. 

Qualifications: A degree in Horticulture or Agriculture, with post-graduate 
qualifications or experience in horticulture and a knowledge of irrigation 
and cultivation equipment. 

Salary: £3,348-£3,960 p.a. Tax free gratuity 15%. Contract 3 years. 


BOTSWANA 
Soil Chemist RC 213/19/017 


Duties: To advise on equipment of new soil analysis laboratory, organise 
its routine work, and undertake all soil analyses as required by the Soil 
Surveyor. 

Qualifications: Degree in Agricultural Chemistry or Chemistry with 
at least five years experience conducting soil analyses preferably in a 
semi-arid region. Experience in assessing physical properties of soil, e.g. 
infiltration rates and water holding capacity, for irrigation purposes, would 
be an advantage. 

Salary: Rands 2,508-4,800 p.a. (£ Sterling 1,463-2,800) plus an inducement 
allowance of £ Stg. 171-372. Gratuity 25% of salary. Contract 2 to 3 years. 


FIJI 
(1) Research Officer (Coconuts) RC 213/62/011 


Duties: To initiate and carry out a programme of research work on coconuts 
Qualifications: A degree in Agriculture with extensive experience in 
research work on tropical palms of economic importance. 


(2) Research Officer (Agronomy) "RC 213/62/014 


Duties: To work on research programmes involving general tropical crops 
other than tree crops. 

Qualifications: A degree in Agriculture with post-graduate experience, 
preferably in tropical agriculture, and some knowledge of experimental 
design and analysis. 

Salaries: £Fijian 1,092-2,181 (£ Sterling 1,045-2,086) p.a, An inducement 
allowance normally tax free in the range of £ Stg. 508-829 p.a. is also payable 
panier an officer's home bank account. Gratuity 25%. Contracts 30-36 
months. 


GHANA 


Cocoa Research Institute 


The following are required: Plant 
Breeder, Entomologist. 

Duties: To take charge of divisions at the Cocoa Research Institute ; to 
organize and direct research; to collaborate in research with other 
divisions within the Institute, and also to work as members of a team to 
carry out a programme of research into problems associated with C.S.5.D. 
Qualifications : An Honours degree in a relevant discipline with con- 
siderable post-graduate experience preferably with tree crops in the tropics. 
Salary £2,100-£3,100 p.a. according to qualifications and experience, subject 
to British income tax, plus a variable non-taxable overseas allowance from 
£725-£1,425 p.a. depending on domestic circumstances, Contract : 2 tours 
each of 18 months. 


RC 213/70/05 


Physiologist, Mycologist, Plant 











JORDAN 


(1) Farm Settlement Adviser RC 3213/94/01 
(2) Agricultural Engineer RC 213/94/02 


Duties: To be responsible for the layout of irrigated settlements n a Bedoum 
Settlement Scheme, and the general management of their crops. The 
Engineer will be required to prepare and supervise croppiag pattern, 
repair and maintain farm machinery. 

Qualifications: (I) A degree in Agriculture with practical experience in 
irrigation and the use of machinery, (2) A National Diploma in Agriculture 
or Agricultural Engineering or its equivalent with practical experience 
in farm machinery, irrigation and survey, Salaries: (1) £2,500-£3,000 p.a. 
(2) £1,750-£2,750 p.a., according to experience and qualificatiens, subject 
to British Income Tax, plus a variable non-taxable oversea: allowance 
ranging from £495-£1,125 p.a. depending on domestic circumstances, 
Single men preferred as mainly field work. Contract 2 years. 


KENYA 


(1) Senior Agricultural Officer RC 213/95/025 
(2) Agricultural Officers RC 23/95/026 


Required for land settlement work and the training of local agricultural 
extension staff. ENS 
Qualifications: (1) A degree in Agriculture with post-graduate training in 
tropical agriculture and considerable experience in agricultural extension, 
A knowledge of animal husbandry is essential. (2) A degree in Agriculture 
with animal husbandry as a major subject with considerable experience itt 
agricultural extension. A diploma in tropical agriculture is desirable. 
Salaries: (1) £2,500-£3,000 p.a. (2) £1,500-£2,500 p.a., depending on 
qualifications and experience, subject to British Income Tax plus a variable 
tax free overseas allowance ranging from (1) £525-£1,095 p.c. (2) £500- 
£1,080 p.a., according to domestic circumstances. Contracts 2 years. 


LESOTHO 
(I) Agricultural Research Officer RC 213/18/05 


Duties: Planning, co-ordination and evaluation of the crop experimental 
programme for the Ministry of Agriculture and for the administration of 
the Maseru Research Station and sub-stations. 

Qualifications: An honours degree in either Agricultural Chemistry or 
Agricultural Botany. A post-graduate qualification including agricultural 
experimental design and statistics. 5 years sub-tropical experience on 
agronomic work would be an advantage. 


(2) Agricultural Officers RC 213/18/04 


Duties: Agricultural development work, including farm planning on small 
scale mixed farms, extension planning and development of small seale 
irrigation projects and to assist with training of extension staf. 
Qualifications: Degree in Agriculture, preferably with a postgraduate 
qualification or a diploma in agriculture, and experience in agricultural 
extension work under sub-tropical conditions. 

Salaries: Basic, Rs.2,172-4,800 (£ Sterling 1,267-2,800) p.a. plus an induce 
ment allowance of £153-£372 p.a. Tax free gratuity 25%, Contracts 2 years. 


MALAWI 
Agricultural Officer (Land Use) RC 213/134/027 


Duties: Survey, design and layout of soil conservation works, land use 
classification and farm planning, and the training of junior staf. 
Qualifications: Degree in Agriculture or related subject, preierably with 
experience in land use planning and conservation in tropica: countries, 
Salary: £1,420-£2,600 p.a. In addition, a supplement of £100 p.a. payable 
direct to the officer's bank account outside Malawi and Rhodesia. Tax free 
gratuity 159,-25?5. Contract 2-3 years. 


ZAMBIA 
Agronomists RC 213/132/07 


Duties: To work at and possibly take charge of a regional experimental 
station and be responsible for the definition of agronomic and animal 
husbandry programmes of applied research and to carry »ut applied 
investigational work on a regional basis. 

Qualifications: A degree in Natural Science with post-graduate agricultural 
training, preferably with experience in field experiment wark in the 
tropics, Salary Kwacha 1944—4344 (£ Sterling 1,134-2,534) p.a. 

In addition an inducement allowance in the range of £243-£42* p.a. is also 
payable plus a supplement ranging from £233-£291 p.a. (payable-direct to an 
officer's bank account outside Zambia). 25%, gratuity. Supplement and 
gratuity are both free of local income tax. Contract 3 years. 


For further particulars of these vacancies and an application form 
please write giving your full name, age and brief details of profes- 
sional qualifications and experience, and quoting appropriote 
reference number, to the Appointments Officer, Roam 324; N/12, 
Ministry of Overseas Development, Eland House, Stag Place, 
London, 8.4.1, 


MINISTRY OF OVERSEAS 
DEVELOPMENT 


(19995. 














MINISTRY OF 
OVERSEAS DEVELOPMENT 


The Tropical Pesticides Research Headquarters and Information 
unit will have a vacancy early in the new year for an Editor/Infor- 
mation Officer to assist in the production of a quarterly journal 
devoted to the scientific aspects of pest control in the tropics. The 
successful candidate would be expected to deal mainly with the 
plant disease control aspects of this work. 


Candidates should have a degree or equivalent qualification appro- 
priate to the subject, have a flair for writing and preferably some 
overseas experience. 


Starting salary according to age and experience in either the Assis- 
tant Experimental Officer scale £775-£1,510, or the Experimental 
Officer scale (for candidates aged 26 and over) £1,639—£2,035, both 
inclusive of Inner London weighting. The work will be located in 
Central London. 


Applications by December 20, 1968, to: 

The Director, 

Tropical Pesticides Research Headquarters and Information Unit, 
56-62 Gray's Inn Road, 

London, W.C.1. 


(1845) 


technical assistants 


(Ethical Pharmaceuticals) 





Fisons International Division markets overseas a wide tange of ethical pharmaceutical 
products which have been developed and manufactured in the U.K. 





To assist the Marketing Department with the increasing technical work load of an expanding 
market, we are appoiming a Technical Assistant, 





He is likely to be between 21 and 40 years of age with some relevant technical qualifications. 
Experience in the production and, particularly, quality contro! of ethical pharmaceutical 
products will be invaluable. 






He will be responsible for ensuring that all products for export comply with the special 
pharmaceutical and quality control requirements ot international markets. 





The job is London-based, but some travel in Europe and the U.K. may be necessary. 





The starting salary will reflect the importance attached to this appointment. Conditions of 
employment are excellent and assistance will be given with removal expenses in appropriate 
cases. 











if this opportunity interests you, write with brief details of your education, qualifications 
and experience to 


The Personnel Manager 10, 

Fisons Limited international Division, 
b Fison House, 

9 Grosvenor Street, 

London, W1X OAH. 


0895) 
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OTTAWA 


A selection board of scientists represente 
ing the Civil Service, the U.K. Atomic 
Energy Authority and the Central Elec- 
tricky Generating Board will be in Ottawa 
from January 16 to February 5, 1969, to 
meet 


BRITISH SCIENTISTS 


in Canada who are thinking of 


RETURNING TO 
RESEARCH IN BRITAIN 


Payment of fares (including familv) to 
the United Kingdom will be considered. 


If you know anyone who would Hke to 
meet them please tell him to write to: 


Mr. H. G. Sturman, 
Senior U.K.A.E.A. Representative in 
Canada, 
P.O. Box N.125, 
Deep River, Ontario, 
before December 9, 1968. 


(1849) 





BATH UNIVERSITY OF TECHNOLOGY 


SCHOOL OF CHEMISTRY AND 
CHEMICAL ENGINEERING 


Applications are invited immediately. for 
(a) A 


POST-DOCTORAL RESEARCH 
FELLOW 


and (D A 


POSTGRADUATE 
RESEARCHER 


in the Organic Group to study the syntheses 
of various types of polynuclear nitrogen 
heterocyclic compounds, including some 
allvaloíds. Salaries of £1,340 per annum 
and £900 per annum respectively are avail- 
able for suitably qualified applicants. The 
posts are available for nine months from 
January 1, 1969, in the first instance. 





Application forms are available from 
Registrar (S), The University, Claverton 
Down, Bath. (1876) 


MEDICAL RESEARCH COUNCIL 
EXPERIMENTAL RADIOPATHOLOGY 
RESEARCH UNIT 


HAMMERSMITH HOSPITAL 
DUCANE ROAD, LONDON, W.12 


Two scientists, graduates in biology or pt 
required to work with pathologist and physio- 
logist on the vascular system of tumours to study 
(a) development of vessels in growing rumours 
and the effect of radiation on them, and (b) the 
pattern of blood flow in tumours before and 
after irradiation. 

Apply to the Director. 


UNIVERSITY OF EXETER 
DEPARTMENT OF CHEMISTRY 


Applications are invited for a Postdoctoral Re- 
search Assistantship in Organic Chemistry, for 
work on derivatives of penicillin, tenable for one 
year from January 1, 1969 or shortly thereafter. 
Salary: £1,500 per annum. 

Applications (three copies), with the names of 
two referees, should be sent as soon a& possible 
to Professor H. N. Rydon, Department of Ch 
istry, The University, Exeter. (889) 
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A Food Scientist is required at our Welwyn 
Research Centre to develop a range of fatty food- 
stuffs for the domestic market. His work, which 
will be initially concerned with U.K. requirements, 
will be enlarged to include marketing specifications 
of other European countries, 

The work involves two main aspects. It will 
entail studies connected with the physical texture 
of the products for which certain evaluative tech- 
niques are already available. Secondly, the flavour 
of the product will entail studies of oxidative and 
microbiological deterioration and their prevention. 
In this research, the scientist will have the support 





Food 
Scientist 


The successful applicant should have a back- 
ground in food science or physical/organ:ic chem- 
istry allied with appropriate experience. 

Starting salary for this position will be between 
£1,750 and £2,500 p.a., depending on qualifications 
and experience. Assistance is available fer house 
purchase loans and certain legal and removal 


expenses will be met. 


We believe our research facilities to be the finest 
in our field. If you are interested in joining our 
research team, you are invited to write for an 
application form to the Staff Officer (FRR/317A). 


id 








i 
i 
i 
i 
i 





N.M.R. and D.T.A. 


of the most modern resources which include both 


Unilever Research Laboratory, The  Frythe, 
Welwyn, Herts. 








(1897) 








UNIVERSITY OF LONDON 
KING'S COLLEGE 


DEPARTMENT OF GEOGRAPHY 


Applications are invited for the post of 
LECTURER or ASSISTANT LECTURER 
with special interest in Meteorology and 
Climatology, The successful applicant will 
be required to lecture in these fields and 
to take a major interest in the East African 
Rainfall Project in which the Department 
is concerned, and to initiate research work 
At the new College Field Centre as well as 
normal staff duties. 

Salary scales: (a) Lecturer, £1,470 to 
£2,630 plus £60 London Allowance; (b) 
Assistant Lecturer, £1,105 to £1,340 plus 
rd London Allowance and F.S.S.U. bene- 
t8. 


Conditions of appointment and applica- 
tion forms may be obtained from the 
Registrar, King's College London, Strand, 
W.C.2. and should be returned to him by 
(0755) 


December 31, 1968. 





UNIVERSITY OF GUELPH 
DEPARTMENT OF CHEMISTRY 
FACULTY POSITION IN BIOCHEMISTRY 
Applications are invited for a full professor- 
ship in biochemistry. Preference will be given 
to candidates whose interests lie in the physical 
Chemistry of biological systems. The successful 
candidate will be expected to assist in under- 
graduate and graduate instruction and to engag: 
in independent research. Salary open. The 
present chemistry building is three years old with 
a new wing scheduled for occupancy January 1, 
1969. The Department offers programmes lead- 
ing to the B.Sc, M Sc. and Ph.D. degrees. The 
University is located in Guelph, Ontario, within 
easy access to Hamilton and Toronto, in one of 
the major concentrations of scientific, industrial. 

educational and cultural activities in Canada. 
For further information write to: A. K. 
Colter, Chairman, Department of Chemistry, Uni- 
versity of Guelph, Guelph, Ontario, Canada. 
(1886 
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for Australia 


GEOLOGISTS 


CUNDILL, MEYERS & ASSOCIATES PTY. LTD. 


i 
LH 
: 
» . H d 
Our client is the largest independent geological consulting b 
organization in Australia, and is seeking to appoint several more 
GEOLOGISTS. Suitable candidates will have a B.Sc. or M.Sc. 
in Geology coupled with at least 2-3 years experience in field in] 
geology, including geological mapping, geochemical Surveys 
and assistance with geophysical techniques. Young single 
men are preferred, but married men will also be considered if 
they are under 26 years of age. 
g 
n 


Although suitable candidates would be based in either Sydney, 
Melbourne or Perth, most of their time will be spent in various 
parts of Australia and possibly the islands to the north. The 
work to be undertaken would ínclude assistance in field 
geological projects relating to exploration for a variety of metais 
and non-metais, and also oil and natural gas. 


A commencing salary of around $A5,000 is envisaged (about 
£2,500 sterling). Additional benefits include staff superan- 
nuation and medical-hospital schemes, payment of field 
expenses and initial hotel accommodation on arrival in Australia. 


Applications giving complete résumé cf career to date should 
be sent immediately to: 


CHRISTOPHER A. JAMIESON. (1898) 
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GAR GRADUATE APPOINTMENTS REGISTER 
GILLOW HOUSE WINSLEY STREET _ 
LONDON Wi. 0t636-3600 . 












ROCHE. 


ORGANIC 
CHEMIST 


We have a vacancy in the Chemical Laboratories of our 
Research Department at Welwyn Garden City, Hertfordshire, 
for an Organic Chemist. We are looking for a young man 
with Ist class Honours and a Ph.D. Some post-doctoral 
experience and a particular interest in biochemistry or biology 
might be an advantage but are not essential. 


We are a member of one of the world’s leading chemical and 
pharmaceutical organisations, and conditions of service are 
appropriate to this position. For further information, write 
in confidence, quoting reference RC/N, to the Staff Officer at : 


ROCHE PRODUCTS LIMITED 
15 MANCHESTER SQUARE LONDON WIM 6AP 


0872) 


BIOCHEMIST/ 
CHEMIST 


for CEREALS RESEARCH 


At the LORD RANK RESEARCH CENTRE are located the main R & D 
laboratories of the Ranks Hovis McDougall Group, where research into 
many aspects of the development of food products and processes is carried 
out. 


A. Graduate, with an honours degree in biochemistry or chemistry is 
required to join a team studying the degradation of wheat starch using 
acid or enzymic processes, and evaluating the characteristics of products. 


He must have a knowledge of the characteristics and capabilities of starch 
degrading enzymes, and experience of industrial processes used in the 
degradation of starch would be useful. Preferred age 23-26. 


This appointment provides an opportunity to work in a relatively new field 
with important commercial applications. A competitive salary will be 
offered, and there will be the opportunity later on to progress to more 
senior appointments in either research or in technical management. 


Please write, quoting reference number B}¥/N/TR, with details of age, 
qualifications and experience, to: 


The General Manager, 


THE LORD RANK RESEARCH CENTRE, 


Lincoln Road, High Wycombe, Bucks. Meu 





NATURAL ENVIRONMENT 
RESEARCH COUNCIL 


NATURE CONSERVANCY 


SCIENTIFIC OFFICER/SENIOR 
SCIENTIFIC OFFICER 


Applications are imvhed for the post of 
Scientific Officer/Senior Scientific Officer to 
work in a habitat team investigating the 
ecology of montane grasslands, based at 
ihe Nature Conservancy's Welsh Head- 
quarters and Research Station, Bangor. 


Duties: The team is engaged in studies 
on the nedology, mineral nutrition, pro- 
ductivity, general ecology and management 
of montane grasslands, The officer appoín- 
ted will be expected to undertake studies 
on the ecology of animal communities in- 
cluding the role of sheep in montane 
ecosystems. 

Qualifications and experience: A good 
honours degree in zoology. A knowledge 
of agriculture or a related science would 
be an advantage as would research experi- 
ence in one or more of the following sub- 
jects:  bioenergetics ; animal behaviour: 
biometrics and systems analysis as applied 
io ecological problems. 

Salary Scales : 

Scientific Officer (under 29 years at 
December 31, 1969) £1,020 to £1,740. 

Senior Scientific Officer (normally at least 
26 years and under 32 years at December 
31, 1969) £1,925 to £2,372. 

Initial appointment will be non-pension- 
able but there are prospects of a permanent 
and pensionable post. 

Application forms from the Natural 
Environment Research Council (E), Alham- 
bra House, 27-33 Charing Cross Road, 
London, W.C.2, quoting Ref. E27.132. 
Closing date : December 20, 1968, (1908) 





THE LISTER INSTITUTE 


The Microbiology Department has a 
vacancy for a JUNIOR POSTDOCTORAL 
WORKER to study the replication of bac- 
terial plasmids. Previous microbiological 
experience is not essential, although ex- 
perience of biochemical or tracer techniques 
would be advantageous. 

A SENIOR POSITION in the general 
field of microbial genetics or physiology 
ALSO EXISTS, for which inquiries are in- 
vited. 

Applicants should write, enclosing a 
curriculum vitae, to the Secretary, LISTER 
INSTITUTE, Chelsea Bridge Road, Lon- 
don, S.W.1. (858) 


THE SHIRLEY INSTITUTE 
REQUIRE 


a BIOCHEMIST to join a team working 
on the microbial production of polysac- 
charases. The post would be suitable for 
an honours graduate or recent Ph.D. with 
an interest in fermentation biochemistry. 


Attractive salary will be paid and the 
post is superannuable under the F.S.S.U. 
Scheme ; working conditions are excellent. 
Please apply in first instance to: 


Personnel Section, The Cotton Silk and 
Man-made Fibres Research Association, 
Shirley Institute, Didsbury, Manchester M20 
8RX. (1850) 


G.K. BUREAU 


SCIENTIFIC APPOINTMENTS 


are seeking Veterinary Surgeons, Chemists, 
Physicists. Applied Biologists and Geolo- 
gists. TECHNICIANS for animal houses, 
colleges, hospitals, research centres or in- 
dustry.—Miss J. Hortin, 196 Oxford Street, 
London, Wi., 01-636-6858. No fees to 
pav. {1776} 








WESTMINSTER CONSULTING 
ENGINEERS 


have the following vacancies : 


1. SENIOR PROGRAMMER/SYSTEMS 
ANALYST for scientific and technical pro- 
grammes. Three to five years’ experience 
of similar work, preferably with a water 
resources or civil engineering background, 
is required and education preferably to de- 
aren sandard: The preferred age range is 


2. ENGINEERS or SCIENTISTS experi- 
enced in the practical and theoretical 
aspects of the investigation and develop- 


ment of groundwater resources in the U.K. 
-and overseas, An engineering or scientific 
degree is essential. Candidates must be 
“prepared to spend time overseas, often in 
> remote locations, for which appropriate 
allowances will be paid. The preferred age 
range is 30-40. 


<o Salaries will be negotiated according to 
‘age and experience and successful appli- 
cants will be entitled to join a non-contri- 
butory pension scheme after a qualifying 
period and a group medical insurance 
scheme. 


Applications will be treated in confidence 
and should be made in writing to: 
Binnie & Partners, 
Artillery House, 
Artillery Row, 
LONDON, S.W.1. (1912 





BIRKBECK COLLEGE 


(UNIVERSITY OF LONDON) 


RESEARCH 
ASSISTANT 


Applicattons are invited from graduates 
for a Research Assistantship in the Depart- 
ment of Crystallography for work om the 
structure and physical properties of bone. 
Biological background, with some know- 
ledge of chemistry desirable. Salary £890 
by £55 to £1,110 by £75 to £1,260 per 
annum. Possibility of part-time study for 
a higher degree. 


Applications to Dr. J. W. Jeffery, Birk- 
beck College, Malet Street, agar ta 





INSTITUTE OF LARYNGOLOGY AND 
OTOLOGY 


LECTURER IN MORBID ANATOMY AND 
HISTOPATHOLOGY 


The duties of this post include diagnostics, 
teaching and research work. ‘The Leoturer ap- 
pointed will hold an honorary contract with the 
associated Royal National Throat, Nose, and Ear 
Hospital as Senior Registrar. Salary scale, £1,745 
to £2,820. (The Department of Pathology and 
Bacteriology of the Institute is recognized for 
Final Examination training of pathologists in 
morbid anatomy and histopathology and medical 
microbiology). 

Applications, including the names of two 
referees, should be received not later than 
December 31, 1968, by the Secretary-Administra- 
tor, Institute of Laryngology and Otolegy, 330/ 
332 Gray's Inn Road, London, ibn OM 

( 


UNIVERSITY OF 
NEW SOUTH WALES 


SENIOR TUTOR 
SCHOOL OF PHYSICS 


Applications are invited for appointment to the 
above-mentioned position. Salary will be be- 
tween $A4,725 and $A5,645 per annum depend- 
ing on qualifications and experience. Initial ap- 
pointment is for one vear with prospects of 
renewal on an annual basis. Applicants must be 
graduates in physics. Extensive teaching experi- 
ence is essential. Duties will include teaching 
and development of instructional experiments in 
the third year physics laboratory. 

Details of appointment may be obtained from 
the Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, 
London, S.W.1. Applications close in Australia 
and London on December 30, 1968. (1905) 


IMPERIAL CHEMICAL 
INDUSTRIES LIMITED 


HEAVY ORGANIC 
CHEMICALS DIVISION 


INFORMATION CHEMIST 


Applications are invited from chemistry graduates with experience in 
information work for a post that is available in the scientific and technical 
information unit of our Intelligence Section, with good prospects of acvance- 
ment in this field. The holder would be a senior member of a team engaged 
in providing current awareness and enquiry services to our scientific and 
technical staff. Certain computer methods are in operation, and the holder 
of the post would be concerned with helping to develop the further use of 
such techniques. 


Pension Fund and Profit Sharing Schemes are in operation. 
Write for an application form to: 


H. Williamson, 
Personnel Officer, 
Imperial Chemical Industries Ltd., 
H.O.C. Division 
Organic House, 
Billingham, Teesside. 
Quote ref. No. 441. 


Sea Ice Salary up to $17,000 | 


———— 


Resea rch The sea ice studies of the Polar Continental Sheif Project 
investigate the formation, movement and decay cf sea ice 


in Arctic waters, and its relationship to the oceanographic 
and meteorological influences that control it. 
1 The incumbent will be responsible for a programme into 
Polar Continental the nature and behaviour of sea ice and will undertake a 
Shelf Project continuing investigation of the regional ice cover of the 
sea waters of northern Canada as well as carrying out 
Department of experiments and investigations concerning sea ice in con- 
" nection with oceanographic, geophysical or meteorological 
Energy, Mines and programmes. 
Resources Qualifications include university graduation in æ physical 
or earth science, eg. physics, meteorology, geology, 
OTTAWA glaciology or oceanography, preferably at the Doctorate 
level and several years of demonstrated research experience 
in a related field of study. 


H For further details and application forms plesse write 
Public to the 


Service BIO-PHYSICAL SCIENCES PROGRAM, 
of PUBLIC SERVICE COMMISSION OF CANADA, 
OTTAWA 4, ONTARIO. 
Canada Piease quote circular 68-110-03. (01832) 


UNIVERSITY OF SURREY 
Laboratory Supervisor 


Applications are invited for the position of a Laboratory Supervisor in the Depart- 
ment of Metallurgy and Materials Technology. 

The Supervisor will take responsibility for the deployment and supervision of the 
technicians within the department, covering workshop services, metallurgical 
equipment, undergraduate classes, research support, purchasing and departmental 
accounts, in collaboration with academic staff. 

The applicant should have wide practical experience in laboratory and workshop 
techniques, engineering design, as well as in supervising technical staff. Appli- 
cants should have H.N.D. or corporate membership of an appropriate profes- 
sional institution, but applications will be considered from those whose formal 
qualifications are less if they have exceptional specialist skills or knowledge. 

The starting salary, according to qualifications and experience, will be within the 
range £1,750 to £2,150 per annum. 

Applications, giving full details of age, qualifications and experience, and the 
names of three referees, should be sent to the Staf Officer, University cf Surrey, 
Guildford, by December 31, 1968. O14 


















£2,035 ; A.E.O, £775 (at 18) to £1,200 (at 


56/62 Gray's Inn Road, London, W.C.. 








enior 


1969: E.O. (minimum age 26) £1.639 to 
22) to £1,275 (at 26 or over) to £1,510. 


Prospect of permanent pensionable appointment, 
APPLICATION FORMS from Administration Officer, Tropical Products Institute, 


SCIENTIA CIVIL SERVICE 


Ministry of Overseas Development, 
London 


BIOCHEMIST (graded E,O./A.E.O.) with interest in enzymology required for work 
on metabolic changes in foods of tropical origin. 


QUALIFICATIONS : Degree, H.N.C., or equivalent in appropriate subject. 
22, minimum qualification is G.C.E, in five subjects, including two Scientific/ Mathe- 
matical subjects at * A” jevel or equivalent level. 


SALARY (Inner London) from January 1, 



















Under 


(1859) 


Chemist 


A Senior Chemist is required for a position of 
responsibility in a Pharmaceutical Research Labora- 
tory situated in the Home Counties. 


The successful applicant will probably be about 
45 years of age and will have had previous experience 
in an academic position or in the pharmaceutical 


industry. 


Applicants should apply in confidence to 
Box^964, Nature, T. G. Scott & Son, Ltd., 1 
Clement's Inn, London, W.C.2 




















HUNTINGDON RESEARCH 
CENTRE 


SENIOR PHARMACOLOGIST 


A new post has become available in the 
Centre's Department of Pharmacology. 
Previous experience in cardiovascular or 
neuropharmacological research would be an 
advantage. 

Applicants should possess a good honours 
degree and have had at least four years’ 
postgraduate research experience or a 
higher degree. It is a small but rapidly 
expanding department with extensive facili- 
ties for this type of research. Much of the 
work carried out is of fundamental interest. 
. Applications, giving brief details and 
quoting reference GLW/3. should be 
addressed to the Personnel Officer, Hunt- 
ingdon Research Centre, Huntifgdon 


(1919) 





UNIVERSITY OF GLASGOW 
DEPARTMENT OF BACTERIOLOGY 
(ROYAL INFIRMARY), VIROLOGY 
SECTION, BELVIDERE HOSPITAL, 
GLASGOW, El 

Applications are invited from science 
graduates (microbiology, virology or bio- 
Chemistry) for an ungraded post of Research 
Assistant. The work will be id the field 
of experimental virus chemotherapy and 
experience with autoradiographic techniques 


would be an advantage. . 
Appointment will be for one year in the 


first instance. Salary in the range £800 to 
£1,000 per annum. 

Applications (hree copies) should be 
lodged not later than December 18, 1968, 
with Dr. R. G. Sommerville. Beividere 
Hospital, from whom further details may 
be obtained. 

ROBT. T. HUTCHESON. 
Secretary of the University Court. 
(19173 
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NATURE, DE 


UNIVERSITY OF DURHAM 
DEPARTMENT ‘ F GEOLOGY 


Applications are invited for the post of 
RESEARCH ASSISTANT in PETRO- 
LOGY. The appointment will be for the 
period from February I, 1969 to October 
31, 1969, with the possibility of extension 
for a further year, The duties will involve 
quantitative chemical determinations on 
minerals and rocks from alkaline igneous 
intrusions in Southern Greenland. An 
Honours Degree in Geology or in Geology 
and Physics is required. Research experi- 
ence in Mineralogy or Petrology involving 
the use of XRF whole-rock analysis and/ 
or analyses of minerals using the electron 
probe mícroanalyser would be an advan- 
tage. 

Salary on the scale £850 to £1,260 per 
annum according to age and experience. 

Applications (three copies), together with 
the names and addresses of three referees, 
should be sent by January 1, 1969, to the 
Registrar and Secretary, Old Shire Hall, 
Durham, from whom further particulars 
may be obtained. (1852) 



























UNIVERSITY OF LANCASTER 


DEPARTMENT OF BIOLOGICAL 
SCIENCES 


Applications are invited from per- 
sons with a good honours degree 
for the following posts : 


LECTURER OR SENIOR 
LECTURER IN CELL BIOLOGY 


Preference will be given to appli- 

cants who are specialists in the 

investigation of ceilular fine-struc- 

ture, or in developmental or mole- 
cular biology. 


LECTURER IN PLANT 
PHYSIOLOGY 


No particular field is preferred and 
à specialist interes: in the physi- 
ology of any major group of plants 
is acceptable, 
Further details of both posts may 
be obtained (quoting reference 
L.377C) from the University Secre- 
tary, University House, Bailrigg, 
Lancaster, to whom applications 
(four copies) should be sent by 
December 31, 1968, 
(1848) 


UNIVERSITY OF 
NEWCASTLE UPON TYNE 
THE MEDICAL SCHOOL 
Applications are invited from Science Gradu- 
ates holding M,Sc., Ph.D. or equivalent for the 
appointment of research Associate in the Depart- 
ment of Clinical Biochemistry. The appointee 
will be a member of a research team actively en- 
gaged in studies involving isolation, metabolic 
significance and various clinical applications of 
isoenzymes. Commencing salary within the range 
£1,180 to £1,340 per annum according to qualifi- 
cations and experience. Membership of F.S.S.U. 

required. 

Applications, including the names and addresses 
of two referees, should be sent as soon as pos- 
sible to Professor A. L. Latner, The Depart- 
ment of Clinical Biochemistry, Royal Victoria 
Infirmary, Newcastle upon Tyne, NEI Ade os 

& 


| UNIVERSITY OF ALBERTA 
DEPARTMENT OF BOTANY 

Applications are invited for the position of 
ENVIRONMENTAL PLANT PHYSIOLOGIST. 
Related areas of research offered by the Depart- 
ment are Ecology, Developmental Physiology and 
Plant Biochemisuy. Research opportunides will 
be greatly enhanced by the completion of 
entirely new facilities in the fall of 1969. Teach- 
ing duties would involve participation in elemen- 
tary biology and physiology courses. Depending 
upon the candidates' qualifications, rank and base 
salary for the position are: Assistant Professor, 
$9,500; Associate Professor, $13,000; Full Pro- 
fessor, $17.500. 

Applicants should send curriculum vitae, publi- 
cation Hist. and names of three referees to Dr. 
Wilson N. Stewart, Chairman, Department of 
Botany, University of Alberta, Edmontoa, 
Alberta, Canada. (1733) 








UNIVERSITY. OF NEW ENGLAND 
ARMIDALE, NEW SOUTH WALES 
Applications are invited for the following ap- 

pointments : d 

LECTURER/SENIOR LECTURER IN COM- 
PARATIVE AND PHYSIOLOGICAL PSYCHO- 
LOGY. Applicants must be experienced in the 
conduct of lecture courses and laboratory train- 
ing àt all levels." Consideration will be given to 
suitably qualified comparative physiologists who 
have not had formal training in psychology. 
Skills in neuroanatomy, neurophysiology, neuro- 
surgery, anaesthetics, biochemistry and micro- 
scopy would be advantageous. The successful 
applicant will be required to develop courses 
leading to a degree in biological science. 

LECTURER / SENIOR LECTURER IN 
MATHEMATICAL PSYCHOLOGY. Applicants 
must have advanced training in some branch or 
branches of Mathematical Psychology. particu- 
larly those concerned with the application of 
mathematical models to the problems of experi- 
mental psychology. The appointee will be ex- 
pected to assist in general departmental courses 
and to assist in the development of undergradu- 
ate and postgraduate courses centered on Pure 
Mathematics, Mathematical Statistics and Mathe- 
matical Psychology in the Faculties of Arts and 
Science. 

LECTURER IN BOTANY. Duties include 
the organization and supervision of the Botany 
section of the external course in Biology I and 
internal *work in either plant taxonomy or plant 
physiology-anatomy. Applicants must hold the 
degree of Doctor of Philosophy. 

SALARIES: Senior Lecturer, $A7,600 per 
annum by $A230 to $A8,750 ; Lecturer, $A5,400 
per annum by $A270 to $A7,020 by $A280 to 
547,300. Other conditions include provision for 
travel and removal expenses, superannuation. 
assistance in buying or building a home, and 
study leave. Study leave travel grants are avail- 
able and credit may be granted for existing study 
leave entitlement. 

Further information is available from the 
Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, 
London, §.W.1. Applications close on Decem- 
ber 20, 1968, (1901) 





MELBOURNE, AUSTRALIA 
DEPARTMENT OF PATHOLOGY 
GRADUATE RESEARCH ASSISTANT 


Applications are invited for appointment as 
graduate Research Assistant for cancer research. 
Previous laboratory experience and in particular 
special skill or interest in tissue culture and im- 
munology essential. The Department of Patho- 
Jory is situated in a well-equipped new building 
at the Alfred Hospital, Prahran. Facilities are 
available for part-time study for higher degrees. 
The post will be vacant in January 1969, The 
appointment is for one year with the possibility 
of extension for future years. Further informa- 
tion if required may be obtained from Professor 
R. C. Nairn. Salary from $42,700 per annum 
to $A4.162 per annum according to qualifications 
and experience, " 

Applications in duplicate, giving the names 
and addresses of two referees, should be for- 
warded to the Academic Registrar, Monash Uni- 
versity, Clayton, Victoria, 3168, Australia, as 
soon as possible. 

General information concerning the University 
is available from the Academic Registrar, 
Monash University, or the Secretary-General, 
Association of Commonwealth Universities 
{Branch Office), Marlborough House, Pall Mall. 
London, S.W.1. (1906) 


UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF BOTANY 
LECTURER/ASSISTANT LECTURER IN 
PLANT TAXONOMY 


Preference will be given to candidates with 
qualifications and experience in chemotaxonomy 
and/or serotaxonomy. Salary scale : Assistant 
Lecturer, £1,105 to £1,340; Lecturer, £1,470 to 
£2,630, both with F.S.S.U, 

Applications (three copies. naming two 
referees, should be sent by January 15, 1969, to 
the Assistant Registrar (S), P.O. Box 363, Bir- 
mingham 15, from whom further particulars may 
be obtained. (1840) 


of tissue culture work desirable. Starting salary 
in region £600 to £800.—Apply with names of 
two referees to the Secretary. 34 Sumner Place. 
S.W.7, quoting ref. 301/B/350. 89D 





THE 
UNIVERSITY OF 
LEEDS 


Applications. dre invited for a post 
in the following Department ^ 


FOOD AND 


LEATHER SCIENCE 


LABORATORY INSTRUCTOR 

Grade HI x 

Applicants should : be graduates in 
Chemistry, biochemistry, food science 
Or related subjects and will be required 
to assist in the organization and run- 


ning of final-year food science practical 
classes and of food technology classes. 
Previous experience not essential but 
good practical ability required. Refer- 
ence No. 68/40/2/0. 


SALARY SCALE: Laboratory Instruc- 
tor Grade IH £915 to £1,260. 


Applications (three copies), stating age, 
qualifications and experience, should 
reach the Registrar and Secretary, The 
University, Leeds, 2 (from whom fur- 
ther particulars may be obtained), not 
later than December 30, 1968. Please 
quote Reference Number. (1880) 


UNIVERSITY OF EDINBURGH 


DEPARTMENT OF OBSTETRICS AND 
GYNAECOLOGY 


TECHNICAL OFFICER / SENIOR 
TECHNICIAN required to join a Research 
team concerned with investigation of bio- 
chemical aspects of ovarian function. 
Some experience of steroid biochemistry an 
advantage. H.N.C. or B.Sc. essential. 
Salary in range £1,050 to £1,200 per 
annum, depending on experience. 


Applications to Dr, D. Baird, University 
of Edinburgh, Department of Obstetrics, 39 
Chalmers Street, Edinburgh, 3. (1881) 





THE SHIRLEY INSTITUTE REQUIRES 
a Graduate in Physics, Mathematics or En- 
gineering to work on the characterisation of 
processes in the textile industries, and the 
prediction of their behaviour when operated 
with off-line and on-line systems of control, 

Some knowledge of systems of measure- 
ment or control, or of model building, or 
of the simulation of stochastic processes, 
or operational research techniques, would 
be an advantage, 

The appointment will be made in the 
grade of Research Officer, and is particu- 
larly suitable for a young graduate wishing 
to widen his experience. 

Good prospects, excellent working condi- 
tions, superannuation scheme, etc., salary 
according to age, qualifications and experi- 
ence. Please apply by letter, giving full 
particulars to Personnel Section, Cotton, 
Silk and Man-made Fibres Research Asso- 
ciation, Shirley Institute, Didsbury, Man- 
chester M20 8RX. a851) 





UNIVERSITY OF LONDON 
KING'S COLLEGE 


DEPARTMENT OF BIOCHEMISTRY 
RESEARCH ASSISTANT 


Applications are invited for the above 
post, tenable for one year in the first in- 
stance, to study the effects of antibiotics on 
bacterial ribosomes. Candidates should be 
graduates with relevant training and/or 
experience in biochemistry and/or micro» 
biology. Salary range: £900 to £1,100 per 
annum with F.S.S.U. membership. 

Applications should be made in writing 
as soon as possible to Dr. M. Kogut, De- 
parument of Biochemistry, King's College 
London, Strand, London, W.C.2. (1890) 








AUSTRALIA 
VICTORIAN FISHERIES AND WILDLIFE 
DEPARTMENT 
MARINE RESEARCH OFFICERS 
(4 POSITIONS? 


Yearly Salary Ranges: (a) 3-year degree— 
minimum, $A3,352; maximum, $45,109. 4-year 
degree—minimum, $43,694; maximum, $A5,109. 
Appointees may be eligible for further progres. 
sion to $A6,086 or (b) minimum, $A5,264: 
maximum, $A6,.086. Generally appointments wil 
be within the range shown in GO above accord. 
ing to qualifications and experience, but appli- 
cants possessing special qualifications or with ex 
tensive experience may be considered for appoint- 
ment in the range indicated in (1) above, Note: 
Exchange rate approximately $42.15 to £1 steri- 
ing. 

Duties: Investigations into :he quantitative 
ecology of Port Phillip Bay, with a view to 
assessing the effects of industria! and domestic 
development on the area; other duties ak 
directed. 


Qualifications : 
POSITION NO. I—FISHERIES BIOLOGIST 
An approved degree in Sciense with Zoologe 


as a major, and training in marine ecology: ex- 
perience in fisheries science desirable. 


POSITIONS NOS 2 AND 3—INVERTEBRATE 
ZOOLOGISTS 


An approved degree in Scienee with Zoology 
as a major; appropriate training and experience 
in marine ecology, general ecoiogy, or marine 
invertebrate ecology is desirable 


POSITION NO. 4—PLANKTOLOGIST 

An approved degree in Science with Botany as 
a major; appropriate training and experience in 
marine phytoplankton research ix, desirable, 

Assisted passages and contributions towards re- 
moval expenses. Liberal superannuation benefits, 
recreation, sick leave, and long service leave pro. 
Visions. 

Airmail applications to the Secretary, Public 
Service Board, Treasury Place, Melbourne, Vic- 
toría, 3002, Australia, by December 28, 1968. 

(1883) 


UNIVERSITY OF ADELAIDE 


Applications are invited for the following ap 
pointments the closing date for applications being 
Stated in brackets after each post: 


LECTURER / SENIOR LECTURER IN 
M HANICAL ENGINEERING, preferably 
with interest and experience in mechanical design. 
Deemer aded s 

} LECTURER /READER for work in 
ENDOCRINOLOGY in the Department of Ob- 
Stetrics and Gynaecology at the Queen Elizabeth 
Hospital; an applicant should have a higher 
degree in Biochemistry and have had considerable 
TIME in steroid chemistry. (December 10, 

SALARY SCALES: Reader, $A9,900; Senior 
Lecturer, $A7,500 by $A250 (5) 10 $AB,750 ; Lec. 
turer, $45,400 by $A280 (D by $A270 (6) to 
tA 00. with superannuation on the FPSS. 

is. 





FURTHER. PARTICULARS about each post 
and the conditions of appointment and other ii- 
formation sought wil be supplied on request to 
the Registrar of the University, or to the Secre- 
seta oe of Commonwealth Uni. 
versities ranch Office}, Marlborough x 
Pall Mall, London, S.W.1. MUSS 

APPLICATIONS should be sent in duplicate 
and giving the information lied in the sState- 
ment that will be supplied, to tne Registrar, The 
University of Adelaide, North Terrace, Adelaide, 
907) 





CHAIR OF THEORETICAL PHYSICS AT 
CHELSEA COLLEGE OF SCIENCE AND 
TECHNOLOGY 


The Senate invite applications for the t 
of Theoretical Physics tenable a: Chelsea Coler 
of Science and Technology (salary not less than 
£3,570 a year plus £100 London Allowance). 

Applications (ten copies) mus: be received nor 
later than January 31, 1969, by the Academic 
Registrar (ND, University of London, Senate 
House, W.C.1, from whom further particulars 
may be obtained. (0916) 


RAPHY 
—MASS SPECTROMETRY 


The Rheumatism Research Unit, Nether 
Hospital, Sheffield offer a 12 t» 18 months ap. 
poiniment ior work on GC-MS in relation to 
chemical pathology. Salary accordi qualifi. 
cations and experience. iila 

Inquiries and applications to Br. H. F. WIST, 


Cass 























MONASH UNIVERSITY 

MELBOURNE, AUSTRALIA 
DEPARTMENT OF BOTANY 

Applications are invited for the position of 
SENIOR TECHNICAL OFFICER (male) in thé 
Cell Biology Section of the Botany Department. 
This department has an active programme of 
research into cell biology of cereals with empha- 
sis on the structure of the germinating seed, the 
leaf cuticle and the structure and development 
of plant transport systems, and has recently ob- 
tained funds to establish an electron microscopy 
laboratory. Ref. No. 43042. 

Duties: The successful applicant will be in 
charge of this laboratory and responsible for the 
operation of the microscope. In addition, he 
will be expected to prepare specimens for both 
light and electron microscopy and to assist in 
preparation of photomicrographs. There will be 
ample opportunity to keep abreast of modern 
techniques within the fields of botanical histo- 
logy, histochemistry, cytology and autoradio- 
graphy. 

Qualifications : Diploma, Degree or equivalent 
qualfication in an appropriate field. Preference 
will be given to applicants with previous experi- 
ence in the operation of an electron microscope. 
Knowledge of photographic processing, dark- 
room techniques, and preparation of specimens 
for electron. microscopy are highly desirable. 

Salary: will be in the range Senior Technical 
Officer .A$4,021 to A$4,746 per annum (£stg.- 
$42.50), according to experience and qualifica- 
tions, "The salary for this position is supplied by 
the Australian Research Grants Committee. The 
appointee and his family will be nominated for 
assisted passages and should be prepared to travel 
by air if necessary. Consideration will be given 
to assisting with the cost of removal of furniture 
and household effects. 

FuH information on application procedure, 
conditions of appointment, etc., is avallable from 
the Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, 
London, S.W.1, or the Comptroller, Monash 
University, Wellington Road, Clayton, Victoria, 
Australia, Candidates should make applications 


as soon as possible. 
F. H. JOHNSON, 
Comptroller. 
(1865) 


DEPARTMENT OF PHYSICS 
UNIVERSITY OF WINDSOR 
WINDSOR, ONTARIO, CANADA 
GRADUATE ASSISTANTSHIPS 


The Department of Physics offers teaching and 
research assistantships to students qualified for 
admission to graduate studies and wishing to 
proceed to the M.Sc. or Ph.D. in Physics. Re- 
search is proceeding to atomic collisions and 
atomic physics, E.S.R. and optical properties of 
solids, in non-linear optics, nuclear physics and 
relativistic physics. Stipends up to $4,000 per 
annum, depending on qualifications and duties in 
the department. 

Inquiries should be addressed to Professor L. 
Krause, Head, Department of Physics. oats 


"UNIVERSITY OF SYDNEY 


Applications are invited for the following 
positions : 

LECTURER / SENIOR LECTURER IN 
ECONOMIC GEOLOGY (METALLIFEROUS). 
Applicants should have both teaching and pro- 
fessional experience in economic geology with 
particular reference to the metalliferous deposits ; 
they should also indicate such other geoscience 
disciplines in which they have interest and ex- 
perience. 

LECTURER / SENIOR LECTURER IN 
EXPLORATION GEOPHYSICS. Applicants 
should have both teaching and professional ex- 
perience in exploration geophysics, particularly as 
related to electrical and seismic methods of 
study ; they should also have interest in the ap- 
plication of geophysical techniques to the solu- 
tion of hydrogeological and sulphide problems. 

Salary: Lecturer, $A5,400 by $A270 to $A7,300 
per annum; Senior Lecturer, $A7,600 by $A230 
to $A8,750 per annum. 

information about superannuation, housing 
scheme, sabbatical leave, etc., and method of ap 
plication from the Association of Commonwealth 
Universities (Branch Office), Marlborough House, 
Pall Mall, London, S.W.1. Applications close 
on December 20, 1968. (1903) 


“NOVO RESEARCH INSTITUTE, COPEN- 
hagen, Denmark, requires a young Biechemist 
ot a Physiologist with biochemical interests to 
study problems involving insulin release. Interest 
in clinical problems associated with diabetes 
mellitus would be an advantage. Please reply to 
Novo Industri A/S, 115 Fuglebakkevej, 2200 
Copenhagen N, Denmark. (1842) 











DEPARTMENT OF POULTRY 
SCIENCE 

UNIVERSITY OF BRITISH COLUMBIA . 
POSITION VACANT 


Applications are invited for the position 
of ASSISTANT or ASSOCIATE PROFES- 
SOR in the field of poultry nutrition. Can- ^ 
didates are to have a Ph.D. degree and 
will be responsible for teaching at thé 
undergraduate and graduate level as well as 
directing and conducting research, 


Applications to be sent to the Chairman 
of the Department of Poultry Science, The 
Faculty of Agricultural Sciences, The Uni- 
versity of British Columbia, Vancouver 8, 
Canada. (1835) 





















UNIVERSITY OF LANCASTER 


DEPARTMENT OF CHEMISTRY 


Applications are invited for two 
Lectureships or Assistant Lecture- 
ships in Chemistry. The persons 
appointed will be expected to take 
up their duties on October 1, 1969. 
Preference will be given to persons 
with interest and experience in one 
or more of the following fields : 
Spectroscopy, inorganic chemistry, 
polymer science. 


Further details may be obtained 
(quoting Ref. L.382/C) from the 
University Secretary, University 
House,  Bailrigg, Lancaster, to 
whom applications (four copies) 
should be sent by January 15, 1969. 
(1910) 





NEW SOUTH WALES 
LECTURER (CERAMIC ENGINEERING) 
SCHOOL OF CHEMICAL TECHNOLOGY 
Applications are invited for appoinunent to 
the above-mentioned position. Salary: SAS.400 
range $A7,300 per annum. Commencing salary 
according to qualifications and experience. Ap 
plicants must have high academic qualifications 
in ceramic engineering, chemical engineering, 
metallurgy, industrial chemistry, mining engir- 
eering or other appropriate fields, have had some 
industrial experience and provide evidence of 
research ability in the field of ceramic engineering. 
The successful applicant will tecture and conduct 
a laboratory programme principally in the unit 
operations aspects of ceramic engineering (e.g.. 
heat transfer, fluid flow, comminution, ceramic 
forming processes, drying, firing, and the design 
of related equipment), supervise research pro- 
gramme of honours and higher degree students 
and carry out his own research. Research 
facilities are good. It is hoped the successful 
applicant will enter on duty by January, 1970. 

Details of appointment. including superannua- 
tion, study leave and housing scheme, may be 
obtained from the Association of Commonwealth 
Universities (Branch Office), Marlborough House, 
Pall Mall, London, S.W.1. Applications close in 
Australia and London on June 30, 1969. 

(1904) 


UNIVERSITY OF 
ST. ANDREWS 


COMPUTING LABORATORY 


Applications are invited for the post of 
LECTURER or ASSISTANT LECTURER 
in the Computing Laboratory, St. Andrews. 
Salary scales: Lecturer, £1,470 to £2,630 ; 
Assistant Lecturer, £1,105 to £1,340; start- 


ing salary according to qualifications and 


experience. FIVE copies of applications, 
with the names of three referees, should 
be lodged by December 21, 1968, with the 
Secretary of the University. College Gate, 
St. Andrews, from whom further particu- 
jars may be obtained. 

The University is shortly to take delivery 
of a comprehensive IBM 360/44 Computing 
System, including remote access uit 





ROYAL FREE HOSPITAL SCHOOL 


OF MEDICINE 
(UNIVERSITY OF LONDON) 
DEPARTMENT OF BIOCHEMISTRY 


Applications are invited for an M.R.C. POST- 
DOCTORAL RESEARCH ASSISTANTSHIP for 
the study of the biochemical function of vitamin 
E and its interaction with selenium in vive. 
Initial salary up to £1,415 per annum, plus £60 
London Allowance and F.S.S.U. benefits. The 
grant is tenable for three years, with salary in- 
crement allowance. 

Apply to Dr. A. T. Liphook, Department of 
Biochemistry, Royal Free Hospital School of 
Medicine, 8 Hunter Street, London W.C.1 before 
January 1, 1969, (1868) 





DEPARTMENT OF NATURAL PHILOSOPHY 
LECTURESHIP 


Applications are invited from physicists prefer- 
ably with research experience in high-power lasers 
or in vacuum ultraviolet spectroscopy for ap- 
pointment as Lecturer in the Department of 
Natural Philosophy. The successful candidate 
will be required to take part in undergraduate 
teaching and to participate in the programme of 
research in the Department. Salary scale £1,470 
to £2,630 per annum with F.S.S.U, and placing 
according to qualifications and experience. 

Application forms and further particulars 
(quoting 62/58) can be obtained from the Regis- 
trar, University of Strathclyde, George Street, 
Glasgow, C.1, with whom applications should be 
lodged by December 31, 1968, (1870) 


UNIVERSITY OF BOTSWANA, 
LESOTHO AND SWAZILAND 


Applications are invited for (a) SENIOR LEC- 
TURESHIPS, (b) LECTURESHIPS, (c) ASSIST- 
ANT LECTURESHIPS IN NEW BIOLOGY 
DEPARTMENT. Preference given to applicants 
qualified in Plant Physiology or Ecology, or Plant 
Pathology / Microbiology. Salary scales (expatri- 
ate) (a) R4,200 to R5,320 per annum ; (b) R3,100 
to R4,700 per annum ; (c) R2,600 to R2,800 per 
annum (Rl--lis. 8d. sterling) Various allow- 
ances ; gratuity ; family passages ; biennial over- 
seas leave. 

Detailed applications (six copies), naming three 
referees by January 31, 1969, to Inter-University 
Council, 33 Bedford Place. London, W.C.1, from 
whom particulars may be obtained, 





NEUROSURGERY AND 
NEUROLOGY 
HOLLY LANE, SMETHWICK, 
WARLEY, WORCS 


STUDENT or JUNIOR TECHNICIAN re- 
quired for duties in Depariment of Pathology. 
Applicants should hold G.C.E, “O” level 


certificates in four subjects including two science 
subjects. 

Applications, with names and addresses of two 
referees, as soon as possible to : Hospital Secre- 
(1873) 


cary. 





LONDON, E.C.1 


Postgraduate student with B.Sc, in Biochem- 
istry required for research into some metabolic 
aspects of Diabetes, Post suitable for applicant 
wishing to study for higher degree. Starting 
salary £850 per annum. 

Apply in writing to the Clerk to the Governors 
quoting Ref. R/1 and naming two referees. 

(1899) 


APPLICATIONS INVITED FOR 
faculty positions in Pharmaceutics, Biopharma- 
ceutics and Drug Metabolism or Pharmacology. 
Candidates should possess the Ph.D. degree. Ap- 
pointments will be made at a salary within the 
range $10,000 to $13,000 according to qualifica- 
tions and  experience.—Applications, together 
with a brief curriculum vitae and the names of 
three referees, should be sent to: Dr. M. J. 
Huston, Dean, Faculty of Pharmacy, University 
of Alberta, Edmonton, Albetta, Canada. i 

(1887) 





quires a Technical Assistant or Technician of 
Junior Technical Officer standard, Previous ex- 
perience in microbiology essential. The person 
appointed will be expected to exercise a degree 
of initiative in helping with the research pro- 
gramme, Salary in accordance with Whitley 
Council scales.—Applications with names of two 
professional referees, to Professor L. H. Collier, 
The Lister Institute of Preventive Medicine. 
Chelsea Bridge Road, London, S.W.1. (1857) 

















UNIVERSITY OF SHEFFIELD 


DEPARTMENT OF HUMAN 
BIOLOGY AND ANATOMY 


: Assistant Lecturer or Demonstrator required 
“March 1, 1969, or date to be arranged. Should 
be capable of teaching topographical anatomy. 
Excellent research facilities and opportunity of 
working for research degree. Salary scale for 
those with medical qualifications in range £1.4.0 
to £1,830 (non-medical: £1,105 to £1,340). 
Write, giving details of career and special in- 
terests to Professor R. Barer, Department of 
Human Biology and Anatomy, The University, 
Sheffield S10 2TN, quoting Ref.: PAM. : 
(879 


UNIVERSITY OF STRATHCLYDE 
USCHOOL OF MATHEMATICS AND PHYSICS 
DEPARTMENT OF MATHEMATICS 
LECTURER AND ASSISTANT LECTURER 
IN MATHEMATICS 
Applications are invited for the above posts 
Preference wii be given to candidates with an 
interest in numerical analysis or statistics. Salary 
scales: Lecturer £1,470 to £2,630, Assistant Lec- 
turer £1,105 to £1,340 with F.SS.U. The initial 


Si Salary of the persons appointed will depend upon 


qualifications and experience, 

Application torms and further particulars 
(quoting 63/68) may be obtained from the Regis- 
trar, University of Strathclyde, George Stree?, 
Glasgow. C.1, with whom applications should be 
lodged by December 31, 1968 871) 


ROYAL FREE HOSPITAL SCHOO 
OF MEDICINE 


DEPARTMENT OF MORBID ANATOMY 


Applications are invited from medical and noa- 
medical graduates for the post of RESEARCH 
ASSISTANT, tenable for up to 3 years, The 
Research Assistant will work on the fine struc- 
ture of human liver in disease. 














CHAIR OF ELECTRICAL ENGINEERING 


Applications are invited for appointment to the 
Second Chair of Electrical Engineering, with 
Special reference to Systems Engineering in Con- 
trot and/or Power Systems. The Chair will fall 
vacant on January 1, 1969, by the resignation of 
Professor J. Lubbock on his forthcoming 
appointment as Academic Dean at the Asian 
Institute of Technology, Bangkok. 

Applications (20 copies), in the case of over- 
seas applicants 1 copy, with the names of three 
persons to whom reference may be made, should 
be submitted not later than January 31. 1969, to 
the undersigned. from whom further particulars 
may be obtained. 

ROBT. T. HUTCHESON, 
Secretary of the University Court. 








SENIOR LECTURESHIP IN ELECTRICAL 
ENGINEERING 


Applications are invited for a post of Senior 
Lecturer in the Department of Electrical En- 
gineering. Candidates should possess higher de- 
grees and/or corporate membership of the Insti- 
tution of Electrical Engineers. Preference will 
be given to candidates with research and teach- 
ing experience in one of the following fields: 
telecommunications, microwave. radar, digital 
computers and materials science. Annual salary 


(superannuable) (approximate present sterling 
equivalents in parentheses) is: $HK47,360 by 
SHK1,840 to  SHK58,400 by S$HK2,000 to 


$HK62.400 (man or woman) (£3,255 to £4,288). 
Further particulars and application forms may 
be obtained from the Association of Common- 
wealth Universities (Branch Office), Marlborough 
House, Pall Mall. London. S.W.1. or the Regis- 
trar, University of Hong Kong. Closing date for 
applications January 15, 1969. (1902) 





Duties research and 
teaching in environmental toxicology. Educa- 
tional prerequisite Ph.D. in chemistry, bio- 
Chemistry, chemical engineering or closely related 
discipline. Experience in field desirable but not 
essential. Prefer person under 40 years of age.— 
Send curriculum vitae to Dr. G. F, Stewart, 
Agricultural Toxicologv Laboratory. University 
of California, Davis. California, U.S.A., 95616. 
(16000 








P «UNIVERSITY OF VICTORIA 
` DEPARTMENT OF CHEMISTRY 
DEPARTMENT HEAD 


An established senior colleague with suitable 
administrative and teaching experience to head 


a growing -sixteen member department, which 
maintains excellence in undergraduate instruction 
and offerg;M.Sc. and Ph.D. programmes to select 
aan Duties to commence about July 1, 
1969, 

“Applications, including curriculum vitae, will be 
received until February 15, 1969, by The Dean. 
Faculty of Arts and Science, University of Vic- 
toria, Victoria, B.C., Canada. (1836) 


FELLOWSHIPS AND 
STUDENTSHIPS 





UNIVERSITY OF SUSSEX 
SCHOOL OF BIOLOGICAL SCIENCES 


RESEARCH FELLOW 


Applications are invited for a RE- 
SEARCH FELLOWSHIP in BIOCHEM- 
ISTRY, to work under the direction of 
Professor A. Korner on research into the 
mechanism of biosynthesis of proteins and 
nucleic acids in mammalian tissues. 


The post, which is available from April 
1, 1969, until July, 1973, is on the salary 
scale £1,105 to £1,340. 


Applicants should write, as soon as pos- 
sible. enclosing a curriculum vitae and the 
names of three referees, to Professor A. 
Korner, School of Biological Sciences, The 
University of Sussex, Falmer, Brighton 
BNI 9QG, quoting Ref, 31/1. (1896) 





TURNER AND NEWALL RESEARCH 
FELLOWSHIP 


The Committee on Turner and Newall Research 
Fellowships proposes to make an election in 
Hilary Term 1969 to a Fellowship to commence 
at the beginning of the academic year 1969-70. 

The Fellowship (which is open equally to men 
and women) is for research in chemistry, physics. 
geology, mincralogy, metallurgy, applied mathe- 
matics, engineering, and related technologies, Ir 
will normally be a condition of eligibility that 
the Fellow shall by the effective date of the 
appointment have taken the Degree of Doctor of 
Philosophy, or its equivalent at another univer- 
sity. The annual stipend of the Fellow will be 
within the range £1,100 to £1,400, depending on 
age and qualifications, The Fellowship will be 
tenable for three years. 

Applications should reach the Registrar, Uni- 
versity Registry, Clarendon Building, Oxford, not 
later than February 1. 1969, Each candidate 
should submit with his application: (i) date of 
birth; (ii) a statement of his career to date 
{including degrees obtained); (iii) the names of 
two referees (one of whom should be the head of 
the department in which he is at present work- 
ing); Civ) copies of any published papers ; (v) a 
Statement of the department in which he wishes 
to work, giving an indication of the nature of 
the work which he would propose, if elected, to 
carry out. (1866) 


CITY OF LEICESTER 
RECIONAL COLLEGE OF TECHNOLOGY 
(Constituent College of Proposed Polytechnic) 
Applications are invited for full-time post of 
RESEARCH STUDENT in POLYMER CHEM- 
ISTRY, to commence as soon as possible. The 
Studentship is for three years and work is in- 
tended to lead to a Ph.D. Should have Honours 
Degree in Chemistry, or equivalent. Award is 
£550 per annum, plus additional payments for 
demonstrating in laboratories. 

Further particulars and application form from 
Registrar. P.O, Box 143, Leicester. (04853) 


"UNIVERSITY OF WINDSOR 


POSTGRADUATE RESEARCH FELLOWSHIPS 
PHYSICS OF ATOMIC COLLISIONS 


Applications are invited from highly qualified 
candidates who wish to proceed to the M.Sc. and 
Ph.D. degrees with specialization in physics of 
atomic collisions. The Fellowships provide an 
annual stipend of $3,000 and a travel allowance. 

Farther information may be obtained from 
Professor L. Krause, Head, Department of 
Physics, University of Windsor, Windsor, 
Ontario, Canada. (1813) 








OXFORD COLLEGE OF 
TECHNOLOGY 
(Polytechnic Désignau) =. 
Principal: Howard Buckley, ARCA, ATD 


TROPICAL PRODUCTS INSTITUTE 
RESEARCH STUDENTSHIP 


Applications are invited from suitable qualified 
graduates to work for a Ph.D. oa problems ir 
volved in the large-scale extraction of natural 
products. The project is supported by the Tropi- 
cal Products Institute and is likely to be suitable 
for graduates in chemistry. chemical technology 
or chemical engineering. The terms and condi- 
tions of the research studentship are similar to 
those offered by the Science Research Council 
(£530 per annum for an unmarried person), The 
award is for two years initialle but may be 
extended by a further year. 

Further details from Mr. W. Sabel, Principal 
Lecturer in Industrial Chemistry, College of 
Technology, Headington, Oxford. to whom ap 
plication (no forms), should be submitted as soon 
as possible. (1918) 








UNIVERSITY OF SURREY 
DEPARTMENT OF BIOLOGICAL SCIENCES 


WELLCOME FOUNDATION 
POSTGRADUATE STUDENTSHIP 


A GRADUATE, preferably with some experi- 
ence of work on animal viruses, is required to 
participate in research on chicken tumour viruses. 
The studentship is tenable at tbe Wellcome Re- 
search Laboratories for three years and the suc. 
cessful candidate will register for a higher degree 
of the University of Surrey. A grant equivalent 
to Research Council rates will be provided, 
limited funds are avaílable for travel, and it is 
possible that up to £100 may be earned from 
University. Demonstrating. 

For further particulars and' application forms, 
which must be submitted before December 14, 
1968, write to Dr. M. Butter, University of 
Surrey, 14 Falcon Road. London S,W.I1. 





UNIVERSITY OF TORONTO 
DEPARTMENT OF CHEMISTRY 


Applications are invited for admission to pro- 
grammes leading to the degree of M.Sc. and 
Ph.D. in the fields of analytical, biological, in- 
organic, organic, physical and theoretical 
Chemistry. Prospective graduate students. should 
have, or expect to receive. an honours degree in 
chemistry (or its equivalent), All students 
accepted are assured of financial support through 
Scholarships or Teaching Fellowships and a 
minimum stipend of $3,600 per annum is guaran- 
teed. (Teaching fellowships involve assistance 
with undergraduate laboratory supervision up to 
a maximum of two periods (six hours) per week.) 
Assistance with travel is also provided. 

For further information please write, quoting 
Ni, to Dr. D. J. Le Roy, Chairman, Department 
of Chemistry, University of Toronto, Toronto 5, 
Ontario, Canada. C1863) 


RESEARCH FELLOWSHIPS 


THEORETICAL PHYSICS INSTITUTE 
UNIVERSITY OF ALBERTA 
EDMONTON, CANADA 


Applications are invited for postdoctoral re- 
search fellowships in theoretical physics, Fellow- 
ships carry a stipend in the range $6,500 to 
$7,300 per annum, income tax free and are tere 
able for periods up to three years. Removal 
assistance is provided by the Institute. Applicants 
should ask two or three referees to write letters 
of recommendation. In addition, applicants 
should state their age, qualifications and experi. 
ence and supply a list of publications. 

All correspondence shouid be addressed to 
A. B. Bhatia, Theoretical Physics Institute, Uni- 
versity of Alberta, Edmonton, Canada, from 
whom additional particulars may be ucro 

ass 


LECTURES AND COURSES 


UNIVERSITY OF MANCHESTER 
DIPLOMA IN BACTERIOLOGY 


Applications are invited for admission to 
Course, for session 1969/70. designed to give 
training and experience in aspects of bacteriology 
and animal virology of general importance in the 
application of the subjec: to different special- 
ised fields. Qualifications in medicine, veterin- 
ary medicine or other branches of science, and 
substantial postgraduate practical experience in 
tacteriologv required, 

Application forms, obtainable from Department 
of Bacteriology and Virelogy, Willlamson Build. 
ing. Brunswick Street, Manchester M13 OPL, to 
be returned before February ], 1969, — (1803) 




















(Constituent Ns of ee North East | ik adok Folytechnic) 


SCHOOL OF BIOCHEMISTRY AND MOLECULAR BIOLOGY 





INTRODUCTION TO A Short Course comprising Wednesday (all. — The course is designed to give.an tip-ro-date introduc- 




















tion to the various techniques in current use in 
VIROLOGICAL day and evening) and Friday evening Virology. it will consist of lectures, demonstrations 
TECHNIOU ES t UARY to 28th FEBRUARY, 1969. and practical sessions. Particular emphasis will be 
placed on the practical aspectsand on animal virology. 
AMINO Wednesday Evenings, 6.30—9.30 b.m. The following will be covered in lectures and in 
8th ANUARY is A practicais: Qualitative and quantitative thin layer paper 
ACID ANALYSIS t J to 12th MARCH, 1969 chromatography. lon exchange methods. High voltage 
electrophoresis. Gas chromatographic determinations. 
Automated recording amino acid analysers will be used 
experimentally, and the theory of their warking will 
be covered. 
CHROMATO- (A) A SHORT FULL-TIME COURSE 24th Each souris is designed, to give an up-to-date 
introduction to the various techniques of chromato- 
GRAPHY and n EU MARCH, 1969 graphy and electrophoresis in current use, and will 
ELECTROPHORESIS ( ) HORT PART-TIME COURSE Friday consist of lectures and practical sessions, Particular 
afternoon and evening, 2.15-9.00 p.m. emphasis wit be placed on he practic aspects and 
limitations of the techniques. Radiochemical aspects — x 
7th FEBRUARY to 7th MARCH, 1969. will be included. a 
B.Sc. GEN. (Hons., Biochemistry in Part Il Two years full-time. 
London) 
| 
M.Sc., M.Phil. and (PHYSICAL BIOCHEMISTRY) Research topics include the effect of D,O on nucleic i 
acid~protein associations, DNA replication and 
Ph.D. protein biosynthesis; antigen-antibody reactions. 
ADVANCED A Short Full-Time Course 3rd MARCH to The course 5 designad to give Lied aah information 
in immuno-electrophoresis, immuno-diffusion, 
IMMUNOLOGICAL Sth MARCH, 1969. immuno-fluorescence, and immuno elserrofoeuimg.. i 
it will consist of lectures, demonstrations and practica 
TECHNIQUES sessions and is suitable for biochemists, pathologists, 


medical practitioners, chief laboratory technicians and 
other qualified personnel concerned with 
immunological work. 





CENTRIFUGAL THURSDAY EVENINGS, 6.30-9.30 p.m. His e ineoles fectures and biscticals on the 
ollowing: e use of high speed centrifuges in 

METHODS OF 9th JANUARY to 13th MARCH, 1969. preparation rd subarauent analysis of sub-cellular 
components (The use of molecular sieves in separation 

PREPARATION of sub-cellular components will also be covered.) 


AND ANALYSIS Analytical ultracentrifugation of proteins, nucleic acids 


and ribosomes. Zonal ultracenzrifugation (proteins, 
nucleic acids and ribosomes). 





RADIOACTIVE TUESDAY EVENINGS, 6.30-9.30 p.m. This course is designed to give an Lente to the 
major t rgani f 
TECHNIQUES 7th JANUARY-I8th MARCH, 1969. organic chemistry, biochemistry and clinical chemistry. 


The emphasis will be on practical techniques suitable 
for adaptation to a wide variety of purposes, The cours: 
meets the requirements of the Department of 
Education and Science Memorandum 1/65 in respect 

of training of teachers in the handling of radioisotopes, 





BIOCHEMICAL A course leading to a College Diploma i otie is desighed asa introduction to practical 
; iochernistry and covers description of materials o 
TECHN L| OUES MONDAY EVENINGS—over one academic biochemistry and their analysis, methods of investigation 
session 6.30-9.30 p.m. of metabolism of living tissues and genetic influences’. 





Two courses of Supplementary Study in preparation for the 


LICENTIATESHIP OF THE ROYAL INSTITUTE OF CHEMISTRY 
and/or COLLEGE DIPLOMA in the following: 


A) BIOCHEMISTRY and MOLECULAR (B) MODERN PHYSICO-CHEMICAL 
BIOLOGY METHODS OF ANALYSIS 
The course extends over one academic session occupying one The course extends over one academic session occupying one full 
full day and one evening per week (Thursday). day and one evening per week (Tuesday). 








Other courses, including those concerned with enzymology, virology, toxicology, immunology, pathology and nucleic acid-protein fields, will 
commence in April, 1969 


FURTHER DETAILS are available from the Head, School of Biochemistry and Molecular Biology. (1875) 
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UNIVERSITY OF DUNDEE 
DEPARTMENT OF MATHEMATICS 


RESEARCH STUDENTSHIPS 


Applications are invited for Research 
Studentships to undertake research, leading 
to a higher degree, on the propagation of 
sound waves in water aad their scattering 
by obstacles. A variety of analytical and 
numerical problems is' involved and appii- 
cations are invited from candidates who 

have training or experience in the methods 
of applied mathematics. The successful ap- 
plicants will work in the Department of 
Mathematics in collaboration with a group 
headed by Professor D. S. Jones, F.R S. 


The value of each Studentship wil de- 
pend upon qualiications but will not ex- 
ceed £740 per annum plus fees, A 
studentship. will start from a mutually 
agreed date and, subject to satisfactory 
progress, wilkebe for two years in the first 
piace.” = 

‘Applications, with the names of two 
referees, should be sent by December 21, 
1968, to Professor D. S. Jones, Department 
of Mathematics, The University, Dundee, 
DDI 4HN, from whom further particulars 
may be obtained. (882) 















UNIVERSITY OF EDINBURGH 


Science Research Unit 


RESEARCH ASSISTANT required for 
ihe pilot stage of an Oral History project. 
to prepare and conduct interviews with dis- 
tinguished British scientists. Salary im range 
£1,000 to £1,200 per annum. 


Further details from the Director, Science 
Studies Unit, University of Edinburgh. 34 
Buccleuch Place, Edinburgh, 8. (1911) 






































"UNIVERSITY OF OXFORD 
“ THE QUEEN'S COLLEGE 


JUNIOR RESEARCH FELLOWSHIP IN THE 
à, PHYSICAL SCIENCES 


The Governing Body proposes, if a suitable 
candidate’ pfesents himself, to elect to a Junior 
Research Fellowship in the Physical Sciences (in- 
cludiüg Engineering and excluding Mathematics). 
The successful candidate will enter upon hís 
Fellowship on October 1, 1969. The basic stipend 
of the Fellowship, which is pensionable under 
the Federated Superannuation System for Univer- 
sities, is.£900 per annum. The Fellowship wili 
be tenable for three years and may (but only in 
exceptional circumstances) be renewed for a 
further period not exceeding three years. The 
Fellow will be entitled to free rooms in College 
{or in approved -cases to an increase of stipend 
in lieu) and to free luncheon and dinner at the 
Common Table. He may, with the leave of the 
Governing Body, engage in teaching up a maxi- 
mum of six hours weekly. 

Candidates must by October 1, 1969, have 
passed all the examinations required for a first 
degree at Oxford or another university, and 
must not have exceeded the thirtieth term from 
their matriculation. Candidates should apply to 
the Provost, The Queen’s College, Oxford, not 
later than January 31, 1969. They should 
enclose a statement of their qualifications and of 
the nature of the advanced study or research 
they propose to undertake, and should submit 
any publications or other completed work they 
wish to have taken into account. They should 
also give the names of three persons prepared 
to act as referees. (1877) 
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GRANTS & SCHOLARSHIPS 


CHELSEA COLLEGE OF SCIENCE 


AND TECHNOLOGY 
(UNIVERSITY OF LONDON) 


BIOPHYSICS 


A Research Assistantship is available, unde: a 
grant from the Medical Research Counci, for a 
research worker to study — piysical-chemicat 
properties of lipid membranes. Applicants should 
have a higher degree (eg. M.Sc. or PROD is 
biophysics or a related field. The grant will be 
available for up to three years and the salary 
will be in the range £750 to E£1,250 per annum, 
depending on qualifications and experience. The 
post is subject to F.S.S.U. superannuation. 

Applicants should apply with cerriculum vitae, 
to Dr. D, Rosen, Biophysics Laboratory, Chelsea 
College of Science and Technology, Manresa 
Road, London, S.W.3. (sop 


^ DEPARTMENT OF PHYSICS _ 
UNIVERSITY OF MANITOBA 


Offers generous assistance to highly qualified 
students wishing to do graduate work in physics. 
Extensive and modern facilities for work it 
nuclear structure and reactions, solid state, low 
temperature, atomic physics and eosmic rags are 
available. 

For information apply to: Head, Department 
of Physics, University of Manitoba, Winnipeg I9, 
Manitoba. C1862) 


FRENCH GOVERNMENT SCHOLARSHIPS 
for further study and research in France in 
applied and pure science, medicine and agricul- 
ture are offered for the academic year 1950-70 to 
candidates with university degrees or comparabie 
qualifications, Closing date Febraary 1, 1969, 
Details from Scientific Service, French Embassy, 
22 Wilton Crescent, London, S.W 1. (1809) 












MISCELLANEOUS 


SCIENTIFIC AND TECHNICAL TYPE. 
writing Service, Confidential Julia Pratt, Hc, 
30 Craven Street, Strand, London. WiC. Teile 
phone 01-839 2861. OCHOA) 





Price: $47.00 
F.O.B, Minneapolis 


A clear interpretation at last! 


| The E121 viewer provides rapid interpretation of 
immune precipitates in agar. 


| Order number E121 or write for catalogue describing 
; our complete immunochemistry equipment and reagent 





KALLESTAD LABORATORIES, INC. 
| 4005 Vernon Avenue, 





‘It’s the most 
oractıcal scope 
or us.” 


It's quite convenient in both of our areas of interest. 
pecimen change is rapid and simple. And the 
bw contamination rate is especially important." 


bumner Zacks, M.D., Pathologist, specializes in 

xperimental pathology and neuropathology ata 
ajor American teaching-affiliated hospital. He uses 
e electron microscope as a tool in experimental 
munochemistry and histochemistry, and in 

tudies of nerve and muscle morphology. 


We like the rapid pump-down too. It substantially 
creases production. And with the mechanical pump 
the auxiliary cabinet instead of the console, 

peration is agreeably quiet and vibration is absent. 

he fast photographic system speeds up plate 
andling ... the heated aperture is one of the 

etter additions.” 


eatures like these have made an EMU-4 electron 
icroscope the logical choice of over 80 researchers. 
s many other unique qualities can make it essential 

b your work too. Our brochure on the EMU-4 
iscusses them fully. 

ontact your local RCA distributor or write to 

CA Commercial Electronic Systems Division, 

ept. 715, Bldg. 15-5, Camden, New Jersey 08102, 
.S.A. For Europe, Middle East and Africa, write to 
CA International Marketing, S.A., 118 Rue du Rhone, 
eneva, Switzerland. 
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1e LKB Minimum Space ; 
action Collector ls 


Jesigned for space saving 

Jesigned for coldroom use 

Jesigned for standard test tubes 

Zompact, removable electronic unit 

3tainless steel support rods—polypropylene racks 

*or time, drop and volumetric capabilities | 


Rack to accommodate 8 to 13 or 15 to 18 mm dia. 
tubes 












Flow stop valve for positive flow control 
Electronic counting system 
Power outlet for flow pump 


Provision for event 
marking 


200 test-tube capacity 


LKB INSTRUMENTS LTD. @ LKB HOUSE 
232 Addington Road eS. Croydon, Surrey CR2 8YD e TEL: SANderstead 01-657-0286 


HQ LKB-PRODUKTER ABe STOCKHOLM, SWEDEN 
INTERNATIONAL: SUBSIDIARIES: WASHINGTON, THE HAGUE, COPENHAGEN, VIENNA, STOCKHOLM 
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High resolution 
NMR 


Genetics of 
Tristan da Cunha 


Translation of 
circular DNA 


SHT metabolism 
and depression 


[nsecticides in 
global ecosystem 


Lunar tsunamis ? 


Protostars and 
OH emission 
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old-fashioned 


service and quality 





Remember the good old days when people 
cared and gave you the best service possible? 
Well, some people still care. The people at 
Nutritional Biochemicals. 


things that add up to good old-fashioned 
service. 

Every order, large or small, gets the most 
careful attention. It’s simply because we 


Sure, we have the most modern facilities. 
Spacious new buildings. Lightning-fast dis- 
patch and delivery systems. The largest 
supplies of the finest quality biochemicals. 
The newest biochemicals. All of the modern 


want our customers all over the world to be 
the most satisfied customers in the world. 
That's the slant we take when it comes to 
service. Old-fashioned satisfaction. There's 
no other angle. 


Send for our free catalog contain- 
ing more than 3000 items. 


| 

| 

| NUTRITIONAL 
| BIOCHEMICALS 
| CORPORATION 
| 
| 
| 


Name 
Organization 


Address __ = 


26201 Miles Road 
Cleveland, Ohio 44128 U.S.A. 
Phone 216-662-0212 


City ——— 


State Zip m 
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We are a clear and 
precise reference for 
all who are interested 
in untraditional 
products 





We do not ignore the past. If we did, we should be de 
nying a long experience and neglecting a wealth of 
knowledge and technological skill acquired over eighty 


years of activity. There is ample room in our catalogue for, 
let's call them, “routine” plastics, but our eyes are turn. 


ed to the future, since the more advanced converter 
industries need semi-finished products having new and 
futuristic characteristics To get an idea of what we are 
producing with a mind to the future, a glance at the 
following will be sufficient. 


Styrene-acrylonitrile copolymer 
Oriented and unoriented polypropylene film 
Ethylene-propylene rubbers 





Fluorinated rubbers 





Vinyl-based thermoplastic alloy 





Fluorinated oils 





Polytetrafluoroethylene in powder, dispersion and 
paint form 


High-purity silicon for electronics 








Sulphur hexafluoride 





MONTECATINI EDISON S.p.A. 


Divisione Estero — 20121 Milano (Italia) 


> 














TLC. RADIO SCANNER 


FEATURING 
WINDOWLESS GASFLOW ‘HIGH RESOLUTION 
DETECTOR 4 c.p.m. BACKGROUND. 


EXACT SYNCHRONISM OF 20 x 20 cm. PLATE 
AND CHART TRACE. - 


AUTOMATIC MULTIPLE LANE SCANNING. 
TWO DIMENSIONAL SCANNING FACILITIES. 


POTENTIOMETRIC RECORDER FOR FAST 
RESPONSE AND ACCURACY IN LOW ACTIVITY 
REGIONS. 


INTEGRATOR WITH PRINT-OUT OPTIONAL. 
ge LS 
"ad vet DI 


f OA Exe or: 












The scanner accommodates a single 20x 20 cm. 
radiochromatogram plate or several plates up 
to the same area, and uses a standard recorder 
providing perfect synchronism of the radioactive 
spot and chart trace. The very low gas consump- 
tion detector can be programmed to completely 
scan in sequence as many different sections of 
the plate as required. At the end of each scan 
the detector automatically moves to the next 
pre-determined position on the T.L.C. plate. 


APPLICATIONS FOR OVERSEAS 


qi AGENCIES INVITED 
FURTHER DETAILS 


PANAX EQUIPMENT LIMITED 


Holmethorpe Industrial Estate, Redhill, Surrey. 
Tel: Redhill 63511 
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NATURE. DECEMBER 14, 1968 


Were planning a population explosion. 


When you build a better rat, the world beats a path to your door. 
To our door in Elbeuf, France. To our door at Wilmington, Massachusetts, 
U.S.A. So we're expanding production facilities for our COBS rats. 
In Elbeuf, our rat production will double in early 1969. In Wilmington, we're 
just completing an expansion that will increase production substantially. 

ut the important things won't change. Every animal will remain specifically 
bred for uniform response. And raised under the strictest controls. With 
pasteurized food. Sterilized bedding. Continual virus monitoring. And a 
nucleus stock maintained in germfree isolations. 
Which are the reasons you ordered Charles River rats in the first place. 
Drop us a line for our new price list and further information. Then just tell 
us how many animals you need. We can get them to you within a day. 
Charles River France S.A., B.P. 29, 76-Saint-Aubin-Les-Elbeuf, France or 
Wilmington, Massachusetts, U.S.A. 





Here we grow again. 


FROM THE 


Charles River 9 sy 


FRANCE SA. TO RESEARCH 
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Student's Muscle Holder 


A perspex bath with an overflow 
pipeandtwo platinum electrodes 
is fitted to a muscle holder 
mounted on a calibrated rack- 
work boss-head. The muscle 
nerve can easily be laid across 
the electrodes beneath which 
adequate space is allowed to 
place a piece of blotting paper 
moistened with Ringer Solution. 
The arrangement is mounted 
below an Isometric Lever. 


For further details of this equipment, contact: 





NEW FROM 
PALMER 





8048 Stimulator 


This provides electrical pulses 
from 0.05 to 5 milliseconds in 
width at frequencies from 0.5 
to 100 pulses per second. The 
pulse amplitude is variable be- 
tween 0 to 25 volts. The instru- 
ment operates in three modes: 
repetitive pulses, single-shot 
pulses or pulses in response 
to the closure of external 
terminals. Fully transistorised 
circuits give this instrument 
excellent reliability. 









THE PERFECT 

SET-UP FOR 
FROG’S 

GASTROCNEMIUS 





E. P. Kymograph 


The whole arrangement is com- 
pleted by registering muscle 
contraction by means of the 
Standard Palmer E. P. Kymo- 
graph, an electrically driven 
recording drum especially de- 
signed for Student and general 
experimental work. 


CeojE HE C.F. Palmer (London) Limited, 


12/16 Carlisle Road, The Hyde, Colindale, London N.W.9. Telephone : 01-205 5432 
A member of the BTL Group of Companies 


CP.8 


vi 





- How Catalin 
Molecular 
Models aid 


experimental 


research... 


Covalent model 
of sucrose. 





Besides their use as teaching aids, Catalin models 
are widely used in organic chemistry and physics to 
investigate relationships between structure and the 
properties of matter. 


Each atom is precision made to dimensions derived 
from up-to-date information and molecular 
structures resulting from their use are sterically 
accurate. 


Molecular configurations cover 16 
elements in 53 varieties while ionic 
configurations provide 36 elements 
and 41 model ions. Colour is 
related to the Periodic Table code. 


Catalin 





Write for literature 
and price list to: 


CATALIN LIMITED 
Waltham Abbey, Essex 
Telephone: Waltham Cross 23344 
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New...... 
from Du Pont 


PRECISION PHOTOMETER 








As a detector *or liquid chromatography and amino 
acid analysis, the Du Pont Precision Photometer 
offers high sensitivity and linearity. The Precision 
Photometer detects nanogram concentrations of 
material in chromatographic effluents and maintains 
linearity over four decades of absorbance. Designed 
for low volume flow cells, this compact laboratory 
photometer can be used conveniently with small 
internal diameter columns. 


Features: 


SENSITIVITY—most sensitive filter photometer 
available ; 2x10- absorbance units. Permits the use 
of smaller flow cells minimizing dead volume. 


LINEARITY—the unique logarithmic amplifier pro- 
vides an output which remains linear with concen- 
tration over a 10,000: 1 range. 


VERSATILITY—available as dual beam or split 
beam analyser. 


Split Beam Analyser measures the difference 
in absorption at two distinct wavelengths thus 
providing compensation for interfering materials. 


Dual Beam Analyser measures absorption of 
a single wavelength through two beams (reference 
and measuring) to give precise differential 
absorbance. 


MODULAR DESIGN—compact optical module can 
be fitted directly on column; separate control! station 
can be placed with rest of control modules. 


INSTANT SPAN CALIBRATION--stable and 
permanent calibration standard designed into Pre- 
cision Photometer. 


ABSOLUTE ABSORBANCE ACCESSORY— 
output terminal included for monitoring absorbance 
of one channel. 


INSTRUMENTS 
DU PONT HOUSE 
FETTER LANE 
01-242 9044 LONDON EC4 
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£970 


Our new Infragraph 
Spectrophotometer costs only £970. 

Yet it’s about the best medium-reso- 
lution infra-red spectrophotometer you 
can buy. And it’s certainly the best value 
for money. 

Take a look at this Infragraph trace 
and then check through these four 
vital value-for-money features and get 
the rest of the story. 

Wavelength range. 

The Infragraph covers the whole of the 
most useful range from 4000-650 cm. 
See trace for resolution achieved. 

A4 graph paper or flow chart. 

Our Infragraph uses either A4 or contin- 
uous paper equally well. Produces a 
clean, well-defined spectrogram at speeds 
ranging between two and ten minutes 
per scan. 


Accessibility. The Infragraph 
opens up easily for inspection. It’s just the 
job for lectures. 
Easy to use. A first year student or 
lab assistant can be at home with the 
Infragraph in a matter of minutes. 

But even that’s not all. 
The Infragraph is small, light and takes 
the minimum of bench space. And uses 
all your existing sampling accessories. 





So send us the coupon and ask to be 
included on our demonstration tour. 
Find out what a £970 
Spectrophotometer can really do. 
O— eee ee ee 


1 
Please invite us to your demonstration t: 


Addr E 
HILGER & WATTS LTD. 
IS St. Pa X nde toa indor 


vill 








This is one slave just waiting for 
someone to put it to work. Do you 
have something for it to do? 

It’s not for sale. It's for rent - by 
the hour, day or week. Not that we 
want to discourage you from investing 
in your own some day - but think of 
the time and investment you might 
save by putting this mechanical slave 
to work on your research programme 
a week from next Monday, rather than 
having to wait for that doubtful bud- 
get appropriation. 

This is not all we have available to 
you in our Cyclotron and Isotope 





z Master 


this slave 
at our hot lah 


save money! 


Laboratories in Petten, the Nether- 
lands. There's also the modern. Philips 
Universal Cyclotron, providing a 
choice of four types of accelerated 
particles... a variety of beam currents 
and energies... internal, separated or 
external beams. And there’s a fully- 
equipped laboratory, for research ac- 
tivities in the field of isotopes, radiation 
chemistry, activation analysis, mate- 
rials studies and radiobiology. 

So come be the master... not only 
of this mechanical slave. but of the 
most modern facilities of their type 
available in Western Europe. The full 
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story isin our brochure, entitled "How 
to put more energy into your research 
programme”. 

Ask for your free copy now. 


Cyclotron 


puphar and Isotope 


Laboratories 


N.V. Philips-Duphar, 
Cyclotron and Isotope Laboratories 
Petten, The Netherlands. 






















Computer-packs 
for people who 
don't want to 
program 


Take a computer. Add everything 
needed for a particular application. 
What do you have? ADigital Computer- 
pack. Computer. Software. Interfaces. 
Ready to plug-in and go. At computer 
speeds. At computer efficiency. 


Operating a Computer-pack is as easy 
as threading a tape. Neither program- 
ming nor computer experience is 
necessary. Yet it's flexible. When the 
job changes, you change the program, 
not the machine. And when the job 
expands, you add peripherals instead 
of a new system. 


A Computer-pack is in fact, a total 
system. Inside sits a versatile, integrated 
circuit general purpose computer. It 
can work on general tasks. And if you 
decide you want to program, each 
Computer-pack has a complete, general 
software package, with FORTRAN, 
FOCAL (Digital's new conversational 
language) and others 


Best of all, a Computer- 
pack usually pays for 
itself. Computer- 
packs. From the 
people who have 
installed more 
general purpose 
small comput- 
ers than any- 
one else 
anywhere. 
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Gas Chrom-8 Gas chromatography 

Lab-8 Signal Averaging 

PHA-8 Pulse Height Aralysis 

Navig-8 Shipboard navigation control 

Quickpoint-8 numerical control tapes 

Indac-8 Industrial data acquisition 

Communic-8 Data communication 

Type-8 Typesetting 

Time-Share-8 Small computer 
timesharing 

Educational System for instruction 

Supercalc—computer-based calculator 





q Please send more imformation 
| 


| Name 
Title 
Company 


Address | 





c — dn 


DIGITAL EQUIPMENT CO. LIMITED, 
Arkwright Road, Reading, Berks 


Tel: (ORE 4) 85131, and 73 Upper Precinct 
Walkden, Manchester. Tel. (061) 790 4591 
Offices also in Paris, France Munich and 


Cologne, Germany ; Stockholm, Sweden: The 
Hague, Netherlands; Oslo, Norway; Sydney 
and West Perth, Australia Carleton Place, 
Toronto and Edmonton, Alberta, Canada 
and in principal cities of the 


U.S.A 


COMPUTES M ES 
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ILLU MEA 





Differential Calculus w. L. FERRAR 


Written specifically for students, this book is divided into 
three sections: (i) the foundations of the differential calculus, 
(ii) functions of one variable, (iii) functions of two or more 
variables, together with a concluding note on singular points 
and envelopes. The reading lists drawn up by the author 
indicate what parts of the book are suitable to a course for 
honours in science, what parts are suitable to a first year 
course in mathematics, and what parts are best deferred to a 
second year. 296 pp 21 text-figures paper covers 20j- net 


Integral Calculus w. L. FERRAR 


This book is a companion volume to the author’s Differential 
Calculus and aims at providing a course suitable for mathe- 
maticians and scientists during their first year or so at a 
university. Part I is concerned with the indefinite integral; 
Part II is concerned with the definite integral and includes a 
concise chapter on the Riemann-Stieljes integral; Part III 
covers double and triple integrals, line and surface integrals. 
In both the latter parts each new topic is presented in a form 
that meets the needs of the applied mathematician and is then 
developed in the analytical form needed by the pure 
mathematician. Separate reading lists are given for scientists 
and for mathematicians. 276 pp 40 text-figures 

paper covers 20]- net 


The Theory of Groups IAN D. MACDONALD 


This book provides a substantial first course in the theory of 
groups that is suitable for undergraduate courses in 
universities and will be of interest to those teaching modern 
mathematics in schools. It is self-contained and can be used 
as an introduction to modern algebra, since no knowledge of 
other branches of modern algebra is assumed. Finite and 
infinite groups are given equal emphasis, and the topics 
covered extend as far as nilpotent and soluble groups. The 
book thus provides the groundwork for the study of the more 
specialized topics that are treated in monographs. Numerous 
specially written exercises are an important feature. 

Ian D. Macdonald is Reader in Mathematics in the University 
of Queensland, Australia. 256 pp 2 text-figures 45/- net 
paper covers 22/6 net 


OXFORD UNIVERSITY PRESS 
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OXFORD BOOKS FOR STUDENTS 


Culture—Man's Adaptive Dimension 
Edited by M. F. ASHLEY MONTAGU 


The theme of this book, written by some of the world's 
leading authorities, is the most neglected factor in the 
consideration of the evolution of man: the development of his 
skill in manipulating the environment and the effect of this 
development upon every aspect of his evolution. Culture, the 
man-made part of the environment, is man's principal means 
of adapting himself to the world in which he finds himself. 
The consequences of the replacement of natural selection by 
culture for man's future must be seriously considered. 

250 pp 64|- net paper covers 21/6 net 


Computing Methods for Scientists and Engineers 
L. FOX and D. F. MAYERS 


The primary purpose of this book is to enable the user to 
improve his use of the computing machine and to obtain 
more accurate and more meaningful solutions to problems in 
scientific computation. A knowledge of the ‘inherent 
instability’ of some problems and the ‘induced instabilities’ of 
some methods is important for proper computational 
formulation and proper choice of technique. Both are here 
discussed for most basic problems and are illustrated by 
copious examples. Mr Fox is Professor of Numerical Analysis, 
University of Oxford, and Mr Mayers is Senior Research 
Officer, Oxford University Computing Laboratory. 

272 pp 2 text-figures 45/- net 


Asymptotic Approximations SIR HAROLD JEFFREYS 


This is a corrected reprint of a book first published in 1962. 
The main theorems on asymptotic series are proved, and the 
theory of the method of steepest descents is given in some 
detail. Linear differential equations of the second order, where 
there may or may not be a larger parameter, are treated by a 
method based on integral equations. Special attention is given 
to uniformity of approximation over regions in the complex 
plane. Applications are made to several special functions and 
to the theory of diffraction. The author is a Fellow of St 
John's College, Cambridge. 152 pp 19 text-figures 30/- net 
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PYE UNICAIVI 





Precision Instruments 


How low 
can we get? 


Down to pesticides and steroid 
derivatives* which demand 
detection levels of fractions of a 
part per million. With the 
introduction of System 3’s 
Electron Capture Detection 
device, Pye Unicam’s range of 
Liquid Chromatographs can now 
detect practically every known 
organic compound. Extras like 
sample-saving glass columns, 
syringes and pulse-free pump 


make these Liquid Chromat- 
ographs every analyst's dream. 
Write or telephone now 

for a free copy of “Column”, our 
own chromatography bulletin for 
a full assessment of System 3. 
Better still, ask fora 
demonstration in your own 
[:JeTo] 0: | (eT0 

* Molecular model (left) of steroid 
derivative Cholestery! lodide (C27H4sl) 
by Crystal Structures Ltd. 











Pye Unicam Ltd 
York Street Cambridge England 
Tel (0223) 58866 Telex 81215 








LETTERS 


PHYSICAL SCIENCES 


Astronomy--Planetary nebulae as X-ray sources— 
SUJKXHROMOV (Stemberg State Astronomical rtis 
Moscow) 


Selenoloğy— Interpretation of Mas "mascons'"'— 
GOUDAS (Patras) . å 


Atmosphere—Observations of malecalar lines from 
far infrared spectra—MacQUEEN, EDDY and LÉNA 
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Geochernistry— Further evidence for a hydrothermal 
stage in the genesis of carbonaceous chondrites— 
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Geology—Imbrication in shell banka off the coast 
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BIOLOGICAL SCIENCES 
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Experimental embryology- — Growth ot bxpianbed 
eight day hamster embryos in circulating medium— 
GIVELBER and DiPAOLO (US National Institutes 
of Health) 
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Based on the well-known Histokinette Automatic Tissue 
Processing Machine, the new “Hendrey “Automatic Slide 
Staining Machine offers the same degree of simplicity 
and efficiency, ccmbined with ease of operation and 
considerable savings of time and labour, 

The new machine dramatically eases the burden of 
manua! staining for the Laboratory Technician involved in 
an increasing work load in exfoliative cytology, and allows 
staining to proceed automatically and with very little 
supervision 

The most important feature of the machine is the great 
accuracy of staining and consistency of results obtained 
with it The provision of 23 covered beakers on the 
machine means that it is eminently suitable for the 
Papanicolaou staining process, but the machine can be 
used tc stain any specimen which can be mounted on 8 
microscope slide, and it can"operate other staining pro- 
cesses provided that not more than 23 stations are 
required in the complete cycle. 

The slide carrier accommodates 36 standard microscope 
slides in ona load and uniform staining is ensured by the 
combined perpendicular and rotary movement which is 
employed during the time that the slides are immersed in 
the various staining liquids. 


“Hendrey” 
Automatic 
Slide 
Staining 
Machine 







Full details available on request 


HENDREY RELAYS & ELECTRICAL EQUIPMENT LTD., BATH ROAD, SLOUGH, BUCKS. Telephone: BURNHAM 4611 (5 lines) Telegrams: HENDRELAY 
SLOUGH, Telex No. : 84314 Chamcom Slough, Hendrelay. On Admiralty, Principal Ministries and Post Office Lists. A.R.B. & Min. of Tech. Approved Design 
and Inspection. Sole Export Distributors: Measuring & Scientific Equipment Ltd., 25-28 Buckingham Gate. London, S.W.1 
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Polarimeter Model A 


This instrument gives the highest 
degree of accuracy with divided 
circle on glass reading to 0.01 degree. 


Circle centre on ball bearings . Easily 
removable trough . Divided drum 
replacing verniers . Stationary observa- 
tion telescope . Circle reader enlarging 
image of scale . Slow motion adjustment 
always in action . Suitable, with additions, 
for measurement of rotatory dispersion. 


This polarimeter has been supplied in 
large numbers both in this country and 
abrocd, and has always been acclaimed 
as being of advanced design and workman- 
ship. Please ask for particulars “N”. 





We now have capacity for aluminising certain 
types of mirrors, at short notice. 








BELLINGHAM & STANLEY LIMITED 


SOLE DISTRIBUTORS IN U.K. OF SCHOTT INTERFERENCE FILTERS 
61, MARKFIELD RD. LONDON N15. TEL.O1:808 2675 
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Next Chance for American Science Policy 


Iv will be some time before anybody can know whether 
Dr Lee DuBridge will bring a great deal that is fresh 
to his new office as the President’s Science Adviser, 
but there are few people who will wish him active ill. 
For several reasons, there is now good reason to look 
for a number of important changes in the administra- 
tion of science and technology in the United States, 
and the man who sits nearest to the White House 
cannot ignore the opportunities which exist. Chal- 
lenges, however, can be met in a host of different ways. 
One of the simplest ways, long hallowed within govern- 
ment machines, consists of a prudent underestimate of 
the significance of the problems crying out for attention 
and thus of the need for paying close attention to them. 
For all the outspoken speeches which Dr DuBridge 
has made in recent years, his readiness to go for radical 
solutions can only be determined by experience. 

But what should he do? What are the problems 
which deserve attention? The most obvious need is 
that the new Administration should make a settlement 
on the strategy for the exploration of space which will 
last well into the seventies, not merely just satisfy 
the needs of NASA for the fiscal year immediately 
ahead. Although it remains very much a matter of 
dispute to know what purpose will have been served 
when the first pair of American citizens step out on the 
Moon a few months or a few years from now, no practi- 
cal purpose is served by asking just what motives 
prompted President Kennedy to propose the journey 
to the Moon (together with a number of other tasks, 
including the development of communications satel- 
lites and of nuclear rockets). The question now is what 
use, if any, should be made of the apparatus which has 
been constructed and what administrative machinery 
is necessary for the purpose. The first thing to be said 
is that there is plainly a need for a modest programme 
of lunar exploration—a couple of journeys a year, 
perhaps. It would be a great misfortune if the machin- 
ery which has been developed at such great expense in 
the past few years were not used for any other purpose 
than the first visit, while the officials of NASA (see page 
1071) are probably also right in saying that there 
would be great interest in a further development of 
the kinds of rocket systems now being used. But 
should the machinery continue after the first landing 
on the Moon to be the machinery which was first set 
up in 1958—and is it sensible that the programmes of 
the US Air Force and of NASA should in many 
respects be duplicates ? One of the best services which 
Dr DuBridge could perform would be to define a means 
by whieh all the organizations with an interest in 
space exploration could somehow be able to define and 
re-define reasonable objectives for the next step 
forward. To the extent that the money being spent 


on space is justified by the scientific benefits there may 
be, it is exceedinglv important that proposals for 
experiments should be subjected to the kind of serutiny 
in advance which is now commonly accorded to pro- 
posals for using precious time on proton accelerators 
and the like. If the result was frequently a decision 
that the results expected could be obtained more 
economically by using ground-based equipment and 
not satellites, the cause of space exploration would 
not be harmed but, on the contrary, made to se 





more discriminating and more purposive. The sharpest > 


conflicts of the past ten years have arisen from the gulf 
which there has frequently been between the space 
planners and the scientific community. And to the 
extent that the objectives of space exploration lie not 
in science but in the hope of technological applications 
of various kinds or even the hope that national prestige 
will turn into money in some bank or another, there is 
room for more level-headed—or at least much more 
explicit—justification of what is being done, 

The need for à policy on space is, however, merely 
the most urgent of the questions awaiting Dr DuBridge. 
It is by no means the most important. By now, there 
is no doubt that the evolution of a poliey for scientific 
research in the universities is urgently necessary, 
There has been a tendeney among the politicians 
to argue that it is better, at times of great social 
change, to spend money on projects such as the 
improvement of city environments and on the 
removal of poverty than on the suppert of scientific 
research, particularly when it is perjoratively termed 
academic. What Congress overlooks, of course, is 
that scientific research is a necessary part of the 
university structure in the United States, and that it is 
folly to look for a continued growth of higher educa- 
tion without being prepared to pay & steadily rising 
bill for research. In the past few vears, Dr DuBridge 
has been one of the most eloquent advocates for this 
point of view, which says something for the intentions 
of the next President and also promises that there 
should be plenty of sparks to strike between the new 
Administration and the congressional committees. 
The most immediate practical need, however, is a 
substantial strengthening of the National Science 
Foundation. In a city where the influence of an 
organization is almost inevitably determined by the 
size of its budget, a two-fold increase is almost the least 
to hope for. The principle to be established is that the 
NSF should become the foundation for academie 
scientific research and not just the means by which the 
oversights of the big spending agencies can be made 
good. 

Tf his record is any guide, Dr DuBridge will also be. 
sensitive to the need that the Federal Government 
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should pay eloser attention than in the past to the 
environmental problems occasioned by science and 
technology —pollution and the like. This movement is 
already well under way, and the reputation of science 
will benefit as well as the general population if scientists 
are seen to play a leading part in this campaign. But 
what about the diminishing intellectual reputation of 
science among the academics on the other side of the 
fence ? What is Dr DuBridge going to do about that ? 
The problem is nothing like as sharp as the theorem 
of the two cultures. Rather, there has been a 
curious sense in the past few years that the scientists 
have been less intellectually inventive than their fellow 
academies. 'To be sure, there have been all kinds of 
excitement—-pulsars, for example—and there are 
many more just round the corner, yet the profession 
of science has lost the pride of place which it occupied 
in the decade after the war. A part of the trouble is 
that academic science has necessarily been preoccupied 
by the problems of adjusting to rapid growth, but too 
many academics have also spent too much of their 
energy on local politics—grant-grubbing and the like. 
A more serious cause of discontent is the difficulty of 
sustaining the quality of science teaching when poten- 
tial teachers are constantly snatched away to other 
socially useful jobs. In the long run, only the academics 
themselves can find a remedy for this state of affairs, 
but it will be interesting to see whether Dr DuBridge 
can bring this problem within his sights. That would 
be a still more valuable objective. 


SPACE 


ESRO in Luck 


Last week the European Space Research Organization 
celebrated the reprieve granted by the Bonn European 
Space Conference with the launch of its third satellite 
this year. On Thursday last week HEOS-A was fired 
into a highly eccentric orbit with an apogee about 
225,000 km from the Earth, roughly two-thirds of the 
distance to the Moon. The launch was from Cape 
Kennedy by a Delta rocket, and after nearly five days 
in space all the indications were that the satellite 
systems and experiments were working perfectly. 

After the cliff-hanging events of recent weeks, Pro- 
fessor Hermann Bondi, director-general of ESRO, is 
delighted with the outcome of the Bonn meetings and 
the successful launch of HEOS-A. “Everything in the 
garden is perfect", he said last week, referring to the 
assured support which ESRO now has for a further 
three years. In Professor Bondi's view, the most 
important result of the November diseussions was 
the agreements which have been reached on the use 
of European launchers. Much of the dichotomy in 
ELDO, Professor Bondi believes, has arisen from con- 
flicting interests between the launcher countries seeing 
satellites as launcher fodder, and the more scientifically 
inclined countries. 

Professor Bondi is particularly pleased that ESRO 
has been allotted $1 million a year to do work on 
communications satellites (although this figure may be 
cut to $800,000 because of French monetary diffi- 
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culties). Admittedly a trifling figure, it is at least a 
start ona road which Professor Bondi has wanted to 
see his organization take. The only disappointment is 
the decision to postpone a decision on the CETS 
programme to March or April next year. 

The problem now is how to maintain ESRO's new- 
found enthusiasm through the three-year hiatus before 
the next European satellite is launched in September 
1971, when a second HEOS is to be orbited. "This will 
be followed by TD 1 in March 1972, the culmination of 
hard rescue efforts which followed the cancellation of 
the project for financial reasons earlier this year. 
ESRO is also hoping to find ways of flying a fraction 
of the eleven experiments planned for TD 2, chiefly 
concerned with solar physics. 

How does Professor Bondi see ESRO's future now ? 
Big projects such as TD 1, costing of the order of 
$40 million, should be possible every two or three 





years. These will be backed up by a fair sprinkling 
of small satellites, costing $10 million or even less, 
important to give experience to the less sophisticated 
research teams. 

The scientific importance of the HEOS-A satellite 
launched last week is in its elliptical orbit, which takes 
it well beyond the magnetosphere, the region of space 
dominated by the Earth's magnetic field. (HEOS is 
an acronym for highly eccentric orbit satellite.) Its 
apogee and perigee are roughly 225,000 km and 440 km 
respectively, although precise values will not be known 
until the satellite has been in orbit for some days. This 
is because not all the influences on such an eccentric 
orbit, which is perturbed by the gravitational effects 
of the Sun and Moon, ean be taken into account. 

The seven experiments on board are to measure 
magnetic fields, solar and galactic cosmic rays, and the 
solar wind. Three of the experiments are the work of 
the team at Imperial College, London, led by Professor 
Harry Elliot. Their equipment is to measure magnetic 
fields with an accuracy of 0-5 gamma (10° gauss), 
cosmic ray protons of energy greater than 350 MeV, 
and low energy solar protons between 0-9 and 20 MeV. 
A joint experiment involving the Universities of 
Florence, Rome and Brussels will measure the energy 
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distribution and angle of arrival of solar wind protons. 
The Centre d'Etudes Nucleaires de Saclay is to measure 
electrons, protons and alpha particles of solar and 
galactie origin; and together with the University of 
Milan will look at the spectrum of eosmie ray electrons 
in the range 50-600 MeV. 

HEOS-A also contains an experiment devised by the 
Max Planck Institute for Extraterrestrial Physics. 
This consists of a 2-5 kg capsule of barium to be ejected 
when the satellite is some 20,000 km from the Earth, 
crossing the boundary of the magnetosphere. The 
plan is to release the capsule at some suitable time, 
when the resulting cloud of barium ions can be photo- 
graphed from Kitt Peak, Arizona, and from the site 
of the proposed European southern hemisphere observa- 
tory in Chile. The motion of the cloud yields informa- 
tion on the magnetic field at the ignition point. 

The experiments were tested on Monday this week 
when H EOS was just outside the magnetosphere. This 
first test seems to have caused some consternation at 
the ESRO control centre in Darmstadt, until it was 
realized that large readings in the Imperial College 
and the joint Italian-Belgian solar proton detectors 
did not represent a disastrously high noise level, but 
arose because the experiments had been fortuitously 
switched on in the midst of a solar event. Indications 
are that all the equipment is working well. The total 
cost of the project is $16 million, which includes the 
experiments and $3-6 million paid to the Americans 
for the launching operation. 


DEFENCE 


Missile by Television 


Tue completion of a successful series of firing trials of 
the Anglo-French Martel missile system has sparked off 
a substantial order for this novel weapon from the 
Ministry of Technology. The special feature of the 
British version of this air-to-ground strike missile is 
the television camera mounted in the nose cone, which 
sends back to the controlling aircraft a continuous 
transmission of the missile’s forward view. 

The missile part of the system has been designed and 
developed by Hawker Siddeley Dynamics in Britain 





The picture shows the target as seen by the weapon operator 
on his television monitor screen. 
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and Engins Matra in France. Two versions of the 
weapon have been produced. The television version— 
for which Britain has the prime responsibility —is 
controlled from the launcher aircraft by a weapons 
controller who receives live transmission from the 
missile's camera. He is then in a position to steer the 
missile visually on to its target. The job is apparently 
sufficiently full-time as to eliminate using the pilot as 
the weapons operator. The picture below shows the 
view of a target as seen on the operator’s television 
monitor, this partieular target being moored at sea. 
The television guidance system has been developed by 
the Marconi Company, which claims that the technologi- 
cal barriers overcome in producing the compact elec- 
tronies necessary to make the weapon operational have 
given the Anglo-French team a world lead in this field. 

The French version of the missile is designed to 
destroy enemy radar installations. It can operate 
against multiple targets, and achieves its end by 
homing directly on to the radar transmitters. Both the 
French and British versions are equipped with elaborate 
electronic counter-measure devices, essential to a 
system so susceptible to jamming. 

Although the manufacturers are reluctant to give 
details of the missile’s performance, it seems that the 
television version has destroyed targets ten feet in 
diameter from a distance quoted as “some tens of 
miles”. The anti-radar model has had similar successes. 
The contracts already placed by the British Govern- 
ment seem to cost more than £10 million; Hawker 
Siddeley alone claims that it is benefiting to the tune 
of about £10 million, and Marconi claims that the orders 
are worth several million pounds to it. Both companies 
are confident of sizable export orders. particularly to 
NATO and Commonwealth countries. 


NUCLEAR POWER 


What Price Plutonium ? 


PrvTONIUM is not one of the metals the price of which 
is determined by the London Metal Exchange. Even 
that venerable institution, skilled as it is in determining 
the balance of supply and demand, might find it hard 
to keep up with the arguments which go to determine 
the priee of plutonium. But four American utilities, 
Yankee Atomic, Consolidated Edison, Consumers 
Power and Commonwealth Edison, are sufficiently 
confident to have set up a joint association to fix 
export prices. Other utilities are likely to be invited to 
join the association, which will be safe from anti-trust 
action as long as the pricing agreements are intended 
only for export markets. 

It would be fair to guess that the four utilities 
and any others that join the association will find it 
hard to agree on prices. Much will depend on the 
attitude taken towards the fast breeder reactor, for 
which plutonium provides the ideal fuel. It can also 
be used to fuel thermal reactors, and at the moment 
this seems to be the course that American utilities are 
adopting. But in Britain this attitude is seen as very 
much the second best, because of plutonium’s character- 
istics. In any reactor, fissile plutonium has the advan- 
tage of emitting more neutrons per fission than does 
fissile uranium, Unfortunately, at the energies used 
in thermal reactors, plutonium also absorbs more, so 
it offers little, if any, advantage. In fast reactors, the 


1062 


absorption is hardly affected, and the advantage 
conferred by the greater number of neutrons per fission 
can be exploited. 

Arguments like these have convinced the UKAEA 
that it is more sensible to retain plutonium within the 
system, although small amounts are exported if the 
price is right. This year an agreement was signed for 
the export of plutonium to Belgium at an undisclosed 
price, but the amount involved was small in com- 
parison with Britain's annual production. The much 
maligned Magnox reactors are prolific producers of 
plutonium, and the annual production of plutonium 
in Britain will soon be approaching 2:5 tons a year, just 
about enough to start a 1,000 MWe fast reactor. Dr 
Hans Kronberger, chief scientist at the Risley establish- 
ment of the AEA, told a conference in Washington 
recently that Britain would have enough plutonium to 
construet 15,000 MWe of fast reactors between 1975 
and 1985, and that only a severe setback in the fast 
réactor programme would convince him of the need to 
re-cycle plutonium through thermal reactors. The 
chances are that if fast reactor development continues 
to go well, even the need to construct thermal reactors 
as plutonium producers will decline. It may even be 
cheaper in the long run to build a fast reactor, and run 
it on enriched uranium for the first few years of its life 
until it had generated sufficient plutonium for that to 
be used as fuel. Fast reactors operated in this way are 
excellent producers of plutonium, although their 
energy cost is increased by about 0-15 pence per unit. 
Looking at the system as a whole, it might still be 
cheaper to do this than to build thermal reactors like 
AGRs and HTRs, which are poor plutonium producers. 
(The SGHWR is slightly better, and the Canadian 
CANDU better still.) 

The price of plutonium is such a doubtful quantity 
that Mr C. E. Tliffe and Mr P. J. Searby of the AEA have 
devised a model of the nuclear section of the British 
fuel economy which assumes that the system consumes 
only the plutonium which is generated within it. 
Under these conditions, the effect of the generating 
cost of the entire system of any price assigned to pluto- 
nium cancels out in transactions between reactors 
within the system fed on uranium or plutonium. The 
model also allows a price for plutonium to be calculated, 
however, by substitution in the model of reactors 
of the same capacity, but fuelled by uranium. The 
difference in total cost of the system would then put a 
value on the plutonium which had thus been made 
available for sale. This method is used for calculating 
prices for the small amounts of plutonium which have 
been exported. 

None of these arguments seems to have carried 
much weight in the United States, however, where the 
utilities still seem set on re-cycling plutonium through 
thermal reactors. To them, the fast reactor still seems 
a remote possibility, and scarcely worth waiting for 
in the hope of earning more for the plutonium they hold. 
But Dr Kronberger did make an intriguing suggestion 
to those determined to re-cycle plutonium. Magnox 
plutonium contains little of the undesirable isotope 
Pu240, and it is therefore ideal for thermal reactors, 
in which Pu240 acts as an absorbent. The plutonium 
produced in American reactors is much less suitable 
for re-cycling, but it is fine for fast reactors. Dr Kron- 
berger therefore suggested the idea of a plutonium 
exchange between countries; he said that 0-734 kg 
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of Magnox plutonium would give the same value as 
l kg of PWR plutonium when re-cycled. The PWR 
plutonium, on the other hand, would have to have only 
0-176 kg of Magnox plutonium added to it to make it 
as good as 100 per cent Magnox plutonium in a fast 
reactor. By exchanging the two, he suggested there 
would be a net gain of about 5 per cent. 


EDUCATION 


Student Wastage 


THE wastage rates among undergraduates at British 
universities show no sign of decreasing. According to 
the University Grants Committee's Enquiry into 
Student Progress 1968, published in August (Nature, 
219, 549; 1968), 13-3 per cent of the 35,386 under- 
graduates who might have been expected to graduate 
at the end of the academic year 1965-66 did in fact 
leave the universities without obtaining a degree. 
The other striking fact which emerged from the UGC's 
survey was that the failure rate was remarkably con- 
stant. In 1955, 14 per cent of university students 
did not get a degree and in 1966 the figure was virtually 
the same. The figures in the Department of Education 
and Science’s latest volume of Statistics of Education 
1967, volume 5 (HMSO, 13s 6d), published on December 
10, indicate that the rate has not declined and may 
even be increasing. Seventeen per cent of the 20,180 
men and 13 per cent of the 8,498 women students in 
universities in England and Wales who held full value 
grants in 1967, either from the Government or from 
local education authorities, failed to complete their 
degree courses. Assuming that the failure rate in 
Scottish universities is comparable with that in the 
rest of Britain and that full grant holders are not 
more prone to failure than undergraduates who hold 
lesser awards or are without awards, the average 1967 
failure rate among students of both sexes reached 
about 15 per cent. The failure rate among students at 
all establishments of further education other than the 
universities is even more alarming. In England and 
Wales in 1967, no fewer than 34 per cent of the men 
and 28 per cent of the women failed to complete their 
courses. 

The total public spending on education and related 
services—which includes such things as school meals, 
transport of pupils and maintenance grants—reached 
£1,571 million in 1966-67, an increase of 10 per cent 
over the previous year and 69 per cent more than five 
years earlier. For the first time the amount spent on 
edueation proper has been distinguished from all the 
associated spending. The universities received £198-6 
million, the schools £852-4 million and maintenance 
grants cost £73-2 million. £33 million went to university 
students. The number of students holding grants has 
increased faster than the total spending on education, 
and in December 1967 there were 230,500 students 
with grants of one sort or another. 

The distribution of the number of grant holders per 
thousand in the 18-19 age group within the UK is 
illuminating. In England, 61-3 per thousand of this 
age group held full or lesser awards at the universities 
and 49-5 per thousand held grants at colleges of educa- 
tion; in Greater London, new awards taken up at the 
universities amounted to 73 per thousand of the age 
group whereas only 40 per thousand took up grants 
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for teacher training colleges. In the West Midlands, 
however, the figures were only 48:4 and 47:2 per cent. 
Wales eompares very favourably with England; 71 
per thousand of the age group took up new awards at 
the universities and 63 per thousand at the colleges of 
education. 


HEALTH ADMINISTRATION 


Better Hospital Services 


from our Social Medicine Correspondent 


Born recommendations for curbing the uncoordinated 
growth of scientific services within hospitals are spelt 
out in a report to the Health Ministers published last 
week (Hospital Scientific and Technical Services, HMSO, 
7s). The report is based on the findings of a committee 
of eight which was appointed last year under the 
chairmanship of Sir Solly Zuckerman to consider the 
future organization and development of these services 
in National Health Service hospitals. 

The principal proposal is that a Hospital Scientific 
Service should be set up in England and Wales, and 
Scotland, headed by National Hospital Scientific 
Councils which would advise on the organization and 
development of the service. Membership of the 
councils should include independent scientists, clini- 
cians, medical administrators and medical and non- 
medical members of the scientific service. At a lower 
level, it is proposed that Regional Hospital Boards 
should be responsible for planning the scientific services 
of the region, each board having a Regional Advisory 
Committee as well as a scientist, medical or non- 
medical. It is also suggested that district hospital 
authorities should be responsible for the day-to-day 
management of hospital scientifie services and that 
there should be a "division of scientific services" 
including such services as clinical biochemistry, com- 
puter science and statistics, haematology and blood 
transfusion. 

The committee also recommends a new career struc- 
ture similar to that in the Scientific Civil Service and 
the Medical Research Council. Although medical staff 
would usually remain, as at present, in the hospital 
medical staff structure, other scientific and technical 
staff would fall into the four main classes: scientific 
officer, technical officer, technical assistant and tech- 
nical aide. The committee hopes that this career struc- 
ture would broaden the basis of promotion, but it has 
nothing to say about rates of pay. 

The committee's report is essentially a broad outline 
of the proposed hospital scientifie service rather than 
a detailed plan. Nevertheless, it will undoubtedly 
give rise to much controversy, particularly among 
some sectors of the medieal profession who may dis- 
approve of the prospect of a versatile technician assist- 
ing in many disciplines rather than specializing in any 
particular one. Another foreseeable issue is the large- 
scale employment of non-medical scientists in haema- 
tology, diagnostic X-ray departments and other 
specialties where they are not normally found. It 
has, however, become obvious that some drastic 
measures need to be taken if the shortage of hospital 
technicians is to be overcome and their dissatisfaction 
with the present service (which has probably done much 
to precipitate the committee's investigations) quelled. 
Equally important, it has become necessary to convince 
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talented graduate non-medical scientists that as em- 
ployees in the hospital service they will not merely be 
the handmaidens of the medics. 


PHOTOGRAPHY 


Red Admiral Emergent 


A Red Admiral struggling out of its chrysalis—a rare photo- 
graph taken by Mrs Jane Craik of Tavistock who has won the 
title of Wildlife Cameraman of 1968 in the competition 
organized jointly by the journal Wildlife aad the Countryside 
and the Council for Nature. The prize for the best colour 
photograph went to Mr Jim Rowbottom of Fort William for 
his picture of a wild otter eating a fish or the foreshore in 
Argyll. 


FUEL POLICY 


For some time, energy and fuel policy has looked the 
area of the national economy most like!y to be amenable 
to numerical analysis and planning. The interest of 
the Ministry of Power in computer models, and the 
publication this week of an important mathematical 
analysis of the British fuel economy. tend to confirm 
this impression. The analysis comes from the Depart- 
ment of Applied Economies at Cambridge (The Demand 


for Fuel 1948—1975; a Sub-model for the British Fuel 


Economy; Chapman and Hall, 30s) and is principally 
the work of Kenneth Wiglev, with assistance from other 
members of the department. 

The analysis sets out to do two things: first, it makes 
a survey of the demand for different forms of fuel in 
Britain since 1948, and attempts to describe the trends 
in demand in the form of equations; secondly, it 
uses these equations to project demand forward to 
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1975. The forward projections are carried on several 
assumptions—the rate of growth of the economy, the 
future relationship between coal and oil prices, and the 
rate at which natural gas is put to use. So far, no 
attempt has been made to apply similar techniques 
to the supply side of the equation, but this will follow. 
Meanwhile, the author expresses the hope that the 
model so far developed can be used to examine the 
implications of different fuel policies. It is unfortun- 
ately unlikely that the principal antagonists in the 
arguments about fuel policy will possess the mathe- 
matical equipment necessary for this, because the 
argument is a highly sophisticated one. 

The first thing the survey reveals is the danger of 
‘making predictions on the basis of simple trends. Mr 
Wigley shows that the growth of oil consumption since 
1948 and the decline of coal both follow cubie curves 
very well, but that if these curves are extrapolated the 
results are absurd. Both curves reach turning points 
before 1970 and rapidly reverse the trend, with coal 
consumption soaring away beyond even Lord Robens's 
wildest dreams, and oil dropping away almost to 
nothing by 1977. Quadratic curves produce equally 
absurd results. The mathematical model which has 
been’ developed, though it fits the observations less 
well in the early fifties, produces much more convincing 
* forward projections. 

' The most interesting question, of course, is whether 
the caleulations produce results which agree with the 
Government's fuel policy. This depends on the assump- 
tions made about the impact of natural gas from the 
North Sea, which in turn depends on the relative prices 
of gas and coal in 1972. Two prices for gas are taken 
and fitted into the model; one, the “low gas" assump- 
tion, applies if gas prices fall to the level reached in 
1958. The "high gas" assumption applies to a situa- 
tion in which the price of gas has fallen even more 
abruptly than this. The first tentative conclusion is 
that even if gas does reach its 1958 price level, it is 
unlikely to sell in anything like the quantities assumed 
by the Ministry of Power. To reach the figure of 4,200 
millon therms contemplated by the ministry for 
1972, the price of gas would have to decline to 30 per 
cent less than its 1958 value. 

From this eonclusion, whieh the author warns may 
be an exaggeration, it can be seen that the ministry's 
projeetions for coal can only be reconciled with the less 
likely “high gas" assumption. When this is used, the 
agreement between the model and the Fuel Policy 
White Paper is very close. But if the “low gas" 
assumption is used, much higher coal consumption 
is indicated for 1972— 152-6 million tons, against the 
ministry's estimate of 133-2. Oil consumption would 
also be higher. 


WATER RESOURCES 


Too Much Rain, Too Little Water 


Tux Water Resources Board is confident, in its report 
for 1967-68 (HMSO, 8s 6d), that it can meet the 
demand for water in England and Wales by the end of 
the century without dramatic increases in the cost of 
water and in spite of the daunting prospect that the 
demand for water will have doubled by then. In effect 
this means that the equivalent of water-works carried 
out in the past hundred years will have to be undertaken 
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in the next thirty years. Surprisingly, the report 
says that the run-off water available per head of popula- 
tion in England and Wales is one of the lowest in 
Europe, but this is more the result of the density of 
population than the scarcity of rain. The board's 
difficulties are not made any easier by the fact that 
about a quarter of the population of England and Wales 
is concentrated in the South East, the area with the 
lowest rainfall. 

It hardly needs to be said that this year the rainfall 
was above average— particularly during the summer— 
but it is pleasant to have statistics to prove that the 
weather was as bad as it seemed at the time. In a 
chapter on rainfall, river flow and ground water, the 
board reports that the figure of 21-6 inches of rain in 
the summer was the highest since 1931 (22-8 inches) 
although the 1946 figure was about the same. The 
exceptionally high figure of 5-7 inches for September 
has not been exceeded since 1918 when the amount 
was 7-2 inches, but similar figures were recorded in 
1927 and 1965. The seasonal and annual rainfall for 
the past ten years as an average for England and 
Wales is shown in the accompanying table. 


SEASONAL RAINFALL OVER ENGLAND AND WALES 


Winter Summer Year 

(per cent (per cent (per cent 
of of of 

(in. average) (in.) average) (in.) average) 
1958-59 16-4 85 10-3 63 26-7 75 
1959-60 24-6 128 18-6 113 43-2 121 
1960-61 25-1 131 15-7 96 40-8 115 
1961-62 181 94 16.7 102 34.8 98 
1962-63 13-7 71 17-5 107 31.2 88 
1963—64 15-5 81 13-4 82 28-9 81 
1964-65 15-7 82 20-0 122 35.7 100 
1965-66 20-3 106 19-1 116 39-1 110 
1966—67 20-6 107 18-2 111 38.8 109 
1967-68 19-8 103 21.6* 132 41.4* 116 


* Provisional figures. 


One important programme undertaken by the board. 
in cooperation with the Trent River Authority hopes 
to find out whether the River Trent could be made 
suitable as a source of drinking water. Because of 
pollution in its upper reaches, the river is almost 
useless as a source of water except for cooling at power 
stations. If it could be made cleaner, this would ease 
water resource problems over a large area of the 
country. 

It is inevitable that some of the board's plans for 
reservoirs aud barrages should come in for criticism, 
and it may therefore be some comfort that the board 
accepts that "decisions which involve loss of amenity 
should not be taken until all reasonably practicable 
alternatives have been explored". On the other hand, 
it points out that “we must have regard also to the 
large number of people who flock to reservoirs to enjoy 
the new amenities provided and to future generations 
who will expect an ample water supply. These seem 
to have no publie advocate during the controversies 
whieh surround the planning of schemes". 


COMPUTERS 


Diplomas for Programmers 


Tue City and Guilds Institute recently convened a 
meeting to discuss the need for a national qualification 
for students of private computer schools. The seven 
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main private schools sent representatives, as did various 
Government departments, but neither employers nor 
manufacturers were present. The meeting welcomed 
the introduction of a national qualification, and the City 
and Guilds Institute reports that a committee is hard 
at work on the details of a suitable scheme. 

Private computer schools have recently met with 
heavy criticism. A typical school charges £150 for a 
six weeks crash course that gives beginners a working 
knowledge of a single computer language. Critics 
have alleged that some of the schools have taken on 
students in a profiteering spirit, regardless of the 
student's aptitude or his future employment prospects. 

Despite this, the schools are thriving, and they 
handle thousands of students every year. The shortage 
of programmers in British industry is acute, and many 
companies apparently prefer to pay for their employees 
to go to a private computer school rather than send 
them to the City and Guilds programming course 
which costs next to nothing and is now on offer at 
more than sixty technical colleges. Industry prefers 
private courses largely because they are quicker. The 
City and Guilds course is fuller and more flexible but 
it lasts two years part-time. 

It seems unlikely that expensive private computer 
courses will be a permanent feature of British industrial 
life. Technical colleges could easily set up their own 
crash programming courses, though they show little 
sign of doing so at present. But several schools teach 
programming now—three of them have a computer 
on the premises—and if this trend spreads through the 
secondary school system, the market for the private 
courses should shrink. Private computer schools face 
a longer term hazard too: future information systems 
may well absorb within themselves many of the present 
tasks of the programmer, and the demand for pro- 
grammers is unlikely to keep pace with the demand for 
the more flexible profession of systems analysis. At 
any rate, the private computer schools are happy 
enough for the present, and they are willing accom- 
plices in the City and Guild's efforts to bring their 
courses under national supervision. 


ARCHAEOLOGY 


High Lodge Palaeolithic Industry 


from our Archaeology Correspondent 


Tue British Museum excavation of the palaeolithie 
industry at High Lodge near Mildenhall in Suffolk, 
which began in 1962, was completed this summer. 
Mr Gale Sievking, who directed the excavations, 
believes that the stratigraphy of this problematic 
site has at last been clarified. He identifies the main 
industry on the site as the earliest ancestor of Mouster- 
ian industries which can be dated with any certainty; 
the High Lodge type industry sensu strictu seems to be 
the product of Homo sapiens, people probably resemb- 
ling Swanscombe man, working at the site during an 
interstadial period in the penultimate Gipping or Saale 
glaciation some 140,000 years ago. 

The site at High Lodge was discovered in the 1870s 
during clay digging, and in the late nineteenth century, 
when flint tools were collectors’ pieces, a large number 
of worked flints was excavated. By the 1920s the 
complex and apparently false stratigraphy of the site 
had been recognized. Flake tools, apparently from a 
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mid-palaeolithic Mousterian industry, were found in 
a lacustrine clay sandwiched betweem two layers of 
glacial till, and hand axes, apparently from a lower 
palaeolithic Acheulean industry, were found in the 
gravels lying on the lake clay. This seemingly reversed 
stratigraphy was explained at the time as a result. of 
solifluction; it was argued that the elder hand axes 
had been carried in a layer of gravel from the top of a 
hill and had come to rest over the laeustrine deposit, 
containing flake tools, at its base. By 1962 it was 
clear that the hand axes need not antedate the flake 
tools and the stratigraphy could represent a straight- 
forward succession. The only way to settle the issue 
was by widespread rather than piecemeal excavation. 

What has emerged ? The flake tools, of which there” 
seem to be three successive phases, ere in lacustrine 
clay and silt filling a depression in the Gipping till. 





A hand axe from the High Lodge site, 


The hand axes occur on the upper surface of the lacus- 
trine clay where it shows signs of weathering. Over- 
lying the tool bearing layers are sterile layers of loam, 
glacial gravel, glacial sand and then another layer of 
till which on geochemical grounds is identified as 
Gipping till similar to that at the base of the deposit. 
Finally, on top of this upper till there are cover sands 
and the modern surface. 

There are only two possible interpretations of this 
glacial suecession. Either the layers between the lower 
and upper tills represent deposits laid down during an 
interstadial of the Gipping (Saale) glaciation, or they 
represent material deposited in the final Weichsel 
glaciation. All the evidence points te the first alterna- 
tive. First, both lower and upper tills are similar 
and identified as Gipping (Saalian). Second, pollen 
analysis of fossil pollen in the lacustrine clay indicates 
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that the vegetation of the period was typical of a local 
interstadial and does not resemble Weichselian inter- 
stadial deposits. Third, the occurrence of glacial 
gravels and sands above the tool bearing layers rules 
out the possibility that they were deposited in the 
final Weichsel glaciation because in the breckland 
there is no evidence for Weichselian glacial deposits 
on this scale. 

The flake tools of the characteristic High Lodge 
industry are stylistically related to Mousterian tools 
of the Weichsel and to ancestral types found in the 
Eemian interglacial, but they appear to have been 
made some 50,000 years earlier. On the other hand, 
they are quite distinct from and more sophisticated 
than the Clactonian flake tools found at Swanscombe. 
And the occurrence of flake tools before hand axes 
is no longer the problem it once seemed, for since the 
1920s several sites have been discovered with alternat- 
ing successions of flake and axe industries. Both types 
seem to have gone in and out of fashion and neither 
style necessarily predates the other. 


UNIVERSITIES 


Graduate Training 


from a Correspondent 


University departments in Europe are usually smaller 
in numbers of staff than the larger schools in similar 
subjects in the United States. This tends to lead to the 
narrowing of the field covered in graduate courses, 
because there are not people available with first hand 
experience in all the areas which should ideally be 
covered. An interesting attempt to overcome these 
limitations has been initiated by the Department of 
Genetics at Edinburgh University. One of the gradu- 
ate courses offered by this Department is in Epigene- 
tics. This covers experimental embryology and related 
aspects of developmental biology, dealt with mainly in 
molecular terms as the working out of the instruc- 
tions encoded in the genotype. The staff of the Edin- 
burgh department has considerable research experi- 
ence with embryos and other developmental systems 
derived from mammals, birds, amphibia, insects (parti- 
eularly Drosophila), fungi and micro-organisms, but 
little with marine invertebrates such as echinoderms. 

A grant from the Leverhulme Trust has now made it 
possible to organize an International Graduate School 
with participation of teaching staff from the department 
of Professor Alberto Monroy, one of the leading Euro- 
pean workers on echinoderms, who is now at Palermo 
but is shortly moving to Naples; and from a leading 
American Department, that of Professor Eugene Bell 
at the Massachusetts Institute of Technology. The 
course, which will start with a restricted intake of only 
six students a year, probably four from Britain and 
two from Italy, will be organized on the basis of a 
three year period. The first will be equivalent to an 
English honours year, while the second two will be 
devoted to research projects, leading to the PhD. 
There will not only be visits of three or four weeks by 
members of the Naples and MIT staff to Edinburgh, 
but it is intended that all the students of the course 
shall at some time spend about one month in the 
Naples laboratory, becoming acquainted with the 
experimental techniques used there and the biological 
materials available. 
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Parliament in Britain 

University of the Air 

Tue British Broadcasting Corporation and the Open 
University Planning Committee have agreed in prin- 
ciple about the Open University radio and television 
programmes up to 1975. Senior academic staff have 
been appointed and next year regional directors will 
be appointed who will organize study facilities in their 
regions. Miss Jennie Lee, Minister of State in the 
Department of Education and Science, assured mem- 
bers that provision would be made for laboratory 
studies. An advisory service was being set up to help 
students decide whether they would benefit from the 
courses. Discussing the need for additional library 
facilities for Open University students, Miss Lee said 
that arrangements would have to be discussed between 
the university and the library authorities. (Oral and 
written answers, December 5.) 

Nuclear Accelerator 

ASKED whether the Government would reconsider its 
decision not to participate in the CERN 300 GeV 
nuclear accelerator in the light of the Nuclear Physics 
Board’s recommendation that it should do so and 
should pay for participation by spending less on exist- 
ing obsolescent accelerators, Mrs Shirley Williams, 
Minister of State in the Department of Education and 
Science, said no. She argued that the board had based 
its proposals on the assumption that the site would be 
in Britain, but that it would probably not be. She 
emphasized that the CERN Convention which is being 
drawn up allows countries to join in at a later stage 
so that it was still possible that Britain might par- 
ticipate. (Oral answer, December 5.) 


Aluminium Smelting 

Turk Government's decision to install capacity for 
smelting 320,000 tons of aluminium a year should save 
Britain an average of about £40 million a year on 
imports of raw materials. The three new aluminium 
plants will use imported alumina which together with 
other raw materials and fuel should cost about £20 
million a year while it would cost about £60 million to 
import an equivalent amount of aluminium. (Written 
answer, December 4.) 


Contraception in Scotland 

ScorrisH local authorities cannot supply contraceptive 
advice or appliances on purely social grounds. Mr 
William Ross, Secretary of State for Scotland, said 
that he would like to alter this, but he had not yet 
been asked by any Soottish local authorities to change 
the ruling. (Oral answer, December 4.) 


Ronan Point 

Mz Roserr MzLusH, the Minister of Public Building 
and Works, said that he wished to qualify his general 
acceptance of the Ronan Point Tribunal’s report. The 
Building Researeh Station (BRS) had informed the 
British Standards Institution Committee about the 
Comité Européen du Béton's warning of the dangers 
of progressive eollapse of large panel structures. The 
BRS has earried out experiments on joints in pre- 
east conerete struetures and gave advice to designers 
of these structures. The tribunal did not take enough 
notice of the work done by the BRS and the NPL which 
may show that the risk of collapse from high wind 
loading is small compared with that from explosion. 
(Written answer, December 3.) 
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Change-over of Science Advisers 


from our Special Correspondent, Washington, December 9 


Dr Lez DvBnipGE, president of the California Insti- 
tute of Technology, has been appointed the President’s 
Science Adviser in the new Administration. This 
announcement was made by Mr Richard Nixon last 
week, the day after he announced that Professor Henry 
Kissinger would be his special assistant on Foreign 
Affairs. Even though Mr Nixon has broken with 
precedent in deciding to appoint the members of the 
White House staff before publicly announcing the names 
of the new Cabinet officers, the fact that the name of the 
new Science Adviser should have appeared so soon is 
regarded by many scientists as a sign that the new 
Administration intends to pay serious attention to 
science policy. (President Kennedy waited until 
March 1, 1961, six weeks after his inauguration, before 
appointing Dr J. Wiesner to this job.) The appoint- 
ment of Dr DuBridge is also weleome because it seems 
to many people to be preferable to the much canvassed 
suggestion that Professor Willard Libby of the Univer- 
sity of California, Los Angeles, would succeed Dr 
Donald Hornig on January 20 next year. Enthusiasm 
for the appointment is, however, moderated by the 
fact that Dr DuBridge is already 67 and by the fear 
that 22 years as president of a private university will 
lead him unrealistically to rely on the authority of his 
office for the kind of influence which, in Washington, 
can only come from nimble committee work. 

Dr DuBridge is a physicist by training and by 
inclination. His graduate work was carried out at the 
University of Wisconsin where he obtained a PhD in 
1926. He spent two years at the California Institute 
of Technology before moving to Washington University 
at St Louis (in 1928) and the University of Rochester 
(in 1934). His chief interest has been in photoelectri- 
city and thermionic emission, but during the war he 
was director of the Radiation Laboratory at the 
Massachusetts Institute of Technology, then chiefly 
concerned with radar developments. He became 
president of the California Institute of Technology in 
1946 and has since become a diligent collector of 
honorary degrees (25) and a member of public com- 
mittees of all kinds. He has spent two spells of ten 
years altogether on the National Science Board, the 
governing council of the National Science Foundation, 
and has also played an important part in stimulating 
the use of educational television in the United States. 
He is a cheerful and articulate advocate in public of 
the social importance of scientific research. 

One important innovation associated with the new 
appointment is the setting up of two study groups 
to deal respectively with scientific research and with 
space activities. The chairman of the first of these is 
Dr Guyford Stever, president of the Carnegie Mellon 
Institute at Pittsburgh. The chairman of the space 
committee will be Dr Charles Townes, who has recently 
moved from the Massachusetts Institute of Technology 
to the University of California. The second committee 
is probably to be taken as a sign that one of the most 
urgent questions to be decided by the new Administra- 
tion will be the extent to which it will support the plans 


of the National Aeronautics and Space Administration 
for developments after a successful landing on the 
Moon (see page 1071). 

The first reactions of the scientific community to 
these appointments are cheerful if necessarily tentative. 
Both Professor George Kistiakowski, who occupied 
the post of Science Adviser during the Eisenhower 
Administration, and Dr Howard Johnson, president 
of MIT, have welcomed the appointment. It is not 
clear how far the President-elect had gone in his dis- 
cussions with Professor Libby, who is (like Dr DuBridge) 
a personal friend of Mr Nixon, but in the days toward 
the end of November a great many people were suffici- 





Dr L. A. DuBridge. 


ently exercised to spend a great deal of money on 
telegrams to one another and to the President-elect. 
Dr DuBridge seems to have been a common ingredient 
of the lists of acceptable candidates submitted by 
various groups of scientists. 

Apart from the urgent need of a decision about 
future plans for space, it is clear that Dr DuBridge 
will be from the start concerned with the problems of 
how best to administer the Federal Government's 
support for scientific research and development, parti- 
cularly in the universities. One way and another, the 
part played by the National Science Foundation is 
likely to receive close attention. Most probably it 
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will weleome a more important agency. This is not 
merely Dr DuBridge's own inclination but the way the 
wind is blowing. 

The retiring Science Adviser, Mr Donald Hornig, 
does, however, emphasize that the office is such that 
nobody can predict in advance just how his precon- 
ceived notions will work out in practice. To this 
extent it is like the presidency itself. He said today 
that it would have been impossible to predict the events 
of the five years during which he has been a member 
of the White House staff from his publie statements 
before taking the job. 

Looking back over this period, Dr Hornig said that 
one of the most striking developments had been the 
way in which “science has become a part of every- 
thing". In other words, he said, people and scientists 
had become more aware of the problems occasioned 
by scientific and technological developments—pollu- 
tion and other environmental problems, for example. 
The result was “a new interaction between the scientists 
and social scientists" which does not, in his view, 
necessarily mean that “the physical scientists have to 
give way to the social scientists" but merely that they 
have to be prepared to conduct a continuing dialogue— 
the fasionable word-—with them. 

Dr Hornig also drew attention to the way in which 
the Office of Science and Technology “has gelled as 
part of the government structure". For one thing, 
this means that the office is now acknowledged to be a 
necessary partner in making decisions on all kinds of 
matters from defence to the distribution of funds for 
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scientific research at the universities. Dr Hornig 
said today that the office could do a valuable and 
creative job by bringing together officials in different 
agencies concerned with different aspects of the same 
essentially scientific problems. At the same time, its 
role as the routine examiner of the scientific components 
in the Federal budget has been established and 
accepted. In pace with the growth of its responsibili- 
ties the size of the office staff has increased from half a 
dozen in the mid-fifties to ten under Dr Wiesner, to 
25 at present. Dr Hornig said today that he considered 
the essential part of the job was that of providing a 
nimble staff of scientists who could act on behalf of the 
President in all kinds of interdepartmental problems, 
which had led him to "get out of this office" any 
responsibilities whieh could be dealt with elsewhere. 
But, Dr Hornig said, there was pressure—particularly 
from Congress—to see that some arm of the Federal 
Government took a more deliberate and analytical 
view of the management of science within and outside 
the Federal Government, which in turn created “an 
incipient bureaucracy’. 

Dr Hornig, who will become an executive of the East- 
man Kodak Company and a professor at the Univer- 
sity of Rochester when he leaves Washington, says that 
at present he has only the vaguest plans for how he will 
carry out these two assignments, Like many other 
officials leaving before the new Administration comes 
in, he says that "it's going to be a terrible wrench" 
to leave the White House and that his job “has been 
one of the most stimulating things I have ever done". 


Intellectuals of the World at Odds 


from our Special Correspondent, Princeton, December 


A REMARKABLE symposium held here from December 
1-3 has left the eighty or so participants, and the some- 
what larger number of journalists who hung fitfully on 
their words, with a sense of impending crisis but with 
no clear view of what kinds of solutions may be possible. 
The symposium was organized by the Association for 
Cultural Freedom, the organization which has evolved 
from that which publishes Encounter, Minerva and 
several others, and which ran into trouble a year ago 
when it turned out to be the recipient of money from 
the Central Intelligenee Agency of the United States. 
(Even the association’s enemies agree that the CIA 
could hardly have spent its money in a more enlightened 
way.) The main business of the symposium was the 
eondition of the United States, internally and exter- 
nally, and the likely course of events in the next few 
years. The participants included ex-ambassadors such 
as Professor John K. Galbraith, Mr George Ball and Mr 
(now Professor) George Kennan, as well as Mr Henry 
Kissinger, the newly appointed special assistant to the 
President-elect. The United States contingent also 
included several university professors, editors of 
journals, student leaders (some now graduated to the 
faculties of their universities) and the advocates of 
black power in various forms. 

The confusion created by the discussion between this 


group and the visitors from abroad is well illustrated by 
the discussion on the racial problem in the United 
States. Will there really be a period of separate 
development for the black and white communities in the 
United States ? Outsiders were surprised to find that 
this seems now to be the goal not merely of the Black 
Power people but—reluctantly perhaps—of some white 
liberals as well. But in any case, is such a course 
practical, let alone safe * Nobody seems to know for 
sure. But there was similar doubt about the way in 
which the universities are developing in the United 
States and Europe. At the end of the symposium, there 
was an unresolved conflict between those who consider 
there has been a dangerous erosion of authority within 
the universities, coupled perhaps with an unwillingness 
to yield to reasonable demands by the students, and 
those who looked for a much more radical change than 
there has been so far between the faculties and the 
students. On external poliey, for the United States, 
it is perhaps remarkable that the symposium paid 
comparatively less attention to problems such as aid to 
developing countries than to the military problems of 
western and central Europe. In general, the symposium 
seems to have been a vivid demonstration that abstract 
discussions among bright people are more effective as a 
means of identifving problems than of solving them. 
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Dr L. DuBridge on Public Issues 


Ir would be unreasonable to expect that Dr Lee 
DuBridge wil be any more closely bound by his 
previous public utterances than any other holder of 
high office, but the following extracts from speeches 
and articles may serve to clarify his starting point. 


The Present Crisis June 19, 1968. 

A great debate is now going on in this country as to 
whether it is not time to slow up on the support of 
science and engineering and to divert our resources to 
solving our other problems. I do not know how this 
debate will come out, and I do not even know what the 
right answer is. I do know that the very fact that 
there is a debate must cause scientists and engineers 
to re-examine their aetivities and their plans for the 
future. 'Phis may be a good thing for us to do, but 
the necessity of doing so is surely one element which 
adds to our troubles. 


Federal Research Support December 3, 1968. 

Tam not at all convinced that the federal government 
is so short of money that it ean no longer afford the 
approximately 1-5 billion dollars a year which it has 
been investing in university education and research in 
the science and engineering fields. When we recall 
that our Gross National Product is rapidly approaching 
the trillion-dollar-a-year level, and when we recognize 
ihat it would have been impossible for our economy to 
zoom along at such a rapidly rising rate without science 
and engineering, and without trained scientists and 
engineers, we can realize that our investment in 
graduate education and research in our universities has 
paid off a hundred-fold. I think it can easily be estab- 
lished that, solely from the standpoint of economics 
and finance, the federal cxpenditures in graduate 
edueation and research constitute one of our most 
valued national investments. 

I believe a careful study will make it clear that our 
present level of expenditure for graduate education and 

research in science and engineering is none too large 
to maintain the viability of our present national 
programme in this field; and if we take into account 
the probable gradual rise in graduate student popula- 
tion and in the population of trained scientists and 
engineers available for university work, and take into 
aceount the rising needs of the country and the rising 
costs of education and research, that the nation should 
definitely plan to have the national budget for univer- 
sity work inereased for the next few years at a rate of 
something like 10 to 12 per cent per year. I do not 
pretend that such a rate must be or could be continued 
for ever, for this is a rate higher than our rise in GNP 
or in federal income— and if one projects an exponential 
curve far enough, the rate of 10-per-cent-per-year 
increase would some day make our university research 
budget greater than our total federal tax income. 
However, our federal investment in university science 
and engineering is now such a small portion of the 
total budget that it is surelv a good investment to 
increase that proportion at a reasonable rate for the 
next ten years or so. 


Government. Machinery December 3, 1968. 

I recognize that if we do this, we will also have to 
improve many of the parts of the machinery of govern- 
ment which allocate these funds in order to make sure 
that they are allocated effectively, and not through 
the use of pork barrel techniques. It is my under- 
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standing that the new Administration will conduct a 
careful study of this situation. 


Space Research August 11, 1967. 

Is the purpose of that programme to extend scientific 
knowledge, or to enhance national prestige, or to 
achieve other objectives ? Obviously the space 
programme has many aims and objectives, and there 
is wide disagreement as to which ones take priority. 
Those who feel (wrongly) that the principal aim of 
Congress in supporting NASA is the advance of basie 
science contend (rightly) that $5 billion a year could 
be more fruitfully expended in other way Those 
who believe that the principal objectives of the space 
programme are to enhance national prestige or to 
satisfy a human urge for exploration, or to assure 
future military or economic dividends argue that some 
or all of these objectives are being achieved and that 
the total result és worth $5 billion a year. Others 
deny this. Clearly the question is not a scientific one 
it is one of pubhe policy. And those (in the Congress 
and the Executive branch) responsible for establishing 
public policy have cecided that the expenditure is 
justified. 

Scientists who insist that this $5 billion could be 
more profitably expended for other scientific enterprises 
may be right, but they miss the point. The $5 billion 
is not being spent primarily to advance science, any 
more than the $50 billion expended by the Defense 
Department is. Yet, in both cases a moderate fraction 
of the budget is necessarily used to advance science. 

However, it must be stressed that neither NASA nor 
any other agency charged with implementing ‘a 
national-policy goal is intended to be a philanthropic 
agency authorized to provide benefactions to university 
science departments. 

If the government wishes (as I believe it should) to 
develop a more adequate and more balanced programme 
for strengthening American science then it should 
charge suitable agencies (principally the National 
Science Foundation) with this particular task, and 
provide funds adequate for carrying it eut. 
























Secrecy July 12, 1967, 

An important part of a student's training is not only 
to do research but to diseuss it openly with his col- 
leagues throughout the seientifie or seholarly world. 
Open, critical discussion is the final test. of the validity 
and value of a research enterprise, and the student 
should experience this early. 


Summer Salaries 1967. 
A professor with a grant or contract may ree 
two or three months' extra pay for working 
research during the summer. His colleague across she 
hall or aeross the campus is doing equally significant 
scholarly work during the summer for no extra pay: 
or he may be unable to (pipe this luxury and des 
his scholarly work to take a summer job elsewhere, 
and both he and the id vER y suffer. Many com- 
mittees and commissions studying this emcee have 
advocated the abandonment of the obsolete poliey of 
assuming that a university faculty member normall ly 
works and should be paid for only nine months. But 
few universities have been able to find funds for a 
year-round salary plan for all. Until this problem is 
solved, it will be vexatious to every university pro- 
gramme, and to every government agency. too. 
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Educating Europe's Managers 


lr now seems clear that European governments will 
decide at the end of this week to go ahead with a plan 
to set up a European Institute of Technology— but 
without the support of the British Government. The 
meeting, to be held at OECD headquarters in Paris, is 
expected to approve the plan for the institute first put 
forward in a report published in May this year. Despite 
enthusiasm from a number of European governments, 
the plan has been cold.shouldered by the British 
Government. The reason appears to be that the 
institute differs radically from the one which used to 
feature regularly in speeches by the Prime Minister. 
What the Prime Minister had in mind, so far as it can 
be divined, was a kind of European Ministry of Tech- 
nology, responsible for organizing technological co- 
operation in Europe. What has emerged is a kind of 
European graduate school devoted to management 
education. Promises of support have been forthcoming 
from the governments of France, West Germany, Italy 
and Holland, and the institute is almost certain to be 
sited at Maastricht, in Holland. 

The shape and purpose of the institute were first 
clearly defined in a report issued in May this year, and 
prepared by a study committee under the chairmanship 
of M. Giscard d'Estaing. The committee had itself 
been inspired by a conference on the Technological 
Gap which was organized at Deauville in May 1967 
by the Scientific Committee of the North Atlantic 
Assembly and the Foreign Policy Research Institute 
of the University of Pennsylvania. The study com- 
mittee of fifteen included Dr Alexander King of OECD, 
the Hon Christopher Layton of PEP, Professor I. I. 
Rabi of Columbia University and Professor E. Pestel, 
Rector Designate of Hanover Technical University. 
Dr D. J. A. Cade, another member, is described in the 
report simply as a scientific consultant but, in fact, now 
works at the British Cabinet Office. 

The report envisages two kinds of programme which 
might be undertaken by the institute, which it describes 
as "an institution of higher education designed to 
ensure speedier technological progress in Europe". The 
first is à course intended for graduates in science and 
engineering, lasting one year, which would provide a 
training in “the sciences of technological manage- 
ment". The second is a much shorter course, lasting 
between one and three months, which would be offered 
to experienced scientists and engineers, and would be 
focused on “particular topics of research and develop- 
ment management". Four departments are envisaged, 
covering Advanced Mathematical Methods and Com- 
puter Applications, Systems Engineering, Human 
Seiences and Management of Technology. To start 
with, about 100 graduate students would be enrolled, 
but the number could grow to 400 after several years; 
no country would be allowed to have more than one- 
third of the graduates. Entry standards would be 
high—a master’s degree or equivalent professional 
qualification, excellent performance at previous acad- 
emic studies, and a knowledge of at least two of the 
operating languages, which will be English, French 
and German. Diplomas will be awarded to successful 
Students, and ways devised for getting rid of those 
who are unsuccessful. For staff, the institute would 


hope to recruit professors from European universities 
for periods of from two to five years to supplement 
the small number of permanent staff. Generous salary 
scales— $15,000 to $18,000 for full professors, $8,000- 
$12,000 for assistant professors—are envisaged. Indeed, 
the cost of the project, which works out at $3 million 
for 500 full-time students in the fifth year of operation, 
has been one of the sticking points for the British 
Government. 

So far the two firmest offers of support have come 
from the Dutch and West German Governments. The 
Dutch Government has bought the buildings at Maas- 
tricht, originally built as a Jesuit Seminary. These are 
equipped with lecture halls and theatres, a library, 
administrative offices, a restaurant and 135 bedrooms. 
The fact that this building could be occupied im- 
mediately seems to have swung the balance in its 
favour, as other attractive sites were offered at Fon- 
tainebleau, Milan and Strasbourg. (The Jesuits, it 
appears, have decided to concentrate their teaching 
in a centre of excellence in Amsterdam.) As well as 
buying the building, the Dutch Government has 
offered it rent-free for five years—a contribution said 
to be worth $2-4 million. The Dutch Government has 
also promised $100,000 for the first. vear of operation, 
while in the West German budget $48,000 has been 
set aside for the institute. The French and Italian 
Governments have expressed support, but nothing is 
in writing yet. 

No decisions have yet been made about the per- 
manent staff for the institute. It will need a Director- 
General, a Secretary-General for administration, and 
& Director of Studies. In the broadest terms, it is 
thought that the Director-General should be a European 
—‘‘someone like Lord Jackson", one enthusiast com- 
mented. The Director of Studies will probably be 
American, because this is where the expertise is. The 
Secretary-General could well be French, to retain 
balance. 

lf the decision is made to go ahead, the institute 
could be admitting its first students at the end of next 
year. The first advanced course might well be a 
NATO summer school on the use of advanced mathe- 
matical methods in research management, but this 
has yet to be decided. OECD, as well as providing 
a place where governments can meet to discuss the 
proposals, is also helping by drawing up the legal 
statutes for the institute. If all goes well, the institute 
should be under way by September 1969, and one of 
its supporters says that he expecta it to be turning away 
applicants for lack of places “within eighteen months". 

Throughout the discussions, the British Government 
has taken a cool and detached view of the project. 
But it has become clear that it has little interest in the 
idea, which does not fit in with its own plans. Pro- 
ponents of the institute, however, claim that there is 
no conflict between the institute and the sort of 
organization Mr Wilson has talked about. Indeed, 
they suggest that the two bodies might well be comple- 
mentary. But the Government, after failing to show 
any interest when it had the opportunity of influencing 
the proposals, now seems to be showing little interest 
in what has emerged. The investment involved would 
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have been £20,000 in the first year, rising to £200,000 
by the fifth. Of the running cost of the institute, 
£3 million in the fifth vear, one-third is to come from 
governments, one- third from private funds (like founda- 
tions) and the remaining third from fees from partici- 
pants and their sponsors. 

Despite the British Government's apparent indif- 
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ference to the idea, no special barriers will be put in 
the way of British students wishing to attend the 
courses. In principle, at least, the fact that govern- 
ments have supported the institute does not entitle 
them to more than their share of the places. Whether 
this ideal will be realized in practice is, of course, more 
open to doubt. 


Apollo 8 and the View Beyond 


from our Special Correspondent, Washington, December 10 


Tue Acting Administrator of the National Aeronautics 
and Space Administration, Dr Thomas Paine, shows 
every sign of confidence that two Americans will tramp 
about on the surface of the Moon some time next year. 
The last flight of a team of three astronauts in October 
seems enormously to have cheered up those responsible 
for the Apollo programme. Even the accident this 
weekend which destroyed one of the machines being 
used to test the rocket system for descending the last 
few hundred feet to the surface of the Moon seems to 
have left them unmoved although, Dr Paine points out, 
in this business, as in the early days of aviation, an 
accident “is not serious if the people can walk away 
from it". 

Plans are now well advanced for the journey around 
the Moon of the Apollo 8 spacecraft, now assembled at 
Cape Kennedy, due to begin some time during the week 
of December 21. After that, it may even be possible to 
decide precisely what test flights will be carried out 
before a descent to the surface of the Moon is attempted. 
The situation, in other words, is rather like that at the 
end of a long car journey when a driver may spend an 
unpredictable but still comparatively short time hunting 
about for his destination. There seems no danger that 
anything will go seriously awry and this suggests 
instead the analogy with the way in which Moses spent 
time hunting for the Promised Land. 

Dr Paine looks back with mixed feelings over the 
interval since President Kennedy announced, in 1961, 
that there would be a serious attempt to send a man to 
the Moon “before this decade is out". Understandably, 
he is somewhat downcast that there are critics of the 
Moon programme even now that success is within 
sight. In a conversation yesterday he urged that the 

“commitment to such a specific target was probably 
necessary in order to give the American aray a 
feeling that his money wa 
said Dr Paine, of ‘ ‘Kennedy’ 8 genius for seeing all sides 
of the problem”, In practice, he said, the commitment 
had turned out to be the only guarantee— people 
worked on the project as if they were impelled by the 
urgeney of war. Butthe size ofthe programme had also 
made it possible to include within it several items of 
expenditure that would not otherwise have been 
possible—the support whieh the National Aeronauties 
and Space Administration has given to basic science, 
for example. If academie scientists were not satisfied 
with the support they had been given, this may be a 
sign, said Dr Paine. that they have not been sufficiently 
persuasive in putting their case. But in any case the 
outcome of the work now nearing completion in the 





Apollo programme was the development of a techno- 
logical tool which could be used for the rapid advance of 
science. The orbiting astronomical observatory, 
launched last week with great success, is one of the 
examples for which Dr Paine justly claims eredit. In. 
general, he said, it was mistaken to believe, as many 
people did, that if money had not been spent on getting 
to the Moon, it could promptly be diverted to other 
things. In any case, he said, the proposal that people 
should go to the Moon “within this decade” had. been 
coupled with other proposals for development such as a 
commitment to develop networks of communications 
and meteorological satellites, for exampie—and. these 
goals had already been attained. 

But what of the future? Dr Paine agreed that the 
year ahead “is the year that really matters". The 
budget application which President Johnson will 
submit to Congress before he leaves office on January 
20 and the response to it of the new Administration and 
of the new Congress will determine whether NASA 
remains a powerful agency or becomes just a shadow of 
its former self. Moreover, the decision will have to be 
made before American taxpayers have had a chance to 
see whether they have got full value for the $25 
thousand million which will have been spent on getting 
to the Moon. What Dr Paine would like to see is & 
budget of about $4 thousand million, much the sume 
as in the present year, and a fairly constant expendi- 
ture at that level until the budget would expand again 
five or six years from now. 

Several objectives come quickly to Dr Paine. First, 
the agency would like to see some use made of the 
system which has been developed at such cost for 
launching the Apollo vehicles. What this means is 
that there should be at least two visits à year to the 
Moon and at some point, Dr Paine says, it would be 
necessary to build a shelter there. There is also great 
interest in schemes for using rocket systems in which 
the more expensive parts are reusable. The scheme for 
shuttling rockets in both directions between orbits 
around the Earth and the Moon is one which offers 
great advantages. But Dr Paine says that he is also 
anxious that the programme agreed by Congress for the 
period after July next year, the beginning of the new 
fiscal year, should include funds to enable the Adminis- 
tration to develop direct broadcasting communications 
satellites and surveillance systems for pieking out the 
parts of the surface of the Earth with differing natural 
resources. Dr Paine also hopes that there will be 
money for scientific investigations of various kinds: 
journeys to the planets, of which the scheme to send a 
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satellite out towards Pluto in 1978-79—when Jupiter 
and Saturn will be favourably aligned—is particularly 
attractive. On the relationship—sometimes the lack 
of a relationship—between NASA and the scientific 
community, Dr Paine considered that there may be 
some room for changing the administrative structure. 
One possibility would be to require that proposals for 
experiments should be publicly discussed among 
scientists before being considered by the Adminis- 
tration. 

So far as the immediate future is concerned, however, 
everything is concentrated on the plan for Apollo 8. 
For a detailed study of that shows how much substance 
there is in Dr Paine’s assertion that there is plenty of 
room yet for development of the Apollo system. One 
apparently peripheral but potentially important 
development would be to increase the amount of 
Storage in the computing system, which is at present 
36 K of fixed storage with 2 K of erasable storage. 
Those responsible for the navigational planning of the 
enterprise point out that in future journeys, which are 
extremely complicated, it may be necessary to store on 
magnetie tape computer programs needed for carry- 
ing out individual steps in what may often be a compli- 
cated system of events. The lack of suitable storage is 
apparently a small defect but one which, no doubt, 
would not be remedied without some expense. 

Perhaps the most impressive feature of the way in 
which the technology of space travelling has developed 
is the skill with which the group responsible for Apollo 
has been able to build a great deal of flexibility into the 
plan for Apollo 8. For one thing, this launching will 
differ from previous exercises in that the direction in 
which the rocket is aimed will vary with the time of 
launching. This is a consequence of the celestial 
mechanics of the exercise. The object is to find an 
orbit about the Earth which is parallel to the plane of 
the rotation of the Moon about the Earth. Given that 
the inclination of the axis of the Earth to this plane 
differs from a right angle, it is clear that the direction 
in which the rocket is injected into an Earth orbit must 
depend on the local time at the launching site. In 
practice, the need to avoid the risk of damage to 
heavily populated areas on the Earth requires that the 
direction of launch should lie between 72 degrees and 
108 degrees. On each of the days, the week after next, 
on which launches are possible, there is a period of time 
(between 7.51 a.m. Eastern Standard Time and 12.32 
p-m. Eastern Standard Time on December 21, for 
example) when a successful launch could be completed. 
At the beginning of this interval of time the launch 
would take place at 72 degrees—just north of east— 
and the aim would move progressively south during the 
five hours or so during which a successful launch is 
possible. The sequence of events on succeeding days 
is similar except that everything is retarded by about 
an hour and a half each day because of the motion of 
the Moon. Because the launch should ideally take 
place during daylight, it is unlikely that the exercise 
would be profitable once Christmas Day is past. 

During the flight of the instruments to the Moon, 
there will be a complicated sequence of rocket firings at 
several of whieh it will be possible for the ground 
observers to decide that an alternative to travel round 
the Moon should be implemented. To begin with, the 
Apollo 8 spacecraft together with the third stage of the 
Saturn rocket will be parked in an orbit about the Earth 
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at a height of 191 kilometres and inclined at 32-5 
degrees to the Equator. The next step in the opera- 
tion will be to change this orbit into one which is 
essentially a highly elliptieal orbit about the Earth 
stretching out to the orbit of the Moon. The trick here 
is to ensure that the perigee of this orbit is correctly 
placed with respect to the position of the Moon at the 
time when the Apollo system may be expected to have 
reached the orbit of the Moon. The most disappointing 
outcome of this would be that the last stage of the 
rocket would burn inadequately, in which case the 
three astronauts travelling on Apollo 8 may have to 
reconcile themselves to spending ten days in orbit 
about the Earth. The possibilities that the velocity 
increase produced by the third stage of the Saturn 
motor may not be enough to carry Apollo 8 as far as the 
Moon have been catered for by proposals for modifying 
the orbit about the Earth—the system carries enough 
rocket power for that. The only difficulty seems to 
arise when by mischance the apogee of the elliptical 
orbit lies between 46,000 and 111,000 kilometres—then 
there will not be enough power to correct the orbit to 
one in which the radiation exposure will be compara- 
tively moderate, in which case the spacecraft will have 
to return direct to the Earth. 

On the way to the Moon, after the velocity has been 
increased to 10,900 metres a second, the spacecraft will 
be separated from the rocket after an interval of about 
20 minutes and plans have been made for making sure 
that the spent rocket will pass behind the Moon and will 
then be accelerated into an orbit about the Sun. The 
spacecraft itself will be aimed ahead of the Moon 
which it will take roughly 66 hours to reach. Correc- 
tions to the velocity amounting to no more than a metre 
per second or thereabouts will be made, if necessary, at 
four points along the route. The intention is that the 
spacecraft will first be put in an orbit lying between 111 
and 315 kilometres around the Moon, that it will be 
made a cireular orbit at 111 kilometres after two 
revolutions and that the package as a whole will spend 
ten orbits (each of them roughly two hours) about the 
Moon before returning to the Earth. The elliptical 
orbit about the Moon has been chosen in such a way 
that the danger is minimized that small errors may 
cause the spacecraft to collide with the Moon. 

A number of interesting navigational points have 
come to light. For one thing, it seems not yet to have 
been possible to determine precisely which horizon 
around the Earth is actually observed by astronauts 
operating from an orbit. Is it the solid Earth, the 
tropopause, or some other level in the atmosphere ? 
One of the first tasks of the astronauts on the way to 
the Moon will be to make observations of the horizon 
which can then be caleulated by means of ground-based 
observations of the position of Apollo 8. In its orbit 
about the Moon, the spacecraft will cover à narrow 
band within fifteen degrees north and south of the 
Equator. At its northernmost extremity, the orbit will 
lie just south of the Mare Imbrium. On all its ten orbits, 
Apollo 8 will pass directly above one of the landing 
sites chosen by unmanned observation of the Moon for a 
possible landing on some later journey. During its 
presence there, the three astronauts will be charged 
with carrying out an intensive programme of photo- 
graphy partly so as to collect a comprehensive stereo- 
scopic panorama of a strip of terrain lying near the 
Equator of the Moon. 
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NEWS AND VIEWS 


The Search for Pulsars 


Ever since the first pulsars were discovered last 
year by the Cambridge radio-astronomy group, 
the barrage of new data that has been appearing, 
coneerning the discovery of new pulsating sources and 
more recently the slowing down in the period of some 
of the established ones, will have conjured up vivid 
images of a gold rush in pulsar information. One of the 
characteristics of a gold rush, however, is that the 
searchers have a clear idea of what they are looking 
for, even if the exact location is not certain. Although 
theories and speculation abound to explain the nature 
of the pulsating stars, the only piece of firm analogy is 
that the spade has been replaced by the radio-telescope. 
The digging ground is the whole sky, and since the 
angular resolution of a present-day radio-telescope— 
such as at Jodrell Bank—is about one-quarter of a 
square degree there is plenty of scope for searchers. 

The solution to the central problem of locating 
pulsars lies in a combination of finding the best fre- 
quency at which to operate the radio-telescope in 
conjunction with the best area of the sky to scan. 
This question is often decided by & synthesis of rational 
planning, inevitable extraneous factors and luck. The 
pulsars are known to give out signals over a range of 
radio-frequencies, some being strong at higher fre- 
quencies and others at lower ones. Some pulsars, par- 
ticularly the more distant ones, also produce highly 
dispersive signals, which means that observations must 
be at a high frequency in order to resolve the pulses. 
Thus pulsar signals which are dispersive and only strong 
in the low frequency range will be unobservable. The 
angular resolution of the telescope increases as the 
frequency is lowered, and a radio-frequency of around 
400 MHz is often considered suitable, being relatively 
free from extraneous interference as well. 

If a search is being made for new pulsars whose 
frequency characteristics are basically unknown, the 
choice of a suitable radio-frequency is largely guesswork. 
The same applies to searching the sky, but there may 
sometimes be indications from previous work that a 
particular scan, for instance near the plane of the 
galaxy, may be profitable and that in this region the 
dispersion of the pulses is known to be larger. The time 
necessary to perform any scan is very much a function 
of the pulse shape under scrutiny. The original Cam- 
bridge pulsars were found by looking for signals with a 
large pulse width and the scan of the whole sky was 
made within a week, whereas in other cases a negligible 
area of the sky would be covered in this period. 

The radio-telescope at Jodrell bank is operated by 
means of a computer program, so that the experi- 
menter merely has to feed in the relevant scanning 
instructions and sit back and await the results. Experi- 
ments are of course preceded by careful planning, which 
is often several weeks' work. The analysis ofthe signals 
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is also carried out on the computer, although visual 
methods are used as well. A typical analysis may in- 
volve plotting some fifty samples a second of the 
received signal over a duration of a few minutes, and. 
then earrying out something like a Fourier analysis 
on the result. The exact analysis depends on the physies 
of the case in question, but an example is contained ina 


recent set of measurements at Jodrell Bank on the ^ 


first four Cambridge pulsars. A plot of the time of | 
arrival of the signal against the date does not give a — 
straight line, and from the shape of the curve radio. 
astronomers can gain information about the motion of 
the pulsars. 


ASTROPHYSICS 


from a Correspondent 


Puysicists who have recently devoted much of their 
interest to new astrophysical problems have found that 
these interests are not reflected in a specifie division 
of the American Physical Society. As a result, topics 
in astrophysics have not, in general, been well repre- 
sented at previous APS meetings. At Miami Beach 
in November, however, five half day sessions of con- 
tributed papers and two half day sessions of invited 
papers on astrophysical problems were organized for 
the three day meeting. 

Most of the contributed papers were reports of experi- 
mental observations, with cosmic ray studies the best 
represented and X-ray astronomy close behind. In 
the cosmic ray reports, the shifting of interest toward 
the long neglected electron-positron component of the 
radiation was evident. Preliminary observations of 
few MeV clectrons detected in satellites and few 
hundred MeV electrons detected in balloon-borne 
spark chamber experiments (and the negatron-positron 
ratio in both of these energy ranges) are confirming 
the secondary nature of these relatively low energy 
cosmie rays. Several contributors pointed out the 
value of these electrons in determining the modulation 
of cosmic rays in the solar cavity. These early results 
seem to suggest that the higher energy e ectrons exhibit 
modulation while the few MeV electrons do not. 

Of the more traditional nuclear isotopic studies, which 
were the subject of most of the cosmic ray papers, 
perhaps the most interesting were the duorine abund- 
ances reported by the groups from Chicago, Goddard 
and Minnesota. Fluorine is not expected to be nucleo- 
synthesized in supernovae (the consensus prime source 
of cosmic rays), but should be observed at the Earth 
as a spallation product of intermediate mass nuelei 
in their passage through the interstellar medium. 
Previous experimental results have been consistent 
with virtually no detectable fluorine, indicating a 
much shorter path length than the average of 3-4 
g/cm? deduced from other isotopic abundance studies. 
The data reported at Miami Beach aow place the 
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fluorine abundance at ~2 per cent of oxygen, that is 
that which would be expected from spallation in 3-4 
g/em?, so that the problem of explaining an anomalously 
low fluorine abundance seems to have reconciled itself. 

The X-ray astronomy papers were mostly reports 
of new observations of the spectra of individual discrete 
sources. The new data reaffirm the belief that there 
are at least two classes of discrete X-ray emitting 
objects: the Crab Nebula appears to be a non-thermal 
(probably synchrotron) X-ray emitter, while Sco X-1 
has the characteristics of a thermal source with a 
temperature which may vary between ~50-80 million 
degrees. Sco X-1 has, in addition, a non-thermal tail 
above ~40 keV which fluctuates perhaps as much as 
an order of magnitude in a time scale less than hours, 
indicating some sort of impulsive behaviour super- 
imposed on the hot continuum. New data presented on 
Cyg X-1 are consistent with this source being of the 
Crab type, although existing data indicate that this 
source has much larger magnitude variations than the 


Crab. 


MATERIALS SCIENCE 


Using Brittle Materials 


from a Correspondent 


A ONE-DAY discussion meeting on “Designing with 
Brittle Materials” was held in London on December 3. 
Sponsored by the Applied Mechanics Group of the 
Institution of Mechanical Engineers, the meeting was 
attended by 100 engineers, chemists and ceramists, 
who by their contributions to discussions ensured the 
success of the meeting. 

The first session was devoted mainly to the theoreti- 
cal aspects of design analysis for brittle materials when 
used as load carrying components. Both Mr K. W. 
Mitchell (Fulmer Research Institute) and Mr W. H. 
Dukes (Bell Aerosystems Co.) stressed the need for a 
new design philosophy based on the statistical analysis 
of load environment and material characteristics. 
Brittle materials exhibit no plastic deformation in their 
stress/strain relationship so that the stress distribution 
must be accurately determined by refined techniques 
of analysis with full allowance being made for stress 
concentration effects. It was said that the introduction 
of a failure probability concept is essential if materials 
are to be used at moderate stress levels. The usefulness 
of the Weibull series distribution function was ques- 
tioned by several speakers who indicated their reluc- 
tance to use a technique which depended on a large 
number of test results for its accuracy. This accuracy 
could, however, be increased by providing good quality 
control and introducing proof loading, which leads to 
added confidence in materials which, even though they 
have low fracture toughness value, can exhibit high 
strength. Two other papers at this session dealt with 
design problems in ceramics and indicated the useful- 
ness of photo-elastie techniques in the improvement of 
components by reducing stress concentration effects. 
The need to design against thermal shock by the 
matching of thermal expansion valves in composite 
materials was illustrated by examples of specific 
components. 

The practical approach to design was presented at 
the afternoon session in which successful components 
mainly developed on the “try it and see” principle were 
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discussed. Dr D. J. Godfrey and Mr P. G. Taylor 
(Admiralty Materials Laboratory) gave detailed 
examples of the use of silicon nitride for the manufac- 
ture of gas turbine blades, ceramic bearings, combus- 
tion chambers and rotary piston internal combustion 
engines. This material was of interest in that it has 
a negligible shrinkage on heat treatment, unlike most 
other ceramic materials. Complicated shapes could be 
obtained by flame-spray deposition with final machining 
to size being made in the green state. It was emphas- 
ized, however, that these materials should only be 
used when and where metallic materials are no longer 
practicable, that is, where high temperature strength 
and resistance to corrosive attack outweigh their 
disadvantage of low fracture toughness and brittleness. 
The requirements for successful operation of uncooled 
nozzles were discussed by Dr G. A. Heath (Rocket Pro- 
pulsion Establishment, Westcott). In these nozzles tung- 
sten is used either as a solid insert or as a thin shell on 
a graphite backing. Although tungsten at the operating 
temperature of the nozzle is not a brittle material, the 
composite structure leads to extreme thermal shock 
problems during the initial firing stage. Careful 
matching and dimensional tolerances are important 
to prevent buckling and separation of the tungsten 
shell and. backing. 

If a conclusion could be reached at a meeting which 
discusses new design concepts, it was that there exists 
a division of opinion as to the correct approach to the 
efficient utilization of ceramics. One school of thought 
was that design by practical testing offers the best 
solution, although this could lead to components of 
excessive weight and high safety factor. The opposing 
view considered the mathematical method of determ- 
ining the correct fracture mechanism, designing to à 
finite life and use of refined test methods and stress 
techniques to be the best approach. Probably it will 
be by a combination of these two design philosophies 
that brittle materials in the next decade will take their 
place alongside ductile metallic materials, and ceramic 
components will be designed with added confidence. 


WEEDS 


Talking about Control 


from a Correspondent 


(Tur ninth British Weed Control Conference, the first 
to be held under the auspices of the newly formed 
British Crop Protection Council, took place at Brighton 
from November 18 to 21. In spite of its name this 
has become an international conference with more than 
1,000 delegates, more than one-third of whom came 
from abroad. 

The conference serves many functions, but principally 
it acts as a forum for the exchange of up to date techni- 
cal information on all aspects of weeds and weed control. 
It includes sessions on the problems of weed control 
in every conceivable context—agricultural crops, 
vegetables, fruit, ornamentals, grassland, forestry, 
watercourses, and non-agricultural Jand—and on 
related topics from the biology of weeds to the improve- 
ment of application equipment. The conference 
achieves "instant" publication. 

The problem of grass weeds still dominates the arable 
scene. The perennials, Agropyron repens and Agrostis 
gigantea, and the annuals Avena species and Alopecurus 
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myosuroides, cannot always be easily or cheaply eradi- 
cated by either cultural or chemical methods. Some 
new herbicides were discussed for the first time in 
Britain; but new effective methods are being devised 
using old products. 

Among the specialist sessions, that on aquatic weed 
control showed that any treatments proposed had to 
be based on ecological principles and determined by 
the intended uses of the watercourse concerned. In a 
more physiological session, the intriguing story of the 
mode of action of the bipyridyl herbicides was taken a 
stage further, with a reoxidation of the bipyridylium- 
free radicals giving rise to hydrogen peroxide more 
elearly implicated. Another paper presented elegantly 
the evidence that auxin-induced defoliation results 
from enhanced biosynthesis of ethylene in the leaf. 

The practice of direct drilling without soil tillage 
after application of herbicides was shown to give vari- 
able results with the existing technology. In general, 
the best results have been obtained on lighter soils. 
More basic information is required on crop growth in 
relation to soil environment. The duration of winter 
temperatures seems to influence results, as shown by 
experience in Sweden and West Germany. 

The introduction of a tropical session was very 
successful. There were several delegates from tropical 
and sub-tropical countries and many others with 
tropical experience. The different approaches required 
for highly organized plantations on the one hand, and 
peasant farming on the other, were well appreciated. 
Peasant farmers do not usually consider the problem 
of weeds to be as urgent as that of pests and diseases, 
even though it is the impossibility of keeping weeded 
what has been sown that often limits the size of their 
plots. 

A preoccupation with herbicides did not preclude 
consideration of biological control of weeds. Although 
complete eradication is rarely possible by this method, 
success in suppressing introduced species continues 
to encourage considerable research. In Europe, at 
present, this is principally directed towards discovering 
the natural enemies of European species which have 
become weeds overseas, such as Chondrilla juncea in 
Australia. 


CELL BIOLOGY 


Nucleic Acids and Genes 


from a Correspondent 


Tux eighth annual meeting of the American Society 
of Cell Biology was held in Boston from November 11 
to 13. The first symposium of the conference was on 
nucleic acid replication, transcription and translation 
in mitochondria and chloroplasts. D. R. Wostenholme 
of Kansas State University compared the form and 
structure of mitochondrial DNA from plant and animal 
cells. The mitochondrial DNAs from rat and Xenopus 
laevis have the same buoyant density and renaturation 
curve and probably have considerable sequence homo- 
logies. Plants (yeast) and ciliates (Tetrahymena 
pyriformis) differ from animal cells (rat liver) in having 
mitochondrial DNA with different densities and longer 
lengths. The former have linear DNA with cohesive 
ends which readily form circles. Phaseolus vulgaris 
(broad bean) mitochondrial DNA contains ten times 
the information of the rat liver DNA. Evidence 
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suggests that mitochondrial DNA is synthesized iw 
situ. 

The mitochondrial ribosomes of Nearospora crassa. 
were discussed by R. Rifkin and D. Luck from the 
Rockefeller University (New York) Unlike eyto- 
plasmic ribosomes these are 708 and dissociate in the 
presence of 2mM magnesium. They also have RNA of 
different base composition with a 255 to 158 ratio of 
2 to 1 and different ribosomal proteins. Mitochondrial 
ribosomes are sensitive to chloramphenicol. The bulk 
of the mitochondrial proteins are synthesized in the 
cytoplasm and are therefore not inhibited by the anti- 
biotic. Ribosomal proteins, and possibly a protein 
needed to integrate the cytochromes into the mem- 
brane, are coded for by mitochondrial DNA. Hybridiz- 
ation and renaturation have suggested that the mito. 
chondrial DNA is degenerate and has sufficient informa- 
tion to code for the ribosomal proteins, but few others. 

The ribosomes of the chloroplast were deseribed by 
S. Wildman (University College of Los Angeles). 
There are two types, those with 805 monomers found 
in the mobile phase of the chloroplast and the others 
which resemble bacterial ribosomes (708) and are 
coded for by chloroplast DNA and synthesize membrane 
proteins. i 

The topic of the second symposium was regulation of 
gene expression. M. Ptashne (Harvard University) 
described the isolation of the lac and A repressors. 
The latter has a molecular weight of 30,000 and is 
monomeric whereas the former has a melecular weight 
of 160,000 and consists of four subunits. The À repres- 
sor binds to the immunity region of the A phage DNA, 
for no binding occurs in a strain of bacteria with 
this region deleted. By using strains with different 
deletions it has been shown that there are two sites 
where the repressor binds. 

B. MeCarthy (University of Washington, Seattle) 
reported his investigations into the regulation of 
RNA synthesis and translation in animal cells. Using 
liver cells it was found that cytoplasmic factors could 
regulate nucleic acid synthesis. There are separate 
factors for the regulation of RNA and DNA synthesis 
and both are small dialysable molecules. One of these 
factors acts by stimulating DNA polymerase activity. 
By using a modification of the DNA/RNA hybridiza- 
tion technique it can be shown that the transcription 
of RNA in vivo is different from that in vitro. Similarly, 
treatment with oestradiol will change the RNA 
synthesized. In regenerating liver increased transerip- 
tion is found, resulting in different RNAs in the cyto- 
plasm. Transcription is therefore able to respond to 
physiological conditions. 





MATERIALS SCIENCE 


Sputtering 


from our Materials Science Correspondent 
Ir an ion is directed at a crystal and strikes it at the 
right angle of incidence, it tends to follow low index 
crystal directions or erystal planes. This phenomenon, 
known as channelling, was discussed in this column 
last week (Nature, 220, 960; 1968). When the ion is 
not channelled, however, a sequence of collisions takes 
place between it and ions of the metal lattice, and some 
of these sequences rotate the original momentum — 
through more than 90°, so that some metal atoms. 
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eventually emerge from the crystal. These atoms are 
said to be sputtered and can be used to fabricate thin 
films. Recent papers from Professor M. W. Thompson 
and colleagues (Phil. Mag., 18, 361, 377, 415; 1968) 
examine the phenomenon. Because the efficiency 
of sputtering varies with the direction of incident ions 
relative to the crystal axes, the technique is also widely 
used as a method of etching polycrystalline surfaces 
for microscopic investigation. The collision sequences 
may be random or they may involve focused collision 
sequences; these last are analogous to channelling of 
incident ions, for they involve a series of nearly parallel 
mutual collisions of a row of lattice ions, focused by 
glancing collisions with ions on neighbouring lattice 
rows. These sequences are an efficient means of trans- 
porting momentum through a crystal, and sputtering 
could result from a series of long focused collision 
sequences which change direction infrequently. The 
recent papers describe a technique for studying the 
energy distribution of pulse-sputtered ions by means of 
an ingenious time-of-flight method, and detailed results 
are reported for copper and gold, bombarded with 
monoenergetic A* or Xe* ions. The results are com- 
pared with the predictions of various models of the 
sputtering process, and the conclusion is that random 
and focused collisions contribute roughly equally to 
the sputtered atoms. 

Another study, by M. W. Thompson and A. D. G. 
Stewart, which is to appear in the January issue of the 
Journal of Materials Science, is devoted to the changes 
in the surface topology of an initially smooth metal 
crystal as a result of ion bombardment, which causes 
sputtering. By means of scanning electron microscopy, 
the investigators found that a population of well 
formed cones were formed at the surface, their half- 
angles depending on the incident ion energy. The 
cones are a striking consequence of the anisotropy of 
emission directions of sputtered ions, and a quantitative 
theory is propounded to interpret their formation. 


NAVIGATION 


Errors in Omega 


from a Correspondent 


THE Omega navigational system is planned to provide 
world-wide coverage from eight radio beacons, all 
precisely synchronized in frequency and phase. Meas- 
urements of phase differences from two or more stations 
will provide accurate position fixes when translated 
into distances, or difference of distances, for the very 
low frequencies used are inherently phase stable over 
great distances. Information from three stations 
suitably located should be enough to determine a fix 
accurate to about one mile in daylight and two miles 
at night, but measurements at the Physies and Engin- 
eering Laboratory, Lower Hutt, New Zealand, suggest 
two sources of error which may have to be considered 
in Omega navigation charts. These arise becauce of the 
possibility of Omega signals propagating not only in 
the normal mode under the ionosphere, but elso in 
ducts aligned along geomagnetic lines of force, as do 
whistlers—the very low frequency radio noise caused 
by lightning. What happens in the whistler mode of 
propagation is that, after travelling some distance 
in the waveguide between the Earth and the ionosphere, 
part of the transmitted signal may penetrate the iono- 
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sphere and travel in a duct aligned along a terrestrial 
line of force. The signal is returned to Earth in the 
conjugate area of the transmitter. Indications are 
that the navigational areas most likely to suffer from 
this interference to the Omega system are the Cape 
Horn region and the North Pacific. 

Whistler mode propagation of 18-6 kHz signals 
transmitted from NPG, Seattle, has been studied at 
Lower Hutt by F. A. McNeill (Radio Science, 2, 589; 
1967). The chief features are à travel time of about 
0:5 s, compared with 40 or 50 ms for the great circle 
path under the ionosphere, signal amplitudes which 
may be within 20 dB of the "direct" signal level, 
frequency shifts of up to +8 parts in 109 and which 
may reach 30 parts in 10° during magnetic storms, and 
night-time signal amplitudes at least 30 dB above 
day-time levels. Lower Hutt is more than 2,500 km 
from the conjugate point of the transmitter, and the 
indications are that nearer the conjugate point, whistler 
mode signals can at times be stronger than the direct 
signal. If the features measured at Lower Hutt also 
apply to Omega frequencies, they will have to be 
considered in preparing Omega navigational charta. 
Whistler mode signals have been recorded from most 
mid-latitude transmitters in the 14-25 kHz band, and 
from Omega Forestport, operating at 10-2 kHz with 
an effective power of only 100 W (J. Geophys. Res., 78, 
445; 1968). There is therefore a strong probability 
that all Omega transmitters will generate whistler mode 
signals in the 10-14 kHz band. 

Helliwell and Gehrels (Proc. Inst. Radio Eng., 46, 
785; 1958) have pointed out that whistler mode signals 
may interfere with the phase stability of the desired 
signals. Furthermore, the travel time delay in the 
signals from one transmitter may interfere with the 
reception not onlv of that station but also of the next 
station in the time sharing system. A rearrangement 
of the transmitter sequence may alleviate this difficulty. 
In addition, the frequeney shift, even if less than one 
part in 105, will result in a significant phase error. 

Effective whistler mode propagation is confined to 
transmitters between geomagnetie latitudes of about 
30° and 60° in each hemisphere. It is presumably 
present at all times, but attenuation in the D region 
prevents detection for about 6 h around local noon. 
Receivers at or near the conjugate point may well 
receive whistler mode signals all the time. 

Existing Omega stations are at Haiku, Forestport, 
Trinidad and Aldra, and stations have been proposed 
for the New Zealand-Australia area, the southern 
portion of South America, Reunion Island and the 
Japan-Philippines area. Omega Forestport, at about 
55° geomagnetic latitude, is ideally situated to generate 
signals in the whistler mode. Its magnetic conjugate 
is about 1,000 km west of the Antarctie Peninsula and 
about on the Antarctic Circle. Vessels operating within 
about 2,000 km east or west of this point should receive 
whistler mode signals with a delay of about 0:8 s. 
The north-south extent of the "danger" zone is uncer- 
tain, but is probably about half the east-west dimen- 
sions. Omega Haiku, Trinidad and Aldra are not 
likely to generate destructive whistler mode signals. 

Of the proposed stations, the one considered for the 
New Zealand-Australia area is likely to be the most 
troublesome. The conjugate area is a few hundred 
kilometres south of the Aleutian Islands and straddles 
the great circle paths from the west coast of the United 
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States to Japan; the time delay will be approximately 
0-6 s. Airborne units, because of their greater band 
width, will suffer more from off-frequency signals 
than shipboard units. From this aspect, an Omega 
transmitter in the New Zealand—Australia area would 
be better located north of a line through Brisbane and 
the Kermadee Islands rather than in New Zealand. 
Such a location would have a sufficiently low geomag- 
netic latitude to avoid significant whistler mode recep- 
tion in the North Pacifie. The proposed stations in 
South America, Reunion Island and the Far East all 
seem unlikely to generate undue whistler mode signals. 


PLANT GROWTH 


Movement of Auxin in Roots 


from a Correspondent 


Tue four classes of substance believed to be the major 
natural factors in the control and integration of plant 
growth and development are the auxins, gibberellins, 
cytokinins and dormins. Forty years of intensive 
researeh have passed since the first of these, auxin 
(B-indolyl acetic acid), was discovered, but little is 
yet known of their mode of action at the molecular level. 
All except the last class of growth substance are known 
to behave in the manner typical of animal hormones. 
They are synthesized at a site remote from the place 
where they exert their controlling influence, and are 
transported through the plant. 

Auxin—the hormone responsible for the control of 
extension growth in cells—is produced in the shoot 
apex and transported towards the base. The polarity 
of this transport is dependent on metabolic energy, 
but independent of the orientation of the shoot with 
respect to gravity. Furthermore, it can proceed 
against an unfavourable concentration gradient of 
auxin in the tissues. It is clearly important that the 
manner in which the root transports auxin should be 
understood as thoroughly as the equivalent process in 
the shoot, but reports of investigations into this 
mechanism have been equivocal or contradictory. 
Recent papers by Kirk and Jacobs (Plant Physiology, 
43, 675; 1968), Wilkins and Scott (Nature, 219, 1388; 
1968) and Scott and Wilkins (Planta, in the press) 
have shed new light on this aspect of plant growth 
control. 

Sections of shoot incubated in auxin solution show a 
maximal increase in length when the auxin concentra- 
tion is of the order of 10-9 M. Roots, however, show a 
maximal growth response when the concentration of 
auxin is approximately 10-4 M. Higher concentrations 
cause inhibition of growth and eventual injury to the 
root tissue. A major problem in looking at auxin 
movement in roots is therefore to find a concentration 
of auxin that will neither overload the transport 
system nor damage the tissue, but which can be 
reliably measured. In the recent work short sections 
of root, cut just below the apex, were placed in ‘Perspex’ 
holders, and auxin labelled with carbon-14, of specific 
activity 33 Ci/mole, more than twice that used by 
earlier investigators, was applied to one end of the 
section in a block of agar gel. The overall transport 
of auxin through the tissue was estimated by the 
amount of radioactivity reaching another block of agar 
applied to the opposite end of the segment. It was 
established chromatographically that the radioactivity 
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in the receiving block was still incorporated in the auxin 
molecule. 

Results indicate that transport of auxin in the roots 
of some six species examined occurs in a strictly polar 
fashion. This polerity of movement is directed along 
the long axis of the root towards the apex, in direct 
contrast to shoots, in which the directien of movement 
is away from the apex. Polarity was well marked in 
almost all species studied. Wilkins and Scott found 
that more then thirty times as much radioactivity 
moved towards the apex as towards the base in corn ' 
(Zea mays) roots. Pea roots, in which Wilkins and 
Scott found little evidence for movement of auxin in 
either direction, possess a very active mechanism. for 
the destruction of auxin. With the auxin analogue > 
2,4-dichlorophenoxy acetic acid, which is less easily’ 


destroyed, Wilkins and Wilkins (unpublished report) 
have found evidence for polarity of transport towards 
the apex. 

A second interesting observation was the amount of 
auxin that the root sections would tolerate and 
transport; the concentration in the donor block was 
many orders of magnitude greater than that believed . 
to inhibit root growth and cause positive injury to the ` 
root. 

These recent papers have established some important 
basic facts about the transport of auxin in roots. We 
still do not know, however, what part, if any, auxin 
plays in the control of root growth in the intact plant. 
It does seem possible that the growth of the root may 
be controlled by auxin derived from the shoot, although 
other centres of auxin production in the plant may 
not have been located yet. Information gained from 
investigation of these problems should enable us to 
understand a great deal more about the mechanism 
of control of root growth and development. 


MOLECULAR BIOLOGY 


The Elusive Ribosome 


from our Molecular Biology Correspondent 


THE relation between the two subunits of bacterial 
ribosomes, and in partieular the circumstances and 
manner of their association and dissociation, occupied 
until recently a murky corner of the ribosome literature. 
1t now appears that the ribosomal subunits, when not 
actually engaged in protein syntbesis, exist inde- 
pendently of one another, and go through a cycle, 
involving association and re-dissociation from the time 
at which the messenger is bound to the release of the 
polypeptide chain. It has now been found (Subra- 
manian et al., Proc. US Nat. Acad. Sei., 61, 761; 1968) 
that the dissociation step appears to require a protein 
factor, associated with the 308 particle. 

Washing with 1 M ammonium chloride leads to a 
supernatant which contains the dissociation factor. 
When this is added to a preparation of 70S ribosomes, 
a substantial dissociation ensues (though some 708 
particles always remain) The stoichiometry of the 
process indicates that the factor is not catalytie in 
funetion. Moreover, it is opposed by magnesium ions. 
It seems most likely that the factor operates by binding 
to the 308 subunit, and this attachment is weakened by 
high magnesium concentrations. That the factor is a 
protein is shown by its lability to trypsin. 

A slightly disappointing feature of these results is 
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the failure to establish reversibility in vitro: the 308 
subunits, after removal of the factor, cannot be made 
to reassociate with 508 particles, no matter what the 
magnesium concentration. It must at the same time 
be recalled that isolated 3058 and 508 particles were 
earlier shown to associate only after formation of 
the complex between the 308 ribosome, messenger and 
initiating tRNA. The mechanism of the association 
of the subunits is still therefore a somewhat clouded 
issue. 

A report by Bonanou et al., however (Biochem. J., 
110, 87; 1968), demonstrates—certainly for the first 
time in a mammalian system—that conditions exist 
under which the dissociation is indeed reversible. 
Dissociation is in this case achieved by exposing the 
80S ribosomes to 0-5 M potassium chloride. In this 
medium the extent of dissociation is concentration- 
dependent, and evidently follows a true reversible 
equilibrium. Dialysis against this salt solution yields 
biologically inactive subunits. These could be dis- 
persed in a magnesium-free buffer, and on addition of 
magnesium ions ribosomes reappeared and a consider- 
able proportion of biological activity (20-40 per cent) 
returned. This was increased to up to 100 per cent on 
adding the supernatant from the potassium chloride 
wash, which would be expected to contain part of the 
transfer factors. 

The recovery of native ribosomes from magnesium- 
deficient unfolded states is also a complex matter. In 
E. coli ribosomes various intermediates in the unfold- 
ing have been observed, and some of the steps are 
evidently reversible, though reversibility from the 
final magnesium-free state, reported early on by one 
group, was proved illusory. Weller et al. (Biochemistry, 
7, 3668; 1968) have confirmed that the transitions of 
the 50S particle to 40S, and apparently also the 30S 
to a partly unfolded state, are reversible, whereas a 
further step leading to a 295 particle from the large 
subunit is irreversible. It is conjectured that this 
may result from the loss of the 5S RNA. 

An interesting observation on the 50S subunit (Hill 
et al., Biochem. Biophys. Hes. Commun., 38, 151; 
1968) is the presence of a segment of RNA, readily 
digestible by ribonuclease. The residual particle 
remains resistant, but the process is accompanied by 
a large diminution (7-1 to 5-5 ml./g) in intrinsic vis- 
cosity. The fragment is estimated to have a molecular 
weight of 30,000, and has a curious base composition, 
with 40 per cent of adenine. It is inferred from the 
viscosity that this RNA forms an exposed "tail" 
on the 508 subunit. 

The ribosome may be all things to all men, but most 
of all to electron mieroscopists, Three recent reports 
give three new versions (not, one hastens to add, 
necessarily incompatible at all points) of its morpho- 
logy. Nanninga (Proc. US Nat. Acad. Sci., 61, 614; 
1968), using shadowing techniques, deduces that the 
505 subunit (B. subtilis) has flat surfaces and is approxi- 
mately an icosahedron. Bruskov and Kiselev (J. Mol. 
Biol., 37, 367; 1968), using negative staining, see the 
508 subunit as a horseshoe, the hollow making a chan- 
nel down the 708 ribosome. On the flat surfaces two 
rings of "subunits" are described. Worcel et al. 
(Proc. US Nat. Acad. Sci., 61, 122; 1968), on the other 
hand, observe a core down the centre of the large sub- 
unit, which it is suggested contains RNA. Filaments 
round the surface have also in the past been affirmed. 
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Even therefore when the ribosomes are not RNA 
polymerase, or other mirages, there appears to be 
enough choice to suit every prejudice. 


INSECT PHYSIOLOGY 


Ecdysone and DNA Puffs 


from our Cell Biology Correspondent 


Ix the current issue of Proc. US Nat. Acad. Sci. (61, 
971; 1968), Crouse reports that the insect moulting 
hormone, ecdysone, appears to control the formation of 
DNA puffs in the giant polytene chromosomes of the 
salivary gland cells in the fly Sciara coprophila. Moult- 
ing hormone has long been associated with stimulation 
of mitosis in insects, but the direct investigation of 
the effect of the hormone on DNA and RNA synthesis 
depends, of course, on a supply of pure hormone and 
this has only recently become available with the chemi- 
cal characterization and crystallization of ecdysone. 

Crouse injected ecdysone into fourth instar larvae of 
various ages, and found that within 24 hours the 
salivary gland chromosomes exhibited characteristic 
DNA puffsand that autoradiographs indicated that DNA 
synthesis had been initiated along the whole length 
of the chromosomes. In effect the eedysone induces a 
pattern of puffing six to seven days ahead of schedule. 
Crouse believes that this relationship between ecdysone 
and chromosome puffing implies that development and 
metamorpbosis cannot occur without puffing. 

Last year Goodman, Goidl and Richart (Proc. US 
Nat. Acad. Sci., 88, 553; 1967) came to exactly the 
opposite conclusion. They claimed that Sciara larvae 
could develop normally without the appearance of 
chromosome puffs, and they challenged the idea that 
puffing is a particularly significant feature of gene 
activity. The evidence for these claims came from 
experiments in which Sciara larvae were fed the 
vertebrate hormone cortisone, which, though never 
found in insects, has a similar chemical structure to 
ecdysone. The larvae apparently developed quite 
normally without any sign of puffing until the cortisone 
was withdrawn, whereon normal puffing behaviour 
was re-established on schedule. In other words, when 
the cortisone was withdrawn the pattern of puffs that 
appeared was the same as that in controls at the same 
stage in development. The inference from this is 
that any particular pattern of puffs is not determined 
by the sequence of preceding puffs. 

Crouse, however, reports that she has not been able 
to repeat these observations; she found, in contrast, 
that larvae fed cortisone do in fact develop puffs, but 
that the development is delayed by between three 
and eight days depending on the regimen. Further- 
more, simultaneous injection of cortisone with ecdysone 
failed to block the induction of puffs within 24 hours 
of injection, but injection with cortisone alone failed 
to induce puffs even after 48 hours. It seems, therefore, 
that ecdysone does regulate puff formation and that 
this process is essential for development. Perhaps the 
most likely explanation of the discrepancy between the 
observations of Goodman et al. and Crouse is, as Crouse 
suggests, that Goodman and colleagues examined 
larvae which were too young, their development 
delayed by cortisone. If this is correct, the Sciara 
system provides a unique opportunity for investigating 
hormonal control of nucleie acid synthesis. 
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High Resolution Nuclear Magnetic Resonance 


Studies of Biopolymers 


by 
E. M. BRADBURY 
C. CRANE-ROBINSON 


College of Technology, 
Portsmouth 


AN ex-postdoctoral student of a colleague recently wrote 
from the United States that everybody in the physical 
biochemistry field was making nuclear magnetic resonance 
(NME) studies of biopolymers. This may be an exaggera- 
tion, but it is worthwhile to enquire why there should be 
this upsurge of interest in a technique which has been 
available to chemists for the past decade or more and, 
further, what information NMR. studies of biopolymers 
can give which cannot be obtained from optical spectro- 
seopie and hydrodynamic techniques. The purpose of 
this article is not to give a rigorous introduction to the 
theory of magnetic resonance because such introductions 
are available on the shelves of most physical chemistry 
libraries'~*; rather it is to whet the appetite of the bio- 
chemist and biophysicist by suggesting that judiciously 
used NMR spectroscopy can be a very valuable aid. 

The technique can be used in the following general ways. 
(1) In principle it is possible to identify the resonances of 
individual residues in proteins and thereby to study altera- 
tions in their environment caused either by conformational 
changes, or, in the case of active site residues, by substrate 
binding. (2) Because each chemical group of a low molecu- 
lar weight compound generally gives a distinct signal, it 
becomes possible to find the interaction site of such a 
molecule when it binds to a macromolecule. (3) The widths 
and shapes of resonance peaks can be used to obtain data 
on the mobilities of chemical groupings in polymers and 
the flexibility of macromolecular chains in solution. NMR 
is thus a good method for following the breakdown of 
rigid structures and might be used to follow the “folding 
pathways” in protein renaturation. (4) In certain solvent 
systems separate main chain resonance peaks are obtained 
for the helical and random coil forms of polypeptides and 
from these it is possible to make an unambiguous de- 
termination of helix content. 

The pioneers of these applications, Kowalsky, Cohn 
and the Jardetzkys, have written extremely lucid and 
detailed introductions and reviews?-? while, more recently, 
details have appeared of the exciting work being carried 
out by Phillips, McDonald and eo-workers*:? at 220 MHz. 
It is the appearance of their work which has focused 
attention on the potential of magnetie resonance in the 
field of molecular biophysies. 

Some of the principles of high resolution nuclear mag- 
netic resonance can be demonstrated from the proton 
resonance spectrum of a simple random copolymer poly 
ír-gluismie acid 42 per cent, L-lysine HBr 28 per cent, 
r-alanine 30 per cent) (Fig. 1). It can be seen that each 
of the different chemical groups containing hydrogens 
gives rise to a separate resonance absorption peak at 
different values of the applied magnetic field measured in 
parts per million from a standard reference signal. Each 
peak is a measure of the energy absorbed during the 
transitions between quantized states of the protons in an 





Nuclear magnetic resonance at very high field strengths can give 
a wealth of information about macromolecules, though there are — . 
still limitations to the size of globular protein which it can handle. . 


applied magnetie field. The resonance eendition is given 
by 
(Hx 


oc 


where v= c/2 is the frequency of the transition, Hx is the 
strength of the magnetic field at the nucieus and y is the 
ratio of the magnetic rnoment of the nucleus to its angular 
momentum, the magnetogyric ratio. Protons in different 
chemical groups resonate at slightly different frequencies 
because the applied magnetic field is modified by the 
differing magnetic environments resulting from the move- 
ment of eleetrons and nuclei in adjacent bonds and 
neighbouring molecules. These effects determine the 
position of the resonance peak with respect to the position 
of the reference signal—that is, the chemical shift. The 
amount by which each nucleus is shielded by ite envirog- 
ment is represented by the shielding factor s and the field 
acting at a nucleus is given by 








Hy = H, (i-s) 


where H, is the strength of the applied magnetic field. 
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Fig. 1. Proton magnetic resonance spectra of a solution of copoly 
(giu 42 per cent, lys 28 per cent, ala 30 per centi) in TPA, showing the 
differences in resolution obtainable at different fr neles, (a) 60 MHz 
(b) 100 MHz; (c) 220 MHz. Peak assignments: (4) amide Af; 
(B) lysine NH,*, (C). eCH, (D) i OH. giutamie OH 

(FP) glutamic CHa, (G) lysine, 8, 7, CHap (E) alanine CH, z 
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This relationship shows that, in addition to the effect of 


. the shielding factor s, the separation of the peaks is pro- 
portional to the strength of the applied field. - This is 
shown in Fig. 1 where it can be seen that at 220 MHz 
a more eomplete assignment of the resonance peaks is 
possible than at lower frequencies. For complex molecules 
sueh as globular proteins, the magnetic environments of 
similar chemical groups can differ by very small amounts 
resulting in severe overlap of peaks; because the widths 
of the peaks are independent of the applied field, the 
advantages of going to higher magnetie fields become 
apparent and explain why there is great interest in the 
Varian NMR spectrometer with superconducting magnet 
which has a field strength of 52,000 oersted and represents 
a considerable advance over spectrometers operating at 
60 and 100 MHz. 

A second parameter which can be obtained from NMR 
spectra is the area of each resonance peak. This is propor- 
tional to the number of equivalent protons of any set and 
can thus be used quantitatively. Although it is possible 
to make an absolute determination of the number of 
different types of protons, this is usually tedious and the 
more usual approach is to make a relative determination 
of the numbers of protons in each set by comparing the 
areas of the corresponding peaks. Thus in Fig. 1 the area 
of the peptide NH peak is the same as that of the «CH 
peak and the relative areas of the other peaks are in 
proportion to the number of protons of each type. 

In the applied magnetic field the protons are distributed 
between two energy levels. The separation of these levels 
is given by 

h 


and the corresponding frequency for the transition lies 
in the radiofrequency region. The energy separation is 
thus very small and the difference in population of the 
two levels given by the Boltzmann distribution is also 
very small. This demonstrates one of the disadvantages 
of NMR spectroscopy; the sample sensitivity is very low 
compared with optical spectroscopic techniques. The 
difference in population between the two energy levels is 
determined, however, by the strength of the applied 
magnetic field and it follows that increasing H, results in 
an increase in the sample sensitivity. At resonance there 
is a net transfer of protons from the lower to the upper 
energy state and on removal of the exciting field relaxation 
oceurs until the Boltzmann distribution for the sample 
temperature is regained. This process is described by two 
relaxation times, T, and Tą; T,is termed the longitudinal, 
thermal or spin-lattice relaxation time and measures the 
rate at which energy is transferred from the excited system 
to the surrounding environment (or lattice), while T, is 
termed the transverse or spin-spin relaxation time and 
is a measure of the rate at which protons redistribute 
themselves within the spin system. The shapes of the 
resonance peaks are determined by these relaxation times 
whieh in turn are dependent on the correlation times. 
The correlation times are a measure of the rates of intra 
and inter-molecular motions in the system. In the normal 
conditions for recording high resolution NMR spectra the 
relationship between T, and the line width is given by 
T, M RY where v,,,is the width of the peak in eps at half 
the maximum height. From this it is clear that any pro- 
cess which shortens T', (in other words, increases the 
relaxation rate) will result in a broadening of the resonance 
peaks. For short correlation times, rapid translational 
and rotational molecular motion 7,-— T, and both are 
long; hence narrow lines are obtained. As the correlation 
times are increased, the motions are reduced either by 
increasing viscosity. decreasing temperature or increasing 
size and rigidity of the molecule, the relaxation times 
become shorter and line broadening oceurs. The effect of 
increasing the rigidity of a macromolecule on the NMR 
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speetrum has beer. demonstrated for poly-y-benzyl r-glut- 
amate? and is shown in Fig. 2. It was pointed out by Bovey 


- and Tiers? that for the random coil form there is a rapid 


segmental motion which is sufficient to give well developed 
NMR spectra (Fig. 2c). For the rigid helical form, however, 
the protons in the backbone have their motions restricted 
to such an extent that considerable broadening of their 
resonance peaks occurs while for the groups in the flexible 
sidechain the restriction to their motions depends on their 
proximity to the rigid backbone. "Thus the peak due to 
the BCH, group adjacent to the helical backbone is 
broadened while the peak due to the phenyl group at the 
end of the sidechain has sufficient mobility to give rise 
to a well developed resonance peak (Fig. 26), Fig. 2a 
shows the effect of aggregation in chloroform. For native 
macromolecule systems therefore different correlation 
times can apply to different parts of the molecule and 
from the relative line widths it is possible to deduce 
information on their flexibilities. For the compact form 
of globular proteins the majority of the peaks are of a 
similar width and this is determined by the rate of 
tumbling of the molecule as a whole in solution. The 
line widths shown by such molecules thus depend on their 
size and Shulman suggests that a rough estimate may be 
obtained by taking the line width in cps to be the same as 
the molecular weight in thousands. 








P.p.m. from TMS 


Fig. 2. 100 MHz proton magnetic resonance spectra of poly-y-benzyl 
L-glutamate in solution in (4) CDCl, (b) 98 per cent CDUl,-- 2 per cent 
TFA, (e) 80 per cent CDCI,+20 per cent TFA. Peak assignments: 
78 ppm., amide XH; 7-4 p.p.m, aromatic protons; i! p.p.m., 
benzyl CH,; 4:6 p.p.m., oCH ; 2:5 p.p.m., yCH;,; 2:1 p.p.m., CHa. 


Instrumentation 


Another source of peak broadening can result from 
inhomogeneity in the applied magnetic field; consequently 
it is essential that the field be homogeneous to 1 in 108 
or better over the volume of the sample. These fields are 
provided either by permanent magnets, electromagnets 
or in the 220 MHz spectrometer by a superconducting 
solenoid. Transitions between the energy levels are 
induced by a radiofrequency field at right angles to the 
applied uniform magnetic field. Either the applied mag- 
netie field can be kept constant and the frequeney of the 
radiofrequency field swept through the different resonances 
of the molecule, or the frequeney is kept constant and the 
applied magnetie field is varied; the two methods are 
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completely equivalent. Together with field homogeneity 
the time stability of both the radiofrequeney source and 
the magnetie field are the factors which limit resolution 
and sensitivity at a particular frequency. As already 
mentioned, both chemical shifts and sample sensitivity 
are dependent on the strength of the magnetie field and 
for high resolution NMR there are considerable advantages 
in operating at the highest field strength which can be 
attained. With biopolymers the highest sample sensitivity 
is required because of the low solubility of many systems 
or the disturbing effects of aggregation at higher con- 
eentrations. This problem, however, can sometimes be 
overcome by the use of a computer of average transients 
which collects and averages high resolution spectra. Thus 
if n spectra are averaged in this way the theoretical signal 
to noise enhancement is n!'?, Useful improvements in 
signal to noise can usually be obtained by collecting 
spectra for only a few hours. 

In practice the limits of sensitivity can be stated as 
follows!^: with a 100 MHz spectrometer and time-averag- 
ing approximately 106 scans of a 10 per cent solution, it 
is possible to obtain spectra of small proteins (molecular 
weight 10,000 to 25,000) that are capable of detailed 
interpretation. By using à 4 mm sample tube about 
40 mg of material is thus required. The use of a spherical 
microcell ean reduce this quantity by an order of magni- 
tude but the sensitivity is reduced also by a factor of 
about 3. 


High Resolution NMR Studies 

(a) Polypeptides. Synthetic polypeptides have been 
used as models for proteins for the past 15 years and have 
helped to understand and interpret the data from spectro- 
scopie and other physieal studies of proteins. In this role 
synthetie polypeptides will also help in the interpretation 
of the more complex NMR spectra of proteins. Poly- 
peptides themselves, however, are an interesting field of 
study and detailed NMR studies ean provide information 
on the mechanies of helix—-coil transitions, the flexibility 
of sidechains, sidechain-sidechain interactions and side- 
chain-main-chain interactions. 

Helix—eoil transitions have been followed for several 
polypeptide systems®: 11-15-48 and it has been suggested that 
the NMR spectroscopic manifestation of the helix—-coil 
transition depends on the nature of the sidechain and 
molecular weight of the polypeptide, There appear 
to be two patterns of behaviour for polypeptides in 
chloroform/trifluoroacetic acid mixtures; for low molecu- 
lar weight samples distinct resonance peaks are observed 
for both the helical and random coil forms for the «CH 
and amide NH peaks, and, provided these peaks are 
sufficiently well separated, they can provide an un- 
ambiguous estimation of the fraction of the polypeptide 
in the helix and coil forms. As suggested by McTague, 
Ross and Gibbs'*, NMR can be used to calibrate such 
techniques as optical rotatory dispersion and optical 
density "whose interpretations are not on such a firm 
theoretical footing" and this has been done in the case 
of poly-y-benzyl L-glutamate™, For the high molecular 
weight form of this polymer, however, only one peak is 
observed, the position of which shifts from that of the 
random coil form to the helical form. The shift is accom- 
panied by a broadening indicating that exchange of the 
«CH proton is occurring between the random coil form 
which gives a sharp peak and the helical form which gives 
a broadened peak". From this behaviour it is possible to 
estimate & limit for the life-time of the proton in both 
conformational forms. The behaviour of poly-r-alanine 
is different to that of poly-y-benzyl r-glutamate. For 
polymer sizes greater than 100-mer (ref. 13) a single sharp 
resonance peak is observed for helix contents up to 50 
per cent which shifts on going through the helix—>coil 
transition!^;/!33; the shift of this single peak has been 
related to the helix content!!. Above 50 per cent helix 
content all resonance peaks broaden due to non-averaging 
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of the dipole-dipole interactions in the helical segments!*, 

'This difference in behaviour between these polymers may 
be related to the difference in size of the helical segments 
according to the degree of eooperativity of the transition 


(longer helical segments being formed in the ease of poly-y- (5.7 


benzyl r-glutamate which gives the more cooperative 
helix—eoil transitions). The well separated peaks for helix 
and eoil forms have been observed so far only for poly- 
peptides in chloroform/trifluoroacetic acid mixtures and 
this can probably be attributed to a shift m the peak of the 
random coil form due to an interaction with the acid", For 
water soluble polypeptides, poly -glutamic acid, 
poly t-lysine!® and copoly (r-glutamie acid, L-lysine HBr, 
L-alanine)!*, either a very small shift is observed on going 
through the helix coil transition or no shift at all, The 
copolymer is very interesting in that the backbone «CH 
peak shows no shift nor change of area for a ehange in 
helix content from 0 to 60 per cent. Thus by NMR 
standards the copolymer is completely disordered over. 
this range while the optical spectroscopie techniques show 
a high degree of ordering. Similar results have been 
obtained for polynucleotides! U and are a consequence 
of the difference in time scale between the techniques. 

(b) Proteins. In general, proteins give complex NMR 
spectra, which result from the overlapping of resonance 
peaks from similar chemical groups in slightly differing 
magnetic environments and, in the case of preteins of 
high molecular weight, the longer correlation times result 
in broadening of the resonance peaks. 

Because of the difficulties encountered, much of the 
work at 60 and 100 MHz on globular proteins and enzymes 
has been restricted to those parts of the spectrum where 
it is possible to assign resonance peaks te specifie residues 
in the protein, For this reason, studies have been made of 
the aromatic residues!" in proteins which not only 
give resonance peaks in clear spectral regions but are 
also present in sufficiently small number that unam- 
biguous assignments are possible. For example, at 100 
MHz Jardetzky and his group!* have resolved all four 
C-2 protons of the histidines at positions 12, 48, 105 and 
119 in ribonuclease and also those of the histidines in 
staphylococcal nuclease and lysozymes. By plotting the 
chemical shift against pH, individual titration curves 
were obtained and thus the pK value of each histidine. 
It is this ability to identify individual reaidues in enzymes 
having sufficiently short correlation times that demon- 
strates the potential of high resolution NMR spectroscopy 
for studies of enzyme-substrate interactions and conforma- 
tional changes of proteins. More recently Jardetzky's 
group have extended their NMR studies of lysozyme? | 
and have made assignments of some of the low field 
peaks arising from tyrosine and tryptophan residues. 
Very interesting spectral changes have been observed in 
the interaction of lysozyme with the specifie inhibitors di 
and tri N-acetyl glucosamine and it is suggested that 
Try-62 and Try-63 of lysozyme are involved in the inter- 
action with these inhibitors. Tentative assignments of 
some high field peaks have been made to sidechain groups 
of i-Leu 98 which is also involved in the active site, 

A further type of study using peaks displaced away 
from the complex 4-107 region concerns. proteins contain- 
ing paramagnetic ions, particularly haem proteins. The 
unpaired electron spin produces contact shift (sometimes 
called a sealar or isotropic hyperfine shift) of neighbouring 
protons to high or low fields depending on the sign of the 
spin density. WKowalsky* observed such peaks at up to 
+347 in ferricytochrome c. These shifts can be distin- 
guished from those resulting from ring currents in neigh- 
bouring conjugated systems (for example, a porphyrin 
ring) by their inverse temperature dependence. For 
cyanometmyoglobin, Wüthrieh et alt were then able to 
estimate the sign and magnitude of the unpaired spin 
densities on certain carbon atoms in the porphyrin: 
Such studies should lead to a precise delineation of the 
electronic structure of the haem group in native proteins. 
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It has been known for some time that dramatic sharpen- 
ing of protein resonance peaks oceurs on denaturation?, 


In this earler work mueh of the emphasis was on the 
general assignment of peaks and the correlation of in- 
tensities with amino-acid composition. More recently, 
attempts have been made to correlate the spectral changes 
with conformational changes of the polypeptide backbone. 
For the simpler basie proteins of the cell nucleus, it was 
found that the resonance peaks due to the apolar residues 
weakened considerably in the part helical form indicating 
that these residues were specifically included in helical 
segments; this raised the possibility of hydrophobic as 
well as ionic interactions stabilizing the DNA-protein 
complex?, Hollis e£ ai. have followed the thermal 
denaturation of o-chymotrypsin by monitoring changes 
in peak widths and areas of the high field peaks of CH,, 
CH, and CH, groups at 100 MHz. This provides a good 
general method for following denaturation and the 
transition. temperature of the conformational changes 
detected this way agreed with that found using ultra- 
violet spectroscopy. Sternlicht and Wilson?? have made 
a 100 MHz study of lysozyme, and by deducing the theo- 
retical NMR spectrum above 97 from the atomic co- 
ordinates of Phillips and co-workers? conclude that 
lysozyme has essentially the same conformation in solution 
as found for the solid state. They followed the thermal 
denaturation of lysozyme and its effect on the ring current 
shifts resulting from the close proximity of aliphatic 
groups to aromatic rings. Dramatic improvements in the 
spectra of proteins have been obtained at 220 MHz by 
McDonald and Phillips; broad and sometimes featureless 
peaks obtained at lower frequencies for proteins such as 
ribonuelease, lysozyme and so on are split into many 
components. Equally dramatie are the changes in spec- 
trum which oceur on thermal denaturation. This is well 
demonstrated in Fig. 3, which shows the high field part of 
the 220 MHz spectra of native and denatured lysozymes; 
patterns of peaks change and the very high field peaks 
between 0-5 and — 1-0 p.p.m. due to ring current shifts 
disappear on denaturation. McDonald and Phillips have 
deseribed in detail the spectra of the native form of 
lysozyme, ribonuclease and cytochrome c and the changes 
which oecur on denaturation. It is clear that there is a 
great deal of information which is particular to the 
different, conformations, but it is equally elear that the 
assignment of peaks, which is necessary to follow changes 
in eonformation of specific parts of the polypeptide chains, 
will prove very difficult. In the case of lysozyme, tenta- 
tive assignments of high field peaks ean be made from an 
inspection of the crystal structure®*; but without this it 
would be very difficult, if not impossible, to make any 
assignments of the very high field peaks. Compared with 
the data obtainable from optical spectroscopic techniques, 
the wealth of information contained in these high fre- 
quency spectra of protein solutions is bewitching; at the 
same time the problems of interpretation are bewildering. 

(c) Polynucleotides and nucleic acids. As might be 
expected from what we said in the introduction, high 
resolution NMR spectra of rigid DNA and polynucleotide 
helices are not observed*. The correlation times of such 
structures are long and non-averaging of the dipole-dipole 
interactions results in considerable peak broadening. 
Their denaturation can, however, be followed from the 
appearance of peaks on the breakdown of the rigid struc- 
tures, and the areas under the appearing peaks have been 
used as a direct measure of the denaturation process!*:?7, 
Furthermore, the appearance of sharp resonance peaks 
rather than a narrowing of very broad peaks suggests 
that the number of helical and random coil regions is small 
and that a given monomer unit persists in either the 
ordered or disordered state for at least 10-4 s. MeDonald, 
Phillips and Penswick** have followed changes in the NMR 
spectrum of unfractionated yeast sRNA over a tempera- 
ture range 10?—95? C. The changes in areas of the aromatic 
and ribose proton peaks suggested that the bases gain 
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rotational freedom at a lower temperature than the ribose— 
phosphate chain, but a more recent study of the same 
system** indicates that the changes in area of the two 
peaks àre principally a result of the breakdown of mole- 
cular aggregates. 

Inoue and Nakanishi” have also followed NMR spectra 
changes of yeast sE[NA with pH change. Single stranded 
calf thymus DNA has been studied at 60 MHz? and it was 
found that the thymine-CH, groups gave two chemically 
shifted resonance peaks separated by 7 Hz; these were 
attributed to two different environments for the thymine- 
CH; groups. A more detailed study at 220 MHz* of DNA 
samples from different, organisms indieates that the two 
magnetic environments depend on whether there is a 
purine or pyrimidine in the 5’-neighbour position to 
thymine and the ratio of the peak intensities gives a 
measure of the frequeney of oceurrence of purines or 
pyrimidines in this 5'-neighbour position. 


Specific Molecular interactions 

As Jardetzky and co-workers*99-93 have shown so well, 
high resolution NMR is well suited for the study of the 
interactions between low molecular weight substances and 
high molecular weight biological polymers. This stems 
from the fact that in favourable cases the macromolecule 
shows no (or perhaps a very broadened) spectrum, while 
the interacting species shows a typical narrow line NMR 
spectrum. The reduced mobility conferred on the portion 
of the interacting species which complexes with the 
macromolecule results in shortened relaxation times for 
certain nuclei and hence a broadening of specific resonance 
peaks on binding. This effect can be illustrated by the 
behaviour of the sidechain resonance peaks of helical 
poly-y-benzyl r-glutamate given in Fig. 2. Regarding the 
sidechain as a small molecule complexing with a rigid 
macromolecule, the helical backbone, it can be seen, first, 
that the resonance peaks of the latter are broadened due 
to non-averaging of the dipole-dipole interactions, and, 
second, that in the sidechain the group which is attached 
to the backbone, that is, the 8-CH,, is stabilized by the 
helix and also considerably broadened while the width of 
the other peaks decreases with increasing distance from the 
main chain. In this case it is possible therefore to deter- 
mine the sidechain group attached to the helix and the 
order of the other groups, though it is not possible to 
obtain information on the binding site. This behaviour is 
observed for interaction with macromolecules with very 
long correlation times. If the correlation times are such 
that line broadening of the resonance peaks of the macro- 
moleeule is observed, then similar broadening of the peaks 
of the interacting molecular system will be observed if a 
stable complex is formed. A very interesting study of this 
effect has been made by Gerig on the interaction of 
tryptophan with «-chymotrypsin where it was shown that 
the bound tryptophan molecule had similar rotational 
times as observed for the motion of the enzyme. "These 
methods can be applied to those cases where stable com- 
plexes are formed between the maeromoleeule and the 
interacting small molecule. If, however, the small 
molecule is exchanging between the bound and free states 
the limits of the rate of exchange can also be determined 
from the NMR data. In eases where the spectral changes 
are very small on mixing the interacting components. it is 
necessary to find relaxation times directly; usually 7T, is 
obtained from saturation methods and 7’, from line widths, 
Thus Shulman and his co-workers studied a carb 
peptidase A-inhibitor interaction*®* and there is prom 
of a unique determination of the five kinetic parameters 
which characterize the interaction of the substrate gl yeyl- 
tyrosine. 

By these methods the interaction of drugs with macro- 
molecules has been studied?" and also the bonding of 
coenzymes and substrate to an enzyme?9*-9, Tt is to be 
hoped that such studies may give useful information on à 
major problem in molecular biology. 
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Potential of the Technique g 


This discussion of the applications of high resolution 
NMR to biopolymers shows that the techniqte can 
provide a wealth of data at the atomic level of macro- 
molecules. This is in contrast to optical spectroscopic 
techniques, because for macromolecules there are only a 
few observable chromophores in the visible and ultra- 
violet. regions of the spectrum and consequently many 
attempts have been made to correlate changes in the 
conformations of biopolymers with single-value changes in 
such parameters as extinction coefficient and spectral 
shift. All the protons in a biopolymer contribute to the 
NMR spectrum, the positions of the resonance peaks being 
dependent on the chemical environment, and thus the 
protons themselves ean be used to probe and detect 
changes in their environment; a good example of this is 
shown in Fig. 3. There are, however, considerable 
problems in the interpretation of the spectra and spectral 
changes observed. The problems are three-fold: first, the 
assignments of the resonance peaks to the chemical groups 
responsible; second, peak overlap due to the presence of 
identical chemical groups in only slightly different 
environments and, finally, for rigid macromolecules of high 
molecular weight the slower rotational and translational 
motions which result in peak broadening. For simple 
model compounds of biopolymers such as polypeptides 
and polynucleotides, the first two of these problems do not 
arise and unambiguous assignments of resonance peaks 


P.p.m. 


Fig. 3. 220 MHz proton magnetie resonance spectra (high field region) 

of a 10 per cent solution of lysozyme in D,O (pH 5-5) showing tempera- 

ture dependence. (a) 78? C; (b) 64° C; (c) expansion of (b). (Repro- 

duced from ref. 7 by permission of Dr W. D. Phillips and Dr C. C. 
McDonald and the editor of J. Amer. Chem. Soc.) 


can usually be made. For high molecular weight com- 
pounds in rigid helical forms including DNA, however, the 
resonance peaks of the backbone protons are broadened 
and in most cases unobservable. For globular proteins and 
enzymes all three problems exist and the question arises 
as to how best to retrieve the information contained in the 
spectra, To assist in the assignment of peaks, methods 
used in other spectroscopic techniques can be used. These 
include detailed studies of model compounds and the 
selective deuteration of specific residues in order to observe 
their disappearance from the spectrum. The most promis- 
ing technique, originally proposed in 1965 (ref. 45), is to 
achieve almost complete deuteration, leaving only a few 
residues protonated and thereby simplify the spectrum 
greatly. Two reports of such work have recently 
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appeared#*.4? which demonstrate strikingly the possibility 


of following the spectral changes of individual residues m 
enzymes, for example, on inhibitor or substrate binding. 
Overlap of peaks can be somewhat reduced by working 
at the highest possible magnetie field strength and the 
dramatic improvement in the NMR spectra of proteins 
at 220 MHz “compels one to contemplate the possibility 
in PMR studies of proteins at even higher frequencies" *?, 
By the construction of larger magnets with a homogeneous 
field over a larger volume and the use of much larger 
sample tubes, problems in sample sensitivity can be over- 
come. The effect of structural broadening of resonance 
peaks is more serious and one of the conclusions of 
Phillips and McDonald from their 220 MHz study is that 
“the technique in its present state of development has 
only marginal applicability for native proteins of molecular 
weight greater than 25,000" (private communication 
from C. C. McDonald and W. D. Phillips). This restrietion 
does not apply in cases where peaks are observed in the. 
very high or very low field regions, nor does it apply to 
less well ordered systems such as polypeptides and poly- 
nucleotides in partially helieal and thus more flexible 
forms. 

There is little doubt that high resolution NMR 
spectroscopy has great potential in the field of bio- 
polymers. To make the best use of this potential will call 
for considerable collaboration between preparative bio- 
chemists, synthetic polymer chemists and physical 
chemists involved with the magnetic resonance tech- 
niques. We hope that this article may result in at least 
one such collaboration. 

We thank Drs M. Takeuchi and 8. Murekami of Jeol Co., 
Paris, for recording the spectra given in Fig. 2 on the 
Jeol J.NM-4 H-100 spectrometer and Mr L. H. Bell, 
of the Petrochemical and Polymer Laboratory, ICI 
Limited, Runcorn, for recording spectrum le on the 
Varian 220 MHz NMR spectrometer. 
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Genetic Effects of Population Size Reduction 


by 
D. F. ROBERTS 


Laboratory of Human Genetics, 
University of Newcastle upon Tyne 


For evolutionary thought, the proof by Wright that non- 
&daptive differentiation can occur as the result of genetic 
accident appears in retrospect to be among the most 
important results of the application of mathematical 
analyses to the facts of genetics. Random processes, to 
whose results the term “genetic drift" has come to be 
applied, play a part in determining the character of 
populations. In theory, their role is particularly important 
1n small and entirely isolated groups, whereas with a larger 
population distributed uninterruptedly over a wide terri- 
tory their effects tend to be overshadowed by those of 
selection. The argument that random drift can occur is, 
however, different from establishing the fact that it has 
occurred in any given instance; the latter has proved 
unexpectedly difficult, even in human populations which 
aecording to Mayr! provide some of the best evidence for 
random fluctuations of gene frequency. Indeed, it has 
been argued (for example, refs. 1-3) that drift is of inconse- 
quential influence in the evolution of populations. 

Part of the difficulty lies in the way in which the term 
"random drift" is used to cover various interrelated 
genetie phenomena. More than two decades were required 
to appreciate their variety and elucidate their effects. 
The importance of random factors in the balance of those 
bringing about evolutionary advance was recognized by 
Wright‘ in 1932, though not fully. Random fluctuation in 
intensity or direction of selection had been touched on the 
year before’, but was not stressed until 1935 (ref. 7). 
In 1938 Wright? published a method for dealing with 
several different types of random processes mathematic- 
ally. 'The practically complete indeterminaey of events 
that are unique was not recognized until 1949 (ref. 8). 
Today "random drift" is taken to represent the cumula- 
tive effects of all the random processes affecting gene 
frequencies. These may be summarized as follows. 
(a) The random variation that occurs in the sampling 
process of passing on gametes from one generation to the 
next. This is the component to which the term “drift” 
is frequently restricted in common parlance. (b) Random 
variation in the magnitude and direction of selective and 
other systematic forces; these include random fluctua- 
tions in mutation rate, in selection pressures, and in rates 
of population movement. (c) Random unique events. 
These comprise category I 3 of Wright’s® classification; 
here are included novel favourable mutations, unique 
hybridizations, swamping of a population by mass 


How far do accidental sampling errors in small populations influence 
their genetic make-up? Detailed pedigrees of the population. of 
Tristan da Cunha have been used to give an answer to this question. 


selective incidents, and unique 
reductions in numbers. The last of these is often termed 
the “founder” effect or the “bottleneck” effect, which 
represent the one phenomenon but at different points in a 
population’s history in a given territory. 


Studies of Drift 


Discussion of drift as a mechanism for genetic differenti- 
ation in human groups has come from three different types 
of studies. (1) Variations in gene frequency between local 
populations, and between offshoot and parent populations, 
have been attributed to drift. For example, Birdsell's!9 
survey in south-west central Australia of forty-two tribes 
showed sharp blood group gene frequency differences 
which he attributed to drift, recognizing, however, that 
it could “be no more than suggested in terms of broad 
probabilities". Glass et al. showed in their Dunker 
study what seemed to be drift of WN gene frequencies. 
Giles et al. demonstrated differences in several blood 
group systems between New Guinea villages of common 
history and environment, differences which they felt 
to be due to drift. In these studies, drift has merely been 
invoked, not proved or measured; there are at best only 
pointers to the type of random process involved. In the 
third study, it was felt that the founder principle, or 
population size reduction by epidemies, was the cause of 
the differences, though no numerical details were given. 
In the second study, the authors recognized the difficulty 
of distinguishing the founder effect from that of accumu- 
lated gamete sampling over several generations, and their 
subsequent attribution to the latter!? of part of the MN 
frequency change was later questioned, 

(2) The demographic and mating structures of particular 
societies have been examined to show the magnitude of 
drift that could occur (for example, refs. 15-19). Here the 
restriction was to random variation that oceurs in gamete 
sampling from one generation to the next. The net out- 
come of these was to show that the mating strueture of 
the societies examined would only allow drift of very 
small degree to oceur, though there were extremely 
segmented societies where the effect might be stronger. 

(3) Mathematieal models have been applied to popula- 
tions for whieh genetie, numerical and mating data are 
available to enquire whether the observed variations in 
gene frequencies are explicable by drift alone. For 
example, Cavalli-Sforza et al. found that in North Italy 


immigration, unique 
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they are greater than might be expeéted by drift alone, 
and. attributed this extra dispersion to overestirnation 
of the effective size of the population concerned. “But 
because what was measured was the aceumulated effects 
of intergenerational gamete sampling, the finding could 
have reflected other components of drift. None of these 
studies, however, has yet demonstrated conclusively that 
drift has occurred; only the last has attempted to com- 
pare observed variation with expected drift magnitude. 
None. moreover, gives sufficient attention to the category 
(c) of drift processes, the random unique events. These 
are almost completely indeterminate statistically, and 
are therefore not adequately covered in any models so 
far applied, being treated as negligible components of 
àg. the random portion of gene frequency change per 
generation, by Wright®. The genetic effects of these 
processes are illustrated and quantified in this article. 
It concerns the effects of accidents on the genetic constitu- 
tion of a population, and in particular how these effects 
have been brought about through the resulting diminu- 
tion of numbers, the “bottleneck” phenomenon. 


Population and Procedure 


To identify the effects of a bottleneck in terms of the 
trequeney of, say, blood group genes, the investigator would 
have to be extremely fortunate. He would have to know 
the gene frequencies in the population immediately before. 
and immediately after, the bottleneck occurred. He 
would require foresight to know that the size of the 
population is about to change, and hindsight to know that 
it had finished changing. The same results, however, can 
be demonstrated if the genetic constitution of the popula- 
tion is specified in a way other than by the usual array of 
frequencies of particular alleles and genotypes. This 
can be done if the population pedigree is known. 

A parent passes to his child half of his chromosomes 
and therefore virtually half of his genes. When the child 
himself reproduces he again passes on half his genes, so 
a grandchild derives on average a quarter of his genes 
from each grandparent. The probability that any auto- 
somal allele present in a grandparent is present in any 
one of his grandchildren is one quarter, and the probable 
genetic contribution of any grandparent to the gene pool 
of his grandchildren is a quarter. The genetic constitu- 
tion of any generation of descendants can therefore be 
specified in terms of the contributions to it from particular 
ancestors, and, by extension, the same method can be 
applied to any group of individuals but covering more 
than one generation. Thus the genetic constitution of a 
population at any moment is regarded as comprising a 
pack of probable ancestral contributions which can be 
calculated. They reflect the relative fertilities of the 
ancestors concerned and their descendants. Allowance 
can be made for the effects of mortality and migration, 
though not for other mechanisms of gene frequency 
change, notably for the random variation that occurs in 
the sampling process of passing on gametes from one 
generation to the next, for mutation, or for selection 
through differential mortality. Thus calculation of these 
probable contributions at a series of points in time, tracing 
their secular variation, shows how the genetic constitution 
of the population so defined varies during the period. The 
calculations are simple, and multiple lines of descent 
must be allowed for where the population is in any way 
inbred. 

This procedure has been applied to the population of 
Tristan da Cunha. From the detailed data that are 
available for this population, from the records kept by the 
earliest settlers, the observations of visitors and official 
reports, the lists that at periods were kept of births, 
deaths, baptisms and marriages, and the investigations of 
genealogies by Dr Woolley, Dr Loudon and Dr Munch, 
it is possible to obtain the necessary data for the analysis. 
First, a complete, albeit highly complex pedigree of the 
whole population since its founding can be established. 





B 


Second, the numerical evolution of the population from 


its founding cam be traced. Fig. 1 shoivs the size of the- 


population on December 31 of each year from 1816 to o 
1961. There have been three phases of inerease in the. 


population, one lasting until 1855, one until 1884 and one 
until Oetober 1961, these three periods being separated 
by sudden and drastic population reduetions--trüe 
bottlenecks. 
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Fig. 1. The size of the population of Tristan da Cunha on December 31 
of each year from 1816 to 1060. 


Bottlenecks at Tristan da Cunha 


In the first of these the numbers dropped from 103. 
at the end of 1855 to thirty-three in March 1857 (these 
figures include men temporarily absent from the island). 
This massive reduction seems to have been due to a com: 
bination of two principal factors, the death of one man 
and the presence of another. In 1851 tho first missionary 
arrived, and in 1853 the founder, W. G., died. After 
his death the cohesion of the community appears to have 
relaxed, and twenty-five of his descendants left for America. 
in 1856. The pastor who remained on the island until 
1857 became increasingly convinced that emigration was 
necessary for the population. Whether this was true, or 


whether it was a projection of his discontent with his own. 


lot there, will never be known, but he noted that there 
were “more than a dozen adult females here, with no 
prospect of a comfortable provision for life" and “it will 
be a happy day when this little lonely spot is once more. 
. its only fit^ 


left to those who probably always were .. 
inhabitants—the wild birds of the ocean". Under his 


influence, when he departed, another ferty-five islanders 
left with him for the Cape, settling at Mossel Bay and 
Riversdale. The presence of a pastor of this opinion at à 
time when the population was reorganizing itself after 
the death of its dominant character can only be regarded 
as a chance combination of chance occurrences. The 
growth curve of population size to this date shows no 
sign of flattening, and no indieation that numbers were 
approaching the limit that the island ceuld support. 
The second bottleneck was neither quite so extreme nor 
quite so abrupt. It was triggered by a disaster. The 
island has no natural harbour, and any vessels that called 
stood offshore while the islanders put out to them in their 
small boats. Sometimes they also put out to board 
passing vessels, for trade. On November 28, 1885, & 
boat manned by fifteen adult males ses off to intercept 
a passing vessel but, in full view of the watching remaining 
islanders, vanished beneath the waves. Not one man was 
saved. This disaster made Tristan an “iland of widows oo 
and depleted the population of its adult providers. Th — 
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left on the island four adult men, of whom one was insane 
and two were very aged, to support the remaining popula- 
tion. Despite the considerable distress that immediately 
followed, by August of the next year the population as a 
whole had accommodated to the situation—for example, 
adolescent boys had taken over crew duties in the boat— 
and a petition, organized by those who had emigrated to 
South Africa, formally to evacuate the island was rejected. 
During the next few years, however, many of the widows 
and their offspring left the island of their own accord, and 
the population declined to a second minimum in 1891. 
The reduction in numbers this time was not by two- 
thirds but by a little less than half, from 106 to 59. 
Again, this reduction is a direct result of accident. The 
population thereafter began its most recent phase of 
increase. 


Effects on the Gene Pool 


The genetic constitution of the population in 1855 is 
shown in the second column of Table 1. Twenty ancestors 
had contributed genes, their respective probable contribu- 
tions to the gene pool varying from 0-005 to 0-137; the 
two greatest contributions were from the two original 
settlers, W. G. and his wife, M. L., and the next three 
from two of the women from St Helena, S. W. and S. K., 
and from R. R., the earliest of the men to arrive after 
the founding of the settlement. These five individuals 
contributed more than half the genes in the gene pool 
of the population at the end of 1855. 

The effect of the first reduction in population is shown 
by eomparison of the third with the second column of 
Table 1. The primary effect was deprivation of the 
population of eight of its founder ancestors and a recent 
arrival whose total contributions in 1855 had been more 
than one-third—-genes from only eleven were to be found 
in the new gene pool. Second, there was a change in 
their relative contributions. Genes from two of the 
principal contributors were among those that completely 
disappeared. The greatest contribution now was from 
S. W. (0:191), and the next three largest were from her 
husband, T. S., her sister, M. W., and her husband, A. C. 
(0:139 each)-—the contributions from these three indivi- 
duals were more than doubled. These four individuals 
together now contributed 60 per cent of the genes in the 
new population compared with their previous total of 
less than 29 per cent. The contributions of the first two 
settlers were halved, and that of a former minor con- 
tributor (T. R.) multiplied nearly three-fold (from 0-005 
to 0-014). 

In the phase of increase that followed this first reduc- 
tion, the contribution of one further ancestor was lost, 
but new contributions to the island's gene pool came from 
six more arrivals. The relative contributions from the 
original ancestors correspondingly declined with the 
exception of one (T. R.). By the end of 1884 the gene 
pool derived from sixteen individuals. It was relatively 
little affeeted by the boat disaster itself—the greatest 
changes were in the contributions of S. P. (0-061 to 0-071), 
W. G. and M. L. (0-055 to 0-047) —but the subsequent 
population size reduetion had a much more pronounced 
effect, shown by comparison of columns 4 and 5. Again, 
there was loss of all the genes from several contributors, 
and again there was a rearrangement of the relative 
eontributions of the remainder. The contributions 
(totalling some 8 per cent) lost were from four relatively 
recent arrivals, so that in 1891 the gene pool derived 
from only twelve individuals. The greatest contribution 
was still that from S. W., inereasing from 0-139 to 0-186, 
the second largest from her husband T. S.. increasing 
from 0-094 to 0-144. But the third largest was from a 
much later immigrant woman, S. P., which nearly doubled, 
from 0-061 to 0:119, while the former principal contri- 
butors, M. W. and A. C., dropped to fifth and eighth 
places, respectively, from 0-138 to 0-081 and from 0-129 
to 0-064. 
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The Gene Pool in 1961 

_ The final column of Table 1 shows the probable contribu- 
tions to the gene pool in October 1961, when the island 
was evacuated. In the intervening period all the genes 
from one earlier arrival had been lost, and eight new 
arrivals had contributed 22-4 per cent of the total to the 
gene pool, which thus derived from nineteen ancestors. 
The principal changes were the diminution in the contribu- 
tions of A. H. and M. W. by about half, and of P. G. and 
A. C. by about one-third, and the great contributions 
(sixth and seventh in order of size) made by two of the 
new arrivals. But the three greatest contributions were 
made by the same individuals as in 1891. Indeed, there 
is a marked overall similarity between the figures for 
1961 and those for 1891. 





Table 1l. PROBABLE CONTRIBUTIONS TO THE GENE POOL OF THE POPULATION 
IN 1855, 1857, 1884, 1891 AND 1961 

Ancestor 1855 1857 1884 1891 1901 
W.G. 1 0:1275 0-0625 0-0548 0-0657 0-0691 
ML 2 0:1373 0:0625 0-0548 0-0657 0-0691 
T.S. 8 0-0662 0-1389 0-0943 0-1441 0-1339 
S. W. 4 0-0907 0-1910 0-1392 0-1864 0:1602 
F.MW.5 0:0245 0-0521 00448 0-0424 0:0263 
RR 6 0:0637 — = = st 
S.K 7 0-0858 ~ = mo = 
T.R. 8 0:0049 0:0139 0:0177 0:0424 0:0382 
M.W. 9 0-0637 0-1389 0-1380 0-0805 0-0424 
A.C. 10 0-0037 0-1339 0-1285 0:0636 0:0424 
P.G. d 0:0490 0-1042 0:0896 0:0847 0-0526 
C.T. 12 0-0490 -— em 0 5 8 — 
P.M. 13 0-0441 — ae E 
W.D. 14 0-0588 B = e — 
M.F. 15 0-0049 - — — ~ 
G. 16 0:0049 ~ — — a 
A.H. 17 0-0245 0-0833 0-0684 0:0890 0:0365 
F.R.C.18 0-0049 0-0139 — — — 
F. F. K. 19 0-0221 — — — -— 
B. 20 0-0098 -= . 
J.B. 8l — -— 0:0472 — E 
S.P. 22 — 0-0613 0-1186 0:1045 
FR 28. 0-0 = 0-0288 0-0170 - 
R.A.B.24 oe o 0:0142 -— = 
M.J. 25 _ ga 0:0142 = — 
F. S. G.26 - — 0:0047 = = 
ALR. 27 E ES -= -— (-0625 
E.S. 28 -— -— -— — 00445 
G.L. 29 - - - 0-0435 
6.€ 800 - 0:0126 
A.S. 31 — = 0-0543 
R.L. 32 wm — 0-0037 
F. P. 8.33 — - 0-0019 
J.B. 34 - — 0:0019 

Tracing the contributions of particular ancestors 


(Fig. 2). it was the first exodus that halved the contribu- 
tions of the first two settlers, and then, after a period of 
slight decline, the second size reduction inereased them 
to nearly the 1961 figure. The predominance of the two 
principal eontributors to the 1961 population is traceable 
to the first exodus that doubled their original contribu- 
tion, and then, after a decline, to the second exodus that 
elevated them to the 1961 values. From the minor 
contributor, T. R. (No. 8), nearly 4 per cent of the 1961 
gene pool derives, largely because the first exodus nearly 
trebled his contribution and the second exodus multiplied 
it by another 2:5 times. Two of the most prolific of the 
early settlers, M. W. and A. C. (Nos. 9 and 10), contribute 
only a little more than 4 per cent each to the 1961 gene 
pool; their contribution was doubled by the first exodus 
and then halved again by the second. 
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The overall effect is shown in Fig. 3.: The gene pool of 
the population is taken as unity, and the proportion of it 
derived from each ancestor is shown to scale by the width 
of the band; time along the abscissa is not to scale. 
Both the exoduses exerted a considerable effect on the 
genetic constitution. This effect was two-fold: (a) the 
elimination of all genes derived from an appreciable 
proportion of the ancestors and (b) alteration of the actual 
and relative sizes of the contributions from other ancestors. 
Immigration in the periods 1857-84 and 1891-1961, 
although diminishing the contribution of each pre-existing 
ancestor, did not, it seems, appreciably change the size of 
these contributions in relation to eaeh other, although 
further work is required to establish this point. But at 
the present state of the analysis it seems to be chiefly the 
two reductions in population size which bring this about. 
Furthermore, the effects of these size reduetions persist. 
as comparison of the 1961 figures with those for each 
other year shows. The general similarity of the 1961 
figures to those for 1891 implies that, apart from the 
eontributions of the recent immigrants, the gene pool 
of the 1961 population derives in its major features 
principally from the reduction in population that occurred 
between 1884 and 1891, and the modification that oceurred 
then aeted on the gene pool the features of which had 
been chiefly derived from the effects of the earlier exodus. 


Reduction of Population and Genetic Drift 


I have doeumented here, perhaps for the first time 
in à human population, the effects of drastie population 
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occurs in nature must have a severe effect on the genetic 
constitution of a population. 

There are, of course, drawbacks to this method of 
envisaging the gene pool as a pack of probable ancestral 
contributions. It obviously depends oa the reliability 
of the pedigree. All possible steps were taken to ensure 
accuracy by comparison of the accounts of descent col- 
lected by different investigators, by checking these against 
the known movements of individuals to and away from 
the island, and by comparing all pedigrees with the 
information on the large number of genetie markers that 
is available for this population. In the few cases where 
paternity remained in doubt, it was possible to assign the 
most probable father on the basis of the known genotypes. 
No other population has been so intensively studied and 
the pedigree information now available can be regarded 
as the most reliable possible. The second drawback is 
that the work is eouched in terms of probabilities... 
Although on average a child possesses a quarter of the 
genes of each grandparent, it is an extrem ly remote 
possibility that a given child actually carries no gene 
derived from a particular grandparent. While this 
would be quite unlikely taken over all loci, on the other 
hand, it is much more likely for a single locus. Tt js 
therefore interesting to compare observed numbers of 
genes with the probable numbers e ‘ted from the present 
work. The C, serum cholinester pł ype occurs in 
thirty-six individuals out of 213 tested™; there is little 
doubt that this gene was introduced ky S. W., whose 
contribution to the 1961 population was 0-16; this gives 
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reduction on the genetic constitution of the population. 
In both of the bottlenecks there are two primary effects: 
(a) deprivation of the population of the genetic contribu- 
tion of some founder ancestors, that is. a reduction in the 
number of contributing ancestors, and (b) change in the 
relative contributions of the remainder. The effects of 
these size reductions persist and, in accumulation, shape the 
profile of ancestral contributions to the gene pool of the 
present population; this in 1961 bears much more resem- 
blance to the 1891 profile than to that of 1855. The present 
profile bears little relationship to the fertility of the 
ancestors, though further analysis is in progress to assess 
the relative importance of accumulated differential 
fertility effects. But there can no longer be any doubt 
that reduction in population size of the magnitude that 
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an expected number of thirty-four heterozygous carriers 
in the population. instead of the observed thirty-six. The 
very slight gain of the C, gene is perhaps a result of inter- 
generational gamete sampling, or perhaps of selection. 
The pack method taken as a starting point for this analysis 
of the effects of population size reduction is obviously a 
powerful one for the elucidation of the effects of other 
processes on the gene pool. 

This example illustrates the difficulty of assigning any 
given gene frequency change to any cne category of 
evolutionary processes. Although the reduction in 
population was in both cases brought abeut by accident, 
there was a large non-accidental component to the reduc- 
tion itself. In both cases family groups emigrated, so 
whieh genes and what proportions of thera were lost from 
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tion in 1855, 1857, 1884 and 1961. H shows serious bottleneck. 


the population's gene pool were a partly random, partly 
non-random array. The families that departed obviously 
included individuals who felt they could no longer accept 
the conditions on the island or its prospects for them, 
so the non-random component in part may be identified 
as selective. The fact that man is a social animal, that 
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: individuals tend to move and often act as family units. 
“brought about, in this population, what may be termed a 


"booster" effect, whereby, although the genes lost from 
the population by accident were in actuality a random 
sample, the loss of some of them was exaggerated by 
consequent deliberate emigration of families. 

This study therefore shows that there is no doubt as 
to the importance of drastic reductions of population in 
shaping the genetic constitution of an isolated population. 
The gene frequency changes they bring about, however. 
ean only be attributed to drift when drift is defined so as 
to incorporate all random unique events, for there may 
be an appreciable selective component and in man there 
is also an exaggeration of the effects of both these processes 
by family ties and relationships. In populations such as 
that discussed here, drift so defined cannot be regarded 
as of inconsequential influence on their genetic evolution, 
at least in the short term. 

I thank Dr H. E. Lewis, the coordinator of the investi- 
gations of the Medieal Research Council working party on 
Tristan da Cunha, for his help, and Dr Robson for her 
original pedigree diagrams, Dr Loudon and Dr Mourant 
for making available results of unpublished investiga- 
tions, and Mrs Marjorie Smith for computational assist- 
ance. 
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Direct Translation of a Circular Messenger DNA 


by 
MARK S. BRETSCHER 


MRC Laboratory of Molecular Biology, 
Hills Road, Cambridge 


Iv is widely accepted that F-Met-t/RNA initiates protein 
synthesis in E. colt and probably does so at an AUG or 
GUG codon. In a typical messenger RNA, however, 
there may be many AUG or GUG sequences, in or out of 
phase, at which initiation does not occur for reasons 
which are at present unknown. The simplest explanation 
would be that ribosomes can only enter a messenger RNA 


Formyl-methionyl-tRNA is bound to ribosomes by single stranded 
circular DNA of the phage fd. Addition of neomycin B to this complex 
permits direct translation of this DNA into protein, which implies 
that ribosomes do not require a free end on the messenger to initiate 
protein synthesis. 


at the 5’ end and then move along the messenger until 
they meet the first AUG or GUG codon, when they would 
initiate protein synthesis. This model suggests that 
ribosomes may have to be threaded onto the messenger. 
Evidence supporting this scheme is the phenomenon of 
polarity and the observation that genes within an operon 
appear to be translated sequentially in vivo. Alternatively, 
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ribosomes may be capable of entering the middle of a 
polycistronic messenger in response to an initiating signal 
more complex than simply AUG or GUG. 

These models could best be distinguished using a circular 
messenger RNA: unfortunately, such an RNA is not 
immediately available. The circular single stranded DNA 
from bacteriophage fd can be used for the same purpose, 
however, for McCarthy and Holland! have shown that 
single stranded DNA can be translated directly in vitro 
in the presence of the antibiotic neomycin B. This curious 
discovery was extended by Morgan et al.*, who showed 
that translation of single stranded DNA in the presence 
of neomycin B can be quite accurate. In the experiments 
described here, circular single stranded fd DNA is used 
as a messenger DNA in the presence of neomycin B. It is 
shown that, in conditions in which the messenger is strictly 
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Fig. 1. Alkaline sucrose gradient analysis of (a) intact fd DNA and 


(b) 9-hit broken fd DNA. Broken DNA was prepared by incubating 
in 0-5 ml. 9 444, units of intact fd DNA with 5 mug pancreatic DNase in 
0-01 M tris-HCl pH 7-8, 0-01 M magnesium acetate and 50 ug bovine 
serum albumin for 40 min at 30°C. At the end of incubation an excess 
of EDTA was added to chelate the magnesium. In both (a) and (5) 
144 Assy units of DNA was layered on à 4-7 ml. 5-20 per cent sucrose 
gradient containing 0-1 M NaOH and 0-9 M NaCl. Samples were centri- 
fuged for 5 h at 50,000 r.p.m. in a Beckman SW50 rotor at 4? C. Two 
drop fractions were collected, and optical density (@) and biological 
activity ( x ) were determined. 


1089 


limiting, the initial rate of incorporation of labelled formyl- 
methionine into protein is not increased by breaking the 
DNA. The circular DNA remains essentially intact. during 
this incorporation. 
bind to ribosomes in the presence of formyl-methionyl- 
sRNA and GTP, but in the absence of neomycin B. This 
binding is dependent on the presence of GTP. 

Ribosomes and supernatant enzymes were prepared 
from E. coli K12 1100, an endonuclease I deficient strain, 
kindly provided by Dr M. L. Gefter. Ribosomes and 
supernatant (passed over a DEAE-cellulose eolumn to . 
remove nucleic acids) were prepared as described pre- 
viously?, except that no pancreatic DNase was added at 
any stage. Unfractionated sRNA from E. coli strain 
CA 244 was charged, in formylating conditions, with *48 
methionine (specific activity 2,300 Ci/mole). Methionvi- 
sRNA was removed by enzmyatie pyrophosphorolysis of 
the charged sRNA preparation such that the remaining 
label in the sRNA contained about 97 per cent formylmeth- 
ionine. Protein synthesis was carried out as deseribed 
earlier? using a 10 mM magnesium ion concentration and 
neomycin B, where added, at 10 ug/ml. fd DNA was. 


ii moles F-Met incorporated 





ul. DNA 


Fig. 2. Extent of incorporation with intaet and broken DNA. Each 

0-1 ml. incubation contained the usual components’ and about 40 ug of 

sRNA containing 3 x 10° d.p.m. of **8 formyimethionine, After 15 niin 

at 37? C the samples were treated with 0-5 M KOH for 15 min at 87* C 
and then precipitated, washed and counted. 


isolated‘ from fd phage, kindly provided by Dr Hoffmann- 
Berling. Infectivity of fd DNA was measured using 
protoplasts of E. coli C64, as described by Guthrie and 
Sinsheimer? and modified by Strauss*. The efficiency of 
infection was in the range 5 x 10—10-? p.r.c. per molecule. 
of DNA. Broken DNA was prepared by incubating fd 
DNA with pancreatic DNase (from Worthington) in pre- 
determined conditions to give a ten-fold loss in infectivity 
of the DNA preparation. 

Fig. } shows an alkaline sucrose gradient analysis of 
the two DNA preparations used here. Fig. la contains & 
single component of optical density which coincides with 
the infectivity of the DNA. Because one break in the 
DNA causes a complete loss of infectivity’ and linear 
DNA molecules sediment some 13 per cent more slowly in 
these conditions’, the DNA preparation is essentially 
circular. Fig. 1b shows DNA which has been partially 
degraded with pancreatic DNase so that each molecule 
has received on the average about three breaks. 

The ability of these two DNA preparations to support 
protein synthesis in vitro is shown in Fig. 2. The extent of 
incorporation of labelled formylmethionine is proportional .— 
to the amount of DNA added (up to about 12 ugal à — 








Furthermore, circular fd DNA will - 
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Fig. 3. Survival of circular DNA in the cell-free system. Circular fd 
DNA (2:5 ug) was added to a complete in vitro system (1 ml.) but lacking 
neomycin B. (Neomycin B was omitted because it might be difficult to 
recover DNA from ri Ines carrying polypeptide chains, although this 
was not shown.) Aliquots were withdrawn at the times indicated and 
diluted one hundred-fold into 0-05 M tris-HCl pH 8:1. This diluted 
DNA was then used directly for the protoplast assay. 


DNA) and is only slightly affected by the insertion of a 
few breaks in the DNA messenger molecule. That the 
circular DNA is not rapidly degraded into fragments in 
the extract is shown in Fig. 3. Here the rate of loss of 
infectivity, or the disappearance of circular molecules, is 
shown in a complete extract. At a low concentration of 
DNA (2-5 ug/ml.) the infectivity of the DNA has a 
half-life of about 15 min. 

The kinetics of incorporation of formylmethionine were 
then examined to see whether there was a detectable 
time lag using circular DNA, as opposed to linear DNA 
fragments: such a lag might suggest that breaks are 


3-hit fd DNA ———», 


«— ———- Circular fd DNA 


np. moles F-Met incorporated 


* DNA, no neomycin 





0 2 4 6 8 10 12 15 
Time (min) 


Fig. 4. Time course of incorporation with broken and intact fd DNA. 

Incubations (1 ml.) were carried out as described for Fig. 2. At each of 

the indicated times 0-10 ml. aliquots were withdrawn and, after alkali 
hydrolysis, the acid-precipitable label was determined. 
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ment, in which the level of DNA used is again strictly 
limiting (2-5 ug/ml.), is shown in Fig. 4. Again, there is no 
striking difference between cireular and broken molecules 
of DNA. The short lag seen in both cases is typically seen 
with most messenger RNAs: this probably represents 
the time taken to make sufficiently large peptides to be 
&cid-precipitable*. I conclude that circular single stranded 
DNA molecules can function in protein synthesis as 
messengers. 

Morgan ef al have shown that an alternating TG 
deoxyribopolynucleotide can bind formyl-methionyl-sRNA 
to ribosomes in the absence of neomycin B. Furthermore, 
Kondo et al. have shown that the phage f2 RNA is 
bound to ribosomes only in the presence of initiation 
factors, formyl-methionyl-sRNA and GTP at 5 mM Mg**. 
In Fig. 5b we show that formyl-methionyl-sRNA is bound 
to ribosomes in the presence of circular fd DNA, GTP and 
initiation faetors (which are in the ribosome preparation) 
at 5 mM Mg**. In the absence of GTP, this binding is 
very much reduced (Fig. 5a). Furthermore, that the 
necessary before initiation can take place. This experi- 
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Fig. 5. Binding of 5S F-Met-tRNA and fd DNA to ribosomes in the 
absence of neomycin B. Each sample (0-2 ml.) contained 7 Ass, units 
of ribosomes, 1-6 A zes units of S F-Met-sRNA and 12 ug cireular fd DNA 
in 50 mM ammonium cacodylate pH 7-1, 5 mM magnesium acetate, 
10 mM -mercaptoethanol and 100 mM ammonium chloride. Where 
indicated, 0-25. mM GTP was added. After incubation at 37^ C for 
15 min, 0-15 ml. of each sample was layered on a 4:7 ml. 5-20 per cent 
sucrose gradient containing 50 mM iris-HCl pH 7-8, 50 mM ammonium 
chloride and 5 mM magnesium acetate at room temperature. The 
samples were centrifuged for 45 min at 40,000 r.p.m. in a Beckman 
S¥W50 rotor at 30° C. Fractions were collected and assayed for radio- 
activity, biological activity and optical density. The arrows indicate 
the position of 708 ribosomes. 
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circular DNA is active in binding the formyl-methionyl- 
sRNA is most clearly demonstrated by the large amount 
of infective DNA present in the polysome region, ahead of 
the 70S ribosomes. The circular DNA is bound only in 
the presence of GTP (the total numbers of P.F.U. in 
fractions 1-8 of Fig. 5a and b are 80 and 63,000 respec- 
tively). In another control experiment not shown here 
this binding of the cireular DNA is also dependent on the 
presence of formyl-methionyl-sRNA. These experiments 
show that, in the absence of neomycin B, cireular fd DNA 
behaves as a messenger as far as the initiation process is 
concerned. 

The nature of the products synthesized in the presence 
of fd DNA and neomycin B is unclear. It is not known at 
present whether the unique single DNA strand isolated 
from fd phage partieles has the same base sequence as 
phage messenger, or is complementary to it. In the case 
of 9X 174 the comparable phage DNA strand has the 
same base sequence as the messenger". In preliminary 
experiments I have found that a complete tryptic and 
ehymotryptie digest of the peptide products directed by 
fd DNA and labelled with *S formylmethionine gives one 
major fragment and about three minor products. The 
main produet contains both leucine and valine and is 
therefore probably not the N-terminal end of the phage 
coat protein. Although the nature of the peptide 
products is uncertain, their homogeneity and limited 
number suggest that initiation occurs only at a limited 
number of specific sites. It should be added that fd DNA 
is, in the presence of neomycin B, an exceptionally good 
messenger. 

The experiments described here show that ribosomes 
can directly enter the interior of a messenger DNA and 
start protein synthesis there. In these conditions, an 
end to the messenger is not required and hence the 
ribosome is not threaded onto the messenger. 

Recently evidenee has been provided which indicates 
that two different polypeptides are initiated simul- 
taneously when f2 RNA is added to an in vitro system". 
This was taken to imply that ribosomes can enter the 
interior of a messenger RNA chain; it was not, however. 
shown that the f2 RNA chains remained intact during 
the incubation and hence the possibility exists that 
simultaneous initiation represented initiation at the ends 
of fragmented f2 RNAs. 

Some models for polarity and the sequential synthesis 
of proteins within an operon suppose that ribosomes 
only enter a messenger at the 5' end (for a review, see 
ref. 13). Thus Morse. Baker and Yanofsky!! have shown 
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that, in the polyeistronie messenger ef the tryptophan 
operon in Æ. coli, a cluster of ribosomes enters at the 5° 
end, continues through to the 3’ end, and then falls off t 
all the data are adequately explained without postulating 
entry of ribosomes into the middle of the iryp messenger. 
This observation is not necessarily ineonsistent with the 
conclusion derived here. 

What we have shown is that an end is not required for 
a messenger to be translated, which therefore suggests 
that the signal for initiation is more extensive than simply 
AUG or GUG. There are two points to bear in mind. 
First, it seems likely that the efficieney with whieh 
ribosomes can enter a polycistronic messenger at different 
initiation sites depends on the nature of the initiation 
sites. Second, a ribosome which has terminated the poly- 
peptide for one cistron and is then at, or near, the initiat- 
ing sequence for the next cistron may re-initiate very 
efficiently, even though free ribosomes are rarely able to 
initiate there. In the experiments reported here using fd - 
DNA, we measure the capacity for ribosomes to entera. 





messenger; they appear to do so more efficiently at one 


site than at others. This is true also of the iryp mes- 
senger; in that case the principal site for initiation 
appears to be near the 5’ end of the messenger. Ribosomes 
would be expected to enter the tryp messenger at internal 
sites, although this may be a relatively inefficient, process. 
I thank Mrs M. 8. Brownlee for technical assistance 
and Drs S. Brenner, F. H. C. Crick and R. L. Russell for 
helpful suggestions and for reading the manuscript. 
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Factors controlling the Interconversion of Enzyme-Substrate 
Compounds of Pig Heart Lactate Dehydrogenase 


by 

R. S. CRIDDLE 

C. H. McMURRAY 
H. GUTFREUND 


Molecular Enzymology Laboratory, 
Department of Biochemistry, 
University of Bristol 


Kinetic studies of the steady state! and of transients? have 
given clear evidence that heart lactate dehydrogenase 
(LDH) combines with its substrates in an ordered sequence. 
For the present therefore there is justification for the 
working hypothesis that the enzyme can exist in five 


Stopped flow and temperature jump experiments make possible a 
description of the individual catalytic steps. Detailed results favour 
the induced fit hypothesis of enzyme action. 






forms of different chemical composition: free enzyme, 
enzyme-NAD*, enzyme-NADH and two ternary come 
plexes. The work described here was concerned with 
the rate of interconversion of these five complexes and 
with the possible role of re-arrangements of their struc 
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tural forms as rate limiting steps for the overall reaction 
at different pH values. 

Previous work in this laboratory? has shown that the 
hydrogen transfer step, that is the interconversion of the 
two ternary complexes 


LDH NAD i LDH NADH 


lactate * ^ pyruvate 


is much more rapid than the rate determining equilibra- 
tion between enzyme-bound and free substrates. This 
results in the rapid initial formation—a burst—of one 
mole of enzyme bound NADH per mole of active site. 
The experimental methods and the interpretation used for 
further study of the individual steps of the reactions 
catalysed by LDH provide interesting information about 
the mechanism of action of this enzyme. Furthermore, 
the same methods are proving to be applicable to the 
kinetie analysis of several enzymes which catalyse 
hydrogen transfer reactions between their specific sub- 
strate and NAD* and may well be applicable to the study 
of many other groups of enzymes. 


End of 
reaction 
— 





4———. 
| 20 ms 
Flow stopped 


Fig. 1. Record of stopped-flow experiment of the initial turnover of LDH 
In the forward direction at pH 5:7. The reaction was recorded after mixing 
equal volumes of (a) 2-4 mg/ml. of LDH; 40 mM NAD; (5) 0-08 M L- 
lactate. The temperature was 20° ©. The rapid first order portion of the 
curve has a t} of 10 ms and corresponds to the initial turnover of 1 mole 


of substrates per mole of enzyme per active site or four per tetramer. 
reaction was carried out in 0:05 M - phosphate buffer containing 
1 M NaCl. 


Oxidation of Lactate 


The enzyme and substrate preparations as well as the 
stopped-flow technique used for the measurement of 
rapid spectral changes have been described before®. 

When interpreting the total reaction in either direction 
it must be remembered that the equilibrium concentra- 
tions of substrates and products depend on the hydr gen 
ion concentration. At 25? C the equilibrium constant is 


. (pyruvate) (NADH) (H*) " 


= 37 x 10-33 M 
E (lactate) (NAD*) 5m 





Rapid mixing of LDH with saturating amounts of 
lactate and NAD results in rapid formation of 1 mole of 
NADH per mole of enzyme active site. Above pH 6 the 
initial rate is so rapid that only the magnitude of the 
burst can be measured*. Fiz. 1 shows the biphasic course 
of the formation of NADH at pH 5-7 with the initial first 
order step (k,— 70 s-!) followed by a slower steady state 
process. The steady state rate of formation of NADH at 
this pH is quite slow (kœ 4 s-!). We have also shown that 
the dissociation of NADH from its LDH complex is fast 
(k=40 s-!) compared with this steady state rate. We 
have therefore asked: what is the rate determining step 
in the sequence 


-> LDHNAPH, .[pHNADH + pyruvate—LDH + NADH 1 


fast pyruvate 
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We now have two pieces of evidence which show that 
pyruvate is liberated rapidly from its complex with 
LDHNAPH and that the rate limiting step at pH 6 is the 
isomerization of two forms 


LDHNADH 4... LDH-NADH 


LDH-NADH dissociates with a rate constant k=40 s-! 
(see ref. 2). The form LDHNADH only exists if the enzyme 
has just participated in a lactate - pyruvate con- 
version. 

The evidence for the rapid dissociation of pyruvate 
from its ternary complex with LDH is as follows. First, 
as shown in Table 1 and as we have discussed, at pH 6 


e NADH aNAD 
the reaction E yruvate > Ejactate 


reaction, yet during lactate oxidation HEAD. is com- 


pletely converted to BHADE and ENADH when the 


steady state is reached in the absence of added pyruvate. 





is faster than the reverse 


Table 1. EFFECT OF pH ON THE RATE OF OXIDATION OF ENZYME BOUND 
ENADH COMPARED WITH THE STEADY-STATE TURNOVER OF THE ENZYME 


pH Turnover rate of Steady state 
ternary complex rate 
(87!) (s~) 
9-6 98 93 
7:8 196 200 + 10 
70 275 200 * 10 
6-0 > 700 200+ 10 


Other experimenta! conditions are as in Fig. 44. 


Second, at this pH, the addition of pyruvate decreases 
the proportion of enzyme in one of the NADH complexes 
in the steady state when lactate is being oxidized, regard- 
less of whether pyruvate is added to the enzyme before 
or simultaneously with lactate (Figs. 2 and 3). Figs. 2 
and 3 also show the contrast between the effect of the 
order of adding the enzyme with its substrate at pH 6 
and 9. In alkaline solution pyruvate only affects the ratio 
of the two ternary complexes if it is added to LDH and 
NAD* before rapid mixing with lactate; if it is added at 
the same time as lactate it does not have this effect. This 
indicates that at pH 9 the equilibration of the enzyme- 
NAD complex with pyruvate is slow. 


Reduction of Pyruvate 


The difference in the rate of response of the enzyme to 
the addition of pyruvate at pH 6 and 9 is also illustrated 
by the results of single turnover experiments. Because of 
the tight binding of NADH to LDH (Kqiss— 4x 10-7 M) 
it is possible to prepare solutions with slight molar excess 
of LDH in which virtually all the NADH is bound. When 
ENADH is mixed with pyruvate and the rapid oxidation 
of enzyme-bound NADH is observed in the stopped-flow 
apparatus, the response of the enzyme is much more 
rapid at pH 6 than the rate limiting release of the product 
(Table 1). At alkaline pH the oxidation of bound NADH 
(Fig. 4A) occurs at the same velocity as the steady state. 
From the information available we suggest that for the 
alkaline form of the enzyme the rate limiting step is the 
formation of the reactive o complex after the 
addition of pyruvate to ENADH, while for the reverse 
reaction the reversal of this re-arrangement after dissocia- 
tion of pyruvate is rate limiting at pH 6, as we have 
discussed. 

At a pH above neutrality, the oxidation of NADH 
bound to the tetrameric enzyme is a first order process 
(Fig. 4B). Although this indicates that the four sites on the 
tetramer may act independently in these conditions this 
important point requires further careful kinetic analysis. 
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Effect of added pyruvate on the forward reaction of LDH at pH 6-0 and 9-0. A, A solution of 20 mM NAD, 1-05 mgjml. of LOH was 


mixed with 20 mM lactate and various concentrations of pyruvate. B, A solution containing 20 mM NAD, 2:1 mg/ml. of LIH and pyrivate 
was mixed in the stopped-flow apparatus with an equal volume of 20 mM lactate. In each experiment shown, the top curve wag obtained in the 


absence of pyruvate, the mid 


It should also be noted that preliminary data indicate 
that the rate of dissociation of NAD from LDH-NAD in 
the absence of other substrates is about ten times faster 
than the turnover. Yet, below neutrality, the rate 
determining step has been shown to occur after the 
interconversion of LDHNADH..—-LDHittate: We have 

also provided evidence? that during the steady state 

reaction proceeding in that direction most of the enzyme 
-iš iù the form of a complex with NAD+. We again con- 
clude that there are two isomers of the enzyme-nucleotide 
complex depending on the presence of the other substrates. 

The interconversion of these isomers is slow compared 

with the dissociation of the nucleotide. 


Effect of Substrates on Sedimentation Constant 


Hathaway and Criddle! have reported that the presence 
of substrate affects the sedimentation constant of the 
enzyme. Further ultracentrifuge studies, to be published 
in detail elsewhere, can be summarized as follows. With 
enzyme in a concentration of 5 mg/ml. the sedimentation 
constant gradually changes from 7:28 at pH 6 to 678 at 
pH 8. Equilibrium sedimentation indicates that there is 
no change in molecular weight on change of pH from 6 
to 8. The addition of pyruvate and NAD* to the enzyme 
results in a change of sedimentation constant above 
neutrality to 7-28 and the same constant is obtained for 


e in 1x 107 M pyruvate and the lower curve in 2 x 10 M pyruvate. 


the whole range of pH from 6 to &5. The dependence of 
this effect on the concentration of pyruvate is the same as 
that shown in Fig. 3 for the effect on the size of the NADH 
burst. Neither NAD*, NADH or pyruvate on their own 
have any effect on the sedimentation constant. ‘This 
again suggests that the enzyme exists in two forms and | 
that the interconversion of the two forms is controlled 
by pH and the response to pyruvate. 


O04 


mV 
dg sao 


0-02 





——— 


—log [Pyruvate] 


Fig. 3. Variation in the size of the observed burst with added pyruvate, 
Equal volumes of solutions containing (a) 1-1 mgiml. of LDH, 20 mM coo 
NAD, and various quantities of pyruvate as shown cand (5) 10 mM iachite | 

at pH 8-0 were mixed. The temperature was 20° C. y 
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Fig. 4. A, Single substrate turnover experiment with enzyme-bound 

NADH. A solution of LDH (3:52 mg/ml.) and NADH in a molar ratio 

[E]/[NADH] = 1-2 was mixed in the stopped-flow apparatus with an equal 

volume of 3:0 mM pyruvate solution at pH 9-6. The resulting reaction 

and end point are shown. The temperature was 20° ©. B, First order plot 
of the reaction shown in A. 


Relaxation Studies of Lactate-Pyruvate Equilibrium 
The relaxation experiments reported here complement 
the information obtained from the analysis of the trans- 
ients observed in the stopped-flow experiments. The 
perturbation of the equilibrium mixtures of LDH with 





— > 


50 ms 


Fig. 5. Relaxation reaction of LDH in temperature jump apparatus. 

Starting temperature was 0° C. A 30 kV discharge was used to increase 

the temperature by 4:5* C. Theenzyme concentration was 2 mg/ml. and the 

initial concentration of added substrate was [NA D] — 10 mM and [lactate] 
-2mM. One pH was 7:8 
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its substrates in the temperature jump apparatus® was 
sufficiently large to distinguish different constants in the 
relaxation spectrum. At pH 7-8 two relaxation times can 
be readily resolved from the experimental records of the 
type shown in Fig. 5. If the enzyme concentration is 
changed the faster relaxation (relaxation time=3 ms at 
2" C) is independent of enzyme concentration but its 
amplitude is proportional to enzyme concentration 
(Fig. 6). The slower relaxation, however, is inversely 
proportional to enzyme concentration while the ampli- 
tude remains unchanged (Fig. 7). This leads us to con- 
clude that the rapid component is due to the interconver- 
sion of the two ternary complexes, while the slower 
component is characteristic of the rate determining relaxa- 
tion of the overall equilibrium. 


Value of Kinetic Analysis 


The detailed kinetic analysis of the individual steps 
of the reaction of an enzyme with its substrates is an 
essential preliminary to the exploration of the chemical 
events during catalysis. So far little has been known 
about the time course of individual steps of NAD-linked 
dehydrogenases. This is partly responsible for the fact 
that their chemical mechanism is not nearly so well 


described as that of hydrolytic enzymes. 


> 
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Fig. 6. Temperature jump experiments with LDH, showing the depend- 

ence of the size of the fast reaction on enzyme concentration. Experi- 

ments were carried out at 0-05 M Na phosphate buffer, pH 8-0, containing 

0:1 M NaCl. The concentration of added substrates was 10 mM NAD and 
0-5 mM lactate 





A special feature of the study of transients and relaxa- 
tions 1s that enzymes are present in solution in sufficiently 
high concentrations for the reaetion intermediates to be 
observable. In this way one obtains not only kinetic 
information, which is merely consistent with the existence 
of intermediates, but also direct evidence for the formation 
and decomposition of spectrally distinct compounds?-*, 

In addition to forming the basis for detailed chemical 
studies, kinetic analysis of enzyme systems is important 
for a description of the way in which the time course of 
biological reactions can be controlled. One is therefore 
always looking for features which are not a special property 
of an individual enzyme but contribute in many different 
systems to the efficieney of some function of enzyme 
reactions. In many enzymes the process of chemical 
catalysis is the only significant feature and all other steps 
should be fast ancillaries for this. In many other enzymes, 
however, the equilibration between enzyme-substrate 
complexes and the free substrates is an important feature 
of their overall function. This is especially true in the case 
of enzymes which occur in high concentrations so that 
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Fig. 7. Dependence of the rate of the slow step on the LDH concentration, 

observed in temperature jump experiments. Experiments were carried 

out in 0-05 M Na phosphate buffers containing 0-10 M NaCl. The con- 

centration of added substrates was 10 mM NAD and 0-5 mM lactate at 
(€) pH 8 and (A) pH 9. 


the enzyme-substrate compounds occur in significant 
concentrations. 

Considerable attention has been given recently to the 
importance of cooperative phenomena during the binding 
of substrates, inhibitors and activators to enzymes with 
multiple binding sites*". These are interpreted in terms 
of structural changes in response to binding of the first 
ligand resulting in changes of affinity of the other binding 
sites on the same molecules. Although the precise sequence 
of events and mechanisms involved is not yet clear, the 
physiological significance of this affinity control is well 
established. This phenomenon must not be confused with 
conformation changes essential for catalysis, although 
detailed kinetic analysis may show that the two processes 
are sometimes interrelated. What we have demonstrated 
is that there are important steps between substrate 
binding and chemical catalysis. It is interesting to note 
that we have observed similar effects in quite different 
enzyme reactions*. We believe that this provides kinetic 
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evidence for the induced fit hypothesis of Koshland* for — 
a wide range of enzyme systems. The isomerization which oo 
occurs after enzyme-substrate combination to form the. 
ternary complex is an important feature of enzyme | 
mechanisms. This re-arrangement is the response of the >- 
protein to the correct substrate and results in the forma- ci 
tion of the reactive complex with all groups at the active 
site in the eorrect environment for catalysis. : 

The rate of the re-arrangements of the enzyme substrate 
complex to form the catalytically reactive ternary 
complex of LDH is markedly dependent on pH. The 
enzyme appears to be in two conformations. The reactive 











complex for pyruvate reduction is formed mo pidly 
at a pH below neutrality and that for ate oxidation is 
formed more rapidly at a pH above neutrality. These 


findings are consistent with steady state kinetic datat. 

Kinetic data which we provide here and elsewhere? 
for product release are of particular importance for. 
enzymes like lactate dehydrogenase, which occur in su 
high concentrations in vivo that product release may 
control the availability of metabolic intermediates. , 

So far the analysis of the kineties of individual steps ^. 
has not produced any evidence for cooperativity between 
the four sites of the tetramerie LDE molecule. It is, 
however, that the methods used provide important 
tools for a more detailed analysis of possible interaction. 
between sites during any one of the steps of enzyme 
turnover, not only in the case of lactate dehydrogenase, 
but also for other enzymes. 

We thank Mr R. Cantwell for providing the results of 
ultracentrifuge studies and Drs D. R. Trentham and J. J. 
Holbrook for stimulating discussions. R.S.C. is on leave 
from the University of California, Davis, on a National 
Science Foundation Fellowship. The studies presented 
here were supported by the Science Research Council and 
by NATO. 
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Decrease of 5-Hydroxytryptamine in the Brain provoked by 
Hydrocortisone and its Prevention by Allopurinol 


by 
A. R. GREEN 
G. CURZON 


Department of Chemical Pathology, 
Institute of Neurology, 
Queen Square, London 


BRAIN tissue contains 5-hydroxytryptamine (3HT) which 
it synthesizes from the amino-acid tryptophan’. 5HT is 
distributed in the brain in a specific pattern’, and many 
drugs whieh influence behaviour alter its metabolism or 
pharmacological responses to it. Thus 5HT has been 


A decrease of 5-hydroxytryptamine in the brain after peripheral 
injection of hydrocortisone may be 
activity of tryptophan pyrrolase in the liver. This suggests a relation- 
ship between biochemical changes in depressive disease. 


mediated through increased 


thought to have a role in the regulaizon of mental state, 
and information on the effect of stress and related situa- 
tions on its concentration in the brain is therefore im. 
portant. ; 
While 5HT is formed in vivo from tryptophan by a. 
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quantitatively minor pathway, an important route of 
tryptophan metabolism starts with its oxidation to 
formylkynurenine by liver tryptophan pyrrolase. Adapt- 
ive increase of tryptophan pyrrolase results from increased 
secretion of hormones of the adrenal cortex? which occurs 
in stress, the latter being for our purposes defined as a 
situation in which there is increased pituitary—adrenal 
activity. There may be circumstances in which high 
pyrrolase activity causes low free tryptophan concentra- 
tions which could lead to decreased formation of 5H T4, 
Alternatively, products of pyrrolase action might influence 
SHT synthesis. Evidence suggesting such relationships 
has so far been lacking. The work described here indicates 
that after treatment with hydrocortisone pyrrolase 
activity of rat liver is increased and that this is followed 
by a decrease in brain 5HT.  Allopurinol (4-hydroxy- 
pyrazolo(3,4,d)pyrimidine), an inhibitor of pyrrolase®, is 
found to prevent the changes in 5H'T, and we discuss the 
possible signifieance of these findings in relation to bio- 
chemical changes in depressive disease. 


Hydrocortisone affects Tryptophan Pyrrolase and SHT 


When hydrocortisone was injected, pyrrolase rose to 
a sharp maximum 3 h later and then declined (Table 1). 
Rats treated similarly showed a decline of brain 5HT 
which was maximal 6-7 h after injection with hydro- 
cortisone? (shown in Table 1 for comparison with pyr- 
rolase results). 


Table 1, EFFEOTS OF HYDROCORTISONE ON RAT LIVER PYRROLASE ACTIVITY 
AND BRAIN 5-HYDROXYTRYPTAMINE (5HT) 
Time Pyrrolase activity (umoles 5HT ug/g of brain 
after kynurenine/h/g liver dry weight) wet weight 
injec- Hydrocortisone g Hydrocortisone 
tions(h) Saline Lp. 5 mg/kg i.p. Saline i.p. 5 mg/kg i.p. 


0 3-0 + 0-60 (12) (uninjected) 0-65 + 0-0T (10) (uninjected) 
2 144, 2:44 4-48 + 0-68 (4) 0-64 0-60 0-02 (4)* 
3 8:50 + 0-84 (10) 10-00 + 1-84 (12)* 0-64 0-55 x 0-02 (5)* 
4 2-60, 2-88 5-76 + 0-56 (6)* 0-57 + 0-01 (5)* 
5 2-84 1:36 (8) — 6-68 0-68 (8)* 0-64 0-52 + 0-02 (7)* 
6 4-96 + 0°64 (6) 0-64 + 0-02 (7) 0-48 + 0-04 (12) 
7 0-67, 0-63 0-45 + 0-02 (4)* 
8 0-66, 0-64 0-50 2 0-02 (4)* 
11 1:44, 2-44 1:92 + 0°68 (4) 0-61, 0-59 0-60 + 0-02 (4) 


Male white Sprague-Dawley rats, weighing 180-230 g, were kept at 25? * 1? 
€ with food and water freely available. Animals were injected with hydro- 
cortisone (‘Solu-Cortef’, Upjohn) in physiological saline. Contro! animals 
were injected with saline. At various times after injection, animals were 
stunned by pneumothorax, decapitated and liver tryptophan pyrrolase was 
determined. These and subsequent experiments were initiated at times 
chosen so that animals could be killed at various periods after injection but 
at approximately the same time of day (1480 h-1600 h) thus avoiding 
complications because of circadian variations of pyrrolase’ and brain 5HT*. 
Numbers of rats on which determinations were done are shown in parentheses, 
Tryptophan pyrrolase was determined by the method of Knox and Auerbach? 
and 5HT by the method of Snyder, Axelrod and Zweig!?, 


* Different from result on relevant uninjected or control animals at level 
of significance P «0-001. Differences between saline injected and uninjected 
animals are not significant. 


These time courses are consistent with the decrease in 
brain 5HT being a result of the increased pyrrolase 
activity. The decrease is probably associated with 
decreased brain 5HT synthesis because concentrations of 
5-hydroxyindoleacetic acid (BHIAA, the principal 5HT 
metabolite) in the brain were also decreased’, 


Effects of Allopurinol on Brain 5HT 


If the decrease in brain 5HT after injection of hydro- 
cortisone is the result of increased liver tryptophan 
pyrrolase then it should be prevented by inhibition of this 
enzyme. Becking and Johnson* report that allopurinol 
is a powerful pyrrolase inhibitor, and recently Chytil!! has 
published evidence that this is a consequence of the known 
inhibition of xanthine oxidase’ by allopurinol, the per- 
oxide formed through the action of the oxidase being 
required for pyrrolase activation. 


Table 2 shows that the changes in 5HT and 5HIAA ` 
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which occur ; treatment with hydrocortisone were 


‘prevented and the activity of pyrrolase decreased when 


allopurinol was also injected. Results suggest therefore 
that the decrease of brain 5HT after injection of hydro- 
cortisone is mediated by an increase in the activity of 
pyrrolase. Allopurinol alone had no significant effect on 
brain 5HT. This ‘Suggests perhaps that synthesis of 5HT 
in the brain is.influenced by a sharp increase in pyrrolase 
activity such as that caused by injection of hydrocortisone, 
but not by relatively long established levels or slow changes 
of pyrrolase activity. In these circumstances, secondary 
adaptive phenomena may oppose the changes resulting 
in the fall of brain 5HT. Secondary adaptation is also 
suggested by the finding that daily injection of hydro- 
cortisone for 5 or more days® no longer resulted in low 
brain 5HT. 

The ribonucleotide derivative of allopurinol inhibits 
purine biosynthesis’ which could result in a deficiency 
in protein template formation, so it is conceivable that 
allopurinol not only inhibits pyrrolase but also prevents 
its formation by non-specific inhibition of protein syn- 
thesis which might include enzymes necessary for 5H'T 
formation. Such an effect, however, seems unlikely for 
de novo synthesis of purine was unaffected by administra- 
tion of allopurinol to a human subject! and the drug has 
also no direct anti-tumour effect!*. In agreement with 
these findings, it was shown that pyrrolase induction still 
occurred when allopurinol was injected together with 
hydrocortisone. Pyrrolase was determined on liver cell-sap 
by a method" in which the assay medium contains 
ascorbic acid, which activates pyrrolase even in the 
presence of allopurinol. The pyrrolase activity was 
increased by 121415 per cent (four rats treated with 
hydrocortisone compared with four rats treated with 
saline) 3 h after injection of 5 mg/kg hydrocortisone. A 
similar increase of 117+24 per cent was found when 
determinations were performed on four rats injected with 
5 mg/kg of hydrocortisone--20 mg/kg of allopurinol 
(compared with four rats injected with allopurinol alone). 
Thus allopurinol does not affect pyrrolase induction by 
hydrocortisone but decreases the enzymatic activity of 
formed pyrrolase (Table 2). 
















Table 2. EFFECTS OF ALLOPURINOL ON LIVER PYRRODASE ACTIVITY AND ON 
HYDROCORTISONE PROVOKED BRAIN 5-HYDROXYINDOLE CHANGES 


Pyrrolase activity 
(umoles kynuren- 5HT S5HIAA 


Injected i.p. ine/h/g liver dry ug/g brain wet wt. 
weight) 
Saline 3:642 0-57 (4)* 0-64 = 0-02 (7) 0-35 + 0-01 (8) 
Allopurinol 20 mg/kg 1:72 + 0-64(4)* 0-65 40-05 (10) 0-36 x 0-08 (10) 


Hydrocortisone 5 mg/ 
kg 


10.18 + 1-59 (4)+ 048::0-04 (12): 0-26: 0-01 (10) f 


Allopurinol 20 mg/kg 
plus hydrocortisone 


5 mg/kg 1-98 + 0-77 (6)} 06440-0838 (10) 0:36 -0-03 (10) 


See legend to Fig. 1 for general conditions and methods. Animals were 
killed 3 h after injections for pvrrolase determinations and 6 h after injections 
for 5HT and 5HIAA determinations, 


* t Different at level of significance P «0-01 and P « 0-001 respectively 
1 ee from effects of other indicated treatments at level of significance 
P<90-001. 


Another possible explanation of the results in Table 2 
is that inhibition of xanthine oxidase by allopurinol 
might affect 5HT synthesis by an unknown mechanism 
through a sparing effect! on hypoxanthine, the first 
substrate of xanthine oxidase. Evidence is against such 
a mechanism because when hypoxanthine was injected 
together with hydrocortisone the fall of brain 5HT was 
similar to that found after injecting hydrocortisone alone 
(Table 3). 

Two further pieces of evidence strongly indicate that 
the fall of brain 5HT after injection of hydrocortisone 
is mediated by way of increased pyrrolase activity. First, 
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Table 3. EFFECTS OF VARIOUS DRUGS ON LIVER PYRROLASE ACTIVITY AND 
BRAIN 5-HYDROXYTRYPTAMINE (DHT) 


Pyrrolase activity PS 
Injected i.p. (umoles kynurenine/h/g SHT (ug/g brain 
liver dry wt.) US wet wt.) 
Experiment 1 
Hydrocortisone 5 mg/kg 
Hypoxanthine 20 mg/kg plus 
hydrocortisone 5 mg/kg 


6-52 + 0-02 (4) 
+ gq 0-512:0-02 (4) 


Experiment 2 E 


Saline 2-71:0-92(7)* “= 0-644 0-01 (6) 
Yohimbine 20 mg/kg . 4-1i+0-41 (7)* 0-64 + 0-02 (4) 
Yohimbine 20 mg/kg plus h 
hydrocortisone 5 mg/kg 4-84 +0°70 (0)f 0-63 + 0-04 (4) 
Hydrocortisone 5 mg/kg 10-13 + 1:59 (4) T 0-47, 0-44 
Experiment 3 : 
3-93 + 0-50 (4) 1 0-03 0-01 (6)§ 


Saline + 
a-Methyltryptophan 25 mg/kg 0-43 + 0-01 (6)§ 


See legend to Table 1 for general conditions and methods. Animals were 
killed 6 h after injection with the exception of those used for pyrrolase 
determination in experiment 2 which were killed at 3 h after injection. 


*, t, t, 8 Different at level of significance P « 0-001. 


22.23 + 0-87 (4) f 


a second pyrrolase inhibitor, yohimbine’, prevented the 
fall and like allopurinol did not affect brain 5HT when 
injected alone (Table 3). Apparent inhibition by yohimb- 
ine of hydrocortisone induced pyrrolase was shown. When 
yohimbine was injected without hydrocortisone, however, 
subsequent pyrrolase activities were greater than those of 
control animals. This perhaps indicates that the rather 
large doses of yohimbine used caused some pyrrolase 
induction via the adrenal-pituitary system as well as 
pyrrolase inhibition. Second, a significant fall in brain 
SHT occurred 6 h after injection of a-methyltryptophan 
(Table 3) which causes pyrrolase activity to increase by a 
direct effect on the enzyme”, although induction also via 
the adrenal-pituitary system has not been excluded. It 
therefore seems probable that in some circumstances 
changes in pyrrolase activity may play a part in the 
regulation of 5HT synthesis. These results and the 
mechanisms by which it is suggested that they occur are 
summarized in Fig. 1. 


5HT ——— ———— 5HIAA 
posee e vene T ice] 


decreased 
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allopurinol, 
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Fig. 1. Substances influencing pyrrolase activity and their effects on 
brain 5HT. 


Possible Relevance to Psychiatric Disease 

A mechanism by which adrenal-pituitary activity may 
influence the metabolism in the brain of a substance of 
neurohormonal importance is of general interest with 
respect to the regulation of mental state. It is of special 
interest in relation to the origin of depressive disease in 
which a body of evidence suggests that 5HT synthesis 
may be abnormally low?!-**, This may be related to 
increases of pyrrolase activity for which there is evidence 
in depression?" and in the depressive phase of manic 
depression?s. High pyrrolase activity could result from 
the high concentrations of blood corticosteroid which 
occur in the early morning in subjects with endogenous 
depression??. 

In these circumstances pyrrolase inhibitors may be of 
value in the treatment of depression by virtue of their 


1002... 


ability to prevent decrease of 5HT synthesis. Low SHT 
synthesis could be involved in the characteristic early 
morning waking which occurs in endogenous depression 
as p-chlorophenylalanine, an inhibitor ef 5H'T synthesis, 
causes insomnia in rats?. Rat? and mouse? brain SHF 
and mouse liver pyrrolase? all show circadian variation, 
low concentrations of 5HT occurring when pyrrolase 
activity is great and vice versa. Thus inhibition of pyr- 
rolase activity might result in the regulation of brain 
5HT and of abnormal sleep patterns. 

High pyrrolase activity cannot, however, alone explain 
depressive disease, for it has been found in patiente with 
many other conditions?*. The absence of a fall of rat 
brain 5HT after repeated daily injections of hydrocortis- 
one? and the finding of low brain 5HT after 3 h but not 
after 16 h of immobilization® suggest that brain SHT is. 
influenced both by a rapid mechanism causing deereased 
5HT synthesis and by a slower mechanism opposing this. - 
The relative responsiveness of these mechanisms may be 
important in the development of depression and other 
abnormal mental states. ; 

Finally, it should not be forgotten that tryptamine as 
well as 5HT is derived from tryptophan, so decreased 
tryptamine synthesis might also result from increased 
pyrrolase activity. In the absence of evidence for trypt- 
amine in the brain except after administration of large 
doses of tryptophan with a monoamine oxidase inhibitor, 
however, it would be incautious to ascribe a central 
physiological role to tryptamine, although it does have 
central pharmacological properties** of interest. 

We thank the Research Advisory Committee of the 
Institute of Neurology for financial support and also 
Burroughs Wellcome and Co. and Professor T. Sourkes 
for samples of allopurinol and a-methyltryptophan 
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Received July 30; revised September 23, 1908, 


1 Grahame-Smith, D. G., Biochem. Biophys. Res. Commun., 18, 586 (1064). 
$ Valzelli, L., and Garattini, 8., J. Neurochem., 15, 259 (1968). 
3 Knox, W. E., and Auerbach, V. H., J. Biol. Chem.,214, 307 (1958). 
«Jerome, H., Lejeune, J., and Turpin, R., CR Acad. Sei., 261, 474 (1900). 
5 Curzon, G., in Biochemical Aspects of Neurological Disorders, ser, 2 (edit. by 
Cumings, J. N., and Kremer, M.), 257 (Blackwell, Oxford, 1965). 
* Becking, G. C., and Johnson, W. L., Canad. J. Biechem., 45, 1667 (1907). à 
* Rapoport, M. I., Feigin, R. D., Bruton, J., and Beisel, W. R., Scienze, 160. 
1642 (1966). 
* Scheving, L. E., Harrison, W. H., Gordon, P., and Pauly, J. E., Amer. de 
Physiol., 214, 166 (1968). 
* Curzon, G., and Green, A. R., Life Sei., 7, 657 (1968). 
ae Snyder, 8: H., Axelrod, J., and Zweig, M., Biochem. Pharmacol., 14, 831 
4 Chytil, F., J. Biol. Chem., 243, 893 (1968). 
15 Elion, G. B., Callahan, S., Nathan, H., Bieber, $., Bundles, R. W., and 
Hitchings, G. H., Biochem. Pharmacol., 12, 85 (1963). 
13 Giacalone, E., and Valzelli, L., J. Neurochem., 18, 1265 (1960). 
14 McCollister, R. J., Gilbert, W. R., Ashton, D. M., and Wyngaarden, J. B., 
J. Biol. Chem., 289, 1560 (1964). 
15 Seegmiller, J., Proc. Roy. Soc. Med., 59. 291 (196€). 
18 Skipper, H. É., Robins, R. K., Thomson, J. R., Cheng, C. C., Brockman, 
R. W., and Schabel, F. M., Cancer Res., 17, 579 (1957). : 
bad Knox g: E., Piras, M. M., and Tokuyama, K., J. Biol. Chem., 241, 297 
18 Pomales, R., Bieber, S., Friedman, B., and Hitchings, G. EL, Biochim. 
Biophys. Acta, 72, 119 (1963). 
19 Sourkes, T. L., Missala, K., and Madras, B. K., J. Pharmacol. (in the press). 
20 Civen, M., and Knox, W. E., J. Biol. Chem., 285, 1716 (1960), 
a Coppen, A. Shaw, D. M., Herzberg, B., and Maggs, R., Lancet, i, 1178 


?? Persson, T., and Roos, B. E., Lancet, ii, 987 (1967). 

33 Hertz, D., and Sulman, F. G., Lancet, i, 531 (1968). 

s Praag, H. M. van, and Leijnse, B., Psychopharmaeologia, 4, 1 (1963). 

35 Ashcroft, G. W., Crawford, T. B. B., Eccleston, D., Sharman, D. TF. 
Hr Ap E. J., Stanton, J. B., and Binar, J. K, Lancet, il, 1049 

2 Shaw, D. M., Camps, F. E., and Eccleston, E. G, Brit, J. Psychiat. 113, 
1407 (1967). 

at Mn C. L., Mangori, H., and Masherpa, D., Erit. J. Peyehiat., 112, 157 

23 Rubin, R. T., Arch. Gen. Psychiat., 17, 671 (1967). 

2° Knapp, M. S., Keane, P. M., and Wright, J. G., Beit. Med. J., fi, 27 (1907). 

3? Torda, C., Brain Res., 6. 375 (1907). 

s Albrecht, P., Visscher, M. B., Bettner, J. J., and Halberg, F., Pros. Soe. 
Exp. Biol. and Med., 92, 703 (1956). i 

22 Altman, K., and Greengard, O., J. Clin. Invest., 45, 1527 (1966), 

33 Corrodi. H., Fuxe, K., and Hökfelt, T., Life Sei., 7, 107 (1968). 

3: Eccleston, D., Ashcroft, G. W., Crawford, T. E. B., and Loose, Bi d. 
Neurochem., 18, 93 (1966). : 

55 Dewhurst, W. G., Nature, 218, 1130 (1908). ; 













1098 


NATURE, VOL. 220. DECEMBER 14, 1968 


Polychlorinated Biphenyls in the Global Ecosystem 


by 
R. W. RISEBROUGH 
P. RIECHE 


Institute of Marine Resources, 
University of California, Berkeley 94720 


D. B. PEAKALL 


Division of Ecology and Systematics, 
Corneli University, Ithaca, 
New York 14750 


S. G. HERMAN 


M. N. KIRVEN 


DzcriwiNG populations of raptorial and fish-eating 
birds in Great Britain! and North America? have produced 
thin-shelled eggs since the period after the Second World 
War. A widespread change in the chemical environment 
which affected the calcium physiology of these species 
evidently occurred at that time. The chlorinated hydro- 
carbons, which came into general use in the 1940s, may 
now be the most abundant synthetic pollutants present 
in the global environment’. Thin eggshells have been 
found only in species which aceumulate high concen- 
trations of these compounds: relatively uncontaminated 
populations of these species continue to produce normal 
eggs™?. 

Calcium metabolism in birds is intimately related to 
reproductive metabolism and is to a large extent regulated 
by steroids such as oestrogen and vitamin D!. The 
deposition of medullary bone, the chief source of calcium 
during egg and eggshell formation, is controlled by the 
steroid sex hormones'-", and hens deficient in vitamin D 
lay eggs with lower eggshell weights*. Steroids are 
hydroxylated and thereby degraded in vivo and in vitro 
by hepatic enzymes induced by exogenous, lipid-soluble 
substances, including the chlorinated hydrocarbons*-™. 
The relatively small amounts of chlorinated hydro- 
carbons required to produce this effect?115-15, and the 
discovery that small amounts of some of the DDT 
compounds are oestrogenic®:.20, have made irrelevant 
much of the parts per million approach to pollutant 
ecology based on toxicity data alone. 

In both Great Britain?'-* and North America? it was 
the decline of the peregrine faleon which initiated concern 
about the extent of the harmful effects of environmental 
contamination. In the United States the eastern popu- 
lation was extinct before competent observers were 
aware of a general, widespread decline?. Breeding 
peregrines persist in apparently normal numbers in 
British Columbia?! and in the Arctic??-*8, 

In 1967 we collected an unhatched, abandoned egg of a 
peregrine faleon in south-western North America, where 
a small remnant population remains (unpublished work 
of M. N. K., R. W. R. and 8. G. H.). Analysis of this 
egg (Table 1) showed that it contained almost 5 mg 
of p,p'-DDE (dichloro-2,2-bis( p-ehlorophenyl) ethylene). 
Unknown peaks present in the chromatograms of the 
extract of the egg were unidentified until polychlorinated 
biphenyls (PCB) were detected in European wildlife??-*!, 
Positive confirmation of the identification was accom- 
plished by mass spectrometry in Sweden?*, The retention 
times of the unknown peaks in the peregrine extracts 
proved to be identical with those of several PCB com- 
pounds on DC-200 and QF-1 columns? and on a mixed 
SE-30:QF-1 column. Other species of birds and fish 
were subsequently analysed for PCB. The chlorine 
content of several extracts and standards was determined 
with a Dohrman microcoulometrie detector and a method 
of quantification of the PCB compounds was devised based 
on peak heights produced in the electron capture detector 
related to standard p.p’-DDE* The DDT compounds 
are destroyed by nitration’? and p,p’-DDT (1,1,1-trichloro- 
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Polychlorinated biphenyls are widely dis- 
persed in the global ecosystem, and 
are powerful inducers of hepatic enzymes 
which degrade oestradiol. Together 
with other chlorinated biocides, such 
as DDT, they could account for a large 
part of the aberration in calcium meta- 
bolism which has been observed in many 
species of birds since the Second World 
War. 


2,2-bia( p-chlorophenyl)jethane), DDD (1,1-dichloro-2,2-bis 
(p-chlorophenylethane) and toxaphene are dehydro- 
chlorinated by saponification with alcoholie KOH. 
PCB is not degraded by either procedure. 


Table 1. CHLORINATED HYDROCARBONS IN NORTH AMERICAN PEREGRINE 
FALCONS 
Per- 
Sample Dieldrin Total  centage PCB DDT; 
DDT* DDE PCB 
1. Unhatched eggt 
Baja California (wet) 0-11 102 97 10:2 10 
2. Second year f migrant 
from Arctic 
Breast muscle (wet) NM 99 94 28 35 
Breast muscle (dry) 296 84 
Brain (wet) NM 85 98 21 47 
Careass (wet) 0-87 70 93 19:7 35 
Carcass (lipid) 52-5 5,000 1,420 
3, Immature, Californias 
Breast muscle (wet) NM i44 90 9-4 L5 
Liver (wet) NM T 92 45 LT 
Brain (wet) 0-04 2-8 89 165 1-9 
Brain (lipid) 0-50 36 10-3 
Carcass (wet) 0-11 20-2 92 10-8 19 
Carcass (lipid) 16 300 160 
1. Adult, Californias 
Breast muscle (wet) NM 127 87 98 L3 
Liver (wet) NM 77 80 57 L4 
Brain (wet) 0:31 49-5 86 34-6 14 
Brain (lipid) 37 505 415 
Carcass (wet) 17 85 87 65 1-3 
Carcass (lipid) 50 2,600 1,980 
5. Immature migrant 
from Arctic 
Breast muscle (wet) NM 23 31 0-16 14 
Breast muscle (dry) TR O54 
Liver (wet) NAL ro 92 0-10 10 
Brain (wet) NM 0-43 53 0-037 12 
Body fat (wet) NM 50:3 82 $2 16 
Carcass (wet) 0:07 9:3 82 0-80 12 
Carcass (lipid) 044 03:7 aD 
5. Immature Arctic 
migrant** 
Breast musele (wet) NM 1-9 8g 06 34 
Breast musele (dry) 6-0 re 


Concentrations in parts per million wet weight, dry weight or lipid weight. 


* DDT residues include: p,p'-DDT, pp-DDE, BY-DDD (G.p'-TDE) 
p.p'-DDMU, o,p'-DDT and s,p'-DDE. NM, Not measured, 

t Chlorinated hydrocarbon contents of the egg were: 4,700 ug P,p-DDE: 
10 eg o,p'-DDE; 29 ug p,p'-DDT; 7-4 ug p,p-DDD; 87 ug p.p-DDMU; 
5 ug dieldrin; 12 ug heptachlor epoxide. Concentrations were caleulated by 
assuming a volume of 47:3 mL, the average value obtained by measuring 
cleven clutches of peregrine eggs from California in the Museum of Vertebrate 
Zoology, University of California, Berkeley, and by assuming a density of 1:0. 

i Second year female, captured in October on the Texas coast during 
migration. Died in captivity shortly afterwards, no apparent cause of death. 
No body fat. Total body content of chlorinated hydrocarbons: 35 mg DDT, 
a mg PCB, 0-44 mg dieldrin, 0-18 mg heptachlor epoxide. Total body 
ipid, 7 g 

§ Plumage characteristics of both 3 and 4 were intermediate between those 
of typically resident California birds and the Arctie race F.p. tundrius, as 
described by White**. No. 2 was an immature female of the vear trapped in 
the southern San Francisco Bay area in the winter of 1966. Observed feed ing 
in the area for a week before capture. Died suddenly after eating a dead 
guil. Moderate body fat. Total body chlorinated hydrocarbon content: 
13 mg DDT, 6.8 mg PCB, 0-07 mg dieldrin, 0:09 mg heptachlor epoxide. 
Total body lipid, 43 g. 

i Adult female. Trapped in the southern San Franciseo Bay area in the 
winter of 1966, Observed feeding in the area for a month before capture. 
Died shortly afterwards with no apparent cause of death and no body fat. 
Total body chlorinated hydrocarbon content: 52 mg DDT, 40 mg PCB. 
1-0 mg dieldrin, 1-0 mg heptachlor epoxide. Total body lipid, 20 g. 

* First year female trapped on the Texas coast in October. Lost at Pt 
Mugu, California, the following January and was shot by a sportsman 3 
weeks later. Abundant body fat. Total body content: 7 mg DDT, 0-6 mg 
PCB, 0-05 mg dieldrin, 0-17 mg heptachlor epoxide. Total body lipid, 110 g. 

** First year female trapped on the Texas coast in October. Died shortly 
afterwards of heat prostration, 











In Table 1 are presented the results of analyses of 
peregrine faleons which died from a varietv of causes 
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shortly. after being trapped for falconry. Significant 
amounts of PCB were present in Arctic peregrines only 
a few months old (Nos. 5 and 6), but higher residues 
were present in a second year Arctic bird (No. 2) and 
exceptionally high residues were present in an adult 
trapped in California (No. 4). In birds 2 and 4 the total 
lipid reserves were very low, and in both the brain 
coneentrations of DDE and PCB were high, perhaps at 
toxic levels. Fat mobilization during reproduction or in 
times of starvation or stress could be expected to cause 
signifieant changes in the internal distribution of chlori- 
nated hydrocarbons. Steroid hydroxylase aetivity in the 
liver might increase at this time. Dieldrin concentrations 
were lower than in the peregrines analysed in Britain, 
but DDE concentrations were approximately com- 
parable. 

Table 2 presents the results of analyses of peregrine 
prey species, remains of which were collected at eyries in 
Baja California, Mexico. With the exception of the 
remains of one mourning dove (Zenaidura macroura) 
and of three fish bats (Pizonyx vivesi) prey material 
found at four eyries consisted of sea birds. Of these, the 
eared grebe (Podiceps caspicus) and the black petrel 
(Loomelania melania) constituted 32 and 25 per cent, 
respectively, of the remains. 

Black petrels, like other petrels and shearwaters 
(Table 3), contained especially high concentrations of 
both DDT and PCB. Reproductive success in this 
population of peregrines seems to be subnormal. In 
1968 no pairs were observed to hateh or fledge more than 
a single young. 1n the past, two to four young, the 
number normally produced by healthy peregrines’>-*’, 
were raised by each pair (L. W. Walker, personal com- 
munication). The thickness of fragments of a peregrine 
eggshell, with its membrane, collected in 1968 below an 
eyrie where one young hatched, was 0-24 mm, a decrease 
of 34 per cent from the mean thickness of 0:34 mm + 0-015 
mm (95 per cent confidence level) in twenty-three eggs 
collected in the area before 1947. The region is wilderness, 
with little or no human interference, and is remote from 
sources of pollution. 

In California, numbers of breeding peregrines have 
been reduced by at least 80 per cent in recent years. 
The remaining few pairs, however, seem to be reproducing 
normally and rear, when undisturbed, between two and 
four young each year. They are found, like most of the 
surviving pairs in Great Britain?" in a relatively 
uncontaminated region and seem to be feeding on birds 


Table 2. 


NES : PDT DDT 
Species* N Gg (p.p.m.) 
Eared grebe (13) 
Whole body 3 — 0-28, 0-26, 
12:1 
Black petrel (10) 
Whole body 8 810 9:2 (W) 
(685-1,344) 
Least petrel (8) 
Whole body 3 99 3-2 (W) 
Eggs 2 30 — 
(23-37) 
Fish bat (3) 
Whole body 7 25 0:71 CW) 
(15-31) 
Craveri’s murrelet (2) 
Eggs (one clutch) 2 2301 39(L) 
1; (223-238) 
Whole body, adult H 37-1 0-31 (W) 
Whole body, adult 1 205 92-4 (W) 
Elegant tern (1) 
Eggs a 15-5 5:0 (L) 
(9-6-24-3) 
Heermann’s gull (1) 
Eggs 3 195 48 (L) 


(94-278) 
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which contain low concentrations of chlorinated hydro- 
carbons. A pair which fledged three young in 1968 
fed chiefly on passerines and columbiformes during the 
breeding season. Both prey groups are relatively un- 
contaminated (M. N. K., R. W. R. and S. G. Hy in 
preparation). A clutch of eggs collected in this region 
weighed as much as the 
whereas other peregrine eggs from California collected 
since the Second World War have been thin-shelled 
(ref. 2, and D. W. Anderson, D. Hickey and R. F. Christen» 
sen, in preparation). Despite official protection the 
surviving birds are still subjected to shooting by sportsmen. 
and to harassment at the eyries. 1f these could be 
effectively reduced the population might yet survive. 

In Table 3 are presented the results of analyses of 
marine and terrestrial birds and of three species of fresh- 
water fishes for PCB and DDT content and concentration. 
From the ratio of total DDT to PCB, it is apparent that. 
regional fallout patterns exist. In most of the birds 
from San Francisco Bay which have been analysed, 
including peregrine faleons (Table 1) and eggs of the. 
western gull, the Caspian tern and the blaek-erowned 
night heron (Table 3), the ratio was between one and two. 
Another black-crowned night heron egg had a typically 
“ocean” profile, suggesting that the adult female had 
wintered along the eoast. In most of the birds from the 
Farallon Islands, which are 27 miles west of the Golden 
Gate Bridge, this ratio was between 3 and 5. In the 
Gulf of Panama, where PCB contamination might come 
from the Canal Zone and industrial areas in Panama 
City, the ratio is between 1 and 2 (Table 3). 

Tn the Gulf of California, a region relatively remote 
from the sources of either DDT or PCB contamination, 
the ratio was in most cases approximately 9 or 10. This 
was true in the egg of the peregrine falcon (Table 1), 
in all of the black petrels and least petrels analysed, 
in the Craveri's murrelets (Table 2), in five of six osprey’ 
eggs and in six of seven western gull eggs (Table 3). 
Among the exceptions the fish bat, with iow concentrations 
of both DDT and PCB, was the most divergent, with a 
ratio of 43 (Table 2). It is not clear whether this reflects 
differences between avian and mammalian physiology or 
a fundamental difference in feeding habits. The other 
exceptions include species which are present in the area 
only during the breeding season (Table 2). 

Ín sea birds from the Pacifie the ratio was usually 
between 5 and 10 (Table 3). PCB was not found in eggs 
of the Adelie penguin from Cape Crozier, Anturetica. 





PCB AND DDT IN PREY SPECIES OF PEREGRINE FALCONS IN THE GULF OF CALIFORNIA 


Percentage PCB PUB DHT 
DDE (ug) (p.p.m.) PCB 
97 NMH we 
RI — 1-0 CW) ez 

(0-90-1-14) 
83 — 0835W) OB 
84 34 — 160 
(1:2-5-0) 
62 0-58 0-02 OW) 48 
(0:45-1:06) 
80 sa 4-5 tL) 87 
85 mE 0-088 OW) TO 
85 — 0-26 (W) 9:2 
90 — Lr5:L) $9 
(0-&-3-68) 
95 — BHO aa 
(3:5-10:3) 


Content in ug of whole bodies and eggs; concentrations in p.p.m. wet weight (W) or lipid weight (L). 


* All specimens were collected in the vicinity 
each prey species which were found at the eyries. 


of four peregrine eyries in Baja California. 
Also found were remains of one cormorant ( Phalacroceraz sp), one red phalarope {Phalaropus Pulicariusy, 


Numbers in parentheses are tbe number of remains of 


one northern phalarope (Lobipes lobatus) and one mourning dove (Zenaidura macroura), but local specimens of these species were not analysed. Bugs of 
vast 


least petrels, elegant terns and Heermann’s gulis were from different clutches. 
petrel: Halocyptena microsoma; fish bat: Pizonyr vivesi; Craveri's murrelet: Endomychura craveri; 


Larus heermanni. 
+ Not measured. Interfering peaks on chromatograms. 


Eared grebe: Podiceps easpicus; black petrel: Loomelania melania: 


elegant tern: Thalasseus eiegans; Heermann's guit: 


t Both eggs also contained 0:03 p.p.m. dieldrin (lipid weight) and 0-17 p.p.m. endrin (lipid weight). 





eggs obtained in pre-war years, 0o : 
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z^ ; IUE PCB : 
m Species N (ug) tug) tp.pm.) DDT/PCB 
-M'hite erapple (1) 1 — — 0:004 (W. 7b 
Black erappie (2) 1 — — 0-003 n Sio 
Bluegill (3) 1 — -— 0-005 1,200 
Adelie penguin (4) 
oo Eggs 5 0-78 0-128 (L) 74 < 0:644 uglegg -18 
s (0+59-1-04) 
Western grobe ^ 5) 
reast muscle i — 268-4 (W 5 — 0-098 ( 2 
Fulmar (6) ) 0-098 (W) 270 
4 1 — 0-41 (W) vi — 0-08 CW) 5 
1 url 3:4 (W) 89 — 0:34 (W) 10 
[6 1 10,475 17-5 (W) 96 3,900 6-5 (W) 27 
Pink-footed shearwater (7) 1 2,000 3:0 (W) 93 277 0-42 CW) 73 
Sooty shearwater (8) i 
A 1 — 12:3 (W) 94 — 1-2 (W) 10 
B 1 — 10:3 (W) 86 — 0-9 (W) 12 
" c g 1 1,265 2-3 (W) 85 NM 
Slender-billed shear- 1 — 32-0 (W) 92 2-1 (W) 15 
water (9) 
Ashy petrel (10) 8 2,158 59-3 (W) 95 389 9-8 (W) ad 
^ (1,644-2,826) (288—482) 
Brown pelican (11) 
Eggs, Panama 6 59 11-5 (L) 61 23-1 1:55 
. . (18-183) (47-78) (18-80) (0:97-82) 
Eggs; Baja California 2 53 10-0 (L) 81 10:4 — 6:5. 440 
: . (47-59) (9-0-11.7) 
Frigate-bird (12) eggs, 3 9-6, 8-7, 30-0 — 88 8-4, 3-7, 84-0 — 11, 1:5, O4 
: Panama ROS 
Brown booby (18) eggs, 4 20-8 8-2 (L) 89 12-2 4-8 (L) TT 
Panama (16:4-24-5) (6-5-18-9) 
C Brandt's cormorant (14) 17 326 — 91 113 — 2-9 
eggs 
Pelagic cormorant (15) 2 128 — 90 62 ~ 2-1 
d ones teal (16) i (125-130) w (48-75) 
C Cinnamon ,94 10-9 ( 70 — 0-91 2 
` White-tailed kite (17) i E 
Eggs, clutch 4 4 14 0:76 (W) 77 8-4 — 1-8 
(9-8-12-9) (5:5-7-B) 
Unhatched egg B 1 $51 0:34 (W) 82 a — 6-0 
Unhatehed egg C 1 53 0:35 (W) 7 3-6 — LS 
Clutch D 2 8-3/egg — 82 4-3legg — 2-0 
Clutch E 3 10-2/egg 9-0 (L) 57 4-ÜJegg — 2-6 
Clutch F 4 31-9/egg — 80 3-8/egg — 3-5 
cA 8 hawk (18) 1 8,500 25:2 (W) 90 — 6:3 40 
‘Golden eagle (19) egg 1 150 2-0 (W) 98 175 0:23 (W) 865 
Osprey (20), Baja 6 127 55 (L) 85 (7-3, 8-0, 103) — 8:5, 10:1, 1:2, 
California (30-264) (24, 7-0, 19) 11:2, 9-7, 111 
Merlin (21) 1 35 2-9 (W) 94 55-4 0-39 (W) 12-7 
^; American kestrel (22) 
‘Whole body, adult 1 51 0-044 39 37 0-031 14 
Eggs, two clutches 6 2-4legg 0-20 (W) 93 1-0/egg 0-09 (W) 23 
“crowned night 
heron (23) 
Ege 1 541 — 39 330 — 16 
Eug 1 869 — 99 23 — 36 
Western gull (24) 
Eggs, San Francisco 4 808 — 85 B05 — 1-0 
Bay, three clutches (632-1,123) (580-1,310) 
Eggs, Farallon Ts., 10 412 +102 = 89 136 +55 = 3:0 
ten clutches 
Eggs, Baja Calif., T 385 + 230 — 97 45+ 30 — 9-1, 10-5, 5-0, 
seven clutches 12-3, 10-6, 
10-7, 10-5 
Forster’s tern (25) eggs 2 665 e 89 114 ~ 58 
(598-732) (91-137) 
Caspian tern (28) 
ggs, San Francisco 2 1,269 — 89 805 — pt 
ay (1,216--1,322) (660—950) 
Eggs, San Diego Bay 5 1,430 — 88 1,010 — 14 
: (991~2,430) (550-1,600) 
Red phalarope (27) 1 — 0-78 (W) 79 — 0-10 5 
Common murre (28) eggs 6 1,945 151 (L) 90 558 45 (L) 35 
(932-3,621) (364—1,010) 
Cassin's auklet (29) 1 — 58 (W) 98 — 0-16 36 
Ancient murrelet (30) 1 — 0-75 90 — 0-15 5 
Rhinoceros auklet (31) 1 — 2-7 97 i 0-36 8 
Mourning dove (32) 2 12-0, 33-1 0:19 (W) 77, 93 Not detected — um 
Barn owl (33) 
Eggs, oneclutch 3 27-7legg 1:25 (W) 95 10-4/egg 0-47 (W) 27 
Eggs, one clutch 2 143/egg 6-6 (W) 96 14-4/egg 0-66 (W) 10 
Meadowlark (34) 2 21-2, 448 0-18, 3-3 (W) 71,93 2:5, 28:1 — 8:4,15-0 


Content in ug and concentrations in p.p.m, wet weight. (W) or lipid weight (L). 
i Unless otherwise specified, analyses were of whole bodies. Endrin and dieldrin were identified on the basis of retention times on both QF-1 and DC-200 
columns. 

. Pomoxis annularis, 284 g, Clear Lake, Lake Co., Calif., May 1968. 

Pomoxis nigromaculatus, 212 g, Clear Lake, Lake Co., Calif., May 1968. 

Lepomis macrochirus, 229 g, Clear Lake, Lake Co., Calif., May 1968. 

. Pygoscelis adeliae, Cape Crozier, Antarctica, October 1967. 

Aechmophorus occidentalis, Clear Lake, Lake Co., Calif., May 1968. 

Fulmanus glacialis. A and B: Monterey Bay, Calif., November 1, 1966. C: Point Reyes, Calif., December 1967. Fulmars breed in Alaska. 

Puffinus eveatopus. Breeds in Chile. Collected in May 1968, in the Gulf of California. . 

V Puffinus griseus. Breeds in New Zealand and Chile. 4 and B: Monterey Bay, November 1, 1965. C: Gulf of California, May 1968. NM, Not 
measured, interfering peaks. 
9. Puffinus tenwirostris. Breeds in Australia. Monterey Bay, December 1966. 

10. Oceanodroma homochroa. Farallon Islands, Calif., May 1968. 

11. Pelecanus occidentalis, Panama eggs were collected on Isla Pacheca and Isla Pachequilla, Gulf of Panama, February 1968. One egg contained 
0-06 p.p.m. dieldrin and 0-06 p.p.m. endrin, another contained 0-16 p.p.m. dieldrin and 0-07 p.p.m, endrin (lipid weight) Baja California eggs 
were collected at Bahia de los Angeles, March 1968. One egg contained 0-24 p.p.m. dieldrin and 1-13 p.p.m. endrin (lipid weight). 

12. Fregata magnificens. Isla Pacheca, Panama, February 1968. " 

13. Sula leucogaster. Isla Pacheca and Isla Pachequilla, Panama. February 1968. Two eggs were analysed for dieldrin and endrin. Dieldrin: 0-08, 
0-18 p.p.m.; endrin: 0-06 and 0-011 p.p.m. (lipid weight). 

14. Phalacrocoraz penicillatus, Farallon Islands, May 1967. 

15. Phalaerocoraz pelagicus. San Mateo Co., Calif. 

16. Anas eyanoptera. San Diego, April 1968, Adult male. 2 J ; 

17. Elanus leucurus. A: Contra Costa Co., Calif., April 1968. B and C: Contra Costa Co., May 1968, two and three young raised, respectively. D: 
Abandoned, Contra Costa Co., May 1967. E and F: Destroyed nests, Contra Costa Co., March 1968, 


ue pp 
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Table 3 (continued) 


18. Aceiptter cooperti. 
19. Aquila chrysaetos. San Luis Obispo Co., Calif., April 1968, 
dieldrin, 1-9 ug of heptachlor epoxide, but no endrin. 

20. Pandion haliaetus. Gulf of California, March 1968. 
91. Falco columbarius. Immature, Utah, December 1967. 
22. Falco sparverius. 


Adult was killed on road, Mendocino Co., Calif., December 1967. 


Balboa Park, San Diego, February 1968. First year female, died of triehomoniasis. . = 2S 
Unhatched egg in nest where one young was raised. Egg also contained dT pet af oo 


One egg also contained 0-10 p.p.m. dieldrin and 0-25 p.p.m. endrin (L). 


Eggs from Davis, California, 1988. 


23. Nyeticoraz nycticorax, Eggs from different clutches, San Francisco Bay, May 1967. 


24, Larus occidentalis. Standard errors, 95 per cent confidence limits. 
25. Sterna forsteri. San Diego Bay, May 1967. 

26, Hydroprogne caspia, 1967. . 

27. Phalaropus fulicarius. Monterey Bay, November 1, 1966. 

28. Uria aalge. Farallon Islands, May 1967. 

29. Ptychoramphus aleuticua. Farallon Islands, April 1966. 

30. SyntMiboramphus antiquum. Monterey Bay, November 1, 1966, 
31. Cerorhinea monocerata, Monterey Bay, November 1, 1966. 

32. Zenaidura macroura. San Diego, July 1968. 


33. Tyto alba, Clutch A from Contra Costa Co., Calif., March 1968, Clutch B from Yolo Co., Calif., April 1968. 


34. Sturnella neglecta. Davis, Calif., December 1987, 


In these, however, the amount of DDT was very low; 
with a DDT: PCB ratio of 18, no PCB would have been 
detected. A larger amount of fat material from Antarctic 
organisms, which would contain more DDT, would 
therefore have to be analysed before concluding that PCB 
has not yet reached the Antarctic. 

Individuals of species resident in industrial areas have, 
as expected, higher PCB levels than individuals of the 
same species from more remote regions. Analysis of 
ten eggs from ten clutches of the western gull from the 
Farallon Islands showed an average PCB content of 
136 +55 ug (95 per cent confidence level). PCB content 
of four eggs from three clutches from an island in San 
Francisco Bay averaged 805 ug with a range from 580 
to 1,310 (Table 3). Seven eggs from seven clutches in 
the Gulf of California contained 45430 ug of PCB. 
The DDT content of the eggs from the Farallons was not 
significantly different from that of the Baja California 
eggs. 

Birds from the Gulf of California also contain dieldrin 
and endrin (Tables 2 and 3), but the number of analyse 
is as yet insufficient to compare their relative abundance 
with that of DDT and PCB. Despite the inability of the 
Shell Chemical Company to find any chlorinated hydrocar- 
bons in the Gulf of California and at the mouth of the 
Colorado River**, which drains into the Gulf, it is likely 
that some do enter from the Colorado River and from 
agricultural areas in western Mexico. A significant 
fraction, however, must come from the atmosphere?$, 
and air transport best explains the presence of PCB in 
remote areas. In extracts from the Gulf of California 
one PCB compound was present in relatively small 
concentrations. This compound is readily degraded by 
ultraviolet light irradiation in laboratory experiments, 
and may therefore be selectively degraded in the 
atmosphere. Although PCB is not soluble in water, it 
has a low but finite vapour pressure". Incineration of 
materials containing PCB would greatly increase the 
rate of entry into the atmosphere. PCB is used in the 
manufacture of many industrial products, so the high 
amounts found in San Francisco Bay, Puget Sound? 
and San Diego Bay presumably result from direct discharge 
of industrial wastes into these waters and from local 
fallout. 

The presence of PCB in the few land birds and fresh- 
water fish analysed indicates that it is also distributed 
among continental ecosystems in North America. Pere- 
grines could therefore aequire PCB, as well as the other 
ehlorinated hydrocarbons, over all their global range. 
No PCB residue data are available for prey species from 
the Atlantie, but compounds which seem to be PCB 
have been isolated from seals**. A second year male 
peregrine spent the winter of 1967-68 on Isla Pacheea, 
Panama, where the pelican, booby and frigate-bird eggs of 
Table 3 were collected. The Cooper’s hawk which was 
analysed, a species which also preys upon birds, contained 
high residues of both DDT and PCB (Table 3). Cooper's 
hawks have declined in eastern North America and in 
some regions have produced thin-shelled eggs?*. Several 


species of raptors do not accumulate high amounts of 
the organo-chlorine compounds (Table 3), a result. of the 
very low residue levels usually found in their prey. 
American kestrels and barn owls are common residents of | 
California cities. The white-tailed kite, which was 
near extinction 40 years ago in California, is now abundant 
in areas where insecticide use is intense, yet because it | 
preys primarily upon the short-lived and herbivorous 
vole, Microtus, the species accumulates very little DDT 
or PCB (Table 3). 

Previous work!* has shown that both DDT and dieldrin 
induce hepatic enzymes in the pigeon which, im an 7 
vitro preparation, increase the metabolism of progesterone 
and testosterone. This work has now been extended to 
study the metabolism of oestradiol by enzymes induced 
by p,p’-DDE, technieal DDT (Dupont) and PCB (‘Aroclor 
1262’). The experimental procedure previously deseribed** 
was followed except that the chlorinated hydrocarbons 
were injected intramuscularly rather than given orally, 
and in the separation of oestradiol and its metabolites 
the solvent system used was the upper layer of a mixture 
of benzene: heptane: methanol: water 7:3:8:2. The strips 
were monitored with an autographie strip scanner. The 
profiles obtained fer the various inducing agents are 
shown in Fig. 1. It will be noted that the profiles of the 
metabolites obtained after enzyme induction using DDE 
and DDT are identical, but that a different metabolite 
is produced by the enzyme induced by PCB. The amount 
of metabolites formed was calculated from the radio- 
activity of the peaks. The results obtained are given in 
Table 4. 





Table 4. INCREASE OF OESTRADIOL METABOLISM BY PIGEON LIVER. HOMO- 
GENATES FROM BIRDS TREATED WITH VARIOUS CHLORINATED HYDROCARBONS 
Amount of polar metabolites 
formed in memoles 
29-34 6-5 
T2 E1941 


Control 

DDE (40 mg/kg) 

DDT (40 mg/kg) 9T1r1b2 

PCB (20 mg/xg) 160-0 t 105 

Each figure is the average with standard devistion of a group of four 

birds. In all cases 500 mymoles of oestradiol-6,7-T (500 má mole) was 
present in the incubation mixture. Incubation time 30 min, weight of 
microsomal fraction used 300 mg. All chlorinated hydrocarbons were 
injected intramuscularly into the pectoral musele 7 days before death. 





Body concentrations of 40 p.p.m. of p,p'-DDE signifi- 
cantly increased the rate of oestradiol degradation by 
the induced enzymes in the experimental conditions. 
On a weight basis the PCB preparation had an oestradiol 
degrading potential approximately five times that of 
p.p-DDE or technical DDT. Both DDE and PCB, 
which are apparently the most abundant of the chlorinated 
hydrocarbon pollutants in the global ecosystem, have: 
therefore the capacity to produce sublethal physiological 
effects in birds. 

Studies on the activity of induced enzymes in the rat 
at various times after a single injection of DDT or 
dieldrin have been made by Ghazal et al.**. 














He found 
that it took 70 days for the activity to fall to half its 
maximum value in the case of DDT and 15 days in the- 
ease of dieldrin. Experiments with dieldrin on pigeons 
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CONTROL | 


DDE 
PCB 


DDT 


Chromatographie separation of oestradiol and its metabolites. 
The large peak is unaltered oestradiol. 


Fig. 1. 
show that only a quarter of maximum activity remains 
after a month. "Thus there is evidence that the effects of 
these induced enzymes can persist over a long period of 
time although more studies are needed to determine 
the steroid degrading potentials of livers of those species 
contaminated with chlorinated hydrocarbons. The 
profile of the metabolites should be some indication of 
the history of exposure to chlorinated hydrocarbons. 

The reductions in eggshell thickness and eggshell 
weight increase the chances of egg breakage?'-", and 
water retention, which affects hatching suecess!9-i!, 
might be impaired. The environment in which birds 
now exist is therefore no longer the same as that in which 
they evolved; it is unlikely that any species has the 
genetic capacity to meet the selection pressures resulting 
from the abrupt environmental change which has produced 
the thin eggshells. The peregrine falcon is a species 
long highly revered and respected. G. H. Thayer*? has 
deseribed it as "the embodiment of noble rapacity and 
lonely freedom". An irony therefore exists in the fact 
that the peregrine may be the first species to be extirpated 
by global eontamination. 


Tsunamis on the Moon? 


by 
W. G. VAN DORN 


Scripps Institution of Oceanography, 
University of California, 
San Diego, California 


Tue question whether the multiple ring-like mountain 
structures surrounding most of the lunar craters larger 
than 120 miles in diameter might be “frozen tsunamis”, 
set in motion by the shock waves caused by impacting 
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The spacing of the five annular mountain rings around Mare Orientale 
fits a dispersion curve for gravity waves on a 50 km "liquid" layer 
overlying a rigid basement. 


planetesimals, was first brought to my attention by 
R. B. Baldwin (personal communication). Baldwin 
points out that in several cases (including the giant 
Mare Imbrium) two or more rings can be made out 
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having diameters that increase roughly by multiples 
of 4/2, relative to that of the craters themselves!. Very 
large craters in rock that has been shocked far beyond 
its mechanical failure stress might tend to collapse and 
rebound under gravitational forces alone, thus inducing 
eoncentrie wavelike motions until brought to rest by 
frictional forces. But the systematic recurrence of one or 
two poorly defined rings is insufficient for a convincing 
ealeulation. The recent Orbiter IV photographs of the 
Mare Orientale, with five perfectly concentrie rings, 
are able to provide the basis for the present analysis. 

The Orientale complex (McCauley?) is located on the 
Moon's west limb, and comprises ‘‘a broad depressed central 
plain some 300 km in diameter, partially flooded by mare 
material and encircled by a series of outward-tilted 
benches." Table 1 gives the respective ring radii and 
elevations kindly provided by McCauley, who also 
supplied photomosaies showing a 60? sector of the sur- 
rounding region in great detail. As well as the central 
basin, all save the outermost of the valleys between 
the rings show evidence of extensive flooding from 
beneath, a posteriori to the fallout of ejecta from the 
explosion. The latter quite thoroughly blanket the entire 
region to a distance of 1,000 km, with sprays to 1,500 
km in several directions. Viewed in perspective (Fig. 1), 
the mountain rings of Orientale resemble a snapshot 
of the wave pattern produced by dropping a pebble 
into a shallow pond—but on such a gigantic scale that 
the outer ring subtends 25° of the lunar surface. A 
characteristic and obvious feature of such a wave system 
is the increase in the radial separation of consecutive 
erests with increasing distance from their common centre. 
For surface gravity waves on a liquid layer overlying a 
rigid basement, the rate of increase (dispersion) is uniquely 
related to the local wavelength and layer depth. If the 
motions following the Orientale impact were simul- 
taneously arrested at some later instant of time, the 
ring-spacing should provide a sensitive test of the gravity- 
wave hypothesis. 


Table 1. ELEVATIONS AND RING RADI FOR THE ORIENTALE COMPLEX 
Ring No. 5 4 3 2 1 
XElevation* 0-5 15 3-0 2:5 0-5 
(km + 50 per cent) 

Radius (km) 
a Observed* 180 240 305 465 730 
b Computed 178 230 318 469 725 


* Courtesy of Dr J. E. McCauley, US Geological Survey, Flagstaff, Arizona. 


Mountain Ring Hypothesis 


The wave system produced by an explosion in an 
inviscid liquid of finite depth A has been studied exten- 
sively (see DASA final report SIO 63-20, 1963, by W. G. 
Van Dorn and W. S. Montgomery). Taking the origin of 
polar eoordinates in the free surface, the surface dis- 
placement 7, from equilibrium following an initial (instan- 
taneous) deformation is given for any position r and time 
t by 

E(k) 


tiie ey cos (kr— ot) a) 
M r L dv/dk à 


eo 
where E(k) = f E(r) J, (kr)r dr is the zero-order Hankel 


transform of the initial surface deformation E(r), k= 
2x/X is the wave number, h=liquid depth, }=wave 
length, e — frequency, e— group velocity and g — gravity. 
The group velocity and frequency are related to wave 
number by the auxiliary equations 


°= gk tanh kh (2) 
v= (@/2k) (1+ 2kh/sinh 2kh) (3) 


1703 


In equation 1, the factorable cosine term gives the 
positions of wave phases on the r-t plane. The wave 
crests, for example, will occur whenever cos(kr- wt) 
=1; that is, when 


kr—ot = z(2n— 1) n= 0,1,2... a) 
when n is the crest order number, reexoned from the 
point n = 0, r= f /gk. But for solutions of equation 1 
where mass is conserved y(r.) = 0 for s = 0, and the 
first perceptible crest will correspond tom = 1. To test 
the gravity wave hypothesis, then, we seek solutions 
of equation 4 for ¢ = constant, h = constant, and where 
the consecutive crest radii r(n) agree with the measured 
Orientale ring radi. The latter were obtained from 
photo mosaics as Orbiter IV passed dwectly over the 
region, so no correlation for surface curvature is necessary. 


Accordingly equation 5 was non-dimensionalized in). 


terms of the single variable o= kh and, through sub= s 
stitution from equations 2 and 3, rewritten as 











R= : = rl —26/sinh 207 » (5) 
L1 T 26/sinh a 
2x(2n—1 
To-ggfh--——— xiu rudes: NE (6) 


(c tanhc)? (1 — 2e/sznh 26) 


A table of c, Rin), T(n) was then computed for small 
increments of c, and the best (unique) solution wes 
determined by scanning the table for (n); n = 1, 
2....5; T(n) = constant. Table 1 compares the measured 
and computed radii which agree within about 3 per cent. 
The computed layer depth turns out to be h = 50 km, 
and the time required to reach the observed stage of 
evolution is t = 3,600 s. 

The accuracy of this method is shown in Fig. 2, where 
the trajectories of the first five crests in the rk plane 
are plotted against dispersion curves for h = 30, 40, 
50 and 60 km, respectively. The unique solution, shown 
by the dotted intersections, must agree with the observed 
radii. shown as dashed vertical lines. The computed 
solutions have also been transferred (dashed lines) to 
the lunar photograph of Fig. 1 by connecting transfer- 
able reference points from the vertical phetographs. 


Influence of Viscosity and Rigidity 


It is somewhat surprising to find an inviscid solution 
to the observed phase distribution, because the "fluidized" 
layer assuredly must have possessed some viscosity 
and/or rigidity. At my suggestion, Miles? has examined 
the Cauchy-Poisson problem with scosity included, 
and finds that the phase is unaffected by viscosity within 
the range 





£ g^'* yl /8 / Jq?’ re rja << gt fae 

where v is the kinematic viscosity and a is the radius 
of the initial deformation. Taking t! = 3.600 s, g = 162 
em s71, and a 5 x 105 em and r,— L5 x 16° em (Table 1), 
one finds (r/a) max ¥30<4 x 10, and the second inequality 
is clearly satisfied. For the inner ring, f, = Lb8x HE 
em, so that (r/a) min & 3:6, and the first Inequality requires 
that v<7x 10* poises. Finding nothing in the soil 
mechanics literature on the viscosity or fluidity of dry 
materials, I have ascertained that a silicone fluid of 
viscosity v = 40 epoises flows through æ kitchen sand- 
glass at the same rate as the original sand, which satis- 
fies the required condition, although ne exception 
may be taken to the differenee in seale between these 
two experiments. 

With respect to the influence of rigidity, Gilbert? 
has found combined elastic-gravity wave solutions for 
a layered half-space over a rigid basement. Some of 
these solutions closely parallel the gravity-wave solutions = 
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Fig.1. Oblique view of Mare Orientale near full Moon. 


approximately at lunar equator pointing earthward, terminates in small crater overlain by Orientale ejecta 


Dashed lines give computed wave crests normalized to observed ring pattern. 


Arrow, 
Rays from this crater overlie 


Oceanus Procellarum (upper right), indicating that Orientale postdates the latter Mare, 


so it is appropriate to examine them as an alternative 
hypothesis. The influence of bulk rigidity u in the com- 
bined solutions depends on the magnitude of the ratio 
s=ọg tanh kh/uk. When el, gravity predominates, 
and for s <1, the classical Rayleigh wave solutions result. 
Recognizing that s is essentially the square of the ratio 
of the gravity wave to shear wave propagation velocities 
in the layer, one expects effective coupling to take place 
only when e = 1. For homogeneous rocks like granite 
or basalt (u+10'* dynes em-?), the influence of gravity 
is clearly trivial. As Gilbert points out, however, shear 
velocities as low as 100 m s~ are not uncommon in un- 
consolidated sediments, a velocity which is of the same 
order as the phase velocities obtained above. There 
seems to be no sound physical basis for estimating the 
effective rigidity of the rubble matrix interior to the 
expanding shock wave from a large impact explosion, 
other than to state that the exceptional agreement 
between the gravity solution and the observed dispersion 
implies very low rigidity. 


Reconstruction of the Impact Event 


While the phase distribution tells nothing about the 


source geometry, some estimate of the initial circum- 


stances can be inferred from the amplitude spectrum of 
the existing crest elevations (equation 1), assuming the 
rubble layer to have preserved in its frozen state the 
original Fourier elements the The 
method® consists of inverting the transform of the ampli- 


comprising source. 
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Fig. 2. Dispersion curves for four layer depths, showing intersections 


with line of constant phase (wave crests). Wave solutions (black dots) 
agree within 3 per cent with observed ring spacing (dashed lines). 
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is presumed to have risen along failure points and flooded central crater and portions of ring valleys. 


Schematic hypothetical lunar profile through Orientale, showing 50 km rubble layer underlain by proclastic basement. 
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lower illustration, 50x in upper. 


tude spectrum, and integrating it to obtain the equivalent 
linear souree elevation that would have produced the 
Observed wave system. To obtain the spectrum, the 
wave train (ring system) of Orientale was replotted on 
a rectified and vertically enlarged scale (Fig. 3), using 
erest positions and elevations from Table 1. Because of 
uncertainty regarding the equilibrium lunar reference 
surface, owing to extensive flooding and fallout of ejecta, 
the tabulated elevation relief figures were taken as 
wave amplitudes, rather than wave heights. Thus the 
shaded area in this figure delimits the presumed ultimate 
profile of Orientale, with a depressed mean level to suggest 
that flooding has not quite compensated for explosive 
ejection of material from the central crater. Next, a 
smooth envelope was drawn through the wave crests, 
and the envelope amplitude was digitized at distance 
intervals corresponding to small, equal intervals of the 
dimensionless wave number As. The spectrum E(s) so 
obtained was then integrated on the computer to give 

the source elevation E(r) 
oo o= 60 
Er) = fo E(c) Jy (ro) do == X c E(o) Ja (rc) ^o. (7) 

0 8-0 

The reconstructed source (also shown in Fig. 3) consists 
of a crater 10 km deep and 50 km in radius, surrounded 
by a broad lip of much smaller amplitude. "The inte- 
grated potential energy represented by this deformation 
is about 7x 10?* ergs, which can be taken as a lower 
limit to the actual energy of the Orientale explosion. 
beeause energy is assumed to be conserved in the above 
model, whereas a substantial fraction of the initial 
energy was radiated as a shock wave. Although the in- 
version method can be expected to predict quite accurately 
the source radius (always numerically close to the recip- 
rocal of the wave number at the peak of the amplitude 
speetrum), the computed crater depth depends sensi- 
tively on how the spectrum is terminated at the 
high-frequency end (@—> 00 as r—0), which is poorly defined 
in the present case. This is apparent from the fact that 
the computed crater radius (50 km) is very much smaller 
than that of the inner mountain ring (180 km)—-which 


itself is substantially degraded—suggesting that interior | 
flooding may have eradicated much low-amplitude profile 
relief. 

'To obtain & better estimate of the iritial depth of the 
Orientale crater, I have combined some results from the 
theory of hypervelocity impact with these from explosive | 
cratering experiments in solid materiais. In discussing 
the latter, Nordyke* concludes that there is little differ- 
ence between the craters produced in a given material 
by nuclear and chemical explosions. He likens meteoroid 
eraters to shallow explosions, in whieh the ejecta are 
shock-accelerated to high velocities and widely dispersed, 
rather than to deep explosions, in whieh the hydrostatie 
overburden inhibits venting, and the ejecta are primarily 
gas-accelerated to lower velocities, resulting in extensive 
fallback into the crater itself. Thus it seems reasonable: 
to accept the crater radius computed for the Orientale 
impact as an unambiguous scaling parameter, provided 
that the depth ean be independently determined. 

Fig. 4 is a plot of apparent crater radius versus charge 
depth for explosions in desert alluvium’. Radii and depths 
are both scaled in proportion to W'**, where W is the 
explosive energy in ktons of TNT equivalent (42x 10° 
ergs). The dashed curve drawn here to approximate 
the data distribution for the largest (nuclear) events 
has the parabolie equation 


(-Z+48)? = 47(58— R) (8) 


where Z z2W*5 and RE zrW*'? are scaled charge 
depth and radius in m kton-*?, respectively. ‘The max- 
imum crater radii do not seem to differ by more than 
10 per cent between 40,000 Ib (TNT) charges detonated 
at similar depths in both alluvium and consolidated 
basalt, despite the great differences in density and 
strength*. Because the effect of gravity is important 
only in eontrolling the distribution of ejecta, equation 8 
will be taken as an acceptable relation for explosive 
cratering on the Moon. 

To interpret these results in terms of impact explosions 
of equivalent energy, the effective explosion depths of 
impact explosions must be established. In discussing a 
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Fig. 4. Apparent crater radius versus burst depth for explosion craters 
in desert alluvium, Dashed curve is analytical approximation to distribu- 
tion of largest (nuclear) explosions. 


eomputational model for hypervelocity meteoric impact, 
Bjork* points out that a deeply penetrating impaot 
aets rather more like a line source than a point source 
explosion. Bjork’s model (a steel projectile impacting 
a soft alluvium target at 30 km s-!) represents a rather 
extreme example, however, and the above distinetion 
ean be reduced to a minimum by taking the effective 
centre of the explosion at a point consistent with the 
observed distribution of ejecta, assuming it to be shock- 
accelerated. 

Ignoring approach velocities below about 20 km s-!, 
for which impacts cannot properly be regarded as explo- 
sive’, a relationship in which the penetration depth p 
of a hypervelocity particle of mass m varies as a fractional 
power of the approach velocity V, can be fit to recent 
computer predictions of the depths of impact craters. 
Results described by Bjork et al. in NASA report CR-757 
(1967) for iron and aluminium particles on aluminium 
targets give p/m! (cm g") = 4-8 x 10-*V%*+7 per cent, 
20 km s< V<72 km s~. Thus the penetration seems 
to be a very weak function of the projectile density pp, 
varying by only 14 per cent over the range 0:44 < pp < 7:86. 
Beeause the density of the target used by Bjork et al. 
(pr 2-7 g e) is also a reasonable density for a basalt 
lunar surface material (Urey, personal communication), 
this penetration model will be taken as acceptable for 
lunar impacts. Recalling equation 8, if we let P = pW 
define the scale penetration depth, the penetration 
relation can be rewritten in equivalent energy units as 
> — zl R's e —— 6:9 x 10- . 1810.3 — 5. A 0.3 

m ves 100 (4:2 x 1015) 5-4m kton (9) 
where the small mass discrepancy (m°*) has been incorp- 
orated into the constant factor. Bjork et al. present 
plots for the presentation calculations of the radial 
distribution of dynamic pressure in the cratering flow 
behind the shock front at the times of maximum pene- 
tration by the particle. In all cases, identifiable flow 
parameters such as the peak and minimum dynamic 
pressures fall in nearly constant ratios with the penetra- 
tion depths. ‘Thus it seems reasonable to assume that 
the effective scaled explosion centre Z should also be 
proportional to the penetration. 

Consider, now, a shock-accelerated geometric ejecta 
model in which r is the radial distance to the free surface 
from an explosion centre at depth Z making an angle 9 
with the horizontal, and let Vs be the material velocity 
in the direction of r. The ejecta velocity Ve can be 
taken as the normal component of 2V,4: Ve = 2V,sin 
9 = 29V, Zír. Hess and Nordyke". in discussing throwout 
models, state that, owing to shear wave and surface wave 
interference, the departing velocity vectors are more 
nearly radial than normal. It will therefore be assumed 
here that material leaves the surface with velocity Ve at 
the angle `p. Cherry and Rapp (in report TID-4500, UC- 
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35, Univ. California). present computed eurves for peak 
radial stress and material velocity as à function of scaled 
radial distance r from an explosion in granite rock (density 
2-6) that are well verified by experiment. The material 
velocity can be adequately expressed by Vs (km st) = 
10r-5/ where r is given in m kton-!^. Combining expres- 
sions to eliminate r, 


Velp) = 20 sin? q/Z5^ (10) 


Markov! gives the circular range for material ejected 
from a lunar surface explosion as 

L = 60 cot- [cot o (3 (V*/ V4)? sec? o — YJ km. (10) 
where V*= 2-4 km s~ is the lunar escape velocity. 

Fig. 5 is a polar graph showing the results of the 
present ejecta model. The two solid curves are the 
hodographs of velocity vectors V, as a function of the 
ejection angle o for the ranges L= 1,000, and 1,500 km, 
taken as observational limits for the Orientale ejecta 
distribution. The dashed curves give the ejecta velocities 
computed from equation 10 for a 1 kton impact explosion 
for several values of Z. Clearly, the curve Z=4 agrees 
best with the observed distribution, an explosion at this 
depth being capable (according to this model) of reaching 
—but not exceeding—the observed range limits. 

The ejeeta velocities are independent of the scale of 
the explosion, so these results can be scaled to the Orien- 
tale impact by inserting the value Z=4 m kton’ 
into equation 8, giving R=17 m kton-*? as the scaled 
crater radius, corresponding to the crater depth P =5-4 
m kton-*? from equation 9. The appropriate scale 
factor is 50 km/17 m=2,940, from which we obtain 
p=16 km as the inferred crater depth of Orientale. 
The impact energy is construed to be W —(2940)*33— 
3-4 x 104 kton (1-4 x 10?* ergs). 

I have also compared the peak shock pressure from 
the curves of Cherry and Rapp, scaled to the above 
energy, with the hydrostatie pressure inside the Moon, 
in whieh I have assumed density inereasing linearly 
inwards. Assuming a rock-failure pressure anomaly of 
1 kbar, the impact shock was sufficient to fracture the 
lunar crust to a depth of about 180 km, and still attain 
a level of about 1,000 Ib inch-? on the reverse side of the 
Moon. Around the lunar surface, the shock stress falls 
below 1 kbar at a range of 650 km, which approaches the 
limit of the wave disturbance computed form the linear 
model. 
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Fig. 5. Comparison of several ejecta models with hodographs of ballistic 
trajectory vectors Fẹ delimiting observed ejecta limits (solid curves). 
¥* and Fe are the Moon’s escape and circular-velocities, respectively. 
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From the observational evidence available it seems 
impossible to distinguish between the mass and velocity 
of the meteoroid responsible for the Orientale explosion 
— even were its density known. A convincing hydro- 
dynamic model might be constructed if the ejecta mass 
distribution as a function of radius could be determined. 
Lacking this information, several estimates of the meteroid 
diameter are given in Table 2, based on an impact energy 
of 1-4 x 109? ergs. The extreme values probably represent 
rather trivial circumstances. The intermediate case, 
which I take to be intuitively more satisfying, is shown 
in the lunar profile of Fig. 3. 


Table 2. METEOROID PARAMETERS FOR CONSTANT KINETIC ENERGY W= 
1-4 x 10? ergs 
Density (g cm-*) TBG 2.7 2-7 
Approach velocity (km s~*) 72 10 244 
Diameter (km) 1:8 i0 25-3 
Discussion 


The evidence for a two-layer Moon has some rather 
interesting implications regarding the Moon’s structure 
and internal history. Anderson and Phinney’ present 
two thermal models for a homogeneous Moon, assuming 
elemental radioactive concentrations characteristic of 
chondritic meteorites and the terrestrial mantle, respec- 
tively. In both models radioactive heating first induces 
melting at a depth of about 200 km, which proceeds 
inwards, resulting in supercritical thermal gradients and 
corresponding density inversions. The authors conclude 
that the Moon is a differentiated body, consisting of 
basalt overlying a denser pyrolytic basement. Both the 
above models have nearly the same steep thermal gradient 
near the surface, giving a temperature% 1,000° K at a 
deptha/80 km. McKenzie" notes that 1,000 K is 
roughly the transition temperature below which olivine 
basalt behaves elastically and fails by brittle fracture, 
and above which plastic flow can take place. 

The concept of a transition zone from elastic to plastic 
behaviour at depths from 50-80 km inside the Moon 
seems consistent with that of a basalt lunar crust reduced 
to loosely compacted rubble by an extensive impact 
history. In this context, the transition zone might be 
the depth at which the Moon could heal itself from the 
fissures produced by those events energetic enough to 
produce shock pressures in excess of the ambient elastic 
rupture stress at these depths (3-4 kbar). Noting that 
a constant pressure level scales as the cube-root of explosion 
(impact) energy, the requisite threshold energy to exceed 
the rupture stress at 50 km would be about 0-8 per cent 
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of that computed for Orientale. Similarly, the peak 
wave amplitude in the gravity-wave solution scales an- 
W^, and thus an impact of threshold magnitude would 
produce waves only li per cent as high. Finally, the 
shock pressure, which presumably acts to fluidize the 
loosely compacted surface material, would drop below 
1 kbar at a surface radius of only 100 km, thus further 
attenuating the wave motion. 

On the other hand, the observed indications of super- 
ficial flooding of the depressions associated with the 
Orientale ring structure suggest that impact explosions 
capable of perforating any plastie-melting transition 
depth (4200 km) might result in local upwelling of 
pyroclastic material at the expense of the heavier over» 
lying solid fraction, as suggested schematically in Fig. 3. 
One logically expects the extent of flooding to increase 
with inereasing penetration damage. Thus Orientale 
might be regarded as a borderline example; much smaller 
events leaving only superficial central impressions, - 
while the great maria may represent the vestigial remal 
of even greater mountain-ring systems all but obliterat 
by subsequent flooding. Urey (personal discussion) 
points out, however, that the physical constitution and |. 
thermal history of the Moon are still substantially m 
question, and that the implications of the present gravity 
wave solution should be regarded as additional evidence 
that must be accounted for in any acceptable model of 
the Moon's interior, rather than the reverse, 
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assistance and comments. This work was supported by 
the Office of Naval Research. 


Received July 29; revised August 23, 1968. 





1 Baldwin, R. B., The Measure of the Moon (Univ, Chicago Press, 1683). 
3 McCauley, J. F., in Mantles of the Earth and Terrestrial Planets (edit. by 
Runcorn; 8. K.), 431 (John Wiley, London, New York and Sydney, 


* Miles, J. W., J. Fluid Mech. (in the press). 

* Gilbert, F., Bull. Seis. Soe. Amer., 57, 783 (19077. 

‘ Van Dom; W. G., in Psunami Meetings, Honoluiu 1961, TUG Monograph 
* Nordyke, M. D., J. Geophys. Res., 66, 3489 (1901). 

* Nordy ke, M. D., J. Geophys. Res., 67, 1965 (1962), 

* Murphey, B. F., and Vortman, L. J., J. Geophys. Res., 66, 5380 (1961). 

* Bjork, R. L., J. Geophys. Res., 66, 3379 (1961). 

1? Gilvarry, J. J., and Hill, J. E., Astro. J., 194, 620 (1966), 

11 Hess, W. N., and Nordyke, M. D., J. Geophys. Res., 86, 3405 (1961), 

1s Markoy, A. V., The Moon, A Russian View, 383 (Univ. Chicago Press, 


13 Anderson, D. L., and Phinney, R. A., in Mantlessof the Earth and Mrd 
Planets (edit. by Runcorn, S. K.), 124 (John Wiley, London, New Yor! 
and Sydney, 1967). 

1 McKenzie, D. P., J. Geophys. Res., 72, 6261 (1997). 


Protostars as Sources of Anomalous OH Emission 


by 


P. G. MEZGER 


National Radio Astronomy Observatory, 
Green Bank, 
West Virginia 


B. J. ROBINSON 
Radiophysics Laboratory, 


CSIRO, 
Sydney 


INTENSE emission in the 18 em lines of the OH. molecule 
is associated with about one-third of all HII regions. 
A comparison of the radial velocities of the centres of 
OH emission and the HII regions shows that the posi- 
tional association is not accidental and that these objects 


Several lines of investigation suggest that the OH condensations 
are protostars associated with recently formed 6 stars. 


are in fact closely related in space’*, Interferometer: 
observations have yielded accurate positions of the OH 
condensations and have shown them to have extremely 
small angular sizes. The small sizes and high brightness 
temperatures require that the OH densities are very - 
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"formed Ô stars. 

A preliminary continuum survey of HII regions associ- 
ated with OH emission centres has revealed the presence 
of eompaet eomponents of high eleetron density and 
small dimensions which are superimposed on an extended 
thermal background of low surface brightness. It was 
suggested that the compact HII regions are the ionized 
remnants of recently formed 0 stars or 0 star clusters*. 
The projected positions of the OH emission centres 
(Raymond, private communication) are close to the 
compact HII regions. This suggests that the OH con- 
densations are protostars at an earlier stage of their 
evolution. Both objects seem to be immersed in an 
extended region of low electron density. 

The characteristics of the emission and the sizes 
determined by recent very long baseline interferometer 
Observations" allow estimates of the densities and 
temperatures of the OH. condensations. Assuming that 
the emission is maser action pumped by chemical processes 
(refs. 8 and 9, and work in preparation by W. D. Gwinn 
€t al.) the condensations must have densities in the range 
10" to 10% hydrogen atoms em and temperatures of 
several hundred degrees. "Their masses fall in the range 
of stellar objects. 

Theoretical investigations of the very early stages 
of protostars have recently been published by Hayashi 
and associates!?^!, It is found that any cloud of one 
solar mass is destined to contract to a main sequence 
star once its density rises above a critical value of pe% 
2x10- g em-? (corresponding to a number density of 
AN x9 x 10° atoms cm) and that the evolutionary track 
of the protostar is nearly independent of the initial density 
and temperature of the cloud. In its transparent stage 
the protostar cools down to a minimum temperature 
of close to 10° K. At densities beyond N x 10!* atoms cm~? 
the protostar becomes opaque and continues to contract 
nearly adiabatically until its central temperature attains 
values at which the H, molecules start to dissociate. 
The characteristics of the observed OH emission require 
densities, temperatures and masses of the OH conden- 
sations which correspond to opaque protostars. 


Review of Recent Observations 


Short baseline interferometry has yielded positions 
for most of the stronger northern OH emission centres 
with a typical accuracy of a few seconds of are (Raymond, 
private communication). A high resolution continuum 
survey of galactic HII regions yielded positions of com- 
pact HII regions with a typical accuracy of +30” are. 
The projected distances d between the OH emission centres 
and the closest compact HII region are given in Table 1 
(columns 5 and 6). With the exception of W 49, the 
mean projected separation is about 0-7 pe; for W 49 
the angular resolution of the present continuum obser- 
vations is not sufficient to resolve the individual compact 
HII regions. The projected separations are in most 
cases of the same order as the radii of the compact HIT 
regions. It thus appears that the OH centres are located 
close to the edge of the expanding compact HII regions*, 


* Compact, HII region means a region of relatively high electron density 
and small size which is usually superimposed on an extended background 
of low surface brightness**, 





Table 1, 
Distance Radius 
Souree G-Component {kpe} (po) 
IC 1795 133.9 + P1 2-6 0-03 
M 42 um 9 —1904 055 0-33 
NGC 6384 0.6 
W 49 13-9 (0- s to 
?D 
W51 49:5 — 04 6-5 g: 15 
DR S17 + (5 15 0-11 


Several lines of investigation suggest that the - 
‘OH condensations are protostars associated with recently 5 
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probably immersed in an HIT region of lower electron 


density. 


Radial velocities 2 the OH Gmissiont$:s can be eom- 
pared with the radial velocities of the HII regions obtained 
in the joint NRAO-MIT H109« survey (Reifenstein 
et al., in preparation) The radial velocities of the OH 
emission centres! have been weighted with their antenna 
temperatures for comparison with the H109% velocities. 
The differences between the weighted mean velocity of 
the OH emission and the radial velocity of the HII region 
are given in Table 1 (column 8). The mean difference 
in velocity is 5 km s~. The velocity dispersion is listed 
in column 9; with the exception of M 42 it falls in the 
range observed for star clusters. 

Very long baseline interferometry has resolved the 
individual OH emission centres in IC 1795 (W 3) and 
W 49 and yielded an upper limit for the OH emission 
centres in NGC 6334. It seems that individual features 
in the OH profiles as diseriminated by their different 
radial velocities and polarization characteristics are 
associated with separate condensations of OH molecules. 
The number (N) of clearly discernible features in the 
OH profiles is given in Table 1 (column 7). In the case 
of IC 1795, Moran et al. find seven emission centres 
within an area of 1-2” x 2-3" are. One centre has a simple 
disk shape of apparent diameter 0-005” arc. The others 
show structure and might be clusters of two or three 
emission centres. In one case the observations indicate 
an elongated source. At a distance of 2-6 kpc an angle 
of 0-005" arc corresponds to a linear size of 2 x 10'! em. 
In the case of W 49 the emission centres have an apparent 
diameter of 0-05" arc. This corresponds to a linear size 
of 10!5 em at a distance of 13-9 kpe. For NGC 6334 
the angular size was found to be less than 0-03" are 
(ref. 6); the corresponding linear size is less than 27 x 
10" em. 


Densities, Masses and Temperatures of OH Conden- 
sations 


The OH emission is thought to be the result of maser 
action. If the maser is saturated the linewidth requires 
the kinetic temperature to be of the order of 20° K, but 
if the signal is amplified exponentially along the maser 
path the linewidth will be narrower than the thermal 
width. For a maser gain of 10!* to 10" the line will be 
narrowed by a faetor of 4 to 5, and the kinetie tem- 
perature could then be some hundreds of degrees Kelvin. 
The saturated and unsaturated cases lead to widely 
different requirements on the pump rate and density. 

Previous discussions of the maser action have shown 
that the densities in the condensations must be higher 
than 10* cm, and may be as high as 10!5 cm- (refs. 4 
and 15). At such densities the ultraviolet radiation from 
even a 05 star could only superficially penetrate the 
condensation. Thus the OH condensations could easily 
survive in the radiation field of a 0 star or a low density 
HII region. 

The inability of ultraviolet radiation to penetrate 
into condensations at the densities estimated makes 
it most unlikely that the molecules are radiatively pumped 
by ultraviolet or infrared*:!* or by a collimated beam of 
ions or eleetrons". Solomon? has also argued that the 
ultraviolet photo-dissociation rate for OH. is higher than 
the pumping rate. At the high densities chemical pumping 


SOME CHARACTERISTICS OF THE ASSOCIATION OF CENTRES OF OH EMISSION AND COMPACT HII REGIONS 


d(HII-OH) Vun- «VoH» «Vnum -— Vol» 


(min arc) (pe) N (km 873) (km 87) 
01 0-08 n 14 2:2 
12 0-2 14 -142 18-0 
53 0.0 ? 

43 07 12 8-4 6-8 
(0-6) (2:3) 18 -63 8-0 
(1-8) (7-2) 

06 rd 6 ~ 9-02 1-2 
3:2 1-4 11 -27 49 
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FLEXIBILITY.... 
TO MATCH YOUR GROWING NEEDS 


When anticipating the purchase of a UV-VIS spectro- 
photometer your important considerations are photo- 
metric accuracy, range, and resolution. 


The basic Gilford Model 240 manual spectrophotometer 
has 0.001 A resolution throughout its 0.000 to 3.000 A 
range, and photometric accuracy of 0.5% A 


This unequaled photometric capability, combined with a 
group of versatile accessories, enables you to adapt the 
Model 240 Spectrophotometer to a wide variety of appli- 
cations. 

Multiple sample handling, gel scanning, wavelength 
scanning and flow through monitoring are but a few 
capabilities provided by the building block design of 
Gilford spectrophotometric instruments. 


Whether you are interested in a manual or an automatic 
spectrophotometer, with either single or multiple sample 
handling systems, call your Gilford representative and let 
him show you how the Gilford building block concept 
quarantees the flexibility to meet your growing needs. 


Phone: 216/774-1041 


im eu 


GILFORD INSTRUMENT LABORATORIES, INC. 
OBERLIN, OHIO 44074 


DISTRIBUTED IN GREAT BRITAIN EXCLUSIVELY BY: 
WRIGHT SCIENTIFIC LTD., 3 LOWER ROAD, KENLEY, SURREY C-r2 5NH ENGLAND, Telephone: 01-668 4611 














Last time you looked - there were 


14 good reasons 
for using the Philips EM 300 
Electron Microscope ... 


XXI 


... NOW 
there are 
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It may be some time since you have 
taken a good look at the Philips EM 300 
Electron Microscope. We suggest you 
look again — and notice that it is still 
in a class by itself. 


The EM 300 still offers a combination 
of high performance, versatility and ease 
and speed of operation that is un- 
matched by any other electron micro- 
scope. 

Take a critical look. Use it — in all its 
operating modes. Prove for yourself the 
ease and regularity with which you can 
obtain maximum quality micrographs, 
whatever the parameters of your prob- 
lem may be. 


Use its accessories — including its three 
brand new ones — and experience ver- 
satility you never dreamed of. Compare 
the ease and speed of operation of the 
EM 300 with instruments designed spe- 
cifically for rapid routine work. 


Performance . . . versatility . . . effi- 
ciency. That's the “macro-picture” of 
the EM 300. Now the details — the 
many reasons why Philips is still—after 
so many years — the world’s leader 
in electron microscopy ... 


The 14 reasons ... 


1. Resolution. Guaranteed resolution 
5 A. Under favourable conditions 2.3 A. 
— Point-to-point, of course! 


2. Unique use of 4-lens optics. Scope 
for selected-area and  high-dispersion 
diffraction which is still unequalled. 
High contrast focussed magnification 
range between 200x to 4000x. Simplifies 
comparison between light and electron 
microscopy. 


4 Optical versatility. Accelerating 
voltages variable from 20 kV. Adjust- 
able anode height for gun efficiency at 
low voltages. 

Integral beam-tilt for high-resolution 
dark field pictures. Stereo facilities 
standard. Low voltage and low intensity 
studies. Low angle electron diffraction. 


4. Fully alignable system. Maximum 
control producing stability of image and 
beam under all conditions. No day-to- 
day centring necessary. Alignment check 
takes less than five minutes. Simple, 
with high accuracy. 


5. Accessories. Unique goniometer 
stage; tilt stage; many holders for diffe- 
rent manipulations: Lorentz microscopy 
attachment; high-resolution diffraction 
attachment; T.V. display system. 


6. Maximum reliability. Transistorised 
circuitry. Robust,  vibration-resistant 
column. Highly stable lens and H.T. 
supply. 


» Operating simplicity. 2,800x to 
500,000x range controlled by one knob. 
Ergonomically-planned layout. The well 
known Philips “wobbler” simplifies 


focussing at low magnification. Current 
modulator simplifies objective lens and 
stigmator centring. Electromagnetic de- 
flection system corrects for changes in 
beam position. No time-consuming 
changing of specimen holders, lenses or 
polepieces for any magnification range 
including low magnification (200 x and 
up). 


8. Fully automatic vacuum control. No 
supervision needed. 


Q. Airlock system. Plate, film, spe- 
cimen and filament are changed with- 
out admitting air into the column. 


10. Specimen stage versatility. Stan- 
dard stage is easily replaced by tilt or 
goniometer stage. Image stays stable 
during specimen manipulations. 


11. Photographic recording. Three 
cameras — all in vacuum and ready — 
give total load of 105 exposures. Push- 
button plate or film transport. Automatic 
sequential numbering of plates. Fool 
proof semi-automatic exposure meter. 


12. Logical control layout. Important 
controls logically placed and grouped 
for minimum strain. Push-buttons clearly 
marked. Auxiliary panels for non- 
routine controls, 


13. TV and video tape display. Clip- 
on TV display provides finest image 
detail without extensive dark field adap- 
tion. Video tape recorder allows dynamic 
phenomena to be recorded and played 
back immediately. 


14. Vacuum system convenience. Auto- 
matic pumping. Single control gun and 
camera  airlocks. Working vacuum 
achieved in shortest possible time. Can 
change specimen manipulation holders 
without breaking vacuum. Holders can 
be stored under vacuum in airlock when 
air is admitted to the column. 


PHILIPS | 


ASK FOR YOUR 
FREE COPY OF 
OUR LATEST 
BROCHURE, 
giving the full 
facts on the 
PHILIPS 

EM 300. 


Scientific and Analytical Equipment Department 
N. V. Philips’ Glocilampenfabrieken 

Eindhoven 

The Netherlands 


PHILIPS 


Electron Microscopes 
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]. Image Intensifier. 

Far more elegant than other units of 
its type, this intensifier challenges 
comparison. Its unique use of fiber 
optics reduces light loss and impro- 
ves image quality. 

The complete attachment consists of 
a fluorescent screen on a fiber optics 
disc which is connected to the fiber 
optics of the image intensifier tube. 
Output of the tube is transmitted to 
a highly sensitive Philips “Plumbi- 
con" TV tube, again through a fiber 
optics interface. 

This accessory is useful in observing 
and photographing specimens sensi- 
tive to electron bombardment. While 
viewing the monitor image at high 
magnification, focussing and astig- 
matism correction can be performed 
at extremely low intensities. Installa- 
tion is the same convenient "clip- 
on" type as the Philips TV display. 
As for sensitivity — look for your- 
self, and compare! 





2. X-ray Spectrometer Attachment. 
This allows you to obtain chemical 
information of micro-particles and 
micro-areas while studying their 
morphology and structure in the 
Electron Microscope. A focussing 
X-ray spectrometer using a mica 
crystal in a unique "variable bend" 
device allows X-ray fluorescence 
analysis of all elements from Na to 
U without changing the analysing 
crystal or X-ray detector. 

Spectral analysis is obtained by scan- 
ning the elemental range of interest 
with the spectrometer using the auto- 
matic motor drive. Direct digital 
readout is in degrees two-theta. The 
device allows dispersive or non- 
dispersive analysis, in air or vacu- 
um. Installation on or removal from 
the microscope takes five minutes, 


3. Pre-pumped Airlock. 
With this device the air introduced 
when changing specimens is pumped 
away in just 2 seconds, instead of 12. 
Specimen changing time is consider- 
ably reduced, and high voltage can 
be kept on while the specimen is 
changed. 


. 
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3-594 1 
Insert samples 
The Zeiss Automatic 
Sample Changer 
accommodates six cells 
. +. any of which may be 
used as reference. Cells 
are supplied with 
pathlengths from 0.1 to 
50mm, and volumes from 
12u | to 15ml. Only Zeiss 
Automatic Changers have 


Set control unit. 

Offers automatic 'in-the- 
beam' dwell time from 2 to 
60 seconds, and cycle 
time from 1 to 15 minutes. 
An automatic slit 
adjustment repeats the 
setting of each blank with 
an accuracy of +0.002A 
after each cycle. This unit 
automatically controls 
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Select 1 or 2 wavelengths. 
You can match the six 
cells electronically to 
0.002A at two wave- 
lengths, or offset any up 
to 0.4A in case of 
overlapping curves. A long 
(180cm) parallaxfree 
projected scale gives you 
unmatched reading 
accuracy and permits 
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Read result. 

The recorder, with clearly 
coded and numbered 
chart, is automatically 
operated on command. 
This eliminates the 
confusion of meandering 
lines, and the 
inconvenience of miles 
of waste recorder paper. 


a six-cell capacity. 


movement of sample 
holder. 


Now...automated 
spectrophotometry, 
* 0.002A accuracy! 


What features could you want in a 
spectrophotometer? Unequalled 
accuracy? Solid stability? The 
convenience of automation? The 
Zeiss PMQ 11 with Automatic 
Sample Changer has them all. 

It's the ideal instrument for work in 
enzyme kinetics and other time-rate 
studies, for analysis of chromato- 
graphic columns, and for recording 
of absorption spectra. With 
auxiliary equipment, you can 
perform melting point analyses, 
and follow denaturation processes. 


Consider these outstanding 
features: Built-in micro-optics 
allow you to get full sensitivity 
from the monochromator, even with 
microcells. 100-point accuracy is 

- 0.0195. Scale expansion is 1.0, 
0.5, and 0.2A. If you already own a 
Zeiss PMQ 11, you can easily add 
an Automatic Sample Changer. 
The precision optical bench 
makes prealignment a simple job. 


precise repeatability. 


Only Zeiss offers this 
important feature. 





Full information on the PMQ 11 
with Automatic Sample Changer 
from Carl Zeiss at Degenhardt & 
Co. Ltd, Carl Zeiss House, 

31-36 Foley Street, London W1. 
Telephone 01-636 8050 





eum | Vest 


WWJegenhardt. 








Si vous désirez obtenir des 
renseignements complé- 
mentaires sur tout article 
figurant dans les pages 
d'annonces, veuillez in- 
scrire les details appropriés 
sur la formule ci-contre, 
la détacher et l'adresser à 
T. G. Scott & Son Ltd. 
Nul affranchisement n'est 
requis en Grande-Bretagne 
ni Irlande du Nord, mais 
tous nos lecteurs a l'etran- 
ger devront affranchir leur 
carte au tarif habituel. 


Falls Sie an weiteren Einzel- 
heiten einesin den Anzeigen 
angeführten Artikels in- 
teressiert sein — sollten, 
_ tragen Sie bitte das betref- 
. fende Bezugszeichen in die 
nebenstehende Karte ein. 
-Die Karte ist dann abzutren- 
nen und an T. G. Scott 
& Son Ltd. zu senden. 
Für Grossbritannien und 
Nordirland ist keine Brief- 
marke erforderlich, wohl- 
aber bei Aufgabe im Aus- 
land. 


Se desiderate ricevere ulter- 
iori informazioni riguardanti 
qualsiasi prodotto o articolo 
pubblicato, compilate la 
scheda qui a fianco 
riportata. — Distaccatela e 
inviate a: T. G. Scott e Son 
Ltd. L'affrancatura é a 
carico del destinatario se la 
spedizione viene effettuata 
dalla Gran Bretagna o dal? 
irlanda del Nord, mentre 
tutti i lettori esteri dovranno 
affrancare regolarmente. 
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Unlike other biochemical supply 
LL houses, mere re-sellers, we make all 

our own enzymes. We have adapted 
such specialized analytical techniques 
as column chromatography, free-flow 
electrophoresis, and disc gel electro- 
phoresis to routine enzyme produc- 
tion. From our efforts come enzymes 
with the purity and high activity re- 
quired for demanding research work. 





WORTHINGTON 


I! 





* For example, our chromatographi- 
cally-prepared pancreatic ribonu- 
cleases, RAF and RASE, are free 
of that last 1% impurity found in 
other preparations. Even though we 
sacrifice half our yield in final puri- 
fication, our RNA materials are 
priced competitively. 


* Another ribonuclease for nucleic 
acid chemists, our RT, has twice 
the activity of any other commer- 


RNase-free DNase, .55... ea 


Our standard once-crystallized 
DNase and our chromatographi- 
DNase-free RNase eee cally-prepared alkaline phospha- 
tase both are upgraded electropho- 
retically to eliminate trace RNase. 


the cleanest, sharpest tools The preparation of each of our 200- 


n plus enzymes is carried through by 
for molecular biology the one person who best understands 
come to you direct the process. His records provide the 


complete history of each batch of 


from Worthington every enzyme. If necessary, we can 


trace any material back to its source. 


Re-sellers can't do this. They merely 
slap a new label on the bottle and 
stick it on the shelf. 


Ask for the Worthington catalog. 





Worthington Biochemical Corporation 
Dept. K - 
Freehold, New Jersey 07728 
O Send WORTHINGTON ENZYMES 
FOR RESEARCH booklet. 
O Send the complete Worthington En- 
zyme Manual. I am a new customer. 
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Completely Automatic Sys- 
tem for Flame Photometry, 


Digital FI h including Digital Flame 
aede iios gene Photometer, Diluter-Sam- 


Atomizing T , 
tomizing. Tumtable, and pler, and Printer /Conver- 


Digital Flame Photometer — Printer/Converter ter 
and Printer /Converter 
Basic Instrument, the 
N.I.L. Digital Flame Photo- As the lab and its work-load grows the 
meter N.I.L. Digital Flame Photometer can be diver- 


ne a step at a ome by adding ecninizaa 
units to save labor, cut costs, and eliminate 
STEP-BY-STEP 

AUTOMATION 


subjective errors. With two major accessories 
the entire process of Sample Dilution, Atom- 
ization, Determination of Concentration, and 
Printout is initiated at the push of a button. 


FEATURES FOUND ONLY IN THE N.I.L. DIGITAL FLAME PHOTOMETER 


(1) Brilliant digital display by "Nixie" tubes 
replaces mechanical counters with a 
readout that is faster, noiseless, trouble- 
free, and completely visible from all 
viewing angles. 


(5) In addition to the internal standard 
system for highest accuracy and repro- 
ducibility N.I.L. provides absolute and 
direct readings of Li, K, and Na for 
qualitative and semi-quantitative work. 
Apart from its usefulness for detection 
purposes, the direct reading method is 
indispensable for certain applications, 
as in studies in the connection between 
lithium concentration and schizophrenia. 


(2) output for a tape printer is provided. 
The completely automatic sequence 
from dilution and continuous sampling 
to printout is available in easily con- 
nected optional units. 

(6) An automatic timing circuit fixes a spe- 


Because the detectors used in the Digi- cific interval for reading concentration 


tal Flame Photometer are highly sensi- 
tive photomultipliers N.I.L. can supply 
special ranges for important special 
applications. For example, one lab at 
the National Institutes of Health which 
uses the N.I.L. instrument requires for 
its muscle tissue research 10 times 
the usual sensitivity for K and 100 
times for Na. 


(4) The N.l.L. Digital Flame Photometer 
operates with equal reliability on either 
natural gas or propane. 


after atomizing sample. There is no 
guesswork, no variation, no uncertainty. 


When the proportion of Na to K encoun- 
tered in body fluids is reversed or when 
the amount is so minute as to be ob- 
scured by the other, an automatic cor- 
rection is provided for the interaction 
of Na and K. 


The horizontal closed burner guarantees 


safety and cleanliness. 


BULLETIN 4-7006 
National Instrument Laboratories, Inc. 


A Subsidiary of General Kinetics, Inc. 


In Metropolitan Washington, D. C. 


PHONE: 933-1144 
AREA CODE: 301 


12300 PARKLAWN DRIVE, ROCKVILLE, MARYLAND 20852 
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becomes significant (refs. 8 and 9, and work in prep- 
aration by Gwinn et al). We shall take as an example 
the mechanism discussed by Solomon, where OH is 
formed in the .A?X* state by pre-association and then 
cascades down to produce an inverted ground state. 
For the normal abundance of oxygen in the interstellar 
gas, the rate of production of molecules in the A*Z* 
state is 


dnjdt = 


The molecules are dissociated by two main processes!*: 


non = 2 x 10-18 ny? exp( — 3,700/T) (1) 


OH + H —H, + 0 fioH = —9x 10°? nog ng 
exp(— 3,709/T) (2) 
OH +0—-20+H ñog = —1 x 10° ngg no 


exp(— 600/7) (3) 


The second process dominates at low temperatures. 

Saturated maser. An estimate of roy can be made from 
the number of photons emitted per second. If the maser 
gain is limited by the rate of pumping, each molecule 
is stimulated to emit by the microwave field as soon 
as it reaches the upper levels of the ground state lambda- 
doublet. When the maser radiates over a band Av with 
a brightness temperature T into a solid angle Q then 
the photon emission rate per square centimetre of surface is 

i 

f dla? k Ty AvQp hc (4) 

0 
where si is the rate of production of upper state molecules 
cm and / is the length of the saturated path in the line 
of sight. We shall assume that l is the same as the apparent 
diameters of the emission centres. Typical values of n 
for IC 1795, NGC 6334 and W 49 are given in Table 2. 
The value of Q is not known; however, the polarization 
characteristics of the emission require that Q < 4r. 

For a saturated maser the kinetic temperature derived 
from the linewidth is about 20° K. To produce molecules 
at the rates required in Table 2 by reaction (1) would 
then require absurdly high hydrogen densities (ng > 
10" em~). 


Table 2, RATES OF EMISSION BY OH MOLECULES 


l 
f nal Photon 
Source T» Ar * Assumed! emission rate 
(°K) (kHz) (ems) (em) {em s) 
IC 1795 1033 2 1:50 x 10% 2 x10" T50 
W 49 10% 2 1502x105? 1 x10 1-50 x10? 
NGC 6334 210" 2 21529»x10" 2-7 x 105 >52 x10- 


Unsaturated maser. If the output is to grow exponen- 
tially along the maser path the production (pump) rates 
must be very much greater than the stimulated emission 
rates given in Table 2. Also the path length / in equation 
4 must be much less than the size of the condensation, 
which increases the pump rate still further. We shall 
assume that the production rate is about 100 times the 
photon emission rates in Table 2. In the unsaturated 
maser we can take the kinetie temperature to be, say, 
between 300^ K and 500? K, which increases the rate of 
production by a large factor and ensures exponential 
gain at reasonable values of ng. For the assumed pump 
rates and temperatures the values of ng are given in 
Table 3 (column 4); ng is proportional to (voy)! and 


Table 3. 
Assumed Assumed 
production tempera- Ry Density 
Souree rate ture (em?) {g em?) 
(871) (*K) 

IC 1795 i109 300 l1x10590:/5 1-7 x 10-1 Que 
IC 1795 10652 500 9x10ugQ bx 10-1 Qi 
W 49 1030 300 1x 104 L7 x1 501 
W 49 1072 500 9x10? Q" Lb x Ogee 
NGC 6334 52 300 7x ION gt 12x 410-7? QI 
NGC 6334 50 500 6x10eQ!* 10x102301* 





so is not grossly altered if the assumed pump rate is 
changed by an order of magnitude. If the condensa- 
tions are spherical with diameters corresponding to the 
dimensions given by very long baseline measurements, 

the total number of H atoms (ng) and the total masses. 
(Mg) have the values given in columns 7 and 8... - D 

At these densities and temperatures the lifetimes of- 
the molecules against dissociation by reaction (3) are 
listed in the final column of Table 3. The dissociation 
ensures that the oxygen atoms are cycled through OH | 
and made available again for the production of excited ^. 
OH molecules. The ratio nog/ng is independent of theo 
density. and depends solely on the temperature; at 
T = 300 K, nog/ng is 10-5, and increases to 6 x 10 
at T = 500? K. 

A process discussed by Gwinn et al. in an unpublished... 
work will yield comparable densities and masses. We 
see that the masses of the condensations in /C 1705 an 
W 49 lie in the range of observed stellar masses. It may 
be that the OH centres in W 49 which are resolved 
very long baseline observations are protostar clusters; 
in IC 1795 the average angular separation within groups 
of individual emission centres is about 0-25" are, which ^| 
would correspond to an angular separation of 0-08" are ^ 
at the distance of W 49—-just the size of the centres 
resolved in that source. 














Physical Conditions in Protostars 


Hayashi and Nakano’ have examined the dynamical- 
and thermal behaviour of a protostar of one solar mass. 
Fig. 1 of this paper has been constructed from their 
Figs. 1 and 4. The temperature of the protostar is plotted 
as a function of density (bottom scale) and number 
density (top scale), the latter computed assuming a 
mean atomic weight of 1-4 and disregarding the presence =. 
of dust and molecules. The dashed and solid curves. 
show the evolutionary track of a protostar of one solar 
mass. Once a cloud of this mass attains a critical density < 


No. of atoms/cm? 


10 10 10" 10" 10:5 


1045 


i9 — 109 


10° | 


Temperature To (°K) 


ent 








10-3*  10-* goas. JOSE 102^ 105 — 105 1075 1t 
Density 9. {g em?) 
Fig. 1. Evolutionary tracks of protostars in the deusity-temperature 


diagram. Dashed and full curve: evolutionary track of a star of 1 Af © 

according to Hayashi and Nako™. Dashed and dotted curves: pre- 

liminary evolutionary tracks of stars of 0-1 and 10 M ,.. (Hattori, Nakano 
and Hayashi, private communication). 


DENSITIES AND MASSES OF OH CONDENSATIONS 


Volume of Mu On 
condensation NH m Hfotime 
(em?) Mo (8) 
4x 10% 4 x10*07 3-4 x 107 1265 
&x109 3-6 x 10:815 3-1 1G Qe 5541/5 
5x 1047 5-2 x 10501 44Qi p2x100 
5 x 1087 45x 108 01 gR Pbx10 
«1x]1085 «7 «x10 «6 x1030: LB x HP ee 
«1x105 «6 xis «5 xima pixi 
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of pj ~ 2 x 10-5 g em it is destined to shrink along 
the dotted line into an opaque protostar. At 4 the infrared 
optical depth at the centre of the protostar becomes 
unity and its further contraction is nearly adiabatic. 
Temperatures and densities in the diagram refer to the 
centre of the protostar. At B the optical depth is unity 
for all but the surface layers of the protostar, and 
more detailed computations of the thermal and dynam- 
ieal behaviour can be made (ref. 19 and a paper by 
Hayashi et al. at the International Symposium on Low 
Luminosity Stars, Charlottesville, 1968). Density and 
temperature decrease outwards and the inner part 
of the protostar contracts faster. During this part of 
its evolution the outer layers of the opaque protostar 
remain at nearly constant temperatures between 10? K 
and 100? K (Hattori, Nakano and Hayashi, private com- 
munication). Between C and D molecular hydrogen dis- 
sociates and beyond D the hydrogen becomes ionized. At 
C and D the pressure in the central region of the protostar 
bceomes greater than the gravity force, the central region 
begins to bounce and gives rise to a shock wave which 
propagates outwards. The protostar is then expected 
to flare up, and further computations by Hayashi et al. 
given at the Symposium on Low Luminosity Stars are 
mainly concerned with the flare-up stage of the protostar. 
It is of interest to note in this context that Hayashi 
et al. interpret the infrared objects in the Orion Nebula??? 
as flared-up protostars which still have extended envelopes 
of relatively low temperatures. The results by Hayashi 
and his associates are chiefly concerned with the evolution 
of a protostar of one solar mass; preliminary computations 
have been carried out for protostars of 0-1 and 10 Mo, 
ineluding the time scales of the various contraction 
stages (Hattori, Nakano and Hayashi, private communi- 
cation). It takes a transparent protostar of one solar 
mass more than 10° yr to contract to point A. When proto- 
stars are transparent to thermal radiation but opaque to 
starlight the evolutionary track does not depend on mass, 
beeause the cooling time and free-fall contraction time 
are independent of mass. The most massive protostars 
become opaque at lower densities. Qualitative evolu- 
tionary tracks of protostars of 0-1 and 10 Mo are shown 
as dotted lines in Fig. 1, and contraction times are given 
in Table 4. 


Table 4. EVOLUTIONARY TIME SCALES OF PROTOSTARS 
Time scale 
Evolution 10 M 1Mg 01M o 
A->B 200 yr 130 yr 87 yr 
BC 12 yr 8-0 yr 5-3 yr 
CD 2 months 14 months 0-9 months 


We have shown that an unsaturated maser in which 
the excitation of OH molecules is controlled by chemical 
processes can best explain the observations. Tempera- 
tures, densities and masses derived for the OH emission 
centres (‘Table 3) place these objects to the left side of the 
evolutionary tracks of protostars (Fig. 1). It seems 
probable, however, that only a fraction of the total mass 
of the protostar is involved in the OH emission. On this 
assumption the central densities of the OH. condensations 
could easily be higher, and fall on the evolutionary tracks 
of protostars. 


What are OH Condensations ? 


Sources of anomalous OH emission seem to be located 
at the edge of compaet HII regions, which are thought 
to be the ionized remnants of recently formed 0 stars. 
The densities, masses and temperatures of the OH emission 
centres, derived on the assumption of chemical pumping 
and the dimensions obtained from very long baseline 
interferometry, place these objects close to the evolution- 
ary tracks of opaque protostars. 

The pieture that less massive stars are formed at the 
edge of an expanding compaet HII region is quite sug- 
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gestive in the light of optieal observations of a region of 
star formation in M 8. Here the 07 star Herschel 36 is 
surrounded by a cocoon of dust and a bright-rimmed 
nebula?! which seems to be an expanding compact HIT 
region (a summary of more recent observations is given 
by Schraml e al). In the Hourglass Nebula which is 
part of the bright-rimmed HII region starlike objects 
are seen which appear to be in a very early stage of their 
evolution. 

In the case of the Orion Nebula the positions of infrared 
objects coincide with the OH emission centre?*. Wilson 
and Barrett?! have also detected OH emission associated 
with the infrared stars NML Cyg, NML Tau, CIT 3 
and CIT 7. These infrared objects are interpreted (Hayashi 
et al. at the Symposium on Low Luminosity Stars) as 
flared-up protostars which are more advanced in their 
evolution than the protostars responsible for the OH 
emission. 

Recent observations of the carbon recombination line 
suggest that it is emitted from neutral hydrogen con- 
densations in which only the carbon is ionized?*. It seems 
likely that these condensations are protostars which 
are opaque to the Lyman continuum but transparent 
to longer wavelength ultraviolet radiation. They would 
be placed somewhere on the evolutionary track earlier 
than point A. 

If the centres of OH emission are opaque protostars, 
OH emission will come to an end at point C of the evolu- 
tionary track where the core of the protostars bounces, 
a shock wave propagates outward and the OH molecules 
are dissociated. Table 4 shows then that OH emission must 
be a very short lived phenomenon in the evolution of a 
protostar. This would explain why the number of detected 
OH emission centres is small compared with the total 
number of protostars in various stages of evolution 
which one would expect to find in the vicinity of an 
0 star. Furthermore, one expects that OH emission 
tapers off within a relatively short time once the proto- 
star attains the core-bouncing state at point C of the 
evolutionary track. 

Dr T. Nakano supplied valuable information in advance 
of publication. Part of this work was done while P. G. M. 
was a visiting scientist at the Radiophysics Laboratory, 
Sydney. The National Radio Astronomy Observatory 
is operated by Associated Universities Inc., under contract 
with the US National Science Foundation. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Planetary Nebulae as Possible 
X-ray Sources 


Tuere is still the problem of the identification of galactic 
X-ray sources in the energy interval of 4-8 keV. and it 
seems reasonable to consider whether they can be identified 
with such common objects of the galactic disk as planetary 
nebulae. A planetary nebula is a slowly expanding gaseous 
shell with a very hot star inside, and in such a system 
X-ray emission could originate both in the nebula and in 
the star. We consider the nebula as a uniform spherical 
shell with a radius of ~2x 107 em and mass 0-1 Mo; 
the radius of the central star can be taken as 1 Ro, and 
its temperature as 22 x 10° ^K (ref. 1). A value of 1 kpe 
seems a suitable characteristic distance. 

In applying this model of planetary nebulae the fol- 
lowing mechanisms were considered: (1) black body 
radiation of the nucleus; (2) thermal radiation of a 
hypothetical hot corona to the nucleus; (3) synchrotron 
emission of relativistic electrons; and (4) the inverse 
Compton effect in the scattering of fast electrons by 
photon radiation in the nebula. 

Simple calculations show that mechanism (1) must 
be abandoned because of the low temperature of the star, 
and the second mechanism demands an absurd value, 
10* M o for the mass of the optically thin corona to produce 
an observable X-ray source in the 4-8 keV region. 
Mechanism (3) must also be abandoned, because we have 
no evidence for relativistic electrons and strong magnetic 
fields in planetary nebulae. 

The eonditions for the inverse Compton effect are more 
favourable, due to the trapping of La radiation in the 
nebula. This results in a relatively high density of the 
radiation field energy, wp=6 x 10-* ergs cm. To produce 
X-ray quanta with an energy 4-8 keV, subrelativistic 
electrons with an energy E = 107 eV are needed. Supposing 
these electrons to be injected from the nucleus, and 
applying the condition that the X-ray source must be 
observable (F(4-8 keV)z 5x 10 ergs em~? s7), we can 
estimate the energy of injection to be z 4 x 10° ergs s^. 
which is equal to some 10 per cent of the energy of the 
ionizing radiation of the nucleus. 

These energy requirements are reasonable. The cal- 
culation of the characteristic lifetime shows, however, that 
subrelativistic particles leave a nebula freely. If there are 
10* planetary nebulae in the galaxy, the energy of injec- 
tion of subrelativistie cosmic rays from planetary nebulae 
alone would be at least 1059? ergs s. The contradiction 
between this value and the modern view of the energetic 
equilibrium of galactic subeosmie rays? shows that 
mechanism (4) is probably also inconsistent. 

I have compared the statistics of the X-ray sources 
listed in refs. 3 and 4 with those of the planetary nebulae, 
using the data in ref. 5, and have found that because of 
the high density of planetary nebulae near the galactic 
centre and the low positional precision of X-ray surveys, 
the statistics coincide rather well. Theoretically, there 
ought to be eight coincidences of X-ray sources with non- 
stellar planetary nebulae for the survey in ref. 3, and 
four coincidences for the survey in ref. 4, when sources 
definitely detected are considered. In fact. we have found 
the actual coincidences to be seventeen and four, respect- 


Wi 


ively. If stellar planetary nebulae are also involved, the 
probability of coincidences is higher by a factor of 
about 10. 

Planetary nebulae should therefore be treated as field: 
objeets rather than as subjects for the identification óf 
X-ray sources in the energy interval 4-8 keV. The situation . 
may alter, however, when passing to low energies. There o 
are reasons to suggest that the hot nuclei of planetary. . 
nebulae will be observable at energies of about, 0:25 keV 
(~50 A). 

I thank Professor I. 8. Shklowsky for useful discussions. 


G, S. Kerromov 


Sternberg State Astronomical Institute, 
Moscow, USSR. 
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Lunar ‘‘Mascons’’ 


Tuis communication concerns recent developments in the 
determination of the lunar gravity field from the accelera- 
tions experienced by the lunar Orbiters during their. 
motion around the Moon. I shall refer to the papers by 
Muller and Sjogren*? which present, in the form of a map 
of equigravity contours, the final result of their reduction 
of the raw doppler data recorded during the actual 
motion. The adopted datum is the accelerations due to 
the second order gravity harmonic, so that in the contour. 
map they give the surface gravity of the loeus minus the 
local accelerations corresponding to the second harmonie. 

In brief, Muller and Sjogren processed the raw data 
by least-square fitting using a theoretical model of the 
gravity conditions near the Moon (the model assumed the 
Moon to be a triaxial ellipsoid) in the first stage, and cubic 
polynomials to extract the residues of the accelerations 
not accounted for by the theoretical model in the gecond 
stage. The details of this complieated problem presented 
Muller and Sjogren with many difficulties demanding 
heavy work and correct judgments, and their results are 
evidence of success. 

The "unexpected result" found by Muller and Sjogren 
deserves the attention it has drawn. They found that the 
residues of the acceleration over all ringed maria of the 
near side (Imbrium, Serenitatis, Crisium, Neetaris and 
Humorum) are positive, while the same is true for the area 
between Sinus Aestuum and Sinus Medii (the authors 
conclude that this area must be an ancient disfigured. 
mare) and mare Orientale. On the remaining parts of the 
visible hemisphere, the sign of the acceleration residues 
lacks any systematic character. 

The finding is important in itself, and must be taken 
into account in discussing the processes responsible for 
the present condition of the upper crust and external 
appearance of the Moon. 1t is certain from the systematie 
character of the residues that the cause is not very deep 
in the lunar globe. This view is shared by Muller and 
Sjogren?, who advance the hypothesis that very large: 
concentrations of matter beneath the centre of all five 
nearside ringed maria are responsible for the positive 
residues, in very much the way that Urey* has suggested, 
They further suggest these mass concentrations consist 
of high density matter, such as nickel or iron, and give 
them the name “‘mascons’’. 

Many authors have suggested the plausible view that 
the density of all maria, not only the ringed ones, is larger” 
than that of the terrae, and it has been accepted by. 
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< equally as many authors that maria, as a rule, are low- 
. lands. Although the first view has not been challenged, 
the second is debatable on the basis of measurements, 
Indeed, Bray and I! after analysing such measurements’ 
suggested that maria are not necessarily lowlands and 
emphasized the particular case of mare Imbrium, prac- 
tically a highland, and of Sinus Tridum, a deep lowland. 
Itis remarkable that the gravity residues computed by 
Muller and Sjogren are positive over mare Imbrium and 
negative over Sinus Iridum. Other similar examples are 
available. 
"The gravity residues on or near the lunar surface depend 


z on the local density of the attracting mass as well as on 


its elevation. This dependence is complicated because it 
` is connected with the conditions in which the Moon has 
attained its equilibrium. The interpretation offered by 
Muller and Sjogren for the systematic character of the 
acceleration residues over the ringed maria takes into 
account the density variations only, thus ignoring the 
effect of elevation. For this reason nickel-iron ‘““mascons”’ 
are the first extreme interpretation, while homogeneous 
“swellings” over the ringed maria are the other extreme. 
The truth, no doubt, cannot but rest somewhere between 
these two extreme cases and what remains to be estab- 
lished is the actual position of the harmonic mean. 

_. Nevertheless, the ringed maria must from now on be 
distinguished from other maria because of the discovery 
of Muller and Sjogren. 

l C. L. GOUDAS 
Faculty of Science, 

University of Patras, Greece. 
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_ New Far Infrared Observations of 
. Atmospheric Molecular Lines 


OBSERVATIONS of the far infrared (50-700) pure rotational 

absorption lines of various atmospheric molecules are 

hampered by the intense absorption of the water molecule. 
One remedy is to carry instruments to altitudes where the 
^ quantity of water is sufficiently reduced to enable other 

lies to be distinguished. Aircraft platforms at altitudes 
of about 12 km can penetrate the tropopause and satisfy 
this requirement. Past workers!-? have obtained spectra 
in the far infrared range in this way, but their work has 
been limited by two factors : (a) lack of highly sensitive 
detectors; (b) inability to record spectra using the Sun 
as a source. Together these two factors have limited 
resolutions to 1 em~ or greater with modest signal-to-noise 
ratios, and it has been difficult to identify individual 
rotational lines in the far infrared spectrum. 

We present here some preliminary results of the 
identification of various molecular lines from far infrared 
speetra obtained during a series of flights of the National 
Aeronauties and Space Administration Convair 990 jet 
aireraft during August 1968, from Ames Research Center, 
Moffett. Field, California. A more detailed discussion of 

the spectra, including examination of the water vapour 
eontent above the aircraft, abundances of various mole- 
eular species, and so on, will be published elsewhere, 
as will a complete description of the apparatus and the 
results of the prime purpose of the experiment—a determ- 
ination of the effective radiation temperature of the Sun 
at far infrared wavelengths. 
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- The data were obtained with a germanium bolometer 
-eooled with liquid helium with noise equivalent power = 


9x 10-4 W.Hz-'* and a reflective telescope guided on 
the Sun by the NASA Ames airborne heliostat system. 
Spectra were obtained from 20 to 125 em-! with the High 
Altitude Observatory scanning Michelson interferometer 
of 20 mm path difference, allowing a theoretical resolution 
of 0-25 cm-t, Signal-to-noise ratios in the speetra exceed 
40 : 1. 
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Fig. 1. The 30-50 cm region of a sample solar absorption spectrum. 


Dashed lines indicate positions of water vapour absorption; solid lines 
indicate absorption by other atmospheric constituents. 


Fig. 1 presents a limited region (30-50 em-!) of a typical 
one of thirteen spectra obtained with the Sun as a source 
on the flight of August 7, 1968. The spectrum is the result 
of the Fourier inversion of the interferogram, apodization 
with a triangular function and fifth order polynomial 
fitting of the data points. In the complete spectral 
region (20-125 cm~) more than ninety individual lines 
have been identified, predominantly due to water vapour. 
Table 1 presents tentative identification of lines due to 
other molceular species; there are still four lines of un- 
certain identity. Asterisks in Table 1 indicate lines which 
have not been observed previously in the atmosphere; 
it is possible that the D,O line at 29-70 em~ has been 
observed but placed incorrectly at 30-5 em (ref. 3). 
There must be doubt about the tentative identification 
of the N,O lines at 22-65, 23-50, 24-30 and 28-65 emel; 


Table 1 


Fines Come!) 
(and reference) 

21-21 (4) 

~ 21-85 (5) 


"obs 
(em?) 
*21:15 
22-00 
*22-65 


Identification 
(H,0), : Q branch K2—1 
Os : Qe branch 
N,O : J =26 






branch K4—3 
J8—9 





*115-70 O, : K19—21, 319-320 
* Lines not previously observed in the atmosphere. 
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the observed absorption is difficult to reconcile with 
laboratory data* and expected quantities of this species 
in the upper atmosphere! Finally, we mention the 
absorptions attributed to the water vapour dimer (H,0),. 
The 49-50 em-! line has previously been placed in doubt 
and attributed to an artefact of the grating instrument 
used in the laboratory!?:53, Our observations confirm 
the presence of this line, in addition to the water vapour 
dimer line at 21.21 cem, and possibly the 35-35 em~ 
line. 

We thank the personnel of the Airborne Science Office, 
NASA Ames Research Center, for their assistance and 
flight support, and R. H. Lee for help in making the 
observations. The HAO interferometer was built in 
part on experience gained in working with the NPL 
modular interferometer on an earlier flight!. 


R. M. MACQUEEN 
J. A. EDDY 
P. J. LÉNaA* 


High Altitude Observatory, 
National Center for Atmospherie Research, 
Boulder, Colorado. 
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Boron in Carbonaceous Chondrites 


Boron is remarkable in that its compounds are common 
and inexpensive although the element oecurs quite low 
on the cosmic abundance scale, alongside lithium and 
beryllium. The cosmic scarcity of these three light 
elements is related to the ease with which their nuclei 
are disintegrated during nueleogenesis, whereas the 
terrestrial familiarity of borates can be traced to the 
mobility of boric acid in water, steam and "volcanic 
emanations”. 

These characteristics make boron a potentially useful 
indicator in several cosmochemical problems, such as the 
nucleogenesis of light elements, identification of the parent 
material of tektites and elucidation of the pre-terrestrial 
history of carbonaceous chondrites. 

There have been few recent determinations of boron in 
meteorites'?, no doubt chiefly because this element is not 
amenable to the usual forms of neutron activation analysis. 
It was therefore necessary to develop a method for the 
analysis of trace amounts of boron in small samples 
of siliceous materials by non-aqueous colorimetry (my 
unpublished work). The coefficient of variation of results 
obtained by this technique is +4 per cent, and the detec- 
tion limit about 0-01 ug of boron. 

Samples (100 mg) of two type I carbonaceous chondrites 
were analysed with the following results. 


Boron (p.p.m.) 
Orgueil (British Museum! No. 1960.331) 5:09, 5-15, 5-34, Mean 5-2 
ivuna (sample sufficient for only one determination) Ti 
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A portion of the powdered Orgueil material was analysed 
after it had been exhaustively extracted in cold water: 
the boron content of the insoluble residue was reduced to- 
42 p.p.m. Harder’ has also reported the presence of 
approximately 5 p.p.m. boron in Orgueil, 

These analyses represent an increase of an order of 
magnitude over the concentrations of 0-4-05 ppan. of 
boron found in ordinary chondrites!. The corresponding 
mean relative abundances in the two classes of meteorites 
are 


Type I carbonaceous chondrites: 150 atoms boron/10* atoms silicon 
Ordinary chondrites: 7 atoms boron/10* atoms silicon 


It is now generally accepted that, of all meteorites, the 
type I carbonaceous chondrites most nearly approach 
the original primitive material of the solar system’. For 
this reason their composition provides an important guide. 
to the abundances of the elements. The values are ^ 
usually comparable with those obtained from ‘solar 
abundances and theories of nucleogenesis, except for 
certain gaseous or volatile elements which have been 
depleted. Boron presents a contrary example, with an 
excessive abundance falling in the range associated with 
the enriched crustal igneous rocks’. 

Even the type I carbonaceous chondrites, however, have 
undergone slight modification. They contain a hydrated 
mineral matrix cut by veins of magnesium sulphate, and. 
seem to have passed through a period of contact with. 
water vapour and, briefly, liquid water*.’. Investigations 
of the hydrated minerals in Orgueil’, and of its volatile 
carbonaceous components*, indicate that these constitu- 
ents were not exposed to temperatures exceeding 260° C, 
although rare micro-chondrules of high temperature. 
silicates have been found!^", I therefore suggest that 
the boron contents of carbonaceous chondrites have beer 
augmented by transport of boric acid in interstitial super- 
heated water or in steam, the element being removed 
from deeper, hotter layers of a parent body and redeposited 
in cooler zones at or near the surface. The possibility of 
isotope fractionation is apparent. 

The proposal by Mueller!*:? of a “fumavolic’” phase in 
the genesis of carbonaceous chondrites is in close accord 
with these observations—terrestrial fumaroles have long 
been known as sources of borie acid. It would be a natural 
corollary to Ringwood’s “volcanic” hypothesis for the 
origin of meteorites, which postulates radioactive heating 
and autoreduction in parent bodies formed by aeeretion 
of the carbonaceous, hydrated and oxidized dust of the 
primordial solar nebula‘. The transient formation of à 
fluidized bed (particulate material supported by gas flow 
at the surface of a body of low gravity) would seem to 
account for many of the characteristics of these meteorites, 

On this basis, the true abundanee of boron in the solar 
system falls between a "depleted" value of 7 atomms/10* 
atoms of silicon for the ordinary chondrites and an 


"enriched" value of 150 atoms/109 atoms of silicon for the ^. 


type I carbonaceous chondrites. Reliable figures for 
the present day solar abundance of boron have not yet 
been obtained, but the mechanism of nucleogenesis 
proposed by Bernas and Gradsztajn™ prediets a ratio of 
boron to lithium of 2x 0:5, equivalent to 50-80 atoms of 
boron/10* atoms of silicon. 

Boron will not be the only element to be enriched by 
this process—the concentrations of other elements com- 
monly allied with a low-temperature hydrothermal 
regime on Earth may be expected to be increased to vary« 
ing extents. Analyses by Reed", Ehmann! and others 
have shown that carbonaceous chondrites contain cons 
siderably more mercury than would be expected from the 
nuclear abundance curve: this element is indeed often 
associated with mild hydrothermal activity". 

This leads to consideration of the carbonaceous matter 
characterizing the carbonaceous chondrites. ARCOS 
liquid and solid hydrocarbons have been found in fiydro- 
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thermal conditions in association with serpentine, glaucon- 
ite, boron, mercury and lead-zine mineralization'*-!*, 
It therefore seems possible that part of the carbonaceous 
material of the carbonaceous chondrites has also been 
transported by low temperature hydrothermal processes 
(akin to the steam distillation of the organie chemist) to 
become concentrated in these meteorites. Polymerization 
and hardening in situ would be expected with the passage 
of time. Nooner and Oró?* have independently suspected 
two sources from the bimodal distribution of the aliphatie 
fraction, while Hayes?! has emphasized the heterogeneous 
nature of the distribution of carbon and volatile elements. 


A. A. Minus 


Departments of Geology and Astronomy, 
University of Leicester. 
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Mollusc of the Cambro-Devonian Class 
Monoplacophora found in the Northern 
Pacific 


DvnmiwG the forty-third specialized (geological) cruise of 
the RV Vityaz in November 1967—-September 1968, 
trawling and dredging operations were carried out in the 
central part of the northern Pacific for the collection of 
geological samples, manganese nodules and bottom fauna, 
The work was carried out in several regions including the 
region of the Mareus-Nekker submarine mountains to the 
south-west of the Hawaiian islands. 

Two of us (M. N. 8. and R. Y. L.) obtained very inter- 
esting samples of bottom fauna in the area. During 
dredging operations on the slope of a guyot (table moun- 
tain) a huge basalt block with various bottom organisms 
attached was brought up by a heavy geological dredge 
(length of frame 1-5 m). Among the organisms attached 
was a molluse of the class Monoplacophora. This was the 
first representative of ancient Cambro-Devonian molluscs, 
known only from the collections of the Danish and 
American expeditions, taken by this expedition. This is 
a specially interesting find because in the Pacific Mono- 
placophora have previously been found only in the south- 
eastern part of the ocean, near the shores of Mexico, 
Panama, Peru and in the Peru-Chile trench (refs. 3-6 
and unpublished work of R. Y. Menzies) The latest 
findings of Monoplacophora in the northern part of the 
Pacific and in the Gulf of Aden in the Indian Ocean’ 
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Fig.1. Basalt block; the place where the molluse was found is indicated 
by a white circle. 


compel us to modify our views of the recent general 
distribution of Monoplacophora in the world oceans, 
which now appears to be quite extensive. 

The North Pacific specimen of Monoplacophora was 
collected at the station 6002-21, RV Vityaz, September 
16, 1968, 20° 41’ 7” N, 170° 52’ 9" W, ata depth of 2,000 
m, on the slope of the upper part of a guyot. The well 
preserved specimen 4:5 mm long, 2-5 mm wide and about 
2 mm tall, was taken from the surface of a large basalt 
rock (Fig. 1) covered on the upper surface by a black tuber- 
cular crust of ferromanganese deposits (Fig. 2). The 
molluse was situated on the slope of a small depression 
in the crust, firmly attached to the surface by the sole of 
its foot (Fig. 3) and was possibly still alive when taken on 
deck. This is the usual position of the molluse on the 
substrate, characteristic of all recent gastropod molluscs 
with eape-like shells common on rocky littoral and sub- 
littoral zones. This was therefore an opportunity to see, 
for the first time, a living molluse of the class Mono- 
placophora in its natural position on the substrate. 
No doubt this position is typical of the habit of Mono- 
placophora on the ocean floor. Beklemischev? and Yonge* 
have conceived a similar mode of life for Neopilina. 

Judging by the relatively small size and the delicate 
reticulate structure of the thin shell, the specimen was a 
young form. The body (mantle, foot, eireumoral appen- 
dages) in a fresh (not fixed) state was ivory in colour and 
the mantle had a greenish yellow border. The structure 
of the shell differs strikingly from that of all known recent 
specimens of Neopilina. The apex of the broadly oval 
shell is situated nearer to its middle, somewhat. reminis- 
cent of the shell of recent Lepetidae. In the known 
examples of Neopilina, the apex 1s pushed forward and its 
tip usually overhangs the anterior edge of the shell. 
This type of strueture is characteristie of the species of 
the genus Neopilina Lemche, 1958, and so the systematic 
position of the newly discovered form of the family 
Tryblidiidae will have to be defined more precisely, pro- 
vided that the structure of the shell as deseribed is not the 
result of ontogenetic variability. 

Monoplacophora, like all gastropods with cape-like 
shells, probably feed on detritus at the surface of the 
substrate. "Through the gut of our specimen was visible 
its dark amorphous content, resembling detritus. 

The abundant and varied bottom population found on 
the guyot was represented entirely by epifauna. The 
contents of dredges were relatively large glass sponges 
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Fig. 2. Surface of the basalt block (magnified). 





Fig. 3. Scheme of the position of the mollusc on the substrate, 


(the largest weighing 60 g), diverse Coelenterates, among 
them brightly coloured Alcyonaria and Zoantharia, 
Serpulidae and Sabellid, Polychaetes in soft tubes agglu- 
tinated with the tests of planktonie Foraminifera, Cirri- 
pedia, various stalked Byrozoa and numerous Ophiuroids. 
Such an abundance of benthic fauna is evidence of highly 
favourable conditions on the guyots, and particularly of an 
adequate food supply. A guyot raised high over the 
bottom differs from the surrounding area of the ocean 
floor like an oasis differs from the desert around it. It is 
possible that the mid-Pacifie table mountains represent 
an entirely original biotope with a specifie population in 
which the Monoplacophora molluses, adapted for life on 
a hard substrate, are permanent components. 

All the known living representatives of the class 
Monoplacophora, though discovered at different depths of 
the peripheral regions of the ocean, occur where conditions 
are most favourable for feeding. The slopes of deep sea 
trenches on the margin of the Pacifie Ocean and the 
continental slope off California and Panama are typical 
areas of the peripheral eutrophie region of this ocean*. 
This leads to the assumption that the distribution of 
slowly moving Monoplacophora is usually confined to 
regions where trophic conditions are most favourable. 
The discovery of a molluse of the class Monoplacophora 
on a guyot where feeding conditions are obviously far 
better than on the adjoining regions of the ocean floor seems 
to support such an idea. All the mid-Pacifie mountains 
are situated in the northern oligotrophic region where food 
is very scarce on the bottom?. It therefore seems that 
Monoplacophora may be found to be widely distributed 
but only on the mid-Pacific guyots if the region investi- 
gated is not exceptionally favourable for feeding. 

A more comprehensive study of the bottom fauna of 
the Pacific guyots is urgently needed and holds much 
promise, 
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The newly found specimen of the Monoplaeophora is 
kept in the Laboratory of the Bottom Fauna of the 
Institute of Oceanology of the Academy of Sciences in 
Moscow . 
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Imbricate Structure in Essex 
Offshore Shell Banks 


VaRIOUS shell bodies exist in the chenier plain facies of 
east Essex'^?, Offshore banks are one of the more prom- 
inent types, and within these banks there is often a 
pronounced vertical imbrication in the surface layer of 
shells (Fig. 1). This exerts a stabilizing influence on the 
movement of the shells and shell bodies retarding, though 
not preventing, long term migration. Imbrication has not 
yet been observed in deposits of the inshore zone. 

Cerastoderma [Cardium] edule valves predominate in the 
shell banks. Their strongly convex shells are conducive 
to mobility, and this is true of other sphaeroidal shells 
for example, Buccinum, Crepidula, Gibbula and Littorina. 
Thin shelled molluses, notably Mytilus and Macoma, 
which are found in varying numbers on the banks, produce 
flakes when they are broken and these are usually 
responsible for the vertical packing which creates the 
imbricate structure. Where the thin-shelled forms are 
uncommon, however, fragments and valves of C. edule 
partly substitute in the vertical packing. 

The imbricate layers are rarely more than 5 em thick 
though they can occupy an area of tens of square metres. 
Interbedded with them are thicker beds which contain a 
higher proportion of complete valves and shells in random 
orientation, and in which there is no imbrication (Fig. 2). 
These beds are potentially mobile when directly exposed 
to strong current action, but providing storm conditions 
are infrequent the imbricate layers are preserved or 
expand laterally and produce a high degree of stability in 
the banks. 





Fig. 1. 
Foulness Point. 


Characteristic surface view of an imbricate layer offshore from 


The average length of the C. edule valves is 25 mm. 
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Fig. 2. Relationship between imbricate and non-imbricate layers in shell banks. Quartz sand is present 
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Fig. 3. Section across the intertidal flats showing the location of the shell banks in relation to the deep water 
channels. Arrows indicate water movement over the banks during flood tide. 


Vertieal or near-vertical imbricate structure in pebble 
deposits is well documented, but less is known about 
its distribution in shell deposits. In pebble deposits, 
prominent faetors in the development of imbrication are 
the direction and velocity of the current, which determine 
the orientation of the pebbles, and these factors are 
equally important in the development of shell imbrication. 

In the Essex littoral zone the flood tide currents 
usually attain velocities of 70 cm/s across the tidal flats, 
reducing to 30-50 em/s at the sediment—water interface?. 
These velocities seem adequate to orientate the variably 
fragmented shells of the bottom load and bottom deposits 

“into an upright position. At the earliest stages of flood 
the water flows unidireetionally as a sheet from the 
¿deeper water channels outwards across the shell deposits 
situated near low water (Fig. 3). This phase of flow, 
which may persist for several hours, is critical in the 
«development of the imbrication. The development of 
extensive imbrieate sheets is a protracted process prob- 
ably lasting several years, for the accretion of vertically 
oriented flakes around whole shell and value nuclei in one 
tidal eyele is minimal. In storm conditions the construc- 
¿tional processes cease and frequently the imbricate pave- 
“ments are partly destroyed. 

A common morphological feature of shell beds in which 
unbrication is being actively generated is a low amplitude 
scarp, less than 1 m high, facing away from the deep 
ehannels, the imbrication being found on the flat, wide, 
"up-eurrent flank. The edge of the scarp and the lineation 
of the shell flakes are roughly parallel and the trend of 
the scarp face reflects the dominance of unidirectional 
currents perpendicular to it, more especially flood tide 
eurrents from the deep channels. 

Imbrication has been observed in certain fossil shell- 
sand deposits which probably accumulated in a high 


energy environment. For example, in foreset layers 
within the Red Crag of East Anglia imbrication produced 
by broken shells induced stability on the foreset slopes. 
In addition, Seilacher and Meischner* refer to an “edge- 
wise coquina” produced by Upper Ordovician shells at 
Cincinnati, Ohio, and interpret the strueture as the product 
of surf action on flat shells. The presence of this fabric 
in fossil deposits bas direct relevance to the temporary 
stability of mobile sediments and also assists in the 
recognition of intertidal environments. 
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Effect of Gravitation on Frequency 


Recent observations by Sadeh, Knowles and Yaplee! 
of the 21 em absorption line from Taurus A have shown 
that there is a decrease of frequency (unaccounted for by 
general relativity) when the optical path approaches the 
Sun. They also found a decrease of frequency?, roughly 
proportional to the distance, when a terrestrial source 
(caesium clock) was used. 
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lf these observations reveal a genuine effect, their 
significance for unified field theories can scarcely be over- 
rated. For here is an effect, perhaps the first of its kind, 
which reveals a serious gap in the Einstein-Riemannian 
model of space-time. Indeed, reduced to plain geo- 
metrical terms, the new phenomenon implies that the 
phase 4 vector of the beam does not follow the law of 
Riemannian parallel displacement. 

In terms of non-Riemannian geometry it is easy to 
describe what happens. Let I" be the linear connexion 
which determines the parallel displacement of the phase 
4 vector, and {“} the Riemann-Christoffel connexion. 
Then The To Ta is a tensor which, if parallel dis- 
placement is to preserve pseudo-orthogonality, must 
satisfy the symmetry condition Tsao = — T,,4. Of course, 
in Riemannian geometry T5 =0. 

Suppose, however, that the torsion tensor TË, does not 
vanish. Then parallel displacement along a world line 
in the (z4.5,)-plane produces a non-Riemannian Lorentz- 
rotation in the (z,.:,)-plane given by 


b 
exp {f T 444d2, + T, das) 

"a 
where a and b symbolize the endpoints of the world line. 
Such a Lorentz rotation is clearly equivalent to a Doppler 
shift 

b 

~ Í P 44025 + T 54,24 (1) 
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af 


with dz; = +da, if the world line is light-like. 

More than 10 yr ago, I proposed a geometrical field 
theory? based on parallel displacement of spinor type 
quantities, which admit quite naturally a non-Rieman- 
nian connexion. The field equations of the theory were 
highly speculative at that time because there was no 
experimental evidence to show the existence of such a 
connexion. Now that evidence is available, I can com- 
pare experiment with prediction. Fortunately, the theory 
gives quite definite expressions for the relevant com- 
ponents T4,, and Tag Neglecting small terms which are 
of no consequence in the present context, the expressions 
aret 
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where Fyy=Apy— Ay. for a certain vector potential Aj. 
Fw: denotes covariant derivative with respect to the 
Christoffel affinity. 

It is reasonable to interpret F „s as the electromagnetic 
field strength in suitable units. 1t is clear from equations 
(1) and (2) that Fu must be a dimensionless quantity. 
Hence if E is the electric field strength in V/m and H the 
magnetie field strength in gauss. then 


1 
(Fis Fa, Fa) = 


Y 
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(Fia FaF) = A H 


where e=4 8 x 10- is the elementary charge in ESU and 
Y is a constant of nature, of dimension em?. The factor 
i 10-* converts V/m into ESU/em?. Furthermore, if p 
is the charge density in Esv/em? and 7 the current density 
in ESU/cm? s, then 
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Assuming that the gravitational field is due toa body of : 
c? : 
mass M = g mic/G = 1-86 x 10 g/em and m is thec 


gravitational radius) at distance r em from the centre, we : 
obtain from equation (2) 
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Here r denotes the radius vector from the centre and E; 
the radial component of E. 

Expression (3) represents the contribution of the electric : 
field, and (4) the contribution of the magnetie field. 
Assuming that the electric field is radial and that there is 
no eharge density, we obtain, if we neglect the terms: 
involving mjr. 
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If L is the distance between source and receiver and. 
E(x) is the (radial) field strength at distance æ, then the | 
total relative shift of frequency along the path of the 
signal is 

L 
T 
104 Y | Elde (6) 
er 
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the sign depending on whether the signal moves towards. 
or away from the receiver. In a two-way experiment — 
when the signal is reflected back to the transmitter, the 
net effect is zero. If E is directed everywhere towards 
the centre, the effect will always have the same sign on 
approaeh to the receiver ; that is, it wil show either. 
always red-shift or always blue-shift. It is reversed if | 
the direction of E is reversed. A red-shift indicates that: 
the Lorentz rotation of the phase vector is opposite to the: 
motion of the beam; this resolves the apparent paradox ` 
of the nil outeome of two-way experiments. 

To discuss the effect of the magnetic field assume that J 
is statie and that there is no current density. Then 
the whole magnetic effect comes from an interaction with. 
the gravitational field. If H(z) denotes the horizontal 
component of the magnetie field at distance æ from the 
receiver and H,(z) the component of H(x) transversal 
to the direction of the source, then 
1 L 
=") Et E | Hy(x)dz 
"f mam 2er? H 
always with the same sign. Thus the contribution of the 
magnetic field is not reversed when the direction of motion ` 
is reversed. On the other hand, the effect is reversed when. | 
either the direction of H is reversed or the positions of 
receiver and transmitter are interchanged. In partieular 
the effect is not cancelled in two-way experiments. 

On Earth the average value of the (radial) electric field 
is 100 V/m and at a distance of 1,000 km L/r is about 1/6, 
hence 


x 10% (8) 


Taking the value of 2x 10-!? for Af/f found by Sadeh, 
Knowles and Yaplee!, we obtain 10- em? for the order of 
magnitude of y. The effect of the magnetic field is neglig- 
ible. due to the factor m/r (of order 10). : 

It is more difficult to evaluate the frequency shift in theo 
Taurus A experiment. To account for the null result of - 
two-way experiments as observed by Schapiro’, we fouet 
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assume that it is the electric field which is largely respons- 
ible for the effect. The contribution of the first term in 
expression (3) is now nil. 'The terms arising from the 
interaction with the gravitational field are also negligible; 


3 mo : ; 
they are of the order 10" R E where mo is the gravita- 


tional radius, R the distance at nearest approach and Æ 
the (radial) electric field intensity. With the observed 
shift of 10-*, this would require an absurd field intensity of 
the order 10!?-10'* V/m. 

The contribution from the charge density is of order 
10-* R ọ and requires only a density of order 10-* esu/em* 
to produce the effect. 

If this interpretation is correct, it seems that the pheno- 
menon is not purely gravitational as suggested by Sadeh 
et al. (following a hypothesis by Fürth*) but largely of 
eleetromagnetie origin. Further experiments are needed 
to test the correctness of the proposed interpretation. 


G. SZEKERES 
University of New South Wales, 
Kensington, Australia. 


Received October 28; revised November 5, 1968. 


* Sadeh, D., Knowles, S. H., and Yaplee, B. S., Science, 159, 307 (1968). 
* Sadeh, D., Knowles, S. H., and Au, B., Science, 161, 567 (1968). 

* Szekeres, G., J. Math. Mech., 6, 471 (1957). 

* Szekeres, G., J. Math. Mech., 6, 508 (1957). 

* Schapiro, I. IL., Phys. Rev. Lett.,20, 1265 (1968), 

* Fürth, R., Phys. Lett, 19, 221 (1964). 


Method for Measuring Wind Turbulence 


SHOCK waves in calm air travel with a velocity that is 
easily calculated to include the effects of temperature, 
humidity and the strength of the shock front!. In turbu- 
lent air, however, the instantaneous velocity of a shock 
wave is modified by local wind conditions. "The shock 
pressure wave produces a change in the refractive index 
of the air* which causes partial reflexion of electro- 
magnetic waves, so it has been thought possible to track 
the shock wave using a Doppler radar. thereby enabling 
its velocity to be measured and the radial wind component 
to be ascertained. For this purpose Allen and Weiner? 
have presented a theory to caleulate the reflexion co- 
efficient of electromagnetic waves from a sound shock 
front. Support for this theory has now been obtained 
using the Riecati form of the wave equation as suggested 
by Millington*. This indicates that a typical value for the 
power reflexion coefficient, for realizable shock waves at a 
range of a few hundred feet, is about — 140 dB, assuming 
that the shock front is short compared with the radar 
wavelength. 

Three series of experiments have recently been under- 
taken at the Royal Radar Establishment. Pershore, to 
examine the feasibility of the proposed system. In the 
first series of tests the sound source consisted of a 10 bore 
yachting cannon and Fig. 1 shows the variation of pressure 
in the leading edge of the sound pulse, relative to 0:00002 
N m, with range. This source was modified for the 
second and third series of trials by adding to the eannon 
an exponential horn which flared to a diameter of 6 feet 
and which had a lower cut-off frequency of 180 Hz. The 
shock wave intensity produced by the horn improved by 
9 dB, and Fig. 2 shows the form of the sound pressure 
wave at a range of 300 feet. The rise time of the shock 
front is less than 50 us, but it could not be ascertained 
more accurately because of the limited high frequency 
response of the monitoring microphone. Thus the width 
of the shock front in space is certainly less than 1-65 em. 

A monostatic radar, operating in the 3 em waveband 
with a beamwidth of about 2°, was used. satisfying the 
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condition that the wavelength should be long compared 
with the width of the shock front. The radar could 
detect signals some 176 dB below the level of power trans- 
mitted and the Doppler frequency of the signal was 
monitored by passing the radar output through a bank 
of filters each with a bandwidth of 100 Hz. The filter 
outputs were sampled sequentially by a commutating 
switch and the samples were presented on an intensity 
modulated display. 

'The radar was plaeed 15 feet above ground level over- 
looking a plane area and the sound source was sited some 
10 feet higher and 3 feet to one side of the radar dish for 
the first and second series of trials (Fig. 3.4). This geo- 
metry was not ideal, but we considered that, as the shock 
wave travelled away from the cannon, local wind variations 
would break up the spherical sound shock front and cause 
a detectable amount of the electromagnetic radar signal 
to be refocused at the radar dish. For the third set of 
experiments the radar was modified to a bistatic system, 
the transmitting and receiving aerials being placed on 
opposite sides of the cannon horn (Fig. 3B). 

The first series of trials was conducted without the 
exponential horn on the cannon and consisted of fourteen 
individual tests during which the angle of elevation of the 
radar dish and cannon were varied to ascertain the 
optimum configuration. The wind strength and direction, 
however, also varied between shots and no conclusion could 
be drawn as to the ideal geometry of the system. The 
output of the radar was both displayed instantaneously 
and recorded for future processing and replay. In these 
tests no signal was positively identified by the radar 
operators on the oscilloscope display although it was 
detected, for many of the trials, when the tape was re- 
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Fig. 1. Shock strength versus range. 
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Fig. 2. Sound pressure wave at 300 feet. 0-5 ms/division. 
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played through 30 Hz filters and recorded for visual 
inspection using a pen recorder. The Doppler frequency 
was found to differ from that expected in a windless 
atmosphere by an amount equivalent to 7:8 knots radial 
wind velocity. The Meteorological Office staff at the site 
confirmed that the average wind velocity during the tests 
was 7 knots in the corresponding direction. 

Following this suecess the exponential horn was 
mounted on the cannon and more trials attempted, the 
same procedure being used as before, although this time 
some twenty tests were undertaken.  Replaying the 
recording of the radar output for a selection of trials 
through the filter network showed that the signal was 
present in each case. In one particular trial the signal 
appeared clearly on the radar A-scope display, its magni- 
tude being greater than 10 dB above noise in a 100 Hz 
bandwidth. 

The shock front was tracked to a range of 1,700 feet. 
and Fig. 4 shows the radial wind profile to this range, the 
time taken for the shock wave to travel this distance being 
approximately 1:5 s. 

The most recent series of experiments undertaken with 


the bistatic radar proved to be more successful. Of 


twenty shots attempted, each was clearly seen on the 
radar display. Fig. 5 shows the signal appearing above 
the noise peaks, but does not given an indication of the 
signal-to-noise ratio. 

These results show the feasibility of the method but 
also indicate that the relative location of the radar aerials 
and sound source is critical. The large signal that was 
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Elevation of radar and sound source configuration. A, Monostatic radar; B, bistatie radar. 


received on one occasion during the second series of trials 
is believed to be due to cross-winds causing good alignment 
of the sound front with the radar wave front. Configura- 
tions other than that already attempted are being investi 
gated and a model is being developed which can be oper- 
ated in controlled conditions to yield mformation as to 
the effect of various wind profiles. A serves of experiments 
with anemometers placed at intervals along the path 
under investigation is also being planned to examine the 
correlation between the wind profile as measured by the 
anemometers and that measured by the radar 





— Range 


Fig. 5. Radar output showing signal above noise 110 feet/division, 
We thank members of the Royal Rader Establishment, 
in particular Mr C. Gredley and Mr D. Cheale, for help and 


praet ical assistance. 
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Energy Flux from the 3° K Radiation 


We wish to make precise statements concerning black 
body radiation, isotropie in a frame S,, which moves with 
velocity v in the observer's frame S. This is of interest in 
connexion with (a) the problem of measuring the Earth's 
velocity through the 3° K cosmic background radiation 
field and (b) the problem of assigning a temperature to a 
moving black body. 

Problem (a) has recently been solved!* for the case 
hwzkT. Although it has not been used in connexion 
with problem (a), the general solution was given by Pauli?, 
and we have used his results in connexion with problem 
(b). For example, a proof is given in ref. 2 that in any 
direction ọ (the angle between v and photon velocity) the 
black body radiation remains black body radiation at an 
effective angle-dependent "temperature" T'— Tym, where 
mzzp [1 — (v/c) eoso], B =(1 — v*/c?)-1^, and Te is the proper 
temperature. This can be seen from Pauli's equation 
(3815) for the specifie intensity (or brightness) 


2h y 
€? exp (mhv/kT,) — 1 


Tt is well known that K, and T,/m are least if one looks 
in the direction (q- m) in which the radiation field, or 
the radiation source, are receding. 
Some new remarks which may be helpful can, however, 
"be made. If the specific intensity in S, is Ky, we shall 
study the effect of the motion through the ratio X= 
K,/Kw We have for the intensity in a given frequency 
range and in a given solid angle K,,—/(v,), say, from 
which it follows that 


Kor = (YN) f(ve) = m f(mv) 
The required factor is then 
"e" X = f(my)/m? f(v) 
For the energy flux (energy received per unit area per unit 
frequency range) from an extended but small source, we 
need to incorporate the solid angle dQ subtended by the 
object at the observer for the viewing direction. The 
‘eorrection factor for this energy flux is 
y> E92 _ fm) 
Kowd, mf (v) 
Xt is-unity for all frequencies and velocities only if K,,0cv. 


- Applying this result to black body radiation, Y is not 
in general unity ` 


K, = 





exp(hv/kT',) — 1 


P 





m? 


Some typical results are shown in Fig. 1. We note that 
a receding source produces an enhanced energy flux and 








0 ro 2-0 3-0 
hv/kT 
a, m 1-1 (for example, receding source with ¢=7); 6, m 1-0 


0-9; and d, m = 0-8 (for example, approaching 
source with o — 0). 


Fig. 1. 
{stationary source); e, m= 
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àn approaching source a lowered flux, for low frequencies. 
These effects are qualitatively opposite from what would 
be expected from the Doppler effect alone. The reason is 
best explained by considering two observers, one at rest 
in S, the other at rest in Sy, who are at the same point 
at the moment of observation. The ratio m* of the solid 
angles subtended at the observers is in excess of unity 
for a receding source by an amount which is independent of 
frequency. On the other hand, K,/K,, approaches 1/m 
from exponentially small values as v decreases to zero. 
For receding sources the effect of the solid angle therefore 
dominates for small enough frequencies. 'l'he situation for 
an approaching source is analogous. The frequency v, 
below which the "anomalous" bebaviour oceurs is the 
solution of 


(z — 1) m? = zm — Lz = exp(hy,/kT,) 
and is shown in Fig. 2. 


The anisotropy of the radiation can conveniently be 
discussed in terms of the ratio 


A — A, (o = 0) — K, (9 = m) 


K, (o 0) + A, (o = x) 





li 


For black body radiation («zzghv/ETT',) 


In the case of the 3° K background radiation v/e<1 so 
that the experimentally accessible quantities A and « 
yield in that case 


A [1 — exp(—)]/a = ~ 


for each frequency. The quantity A is alternative to the 
“brightness difference", used in ref. 2, and may have some 
advantages. For given vje, A increases monotonically 
with v from the value v/e. 


P. T. LANDSBERG 
K. A. JOHNS 
Department of Applied Mathematics 
and Mathematical Physics, 
University College, 
Cardiff. 


Received November 13, 1968. 

à Mic T J., and Harwit, M., Phys. Rev. Lett., 20, 1309 (1968); 21, 58 
i i 

? Bracewell, R. N., and Conklin, E. K., Nature, 219, 1343 (1968). 


? Pauli, W., Theory of Relativity (Pergamon, London, 1958). 
* Landsberg, P. T., and Johns, K. A., Proc. Roy. Soc., A, 308, 477 (1968). 


NATURE. VOL. 220, DECEMBER 14, 1968 


Homopolar Generator as the Energy 
Store for a Large Laser 


Tue homopolar generator’? at the Australian National 
University in Canberra can be connected to deliver 
15x 105 A at more than 800 V for 0-1 s. When light 
sources capable of handling such power and energy are 
developed, it will be possible to use the energy to pump 
a large laser. We have used the generator with its four 
disks in series to power a co-axial discharge tube filled 
with xenon at a pressure of 30 em of mereury. During a 
pulse lasting for 7-5 ms we injected 6,000 J/inch into the 
flash tube which enclosed a Nd glass laser rod 0-5 inches 
in diameter and 6 inches long. The fluorescent lifetime 
of the glass is quoted as 360 us. A record of the radiation 
intensity is shown in Fig. 1. The decrease in intensity with 
time was caused by the current being reduced by a variable 
resistor in series with the lamp, increasing in preparation 
for the termination of the pulse. If the laser assembly 
could stand it, a pulse of this power could be supplied 
for 50 s from the generator. 





Fig. 1. 
diameter and 6 inches long, pumped with 1,000 J/inch ms-'. 
1 ms per division. 


Intensity of laser light produced by a Nd glass rod 0:5 inches in 
Time-base, 


During these high current pulses several thermal and 
mechanical problems arise, together with others caused 
by the electromagnetie forces on the plasma in the flash 
tubes, which are not encountered in smaller lasers. These 
wil make it necessary to arrange the current paths in 
the large arrays of flash tubes which are envisaged, in 
a pattern designed to prevent the mutual forces deflecting 
the plasma. 

The enormous energy available from the homopolar 
generator will make it possible to proceed with the 
development of lasers with powers and energies con- 
siderably greater than any used to date. Present work 
is concentrated on the development of 
switching currents at these power levels with adequate 
precision of timing. On the laser side, attention is being 
given to methods of minimizing the electrical, thermal, 
optical and mechanical stresses in the laser material and 
cavity, with the aim of building a laser system to match 
the energy storage potential of the homopolar generator. 
10* J could be supplied in 0-1 s. 

We thank the staff of the generator section of the 
Department of Engineering Physies, for their help with 
the construction and operation of the generator, the 
control equipment and the laser assembly, in particular, 
Professor G. Newstead for his support and Mr R. A. 
Marshall who designed and had built the brushes in the 
generator*; these include the new adjustable inner 
brushes which will be described elsewhere. 
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Oxidation of Graphite 
catalysed by Palladium 


PALLADIUM significantly increases the reaction rate of 
graphite with oxygen in the 600°-700° C temperature 
ranget. The activation energy for the catalysed reaction 
in this range is 124-5 kcalories/mole, however, compared 
with 48-8 kcalories/mole for the uncatalysed reaction, so 
the pre-exponential term A in the Arrhenius equation 
k=Ae-E/RT is correspondingly large. (In the equation k 
is the rate of reaction, E the activation energy and R and 
T have their usual identity.) This implies that the 
catalysed reaction takes place on surface sites which 
differ in both quantity and nature from those of the 
uncatalysed reaction. 

To investigate this reaction, a 100 A layer of palladium 
was evaporated on to both British Nuclear grade and 
spectroscopically pure graphites, which were mounted on 
silica support films on electron microscope mounts. The 
specimens were fitted into the heating stage of a Siemens 
Elmiskop 1 electron microscope and the temperature 
slowly raised to 500° C in a vacuum of 10~ torr. Dry air 
was then passed over the specimen by means of a special 
attachment’, and its behaviour was watched and recorded 
on photographic plates and on videotape by means of 
closed circuit television. 





Fig. 1. 


Evaporated palladium film on graphite. 


Fig. 1 shows the appearance of the palladium film on 
the graphite before heating, and Fig. 2 its appearance at 
400° C after the total heating time, from room temperature, 
of 86 min. Some nucleation and decoration? occurred 
exposing areas of graphite and considerable grain growth 
took place in the remaining film. The temperature was 
then raised to 500° C causing the remaining film to 
nucleate, the nucleated particles often being situated at 
surface steps and discontinuities in a similar manner to 
“decoration” although the particles were much bigger 
(100-5000 À). Us 

The admission of air at this temperature caused a small 
amount of oxidation at the edges of graphite flakes and 
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in the vicinity of palladium particles. The extensive 
oxidation shown in Fig. 3, however, was caused by the 
palladium particles moving through the graphite parallel 
to the basal plane. 'This was not a general mobility, but 
at any one time fewer than 1 per cent of the particles 
were mobile. 

Before movement of a partiele the graphite in the 
vicinity of that particular particle buckled and there was 
extensive movement of the layer planes as shown by the 
dark area near X in Fig. 3. As the layer planes were 
tilted their diffraction angles for the imaging eleetrons 
changed, and so the contrast of those planes was altered. 
This buckling continued throughout the period of move- 
ment of the particle. "The particle then moved rapidly 
parallel to the basal plane of the graphite and removed 
the upper layers of the graphite causing a channel. The 
particle continually changed its shape, apparently be- 
having as an agitated liquid drop, except that still plate 
micrographs showed that the agitation was confined to 
those edges of the particle not in contact with the graphite; 
those in contact assumed a 120° relationship to each other 
—the characteristic angle of the graphite lattice. This is 
shown by the particle at X in Fig. 3, which is moving at 
approximately 100 A/s. This rapid movement continued 





Fig. 2. 


Same area as in Fig. 1 after raising temperature to 400° C. 
(Clarity reduced by thermal drift of specimen.) 


for several thousand Angstréms, causing extensive oxida- 
tion of the graphite, and then ceased, the particle hence- 
forth showing only the slow catalytic oxidation rate of 
the other static particles on the graphite. 'The rate of the 
oxidation eaused by the moving palladium particle was 
several orders of magnitude greater than that shown by 
the static palladium particles. No difference in behaviour 
was observed between the two types of graphite 
used. 

From the behaviour of the graphite lattice before 
reaction it seems that the first step in the catalytic 
oxidation is the intercalation by palladium atoms between 
the layer planes, probably with some compound formation 
for the palladium in contact with the graphite assumes 
the 120° geometry. Palladium does not behave in this 
way in vacuo so the bond is probably of the nature of a 
metal-oxygen-carbon bridge as suggested by Hennig, 
and the exothermic decomposition of these bonds results 
in the liquid characteristics of the palladium particle. 
Thus the temperature of the particle would have been 
raised to more than 1,500° C and rapid reaction would 
occur, the particle moving on a layer of gas which is being 
evolved during the reaction. Movement and reaction 
would cease when thermal contact was regained with the 
substrate, thus lowering the temperature of the particle, 
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Fig. 3. 


Area of graphite after reacting with dry air for 64 min. 


the particle probably coming to rest at some discontinuity 
or site of impurity atoms in the lattice which prevented 
intercalation. 

The violent behaviour of the moving palladium par- 
ticles would be sufficient to explain the anomalies in the 
kinetic expression for this system, and also the anisotropy 
of reaction rates between layer and basal planes in 
catalysed oxidation of graphite. 

I thank Dr S. J. Thomson for the deep interest he has 
shown in this work. 
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BIOLOGICAL SCIENCES 


Plausible Interpretation of the Bohr 
Effect in Haemoglobin 


THE release of oxygen when a solution of haemoglobin 
is acidified is often referred to as the Bohr effect^?. The 
phenomenon is a consequence of the difference between 
the titration curves of oxy and deoxyhaemoglobin. 
In physiological conditions, the acidification is caused 
by carbon dioxide entering the blood stream at the muscle 
tissue, and there may be further specific reaction of the 
carbon dioxide with the haemoglobin*. The observations 
presented here deal with the titration eurve of haemo- 
globin in the absence of carbon dioxide, and were cbtained 
as part of an effort to interpret Kerr effect data on haemo- 
globin‘, 

— The Kerr effect interpretation requires a detailed 
evaluation of proton binding to the haemoglobin moleeule. 
The Tanford—Kirkwood theory of protein titration 
curves* therefore extended* so that the effect of 
coulomb interactions on the titration of the individual 
sites could be obtained. Computer programs were written 
and illustrative calculations were carried out for simple 
cube and dodecahedron models*. To apply the theory to 
haemoglobin, parameters such as the intrinsic pKs of the 
sites, the depths of sites within the protein and the pro- 


was 


NATURE, VOL. 220, DECEMBER 14. 1968 





(2) 





Fit of the titration curve of horse haemoglobin. The dashed 


Fig. 1. 
eurve shows the data. 


tein dielectric constant were estimated by fitting the 
theory to the titration curve of oxyhaemoglobin at low 
ionic strength’, as described here. 

To obtain proton binding site coordinates for the 
calculations, models of the « and 8 chains of horse oxy- 
haemoglobin were constructed to a scale of 1 em/Á 
following the description of Perutz*. 'The coiled regions 
were modified as little as possible from the myoglobin 
configuration and adjustments were made to remove 
obvious discrepancies. The model was then generated 
in an IBM 7040 computer, and a few adjustments were 
made to avoid site separations significantly less than 
4 A. Residues F3a, G4x and GH3« were taken to be 
Asn’ rather than Asp*. In the B chain, Glx and Asx were 
assigned by comparison with the human sequence*. 
The haem ligands, His F8, were left out of all of the 
calculations, as were the distal haem linked residues, His 
E7, for most of the calculations. The protein radius was 
taken as 28 A and the ionic strength was set equal to zero. 
The calculations were compared with low ionic strength 
data!*, which was first shifted by 3-5 charge units to give 
zero charge at the isoionie point. 

The best calculated fit of the data is shown in Fig. 1 
and a deviation plot is shown in Fig. 2. Of the eight types 
of site present, only the carboxyl, imidazole and N-ter- 
minal amino groups were found to titrate in the pH range 
of the calculations. The intrinsic pKs giving the best fit 
were 4-8, 6-0 and 7-8 respectively. A site depth of 0-6 A 
and a protein dielectric constant of 4 were also obtained. 
Residue E9« was taken to be Gln, corresponding to the 
fast component (Lys occurs in the slow component)’, and 
Arg G188 was assumed to be masked, for it may be 
hydrogen bonded in the ~,8, interface. These assumptions 
appear to have little effect on the qualitative conclusions 
reached here, for inclusion of the two sites in the 
calculations caused only a small and uniform upward 
shift of the calculated curve’. Because no other means of 
improving the fit was apparent, three additional sites, 
Arg FG4a, Arg C68 and His FG48, were also assumed to 
be masked, for all three are in a negative environment 
near carboxyls and bear positive charges if exposed to the 
solution". The change in the calculated titration curve 
when these sites are masked is shown in Fig. 2. 

Sites FG4a, C68 and FG48 are the only sites in the af; 
interface of oxyhaemoglobin that would prefer to be 
positively charged at neutral pH, and these sites occur in 
all normal mammalian haemoglobins analysed so far 
(ref. 11 and earlier papers). In addition, the relatively 
large disruption of the 2,8, interface in the structural 
change accompanying deoxygenation™ suggests that the 
pKs of these sites may be different in the oxy and deoxy 
forms!'. It can therefore be postulated that some or all 
of these sites are masked in the oxy form and unmasked 
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in the deoxy form. The difference between curves o and 
b in Fig. 2 is the predicted change in the titration curve 
if unmasking occurs without any structural change. 
This difference is compared with the difference between 
the titration curves of oxy and deoxyhaemoglobin!* 
in Fig. 3. The effect of unmasking the sites and simul- 
taneously rotating the subunits to the approximate 
deoxy positions is also shown. The small influence of 
the structural change suggests that the Bohr effect is not 
explained by the structural change alone and that the 
calculated site unmasking effect is not sensitive to the 
details of the site coordinates being used in the caleula- 
tions. 

It is possible that the distal haem-linked residues, His 
E7, titrate in the deoxy form'!*. If these sites are included 
in the calculations and assigned a normal intrinsic pi 
(6:0), the change of the titration eurve is similar to that 
in Fig. 3, but about one-third as large. But because these 
sites appear to be in a non-polar environment near the 
haem iron, and because myoglobin shows only a small | 
Bohr effect?, it seems more likely that these sites remain: 
untitrated in both oxy and deoxyhaemoglobin. The 
apparent pK of the a chain N-terminal amino is calculated 
to be about 7-0 with the three sites masked (in agreement 
with an experimental value of 6-7 (ref. 16)) and 6-3 with 


(Z)tneor T (Dexpt 





Fig. 2. Difference of the calculated results from the experimental 

titration curve. a, Best fit; b, inclusion of sites FG4a, COP and FGAB 

in the calculation, The dashed curve shows an estimated correction of 
the data to zero fonic strength. 





(Zinn = Guo, 





pH 


Fig. 3, Comparison of the difference between curves a and b of Fig, 2 

(solid Hine) with the difference between the titration curves of oxy and 

deoxyhaemoglobin (dashed line). Curve e shows the difference between 

curve a and the modification of curve b obtained by rotating the sub 
units to the deoxy positions. 
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the sites unmasked’. This group would then contribute — 


to the acid rather than to the alkaline Bohr effect, if the 
primary cause of the Bohr effect is the unmasking of sites 


“In the 2,8, interface, as postulated here. 
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Magnetic Relaxation Studies of 
Protein Solvation 


I RECENTLY reported magnetic relaxation studies on "O 
in 'H,O-protein solutions!, and I have now extended the 
work to a large number of proteins in D,O solutions. 
Deuteron relaxation times were measured using a 
simple attachment to a commercial spectrometer by the 
method of adiabatic fast passage*. The proteins were all 
commereial, salt-free preparations of the highest purity 
obtainable. Rat tail tendon tropocollagen was prepared 
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Concentration 


Fig. 1, Deuteron relaxation time against welght/weight concentration of 

14,0 solutions of various proteins and colloids. A, Montmorillonite; 

B, ribonuclease A, denatured ribonuclease A; C, chymotrypsinogen, 

denatured chymo: inogen; D, DFP-alpha-chymotrypsin; E, tropo- 

collagen; F, alpha-chymo sin; G, pepsin; H, trypsin; Z, papain; 

J, human serum albumin; K, denatured tropocoilagen; L, lysozyme; 
M, gelatine, extrapolated to measured solid gel. 
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Fig. 2. Deuteron relaxation time in D,O solutions plotted against 

reciprocal molecular weight for the proteins in Fig. 1, taken at 10 per cent 

weight/weight concentration, and (C,H.)N Br, taken at 10 per cent w/w 
concentration’. 


here by Professor D. J. Smith. The sample of mont- 
morillonite (obtained through the courtesy of the Georgia 
Kaolin Company) was a low sodium type with an analysis 
of 0-9 per cent Fe,0;,. A sample was leached for a week in 
water and then spot tested with a sensitive test for soluble 
iron with negative results. The surface area for the 
colloidal dispersion was stated by the manufacturer to be 
80 m?/g, BET isotherm, and 780 m*/g, methylene blue test. 
The gelatine sample was a commercial, pharmaceutical 
grade, preparation. Solutions or suspensions of all these 
were on a weight for weight basis in 3 ml. of D,O, and 
relaxation times were measured immediately. The 
tropocollagen solution was in 1 per cent acetic acid~D,0. 
The results were not dependent on pH within the range that 
the proteins remain intact. Denaturation, when performed, 
was aecomplished by heating the sample tubes. 

The concentration dependence of the observed deuteron 
relaxation times is shown in Fig. 1. The linear relation- 
ship discussed previously! holds quite well for a variety 
of solutions. It should be noted that the tropocollagen 
results are extrapolated as a straight line above 1 per cent 
solutions because of its low solubility. The magnitude of 
the observable effect falls off from YO to 7H, for solutions 
of the same composition and concentration, according to 
the predicted factor!. Thus, within experimental error, it 
seems that the theoretical discussion presented can account 
for the observable facts so far obtamed. The results on 
denatured ribonuclease A confirm the YO experiments 
which indicated no change in the observed relaxation of 
water molecules between the two states of the protein, 
but this should not be taken as a general conclusion 
applicable to all proteins. 

Fig. 2 shows the result obtained by plotting the observed 
relaxation rates at a given concentration of protein 
against the reciprocal molecular weights of the proteins. 
Also included is a point at the same concentration for 
tetraethylammonium bromide which is a typical organo- 
ionie solute’. Interest in this particular plot stems from 
the expansion of the relation 


Q/T yobs = (/Ti)w + CWO/Ti) n (1) 


given previously}, where C is the concentration of protein 
in g/g of solvent, W is hydrated water in g water/g protein, 
and (1/7) is the relaxation rate for the hydrated water 
which is assumed to be exchanging with the bulk water in 
times fast compared with either T,,.w or T, 5. This 
equation ean be expanded to give 


A/T i)obs = (1/T)w + TERES Ne ONE ORI E 
(2) 


where MW w is the molecular weight of water, M Wp is the 
molecular weight of the protein and Nw/N» is the number 
of hydrated water molecules per molecule of protein. 
Fig. 2 suggests that within acceptable limits of error the 
second term of (2) is independent of the molecular weight 
of the solute, even down to solutes as small as the tetra- 
alkyl ammonium salts. 
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Using the Stokes-Einstein equation for the rotational 
recorrelation time, te, of a protein molecule yields the 
result, after substitution into the general equation for the 


relaxation rate, 
(T, = Ate, (3) 


that (1/T,) is proportional to the molecular weight of 
the solute. Substitution into (2) gives agreement with the 
observed independence of molecular weight. This would 
indicate that the ratio of hydrated water molecules to 
protein molecules is constant. Furthermore, if values of 
tep are derived from the known dimensions of the proteins 
and used in equations (2) and (3), it is found that the 
derived values of Nw/Np average only a few molecules 
bound per protein molecule. This disagrees with all other 
measurements of hydration’ for the following reason. 
The Stokes-Einstein treatment whereby Te,P = te,z is based 
on the idea that the water molecules in the hydration are 
irrotationally bound to the protein molecules. The dis- 
agreement of the results presented here with other 
measurements therefore indicates that the water mole- 
cules being observed are not hydrated to the protein mole- 
cules in the sense that they are rigidly bound, but rather 
that they are associated with the protein with rotational 
recorrelation times with values between those of bulk 
water (short) and those of protein molecules (long). For 
a value of W — 0-2 it is found that for a water molecule 
associated with a typical protein 755-8 x 10-4 s. The 
independence on molecular weight of the second term in 
equation (2) therefore stems from the fact that (Nw/N») 
is proportional to M W p, that is, to the number of residues. 
This is consistent with the results obtained for organic 
ions. A microdynamical picture of protein hydration (in 
this case using lysozyme as an example) may be set forth 
as in Fig. 3, where it is contrasted with the picture derived 
from similar measurements on tetraethylammonium ion?. 
Experiments on the frequency dependence of nuclear 
magnetic resonance relaxation in protein solutions should 
help to clarify this picture further. 

Some other semi-qualitative conclusions can be drawn 
from the data of Fig. 1. It is clear that the hydration pro- 
perties of chymotrypsinogen, alpha-chymotrypsin and 
DFP-alpha chymotrypsin differ. In particular, accepting 
the explanation concerning the rotational recorrelation 
times of the associated water molecules, there seem to be 
about sixty water molecules fewer (out of approximately 
300) associated with alpha-chymotrypsin than with the 
inhibited protein or with the zymogen. The relation of 
this fact to the conformational changes involved with the 
exposure of the active conformation of the enzyme must 
be explored further. 

The contrast between the results for the colloidal 
montmorillonite and the proteins makes it clear that the 
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Fig. 3. Microdynamical picture of protein solvation based on the experi- 
ments reported here, and for a tetraalkylammonium ion, based on other 
experiments?, 
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colloidal suspension is a different physiesl case altogether. 
While the proteins and organic ions might be termed 
active with respect to their effect on water structure, the 
colloidal suspension is certainly hyperactive. The surface 
of montmorillonite has been thought for some time to 
interact with water structure, and doubtless the observa- 
tions reported here are another manifestation of this 
property, and one which deserves extensive study. 

The results for various gelatine solutions show (Fig. 1) 
that the relaxation rate for a solid gel lies very close to the 
extrapolation from liquid solutions. This is again further 
proof of the fact that the rotational reeorrelation time of 
water molecules is not a function of the macroscopic 
viscosity of the solution. The proteins observed fall into 
classes as far as their behaviour on denaturation is con- 
cerned. The denaturation of tropocollagen to gelatine 
results in a large fall of the relaxation rate. For all the 
other proteins there is no observable change of the 
relaxation rate on denaturation. These results suggest 
that there are definite sites for water association on 
proteins. That is, water "clumps" form on protein mole- 
cules, and denaturation does not appreciably affect the 
integrity of these sites. In the case of tropocollagen, 
where a very regular repeating structureis involved, there 
are clearly a large number of equivalent sites which must 
definitely be affected by denaturation. The differences in 
relaxation rates between solutions contzining the various 
conformations of alpha-chymotry psin show, however, that 
the water clumps are affected by some conformational 
changes in the protein. It seems likely that these relaxa- 
tion techniques will prove a valuable and sensitive tool 
with which to investigate the interaction of water struc- 
ture with proteins and other colloidal systems. 

This work was supported by the US National Science 
Foundation and by the Office of Saline Water, US Depart- 
ment of the Interior. 
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New Tetramer of Tubifex Haemoglobin 


HAEMOGLOBIN oligomers have been found in amphibians, 
reptiles, mice and men'*. These haemaglobins have been 
shown to dimerize by forming intermclecular disulphide 
bridges, and belong to the characterisiac vertebrate type 
having molecular weights of about 68:000 in the mono- 
meric form*?. 

The haemoglobin of Tubifex tubifex (Hb-Tu) is typical 
of invertebrate haemoglobins occurring in free solution, 
and has a molecular weight of 3-01 x 10* in the monomeric 
form?. When this protein is prepared by the method of 
Scheler and Schneiderat?, followed by dialysis to remove 
ammonium sulphate, the resultant aqueous solution con- 
tains a tetrameric haemoglobin which is in equilibrium 
with the monomer described by these authors. The 
tetramer: monomer ratio is highest m distilled water, 
diminishing with increasing ionic strength in solutions 
of sodium chloride and sodium phosphates. Compared 
with a slight excess of tetramer in distilled water, there ig 
a similar excess of monomer in 0-1 M phosphate buffer, 
pH 63. 
favour the dissociation of the monomer into subunits, 
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Fig. 1. Gel filtration of Tubifex haemoglobin solutions on columns of 
‘Sepharose 28’: elution patterns. A, Upper curve: elution pattern of 
sample of Hb-Tu prepared in 0-1 M phosphate buffer, pH 6-3, eluted with 
the same buffer. Lower curve: sample of Hb-Tu prepared in and eluted 
with distilled water. Both samples had been dialysed free from ammon- 
ium sulphate used in their purification. Optical densities measured at 
280 nm. B, Sample of Hb-Tu containing ammonium sulphate of pre- 
cipitation, prepared in 0-1 M phosphate buffer, pH 6-8, eluted with the 
same buffer. Upper eurve, optical density at 253-7 nm; lower curve, 
optical density at 571 nm. C, Sample of Hb-Tu containing ammonium 
sulphate, dissolved in distilled water and maintained at 47-5? C for 1 
week, after neutralization to pH 7-0. Elution with distilled water. 
Upper curve, optical density at 253-7 nm; lower curve, optical density 
at 571 nm. D, Sample of Hb-Tu prepared and treated as in C, but con- 
taining a smaller amount of ammonium sulphate of precipitation. 
Optical density at 280 nm. 'The optical densities at 280 nm were meas- 
ured in à Unicam SP 500 speetrophotometer, those at 253-7 nm and at 
571 nm in a specially constructed effluent monitor which had a mono- 
chromatic response only in the ultraviolet channel. 'fhe numbers on the 
elution peaks refer to the Hb-Tu fractions of Table 1, Amounts of protein 
applied to the columns varied from 3 mg to 15 mg. 


resulting in the eomplete disappearance of the tetramer. 
Thus the interconversion of oligomers of Hb-Tu involves 
reversible ionic equilibria which are very sensitive to 
changes in ionic strength. It is noteworthy that in distilled 
water the predominant molecular species are the tetramer 
and the monomer, with small amounts of an intermediate 
species, which cannot be identified as a dimer. 

In the work reported here, Hb-Tu prepared by the 
method of Scheler and Schneiderat? was subjected to gel 
filtration through columns of ‘Sepharose 2B’ (14-5 cm 
long. 2-96 em in diameter). The weight-average molecular 
weights of the monomeric and tetrameric fractions were 
determined by light-seattering measurements on suitable 
dilutions of the proteins in 0-1 M phosphate buffer, pH 6-3. 
The gel columns were prepared and eluted with distilled 
water, or with 0-1 M phosphate buffer, pH 6-3. The flow 
rate of eliant was maintained at 2-75 ml. em-? h. The 
void volume of the gel was found to be 18-7 ml. from the 
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position of the leading peak of blue dextran 2000, measured 
at 253-7 nm. The protein solutions were applied to the 
columns in 3-5 ml. of eluant, containing 3-18 mg of 
protein. Continuous recording of effluent optical density 
at 235-7 nm and 571 nm was used to identify the fractions 
of Hb-Tu, which were numbered I-V in order of decreasing 
molecular weight. 

In preparing samples of the tetramer and monomer for 
light-seattering analysis, Hb-Tu solutions were dialysed 
until free from ammonium sulphate, then dissolved in 
distilled water (Fig. L4). They were separated on gel 
columns previously prepared with water, using water as 
the eluant. Similar separations were carried out using 
91 M phosphate as solvent and eluant throughout 
(Fig. LA). 

We found that if the ammonium sulphate precipitates 
of Hb-Tu were dissolved directly in either phosphate 
buffer or distilled water, omitting the dialysis step, and 
the separations repeated as before, the elution diagrams 
showed dissociation of the monomer. At the same time, 
the tetramer had disappeared from the system, and two 
new subunits had appeared (Fig. 1B and C). 

The moleeular weights of the fractions shown in Table 1 
are calculated from a plot of (V. — V,)!/* against My! by 
the method of Porath*. A value of 26-5x 10* for the 
exclusion limit of ‘Sepharose 2B’ was obtained from the 
same plot by extrapolation. This method should give a 
reasonably aceurate value for the molecular weight of 
Hb-Tu-II, because the values for Hb-Tu-I and Hb-Tu-III 
are those determined by light-scattering. The values for 
fractions IV and V must diminish in accuracy in the order 
given. Fraction Hb-Tu-III is tentatively identified with 
the preparation of Scheler and Schneiderat?, who found its 
molecular weight to be 3-01 108 by sedimentation 









methods. 
Table 1 
Fraction Yo Mwxio-« Mw of fractiont Mw of fraction 1 
of Hb-Tu Ve (ml) My Of fraction TH v min.$ 
I 20-0 14-29* 4 672 
II 30-0 5-81 5/3 280 
HI 40-0 3.63* 1 168 
IV 2:5 1-16 1/3 56 
v 88:5 0-15 1/24 7 


* Determined by light-scattering method. 

* Taken to nearest vulgar fraction. 

t Taken to nearest. integer. 

3 Minimum molecular weight = 21,100, based on iron content. 


Evidence for the dissociation of Hb-Tu-I into smaller 
molecules in distilled water was obtained by analysing 
light-scattering data by the method of Benoit and Weil’. 
Hb-Tu-I, freshly eluted from a ‘Sepharose 2B’ column 
with distilled water, was diluted and prepared for light- 
scattering measurements. After 2 h in dilute solution, 
light-scattering plots of ¢/T against sin*0/2 gave M wimax) = 
16-67 x 10* and. My = 1-709 x 105, with a secondary value 
of My=3-92x 108. These results are less accurate than 
those obtained in phosphate buffer, but nevertheless show 
a similar dissociation system. Hb-Tu has a high affinity 
for oxygen, so it should be noted that, in the experimental 
conditions for this work, all molecular species described 
were oxyhaemoglobins with light absorption maxima at 
412-5, 535 and 571 nm. The iron content of Hb-Tu-I 
and Hb-Tu-HI. determined by the method of Wong’, 
was 0-265 per cent on average, corresponding to a mini- 
mum molecular weight of 21,100. 

The isoelectric points of Hb-Tu-I and Hb-Tu-III were 
found to be 6-07 and 5-96 respectively. by measuring the 
maximum turbidity of 0-1 per cent solutions of the proteins 
in 0-1 M phosphate buffers at 356 nm. 

Thus, although Hb-Tu has the absorption spectrum of 
a typical haemoglobin, it closely resembles the haemo- 
eyanins of arthropods and molluscs as an association- 
dissociation system. The latter are known to associate 
and dissociate freely in conditions of varying pH and 
ionie strength’. The most stable oxyhaemoglobin in salt 
solutions of high ionie strength (0-15-1-0 M) seems to 
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be Hb-Tu-IV (Myz-1:16 x 105), but in freshly dialysed 
preparations dissolved in distilled water, or in 0-1 M 
phosphate buffer, pH 6:3, Hb-Tu-I (My = 14-29 x 105) and 
Hb-Tu-III (Af, —3-63 x 10°) is present in roughly equal 
proportions. The Hb-Tu, system, in solutions of low 
ionie strength, shows protein-protein interactions which 
are reversible and ionic in origin. The absence of any 
fraetion eorresponding to a dimer may mean that it 
exists only as an unstable intermediate between the 
monomer and the tetramer. 
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Proposal for Some 
Eye-Brain Experiments 


DircHBuRN? pointed out that objects appear stationary 
in spite of the saccadic movements of the eyes, which 
oceur several times every second and involve angular 
movements of the order of a minute of arc up to half a 
degree. The images on the retinae must shift appreci- 
ably, so there must be some mechanism by which the 
muscles or the nerves which produce the saccadic move- 
ments feed information to the brain; and this information 
must enable the brain to make the requisite corrections. 

The alpha rhythm is greatly enhanced when the eyes 
are held in the extreme upward position??, and one of the 
explanations suggested is that the alpha rhythm is related 
to the activity of the eye muscles. When the eyes are 
held in the uncomfortable upward position the muscles 
might well vibrate with a roughly constant frequency. 

Accordingly, it would be interesting to correlate the 
saccadie movements with the EEG amplitude and also 
with the instantaneous frequeney spectrum of the EEG. 
especially with the alpha rhythm. 

The eyeball has two degrees of freedom and these might 
be related to the spatially two-dimensional 


18 
EEG. The EEG is measured by means of j 
the voltage differences between pairs Of 189 Key 
points on the cerebral cortex, but in 
principle the voltage could be measured 440 H 


at each point of the cortex, and it would t 
then have two dimensions in space and 
one in time. In this sense the EEG is a 
three-dimensional stochastie process, one 
of the dimensions being time. At each 
instant of time there is an instantaneous 
two-dimensional EEG and an associated 
set of instantaneous frequencies. 

lt is plausible that somewhere in the 
visual system there is a representation of 
the two-dimensional spatial Fourier trans- 40 
form, f*(u,v), of the momentary retinal 
images, f(x,y), as in optical systems. This 20 
would facilitate the cerebral computation 
of Jagged covariance functions as re- 
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the eyes, the Fourier transform would be multiplied by 
e-itéut nv) if there were no correction mechanism. The 
correction mechanism must exist and might well be 
represented in the two-dimensional EEG by means of 
amplitudes or frequencies depending on E and 4. One 
would expect the direction of maximum. effect on the 
visual cortex to be correlated with the direction of the 
vector (&7). 

Evans suggests that it would be useful to include a 
control in which the image is stabilized on the retinae. 
Then, if the experiment were successful, we could dis- 
cover whether the correlation of the EEG was essentially 
with the eye museles or with the retinal image position. 
Evans has described a convenient method of image 
stabilization®. 

I hope that someone who has access to the requisite 


apparatus will try experiments along these lines. 
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Tensile Properties of 
Articular Cartilage 


AmTICULAR cartilage consists principally of collagen 
fibres embedded in a mucopolysaccharide ground sub- 
stance. Electron microscopy studies! show that the 
collagen fibres near the articular surface are predominantly 
parallel to the surface; viewed perpendicularly to the 
surface, they also show a dominant orientation which 
varies systematically over the whole joint surface. In 
contrast, the fibres in the deeper zones have a more 
random distribution with a tendeney to be perpendicular 
to the surface. The fibre diameter and distance between 
adjacent fibres appear to increase with depth from the 
articular surface. Chemical and physico-chemical studies 
(unpublished results of H. Muir and A. Maroudas) 
confirm that the collagen density deereases with depth 
from the articular surface. 
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Table 1, ULTIMATE TENSILE STRESS FOR TWO ORIENTATIONS 
Specimen Parallel Across 
(1) Female 67 160 47 
(2) Female 51 160 68 
(3) Male 60 iu Tå 
(4) Male 55 138 8i 
(5) Male 50 190 94 


The mechanical function of collagen in connective 
tissues seems to be to resist tensile loads. Any change 
in the orientation or fibre density should therefore be 
reflected in the tensile characteristics of the tissue. 
This investigation was carried out to measure the tensile 
properties of articular cartilage in planes parallel to the 
articular surface. Tests were performed on specimens 
taken from four different levels through the cartilage 
thickness and at two angles, namely 0° and 90°, to the 
dominant direction of the surface collagen. 

Having exposed the femoral condyles of a number of 

knees, the articular surface was pricked with a pin and 
the pricks stained. A reproducible pattern of fissures 
was observed which was thought to illustrate the collagen 
orientation at, and close to, the articular surface?. This 
pattern was used as a reference for cutting Specimens 
from five other knees which were not pricked. These 
five knees were taken at autopsy from human cadavers 
within the age range 50 to 67 and stored at —20° C. 
The presumed orientation was confirmed by pricking 
-and staining each surface layer after testing. The 
articular cartilage was dissected from the subchondral 
bone and full thickness rectangular specimens which 
were visually normal, with a presumed collagen orien- 
tation, were cut from the sheet. These were then sliced 
into four layers of equal thickness, including the articular 
surface, using a Leitz Thermal Module freezing microtome. 
Each layer was then cut into a dumbbell shaped tension 
specimen using a specially prepared die. Each specimen 
was equilibrated for at least 15 min in buffered Ringer 
solution at 37° C. Its width and thickness were then 
measured and finally the specimen was subjected to a 
tensile test in a Tensometer type E materials testing 
machine using a constant cross head speed of 4-3 mm/min. 
A continuous graph of the load versus extension was 
recorded, which was replotted as nominal stress versus 
extension to compensate for variations in specimen cross- 
sectional area. The results obtained are shown in Figs. 
1-3. 

The slope of each curve in Fig. 1 represents the stiffness 
of the relevant specimen, and it is clear that the surface 
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Fig. 2. Curves for the surface layers of two specimens taken from 
each of two different femoral condyles. They are cut at 0° and 90° to 
the prick lines. 
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layer was the stiffest and the deepest layer the least 
stiff. Similar behaviour was exhibited by specimens in 
which the load axis was across the prick lines, the only 
difference being that the stiffness of all layers was reduced, 
the surface layer somewhat more than the others. 

Fig. 2 shows that the stiffness of a specimen loaded 
parallel to the prick lines was two or three times greater 
than that of a specimen frorn the same condyle loaded at 
90° to the prick lines. 

The stress at fracture (Table 1) for specimens loaded 
parallel to the prick lines was appreciably greater than 
for specimens loaded across the prick lines. 

Referring to Fig. 3, one specimen was taken from a 
visually normal joint (male 55) whereas the other was 
taken from a joint displaying areas of fibrillation and 
ulceration (male 60) although the tensile specimens 
themselves were taken from areas showing no fibrillation. 
Both specimens were loaded parallel to the prick lines, 
and the curves show how much stiffer was the specimen 
from the norma] joint than that from the visually 
degenerate joint. 

These results show how the stiffness and strength of 
normal articular cartilage depend on three factors: 
(1) the surface collagen orientation; (2) the depth from 
the articular surface; (3) the amount of cartilage degen- 
eration in areas of the joint surface other than those 
tested. The results also confirm the structure of articular 
eartilage as observed by other workers. 
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Genetic Background of Circadian 
Rhythms 


CIRCADIAN rhythms! have not yet been investigated in 
twins. The mathematical methods used in one-phase 
examinations of twins—variance analysis‘, cross-twin 
analysis or intra-subjeet correlation—are not suitable for 
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expressing the concordance or discordance of a certain 
biological phenomenon in time between the individuals of 
separate twin pairs. We have therefore tried to devise a 
method of our own, suitable both for the basal physio- 
logical research of medical genetics, and for the study of 
biologieal rhythms, for example. in human biometeor- 
ology. 

Various parameters were recorded for eight pairs of male 
twins aged between 20 and 21, of which four were mono- 
zygotie (MZ) and four were dizygotic (DZ), during a stay 
of 4-5 weeks at the First Medical Clinic, Charles Univer- 
sity. At four hourly intervals (from 0400 h to 2400 h) we 
measured pulse and respiration rate; subaxillar and skin 
body temperature; first, fourth and fifth phases of arterial 
blood pressure, wave P and T in the second bipolar 
extremity lead of the electrocardiogram (ECG) curve; 
concentrations of histamine, serotonine, urie acid, and 
some lipid components in the blood, as well as the period 
of fibrinolysis in the cuglobulin fraction of the blood 
plasma and in full diluted blood, after Fearnley. The 
excretion of 17-hydroxysteroids and 3-methoxy-4-hyd- 
roxymandelic acid was determined in samples of urine 
taken every 4 h. 

The experiment began after 10 days of adaptation to the 
clinical environment; examinations were timed so as not 
to interfere with each other. All subjects were on the 
same regime of movement, rest, food and sleep. For this 
reason all the measurements, and the uptake of blood and 
urine, were performed after rest in bed for 0-5 h, to main- 
tain the same conditions of body activity in all patients. 
Complex clinical examinations made at the start of hos- 
pitalization ensured that we were dealing with healthy 
twin pairs. 

Zygosity was determined with nearly 100 per cent 
certainty by somatoscopic examination, and according to 
blood groups (system ABO, Rh/Hr, MN,P, Lewis) and 
serum groups (haptoglobins, group specific, gamma- 
globulin group). Tests were carried out at the University 
Transfusion Station. 

Mathematical evaluation was attempted only for those 
parameters of which the error in measurement made by 
one person was lower than the average intra pair variance 
of the values obtained in repeated measurements. An 
attempt was made to record the course of individual 
parameters among the individuals of four pairs of mono- 
zygotic and four pairs of dizygotic twins on smooth curves, 
that is curves with a tangent at each point. The advantage 
of such a record is that an exact analysis of the whole 
problem can be made using methods current in differential 
geometry. Individuals of each pair of monozygotic twins 
were denoted A and B; individuals of dizygotic pairs were 
C and D. Thus we always obtained four pairs A, B,- 
A, B, and C, D,-C, D, Lots were drawn on the 
assumption that the individuals drawn would participate 
in the construction of curve k, while the rest would par- 
ticipate in the construction of curve k, that is if B, was 
drawn it participated in k, so that A, automatically 
participated in k, The same method was applied for 
dizygotie twins. 

In this way we ensured that the two individuals of one 
pair had the same probability of partieipating in the 
construction of either k, or ka Lots were drawn separately 
for each parameter. The arithmetical mean was calcu- 
lated from the measurements obtained at 0800 h on the 
first day in four monozygotic individuals drawn for k,. 
Thus we obtained the first point through which the curve 
passes. The other six points were obtained from the 
values measured at 1200 h, 1600 h and so on until 0800 h 
the following day. Thus we had seven points available 
for k, and seven points for k, in monozygotic individuals 
and two series of seven points for k, and k, for dizygotie 
individuals. Our problem was to find the equation of a 
eurve that would fit best all the sets of seven points. 
After evaluating the character of all the curves we decided 
to express their course mathematically with the help of 
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polynomials of the fifth degree: 
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‘This enabled us to record the results graphically with 
the help of smooth curves. The polynomial is a mathe- 
matical function which can be expressed not only by & 
smooth curve (the first derivative would suffice for this), 
but which has derivatives of all degrees. Its course can 
therefore be evaluated exactly, that is we can determine 
precisely the intervals in which it is increasing or decreas- 


aut) 


ing (by means of the derivatives of odd degrees). The = 


points in which it has its local maximum or minimum can 
also be determined, and also whether it is coneave or 
convex (by means of even derivatives). The use of the 
polynomial of the fifth degree was considered for an 
optimum, its values in this case were very close to the 
values actually measured (in corresponding points), 
which was not the case for the polynomial of the third 
degree. Another approximation by means of the poly- 
nomial of the seventh degree, and subsequent odd degrees, 
does not give a really smooth curve, for there are con- 
siderable oscillations among individual values which 
approach the values measured. Recording by means of 
even degrees does not suit our case, because it gives 
smooth parabolic graphs. Fig. 1 shows model curves of 
the first phase of the arterial blood pressure compared with 
measured values, and Fig. 2 shows how the graphic reeord 
realized by the polynomial of the fifth degree differs in 
pulse rate from that realized by the polynomial of the 
third and seventh degree (Fig. 3). In constructing the 
curves we had to take care that they were really smooth 
(that is to avoid any sharp peaks) because only such 
curves can be interpreted by means of the polynomial. 
This mathematical elaboration was achieved by the so- 
called least squares method according to the program in 
the Elliott autocode for the small Elliott 803 A computer 
(operation rate 1,380 op/s, storage 4,095 words). Because | 
of the shortage of time, curves of all parameters were 
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Fig.1. Model curve of polynomial of the fifth degree in the circadian 

rhythm of the first phase of arterial blood pressure (total group) and the 

differences in rhythm between individuals of monozygotic and dizygotic 

twin pairs in model curves k, and k, (thick line) compared with measured 
values (thin line). 
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calculated with the help of the medium computer ICT 


1905 (operation rate 143,000 op/s, storage capacity 32,768 
words). 

. The following example illustrates the method for follow- 
ing the concordance of the course of the recorded curves 
with the exact mathematical expression 


y = Gy + a,b + ast + ast? + alt aut = i g akt 

Y =a, + Zat + Sau + dat? + Bat! (1) (a) 

04 + 2azt + Bast? + dat? + 6a, 0 (b) 
(following the interval in which the function is increasing) 

Qı + 2agt + 3a4? + dat? + 6a,6 <0 (e) 
(following the interval in which the function is decreasing) 

Y = 2a44- Bast + 12a40 + 20a, (2) (a) 

2a, + Gast + 1 2a4t? + 200,0 > 0 (b) 
(following convexness or minimum) 

2a, + Gast + 12a,t? + 20a,t3 < 0 (e) 
(following coneavity or maximum) 

Y = 6a; + 24a, + 60a, (3) 


from which the points of inflexions can be calculated. 
Following the start of this process at least by means of 
the pulse rate curve for MZ1 the equation is as follows 


y = 00000241 — 0-000510t — 0-0565408 + 2-4093t* — 32-0371 
+ 200-4115 


Derivative (1) has two complex conjugate roots, which 
correspond to the fact that at its start the curve reaches 
the abscissa t only. The following two roots are real. At 
point t= — 0-004, that is four units to the left of the start 
(of the supposed point of intersection of the perpendicular 
line from the top of the experimentally obtained line— 
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Fig, 2. Model curve of polynomial of the fifth degree in the cireadian 
rhythm of pulse rate (total group) and differences in rhythm between 
individuals of monozygotic and dizygotic twin pairs. 
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Fig. 3. Model curves of polynomial of the third and seventh degree in 
the cireadian rhythm of pulse rate (total group) and differences in 
rhythm between individuals of monozygotic and dizygotic twin pairs. 


value measured at 0800 h), the function is at its maximum; 
at the point /,- 0-031, that is, thirty-one units to the 
right of the start. it is at its minimum. One unit corre- 
sponds approximately to 14 min. The first derivative to 
the left from 4, and to the right from t, is positive (the 
function is increasing); between t, and f, the function is 
negative (decreasing). 

For (2) there are extremes in points £, and ¢,, which is 
shown by the non-zero values of the second derivative 
at these points (if (—/, y, 0—maximum; if Ly, 0— 
minimum). 

In this way we can easily prove a far closer concordance 
of the course of curves for MZ 1 and MZ 2 as compared 
with the curves of DZ 1 and DZ 2. 

The correlation coefficient was not used for rapid 
orientation concerning the course of the curves (even if 
the value of the correlation coefficient was far greater for 
monozygotic than dizygotic pairs). The correlation co- 
efficient calculated from seven points only gives rather 
incomplete information about the mutual relationship of 
the courses of both phenomena. For this reason we tried 
to evaluate these phenomena by another (original) method 
which we are going to present and in which the value of 
characteristics is not so much influenced by the small 
quantity of data as in the case of the correlation coefficient. 

The rapid orientation of the difference between the 
values of the curves k, and k, calculated with the help 
of the computers, in monozygotic and dizygotic twins was 
realized in such a way that the means of the values of 
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seven points of individual curves were caleulated and the 
following values were obtained: 


and 


From a series of parameters we present two examples. 
(a) Pulse rate: 
66 +614 654+ 674+61+53+66 439 





kmz = =" 2. 62-71; 

1MZ 7 7 71 
438 

koug = F -+ 62-57 
kypz = 64-14 kopz = 64-86 
62-71 64-14 

po = 1-00 z= = 0-99 

MZ = 65.57 = 10 Qoz = sgg ^9 


It is evident that the characteristic Quz is closer to 1 as 
eompared with the characteristic Qpz. 

A still better and simpler method is the formation of 
the absolute value of the difference between the nominator 
and the denominator. In our case we obtain 


dyz = (62-71—62-57) 0:14; dpz = (6414-64-86) = 0-72 


The difference is still greater in dizygotic than mono- 
zygotic twins. The curve of the circadian rhythm of the 
pulse rate seems to be significantly genetically influenced 
(see the share of mono and dizygotic in Fig. 2). 


(b) Another example is given by the excretion of 
3-methoxy-4-hydroxymandelie acid in the urine 


7 7 
Quz = 7 Qoz 77; then dmz = dpz = 7-7 = 0 


Here there is no significant difference and there can be 
only a small genetic influence on the circadian rhythms 
in the excretion of the acid in urine (Fig. 4). 

Thus the evaluation can be presented as follows: (1) if 


3-Methoxy-4-hydroxymandelic acid (mg/4 h) 





Fig. 4. Model curve of polynomial of the fifth degree in the circadian 

rhythm of excretion of 3-methoxy-4-hydroxymandelic acid in the urine 

(total group) and differences in rhythm between individuals of mono- 
zygotic and dizygotic twin pairs. 





one of the values dz. dpz equals zero and the other does 
not, the difference (between MZ and DZ) is highly sig- 
nifieant; (2) if none of the values equals zero then we 
must find which is the multiple of the other. If it is at 
least double, the difference can be considered to be very 
significant, and if quadruple, highly significant. 
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Growth of Explanted Eight Day Hamster 
Embryos in Circulating Medium 


Tue conditions for culture of Syrian hamsters (Cricetus 
auratus) in a circulating medium! have been investigated 
as a means of facilitating the direct teratological effects 
of chemical carcinogens. Female virgin (80-120 g) ham- 
sters determined, by inspection, to be in oestrus between 
2200 h and 2400 h, were placed in the male's breeding 
cage. The hamsters were separated the next morning, 
the first day of pregnancy. Pregnant hamsters were 
killed by an overdose of ether on day 7, 8 or 9. The 
uterus was removed aseptically and placed in a Petri 
dish of sterile Dulbecco's phosphate buffered saline 
(PBS). The uterus was opened under a stereoscopic 
microscope, and the embryo with decidua was removed 
and placed in a second Petri dish containing PBS. The 
decidua was removed and Reichert’s membrane torn with 
watchmaker’s forceps and mierodissecting scissors. The 
isolated embryos with intact foetal membranes were kept 
in PBS until they were placed in culture vessels. The time 
from the removal of the uterus to the embryos being placed 
in culture vessels varied from 45 to 90 min. 

Two types of circulating medium culture systems were 
used. In one, a 50 ml. specimen bottle was connected to 
a three necked conical flask by two unequal lengths of 
‘Tygon’ tubing. The pieces of tubing extended from the 
bottom of the specimen jar to the bottom of the conical 
flask through separate necks, but the longer piece also 
went through a continuously variable peristaltic purap. 
The gas mixture (60 per cent O,, 5 per cent CO,, 35 per 
cent N,), bubbled through sterile distilled water and a 
cotton filter, was delivered through a glass tube in the 
third neck of the conical flask to the bottom of the flask 
where it bubbled through the medium. Three to four 
embryos were placed in the specimen jar, and a total of 
30-35 ml. of medium was circulated. The rate of circu- 
lation (10-20 ml./min) was controlled by the pump. The 
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entire system except for the pump, and a short expanse 
of tubing was placed in a 37° C water bath. 

The second system was a modification of that described 
by New! for the culture of rat embryos. ‘Millipore’ 
filters, instead of rayon cloth, were used to provide a 
surface of attachment for the embryos, and the system 
was placed in a 37^ C water bath instead of in a heated 
chamber. Each chamber contained two or three embryos, 
and 15-20 ml. of medium was circulated at 10 ml./min. 

Because foetal calf serum, either heated to 57? C or 
not, gave unsatisfactory growth, hamster serum was used 
in all further experiments. There seemed to be no differ- 
ence when the serum was from pregnant (8 or 9 day), 
nursing or non-pregnant hamsters. 

'The culture medium of 100 per cent serum recom- 
mended by New for rat embryos? was unsatisfactory for 
hamster embryos. The embryos usually would not con- 
tinue to grow after 24 h in 100 per cent hamster serum. 
Eagle’s minimal essential medium? with antibiotics and 
bicarbonate added in conjunction with 20 to 60 per cent 
hamster serum was also unsatisfactory. | MeCoy's 5A 
(ref. 4) with antibiotics and 30 per cent hamster serum 
gave the best and most consistent results. 

The explanted embryos removed on the eighth day 
varied from late presomite stages to the five to seven 
somite stages in development and averaged 1-5 mm in 
axial measurement. In general, the larger embryos grew 
more than those explanted at the presomite stages. 
Embryos explanted late on the seventh day or early on the 
ninth day did not grow 24 h in culture. The average 
protein content® of the explanted 8 day embryos was 
84:22 ug protein/embryo while the average protein 
content of 9 day embryos with anterior and posterior limb 
buds was 360 +75 ug protein/embryo. 

In specimen jar circulators 77 per cent (thirty out of 
thirty-nine) of the explanted embryos were actively 
growing with a heart beat at 24 h. Forty per cent (twelve 
out of thirty) of those embryos alive at 24 h had a heart 
beat at 48 h, but only 10 per cent (three out of thirty) 
had a good cireulation and only 16 per cent (five out of 
thirty) had developed anterior limb buds. The average 
axial dimension of those alive at 48 h was 2-7 mm and the 
average protein content was 133+94 ug protein/embryo. 
The medium was not changed at 24 h in any of these 
experiments. 

In the New type cireulator 81 per cent (thirty-seven 
out of forty-six) of the embryos were growing at 24 h; of 
these, 76 per cent (twenty-eight out of thirty-seven) were 
still growing ab 48 h, by which time the average protein 
of survivors was 325 + 94 ug of protein/embryo. Although 
a 75 per cent replacement of old medium with new 
medium at 24 h did not affect survival, it seemed to 
affect size and differentiation. In the chambers in which 
75 per cent of the medium was replaced at 24 h, the 
average size of survivors was 3-4 mm compared with 
3-1 mm in unchanged medium; with a complete change 
of medium 50 per cent (eight out of sixteen) developed 
limb buds and 63 per cent (ten out of sixteen) had a 
circulation, while in unchanged medium 18 per cent (two 
out of eleven) of survivors developed limb buds and 
46 per cent (five out of eleven) had a circulation. 

The maximum size and differentiation obtained in all 
three systems (specimen jar circulator, New circulator 
with or without change in medium) were equivalent to a 
9-5 day embryo in vivo but the average size was equivalent 
to a 9-9-25 day embryo*. Not all surviving embryos were 
normal, however. In the New circulator 68 per cent 
(nineteen out of twenty-eight) of embryos that lived 
48 h had a malformation characterized by a greatly 
dilated and thinned thorax. The heart was normal or 
enlarged, and the beat was regular. New also noted a 
consistent malformation of the circulation in rat embryos 
explanted earlier than fifteen somites’. A malformation 
in vivo, grossly similar to the malformation in vitro, has 
been seen in the embryos of pregnant hamsters treated 
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with N-ethyl N-nitrosourea on the eighth day and killed 
on the eleventh or twelfth day (our unpublished results). 

These preliminary results indicate that the 8 day ham- 
ster embryos can be successfully cultured for up to 48 h 
with the in vitro growth equivalent to a 24-30 h develop- 
ment in vivo. In terms of survival, circulation and differ- 
entiation at 48 h in vitro, these results compare well with 
the culture of rat embryos, although the larger rat embryo 
synthesized three to four times more protein’. But there 
is still much greater variation in final stages of growth 
with embryos from the same hamster in the same culture 
chamber in vitro than that seen in vivo. Additional refine- 
ment of culture conditions may result in more uniformity. 
It is also imperative to determine what factors, both 
physical and biochemical, are responsible for the con- 
sistent malformation seen in vitro. 
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Suppression of Growth of Mouse 
Melanoma by Cortisone 


THE influence of glucocorticoids on the activities of certain 
enzymes and the part they play in regulating the meta- 
bolism of various mammalian tissues have become in- 
creasingly evident in recent years'*. Harding et al.’ 
reported that during the early growth of Walker carcinoma 
256 daily treatments with cortisone increased alanine 
(glutamate-pyruvate) transaminase activity from its 
depressed level in the host liver of rats. They also men- 
tioned that the treatment inhibited tumour growth by 
68 per cent. 

We report here the inhibition of growth of transplant- 
able B-16 mouse melanoma by cortisone without any 
change of transaminase activities in the host liver. The 
primary physiological action of cortisone seems to be a 
decrease in glucose utilization by certain extrahepatic 
tissues‘-®, including B-16 mouse melanoma. 

A cell suspension of pigmented strains of B-16 melanoma 
(01 ml.) was inoculated into the leg muscle of C57Bl 
mice at day 0. when daily intraperitoneal injections of 
cortisone acetate (20 mg/kg body weight) were started. 
All mice were freely fed on a standard synthetic diet and 
water. They were killed on day 14 and their livers and 
tumours were removed, weighed and quickly homogenized 
in a glass homogenizer at a concentration of 10 per cent 
(w/v) for analysis. Activities of glucose-6-phosphate 
dehydrogenase (G6PDH) and hexokinase were measured 
by the fluorometric methods described by Lowry and 
Passonneau? with slight modification of the reagent 
mixtures!^, Alanine and aspartate transaminase activi- 
ties were estimated by a fluorometric adaptation of the 
method described by Wroblewski and LaDu®, with slightly 
modified reagent mixtures'*. except for the DPNH con- 
centration, which was 0-1 mM. Protein was determined 
by the Folin method as modified by Lowry et al.!*. 

The results are summarized in Table 1. The body 
weights of mice in the control group increased 3-5 g in 
2 weeks, whereas those of the animals in the group 
treated with cortisone remained the same. The livers of 
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Table 1. EFFROTS OF CORTISONE ON TRANSPLANTED MOUSE MELANOMA AND 
ON THE HOST (DAY 14) 


Control Ratio of 
Treated with Treated with control: P* 
saline cortisone treated 
Body weight (g xS.D.) 
Initial 167 z11 170 £11 0-08 NS 
Terminal 20:0 +14 170 £13 118 1% 
Liver weight 1-20 + 0-30 0-99 + 0-10 1231 5% 
Melanoma weight 1:46 +052 0-782 0-35 187 1% 
Protein (g/100 g wet wt. tissue) 
Liver 12-2 +047 12:3 + 0-69 09.99 NS 
Melanoma 9-24 + 0-90 870-98 106 NS 
Liver enzymes (mmoles/kg wet wt./h, 25^ C + S.D.) 
Alanine transaminase 750 + 65 780 + 69 6-96 NS 
Aspartate transaminase 2,550 +510 2,760 +580 0-92 NS 
Glucose-6-phosphate 
dehydrogenase 68.0* 6-8 80-02 13 0-85 5% 
Melanoma enzymes (mmoles/kg wet wt. /h, 25° € + S.D.) 
Alanine transaminase 0 0 — — 
Aspartate transaminase 455 131 460 + 38 0.90 NS 
Glucose-6-phosphate 
dehydrogenase 176 +16 138 +13 128 1% 
Hexokinase 345 + 20 280 + 25 123 1% 


The control groups and groups treated with cortisone consisted of ten mice 
from each category. 

* Probability values indicate the significance of the difference between the 
control mice and mice treated with cortisone. NS, not significant. 


the mice treated with cortisone weighed about 20 per cent 
less than those of the control group. Cortisone had a 
marked effect on the rate of growth of the transplanted 
melanoma-—melanoma growth was reduced by nearly a 
half. There were no significant changes in the activity of 
alanine and aspartate transaminase of the livers of the 
control mice and mice treated with cortisone, and no 
alanine transaminase activity was induced in the melano- 
mas (B-16 mouse melanomas characteristically possess 
no alanine transaminase activity, compare ref. 15). The 
activities of both hexokinase and G6PDH, two key 
enzymes of glucose utilization, were, however, decreased 
significantly in melanoma after the systemic cortisone 
treatment, whereas the activity of liver G6PDH increased 
slightly. 

These results were reproduced in a second experiment 
where we observed 58 per cent inhibition of melanoma 
growth and 23-5 per cent and 17 per cent depression of 
melanoma G6PDH and hexokinase activities respec- 
tively. These data clearly show that cortisone inhibits 
the growth of transplanted mouse melanoma, and this 
inhibiting effect seems to be a consequence of a decrease 
in enzymes which limits glucose utilization and the 
production of energy. 

This work was supported in part by the Milheim Founda- 
tion for Cancer Research and also by grants from the 
National Institutes of Health, US Public Health Service. 
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Olfactory Prowess of the Kiwi 


In 1906 Benham published an account of his attempt to 
obtain direct evidence about the reputed ability of the 
kiwi to smell earthworms in soil’. Neither this effort nor 
a later one, described briefly by Strong? in 1911, collected 
sufficient data to settle the question. Since then, com- 
ments in general treatises have ranged from open minded- 
ness? to flat assertions that the kiwi has unusually keen 
olfactory sensitivity?. 

Birds as a class have usually been thought to have 
little or no olfactory perception, but kiwis were often 
singled out for special attention because of a unique 
combination of anatomical and physiological charac- 
teristics. The feeding behaviour of this flightless and 
nocturnal bird consists of probing the soil with its beak 
to find such items as earthworms, grubs and small insects. 
In spite of its nocturnal existence, the bird’s visual 
capacity seems to be very limited, suggesting the im- 
portance of an alternative sense.  Olfaction has been 
implicated because the kiwi's olfaetory bulbs are larger 
compared with the rest of the forebrain than those of all 
birds but one for which such measurements have been 
made®, and because the kiwi is the only extant bird to 
have its external nares at the tip of the beak, whieh is 
very long. 

I was able recently to collect direct evidence about the 
kiwi's olfactory sensitivity in both natural and laboratory 
situations during 3 months in New Zealand, the only 
place where this bird exists. 

Field work was carried out at the Mount Bruce Native 
Bird Reserve north of Masterton. The procedure was to 
establish three adjacent feeding stations in each of two 
large aviaries where certain features of the food supply 
could be manipulated in order to evaluate the birds’ 
ability to detect and respond to changes in the olfactory 
character of the food supply. Each feeding station con- 
sisted of two parts: a slightly tapered aluminium tube, 
which held the food and was sunk into the ground, and 
an aluminium outer ring, which surrounded the opening 
of the tube and rested on the surface of the ground. The 
outer ring contained an infrared light souree and a photo- 
cell. The beam of infrared light extended across the top 
of the food dish so that it was broken whenever a kiwi 
approached the food even with only the tip of the beak. 
Each of the detection rings was connected by buried 
wires to an amplifier and a separate channel of an event 
recorder. The entire circuitry was powered through a 
time switch that turned everything on at nightfall and 
off at dawn. 

Five kiwis were available for these experiments. There 
was no difficulty in establishing normal feeding behaviour 
at the new feeding stations. By the second night, all 
birds were cating their normal amount of food from the 
deep tubes. The regular diet for kiwis at Mount Bruce 
consisted of a redolent mixture of strips of raw steak, 
large water-soaked raisins, starter mash and vitamin 
powder. 

Two types of experiments were conducted. First, a 
foreign odorant was introduced on a small piece of cotton 
wool wrapped in nylon screening at the bottom of one 
of the three tubes of food in each aviary. Unscented 
cotton was added to the other tubes. The number of 
visits to the specially scented tube was then compared 
with the visits to the other tubes. The four odorants 
used were amyl acetate, trimethylpentane, pyridine and 
synthetic musk. The latter was used as a special test of 
olfactory attraction. It was added to a pot of dirt in one 
station while the other two stations contained unscented 
dirt and food was provided nearby in an open tray. If 
the musk proved to be an attractant, it was expected 
that the birds would visit the scented station more 

In the second experiment the containers were cove 





ed 
very tightly with nylon screening after food had been put in 


one and dirt in the others. I had already determined 
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that the birds would puncture such screening with their 
beaks and withdraw food placed underneath. Therefore 
by screening the food and the dirt, leaving at least an 
inch of space between the top of the contents and the 
screen so that the contents could not be identified by 
licking the top of the sereen, it was possible to test the 
ability of the kiwis to choose the food-baited container by 
odour eues alone. In a slight modification of the latter 
procedure, a large earthworm was placed in a pot of dirt 
that was completely enclosed with screen at one station 
while the other pots eontained dirt alone. In addition, 
about an inch of loose dirt was spread on top of the 
screen over each pot. 

Control nights, that is, nights on which no experimental 
treatment was applied, were interspersed with experi- 
mental nights during the first 2 weeks so that the normal 
pattern of visits to each of the three stations could be 
determined. Fortunately, the birds showed no consistent 
preferences for one feeding station nor any tendency to 
avoid one station consistently. 

The effect of adding a foreign odour interacted with 
such factors as the nature of the substance, the amount 
of food eaten the previous night, and the moistness of the 
soil in the aviary, which affected ease of foraging. On 
the basis of the combined results for all ten tests with 
amyl acetate, it is possible to generalize that if any 
station was visited less often than the others, it was 
always the scented one. Trimethylpentane, used in three 
tests, had no effect. Pyridine was used only five times, 
not more than twice with a given bird, because of its 
possible toxic effects. It had surprisingly little influence 
in view of its strong aversiveness for human beings. Only 
two kiwis avoided it. The synthetic musk had no attrac- 
tion, but these tests were so few that the results are 
meonclusive. 

The birds’ performance in tests of ability to locate food 
was completely convincing. All of the food dishes were 
broken into in every test and none of the dishes of dirt 
was opened except for one very small hole in one cover 
on one night. In the single test for which giant earth- 
worms were available, many holes were made in the 
screen over the pot with the worm and the worm was 
gone in the morning; no holes were made in the covers 
over the pots that contained dirt alone and only one and 
three visits, respectively, were made to these two stations. 
This result is more impressive remembering that an inch 
of dirt covered the screens. In two other tests involving 
worms, only very small earthworms were available and 
the pots containing them were not broken into. One of 
the other stations contained prepared food on that night, 
however, and it was broken into. The competition of the 
full tube of meat mixture probably overcame any appeal 
of the small earthworms. 

Laboratory tests were carried out to obtain some 
relative indieation of the kiwi's sensitivity to odours, 
using the technique that I have already applied to other 
species", Tests involved continuous recording heart and 
respiratory rates while the bird rested in a gentle stream 
of pure air which can be odorized at known intensities 
from time to time. In a few tests, the electroencephalo- 
gram (EEG) was also recorded through scalp electrodes 
inserted about 4 inch on each side of the midline and 
1} inches behind the upper margin of the orbit. The 
odorous stimuli presented were amyl acetate, trimethyl- 
pentane, pyridine, while and cut-up earthworms and the 
Mount Bruce diet. As control stimuli a light was turned 
on in the bird’s darkened enclosure or a tone was sounded. 
Most of these tests were carried out with one bird that 
was reasonably eooperative with regard to handling and 
restraint. 

Surprisingly, the kiwi's heart rate was almost totally 
unresponsive to various environmental stimuli, so that it 
could not be used as an indicator of perception. Respira- 
tion and EEG, however, gave reliable evidence. Different 
changes in respiratory pattern occurred with different 
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odours as well as for stimuli in other modalities. The 
change in the EEG was the familiar accompaniment of a 
behavioural alteration from drowsiness or inattention to 
alertness, that is a shift from high amplitude, low fre- 
quency electrical activity to low amplitude and high 
frequency. 

Because only a relatively small number of these tests 
could be completed and only one bird was reliably avail- 
able, it would be unwise to state absolute values for the 
kiwi's detection thresholds for the olfaetory stimuli 
presented. It seems likely, however, that its olfactory 
acuity is keener than that of other birds I have studied 
in this way, such as the pigeon and the shearwater. 

On the basis of all the different tests I was able to 
conduct therefore two conclusions can be drawn: (1) kiwis 
are capable of locating food, both natural and prepared, 
by means of olfactory cues alone; (2) their olfaetory 
acuity is better than that of other birds with smaller 
olfactory bulbs, as shown by both laboratory olfacto- 
metrie tests and their reactions to small amounts of a 
foreign odour embedded under several inches of their 
odorous food supply. 

I thank the Wildlife Service, under the direction of Dr 
G. R. Williams, for its eooperation. Laboratory work was 
carried out in the Department of Physiology, University 
of Otago Medical School, Dunedin. Professor J. R. 
Robinson provided facilities and I thank Mr G. Henderson, 
superintendent of reserves at the Botanieal Garden, for 
temporary housing of a kiwi and for use of the garden's 
resident kiwi. This work was supported by grants from 
the US National Science Foundation and the National 
Geographie Society. 
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Electrophoretic Variation in Esterases 
of Three Varieties of Oats (Avena sativa) 


THE work reported here was initiated to obtain prelimin- 
ary information about the extent and nature of electro- 
phoretic variation of esterase isozymes within commercial 
"pure line" varieties of a self-pollinated species. Many 
of the agronomic characters which could be used to 
measure genetie variation have been selected for uniform- 
ity within the varietics; however, esterase banding 
patterns have not been selected intentionally. If these 
patterns are not correlated with characters previously 
selected, their variation might be a satisfactory indication 
of the overall genetic variation present in the varieties. 

The oat varieties chosen were ‘Orbit’, ‘Putnam 61° and 
'Nodaway'. ‘Orbit’? was chosen because it "would appear 
to be adapted to widely different growing conditions 
throughout the United States'". “Putnam 61° was 
chosen because it apparently has a narrow range of 
adaptation, based on yield data from Indiana and regional 
nursery trials. If adaptation is a function of genetic 
variation then information about this relationship might 
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Fig. 1. Schematic representation of esterase zymograms from ‘Putnam 
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be obtained by comparing esterase variation between 
‘Orbit? and ‘Putnam 61’.  'Nodaway" was chosen 
because it arose from a single F, plant selection. This 
early generation selection might result in considerably 
more variation than would be found in ‘Orbit’ which came 
from a single plant selected in the F, generation. 

Foundation generation seed of "Putnam 61' was used. 
‘Orbit’? and ‘Nodaway’ seed came from varietal trials 
and were two generations advanced from certification. 
Seeds were germinated in the dark on moist germinating 
paper. Four days after germination, protein extracts 
were prepared from sprouts by a micro-extraction tech- 
nique. One sprout was assayed per gel, and twelve gels 
were run simultaneously. The electrophoretic technique 
was similar to that described by Davis’. The esterase 
staining procedure described by Sims! was modified. Gels 
were stained for 45 min at room temperature in stain at 
pH 5-5 without incubation in boric acid. 

Three esterase staining patterns (or gel types were 
found among 190 plants of ‘Putman 61’ (Fig. 1). All 
but seven of the plants had the same banding pattern 
(gel type 1). Gel types 2 and 3 differed from type 1 by 
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Fig. 2. 
only in relative concentration of a particular band. 
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the presence of a double band in the second and third 
band regions, respectively. 

In ‘Orbit’, twenty-one different banding patterns were 
found among 176 plants (Fig. 2). The highest frequency 
of any pattern was sixty-nine out of 176 and no more 
than sixteen were found in any of the other twenty types. 
From two to six and one to four bands were found in 
regions A and C, respectively. 

Six different patterns were found among 189 plants of 
‘Nodaway’ (Fig. 3). In the largest group, type 1, there 
were 132 plants. In region A there were either three 
or four bands, and in region C either two or three band 

In all three varieties, bands in region B were faint arid 
were disregarded due to possible ambiguity. For tl 
reason the amount of variation may be underestimate 

The variation within a variety could be partly a conse 
quence of mutation, outerossing, the procedure used or 
differences in sprout development. But it is not apparent 
how any of these could explain the differences among 
the three varieties. Earlier work, plus the lack of variation 
in ‘Putnam 61’, suggests that the procedure does not 
contribute to the variation within a variety. 

The most significant source of variation would be 
segregation of heterozygous loci existing in the F, or F, 
(or F, for ‘Nodaway’) plant from which the variety was 
derived. This variation is a function of the diversity 
of the parents from which the variety was derived and the 
degree of homozygosity attained preceding the individual 
plant selection. 

It is significant that the variation was different among 
varieties. If variation were predicted on the basis of the 
generation of individual plant selection, "Nodaway' 
would be expected to be more heterogeneous than ‘Orbit’. 
For esterase isozymes, however, the converse was truo. 
Apparently the F, plant which led to "Nodaway' was 
fairly homozygous, or additional selecticn for uniformity 
in advanced generations reduced heterozygosity. 

Extensive esterase variation was found in ‘Orbit’, a 
variety believed to be widely adapted. Conversely, 
minimal esterase variation was found in “Putnam 61’, 
a narrowly adapted variety. These results suggest that 
if isozyme variation does reflect genetic variation, then 
it might be related to adaptability of a variety. 

Obviously, the variation assumed to be genetic must 
be confirmed as heritable. More extensive investigation 
of progeny from plants representing the various gel types 
and from crosses between plants of different gel types is 
required. 







































Because the variation observed comes from a 
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Schematic representation of esterase zymograms from ‘Orbit’. Types 1 and 18, 8 and 21, 11 and 17, 13 and 16, and 14 and 19 differ 
The overall concentration of esterase activity in each pair was similar, 
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‘Nodaway’. 


single broad class of enzymes, esterases, this variation 
may not be indicative of total genetie variation. Different 
types of enzymes must be used to test this point. — 

We thank Dr D. Stuthman for varietal information and 
seedstocks. 
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RNA Changes during Protozoan 
Habituation 


RNA changes accompanying learning have been found 
in rats, mice, goldfish and planaria'-*. We wanted to 
determine whether changes in the rate of RNA synthesis 
occurred during habituation in the protozoan Spirostomum 
ambiguum, for this would extend previous findings to a 
very simple form of learning in a single celled organism. 

The protozoa in their normal wheat infusion culture 
media were placed in a deep-well slide to total 0-4 
ml. and left for 5 min before 20 ul. of *H-5-uridine 
(New England Nuclear, 1 mCi/ml., specific activity 
25.2 Ci/mmole), diluted 1:10 in deionized water, was 
added and stirred in. A control group of protozoa, 
which was to remain quiet, received the same amount of 
radioactive uridine and was treated in exactly the same 
way throughout except for receiving stimuli, Five 
minutes later, the experimental group was presented 
with a mechanical stimulus every 3 s in the form of a 
solenoid dropping on the slide; the number of organisms 
eontracting to it was photographically recorded’. As 
they become more habituated to the stimulus, fewer 
eontraet and the percentage contracting is used as the 
measure of habituation. That this is not merely fatigue, 
injury or local sensory adaptation has been argued 
elsewhere. Knowing the total number of organisms in 
each experimental control pair, and arbitrarily taking 





NATURE, VOL. 220. DECEMBER 14, 1968 
the experimental group sample size as a baseline, the 
e.p.m. of RNA of the control group were adjusted to 
correspond to the same number of organisms in the 
experimental group. This was to eliminate any sample 
size differences. Each of five groups of twenty slides 
(about 400 protozoa per slide) was given no stimuli 
(control group), 1, 20, 50 stimuli or 50 stimuli followed 
by a 4 min quiet period before being assayed for RNA. 
The assay consisted of adding to the slide and stirring 
20 ul. of a 5 per cent aqueous solution of sodium lauryl 
sulphate to lyse the cells. This volume was transferred 
to a test tube with the subsequent addition of 100 ul. of 
deionized water previously added to the well-shde to 
wash it out and increase the volume of the material. 
This total volume was mixed and left for 3 min over 
ice. Samples of 100 ul. were placed on Whatman 3MM 
paper disks 2-3 em in diameter. Each control and 
experimental slide of protozoa was run in triplieate. 
The RNA was assayed by a filter paper technique using 
trichloroacetic acid extraction, and each disk was 
counted for 2 min on a Packard Tricarb seintillation 
spectrometer. 


Table 1. RNA CHANGES DURING HABITUATION 


Percent- 
Time Percentage Experimental RNA Control RNA age 
(8) contracting (c.p.m.) (c.p.m.) difference 
3 65 (9) 7,920 (910) 8,160 (038) 3-0 
60 42 (8) 9,140 (950) 8,053 (070) 13-5 
150 22 (8) 12,676 (1,378) 12,634 (1,300) 0-4 
+ 240 59 (8) 26,036 (2,040) 26,780 (1,981) 27 


'The results are presented in Table 1. At time 3, the 
first stimulus was given; at time 60, the twentieth; and 
at time 150, the fiftieth. Four minutes later (+ 240), 
another stimulus was given to determine whether the 
protozoa were back to their normal sensitivity levels. 
The e.p.m. from one time period to the next do not 
necessarily inerease proportionally, for the number of 
organisms is not exactly the same from period to period. 
Zero time control is 612 e.p.m. Numbers in parentheses 
are standard deviations. The percentage contracting 
numbers for times 3, 60 and 150 are significantly different 
(P «0-01) from each other and the 3 and 240 numbers 
are not significantly different (P 0-05) as judged by a 
two tailed ¢ test. The only significant difference as 
judged by a two tailed ¢ test between the experimental 
and control groups oceurs after 60 s of twenty stimuli 
(P <0-001). Our method picks up no significant difference 
between the experimental and control groups after one 
stimulus presentation, but the difference between the 
groups must have begun here or soon afterwards to 
aceount for the difference after 60 s of stimulation. 
No difference was detected after 150 s or 4 min later 
when they were back to previous sensitivity levels, 
indicating that the RNA change accompanying habituation 
is short lived. Similar results were found in classical 
conditioning of planaria!?. The fact that at 150 s there was 
no difference in RNA synthesis between the groups even 
though the protozoa were continuing to contract suggests 
the change at 60 s was not merely a result of contraction, 
but rather it was part of the habituation phenomenon. 
That is, the RNA inerease in the experimental group 
was not due entirely, if at all, to the fact that the protozoa 
are contracting and the controls are not, for if this were 
the ease, continued contractions up to the 150 s point 
should prevent the percentage difference in RNA between 
the groups from being insignificant. The difference at 
60 s cannot be accounted for by differences between 
groups in their permeability to uridine. Using ten 
groups of about 400 protozoa per group, given the same 
amounts of ?H.uridine in the same manner as before, 
one set in each group was given twenty stimuli in the 
same way as before and another set was the quiet control. 
The contents of each well-slide were added to 1-5 ml, of 
deionized water and centrifuged at a few hundred r.p.m. 
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for 15, s. From the supernatant, 20 ul. was sampled 
and placed on a filter paper disk for counting. The 
experimental group had a mean of 4,220 c.p.m., the 
control 4,230 c.p.m., indicating that the uptake of 
uridine was not significantly different. 

Several studies!? have shown that fatigue induced in a 
variety of ways results in decreased RNA synthesis, 
suggesting that fatigue is not a relevant explanation in 
this case. The act of contracting per se as the sole 
causative factor of the RNA change can also be dismissed, 
but this is not to say that the memory for the habituation 
is in some way coded by RNA. All that we have detected 
is a change in synthetic rate that may or may not involve 
a new RNA molecule, for example, messenger, specific 
to this behavioural event. Considering all the changes 
that could have taken place, for example, in proteins 
and phospholipids, and were not assayed for, it is only 
possible to say that a biochemical correlate of habituation, 
probably compounded with other behavioural events, 
has been found. 

Parr B. APPLEWHITE 
Frank T. GARDNER 
Biology Department, 
Yale University, 
New Haven, Connecticut. 
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Enumeration of the Oxygen Sensitive 
Bacteria usually Present in the 
Intestine of Healthy Mice 


THE gastrointestinal microflora of specific pathogen free 
mice usually includes several species of anaerobic bacteria. 
In a healthy state these organisms greatly outnumber the 
coliform bacilli and enterococci that are commonly but 
erroneously assumed to be the most characteristic in- 
habitants of the intestinal tract’. Earlier publications 
from this laboratory have presented the hypothesis that 
several species of anaerobie bacteria have evolved with 
the mouse, live symbiotically with it and play essential 
parts in its anatomical development as well as in physio- 
logical functions. Such organisms are intimately associated 
with gastrointestinal anatomy and can be regarded as 
constituting its autochthonous microflora. This hypo- 
thesis, if valid, applies equally well to other omnivorous 
animals, including man!-?. 

Organisms of the lactobacillus and bacteroides groups 
are the members of the anaerobic microflora that have 
been cultivated so far in largest numbers from the normal 
gastrointestinal tract. Consistently, their population 
exceeds 10? viable cells per g of tissue. Recent findings 
have shown, however, that these organisms cannot alone, 
or in association with the other bacterial species that are 
readily cultivated from the intestine. elieit the tissue 
responses necessary for normal histological development, 
healthy physiological processes and resistance to various 
microbial pathogens. Indirect evidence suggests by con- 
trast that these beneficial effects ean be produced by the 
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various types of tapered rods whieh constitute the ill 
defined group of fusiform bacteria'. 

As judged from direct microscopic observations, fusi- 
form bacteria are always present in very large numbers 


in the intestinal and faecal contents of normal healthy | 


animals. In particular, they are densely packed in the 


mucous layer of the intestine, where they greatly out- — 


number all other microbial species’. Conventional 
bacteriological techniques, however, are not suitable for 
their quantitative enumeration. The difficulty does hot. 
come so much from their nutritional requirements a8. 
from their extreme susceptibility to oxygen. 

The crucial importance of exacting anaerobic tech- 
niques was strikingly demonstrated by Hungate in his 
studies of rumen bacteriology®. Hungate was most sue- 
cessful in isolating anaerobie cellulose decomposing bac- 
teria from the rumen when he used culture media pre- 
pared in oxygen-free conditions and when he made use of 
a roll tube technique that enabled him to carry out all 
bacteriological procedures anaerobically. Several authors 
have also demonstrated that the numbers of bacteria 
that can be cultivated from the intestine are increased 
many times by the use of strict anaerobie techniques: 
the recent publications by Drasar? and by Aranki et al.® 


deserve special mention here because they refer to the use 


of a glove box similar to that used in our own studies. 

In the present study, a fibreglass glove box designed 
for controlled atmosphere (Labconco Corp., Kansas City) 
was rendered anaerobie by displacing air with nitrogen. 
A large balloon was inflated inside the chamber forcing 
out the air through an open outlet. Because nitrogen was 
used to inflate the balloon, any leakage in the rubber 
surface only resulted in passage of nitrogen into the 
chamber. The balloon was then exhausted by vacuum 
and the displaced air was replaced with nitrogen mixed 
with 5 per cent dioxide (The Matheson Company). By — 
repeating this procedure five times, the oxygen tension 
within the chamber was lowered to a level which caused 
the reduction of a methylene blue indicator. The indicator 
either became colourless or remained pale blue for many 
hours. It was sufficient to inflate and deflate the balloon 
twice before each new bacteriological operation to restore 
anaerobie conditions. 

Adult mice, eaesarean-obtained and barrier-sustained 
(COBS) (Charles River Breeding Laboratories, Ine.), were 
killed with chloroform, pinned on to a dissecting board, 
and their abdomens were swabbed with 70 per cent 
alcohol. The dead animals were transferred into the 
chamber, together with culture media and other necessary 
materials and equipment through a side transfer box 
from which the oxygen had been removed by evacuation 
and refilling with nitrogen. 

The intestines of the mice were quickly exposed, their 
caeca placed in 5 ml. of sterile charcoal water and homo- 
genized by hand with a ‘Teflon’ grinder. The homo- 
genates were diluted in charcoal water using the dilution 
technique previously described*. Calibrated loopfuls of 
the dilution were streaked over the surface of agar media 
to which had been added placenta powder (2 g/1,000 ml., 
Nutritional Biochemicals Corporation) and defibrinated 
sheep’s blood (5 per cent). All plates had been stored 
anaerobically for at least 24 h before use. The inoculated 
plates were then immediately placed in glass anaerobic 
jars ((Gaspak’, Baltimore Biological Laboratories, BBL) 
with a hydrogen and carbon dioxide generator (BBL) to 
which was added 10 ml. of water. A further 10 ml. of 
water was placed in the bottom of the jar, whieh was then 
sealed. 

In another part of the operation, the homogenates were 
removed from the ehamber and streaked on the same 
kind of agar media but in the open air. These plates 
were then also placed in the glass anaerobic jars. 

The chamber itself, with the anaerobie jar, was then 
transferred to a warm (37° C) room and incubation was 
continued for 48 h. 
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Fig. 1. Anaerobic bacteria isolated from caeca of specific pathogen free 
mice. (Phase contrast, x 3,000.) a, b, e, Fusiform rods: d, spiral shaped 
organisms. 


Lactobacilli, bacteroides, enterococci and enterobac- 
teria were enumerated by using the culture media 
described earlier’. 

Although all plates were incubated in the anaerobic 
jars, those inoculated inside the chamber yielded many 
more colonies than the others. 

The colonies which appeared only on the plates in- 
oculated inside the chamber had a characteristic appear- 
ance unlike that of the colonies previously obtained in 
this laboratory. Most of the new colonies appeared 
“speckled” when viewed with penetrating light. More 
detailed descriptions of their characteristics will be 
presented later. 

Phase microscopy revealed that the “speckled” colonies 
consisted of fusiform rods of various sizes. Representa- 
tive organisms are shown in Fig. 1. These organisms are 
similar in morphology to the tapered rods which dominate 
in normal eaecal homogenates (Fig. 2). 

Table 1 summarizes the results of a detailed study 
of the gastrointestinal bacterial microflora of six COBS 
mice. As can be seen, the colonies of fusiform (tapered 
rods) consistently reached numbers of 10°-10'/g of 
eaecal content; the numbers obtained for other groups of 
bacteria are similar to those reported in earlier publica- 
tions from this laboratory?’. 


Table 1. CAECAL FLORA OF SIX COBS MICE 
Individual mice 

2 3 4 5 6 
Lactobacilli 9* 9 9 9 9 9 
Coliforms 4 3 5 3 3 4 
Enterococci 6 6 6 5 5 5 
Bacteroides 10 9 10 10 10 10 
Tapered rods t 10 9 8 9 9 10 


* The data are recorded as the log,, of the numbers of the bacteria/g of 
fresh tissue, 

t As indicated in the text, the colonies of tapered rods were not visible on 
the agar plates that had been exposed to the air for 30 min before anaerobic 
incubation. 
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It should be stated here that large numbers of colonies 
of spiral shaped organisms (Fig. 1) were recovered from 
most of the animals studied. These organisms produced 
diserete, tiny, pale, convex colonies with a zone of green 
haemolysis on plates inoculated inside the chamber; but 
they spread over the plates when inoculation was carried 
out in the open air. No detailed study of these spiral 
shaped organisms has yet been carried out, but it seems 
worth while to note that they appear to be extremely 
numerous in all animals tested. 

Further details concerning the techniques used and 
the characteristics of the fusiform organisms will be 
presented later. A few general statements, however, may 
be worth while at this time. 

The anaerobic fusiforms we have mentioned are 
extremely sensitive to oxygen. Most of them appear to 
die within 15-30 min of exposure to air. With the proper 
precautions, however, they can survive and be main- 
tained in culture media by using strict anaerobic tech- 
niques for their subcultures. Cellular morphology and 
staining reactions indicate that most of them belong to 
the genus Fusobacterium; the presence of spores in some of 
the forms that have been isolated suggests that certain 
type of clostridia are commonly associated with the 
fusiform group. 





Fig. 2. Preparation of fresh caecal homogenate from a specitic pathogen 


free mouse. (Phase contrast, x 3,000.) 


The figures presented in Table 1 confirm earlier findings 
that coliforms and enterococci are far less numerous in 
the intestine than are the various members of the 
anaerobic flora. 

These figures indicate, furthermore, that most of the 
organisms seen in intestinal contents by microscopy are 
viable, for they can be made to grow on appropriate 
culture media by using strict anaerobie procedures in all 
bacteriological procedures. These findings make it clear 
that in order to establish a complete normal bacterial flora 
in germ free animals, it will be necessary to introduce the 
exacting anaerobes that populate the healthy intestine. 
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Simtec makes them tough and 'touchproof* 


HIGH PERFORMANCE 
COOLED SILICON 
LITHIUM DRIFT DETECTORS 





ACTUAL SIZE 


Q Electron resolution — 3.8 kev FWHM 
@ X-Ray resolution — 600 ev FWHM 
@ Sectioned detectors up to 20 mm deep 


Detectors have a very thin 0.2 micron window (50 
micrograms /cm?) and a leakage current as low as a few 
picoamps at 77° K. Window is so rugged it can be wiped 
clean of grease or other contamination with a solvent- 
dipped swab. 


EACH DETECTOR PERFORMANCE-PROVED 


e 600 ev FWHM resolution on 14.4 gamma ray with 
2 mm and 3 mm deep detectors.* 


e 3.8 kev FWHM resolution has been obtained on 974 
kev conversion electrons from BI207, with 3 mm 
deep series K detector.* 


e 20 kev FWHM resolution on 12 Mev protons with 
2 mm and 3 mm deep detectors.* 


e The 20 mm deep detectors will stop electrons with an 
energy of 8 Mev, protons with an energy of 70 Mev. 


Also available: 
e Slim rectangular detectors, active over their full width. 
e Annular detectors up to 3 mm deep. 


e Simtec lithium drift detectors for use at room 
temperatures. 


e Totally depleted, all diffused. 
e Rectangular. 


If you're not using Simtec cooled silicon lithium drift detectors now, 
write, call or cable for complete information and prices. 


* Results obtained using Simtec P-11 preamplifier and M-31 linear 
amplifier systems. (Ask us about these too.) 


simtec Itd. 


EJ 3400 Metropolitan Boulevard E., 
Montreal 38, Canada 
Telephone: (514) 728-4527 


Research Electronics (Nuclear) Ltd. Knowl Road, 
Mirfield Yorkshire, England. Tel.Mirfield 7918 
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Diamonds and STL 
are just good friends... 


When 100,000 atmospheres at 2000°C. is applied 
in this machine it has gone well past the stage at 
which diamonds are made. Synthesis of new 
materials is only one aspect of the wide variety of 
projects continuously engaging the attention of the 
materials division of Standard Telecommunication 
Laboratories. Often, unconventional methods may 
be devised, to produce new materials or unusual 
properties in known materials. Typical activities in 
this region are the 'silver-boat' ultra-pure 
preparational process and vapour phase techniques, 
the products of which may be evaluated by 
advanced measuring equipments including 
scanning electron miscroscope, microprobe 
analyser and electron microscope. STL is also 
turning its attention to work on amorphous solids, 
which open up entirely new possibilities; glass 
fibres for transmission systems are one of the 
applications in this field. 

Materials research is complementary to the other 
three main lines of work at STL: transmissions 
systems, digital systems and acoustics. These 
disparate activities are integrated through project 
teamwork using the skills of men and women 
widely known in their respective fields. But common 
to all this work is a single goal — to provide the 
basic knowledge and practical information needed 
by manufacturing companies to produce better 
telecommunication products and systems 
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Just two of the (many) advantages of the 


MSE ANALYTICAL ULTRACENTRIFUGE 
that put it in a class apart: 


Its unique The unrivalled 
direct drive quality of its 
optical system 


The MSE Analytical Ultracentrifuge 
has optical components of the 
highest quality, corrected in four 
separate ways, for chromatic 
aberration, spherical aberration 
coma and inorthoscopy. 
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Method for the Routine Preservation 
of Micro-organisms 


WHEN carrying out experiments with micro-organisms 
over a long period of time, say 5 years, it is extremely 
difficult to ensure that the source material remains un- 
ehanged. One method is to prepare a large number of 
ampoules of the freeze-dried micro-organisms and to use 
these for inoculation of eultures as required, but the large 
storage space necessary presents a difficulty, especially if 
more than one species of micro-organism is to be preserved. 
The number of ampoules necessary can be decreased if 
each ampoule is used to inoculate a cooked meat medium!, 
which is then cultured and stored at 4° C, but this method 
has limitations: viability decreases in cooked meat 
broth, and fresh broths have to be inoculated at intervals 
of about 3 months. 

This communication describes a simple method which 
overcomes these difficulties, based on a rapid freeze in 
liquid nitrogen followed by storage at —70° C. A culture 
is prepared with the inoculum from a freeze-dried sample 
or other suitable source. Using a pipette which delivers 
36 drops/ml., drops of culture are allowed to fall into a 
Dewar flask containing liquid nitrogen. On freezing, the 
drops sink to the bottom of the flask. When 300 or more 
frozen drops have formed, they are transferred to a con- 
tainer previously cooled to — 70? C, and maintained at 
this temperature until required. The procedure is then 
to remove a single frozen drop with chilled sterile forceps 
and to put the drop into an empty sterile test tube. After 
rapid thawing the suspension formed can be used either 
to inoculate à nutrient agar plate by "stroking" with a 
sterile loop, or to inoculate a growth medium direct. With 
the former method the nutrient agar plate is incubated 
overnight, and a sterile loop is used to remove samples 
for inoeulation of growth media. In practice, the plate 
method is preferable because it enables the sterility to be 
checked and also a plate can be used for inoculations 
for 1-2 weeks, so reducing the number of frozen pellets 
required within a given time. 

Fig. 1 shows how the viability of Escherichia coli B 
deereases with storage time. After nearly 2 years, 30 per 
cent of the population remained viable. For comparison, 
freeze-drying of E. coli B followed by storage at 4° C for 
18 months gave a viability of only 8 per cent. "Thus the 
new method is superior as a means of preserving viability 
and the selection of variants is therefore less likely. It 
is possible that proteeting agents such as dimethyl 
sulphoxide, glycerol and raffinose added to the suspension 
before coeling might enhance survival. E. coli K12 HfrC 
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and E. coli K12 HfrH have also been successfully stored 
for nearly a year by the method described. 

Although not examined in detail, the temperature of 
storage is important. E. coli K12 HfrC stored at — 15° C 
lost viability very rapidly (about 1 month for sterility) 
as compared with storage at — 70? C (80 per cent viability - 
after 1 month). If a — 70° C refrigerator is not available. 
an alternative is to use solid carbon dioxide or a liquid | 
nitrogen storage container. Care should be exercised with 
carbon dioxide, however, because unless the pellet is 
well sealed, carbon dioxide dissolves into the frozen pellet 
and can cause a severe change in pH especially on thawing. 

I thank Mr C. M. Saunders for technical assistance. 
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Oncogenicity of Mixtures of 
Adeno-associated Virus and 
Adenovirus Type 12 


We reported recently! that purified adeno-associated 
viruses (types 1 and 2) did not influence the oncogenicity 
of adenovirus 12 when mixtures were inoculated into 
newborn hamsters. Kirsehstem et al.* have reported 
contradictory results in very similar experiments, We 
were kindly informed (by Dr M. D. Hoggan, National 
Institutes of Health) that the preparations we used for 
purification consistently showed low or no infectivity 
titres, despite containing high concentrations of particles 
banding at the appropriate density. 

While we have no precise explanation for the low 
infectivity of these preparations, we feel that this offers 
the most likely explanation for the difference in resulta. 
The crucial factor is thus presumed to be infectivity 
and not simply the presence of physical particles. 
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Roserr J. HUEBNER 
Laboratory of Viral Diseases, 
National Institute of Allergy and Infectious Diseasea, 
National Institutes of Health, 
Bethesda, Maryland. 
Received November 1, 1968. 
a onami a V., Kern, J., Beddow, T. G., and Huebner, R. J., Nature 219, 80 


* Kirechstein, R. L., Smith, K. O., and Peters, E. A., Proc. Soe, Bepe Biol. - 
and Med., 128, 670 (1968). D 

















1140 


Effect of Antilymphocyte Serum on 

the Growth of Hep 2 and HeLa Cells 

in Mice 

ANTILYMPHOCYTE serum (ALS) has been shown to be an 
«ffective immunosuppressant, with low toxicity! Mice 
treated with ALS (prepared against mice) will accept skin 
heterografts? and rat Walker 256 carcinoma’. We have 
previously reported the growth of Hep 2 and HeLa cells 
in mice conditioned with ALS (ref. 4). We give here a 
more detailed report of the growth of these tumours in 
mice conditioned with ALS either given alone or combined 
with adult thymectomy or pretreatment with normal 
rabbit gamma globulin. 

The thymus has been shown to play an important part 
in the maturation of lymphocytes. If adult mice are 
thymectomized, and their lymphocytic population is 
reduced by X-irradiation, their immunological capacity is 
permanently impaired’, Thymectomy might therefore 
be expected to enhance the action of ALS, to give im- 
proved tumour growth, and this has recently been shown 
in hamsters*. It has also been shown in mice that there 
is an immunological reaction to ALS, and that previous 
treatment with large doses of normal rabbit gamma 
globulin tends to reduce this reaction by inducing tolerance 
to the gamma globulin fraction of ALS (refs. 7 and 8). 

HeLa and Hep 2 cells were grown as continuous cultures 
in vitro in Eagle's minimum essential medium plus 10 
per cent calf serum. The cells were collected with 0-02 
per cent EDTA, spun down, and resuspended as a single 
cell suspension in Eagle’s medium. Newly weaned Swiss 
mice were injected subeutaneously in the ventral midline, 
with 0-1 ml. of cell suspension. 

Three diameters of the tumours were measured on 
alternate days using graduated callipers. Tumour volume 


" ., 4& 
was calculated from the formula for a spheroid, 3 nab, 


where a represents two radii, and b the third. Measuring 
diameters instead of radii, the volume is then 

4 c d e 

855973273 
which is 0-52 ede where c, d and e are the diameters. 

Antilymphocyte serum was raised in rabbits as previ- 
ously deseribed*. The serum was separated, and to reduce 
toxieity the globulin fractions were precipitated with a 
saturated solution of ammonium sulphate and redissolved 
innormal saline. This was then dialysed overnight against 
phosphate buffered saline, and made up to the original 
volume of the serum. The sera were pooled and stored 
at — 20° C. Mice were injected with 0-5 ml. of ALS 
subeutaneously on day 1 and with 0-25 ml. on alternate 
days until they were killed. 

Swiss mice have been shown to have eetopie thymus 
tissue, and therefore C57 mice were used to determine 
the effect of thymectomy. Mice were thymectomized 
when approximately 14 days old, using the technique 
described by Sjodin et al.*. In our hands, thymectomy at 
this age was found to give fewer mortalities resulting 
from technique than thymectomy of mature animals. 
At weaning age they were injected with tumour cells 
and ALS as before. Control groups of mice were given 
ALS only. All mice were examined microscopically for 
thymic remnants when killed. 

Mice pretreated with normal rabbit gamma globulin 
were given an injection of approximately 200 ug 14 days 
and 1 day before injection with tumour cells and ALS. 
Control groups were given ALS only. 

Representative tumours from all groups were sectioned 
and confirmed microscopically, and lungs, liver and spleen 
were sectioned and examined microscopically for meta- 
stases. 

“We have previously shown that neither tumour will 
grow in untreated mice. In addition, these tumours will 
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not grow in mice treated with small doses of normal 
rabbit serum, 

Growth curves for concentrations of 5x109 Hep 2 
or HeLa cells injected are given in Fig. 1. All tumours 
regressed by day 20. Similar curves, although with 
tumours reaching smaller volumes, were obtained with 
concentrations down to 2x 10* cells per animal. HeLa 
cells gave 100 per eent takes at all concentrations, Hep 2 
cells gave 70 per cent takes for concentrations of 2 x 10* 
and 4x 10, and 100 per cent takes with 5 x 10* cells. 

Neither tumour became vascularized, or invaded the 
host tissues, and there were no metastases. 

When mice were pretreated with rabbit gamma globulin 
and then given ALS, tumour volume was greater, and 
regression was delayed for both Hep 2 and HeLa cells 
(Fig. 2). 

With mice thymectomized when 14 days old and 
subsequently treated with ALS, tumour volume was again 
increased and regression was delayed. The curves in 
Fig. 3 each represent average tumour volumes for seven 
mice. Two mice in the thymectomized group were found 
to have mieroseopie thymie remnants, but because their 
tumour volumes were not significantly different from 
those in completely thymectomized animals, they were 
included in the group. The difference between tumour 
volumes in the two groups was statistieally significant by 
day 26 (P<0-01). In a second similar experiment, P 
was less than 0-01 by day 22. All mice were killed on 
day 32, for animals in the thymectomized groups bearing 
very large tumours (approximately 600 mm?) were becom- 
ing cachectic. Cachexia seemed to be caused by the 
tumours rather than the immunosuppressive treatment, 
as mice bearing smaller tumours (including completely 
thymectomized mice) appeared healthy. 

The growth curve for tumours in the control group 
of C57 mice given ALS only was slightly different from 
those obtained in Swiss mice. The tumours reached 
maximum volume later, and took longer to regress. 
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Fig. 1. Growth curves of HeLa and Hep 2 cell tumours in Swiss mice 

given ALS. Each mouse given approximately 5x 10* cells, Bars above 

and below each point represent range in tumour volumes. €. HeLa 
tumours; O, Hep 2 tumours, 
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The growth of transplantable human tumours in mice 
treated with ALS seems to compare favourably with that 
in mice treated with other immunosuppressants. The 
percentage of takes is high, even with a small number of 
cells. There was no mortality from ALS when given 
alone, in combination with normal rabbit globulin or 
with adult thymectomy. 

Osoba has shown that in neonatally thymectomized 
mice immunological capacity is restored post partum’. 
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Fig. 2. Growth of Hep 2 cells in Swiss mice given pre-treatment with 

normal rabbit gamma globulin before treatment with ALS, Mice given 

2x 10° cells each. Each curve represents twenty mice. Similar results 

were obtained using HeLa cells. €, Normal rabbit gamma globulin 

plus ALS; ©, ALS only. 
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Fig. 3. Growth of HeLa cells in C57 mice thymectomized and given ALS. 
Mice given 5 x 10* cells each, ©, Mice thymectomized and given ALS; 
Q9. Mice given ALS only. 
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It is therefore interesting that in one thymectomized 
mouse, which was found to be pregnant after tumour 
had been injeeted, the tumour had regressed by day 16, 
that is, half-way through the experiment. This animal 
was not included in the experiment. 

Neither tumour metastasized or showed signs of 
invasiveness, even in thymectomized mice treated with 
ALS. This seems to be a characteristic of the tumour 
rather than a reflexion of the immunological response 
of the animal. Human tumour HS 1, grown subeutane- 
ously in miee treated with ALS alone, rapidlv invades 
the host tissue, including underlying muscle and liver 
(our unpublished results). 

This work was supported by a grant from the British 
Empire Cancer Campaign for Research. We thank 
Mr A. Thornton for the histological work, Mr W. Brough 
for photographing the charts, Dr M. Whittle for help 
with the statisties, Mr D. MeGlashan for adviee and 
Professor B. N. Brooke for support and encouragement. 
B. PuinrrPs 
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New Terminology for Cellular Ingestion — 
and Egestion ae 
Terms such as phagocytosis', pinocytosis? and mieropino- : 
cytosis? have been used to refer to engulfing phenomena 
in which various types of materials are drawn into cells 
by means of invagination of the plasma membrane. 
Additional terms have been used to refer to processes in 
which cellular constituents are released from cells, such 
as reverse pinocytosis! and. emioeytosis*. De Duve* has 
proposed the generic terms endocytosis and exocytosis 
for the two processes. Palade’ has pointed out that these 
latter expressions are etymologically inaccurate because 
endo means "in" or “within” and is rarely used with the 
sense "inwards". Conversely, exo refers to "outside" and 
not “outwards”. He also points out that cytosis. merely 
refers to cell aetivity without further specifieation (but 
-osis is also used to indicate a state of increase or pro- 
duction). 
Although endocytosis and exocytosis as proposed by 
De Duve are simple, euphonious expressions, they still 
fail to describe specifically the type of bulk transfer 
occurring at the cellular level. Phagocytosis literally 
means a state in which the cell is eating and has been 
used generally to refer to the engulfing of part: ulate 
matter, whereas pinocytosis, cell drinking, has been 
usually restricted to the engulfing of particula free 
extracellular fluid. Deviations from these strict definitions 
are often found, however. For example, reverse pino- 
eytosis is used routinely to refer to the secretion of eyto- 
plasmie storage granules, whereas pinoeytosis has been 
used to refer to the ingestion of, for example, eolloidal 
particles by a variety of parenchymal cells. On the other: 
hand, the aceumulation of various cells of albumin’ ; 
other soluble proteins has been classified as phagt 
We propose the use of other terms which woul 
specifically most biological processes involving pas 
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Table 1. TERMS FOR TRANSFER ACROSS PLASMA MEMBRANE 


; Process s Proposed term Examples Terms used by others 
Transferinvolving Ingestion of particulate material Inchondriosis Engulfing of bacteria by lencocyte Phagocytosis* 
Plasma membrane with or without extracellular med- Colloidal engulfing by Kupffer cell Atherocytosis* 
vesioulation ium Ultraphagocy tosis? 
Endocytosis* 
Heterophagy!? 
Egestion of contents of hormone or Echondriosis Zymogen granule extrusion Reverse pinocytosis* 
enzyme storage granules Degranulation of leucocyte Exoplasmosis!* 
Extrusion of the contents of primary Exocytosis* 
lysosomes Cellular defaecation!? 
Hormone granule extrusion Regurgitation!* 
Emiocytosis* 
Secretion 
Ingestion of solutions in bulk Inchylocystosis Ingestion of extracellular fluid by many Pinocytosis* 
types of cells Micropinocytosis* 
Thyroglobulin ingestion by thyroid cell Rhopeocytosig!* 
Endocytosis* 
Heterophagy!* 


Egestion of bulk cytoplasm or vaeuo- 
lar contents 


Transfer across an Ingestion Inchylosis 
apparently intact 
plasma membrane Egestion Echylosis 


particulate or soluble material across cell membranes. 
From chondrion (granule), echondriosis would refer to 
the extrusion by the cell of granular (membrane-bound) 
material. Secretory granule extrusion can appar- 
ently occur by the process of coalescence of granule 
membrane and plasma membrane with subsequent release 
of the granule content into the extracellular space and 
retention of the granule membrane within the cell. 
Echondriosis would refer specifically to this common type 
of secretory process and might substitute for reverse 
pinocytosis, emiocytosis, exocytosis and other relatively 
non-specific descriptive terms, all of which are currently 
used to describe this same process. Similarly, echylo- 
eystosis (chylos, juice, fluid; kystis, bladder, sac) could 
replace the terms microapocrine secretion and macro- 
apocrine secretion, which refer to the extrusion of non- 
particulate secretory or excretory material (bulk cyto- 
plasm) by membrane vesiculation. 

Some types of gland cells, such as the adrenal cortex 
and other steroid secreting tissues, apparently lack 
hormone storage granules, and the secretory product is 
released from the cell as soon as it is elaborated. Observa- 
tions on other cell types suggest that the secretory product, 
although stored in a cytoplasmic granule, separates from 
the granule, diffuses away and passes through the cell 
membrane. Echylosis seems to be a satisfactory term 
for these processes in which presumed non-particulate 
material ("cell juice") is released from the cell through 
an apparently intact plasma membrane. 

Similarly, inchondriosis and inchylocystosis would refer 
to the ingestion of particulate or bulk fluid material, 
respectively. The former process again necessitates the 
gross modification of the plasma membrane, and the infix 
€ysto would be redundant. On the other hand, interior- 
ization of soluble extracellular substances can result from 
convolution of the cell membrane and vesiculation of 
engulfed bulk fluid, as well as in the absence of any 
apparent change in membrane morphology. Thus 
inchylocystosis refers to ingestion of fluid by a process 
of membrane vesieulation and vacuolation, in contrast to 
inchylosis where penetration of solutions occurs across 
an apparently intact membrane. 

Excluded from these categories of egestion and ingestion 
is consideration of those processes which involve transfer 
of stereospecific molecules by specialized active transport 
mechanisms in the cell membrane. 

By using the prefix endo (within), the proposed termin- 
ology can be extended to refer to specific intracellular 
events such as the fusion or digestion of one subcellular 
organelle by another (endochondriosis), the engulfing of 
bulk cytoplasm by subcellular organelles (endochylo- 
cystosis) or the passage of materials across apparently 
intact subcellular organelles (endochylosis). 


Echylocystosis 


Thyroglobulin secretion into follicle 
Secretion by mammary gland, choroid 
plexus, parietal cell 


Microapocrine seeretion!* 
Macroapocrine secretion’ 
Secretion 

Exocytosis? 

Reverse pinocytosis 


Entrance of water and/or solutes Inward difusion 
Outward diffusion 
Secretion 

Eccrine secretion?’ 


Secretion of steroids, vasopressin and 
oxytocin, and other diffusible mate- 
rials. 


We have found these terms to be more convenient, 
more specifically descriptive, and to require fewer quali- 
fying or amplifying statements than other available 
terms, when referring to basic processes of cellular in- 
gestion and egestion (Table 1). 

FRANK 8. LABELLA 
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Department of Pharmacology and Therapeutics, 
University of Manitoba, 
Manitoba, Canada. 
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Repair of Sub-lethal Damage and 
Unscheduled DNA Synthesis in 
Mammalian Cells treated with 
Monofunctional Alkylating Agents 


Tux cell cycle of exponentially growing mammalian cells 
is arbitrarily divided into four phases! During the S 
phase, the cells replicate their DNA in preparation for 
mitosis, but Rasmussen and Painter? and later others?4 
have shown that ultraviolet and X-irradiation can cause 
cells in other phases of the cell cycle to initiate DNA 
synthesis. Such unscheduled DNA synthesis is non- 
conservative, as shown by density gradient experiments? 
Because of the similarity between this and repair synthesis 
in bacteria after ultraviolet radiation (and also because of 
the reduced unscheduled synthesis in cells from patients 
suffering from the hereditary disease, xeroderma pig- 
mentosum, who are extremely sensitive to ultraviolet 
radiation*), unseheduled and repair syntheses have been 
equated. After ultraviolet radiation, however, repair of 
sub-lethal damage (measured by increased survival in 
split dose experiments) is not observed* nor, at least in 
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"some cell. lines, is the excision of thymine dimers’. -The 
large doses of X-irradiation required to give a measurable 
amount of unscheduled DNA synthesis made correlation 
with survival difficult. For these reasons, some question 

= has remained about the biological function of unscheduled 
“DNA synthesis. 

We have been examining effects of the monofunctional 
alkylating agents methyl methane sulphonate (MMS) and 
ethyl methane sulphonate (EMS) on monolayers of Chinese 
hamster cells. We report that: (1) MMS induces un- 
scheduled synthesis at doses where EMS does not, (2) un- 
scheduled synthesis occurs at drug concentrations which 
leave a measurable fraction of the cells capable of unlimited 
proliferation, and (3) there is a strong correlation between 
the autoradiographically observed unscheduled synthesis 
and the ability of the cells to repair sub-lethal damage* 
(observed by assaying cell survival). 

Chinese hamster cells (HA1)? in exponential growth 
were exposed to two concentrations of EMS or MMS. The 
drugs were added directly to the growth medium (Eagle’s 
MEM plus 15 per cent foetal calf serum). The drug was 
removed 3 h later and the cells were rinsed twice with 
saline. They were reincubated in medium containing 
3H.TdR (0-5-1-0 uCi/ml., 6-7 Ci/mmole) for 4 h and then 
trypsinized. Slides dried in air were prepared and dipped 
in Kodak NTB2 emulsion; the autoradiographs were 
developed 3-5 days later. Figs. 1 and 2 show histograms 
of grain counts from the cells. Both controls show the 
labelling pattern expected from exponentially growing 
cells; 60 per cent were heavily labelled (more than 100 
grains) which indicates that they were in S phase during 
much of the labelling period. Most of the remaining cells 
were unlabelled. Very few cells showed an intermediate 
number of grains (11-100). After exposure to EMS this 
pattern did not change appreciably, although there was a 
slight increase in the percentage of cells with 1 1-100 grains. 
Cells treated with MMS showed a reduction in the number 
of heavily labelled cells (none was present after 1-5 mM 
exposure) and a reduction in the number of unlabelled 
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Fig. 1. Grain counts from exponentially growing cells treated with 

EMS. Cells were exposed to indicated drug concentrations for 3 h. 

Nearly all the cells making up the 0-10 column had grain counts 
indistinguishable from background (0-2 grains/cell area). 
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Fig. 2. Grain counts from exponentially growing cells treated with 


MMS for 3 h. Only control cells in the 0-10 column had grain counts of 
background level. 


cells (especially at 0-7 mM) which indicated that. MMS 
interfered with normal DNA synthesis and that un- = 
scheduled incorporation had occurred. We interpret the. 
increase in unlabelled cells at 1-5 mM, compared with 
0-7 mM, as a complete cessation of DNA synthesis. in 
some S phase cells. To examine this more carefully, and |. 
to minimize the effect attributed to the S phase cells, 
we repeated the MMS experiment but used plateau phase 
cells. Most of these cells are in a G-1 like part of the cell. 
cycle Consistent with this, grain counts from the 
controls (Fig. 3) indicated that about 80 per cent of the 
untreated cells were unlabelled. After exposures to in- 
creasing concentrations of MMS many of the cells became 
progressively more heavily labelled. In these cells, m- 
corporation of *H-TdR induced by the drug and. the 
amount incorporated were dose dependent. 

Fig. 4 illustrates the effects of single exposures of EMS 
and MMS on survival of Chinese hamster cells. Both 
survival curves have large shoulders and become log-linear 
with inereasing drug concentration. While MMS kills 
the cells more efficiently than does EMS, at low concentra: 
tions the difference shows in the width of the shoulder. 
For single exposures, 1-5 mM EMS kills about the same 
number as 0-7 mM MMS. Different results have been 
reported for the action of these two drugs on P388F 
mouse lymphoma cells™, Fractionation into two equal 
doses separated by 21 h gave the results in Table i. 
Cell counts on the Coulter counter indicate that there is 
little cell division in the 21 h between the two treatments 
even in the population exposed during exponential 
growth and this was a fortiori true for the cells exposed in 
the plateau phase. The increase in survival if the 0-6 mM 
MMS exposure is fractionated into two doses of 03 mM 
is therefore a result of repair of sub-lethal damage. Damage 
induced by EMS was less efficiently repaired, even when 
the comparison was made at doses which allowed. the 
same survival. For example, single exposures of either 
0-6 mM MMS or 1-0 mM EMS killed all but about 1 per i; 
cent of the cells. Recovery ratios of fractionated doses: 
were 43 for MMS and 4 for EMS, however. ; 
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Fig. 3. Grain counts from plateau phase cells treated with MMS for 
3h, At the exposure time cells had just entered plateau phase. 
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Fig. 4, Survival curves of Chinese hamster cells treated with EMS or 
MMS: 


Dives EMS: 0-22 mM MMS: 0-12 mM 
Des: EMS: 0-56 mM MMS: 0-3 mM 


Survival points are mean values from six samples; standard errors 
rarely exceeded 5 per cent of mean. 
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- Table 1 “SURVIVAL OF: CHINESE HAMSTER CELLS AFTER EXPOSURE TO 


ALEYLATING AGENTS 
Exponential phase 


Recovery Recovery 
ratio ratio 
Dose 0.2 01-01 0-6 0:34-0-3 
(mmoles) 
EMS 100 Not 25 85 l4 
meaningful 
MMS 75 100 r33 0-46 20 43 
Plateau phase 
EMS 40 55 1:35 16 37 23 
MMS 12-5 27 2-1 0-17 8.2 48 


Cells were exposed to EMS or MMS for 3 h at full dose, or for 3 h at half 
dose followed by a similar exposure approximately 21 h later. Recovery 
ratio is defined as the ratio of celis surviving the divided dose to cells surviving 
the single dose. All survivals are mean values from several replicate samples 
and experiments and are expressed as percentage of survival of an untreated 
control. 


The mechanism whereby monofunctional agents kill 
mammalian cells may involve induction of an excessive 
number of single strand breaks in the cells’ DNA'?, Lett 
et al.'* have shown that heavily X-irradiated mammalian 
cells are capable of rejoining single strand breaks. Because 
of the large dose of X-rays required, these workers could 
not show any correlation with survival. The repair 
process may involve not just the rejoining of pieces but 
also the elimination of damaged sections, perhaps in the 
immediate vicinity of the breaks. This repair would then 
account for the incorporation of radioactive precursors. 
These data suggest that unscheduled synthesis and repair 
of sub-lethal damage induced by MMS are causally related, 

This work was supported by grants from the National 
Institutes of Health, US Publie Health Service, and the 
California Division, American Cancer Society. 
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Genetics of Synthesis of »-Sitosterol 
Esters in Wheat and Related Species 


THE specificity of synthesis of 8-sitosterol esters in the 
endosperm of the allohexaploid wheat, T'riticum aestivum 
(genomes ABD), is different from that of the allotetraploid 
wheat, T'. durum (genomes AB). Palmitate (P) followed 
by linoleate (L) are the main esters in the hexaploid, while 
linoleate aecounts for more than 90 per cent of the sito- 
sterol esters in the tetraploid. Although the phenotypie 
difference between the two species is the presence of 
palmitate in T'. aestivum, a complete system for palmitate 
and linoleate (P-L) synthesis is added with the D genome 
to T. durum (AB), because both Aegilops squarrosa (D) 
and a synthetic T. spelta (ABD) show the P-L pattern 
(Fig. 1). 
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T. aestivum 
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Fig. 1. j-Sitosterol ester patterns of T. carthlicum, synthetic T. spelta 
(T. carthlicum x Ae. squarrosa), Ae. squarrosa, T. aestivum and T, durum. 
Separation method as deseribed by Gilles and Young’. 


In an extensive survey of T. durum and T. aestivum 
varieties?, no P-L pattern was found in the first species, 
but three T' aestivum varieties showed the L pattern. 
Crosses between L and P-L T. aestivum varieties give 
hybrids with the P-L pattern. In the F, generations 
derived from these hybrids, segregations fit the ratio three 
P-L:one L, and the backerosses of the hybrids by the 
L parent yield a one P-L : one L ratio (Table 1), so that 
sitosterol palmitate is inherited as though determined by 
a dominant allele at a single locus; designed Pin. 


Table 1. SEGREGATION OF SITOSTEROL PALMITATE SYNTHESIS IN CROSSES 
BETWEEN P-L anv L T. aestivum VARIETIES 
Observed Expected 
Cross -L L P-L y P 
(P-L x L)F, 3:1 
(‘Ariana’ x ‘Mara’) F, 75 25 75 25 0:00 — 0:95 
(‘Rietti’ x *Mara") F. 73 20 74-2 24:8 0-08 0-70 
(‘Aragon 03° x "Pant 247") 
F: 80 20 75 25 1:33 0:20 
(P-LxL)*xL Li: 
(Aragon 03" x ‘Mara’) x 
‘Mara’ 3 27 25 25 0:32 0:50 
(‘Aradi’ x ‘Pané 247’) x 
*Pané 247’ 26 24 25 25 0-08 0-70 
C on 03' x *Pané 247") 
x 247’ 22 28 25 25 0-72 0:40 


Both L and P-L varieties have the same total fatty 
acid pattern, which suggests that the genetic control 
affects the esterification of B-sitosterol and not palmitic 
acid synthesis. So it is more likely from a biochemical 
point of view that the dominant allele determines a whole 
P-L system and not just sitosterol palmitate synthesis. 
Known fatty-acyltransferases** and sterol esterases’ do 
not have such restricted specificity. Whether the recessive 
allele determines an L system or a non-functional P-L 
system cannot be discerned because segregations take 
place against the constant L background of the T. durum 
genomes. 

From none to three doses of the dominant allele Pis 
are possible in the endosperm, which is triploid. Patterns 
of sitosterol esters in hybrids resulting from reciprocal 
crosses between P-L and L varieties (genotypes PinPinpin 
and Pinpinpin) did not differ significantly from that of 
the P-L parent (Pi; Pi; Pia). 

The P-L pattern is more widely distributed than the 
L pattern in the Aegilops—Triticum group. Among the 
diploid species studied, Ae. speltoides (S), Ae. bicornis (S^). 
Ae. longissima (S!), Ae. squarrosa (D), Ae. caudata (C), 
Ae. comosa (M) and Ae. uniaristata (M") have the P-L 
system and only Ae. umbellulata (C"), Ae mutica (Mt) and 
T. monococcum (A) have the L system. Alloploid species 
with the L phenotype are Ae. ovata (CuM?), Ae. columnaris 
(CuM*), the AB tetraploid wheats (T. durum, T. turgidum, 
T. polonicum, T'. carthlicum) and T. timopheevi (AB'). The 
remaining alloploids included in our study, Ae. biuncialis 
(CuM>), Ae. triaristata (CuMt), Ae. triuncialis (CUC), Ae. 
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variabilis (CuSv), Ae. crassa (DMer), Ae. ventricosa (DMY), 
Ae. cylindrica (DC) and Ae. juvenalis (DC*M!) have the 
P-L phenotype. 

According to the scheme of currently accepted cyto- 
genetie relationships between the species of this group*^?, 
the L phenotype alloploids have the pivotal genome (4 
or CX) with an L system and the second parental genome 
(B=S, or M) with a P-L system. Because other alloploid 
combinations, natural as well as synthetie, have the P-L 
phenotype, the cases of L phenotype may result from loss 
of the P-L system subsequent to the formation of the allo- 
ploid. The existence of duplicate genetic activity for sterol 
ester synthesis in the aloploid would permit such a loss. 
This would be consistent with what has been established by 
means of genome analysis: that the pivotal genomes in 
the Aegilops-Triticum alloploids are identical with known 
diploid analysers, while the additional genomes are exten- 
sively modified and only partially homologous with any 
known diploid. The absence of P-L phenotypes in the 
tetraploid wheats studied seems to indicate that the loss 
of the P-L system must have occurred early in their 
evolution. 

I thank Professor E. Sanchez-Monge for helpful dis- 
cussions and for the F, samples. 
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Meiotic Chromosome Alterations 
produced by Progesterone 


ADMINISTRATION of progestins has been shown to suppress 
spermatogenesis in intact animals and humans, but the 
mechanisms involved have not been fully defined'-*. 
Using an adaptation of the method of Eik-Nes* we have 
shown that perfusion of the canine testis with progesterone 
causes alterations in the meiotic chromosomes—chiefly 
sticky degeneration and improper spreading with elumping 
of the chromosomes. 

Progesterone (Upjohn Company) was administered at 
a constant rate directly into the spermatic artery of a dog 
over a period of 90 min and all blood from the spermatic 
vein was collected. By excluding the hormone from the 
systemic circulation, any actions at remote sites which 
could secondarily affect the testis were prevented. The 
right testis, which was removed at the beginning of the 
experiment, served as a control, and the left testis was 
removed at the end of perfusion. Using modifications of 
available methods, chromosome techniques were developed 
for canine testicular tissue which separated the thirty-nine 
bivalents at certain stages. 

Characteristic morphological changes in the chromosome 
spreads were found after perfusion with progesterone 
(Fig. 1). Sticky degeneration of meiotic chromosome 
spreads was frequently observed. The bivalents adhered 
in a fibrous-like meshwork and there was a loss of clear 
architecture. Lesser degrees of adherence, associated with 
poor separation or with clumping of bivalents, were seen 
in many spreads. Abnormally condensed nuclei were 
also present in which chromosome material remained 
visible. 
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Table 1. PERCENTAGE ABNORMAL* MEIOTIC CHROMOSOME SPREADS AFTER 
PROGESTERONE PERFUSION im viro 

Prophase First — First 
Dose No.of  Lepto- Zygo- Pachy- Diakin- meta- ana- 
dogs tenet tenet tenet — cesis? phaset phasef 

1 mg 8 0 0 22 18 18 8 

5 mg 3 0 3 33 30 35 10 

10 mg 4 0 7 . 85 18 23 13 

25 mg 5 1 7 47 7 52 47 


* Sticky degeneration in varying degrees—see text for description. 
+ A combined total of one hundred spreads was analysed for each animal, 
1 A combined total of twenty spreads was analysed for each animal, Only 
dogs were studied at doses of 25 mg, and two dogs were studied at doses 
of 5 mg and 1 mg. 


The stages of meiosis in which these changes were 
found and the percentage of abnormal spreads are sum- 
marized in Table 1. Leptotene was least affected, and 
sticky degeneration was rarely observed. Zygotene was 
the earliest stage at which the chromosomes were altered 
significantly. Late pachytene, the commonest stage of 
meiosis found in our preparations, was the earliest stage 
at which chromosome abnormalities occurred consistently. 
Chromosome damage was often seen during the later 
stages of diakinesis, first metaphase and first anaphase. 
The percentage of abnormal spreads was related to the 
dose of hormone. Seven per cent of the zygotene spreads 
were affected by doses of 25 mg and 10 mg, but none was 
affected by a dose of 1 mg. At pachytene, 22 per cent of 
the spreads were abnormal after a dose of 1 mg, and the 
percentage of abnormal spreads increased to 47 per cent 
with a dose of 25 mg. First metaphase was affected simi- 
larly, with 18 per cent abnormal spreads after a dose of 
1 mg and 52 per cent after a dose of 25 mg. Identical 
morphological changes occurred at diakinesis and first 
anaphase but the sampling was less adequate. The severity 
of the chromosome changes, which was also related to the 
dose of hormone, is not reflected in Table 1. With larger 
doses, sticky degeneration became so pronounced that a 
number of nuclei were abnormally condensed, preventing 
classification of the stages involved. The spermatogonial 
metaphases remained normal regardless of the dose of 
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progesterone. No chromosome changes occurred in the 
control animals which received only saline (two dogs), 
or the progesterone vehicle (Upjohn Company) used in 
the suspension of the progesterone (two dogs). (One 
millilitre of the vehicle diluted with saline was adminis- 
tered, whieh is the amount used to suspend 25 mg of 
progesterone.) 

Changes which were observed in the meiotic chromo- 
somes after progesterone was administered were not found 
in our preliminary perfusion experiments with testosterone, 
conjugated equine oestrogens or human chorionic gonado- 
tropin. Testosterone and oestrogens are known to sup- 
press spermatogenesis**, but in our experiments testo- 
sterone (Upjohn Company) produced no changes with 
the dose used (25 mg). When oestrogen was administered, 
occasional chromosome fragmentation and splitting of 
bivalents, including the .X-Y, occurred in leptotene, 
zygotene and pachytene. Human chorionic gonadotropin 
caused elongation of pachytene bivalents which was 
accompanied by disappearance of chromomeres. These 
alterations, which were observed after perfusion with 
oestrogen and human chorionic gonadotropin (Ayerst, 
Ine.), were unlike those induced with progesterone. 
Additional perfusion experiments were performed using 
methotrexate and colchicine. Methotrexate, which inter- 
feres with nucleic acid synthesis and disrupts the mitotic 
process, and colchicine, which acts on spindle function, 
produced no apparent changes. 

Because these hormones and agents do not produce the 
characteristic chromosome changes which were observed 
after administration of progesterone, it seems that the 
latter acts in a specific manner. Also, because the pro- 
gesterone in these in vivo perfusions did not enter the 
systemic circulation, it seems that these are effects of this 
hormone which are direct, and not secondary to such 
changes as depressed gonadotropin. With long term 
parenteral administration of progesterone, even in small 
doses, not only did we find the chromosome changes in 
the canine testis which were observed in the perfusion 





Fig. 1. 

characteristic bivalent morphology. 

degenerating nuclei (mid prophase) found frequently in the chromosome preparations. 

first meiotic metaphase. E, Moderately damaged first metaphase spread showing sticky degeneration from 5 mg progesterone, 
damaged and degenerating first metaphase spread from 25 mg dose level, (x 625.) 


Abnormalities in canine meiotic chromosomes following progesterone perfusion. A, Normal appearance of spread at pachytene illust rating 
B. Severely damaged pachy tene spread showing sticky degeneration from perfusion of 1 mg. C, Condensed, 


D, Normal 
F, Severely 


Fusion has occurred between two nuclei. 
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experiments, but we also noted abnormalities in the 
number and division of chromosomes (unpublished results). 

If progesterone, as well as other progestins, affects 
the meiotic chromosomes of the ovary directly as we have 
found in the testis, this may explain, in part. the anti- 
fertility activity of the oral contraceptives. In this regard. 
Beaconsfield and Ginsburg? found that, in female rats, 
long term administration of a progestin resulted in 
meiotic inhibition with clumping of nuclear material as 
well as abnormal diploidy. These changes are similar to 
our findings in the male dog. In view of the widespread 
use of oral eontraceptives and the reported finding of 
chromosome abnormalities in abortuses from women after 
their use*, the potential effects of progestins on meiotic 
chromosomes in the female merit investigation. 
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Human Perception: a Network Theory 
Approach 


A RELATIONSHIP between intelligence and the evoked 
responses of the visual pathway has been demonstrated 
by a new approach to problems in psychology and psyohi- 
atry—the use of electronic instruments. "These include 
various types of average response computers, which are 
designed to average statistically a number of waveforms 
so that any random variations in the waveforms are 
minimized. This statistical averaging makes it possible 
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to study signals which would not otherwise be available 
because of excessive background noise. 

Statistical averaging 1s isolate a functional 
mathematical relationship from apparently meaningless 
data. Possibly the best examples of statistical averaging 
are the classical gas laws of Charles and Boyle. Micro- 
scopie examination of a container of smoke reveals the 
random activity known as Brownian movement; when 
the theories of statistics are applied to this movement, the 
gas laws are derived. Similarly, the output of an average 
response computer could be expressed as a funetional 
mathematical relation, providing that the network under 
investigation is valid and remains consistent during the 
averaging period. 

I felt that this funetional approach could be applied to 
the evoked responses of the nervous system and that the 
results of such an analysis would be an expression of 
the behavioural characteristics of the individual’. The 
evoked response caused by photie stimulation recorded in 
the vicinity of the occipital cortex was chosen for the 
experimental investigation because both the stimulation 
and the recording involved standard techniques. This 
procedure obtains the impulse response of the network 
that constitutes the visual pathway. As a correlation 
reference for these evoked response measurements, 
intelligence was chosen as being one of the most obvious 
variations between individuals. Human subjects were 
chosen for the investigation because IQ testing, with 
all its disadvantages, is a well established psychological 
technique. 

Experimental results were obtained from a number of 
subjeets and the evoked responses were analysed into a 
summation of damped sinusoids. Damped sinusoids were 
chosen as the synthesizing functions because Freeman* had 
successfully used damped sinusoids for a similar analysis 
of evoked responses, and Hodgkin and Huxley?, in their 
work on the squid axon, also reported a damped sinusoidal 
response. 

The two evoked responses in Fig. 1 show the damped 
sinusoidal characteristic. The response has decayed by 
the middle of the time period so that the second half of 
both responses consists chiefly of the residual background 
noise. Fig. 1A is the evoked response from a subject with 
a high IQ and Fig. 1B is the response from a subject with 
a low IQ; the time scale for both responses is 500 ms. In 
these examples, the higher frequency characteristic of the 
higher IQ subject is evident. 

Fig. 2 shows the plot of the results for thirty-six of the 
subjects tested. The evoked responses of the other eleven 
subjects were not analysed because the signal-to-noise 
ratio of the recorded response was too low for an accurate 
analysis. In this plot, the ordinate is the natural frequency 
of the dominant function (as defined by Freeman) that was 
obtained in the analysis of the evoked response; and the 


used to 





Fig. 1. 
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Typical evoked responses. 
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Fig. 2. Scatter diagram of test results. 


abscissa is the score obtained on the Wechsler adult 
intelligence scale for each individual. The coefficient of 
correlation for these results was computed to be 0-593 by 
the Pearson product-moment method. 

A correlation of this value is generally considered 
indicative in psychology. Only the frequency of the major 
damped sinusoid has been considered in this analysis. On 
a qualitative examination, there was generally less 
damping with the lower frequency responses. A more 
complete analysis of the evoked responses, incorporating 
the effects of damping, would probably improve the 
correlation. Because these data were collected under 
unshielded conditions, the accuracy of the measurements 
does not justify additional analysis. A shielded room 
for the subjects will be used in future investigations. 

A correlation of unity with an IQ test could not be 
expected for this type of test. The IQ test is intended 
to measure all aspects of intelligence, including memory 
and environmental effects, whereas this work measures 
only the electrical characteristies of the visual pathway. 
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Imprinting in Guinea-pigs 
CLASSICAL imprinting of precocial birds has been studied 
in the laboratory for some 20 years. Suggestions have 
also been made over a similar period about the imprinting 
of precocial mammals, but no systematic experiments 
specifically concerned with imprinting have been reported 
so far. Although Shipley’s study of guinea-pigs! referred 
to imprinting, in reality it was concerned with the ap- 
proaches and following responses of these animals to 
moving objects. Imprinting involves more than that, 
namely an attachment to a given figure, and this can be 
readily assessed in a discrimination test?. The experiment 
reported here describes imprinting in young guinea-pigs, 
judged in terms of the animals’ preference for familiar, 
compared with strange, objects. 

Twenty-four guinea-pigs which were born in the labora- 
tory were taken away from their mothers at 5-7 days of 
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age. From then on the animals were housed individually 
in pens measuring 20x 20x30 em, and were fed with 
Oxoid SG1 pellets; water was freely available. In these 
conditions, starting on the first day, each animal was 
taken out of its pen for 1 h each day, and was placed in 
a runway 61x 30x28 em deep, within which was an 
object. In some cases this was a striped black and white 
cube measuring 5:4 em, and in others it was a tennis 
ball—mounted near one end of the runway and moving 
about with a circular motion (radius approximately 2-5 em) 
at a rate of ten revolutions/min. While the animal was 
in the runway with the moving object, it was without 
food or water. The animal was exposed to the object in 
this way on 4 successive days. During the exposure trials, 
the animals almost invariably faced the objeet, and in 
most cases also sniffed at it, or attempted to bite it, 
squeaking most of the time and often moving round it. 

On the fifth day (10-12 days after birth) each guinea-pig 
was tested in a similar runway for choice between the 
cube and the ball. These objects were now mounted at 
the opposite ends of the runway and were moving as 
before. The animal was placed midway facing a long wall 
(and neither object) for 10 min, and a protocol record of 
its behaviour was made by the experimenter. At the end 
of the 10 min the animal was taken out of the runway and 
immediately put in again, now facing the other long wall, 
for another 10 min. Again its behaviour was continuously 
observed and described. 

The protocols could be easily scored because, with 
two exceptions, each animal almost immediately moved 
towards the familiar object and stayed by it throughout 
both the first and the second half of the test. Only one 
animal (*trained" with the cube) remained in the middle 
of the runway (though facing the cube), and only one other 
animal ("cube-trained") ran back and forth (though it 
stayed longer by the cube). Regarding these two as having 
made no definite choice, the results are summarized in 
Table 1. 


Table 1 
Ball Cube — Neither 
Numbers of animals with previous experience of 
cube which chose: 0 9 2 
Numbers of animals with previous experience of 
ball whieh chose: 13 0 0 


It is clear that experience with a suitable object without 
any conventional reinforcement strongly predisposed the 
young guinea-pigs to prefer this objeet to another, even 
when tested a day after the last exposure trial. Moreover, 
such imprinting occurred in animals which had had several 
days' experience of their mother before receiving any 
experience with the cube or the ball. Typical imprinting 
of young birds, however, occurs in "naive" subjects, soon 
after hatching (although there is evidence that the effects 
of such imprinting may be reversed*}, Thus it is inter- 
esting that not only ean imprinting-hke behaviour 
oceur in a mammalian species, but it can also be observed 
in animals which must already be strongly attached to 
another figure, the mother. The fact that such later 
imprinting can take place suggests that much further 
research is needed to determine the sensitive periods, if 
any, for this and other forms of early learning in guinea- 
pigs as well as in other precocial mammals, 

I thank Mr Dugald MaeArthur for constructing the 
apparatus, and Miss Elizabeth Tetlow for collecting most 
of the data. 
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Book Reviews 


DEFINING HUMAN BIOLOGY 


The Study of Man 

An Introduction to Human Biology. By E. J. Clegg. 
Pp. viii- 212. (English Universities Press: London, 1968.) 
228 6d. 

Tug Royal Commission on Medical Education! has 
insisted on the need to raise the academic and scientific 
standards of preclinical and vocational teaching. The 
commission is at pains to prescribe the kind of teaching 
that would do this in ways particularly appropriate for a 
potential medical practitioner or specialist. Among its 
many proposals, the Todd Commission places special 
emphasis on the introduction of courses in “human 
biology” and it allocates a fairly large proportion of time 
to this subject during the first or second year. Many 
people will not have appreciated the central importance 
of this proposal in a reformed medical curriculum unless 
they have understood what is to be taught as “human 
biology". 

'The Todd Commission itself makes perfectly clear what 
it does and does not mean by the subject. It is not, it 
says (para. 211), ^a rather orthodox combined premedical 
and preclinical course with the addition of some psycho- 
logy and social science”, nor is it "one ingredient of a 
preclinical course, of the same standing as geneties or 
statisties. We prefer to think of human biology in much 
broader terms: it should surely embrace the origin, 
evolution and geographical deployment of mankind; the 
growth of human populations and their structure in space 
and time; human development and heredity, the properties 
of the human genetie system and the nature and import of 
the inborn differences between individuals. In this wider 
conception, human biology should include human ecology 
and physiology and many of the aspects of human be- 
haviour that are the concern of sociology and cultural 
anthropology —among them, for example, the history and 
significance of family life, love, play and aggression. 
Finally, human biology should include an account of the 
nature, origin and development of communication 
between human beings and the non-genetical system of 
heredity founded upon it". 

I quote the commission's views in some detail because 
it goes on to make a strong case for the suitability of 
human biology, as it defines it, for a degree course in its 
own right. Moreover, it sees a key position for it (para. 
213) in contributing to the flexibility of choice which it 
thinks essential in the first two premedical years . . . “the 
idea of a medical course whose initial stages would be 
common to university preparation for other careers has 
much to commend it. Such a course would, for example, 
enable the final choice of medicine to be deferred until the 
student had had some experience of university life; a 
number of students who enter other faculties, and cannot 
transfer because of the rigidity of present courses, might 
then be attracted to medicine’. And it concludes that 
"the human biology concept could be adapted so that a 
substantial part of the course suitable for those intending 
to study medicine might be common also to those aiming 
at, say, paramedical and social work". One more point. 
The commission insists (para. 212) that human biology 
should not be “criticized as having the character of a 
‘soft option’: a course founded largely on genetics, 
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population dynamics and statistics would probably be 
more exacting in point of intellectual effort than anything 
that came after it. It will not provide a deep enough 
foundation for basic medical research, the future practi- 
tioners of which will still have to take degree courses m 
microbiology, biochemistry, physiology, ete. unless they 
take such courses for a further year or two at MSc level 
after their first degree in human biology”. 

Dr Clegg's book is not at all intended as a compre- 
hensive textbook on human biology to cover the scope of a 
full degree course. It is aimed, more modestly, at the 
“general reader, sixth former, preclinical medical student, 
first year undergraduates in the biological sciences and 
students at colleges of education”. The book (and the 
further reading it preseribes) certainly provides an 
adequate introduction to those courses entitled "Man and 
the Environment" within the eurrieulum proposed by the 
Todd Commission, leading to a full degree in medical or 
paramedical science (appendix 8). 

Clegg clearly defines his subject matter as concerned 
with “the study of human variation" and with the “two 
possible mechanisms whereby this variation ean be pro- 
duced, by the inheritance of particular characteristics 
from ancestors and by the action of the environment. All 
variation is ultimately determined by both; for a particu- 
lar character to appear, the requisite inherited factors 
must be present and the environment must allow of their 
expression, but the relative importance of heredity and 
environment may differ from character to character; 
some appear apparently irrespective of the environment; 
others seem to depend much more on the environment for 
their expression". 

He devotes most of the first part of his book to an 
exposition of the geneties of simple and polygenetie modes 
of inheritance, to population genetics and factors influen- 
cing gene frequencies and to the analysis of variability, 
approached primarily from the genetic point of view. He 
discusses such features as cytogenetics, chromosome 
characteristics, blood groups, haemoglobin and serum 
protein variants, anthropometric, morphological and 
pigmentary characteristics. He has a useful chapter on 
growth, development and senescence. In the latter part 
of his book he shifts the emphasis to a consideration of 
adaptive responses to various environmental stresses, but 
without neglecting the genetic component in these 
mainly physiological processes. Nor does he lose sight of 
the variability of such adaptive responses. He is con- 
cerned here with the effect on growth, form and function 
of nutritional deficiencies, of climatic extremes—heat, 
cold and high altitude—and of infectious and non- 
infectious diseases. In the last section he demonstrates. 
the value of the eco-genetic approach to human diseases, 
an approach the Todd Commission feels is 80 necessary for 
the intending medical student. 

In this compact and inexpensive yet well balanced and 
clearly written volume, Clegg has rendered a service in 
elucidating the particular contribution which human 
biology can make by providing a framework of population 
biology for those medical and other students who in their 
professional career will, or should, be thinking and acting 
as applied human ecologists. J. S. WEINER 


! Report of Royal Commission on Medical Education, Cmnd 3650 (HMSO, 
London, 1968). 








MAN’S BEST FRIEND 


The Natural History of the Dog 

By Richard and Alice Fiennes. (The World Naturalist.) 
Pp. xv+187+40 plates.  (Weidenfeld and Nicolson: 
London. October 1968.) 50s. 

By far the most outstanding characteristic of "the dog", 
even among species of domesticated animals, is its: 
variability, and it is therefore natural that the central 














theme of this “natural history” should indeed be the 
history: of the processes of domestication and diversifica- 





domestic dogs have been developed is itself a question of 
long-standing controversy. The view that the wolf was 
the principal ancestor was challenged by Lorenz, who 
favoured the jackal on behavioural grounds (at least for 
most breeds). The Fiennes come down heavily in favour 
of the wolf, and this part of their argument is reasonably 
convincing, if not as well documented as one would like in 
view of the uncertainties involved. 

On the question of the origin of the variability, their 
account is much less convincing. There is great stress on 
the possibility of considerable genetic variability, indeed 
dimorphism, within single populations, even single 
families, of wolves, and it 1s postulated that this may have 
facilitated the domestication of two dissimilar breeds of 
dog from the same race of wolves. This idea is based on 
two equally flimsy lines of reasoning. The first, based 
primarily on the presence of two dissimilar skulls of wolves 
reared in zoos, is that there might exist in a single wolf 
pack a morphological dimorphism correlated with 
division of labour within the pack. As the two skulls in 
question are of different origins the deduction seems quite 
arbitrary. The second line of reasoning is that the 
existence of a social hierarchy in a wolf pack implies that 
there are gross, genetically based differences of behaviour 
within the pack, indeed a genetical dimorphism between 
the leaders and the led. But cannot a social hierarchy 
depend upon differences in age and experience without 
postulating a genetically based class structure ? 

The authors seem to believe in an evolutionary philos- 
ophy of predetermination, emphasizing the great variabi- 
lity within the family Canidae and the interfertility among 
the species, and implying that somehow this variability 
must be latent in any one species such as the wolf. This 
seems to underestimate grossly the power of natural 
selection in producing the diversity of wild canids and of 
artificial selection in producing the breeds of domestic 
dog. It is surely the directions in which selection has been 
applied that are unusually diverse in the case of dogs, 
which, by their social nature, perform a larger number of 
functions in human society than any other species of 
domesticated animal. 

The general conclusion, that the Canidae is a very 
exceptional family of mammals, and that the wolf is a 
very exceptional species of canid, suggests that perhaps 
the study of the evolution of dogs (especially by dog 
owners) may have been as much influenced by emotional 
attachment to dogs as the study of human evolution has 
been bedevilled by our traditionally anthropocentric 
philosophy. G. B. CORBET 


BREEDING IN BIRDS 


Ecological Adaptations for Breeding in Birds 
By David Lack. Pp. xii+409. (Methuen: London, 
July 1968.) 84s. i 


Iw recent years there has been much speculation about 
the regulation of animal numbers and, although this book 
does not deal specifically with the problem of regulation, 
the ideas presented have clear implications in the general 
controversy. The book takes as its general theme the hypo- 
thesis whieh the author has advanced previously ; namely, 
that "each species of bird has evolved those adaptions 
which enable it to reproduce as rapidly as it can in its 
natural habitat". It should be noted that the last four 
words are an added qualification whieh has not appeared 
in some of his earlier works quoting this concept. The 
establishment of this hypothesis would greatly strengthen 
the ease that population regulation in birds is brought 
about by factors influencing the mortality rate of the 
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fully grown individuals. Thus, even if it was not the aim 
of the book, it presents another challenge to the school 
of thought that many bird species do not reproduce at 
their maximum possible rate but relate this to the needs 
of the population. 

Dr Lack's suggestion of maximum reproductive rate 
is very closely linked with the concept of natural selec- 
tion, and the argument that the most successful genotype 
is that which leaves the most offspring which survive to 
breed. Throughout the book he has been extremely 
suecessful in showing that variation in the patterns of 
breeding and in such matters as egg size can be explained 
in terms of natural selection and improved survival. 
Inevitably with our present state of knowledge, many of 
the conclusions and interpretations are circumstantial, 
but this should only act as a stimulus to examine and 
test these findings in the light of new information and 
new analytical methods. Despite the success of the method 
of finding the apparent selective advantage in any parti- 
cular modification, I cannot help wondering time and 
time again whether natural selection and the manner in 
which this selection is brought about is so simple. I 
suspect that it may be extremely complicated in many 
cases, with the danger that the simple explanation may 
not necessarily be the correct one. 

The book is presented in two main sections. 'The first 
deals with nesting dispersion and the pair-bond, while 
the second part is concerned with cluteh size, the size 
of eggs, incubation and fledgling periods and the age at 
first breeding. Inevitably, the attempt to cover such a 
wide field necessitates the presentation of a great deal 
of factual information although much of this book has 
been condensed into some fifty pages of appendices. 
The book is written in the author’s usual lucid style 
and the text is beautifully and accurately illustrated by 
Robert Gillmor, who deserves more obvious acknowledg- 
ment than to be the last mentioned in appendix 19. 

Apart from the basic biological arguments presented 
in this book, it will also serve as a source of references and 
further reading on the subjects discussed. It is unfortunate 
that certain sections of the book fail to give satisfactory 
sources for the quoted information; for example, page 
298 dealing with individual variations in the age of 
first breeding and page 302 where the blackbird (Turdus 
merula) is claimed to have two distinct breeding seasons 
in Ceylon. Again, a few of the references appear in the 
text to Roberts 1940b, Snow 1966 and Snow 1967, but 
these are not listed in the bibliography. In other cases 
no distinction is made in the text between two publi- 
cations by the same author published in the same year, 
yet this practice is not followed uniformly throughout 
the book. While these are only minor errors, they will 
cause irritation when further information is required. 

In an early part of the book, a section is entitled “Natural 
and Unnatural Habitats” and which raises the wider 
problem of the exclusion of information from a review 
of information such as that presented in this book. 
Recent studies on the gannet (Sula bassana) and the 
herring gull (Larus argentatus) have shown that these birds, 
if given additional young, are able to rear a larger brood 
to maturity than that determined by their normal clutch 
size. These examples are exceptions to the author’s 
general hypothesis, as their current natural reproductive 
rate is lower than their potential. The reason for this 
(and the overall increase in their populations) is not 
clear, but it is suggested that it results from protection 
or that overfishing in the North Sea has produced more 
fish of a suitable size for food than formerly existed. 
These examples are excluded from further discussion in 
the book on the grounds that these species are living in 
unnatural habitats. Perhaps the exclusion of such excep- 
tions on these grounds is dangerous. Do any habitats 
now exist which ean be regarded as natural? It does not 
seem any more unnatural for the size of fish in the North 
Sea to be altered by man’s exploitation than some of the 
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effects produced by insecticides and other pesticides 
on the food of animals or to study the breeding biology 
of birds nesting at artificially high densities produced by 
the use of nesting boxes. 

The ecologist and the ornithologist will find this a stim- 
ulating and a thought provoking book which will act 
as a directive and a challenge for future research work. 
I am sure ecologists working on other groups will turn to 
this work as a guide for analytical studies in their own 
groups once the basic information is available. No doubt 
the methods will be modified, but this book will continue 
to have a reputation as a pioneer work in animal ecology 
for many years to come. J. C. COULSON 


SENSORY PHYSIOLOGY 
The Physiology of Sense Organs 


By De Forest Mellon, jun. (University Reviews in 
Biology.) Pp. vii+107. (Oliver and Boyd: Edinburgh 
and London, August 1968.) 37s 6d hardback; 25s paper- 
back. 


Tae subject of the sense organs, like that of the nervous 
system in general, is one where a lot of information con- 
cerning particular details is available. Yet it is not 
possible at present to say with any certainty what common 
denominators underlie the spectrum of behaviour we 
observe. This makes it difficult to write a short intro- 
duetory text. and the author is to be congratulated on 
having produced one that will be both most valuable to 
the honours graduate student and can be used as a useful 
introduetion by others. In doing this, Dr Mellon has 
confined himself predominantly to invertebrate studies 
and has been undoubtedly wise to do so, as to have 
attempted to cover the whole field would have assuredly 
left the new reader with a less clear understanding of the 
problems than he can obtain here. 

Sensory receptors have much in common with other 
excitable tissues, and it is natural that a good deal of the 
early part of the book should be concerned with covering 
this common ground. The author subsequently deals 
with those aspects of excitability that are more specific to 
tissues adapted as sense organs, and then considers these 
functions in relation to cell structure. The final chapter 
deals with the absorption of stimulus energy, and this is 
perhaps the weakest section of the book, as here selection 
is so limited as to fail to indicate the scale of the problem. 
Nevertheless, the book as a whole can be recommended. 

I. C. WHITFIELD 


CLASSICAL BIOPHYSICS 


Membranes, lons and Impulses 

A Chapter in Classical Biophysies. By Kenneth S. Cole. 
Pp. vii+ 569. (University of California Press: Berkeley 
and Los Angeles; Cambridge University Press: London, 
October 1968.) 142s 6d. 

Membranes, Ions and Impulses, by K. S. Cole, is an 
important work. Cole’s book, for it will surely be known 
as that, is essential for anyone who wants to know how 
nerves conduet impulses, how excitable biological mem- 
branes behave, or who wants to think about the mole- 
eular basis of that complex behaviour. The first two 
sections describe the linear and non-linear electrical 
properties of cells and cell membranes, with special 
emphasis on the giant axon of the squid. “Taming the 
axon” by feedback control of the membrane potential 
showed that over a range of potentials the membrane 
conductance was negative as well as non-linear. The 
voltage-clamp method and the role of the ionic currents 
in the generation of the nervous impulse are discussed in 
the third part. Part four ehronicles the extension of the 
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ions, and 


voltage-clamp method to new experimental sit 
ble cells 


describes the results of work on a number of exe: 
up to the end of 1966. The final section,. “Th 






Membrane”, looks at the clues that we have to meri ane 


mechanisms. This section is short, reflecting our. present 
ignorance. It is also exciting as that ignorance is a 
major biophysical challenge. 

Cole sub-titles his book “A Chapter in Classical Bio- 
physies". It is an apt description, which serves as a 
reminder that physiology has always depended closely 
the ideas and methods of physics and physical chemistry. 
Biophysics is not a new subject, even if it is a new name. 
Volta and Helmholtz would be surprised to learn that 
physics and biology had only recently achieved a new 
interdisciplinary synthesis; they might be forgiven for 
claiming to have done it first. 

Cole’s approach to the work he describes is avowedly 
historical, and he writes from the vantage point of one who 
has made many major contributions. Historical accounts 
of scientific success stories are interesting and important, 
but Cole provides, as well, formal presentations of the 
developed analyses. The steady progress towards the 
presently accepted mechanism of nervous conduction, a 
progress interrupted by the Second World War, was the 
result of ideas exchanged among numerous people. It is 
in the nature of science and history that there may be 
more agreement about the final ideas than about the 
events that lead to them. Cole would be the first to 
acknowledge the importance of this exchange, and does 





so in his generous appreciation of the work of colleagues, © 


especially that of Hodgkin and Huxley for whieh a Nobel 
prize was given in 1963. A recent account of another 
Nobel-winning advance in biology seems to support a 
"breakthrough" hypothesis for the advancement of 
science; though undeniably more dramatic, it is probably 
exceptional. 

The dust jacket of the book makes the claim that 
"elementary calculus and a willingness to learn have 
carried many readers through most of it". It is unfair to 
judge a book by its wrapper, but it should be recorded 
that this statement might mislead the enthusiastie bio- 
logist with meagre mathematies who would need to face 
analysis of impedance in the complex plane, Poisson's 
equation, Laplace's equation in vector form, and Kramers- 
Kronig integrals, all within the first twenty pages of text. 
For. the interested physicist a background knowledge of 
some physiology would certainly be helpful. Such a 
background is assumed by the author whose aim is to 
“teach [presumably to biologists] a little of the substance 
of physical sciences and their application to the problems of 
the living cell membrane”. This aim is important, but 
although such a vigorously physical approach is welcome 
it is hard on a non-biological reader that so little attempt 
is made, even in passing, to see these problems in their 
biological context. (A pleasing exception is the elegant 
photograph of the North Atlantic squid in section two.) 
In particular a non-biological reader could finish the book 
and be almost unaware of the physical and chemical 
problems associated with the maintenance in living cells 
of the ionic concentration gradients upon which nervous 
conduction depends. 

Much of the content of Membranes, [ons and Impulses 
has previously only been available in the original 
papers, and even then much that is made explicit here 
is only implicit there. A reader familiar with the field 
will often recognize the provenance of partieular records 
and figures. It is sometimes inconvenient, however, that 
the figures, although in general excellently prepared, do 
not have references, except in the text, and where previ- 
ously unpublished records are used for illustration this 
is not always indicated. It is a minor blemish in an 
otherwise well produeed volume. "Teachers, students and 
colleagues will all be enormously grateful to Cole for 
putting so much of his own enthusiasm, and of his know- 
ledge, into this book. R. H. ADRAN 
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ENZYMES IN ARTERIES 


Enzyme Biochemistry of the Arterial Wall as Related 
» to Atherosclerosis - 

By Tibor Zemplenyi. Pp. x + 273. (Lloyd-Luke (Medical): 
London, November 1968.) 90s. 


Dn ZEMPLENYI has directed his monograph to two types 
of investigator—the biochemist (who “may not be too 
aware of the medieal problems") and the medieal biol- 
ogist (who "often has forgotten most of the biochemistry 
that he learnt as a student"). The volume gives a com- 
prehensive aecount of enzymes found in arterial tissue. 
After dealing in the first part with enzyme activities 
found in normal vessels, the author moves on in part two 
to deal with the special problems of the vascular enzymes 
in relation to atherosclerosis. Naturally, particular 
emphasis is given to the extensive experimental work 
whieh has been published from Zemplenyi's department 
in the Cardiovascular Research Institute in Prague. One 
has to admire the thoroughness with which experiments 
have been earried out to test à very wide range of possible 
relationships with enzyme activity. Using a variety of 
experimental models, the effects of age, sex, castration, 
experimental disease and injury have been studied for 
an amazingly wide range of enzyme activities. An inter- 
esting further comparison is between atheroma-prone 
and atheroma-resistant vessels from the same animals. 

The subject is a difficult one and few of the medicals 
* who have "forgotten their biochemistry" will be able 
to finish the course. It is not easy to see any pattern 
emerging from the vast array of observations recorded, 
and it is not surprising perhaps that there is no conven- 
ient final chapter summarizing the position and pointing 
the way ahead. There isno doubt, however, that Zemplenyi 
has performed a valuable task in assembling these data 
in a readily accessible form. Enzyme histochemistry 
is one of the researeh tools that have contributed to the 
mass of our detailed knowledge of the atherosclerotic 
lesion; the place of these enzyme changes in the patho- 
genesis of the lesion remains to be determined. 

T. CRAWFORD 


DISEASE RESISTANCE IN PLANTS 


Plant Immunity 

Biochemical Aspects of Plant Resistance to Parasitic 
Fungi. By L. V. Metlitskit and O. L. Ozeretskovskaya. 
Translated from the Russian. Pp. 114. (Plenum: New 
York, 1968.) n.p. 

Tars is a general review of our present knowledge of the 
subject. While most attention is given to recent work, 
earlier studies are not forgotten and discussion is coloured 
by a philosophical approach to the complexities of the 
problem. The authors state that final conclusions on 
most aspects of host-pathogen relations are dependent on 
new experiments capable of proving or amplifying earlier 
work. 

After a short imtroduction, major aspects of disease 
relations are conveniently separated into six chapters. 
Resistance factors present in the host under normal 
conditions or only after infection are considered. These 
inelude the interesting but confused phytoalexin theory, 
which is described as well as our present knowledge 
allows. The authors conclude that in the interest of 
further profitable treatment of the problem of plant 
immunity it is imperative that a more precise terminology 
be introduced and that workers in the area of phytoncides 
and phytoalexins join forces. 

Energy exchange problems in phytoimmunity are 
considered. The active energy system of a host plant that 
promotes its defence against many fungus pathogens can 
raise its infectability to certain obligate parasites and 
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viruses, The causes of infection by wounding and the 
increased defence mechanisms of wound periderm are 
discussed in some detail The question of necrotic 
reactions and hypersensitivity is fully explored, the 
authors rightly concluding that the factors involved are by 
no means fully understood. The last review chapter deals 
with the vascular pathogens, their toxins and host defence 
mechanisms, and finishes with a useful summary. 

The book is well produced and covers a wide field of 
endeavour in its 114 pages. There is a bibliography of 
nearly 300 references. The authors do not claim to make 
a complete survey of all the information available but have 
certainly covered the salient points. This is a book 
useful to both student and research worker. 

D. S. KIRKHAM 


FUNGI FOR EATING 
Wild Mushrooms 


An Illustrated Handbook. By Linus Zeitlmayr. Trans- 
lated and adapted from the German, with mushroom 
recipes by Otto Gregory and with illustrations by 
Claus Caspari. Pp. 138. (Frederick Muller: London, 
October 1968.) 305. 


THE author's foreword begins: "Another mushroom- 
fungus book ? Any fairly expert fungus hunter is bound 
to ask the question after an anxious look at the by no 
means short row of fungus books already on his shelves". 
Yes, indeed, still another, and I ean see its justification 
only in the beautiful coloured plates by Claus Caspari 
illustrating seventy of the larger fungi. 

The book is clearly not intended for the scientist, 
but rather for the amateur with a special interest in 
colleeting mushrooms and toadstools for the pot. It 
should also assist him in avoiding the poisonous species. 
There is a brief appendix on cooking recipes, but it has 
not been possible to test the value of this part of the 
book. 

The first half is an introduction to the larger fungi 
directed to the general reader. The second is concerned 
with a description of the seventy illustrated species. 
As so few are considered, however, this work can hardly 
serve, even for the beginner, as a handbook for naming 
the fungi he might find in woods and fields. 

C. T. INcornp 


BERKSHIRE PLANTS 


The Flora of Berkshire 
By H. J. M. Bowen. Pp. 389. (H. 
Winchester Road, Oxford, 1968.) 45s. 


Druce’s Flora of Berkshire is now over 70 years out of 
date and Dr Bowen’s new Flora adequately fills the need 
for a more modern work. Besides Charophyta and vascular 
plants, it includes lists of lichens, fungi and bryophytes, 
for which the author had the help of various specialists. 
Brief summaries of ecology are given for most species, 
and the distributions and relative frequencies of 570 
species of vascular plants are separately shown on maps 
gridded on a 5 km x 5 km basis. "There are short chapters 
on geology and soils and on climate. In a chapter on 
plant eommunities and land use, it is refreshing to find 
bryophytes and fungi mentioned in the community lists 
as well as vascular plants. The author adopts Matthews's 
classification of British seed plants according to their 
European distribution in a section on geographical rela- 
tionships and changes, and gives some indication of 
decreasing and increasing species in Berkshire. The recent 
changes in the Berkshire flora, however, are dealt with too 
shallowly to be of much use and more information would 
have been welcome. 


J. M. Bowen, 20 
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Unfortunately the book has several inconsistencies in 
the use of symbols and abbreviations, and there are other 
signs of hasty preparation. Perhaps this is a reflexion of 
the immense amount of work involved in putting together 
a work of this sort. On the whole, however, this is an 
admirable collation of records gathered over the past six 
years, and the inclusion of lists of lichens and fungi 
(which have not previously been listed for Berkshire) is a 
commendable novelty. It is a pity that the design and 
layout of the book are exceptionally ugly, but in spite of 
this Bowen's Flora should be a stimulating source of 
information for local field naturalists for many years 
to come. A. R. Perry 


MIGMATITES 


Migmatites and the Origin of Granitic Rocks 

By K. R. Mehnert. Pp. x--393. (Elsevier: Amsterdam 
and New York, 1968.) 190s. 

Tis is the first textbook to have been produced on the 
subject of migmatites; it also relates to the origin of 
granitie rocks, for this is a topie whieh is inseparable from 
that of migmatites. It is particularly timely that this 
book should have appeared when the seleeted works of 
J. J. Sederholm, the pioneer in the study of migmatites, 
have recently been published in a single volume. 

The subject matter of the book is extremely fully 
documented. Detailed deseriptions of structures and 
textures of migmatites are succeeded by eritical discussion 
of experimental data, geological thermometry, migration 
of components and geochemistry of granitic rocks. The 
second half of the book considers the magmatic, anatectic 
and metasomatic modes of origin of granites and the 
criteria by which these have been judged. The history of 
development of ideas on the genesis of granites emerges 
very effectively and reference to relevant work is com- 
prehensive and fully up to date. The illustrations are 
admirable; field and microphotographs are well chosen 
and of high quality. 

The book as a whole is well organized and the treatment 
systematic, notable achievements for a topic of such 
complexity. It is, however, much more than a well 
ordered compilation, for clearly the author's own ideas 
provide the means by which the great body of data is syn- 
thesized. Nevertheless, the work shows an objectivity 
which is the more commendable as almost every aspect 
has been the subject of contention and controversy. It is 
therefore perhaps not surprising that in some sections of 
the book effective conclusions appear to elude the author. 

The final chapter is a convenient summary of the con- 
tents of the book and a review of the main conclusions. 
The author’s views on the significance of migmatites and 
granites in understanding the nature and behaviour of the 
crust of the Earth foreshadowed in earlier sections are here 
clearly set forth. 

The book is written in a clear and readable style, but an 
English idiom has not always been achieved in translation. 
In some passages this defect leads to ambiguity; occasion- 
ally, too, there are strange words or words strangely used. 

B. C. Kine 


FOR PRACTISING CHEMISTS 


Reduction: Techniques and Applications in Organic 
Synthesis 

By Robert L. Augustine. Pp. ix-- 242. (Dekker: New 
York, August 1968.) $12.75. 

'Turs book is one of a series in which various techniques 
of organie chemistry are reviewed, the volume on hydro- 
genation having already appeared. The emphasis is on 
the practical aspects of the techniques; in this volume 
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(as in the earlier), recipes are printed in bold face. This 
emphasis makes these books very useful in the laboratory 
and, indeed, complementary to that other very useful 
book, Fieser and Fieser's Reagents for Organic Synthesis, in 
which, as I remarked in a review in these pages, the one 
limitation was the way in which the various processes, 
such as reduction, are scattered throughout the book. 

“Reduction”, however, is a grossly misleading title. The 
book contains three reviews: on "Mixed Hydrides”, on 
“Dissolving Metal Reductions” and on "Deoxygenation 
of Carbonyl Compounds", and is therefore far from 
having the comprehensiveness suggested by the title. 
This does not diminish the usefulness of what we do get; 
but intending purchasers should be warned. 

The first review (M. N. Rerick) takes lithium aluminium 
hydride and sodium borohydride as being already well 
reviewed and understood and eoncentrates on the large 
number of modified hydrides obtained by the addition of 
sueh reagents as boron trifluoride, aluminium chlorido, 
pyridine, aleohols and so on. The various species which 
result from these mixtures and their selective reducing 
properties are summarized; but what is obvious is that 
there are so many of these reagents, each one of which 
has been used on a comparatively small number of 
occasions, that selection of the best reagent for a particular 
purpose is still not easy. 

'The second review (M. Smith) is half committed to the 
use of metal-ammonia and metal-amine reductions, with 
special emphasis on the less familiar events rather than on , 
the reduction of aromatic rings. The second half covers 
all the other common dissolving metal reduetions-— 
classified by the process occurring, not by the particular 
metal oceasioning it. This chapter seems to me the 
most useful, both in its practical content and in the 
clarity of the organization and presentation of a large 
subject. 

The third review (W. Reusch) brings together the 
Wolff-Kishner, the Clemmensen and the desulphurization 
reactions, which are dealt with in turn and then usefully 
compared. This chapter is particularly helpful in bringing 
together those systems such as «f-epoxy ketones and 
x$-unsaturated ketones which do not behave themselves 
as a first year undergraduate might expeet them to. 

This book is not for undergraduates but for all praetising 
organic chemists, who will need the information it contains. 

law Fremine 





REFRACTORY COMPOUNDS 


Anisotropy in Single-Crystal Refractory Compounds 
Edited by Fred Wm. Vahldiek and Stanley A. Mersol. 
Vol. 1: Pp. xix+405. Vol. 2: Pp. xi--493. (Plenum: 
New York, 1968.) $45 the set. 

Tuis work is a collection of papers presented at an inter- 
national symposium to celebrate the fiftieth anniversary of 
materials research in the United States Air Force. The 
principal objective of that meeting was to bring together 
scientists studying aspects of anisotropy in single-crystal 
refractory compounds. The first volume of the proceed- 
ings is subdivided into four sections. The first of these 
concerns crystal structure and chemistry. This ineludes 
four papers giving new and useful data on various re- 
fractory compounds with one other paper on paracrystal- 
line distortions. Electronic structure and bonding is the 
basis of the second section containing five papers. These 
papers primarily consider the various types of bonding in 
refractory compounds and indicate a continued divergence 
of opinion concerning the relative importance of the ionie 
component. One paper in this section, which outlines the 
nature of electrical conduction in rutile, is particularly 
noteworthy for its clarity and economical presentation. 
Non-stoichiometry and phase relations form the prineipal 
theme of the four papers in the third section. "There are 











1154 


many problems associated with phase equilibria for all 
refractory compounds and this subject is likely to attract 
a great deal of attention in future work. The papers 
presented here, however, were mainly limited to the 
carbides of molybdenum and silicon. The final section in 
the first volume is based on physical-chcmical properties 
and includes seven papers. Among these is one very 
interesting contribution concerning the application of 
thermodynamic principles to refractory transition metal 
compounds and another on the role of diffusion in the 
plastic deforrnation of these solids. 

Volume 2 contains twenty-one papers which are rather 
arbitrarily divided into one small group on defects and 
another much larger one on mechanical properties. The 
emphasis here is placed on either elastic anisotropy or the 
role of dislocations and other imperfections in mechanisms 
of plastic deformation. There are several interesting 
papers in this volume which give recent and valuable 
information on these aspects of refractory compounds, but 
surprisingly little attention is paid to mechanisms of 
fracture. The work presented throughout the symposium 
consistently shows the importance of the wide variety of 
lattice defects produced by the unpredictable behaviour 
of these compounds at—-or near—the melting point. It 
is clear that further progress towards a better under- 
standing of these materials will be impeded by the 
difficulties experienced in obtaining well characterized 
specimens, 

The editors of proceedings such as these have an 
invidious task and are vulnerable to one or other of two 
major criticisms. First, that they are not sufficiently 
ruthless and permit the inclusion of excessive and 
irrelevant material. Second, that comprehensive editing 
delays publication and renders the contents out of date 
or invalid by subsequent contributions to the journals. 
Rapid publication has been achieved in this particular 
case, but the original manuscripts appear to have been 
accepted without significant editing. Consequently. it is 
not surprising that there are several papers which are 
verbose and quite often irrelevant to the main theme. 
Nevertheless, the editors are to be congratulated on their 
own significant contributions to both the organization of 
the symposium and its scientific content. Furthermore, 
their work will provide much valuable background in- 
formation for those researchers who are concerned in the 
study, development and application of refractory com- 
pounds. C. A. BROOKES 


AUTOMATED INTELLIGENCE 


Machine Intelligence 


Vol. 1. Edited by N. L. Collins and Donald Michie. Pp. 
x+278. (Oliver and Boyd: London, 1967.) 63s. Vol. 2. 


Sdited by Ella Dale and Donald Michie. Pp. ix+252. 
(Oliver and Boyd: London, 1968.) 70s. Vol. 3. Edited 
by Donald Michie. Pp. x--405--1 plate. (Edinburgh 
University Press: Edinburgh, 1968.) 70s. 


Iw the 1940s when the first electronie computers were 
built, it was fashionable to speculate in a semi-scientifie, 
semi-religious way whether a machine could ever be made 
to think. The discussions were like those of children at the 
seaside wondering, as they started to dig, whether they 
might reach Australia. 

As the digging has progressed, this question has been 
half forgotten amid our preoccupation with the design of 
spades and with the exploitation of the mineral wealth 
already within our reach. The commercial computer users 
have moved in like opencast miners to collect the surface 
riches. Yet the exploratory digging still goes on deeper 
and deeper, mostly in the universities, and although the 
diggers now talk less often about the prospect of breaking 
through into à new world the unspoken question is still 
there and the answer is as elusive as ever. "These three 
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volumes. are a compendium of papers presented at three 
successive annual “workshops” at which many of the 
most energetic and successful diggers have gathered. 

Some of the papers are concerned with the techniques 
of digging and the reader will find some excellent and 
readable glimpses of the recent developments in methods 
of computer programming, especially in the section of each 
volume devoted to problem oriented languages. Of 
particular interest in this context are the papers on the 
"POP" system developed at Edinburgh with the primary 
aim of serving the needs of research in artificial intelligence. 

The other papers in this section illustrate the trend away 
from the old somewhat empirical approach to program- 
ming languages and compilers, towards a more formal but. 
flexible approach. 

Some of the papers are concerned with problems which, 
though calling for more than the established techniques 
of computing, are nevertheless of immediate practical 
interest; there is, for example, an excellent paper in the 
third volume by Miss C. J. Hilditch on the application of 
graph theory to the problem of recognizing chromosomes 
from a micrograph. M. H. J. Baylis contributes a fascinat- 
ing paper, also in volume 3, on a possible computer 
program for solving some of the problems that confront 
a computer maintenance engineer— problems which would. 
have taxed even Sherlock Holmes. In this category also 
come a succession of papers on automatic theorem proving, 
a subject which seems distastefully practical to most 
mathematicians, even though a trifle theoretical to the 
population at large. In fact the full significance of this 
work would be hard to over-estimate; not only will it 
alter the method and nature of mathematical analysis in 
many fields, but it may well provide the analytical tools 
for a great many practical applications of computers such 
as the logical validation of legal docurnents and enact- 
ments. Solid progress has been made within the past few 
years and the papers in the third volume, especially those 
of Luckham and Darlington, illustrate clearly how near 
we now are to seeing computers employed in actual 
mathematical investigations. Some of the papers are 
concerned with laying the logical foundations for the use 
of computers. Some, like that of Laski in volume 3, are 
concerned with establishing a framework of concepts for 
discourse in this field, while others, like those of D. C. 
Cooper in the first two volumes and Florentin in volume 
3, describe the progress that is beginning to be made in 
establishing procedures for proving assertions about 
computer programs. These papers are in fact tackling 
the task of providing the logical basis for a true science of 
computing. 

The application of computers to anything demands a. 
formalization of it, and the coming of the computer age 
has therefore brought a fresh wave of efforts to produce 
formal descriptions of a great many situations. This is 
aptly illustrated in volume 3 by the papers of Amarel, 
Eleock and Varshavsky. Another example occurs in the 
same volume in a paper by Thorne, Bratley and Dewar 
on the syntactic analysis of English by machine. The 
formalization of the grammars of natural languages has 
been attempted by very large numbers of people within the 
past decade, mainly because it is a prerequisite to the 
automatic translation of languages. It is, however, a. 
revealing study in its own right and this paper illustrates 
clearly the stimulating effect which can be produced on a 
classical subject by the impact of the new discipline of 
computer processing. 

In addition to all these papers which have fairly specifie 
targets, there are a few more speculative ones which seem 
to grope in the darkness for some signs of a breakthrough. 
towards a true machine intelligence. There seem no signs 
yet of a breakthrough, but the search for it is illustrated, 
for example, by the paper in the third volume by Longuet- 
Higgins and Ortony on the adaptive memorization of 
sequenees and by & number of papers in the earlier 
volumes on game playing by machine. 
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All in all, this is an impressive and comprehensive 
collection of papers which document very thoroughly the 
recent progress in this brave new field. The enterprise of 
Edinburgh University in fostering many of the develop- 

ments reported has been amply rewarded, and Professor 
Michie is to be congratulated on the success of his vigorous 
initiative in building up his own group and also organizing 
these very successful conferences. STANLEY GILL 


MACHINE PROGRAMMING 


Basic Machine Principles 
By J. K. lliffe. (Macdonald Computer Monographs.) 
Pp. 86. (Macdonald: London, 1968.) 25s. 


Tas book, like others in the series which I have examined, 
has been prepared with great care and introduces a great 
many technical details of machine code programming in a 
lucid manner. There is no doubt that the book will be 
useful to that class of person defined by the author: “. 

of primary interest to logic designers and programmers 
who occupy themselves with the boundary between the 
‘hard’ and ‘soft’ parts of a computer”. Because of this 
I would suggest that the title chosen for the book implies 
a far greater “hard’’ bias than the book has. 

My difficulty in giving unconditional praise for this book 
lies not in the presentation of its material but in the 
principle adopted. Though there are advantages of 
introducing a hypothetical language for a hypothetical 
machine, these are outweighed, in my view, by the 
practical disadvantages to most readers of having to learn 
a system which they can never use. I think one learns far 
more from the experiences (often bitter) of putting pro- 
grams through a computer than from a great deal of 
theoretical study. For this reason, study of the symbolic 
machine code of a common computer series is more 
practicable. But here is the author's dilemma. He is 
clearly dissatisfied with conventional computers and has 
proposed in his basic machine one which attempts to 
overcome some of their limitations. This will appeal to 
logic designers and software design programmers. For 
them the proposals and the very explicit sections on, for 
example, executive functions and virtual stores and 
paging are most valuable. The world will benefit if manu- 
facturers make use of some of these ideas in the design of 
future machines, but by adopting this approach the author 
has produced a specialist book for a minority class of 
reader. This he has done extremely well. 

R. J. Onp-SuirH 


Dr H. W. Parker 


Dg Hamrton WiLDMAN PARKER, CBE, formerly keeper 
of zoology at the British Museum (Natural History), died 
on September 2 at the age of 71. He was a distinguished 
authority on herpetology. 

Born, the son of a schoolmaster, at Giggleswick in 
Yorkshire, he was educated there and at Christ's Hospital 
and then served on the battlefields of France in the First 
World War. In 1919 he went to Cambridge with a natural 
sciences scholarship. He graduated with a first class in 
botany, zoology and chemistry, and in 1923 joined the 
staff of the British Museum (Natural History) to succeed 
Boulenger in charge of reptiles and amphibians. 

Parker's numerous publications during the twenties 
and thirties were in two main categories: zoogeographical, 
that is, reports on the reptiles and amphibians of certain 


1155 


regions, usually based on collectionsof particular expedi- 
tions, and taxonomie monographs. His most important 
monographs were that on Mierohylidae (1934) and his revi- 
sion of the Australasian frogs of the family Leptodaetylidae 
(1940). The amount of detailed and critical work that 
goes into this type of monograph is little understood by 
the general zoologist. The formal descriptions of species, 
the "synonymies" and the nomenclature itself contain 
highly eoncentrated faetual and theoretical information. 
It is at the same time a work of reference and a working 
hypothesis, and Parker's monographs were of high quality. 

Parker’s work was interrupted by the Second World 
War, during which he was seconded to an administrative 
post in the Admiralty. On his return to the Museum, in 
spite of new responsibilities as head of the Department of 
Zoology, he found time for further systematie work, which 
was enlivened by interpretative discussions. He felt a 
little sore that his own university did not recognize 
systematic work as qualifying for its doctorate, and it may 
have been for this reason that he submitted a thesis to 
the University of Leyden, where taxonomy was appreci- 
ated. For a taxonomic and zoogeographical study of . 
“The Snakes of Somaliland and the Sokotra Islands” 
(1949) and a lively “disputation” on the species concept he 
was awarded a doctorate by that university. His philo- 
sophical position was further exemplified by his eon- 
tribution to a symposium on “The Species Concept in 
Palaeontology”, published by the Systematics Associa- 
tion. 

Parker made an excursion into ichthyology when in 
1947 he went with Dr Harrison Matthews to the Isle of 
Soay in the Hebrides to study the great carcasses of the 
basking shark brought in by a fishery that Gavin Maxwell 
temporarily conducted there. Later he collaborated with 
Dr Boeseman to throw light on the probable inactivity of 
this shark in our waters during winter, when it sheds its 
long gill-rakers and so deprives itself of the means of 
filtering plankton, which at any rate is deficient in these 
latitudes in winter. After his retirement he helped Dr 
F. C. Stott to investigate and interpret basking shark 
material caught off the coast of Ireland, These studies 
have provided the greater part of our knowledge of the 
life history of Cetorhinus maximus. 

Although he did no such original bionomie research 
for the group he was particularly interested in, Parker 
published in 1963 a much appreciated book on snakes 
treated as living animals related to their natural environ- 
ments. Here his logical thinking and lucid style were 
deployed suecessfully in popular exposition. 


Correspondence 


Is Botany Dead ? 


Sm,—In 1964 at the tenth International Botanieal 
Congress I made the point, that clearly needs reiteration, 
that botany is so far from dead that we now take almost 
for granted the services of plant physiologists to the study 
of erop growth; of mycologists and plant pathologiste to 
the constant protection against fungi and bacteria of food 
growing in the field or kept in storage, and that we have 
accepted or almost forgotten that the origin of the vast 
new industry of weed control by selective herbicides was 
in the botanical study of the natural growth substances 
of plants. If the role of botany in the great areas of plant 
technology remains in doubt, let us recall how the leading 
research posts are commonly held by scientists who were 
trained as botanists, for example, the professors of agri- 
culture in Oxford and Cambridge, and the heads of 
Rothamsted Research Station, the National Institute of. 
Agricultural Botany and the Scottish Institute of Plant 
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Breeding from the Cambridge Botany School alone. Other 
botany departments continue to make similar contribu- 
tions at all grades to the research staffs of institutes and 
teaching organizations throughout agriculture, horticul- 
ture, forestry and fisheries. It is not that botany is dead, 
but that the grossest ignorance prevails in the general 
publie and even in scientific circles of what modern 
botany is like and what its achievements have been. 
Nor, of course, is it appreciated how greatly the subject 
has been modernized or the extent to which, both in 
teaching and research, botany courses regularly involve 
the most sophisticated physicochemical and mathematical 
techniques. This can be appreciated only by visiting 
laboratories and lecture rooms to see modern courses in 
full swing (and few opinions are based on such visits), 
but it can also easily be seen by examining the leading 
journals of botany, such as the American Journal of 
Botany, the New Phytologist or the Annals of Botany. It 
is at once apparent that most of their papers have a 
strongly experimental and quantitative approach and 
reflect the manner in which botanists today have adopted 
physicochemical and mathematical techniques, and 
clearly base their approach on discovery and evaluation 
of the causative mechanisms and processes involved in 
plant life. 

The old mainspring of the subject, the elucidation of 
conjectural evolutionary origins by comparative studies 
of anatomy and life histories is now taught at more 
reasonable length, and in every area of research, even 
including taxonomy, modern experimental methods are 
making strong headway. Furthermore, although botanical 
journals reflect the fact that botanists are sharing in the 
advances of molecular biology at the biochemical and 
biophysical level, there is a large and growing interest in 
the biology of the whole organism, and of the whole 
organism in relation to its environment. The importance 
of this approach for the applied biological sciences, such 
as agriculture, horticulture, forestry and fisheries, needs 
little emphasis, but the realization of it is shown by such 
things as the successful inauguration of the new Journal 
of Applied Ecology, following the Journal of Animal 
; Ecology and the Journal of Ecology by the British 
Ecological Society. It is equally apparent throughout the 
whole of the eurrent International Biological Programme. 

So long as one believes that the study of the whole 
organism is bound to have an increasing role in the future, 
one is committed, T believe, to the maintenance of the 
long established departments of botany and zoology, 
where the integration of many fields of research has long 
taken place around the whole plant and the whole organ- 
ism. There are such tremendous repositories of important 
scientific information within the areas of these two old 
established subjects that there would be irretrievable loss 
in merging them into new schools of biology exploiting 
for the moment nothing but the most fashionable new 
approaches. It is impossible to forecast where in animal 
or plant biology the next breakthrough will occur and 
from what branch of enquiry, probably long dormant, 
growth will be stimulated by some new technique, new 
evidence or new mode of thought. Without the main- 
tenance of the libraries, museums and, above all, the 
synthesizing courses centred on the whole plant or the 
whole animal, it would be difficult, if not impossible, for 
these new advances to arise, nor without an approach of 
this breadth will new generations be given awareness of 
the whole biological environment in relation to the life 
of man. 

Yours faithfully, 


H. GODWIN 
Botany School, 
Cambridge. 
This letter refers to two artieles in the November 9 
issue of Nature, one on page 521 and one on page 
541.—-Editor, Nature. 
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Monod at Edinburgh 


StrR,— Your correspondent, reporting on Professor Monod’s 
address at Edinburgh in your issue of November 23 
(Nature, 220, 744; 1968), produces, or repeats, a mis- 
quotation when he refers to my old definition of molecular 
biology as follows: “quoting Chargaff's 'chemistry without 
alicence'—". Lest this inferior version gain currency, may 
I quote what the “Old Chemist” really said in the dialogue 
Amphisbaena (Essays on Nucleic Acids, p. 176): “My 
definition, incidentally, would be that molecular biology is 
essentially the practice of biochemistry without a licence.". 


Yours faithfully, 


"ne ERWIN ČHARGAFF 
Columbia University, 
New York, NY, 10032, 


University News 


Dr F. Glockling has been appointed to the chair of 
inorganic chemistry at the Queen's University of 
Belfast. 


Dr P. L. Marsden has been awarded a personal professor- 
ship in the Department of Physics at the University of 
Leeds. 

Professor L. Brent, Southampton, has been appointed 
to the Pfizer chair of immunology tenable at St Mary's 
Hospital Medical School, London. 


Appointments 


Mr W. A. Cumming has been appointed director of 
the Radio and Electrical Engineering Division of the 
National Research Council of Canada. Dr A. E. 
Douglas has been appointed director of the council's 
Division of Applied Physics. 


Announcements 


The following medals have been awarded by the Royal 
Society : the Copley Medal to Professor T. Reich- 
stein, formerly of the University of Basle, for his work on 
the chemistry of vitamin C and his studies of the cortico- 
steroids; the Rumford Medal to Professor D. Gabor, 
Imperial College of Science and Technology and CBS 
Laboratories, Stanford, for his contributions to optics, 
especially by establishing the principles of holography ; 
the Davy Medal to Dr J. W. Cornforth, Milstead 
Laboratory of Chemical Enzymology, and to Professor 
J. G. Popják, University of California, for their work on 
the elucidation of the biosynthetic pathway to polyiso- 
prenoids and steroids; the Darwin Medal to Sir 
Maurice Yonge, University of Glasgow, for his contribu- 
tions to evolutionary biology, particularly of the Mollusca ; 
the Hughes Medal to Professor F. J. Dyson, Institute 
for Advanced Study, Princeton, for his work in theoretical 
physics, especially on quantum electrodynamics. 


A Cooperative Institute for Research in Environ- 
mental Sciences has been established on the Boulder 
campus of the University of Colorado to promote research 
and teaching in these sciences, and to serve as a centre 
for multi-diseiplinary collaboration between research 
workers from Boulder and the* rest of the world. A 
visiting fellowship programme provides funds to enable 
scientists working in the fields of solid-earth geophysies, 
oceanography, radio propagation, upper and lower 
atmosphere physies and solar terrestrial relationships to 
spend a year with CIRES. Further information can be 
obtained from the Cooperative Institute for Research 
in Environmental Sciences, University of Colorado, 
Boulder, Colorado 80302, USA. 
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A new association, entitled the International Confedera- 
tion on Thermal Analysis, was established at the 
&econd international conference on thermal analysis, held 
in Worcester, Massachusetts, during August 18-23. The 
association's main functions will be to keep scientists in 
touch with developments in the field through periodie 
newsletters, to promote international understanding and 
cooperation in thermal analysis, and to organize periodie 
conferences at which problems can be discussed. Further 
information can be obtained from Mr J. A. Hill, Xerox 
Corporation, PO Box 1540, Rochester, NY 14603, USA. 


The International Potash Institute has organized a 
third competition for young research workers in which 
prizes will be awarded for papers on the chemical, bio- 
logical or physiological role of potassium in the soil, in 
the vegetable realm or in the animal organism, including 
the field of human nutrition. Further information can 
be obtained from the International Potash Institute, 30 
Zieglerstrasse, Berne. Switzerland. 


Applieations are invited for a number of Ciba fellow- 
ships to be awarded in February 1969 to enable graduates 
of universities in the UK and Eire to carry out researeh— 
in chemistry, physics or some other allied scientific sub- 
jects—at continental universities during the academic year 
1969-70. Applicants may be at present either at university 
or in industry. Further information can be obtained from 
the Secretary, The Ciba Fellowship Trust, 96 Piccadilly, 
London WIV OLN. 


CORRIGENDUM. In the introductory paragraph at the 
top of the article “Survey of Ross’s Original Deep Sea 
Sounding Site" by Robert S. Dietz and Harley J. Knebel 
(Nature, 220, 751; 1968) it was wrongly stated that the 
first successful sounding of the ocean depths was carried 
out by Sir John Ross in 1840. It was in fact Sir James 
Ross who made the first abyssal sounding. 


Erratum. In the bibliography of the book Fundamentals 
of Mycology, the review of which was published in the 
December 7 issue of Nature (220, 1010; 1968), we should 
have stated that a paperback edition of the book was 
also available at a price of 65s. 


Erratum. In the communication “Radiation and Matter 
in an Open Cosmological Model". by A. D. Chernin 
(Nature, 220, 250; 1968). the last equation in the first 
column of page 250 should read 


34 . 34 ; 
Am = $à ) (pe~ 9)?" pm A=(3) (ge — e)! et 
Xx \x/ r 


Erratum. In the communication “Fracture in Bending, 
Torsion and Radial Pressure” by C. Gurney (Nature, 220, 
61; 1968), equation (4) should read 


A 
E, = 4Xu, = 4Xu, + 4 fodde, 
0 


The reference to equation (7) in the fourth paragraph of 
the second column should be to equation (5), and in the 
last equation C should be c. 


Erratum. In the article “Magnetic Models of Pulsars” 
by V. L. Ginzburg et al. (Nature, 220, 355: 1968) the 
sentence beginning on the nineteenth line of the third 


^" 


paragraph should begin "If we assume that Ug~re,.. 
The penultimate sentence of the same paragraph should 
read “Besides, we can see no real mechanism in pulsars 
for accelerating particles with e>Mc?~10* eV. The 
second sentence of the sixth paragraph should read 
“With an asymmetrical orientation of the dipole, the 
intensity of the subpulses will be different". The second 
reference should read Maran, S. P., and Cameron, 
A. G. W., Physics Today, 21, 41 (1968). 
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International Meetings 

April 1, Tribology, Deeside (Mr R. Harrop, Flintshire 
College of Technology, Connah's Quay, Deeside, North 
Wales). 

May 4-10, Stereochemistry, Burgenstock, near Lucerne 
(Professor A. Kjaer, Institute of Organic Chemistry. 
Technical University of Denmark, Bygning 201, Lyngby, 
Denmark). 

May 5, Organization and Management of Research 
and Development, London (Meetings Officer, Institute 
of Physies and the Physical Society, 47 Belgrave Square, 
London SW1). 

May 5-6, Chemistry and Metabolism of Sphingo- 
lipids, Michigan (Dr C. C. Sweeley, Department of 
Biochemistry, Michigan State University, East Lansing, 
Michigan 48823, USA). 

May 6, Crop Protection, Ghent (Professor R. H. Kips, 
International Symposium on Crop Protection, Rijks- 
faculteit der Landbouwwetenschappen, Coupure Links 
235, Ghent, Belgium). 

May 8-9, Organolead and Organozinc Chemistry, 
Utrecht (Organizing Committee of the Conference on 
Organolead and Organozine Chemistry, e/o Jaarbeurs, 
Utrecht, The Netherlands). 

May 12-17, German Engineering Conference, Braun- 
schweig (Verein Deutscher Ingenieure, Postfaeh 1139, 
4 Dusseldorf 1, Germany). 

May 19-21, Muscle Diseases, Milan (Dr. N. Canal, c/o 
Clinical delle Malattie Nervose e Mentali, via F. Sforza 35, 
20 122 Milan, Italy). 

May 19-24, Organic Chemistry of Phosphorus, Paris 
(P. Chabrier, 242 Boul. St Germain, Paris 7, France). 

May 22-24, Chemical and Molecular Lasers, St Louis 
(Dr D. P. Ames, McDonnell Douglas Corporation, OP 
Box 516, St Louis, Missouri 63166, USA). 

May 26-30, Spectroscopy, Madrid (Sr. Secretario, 
XV Colloquium Spectroseopium Internationale, Serrano 
119, Madrid 6, Spain). 


May 27-June 1, Medical Continuation Studies, Berlin 507 


(Kongressgesellschaft für Artliche Fortbildung, Kling- 
sortstr. 21, Berlin 41, Germany). 


May 28-30, German Metallurgical Society Assembly, 
Berlin (Deutsche Gesellschaft für Metalkunde, Alterburger 
Str. 402, Koln-Marienburg, Germany). 


May 29-June 3, Accident and Traffic Medicine, New 
York (Dr Milton Helpern, c/o Office of Chief Medical, 
Examiner, 520 First Avenue, New York, NY 10016, USA). 
September 2-6, Cybernetics, London (Dr J. Rose, efo 
College of Technology and Design, Blackburn BB2 1 LH, 
Lancashire, UK). 



















Sabbatical Itinerants 


In the hope of providing some practical assistance in the 
good cause of mobility between laboratories Nature is 
proposing to advertise the needs for housing of families 
about to take up periods of sabbatical leave. To begin 
with, no charge will be made for advertisements like this. 
it is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 
whether they are effective. 


WANTED: Czechoslovakian doctor requires fur- 
nished room or flatlet in Central London from the 
end of December 1968 for approximately twelve 
months. Please contact Dr I. A. Macpherson, 
Imperial Cancer Research Fund, Lincoln's Inn 
Fields, London WC2 (01-242-9901). 
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BRITISH DIARY 


Monday, December 16 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
po SM p.mn.— Discussion meeting on '* Electronic Properties of the Vitreous 


Tuesday, December 17 


INSTITUTION OF ELECTRICAL ENGINEERS (joint meeting with the Institute 
of Management and Control, and the Automatic Control Group of the Institu- 
tion of Mechanical Engineers, at Savoy Place, London, WC2), at 5.30 p.m.— 
Mr P. H. Sydenham: "Linear and Angular Transducers for Positional 
Control in the Decametre Range—a Survey of Available Techniques”. 


INSTITUTION OF MECHANICAL ENGINEERS, STEAM PLANT GROUP (at 1 
Birdeage Walk, Westminster, London, SW1), at 6 p.m.—Discussion Meeting 
on “Safety in Auto-Package Boilers”, 


UNIVERSITY OF LONDON, DEPARTMENT OF EXTRA MURAL STUDIES: and 
the LINNEAN Society OF LONDON (at the Linnean Society, Burlington 
House, Piecadilly, London, W1), at 6.30 p.m.—Dr Sydney Smith: “Early 
Theories of Evolution". (Last of twelve lectures on “The Historical Back- 
ground to Modern Zoology") 


Tuesday, December 17—Thursday, December 19 


PALARONTOLOGICAL ASSOCIATION (in the Department of Geology, Uni- 
versity of Southampton)—8ymposium on “Patterns of Evolution". 


Wednesday, December 18 


INSTITUTION DF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2)— 
Colloquium on "Linear and Non-Linear Device Modelling for Efficient 
Design”, 


INSTITUTE OF NAVIGATION (at the Royal Institution of Naval Architects, 
10 Upper Belgrave Street, London, SW1), at 5 p.m.—Mr J. H, Briggs: 
“Navigational Aspects of Terminal Area Problems”, 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.mn.—Mr J. G. Sommerschield: “The Application of Rectifiers to 
British Railways a.c. Motive Power". 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdeage Walk, Westmins- 
ter, London, SW), at 6 p.m.—Sir George Dowty: James Clayton Lecture. 


Thursday, December 19 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
s 5.30, Pana G. Heftman and Mr D. S. Hills: *' *Matricon' Cathode Ray 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (joint meeting with the 
Colloid and Surface Chemistry Group, at 14 Belgrave Square, London, SW1), 
at 5.30 p.m.—Mr H. W. Vallender: “Whither Detergents ?" 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 
Great Britain and Ireland 


Institution of Gas Engineers. Communication 781: 29th Report of the 
Chairman’s Technical Committee, 1967-68. Pp. 16. Communication 782: 
The Design and Control of an Integrated High-Pressure Grid System. By 
R. G. Langford and T. A. Lucas. Pp. 15. Communication 783: Dry Gas: 
Controlling Dust and Leakage in a Distribution System. By D. J. Bramwell, 
R. J. Longmuir and J. R. Wingate. Pp. 22. Communication 785: Operational 
Results with the New Gas-Making Processes—a Symposium. Pp. 40. Com- 
munication 786: Domestic Fanned Flues for Conventional Appliances. By 
T. T. White and J. Emerson. Pp. 24. Communication 787: Institution Gas 
Research Fellowship Report: 1964-67. The Stability of Diffusion Flames of 
Gases: The Effect of Partially Enclosing the Flames. By A. L. Vickers and 
thes} E. Garside. Pp. 23. (London: Institution of Gas Engineers, 
The Gas Council. Research Communications. GC148: 59th Report of the 
Joint Refractories Research Committee, 1967-68, Pp. 19. GC149: Dynamic 
Simulation Applied to the Design and Control of a Pipeline Network. By 
M. J. Heath and J. C. Blunt. Pp.14. GC150: Some Aspects of the Reception 
and Transmission of North Sea Gas. By L. 8. Cooper, A. B. Densham, 
A. J. De Rose and B. Juren. Pp. 15. GC151: Prediction of the Performance 
of Rapid Heating Furnaces. By D. M. Lucas, J, Masters and Mrs H. E. Toth. 
Pp. 17. C152: Prediction’ of Performance of Heating Systems under 
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Practical Usage Conditions. 3: Central Heating and Combined Systems. 
By W. J. Bennett and J. N. Barooah. Pp, 23. GC158: Report on the Gas 
Council Research Seholarships—1968. Pp. 8 GCl154: Design Optimisation 
of Balances-Flue Terminals, By K. J. D. Brady and Dj. Kerac. Pp. 18. 
GC155: Processes for the Manufacture of Natural-Gas Substitutes. By 
H. 8. Davies, J. A. Lacey and B. H, Thompson. Pp. 16. (London: The Gas 
Council, 1968.) [1211 

Tobacco Research Council, Research Paper 10: The Psychological 
Dynamics of Smoking. By F. E. Emery, E. Linden Hilgendorf and B. L. 
Irving. Pp. 90. (London: Tobacco Research Council, 1963.) [1211 

Planning, Vol. 34, No. 504 (November, 1968): Journeys to Work. By 
Ray Thomas. Pp. 335-419. (London: Political and Economic Planning, 
1968.) 7s. 6d. [1211 

Imperial College. Royal College of Science Research Report 1965-68. 
Fe dade 12 plates. (London: Imperial College, Royal College of a 

E 131 


Agricultural Research Institute of Northern Ireland. Forty-first Annual 
Report, 1067-1968, Pp. 51. ( Hillsborough, Co. Down: Agricultural Research 
Institute of Northern Ireland, 1963.) (1311 

The National Central Library. 52nd Annual Report of the Executive 
Committee for the year ending 31 March 1968. Pp. 26. (London: The 
National Central Library, 1968.) 1311 

Office of Health Economics. The Consumer and the Health Service: 
Proceedings of a Symposium held at The Royal College of General Prac- 


titioners, London, 27 January 1968. Edited by John McKenzie. Pp. 36. 
(London: Office of Health Economics, 1968.) 7s. 6d. [1311 


The World Land Use Survey. Monograph No. 5: Four Island Studies. 
The Land Use of Santa Maria in the Azores. By H. Prince, The Land Use 
of Faial in the Azores. By J. M. Callender and J. D. Henshall, The Land Use 
of Eastern Madeira. By C. Delano Smith. The Land Use of Zanzibar Island. 
By M. E. Caistor. Pp. 96. (Bude: Geographical Publications, Ltd, 1968). 
40s. 

Building Research Station. 
Metals in Natural Waters. 

d. 





(1411 
Digest 98 (Second Series): Durability of 
Pp. 7. (London: H.M. Stationery Office, 

1968.) 


[151t 
Marine Biological Station. Annual Report No. 80 for 1967. Edited by 
J. 8. Colman. Pp. 42. (Port Erin, Isle of Man: Marine Biological Station, 


University of Liverpool, 1968.) [1511 


Other Countries 


Museum of Applied Arts and Sciences, Sydney. Annual Report 1967. 
Pp. 24. (Sydney: Museum of Applied Arts and Sciences, 1968.) [1111 
World Health Organization. Public Health Papers, No. 36: A Review of 
the Nature and Uses of Examinations in Medieal Education. By Josef 
Charvat, Christine McGuire and Victor Parsons, Pp. 74. (Geneva: World 
Health Organization; London: H.M, Stationery Office, 1968.) 5 Sw. francs; 
105.; $1.75. : ! nn 
National Academy of Sciences, Washington. Publication 1577: Careers 
of PhDs—Academic versus Nonacademic. (A Second Report on Follow-up 
of Doctorate Cohorts 1935-1960. Career Patterns Report No. 2.) Prepared 
in the Research Division of the Office of Scientifle Personnel. Pp. xi+ 106, 
(Washington, DC: National Academy of Sciences, 1968.) { 
Mitteilungen aus der Biologischen Bundesanstalt fiir Land- und Forst- 
wirtschaft, Berlin-Dahlem, Heft 130: Die Wuchtigsten Krankheiten und 
Schidlinge an Kulturpflanzen in der Bundesrepublik Deutschland in den 
Anbaujahren 1965 und 1966 (November 1964 bis Oktober 1966), nach den 
Monatlichen Berichten der Pflanzenschutzámter, den Witterungsberichten 
des Deutschen Wetterdienstes und den Angaben des Statistischen Bun- 
desamtes. Von Dr Albert Harle, Pp. 79. (Berlin-Dahlem: Biologische 
Bundesanstalt für Land- und Forstwirtschaft, 1908.) 16 DM. [1211 
American Geographical Society. Serial Atlas of the Marine Environment. 
Folio 16: Mean Monthly Sea Surface Temperatures and Zonal Anomalies 
of the Tropical Atlantic. By Paul A. Mazeika. Pp. 34.6 plates. (New 
York: American Geographical Society, 1968.) [1211 
United States National Museum Bulletin No, 272: Comprehensive Revi- 
sion of a Worldwide Collection of Freshwater Sponges (Porifera: Spongil- 
sidae). By J. T. Penney and A. A. Racek. Pp. v+184. (Washington, DC: 
Smithsonian Institution Press, 1968, Available from US Government 
Printing Office.) $1.50. ] 1 
East African Community. Annual Report of the East African Freshwater 
Fisheries Research Organization, 1967, Pp. 72. (Jinja: East African Fresh- 
water Fisheries Research Organization, 1068.) 6s. [1311 
International Commission on Radiation Units and Measurements. ICRU 
Report 11: Radiation Quantities and Units. Pp. x 4 8. (Washington, DC: 
International Commission on Radiation and Measurements, 1968.) _ 311 
Optical Seiences Center and Steward Observatory. Catalog of Emission 
Lines in Astrophysical Objects. By Aden B. Meinel, Anthony F. Aveni and 
Martha W. Stockton. Pp. 190. (Tucson, Arizona: Optical Sciences Center, 
University of Arizona, 1968.) $4. : 1311 
National Institute of General Medical Sciences, National Institutes of 
Health, Bethesda. Pain. Pp. 16. (Bethesda: National Institutes of Health, 
1968.) Gratis. [1411 
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Failure to cut good sections is not always due to 8 
faulty knife or technique of preparation. It may be 
the microtome which is at fault. Why not choose 
a microtome in which any shortcomings have 
been eliminated at the outset :—A microtome with 
a completely rigid, vibration-free knife, exact 
guidance of the transport sledge through the 
whole range of movement, precision object feed, 
not necessarily limited to 144. Such a microtome is 
the LEITZ base sledge microtome Type 1300—-a 
large universal microtome equally suitable for 
cutting paraffin-, celloidin-, and frozen sections. 


(eee) E. Leitz (Instruments) Ltd. 
30 Mortimer St., London, W.1. Tel: MUSeum 3774 


Classified Advertisements 


All copy is subject co the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion. 
The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 


they accept liability for printers' errors, 
although every care is taken to avoid mistakes. 
Semi-displayed £6 per single column inch, 
Minimum £3, each additional 1/12th of an inch 
10s, Full page £158, Half page across £80. 
Colour (orange) £20 extra. fs is charged 
for the re-direction of replies ta advertise- 
ments with a box number. 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T.G, Scott and Son, Limited, | Clement's 
inn, Strand, London, W.C.2. Telephone: 
wee 4743. Telegrams: Textualist, London, 





APPOINTMENTS VACANT 


NEW ZEALAND 


Agriculture Department 


, Applications are invited for the undermen- 
tioned vacancy: 


Vacancy B 13/2/131/3928 
SCIENTIST 
RUAKURA ANIMAL RESEARCH STATION 


Salary: Payable up to $N25,990 according to 
qualifications and experience. Further promo- 
tion is available on scientific merit. 

Qualifications desired: Degree in Science or 
Agricultural Science to Masterate or Ph.D. with 
Physiology as a major subject required. Two 
or three years research in the field of lactational 
physiology, preferably related to milk ejection 
and milk secretion is required, and some experi- 
ence in the assay of the posterior pituitary hor- 
mones and the adrenal corticoids would be an 
advantage. 

Duties: Take an active part in a study of the 
concentration of oxytocin and ADH in the blood 
Of lactating domestic animals during milk ejec- 
tion. The work centres at present on the dairy 
cow and the effects of different milking manage- 
ment regimes on the hormone level in tbe blood 
at milking time, The work is being expanded to 
deal with the effects of stress at milking time on 
the posterior pituitary hormones and on the 
level of cortisol in blood. The applicant will 
also be required to assist in the supervision of a 
research dairy currently involved in a study of 
bovine mastitis, 


Passages: Fares for appointee and his wife and 
family, if married, will be paid. 

Incidental expenses: Up to £35 for a single 
man and £100 for a married man can be claimed 
to cover the cost of taking personal effects to 
New Zealand, 

Application forms and general information are 
available from the High Commissioner for New 
Zealand, New Zealand House, Haymarket, Lon- 
don, S.W.1, with whom applications will close 
on January 24, 1969, 

Please quote reference B 13/2/131/3938 when 
inquiri (1970) 


DEPARTMENT OF PHYSICS 
UNIVERSITY OF WINDSOR 
WINDSOR, ONTARIO, CANADA 
GRADUATE ASSISTANTSHIPS 


The Department of Physics offers teaching and 
research assistantships to students qualified for 
admission to graduate studies and wishing to 
proceed to the M.Sc. or Ph.D. in Physics. Re- 
search is proceeding to atomic collisions and 
atomic physics, E.S.R. and optical properties of 
solids, in non-linear optics, nuclear physics and 
relativistic physics.  Stipends up to 54,000 per 
annum, depending on qualifications and duties in 
the department, 

Inquiries should be addressed to Professor L. 
Krause, Head, Department of Physics. 





072D 


ST. BARTHOLOMEW'S HOSPITAL 
LONDON, EC. 

PHYSICIST (Basic Grade) for the clinical 
Radioisotope Department. The work covers a 
wide range of applications of radio-isotopes to 
medicine. Applicant should be graduate. pre- 
ferably with first- or second-class honours. Com- 
mencing salary on scale £1,005 to £1,385 per 
annum, according to qualifications and approved 
experience, rising to £1,864 per annum. 

Write, naming two referees, to the Clerk to 
the Governors, quoting reference number ASC/ 
1696. (1976) 
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AUSTRALIAN ATOMIC 
ENERGY COMMISSION 


RESEARCH ESTABLISHMENT 
LUCAS HEIGHTS NEAR SYDNEY 


Radiation Biology 


BIOCHEMIST 


A Biochemist is required for research in radiation biology and related areas. Current 
work is concerned with the nature of cellular radiation injury and repair phenomena, 
radiation cytogenetics, the structure and function of cell organelles (particularly 
mitochondria), the physical theory of injury from ionizing radiations, and the patho- 
genesis of the lung diseases which may follow the inhalation of certain materials. The 
successful applicant should be well acquainted with contemporary biochemical 
techniques and will be expected to work in one or more of the fields outlined above. 


BIOLOGIST 


A Biologist is required for research in radiation biology and relevant areas in cell 
physiology. Current work is concerned with the nature of cellular radiation injury 
and recovery, radiation cytogenetics, the structure of cytoplasm and cell organelles, 
membrane phenomena, and the physical theory of injury from ionizing radiations. 
Applicants should have interest in experimental pathology, cell physiology, or radio- 
biology, and will be expected to work in the area of cellular radiation injury and 
recovery. (Position R141) 


Appointments will be made within the salary ranges of— 
RESEARCH SCIENTIST $Aus. 5,250- SAus, 6,622 
(Female salaries are $Aus. 428 p.a. less than male rates quoted above.) 


Applicants for the position of Research Scientist must possess a Ph.D. (or post- 
graduate research experience of equivalent standard and duration) supported by 
satisfactory evidence of research ability. 


Application forms may be obtained by writing to the Atomic Energy Adviser, Offíce of 
the High Commissioner for Australia, Canberra House, 10-16 Maltravers Street, 
Strand, LONDON, W.C.2. (1990) 


UNIVERSITY OF SURREY 


Laboratory Supervisor 


Applications are invited for the position of a Laboratory Supervisor in the Depart- 
ment of Metallurgy and Materials Technology. 3 

The Supervisor will take responsibility for the deployment and supervision of the 
technicians within the department, covering workshop services, metallurgical 
equipment, undergraduate classes, research support, purchasing and departmental 
accounts, in collaboration with academic staff. | i 

The applicant should have wide practical experience in laboratory and workshop 
techniques, engineering design, as well as in supervising technical staff. Appli- 
cants should have H.N.D. or corporate membership of an appropriate profes- 
sional institution, but applications will be considered from those whose formal 
qualifications are less if they have exceptional specialist skills or knowledge. 

The starting salary, according to qualifications and experience, will be within the 
range £1,750 to £2,150 per annum. ; . : 

Applications, giving full details of age, qualifications and experience, and the 
names of three referees, should be sent to the Staff Officer, University of Surrey, 
Guildford, by December 31, 1968. 914) 





NATURE, DECEMBER 14. 1968 XXXI 


SCIENTIFIC 
OFFICER 


me TOXICOLOGY DEPARTMENT 


reg Smith, Kline and French Laboratories Ltd., one of the international leaders in the Pharma- 
nct ceutical Industry, have the above vacancy in their research institute at Welwyn Garden City. 
+ 


eui The man or woman appointed will have a degree (or HNC) in a Biological Science (ideally 
: Zoology) but graduates in Pharmacy, Biochemistry or Pharmacology interested in this field 
may also apply. Candidates should ideally have about two years’ post-graduate experience 
in research or industry. 


Herel The duties will include organising toxicity tests in animals, histological interpretations, 
pii collation of data and written presentation of results: also examination and where necessary 
revision of the techniques used in the department. The person appointed will be expected 
to deputise for the department head, and there is considerable scope for the exercise of 
initiative. 

An attractive salary, based on experience, is offered, and conditions of service reflect the 























SEE forward-looking policies of the Company. 
spes Please write with brief details to: 
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A. S. Napier, Personnel Officer, 
Smith Kline and French Laboratories Ltd., 
Mundells, Welwyn Garden City, Herts. aseo 







one tee eager T a EE mEn inA 
P SERA GEE noted ERU ean cede 
























UNIVERSITY OF MELBOURNE 


READERSHIP/SENIOR LECTURESHIP 
IN IMMUNOLOGY 
in the 
DEPARTMENT OF MICROBIOLOGY 


Applications are invited from graduates in 
science or medicine with postgraduate experience 
in immunology. Applicants will be expected to 
have had some general training in microbiology 
as well as research and teaching experience in 
immunology. The duties will be primarily, but 
not exclusively, in teaching immunology, lectures, 
seminars and practical work, to students in vari- 
ous Faculties. In addition, the appointee would 
be expected to supervise students proceeding to 
higher degrees, B.Sc. Honours through to Ph.D. 
and to develop an active immunological unit. 
This position is in the School of Microbiology, 
which is physically well-equipped for immuno- 
logical research, including the use of germ-free 
animals. It works in close collaboration with 
immunologists at the Walter and Eliza Hall 
Institute, 

Salary: Readership (Medical), — $410,130 ; 
Readership, $49,900 ; Senior Lectureship (Medi- 
cal, $A7,760 to $49,440; Senior Lectureship, 
$47,500 10 $A8,750, Initial salary will be deter- 
mined according to qualifications and experience. 

Further information, including details of super- 
annuation, travel and removal expenses, housing 
assistance and conditions of appoinument, is 
avallable from the Association of Commonwealth 
Universities (Branch Office), Marlborough House, 
Pall Mail, S.W.1. Applications close on January 


EDINBURGH NORTHERN 
HOSPITALS GROUP 


Applications are invited for tbe post of 
SENIOR GRADE BIOCHEMIST in the Depart- 
ment of Clinical Chemistry. This is a new ap- 
pointment in a recently re-equipped department 
which occupies new laboratories at the Western 
General Hospital. The Department provides a 
service commitment for an 1,100 bedded group, 
including the Nuffield Organ Transplant Unk, and 
offers excellent opportunities for further training 
leading to a higher qualificauion—-in particular. 
the M.C.B. The successful candidate will be ex- 
pected to collaborate in research in addition to 
the service commitment. Whitley Council con- 
ditions of service apply. 

Further particulars may be obtained from the 
Secretary, South-eastern Regional Hospital Board, 
Scotland, 11 Drumsheugh Gardens, Edinburgh, 3, 
with whom applications, giving the names of two 
referees should be lodged within four weeks from 
the date of thís advertisement, 0938) 


AUSTRALIAN ATOMIC 
ENERGY COMMISSION 


RESEARCH ESTABLISHMENT 
LUCAS HEIGHTS, NEAR SYDNEY 


MATHEMATICIAN 


Applications are invited from mathematicians for positions within the 
Computer Utilisation and Research Group at the Commission's 
Research Establishment. The duties of this group are to undertake 
research into mathematical and programming techniques, to devise 
methods for improving computer utilisation, to keep abreast of the 
latest computing developments in the field of Atomic Energy and to 
assist Commission staff in the adoption of new or advanced techniques 
relating to computing. The Commission currently has a large IBM 
360 model 50-H computer system. 











Applicants must have a Ph.D. in Mathematics (or post-graduate 
research experience of equivalent standard and duration) supported 
by satisfactory evidence of research ability. Salary, dependent upon 
qualifications and experience, will be within the following ranges: 

RESEARCH SCIENTIST - - - $Aus.5250-$Aus. 6622 
SENIOR RESEARCH SCIENTIST $Aus.6892-$Aus. 7974 
(Female rates are $Aus.428 p.a. less than male rates quoted above.) 
Application forms and further information may be obtained by 
writing to the Atomic Energy Adviser, Office of the High Commis- 
sioner for Australia, Canberra House, 10-16 Maltravers Street, Strand, 


LONDON W.C.2. Please quote position R76. 
(1989) 














GSURO 


ENGINEER 
OR PHYSICI 
AUSTRALIA 


DIVISION OF APPLIED PHYSICS 


GENERAL The Division of Applied Physics of the Commonwealth Scientific and 
Industrial Research Organization, is one of the two Divisions comprising the Organization's 
National Standards Laboratory, which is responsible for the establishment and maintenance 
of standards of electrical and mechanical measurements in Australia. Fundamental research 
in allied fields is also proceeding. The Laboratory is accordingly well equipped for 
physical measurements. It is situated in the grounds of the University of Sydney, but new 
laboratories are being planned for location at West Lindfield, twelve miles north of Sydney. 


DUTIES The appointee will work in the field of high-voltage standards, measurement 
and research, and will be required to investigate the application of modern physical 
techniques to high voltage measurements with a view to extending the Laboratory's 
measuring capability towards high voltages and improved accuracies, and to take part in 
the Laboratory's broader programme of high voltage research. In this respect, the successful 
applicant will be expected to develop his own special research interests. 


OUALIFICATIONS Applicants should have a Ph.D. degree in an appropriate field, or 
postgraduate research experience of equivalent standard and duration, supported by 
satisfactory evidence of research ability. Some experience in high voltage work and in 
modern electronics is desirable. 


SALARY Depending upon qualifications and experience the appointment will be made 
within the salary range of Research Scientist, $A5,321— $46,693 p.a., or Senior Research 
Scientist, $A6,963- $A8,045 p.a. In the case of an applicant having extensive and 
appropriate research experience, appointment in the range of Principal Research Scientist, 
$A8,313— $A9,561 p.a. will be considered, Salary rates for women are $A428 p.a. less 
than the corresponding rates for men. Promotion within CSIRO to a higher classification 
is determined by merit. Fares paid for the appointee and his dependent family. Further 
particulars supplied on application. 


CONDITIONS The duration of the appointment will be determined in consultation 
with the successful candidate; some applicants may prefer a fixed term appointment for 
three years. Appointment will be conditional upon passing a medical examination and an 
initial probationary period of twelve months may be specified. An indefinite appointment 
carries with it Commonwealth Superannuation Fund or Provident Account privileges. 


Applications (quoting Appointment No. 750/411), and stating full name, place, date 
and year of birth, nationality, marital status, present employment, details of qualifications 
and experience, together with the names of not more than four persons acquainted with 
the applicant's academic and professional standing, should reach: 


Mr. R. F. Turnbull, Chief Scientific Liaison Officer, Australian Scientific Liaison 
Office, 64-78 Kingsway, London, W.C.2, by the 10th January, 1969. (1986) 





UNIVERSITY OF NEW SOUTH 
WALES 


LECTURER 
SCHOOL OF BIOCHEMISTRY 


WALES 
LECTURER 


Applications are invited for appointment to 
the above-mentioned position. Salary: $45,400 
range $47,300 per annum. Commencing salary 
according to qualifications and experience, Appli- 
cants must hold a Ph.D. or have equivalent 
qualifications. Some preference may be given to 


Applications are invited for appointment 


range $A7,300 per annum. 
according to qualifications and 


ELECTRICAL 


UNIVERSITY OF NEW SOUTH 


SCHOOL OF CHEMICAL ENGINEERING 


the above-mentioned position. Salary: $45,400 
Commencing salary 
experience. 
Applicants must have high academic qualifica- 


applicants with experience in protein and nucleic 
acid research and in genetic aspects of molecular 
biology. The successful applicant will lecture 
and assist with practical classes for science and 
medical students and with the supervision of 
higher degree students. He will be expected to 
undertake research in his own field of interest. 
Detalis of appointment, including superannua- 
tion, study leave and housing scheme, may be 
obtained from the Association of Commonwesklh 
Universities (Branch Office), Marlborough House, 
Pall Mall, London, S. W.1. Applications close in 
Australia and London on January 6, 1969. 
0993 


tions in chemical engineering or science and ex- 
perience in biochemistry or biological processing. 
Teaching experience is desirable but not essential. 
The successful applicant will lecture in biological 
process engineering to students in postgraduate 
courses and to undergraduate students in food 
iechnology. 

Details of appointment, including superannua- 
tion, study leave and housing scheme, may be 
obtained from the Association of Commonwealth 
Universities (Branch Office), Marlborough House, 
Pall Mall, London, S.W.1. Applications close in 
Australia and London on March 31, 1969. 

(1992) 
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NEW ZEALAND 


University of Canterbury 
Christchurch 


Applications are invited for the following 
appointments : 
READERS 
Civil Engineering 
SENIOR LECTURERS OR LECTURERS 
Sociology 
Civil Engineering 


As from April f. 


1969 salaries 
follows: Readers—a range from $ 
to SNZ7.300; Senior Lecturers, a 
from $NZ4.700 by $NZ200 to $NZ5,500 
(bar) and thereafter a range to SNZ6,600 ; 
Lecturers. a scale from 73,100 by 
SNZ200 to $NZA,700, $NZ4.800. For an 
overseas appointee salary will normally be 
paid from an approved date of embarka- 
tion. Approved fares and removal ex- 
penses to Christchurch wiil be paid. 

Further particulars and Conditions of 
Appointment may be obtained from the 
Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall 
Mall, London, S.W.I. 

Applications close for Engineering and 
Sociology on January 31, 1969. (1920) 





Assistant Scientist 


The suecessful applicant will join a well 
qualified and professional Research Team 
engaged on a wide variety of research 
projects related to the tobacco industry. 


The Research Division occupies specially 
designed accommodation which is fully 
equipped with the most up to date 
equipment. 


Applications are invited from young men 
for applied research work in the Biology 
Section who have a degree or its equiva- 
lent. Experience in either natural product 
chemistry, biology, plant physiology or bio- 
chemistry is essential whilst a practical 
knowledge of instrumental techniques 
would be an advantage. 


Commencing salary will be dependent 
upon qualifications and experience but will 
be in the region of £1,340, 


The Company also offers generous pen- 
sion, life assurance and sickness benefit 
schemes. 


Applications, stating age, qualifications 
and experience to: 


Personnel Officer (M.T.B.), 
CARRERAS LIMITED, 
Christopher Martin Road, 


Basildon, Essex. (1928) 


UNIVERSITY OF NOTTINGHAM 
MEDICAL SCHOOL 
DEPARTMENT OF PHYSIOLOGY 

Applications are invited for the pasts of 
SENIOR LECTURER and LECTURER IN 
PHYSIOLOGY in the new Medical School of the 
University of Nottingham. Undergraduate teach- 
ing will start in October. 1970. The Departments 
of Physiology (Professor A. D. M. Greenfield 
and Dr. P. H. Fentem). Human Morphology, 
Pathology and Medicine are already established 
and working with excellent research facilities and 
supporting staff. Departments of Biochemistry 
and Community Health will be established and 
working by October, 1970. There are good 
facilities for both human and animal work in 
Physiology. The persons appointed will be able 
to play a part in develoning the activities of the 
department and the new Medical School. Salary 
will be within the appropriate scale for medically 
qualified pre-clinical staff with membership of 
F.S.S.U.. starting point according to age and 
experience. (I) Senior Lecturer: £2,578 to 
£3,310. (2) Lecturer: £1,900 to £2,730. Candi- 
dates are asked to state the post in which they 
are interested, and the successful candidate will 
be expected to take up his duties on or before 
October 1. 1969. 

Further particulars and a form of application 
mas be obtained from the Regis . University 
of Notuingham, to whom application forms 
should be returned by January 15, 1969. 

0923) 
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UNIVERSITY OF 
SOUTHAMPTON 


DEPARTMENT OF PHYSIOLOGY 
AND BIOCHEMISTRY 


SENIOR TECHNICIAN 


required to take charge of well-equipped 
and recently built Animal House with a 
comprehensive operating theatre, The 
duties of the successful candidate will be 
the day-to-day running of the Animal 
House and its stocks, keeping records, and, 
if suitably qualified, involvement with re- 
search projects, The appointment offers 
considerable interest, variety and prospects 
which may be enhanced when an enlarged 
Animal House, to serve the pre-clinical 
departments of the New Medical School is 
opened in 1971/72. (Further particulars 
may be obtained from the Head of the 
Department.) Candidates should have 
suitable experience and qualifications and 
preference may be given to those with a 
qualification from the Institute of Animal 
Technicians or Institute of Medical and 
Laboratory Technicians, Salary on scale 
£975 to £1,195 plus allowances for 
approved qualifications. 


Applications, giving details of experience 
and qualifications and the names of two 
referees, should be sent to tbe Deputy 
Secretary, The University, Southampton, 
SO9 SNH, by January 7, 1969, quoting 
Reference N. (1991) 





BATH UNIVERSITY OF TECHNOLOGY 


SCHOOL OF CHEMISTRY AND 
CHEMICAL ENGINEERING 


Applications are invited immediately for 
GA 


POST-DOCTORAL RESEARCH 
FELLOW 


and (b) A 


POSTGRADUATE 
RESEARCHER 


in the Organic Group to study the syntheses 
of various types of polynuclear nitrogen 
heterocyclic compounds, including some 
alkaloids. Salaries of £1,340 per annum 
and £900 per annum respectively are avail- 
able for suitably qualified applicants. The 
posts are available for nine months from 
January !, 1969, in the first instance. 


Application forms are available from 
Registrar (S), The University, Claverton 
Dawn, Bath. (1962) 


INSTITUTE OF OPHTHALMOLOGY 
Judd, Street, London, W.C.1. 


SENIOR TECHNICIAN required for scientific 
workshops for construction. and development of 
research apparatus, A background and experi- 
ence of workshop practice is essential and ideally 
will have engineering qualifications. Salary in 
the scale £1,130 per annum to £1.400 per annum 
according to experience. 


Application in writing, together with the names 
of two referees, to the Secretary at the above 
address by December 30. (1969) 


ROYAL _ BELFAST ACADEMICAL 
INSTITUTION 


The HEADMASTERSHIP of the Mathematical 
Department will fall vacant in Seprember 1969 
through the retirement of the present holder. 
The Department is staffed by 11 masters and 
has a record of high academic succ including 
open university scholarships, — " The Public 
Schools Year Book" contains particulars of the 
School. 

Further information for candidates may be 
obtained from the Secretary to the Governors, 
The Royal Belfast Academical Institution, Col- 
iege Square East, Belfast BTI 6DL, to whom 
applications should be sent by January 25, 1969. 

(1944) 














ORGANIC 
CHEMIST 


We have a vacancy in the Chemical Laboratories of our 
Research Department at Welwyn Garden City, Hertfordshire, 


for an Organic Chemist. We are looking for a young man 
with Ist class Honours and a Ph.D. Some post-doctoral 
experience and a particular interest in biochemistry or biology 
might be an advantage but are not essential. 


We are a member of one of the world's leading chemical and 
pharmaceutical organisations, and conditions of service are 
appropriate to this position. For further information, write 
in confidence, quoting reference RC/N, to the Staff Officer at : 


ROCHE PRODUCTS LIMITED 
15 MANCHESTER SQUARE LONDON WIM 6AP 


872) 





UNIVERSITY OF QUEENSLAND 
SENIOR LECTURER (CLINICAL) IN 


GRASSLAND RESEARCH f PATHOLOGY 
TTU The University invites applications for the posi- 
INST TE tion of Senior Lecturer (Clinical) in the Department 
HURLEY, MAIDENHEAD, BERKS of Pathology. An applicant should hold a medi- 


cal degree registrable in the State of Queensland. 
He should have at least five years’ postgraduate 
A BIOCHEMIST experience in some branch of pathology with a 
special interest in cell biology, celi biochemistry, 
or experimental pathology as a field of work and 





















ís required by the Department of Animal hold an appropriate postgraduate qu 
Nutrition at this Insttute, to engage in The successful applicant will be responsible t 
the study of rumen and post-rumen diges- Head of the Department of Pathology for his 
tion of forage crops. Particular emphasis allotted teaching duties and for the development 
in thís work will be given to the effects of of his field of research. Subject to 
processing of crops, by dehydration and to the University, the appoinie y 
ensilage, and the site and course of diges- to the Deparunent of Pathology al one of ihe 
tion and absorption. Candidates should teaching hospitals for some part-time roaotine 
have a first degree (Honours I or Ha) in duties, should he so desire. The salary range 
Biochemistry or Agricultural Biochemistry. for a Senior Lecturer (Clinical) is $47,800 by 
and postgraduate experience in digestion or SA250 (5) to $A8,750, plus a loading of SA70D 
intermediary metabolism, preferably with per annum. The University provides Superan- 
ruminant animals. nuation similar to P.S.S.U., Housing Asaitonce, 
Study Leave and Travel Grants. 

Appointment will be within the S.O. Additional information and applicat for 
(£1,020 to £1,740) or S.S.O. (£1.925 to will be supplied upon request to tbe Asso 
£2,372) grades. and will start as soon as of Commonwealth Universities (Brauch Office), 
possible after April 1, 1969, Marlborough House, Pall Mall London. SW. 

Applications close in London and Brisbane om 

Applications, with names of three February 7, 1969, (0922) 
referees, should reach tbe Secretary of the 
Institute by January 31, 1969. (1937) 





ST. THOMAS'S HOSPITAL 

MEDICAL SCHOOL 

An Honours graduate in Chemistry 
AE SEN chemistry is wanted for a Rese: 

HEAD OR SENIOR the Metabolism of Anabolic Sterc The work 

TECHNICIAN will involve the use of gas chromatography and 

Applicants must have a wide experience radicacute moop The project mra 

in Pharmacological Techniques, some Histo- three years and the successful appli 

logy experience an advantage. Position expected to register for the degree 
























offers good opportunities wit Pxcelle Salary: £1,040 plus F.S.S.U 
conditions. PPS à Nnrpexecllent Applications, citing one rel 
Apply in writing t esez ires mitted as soon as possible t : 
ja ELO REACH JDILECIORS Prunty, Department of Chemica 





Biorex House, Canonbury Villas, London, k 
N.L (1946) iones s 





Hospital Medical 
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SCIENCE RESEARCH COUNCIL 


Train for 
Administration 
of Science 


Interested in a career in the administration of science ? You may 
wish to compete for one of the new posts providing two years of 
training to develop administrators required to help in managing 
the Council's varied and expanding programmes in civil science. 
The current budget of over £40 m. is used for research in astro- 
nomy, radio, space and nuclear physics, and to support post- 
graduate training and research in science and technology at the 
universities. 


Applications are invited from recent graduates and those gradua- 
ting in 1969, with a good honours degree in science or technology. 
A broad interest in science and a considerable aptitude for admin- 
istration are required for these posts available in London late 
next summer, Starting salary will be at least £1,145, progressing 
to £1,865 with good prospects of permanent appointments and 
early promotion to higher scales. 

Further information and application form from Science Research 
Council, State House, High Holborn, London, W.C.1 (Tel. 01-242 
1262, ext. 395). Closing date for receipt of application forms 
January 6, 1969. 


TTT s 
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(1929) 
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Research Assistants— 
Chemists /Physicists 


Pye Unicam is one of the foremost 
European manufacturers of precision 
scientific instruments for chemical analysis 
and process control The Development 
Division has a planned programme of 
interesting and original projects under way. 
Two Research Assistants are required to 
work with Ph.D. level Project Leaders on the 
basic scientific aspects of the development of 
laboratory and process chromatographs. 
Their work will involve organic and physical 
chemistry, ionisation of gases, pressure 

and temperature control These are new 
appointments and will be of interest to both 
chemists and physicists. Applicants should 
have (a) degree or (b) H.N.C. Suitable 
persons would be encouraged to obtain 
further qualifications. 

Attractive salaries will be offered and 
excellent life assurance and pension schemes 
are in operation. 


Please apply: Personnel Manager, 
d Pye Unicam Ltd, 
York Street, Cambridge. Telephone 58866 


$ PYE UNICAM 


T2 iupustay Tues 0940 












MCMASTER UNIVERSITY 
HAMILTON, ONTARIO, CANADA 


Apptcations are invited by our Depari- 
ment of Applied Mathematies for the 
following positions. 


APPLIED STATISTICIANS 


Duties will include undergraduate and 
postgraduate teaching. Successful appli 
canis will be expected to co-operate closely 
in the research activities of other Univer- 
síty departments according to their special 
field of interest (which could range from 
operational research to biometrics, econo- 
metrics and other disciplines). — Joint ap- 
pointments with other departments could 
be considered, 


NUMERICAL ANALYSTS 


Dutics will include undergraduate and 
postgraduate teaching as well as close co- 
operation with the University Computer 
centre (CDC 6400) and with other depart- 
ments of the University. 

Rank and salary (exclusive of summer 
research stipend) according to qualifications 
and experience. Present (1968/9) minima 
are: Assistant — Professor — Can.$9,500 ; 
Associate Professor Can.$12,000 ; Full Pro- 
fessor Can.$15,500. 

Interviews in Britain can be arranged for 
the beginning of January, 1969, when 
further information would be given, 
meanwhile, intended applicants are re- 
quested to respond to: 

THE SECRETARY GENERAL 
ASSOCIATION OF COMMONWEALTH 
UNIVERSITIES, 
MARLBOROUGH HOUSE, PALL MALL, 
LONDON, S.W.. 

(1958) 
































PORTSMOUTH COLLEGE 
OF TECHNOLOGY 


Department of Molecular Biology 


EXPERIMENTAL OFFICER 


Physicist or Physical Chemist required to 
assist a group studying the conformations 
and interactions of biological macro- 
molecules in solution. Applicants should 
possess an appropriate degree or H.N.C. 


Salary Scale: £1,055 to £1,485 per 
annum. 


Excellent conditions of service. Closing 
date; December 30, 1968. 





Application forms from, The Stat? Office, 
Portsmouth College of Technology, Hamp- 
shire Terrace, Portsmouth POL 2EG, should 
be returned as soon as possible. (1927) 


AGR ICULTU RAL RESEARCH 
COUNCIL 


INSTITUTE FOR RESEARCH ON ANIMAL 
DISEASES 
EXPERIMENTAL PATHOLOGIST required 
for a research appointment in the Department of 
Cellular Pathology, The work of the Institute is 
in relation to various aspects of diseases of 
animals, and the department has ample modern 
equipment including two electron microscopes. 
The basic qualification required is a veterinary, 
medical or honours science degree ; possession of 
a higher degree or experience in a related field 
such as immunopathology would be an advan- 
cage. Appointment will be made in the Scientific 
Officer (£1,020 to £1,740) or Senior Scientific 
Officer (£1,925 to £2,372) grade. Superannuation 

under F.S.S.U. 

Applications should be forwarded to the Sec- 
retary, Insutute for Research on Animal Diseases, 
Compton, Berkshire, together with the names of 
two referees. (1973) 

SENIOR REQUIRED FOR 
Metabolic Laboratory. The successful candidate 
should have a higher degree and as he will be 
required to control and dírect both the routine 
and research work in the laboratory, he or she 
should have proven ability in work at a respon- 
sible level. Salary, £2,051 to £2,525 per annum. 
—Further details from, and applications to, The 
House Governor, The London Hospital, Fost 

(193 
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UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF METALLURGY 
ASSISTANT LECTURESHIP 


Applications for the above post are invited 
from well qualified candidates irrespective of their 
particular fields of interest within metallurgy. 
The Department occupies a modern building with 
excellent facilities for teaching and research. 
Undergraduate courses are broadly based and in- 
clude both scientific and technological aspects of 
the subject. The postgraduate courses offer 
options in physical metallurgy, chemical metal- 
lurgy and in iron and steel technology. It is 
hoped that the candidate appointed will take an 
interest in the development of the Iron and Steel 
Technology Course and wil be able to take up 
duties as soon as possible. The research work 
of the department covers a wide range, and in- 
cludes projects in all the principal fields of 
metallurgy. Initial salary in the range £1,105 to 
£1,340 with F.S.S.U. provision. 

Further particulars from the Registrar, to 
whom applications (four copies) should be sent 
by January 3, 1969. Quoting Ref. EA 

(1932 


London Borough of Enfield: Education 
Committee 


ENFIELD COLLEGE OF 
TECHNOLOGY 
QUEENSWAY, ENFIELD, MIDDLESEX 
Principal: G. S. Brosan, T.D.. Ph.D. 
FACULTY OF TECHNOLOGY 


Applications are invited for the additional post 
of 


RESEARCH ASSISTANT IN STRESS 
ANALYSIS 


This post, which is financed by a Science Re- 
search. Council grant, ís for a period of two 
years commencing ss soon as possible and is 
concerned with a three-dimensional photoelastic 
investigation. Applicants will be expected to 
have had some experience of this technique. 
Commencing salary will be within the range of 
£850 to £900 per annum. 

Application forms obtainable from, 








and re- 


turnable to, the .Academic Registrar within 14 
days. 


D. B. DENNY, M.A., 
Chief Education Officer. 
(1949) 
UNIVERSITY OF THE 
WEST INDIES 
TRINIDAD 

Applications are invited for the 
appointments : 

SENIOR LECTURESHIP or LECTURESHIP 
IN AGRICULTURAL ECONOMICS in Depart- 
ment of Agricultural Economics and Farm Man- 
agement, 

LECTURESHIP or ASSISTANT LECTURE- 
SHIP IN MATHEMATICS, Preference given to 
candidates who have specialised in pure mathe- 
matics, 

Salary scales: Senior Lecturer £2,250 to £3,405 
per annum, Lecturer £1,550 to £2,630 per annum, 
Assistant Lecturer £1,250 to £1,410 per annum. 





following 


FSS.U. Child allowance. Family passages. 
Triennial study leave. 
Detailed applications (6 copies), naming 3 


referees, should be sent by January 20, 1969, 
by persons living in the Americas and Caribbean 
area to Secretary. University of the West Indies, 
St. Augustine, Trinidad, and by all others to 
Inter-University Council, 33 Bedford Place, Lon- 








don, W.C.1. Further particulars obtainable 
STAN Tacos aaa sis G208) 
UNIVERSITY OF NEW SOUTH 
WALES 


LECTURER (GEOLOGY) 
WOLLONGONG UNIVERSITY COLLEGE 
Applications are invited for appointment to 

the above-mentioned position. Salary: $45.400 
range $A7,300 per annum. Commencing salary 
according to qualifications and experience. Pre- 
ference will be given to applicants with experi- 
ence in structural geology, sedimentary petrology 
or geophysics, but persons with qualifications in 
other fields will be considered. The Department 
of Geology now offers three courses leading to 
a science degree as well as servicing courses. 
With this appointment it is intended to broaden 
the range of topics covered by specialist staff. 
Details of appointment, including superannua- 
tion, study leave and housing scheme, may be 
obtained from the Association of Commonwealth 
Universities (Branch Office), Marlborough House. 
Pal Mall, London, S.W.1. Applications close 
in Australia and London on January 6, 1969, 
(1993) 
















CSIRO 


AUSTRALIA 


XXXVII 


DIVISION OF APPLIED MINERALOGY 


GENERAL The Division of Applied Mineralogy, a component of the Chemical Research 
Laboratories of the Commonwealth Scientific and Industrial Research Organization, i$ 
mainly concerned with the occurrence and utilization of minerals and allied:raw materials. 
The appointee could be located at any one of the Division's sections situated in Victoria, 
Canberra, New South Wales or Western Australia. 


DUTIES The appointee will be required to undertake studies of the nature and origin of 
Australian ore deposits, particularly in reiation to phenomena having a bearing on 


techniques of exploration. 


QUALIFICATIONS Applicants should have a Ph.D. degree in an appropriate field, 
or postgraduate research experience of equivalent standard and duration, supported by 


satisfactory evidence of research ability. 


SALARY Depending upon qualifications and experience, the appointment will be 
made within the salary range of Senior Research Scientist, $A6,963— $A8,045 p.a. ar 


Principal Research Scientist, $A8.313— $A9,561 p.a. 
p.a. less than the corresponding rates for men. 


classification is determined by merit. 


Salary rates for women are $A428 
Promotion within CSIRO to a higher 


CONDITIONS The appointment, which carries with it Commonwealth Superannuation 
Fund or Provident Account privileges, will be conditional upon passing a medical 
examination. An initial probationary period of twelve months may be specified. Fares 
paid for the appointee and his dependent family. Further particulars supplied on 


application. 


Applications (quoting Appointment No. 604/63), and stating full name, place, date and 
year of birth, nationality, marital status, present employment, details of qualifications and 
experience, together with the names of not more than four persons acquainted with the 
applicant's academic and professional standing, should reach : 


Mr. R. F. Turnbull, Chief Scientific Liaison Officer, Australian Scientific Liaison 


Office, 64-78, Kingsway, London, W.C.2., by the 31st January, 1969. 





UNIVERSITY OF EDINBURGH 


DEPARTMENT OF OBSTETRICS AND 
GYNAECOLOGY 


TECHNICAL OFFICER / SENIOR 


TECHNICIAN required to join a Research 
team concerned with ínvestigation of bio- 


chemical aspects of ovarian function. 
Some experience of steroid biochemistry an 
advantage. H.N.C. or B.Sc. essential. 
Salary in range £1,050 to £1,200 per 
annum, depending on experience. 


Applications to Dr, D. Baird, University 
of Edinburgh, Department of Obstetrics, 39 
Chalmers Street, Edinburgh, 3. (88D 
















UNIVERSITY OF LONDON 
KING'S COLLEGE 


DEPARTMENT OF BIOCHEMISTRY 
RESEARCH ASSISTANT 


Applications are invited for the above 
post, tenable for one year in the first in- 
stance, to study the effecis of antibiotics on 
bacterial ribosomes. Candidates should be 
graduates with relevant training and/or 
experience in biochemistry and/or micro- 
biology. Salary range: £900 to £1,100 per 
annum with F.S.S.U. membership. 

Applications should be made in writing 
as soon as possible to Dr. M. Kogut, De- 
parunent of Biochemistry, King's College 
London, Strand, London. W.C.2. (1890) 





(1988) 


UNIVERSITY OF STIRLING 
DEPARTMENT OF CHEMISTRY 
(PROFESSOR R. P. BELL) 
Applications are invited for the follow- 
ing posts for the academic year 1969-70: 


1. TWO LECTURERS / ASSISTANT 
LECTURERS, one in organic and one ix 
physical chemistry. 


One of these appointments may be mad 
in the Senior Lecturer grade. 


2. UNIVERSITY RESEARCH 
FELLOW in the field of reaction kinetics. 
4; POST-DOCTORAL | RESEARC 


ASSISTANT to work with Professor Bel 
on the kinetics of fast reactions in solution. 





Applications, with the names of two 
referees, should be sent by December 3i, 
1968, to ihe Secretary (NAT), Universitiy 
of Stirling, Stirling, from whom further de- 
tails may be obtained. (1926) 





ROYAL FREE HOSPITAL SCHGOL 
OF MEDICINE 
(UNIVERSITY OF LONDON) 
DEPARTMENT OF BIOCHEMISTRY 


Applications are invited for an MR EOST- 
DOCTORAL RESEARCH ASSISTANTSHIP for 
the study of the biochemical function of visamtin 
E and its interaction with selenium in vive. 
Initial salary up to £1,415 per annum, plus £60 
London Allowance and F.S.S.U. benefits. The 
grant is tenable for three years, with salary in- 
crement allowance. 

Apply to Dr. A. T. Liphook, Deparument of 
Biochemistry, Royal Free Hospital Scho ol 
Medicine, 8 Hunter Street, London W.C.T before 
January 1, 1969, (S58) 
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CSIRO 
BIOCHEMIST 
AUSTRALIA 


DIVISION OF FOOD PRESERVATION 


GENERAL The research programme of the Organization's Division of Food Preservation 
includes many aspects of the physical and biological sciences related to the needs of the 
food industry. The Division has a staff of over 90 scientists working in the fields of physics, 
chemistry, biochemistry, plant physiology, microbiology and food science, and it is housed 
at North Ryde, N.S.W. in modern laboratories provided with a wide range of research 
facilities and equipment. 


DUTIES Work on the possible effects of the state of water and its structure on the 
course of action of hydrolytic enzymes is to be initiated. This will involve at first a study 
of enzyme kinetics at temperatures near and below 0° C together with a study of the effect 
on kinetics of agents believed to affect water structure. 


The appointee will be required to initiate research along the line described, and to 
supervise the work of an Experimental Officer. 


QUALIFICATIONS Applicants should have a Ph.D. degree or postgraduate research 
experience of equivalent standard and duration, supported by satisfactory evidence of 
research ability. Applicants with some knowledge of, and an interest in, the physical 
chemistry of aqueous solutions and reaction kinetics will be preferred. 


SALARY Depending upon qualifications and experience, the appointment will be made 
within the salary range of Research Scientist, $A5,321— $A6,693 p.a., or Senior Research 
Scientist, $A6,693— $A8,045 p.a. Salary rates for women are $A428 p.a. less than the 
corresponding rates for men. Promotion within CSIRO to a higher classification is 
determined by merit. 


CONDITIONS The appointment, which is subject to passing a medical examination, 
will be for an initial period of three years, after which, if mutually desired, either an extension 
of tenure or appointment for an indefinite period will be considered. An initial probationary 


period of twelve months may be specified. Fares paid for the appointee and his dependent 
family. 


Applications (quoting Appointment No. 300/481), and stating full name, place, date 
and year of birth, nationality, marital status, present employment, details of qualifications 
and experience, together with the names of not more than four persons acquainted with 
the applicant's academic and professional standing, shouid reach: 


Mr. R. F. Turnbull, Chief Scientific Liaison Officer, Australian Scientific Liaison 
Office, 64-78, Kingsway, London, W.C.2, by the 17th January, 1969. (1987) 


Biologiste 
Moleculaire 


ayant de l'expérience de laboratoire pour recherches fondamentales 
dans le domaine des membranes cellulaires. Connaissance appro- 
fondie de l'anglais indispensable. 


Semaine de cinq jours—Sécurite sociale étendue. 


Faire offre détaillée avec photographie, curriculum vitae et préten- 
tions de salaire à 
Direction du personnel, 
Institut Battelle, 
7, route de Drize, 
1227 CAROUGE —Geneva, 
Switzerland. 
(1977 








G.K. BUREAU 


HISTOLOGY TECHNICIAN 


Required for modern research Labora- 
tory with experience in animal tissue Histo- 


SCIENTIFIC APPOINTMENTS 


are seeking Veterinary Surgeons, Chemists, 
Physicists, Applied Biologists and Geolo- 
gists. TECHNICIANS for animal houses, 
colleges, hospitals, research centres or in- 
dustry.—Miss J. Hortin, 196 Oxford Street, 


logy. 
Apply in writing with all particulars of 
education, to the Research Director, Biorex 


i Lab ies, C. ' Villas. ondon, 
London. Wl. 01-636-6858. No fees to ons Canonbury Villas 19207 


pay. 0776) 








UNIVERSITY OF SYDNEY 


POSTDOCTORAL FELLOW IN MEAT 
SCIENCE 


A vacancy exists for a Postdoctoral Fellow in 
Meat Science at the M. C. Franklin Labora- 
tory of the University of Sydney situated at 
Sydney University Farms, Camden, New South 
Wales. 

The successful applicant will be expected to 
prosecute a research programme in Meat Science 
in a field of his choice but preferably covering 
one or more of the following fields: 1. Conver- 
sion of muscle to meat. 2. Chemical and bio- 
emical constitution of muscle. 3, The storage 
d preservation of meat. 4. The eating quality 
of meat. 

He wil be expected to give an undergraduate 
course in Meat Science for both final year Veter- 
inary Science students and Agricultural Science 
tAnimal Husbandry) students. In addition, it is 
hoped that he will be involved in the training of 
postgraduate workers in the field of Meat Science 
for higher degrees, including Ph.D. 

The initia! appointment will be for a three-year 
period with some prospect of renewal annually. 
The successful appointee must hold a Ph.D. de- 
gree in which he majored in some as 
Meat Science. Depending on qualifications and 
experience, the appointment will be made within 
the range $N25,600 to $NZ7,000 per annum. 

Further information from the Secretary- 
General, Association of Commonwealth Universi- 
ties (Branch Office). Marlborough House, Pall 
Mall, London, $.W.1, Applications close with 
the Registrar, University of Sydney, Sydney, New 
South Wales, Australia. on January 31, 1969, 

(1921) 















UNIVERSITY OF TASMANIA 
LECTURER IN MATHEMATICS 
Applications are invited from candidates with 
qualifications in pure mathematics for a lecture- 
ship in the Department of Mathematics. The 
salary scale for lecturers is Grade If, $45,400 by 
$4270 to $46.210. and Grade I. $A6.480 by 
$A270 (2) by $A280 (D to $A7,300. Research 
is currently being conducted in Numerical 
Analysis. Abstract Analysis, Algebra and Geo- 
metry, The mathematics section of the Univer- 
sity Library is good and most of it is housed in 
the Mathematics Department, There are complete 
sets or long runs of all the important English 
and American journals, and most of the import- 
ant foreign journals are taken as well All 
members of staff have access to the Computer 
Centre which is a joint venture of the University 
and the Hydro-Electrie Commission. The Centre 
is on the University campus and consists of an 
Eliot 503 Computer, which ís a high speed 
digital computer with ALGOL as the main pro- 
gramming language. tt is hoped to extend the 
computer in the 1967-70 triennium with the pur- 

chase of a Hine printer and digital plotter. 
Further particulars may be obtained from the 
Association of Commonwealth Universities 
{Branch Office), Marlborough House, Pall Mall, 
London, S.W.1. Applications, which must be 
made in accordance with the specified procedure 
close on Janua 1969. (19 


UNIVERSITY OF ST. ANDREWS 
DEPARTMENT OF CHEMISTRY 
Applications are invited from candidates with 
an ordinary degree, H.N.C. or equivalent qualifi- 
cation in electronics for the position of TECH- 
NICAL OFFICER in the Department of Chemis- 
try. The successful applicant will be expected to 
assist in the servicing of spectrometers and in 
the development of electronic equipment. The 
new chemistry buiiding is equipped with Mass 
Spectrometers (MS-902 and MS-10), NMR. 
Spectrometers (HA-100 and R-10), and a Decca 
ESR. Spectrometer in addition to LR. and 
U.V. Spectrometers. Salary in the range : £1,050 
to £1.400; grant towards removal; pension 


























Hications, with the name of a referee, 
should be sent before December 31, 1968, to the 
Deputy Secretary, University of St. Andrews, 
College Gate, St, Andrews, from whom further 
calars may be obtained. (1951) 















MEMORIAL UNIVERSITY OF 
NEWFOUNDLAND 
ST. JOHN'S, NEWFOUNDLAND, CANADA 
DEPARTMENT OF BIOCHEMISTRY 
Several graduate studentships in biochemistry 
are avallable for higher degree studies, value 
$2.500 to $3,100. erested appÜcants who have 
or expect to receive (D an Honours degree 
(Second Class Honours minimum) in biochemis- 
uy or (2) an Honours degree in another disci- 
pline should write to: Dr. L. A. W. Feltham, 
Head. Department of Biochemistry, Memoria! 
ty of Newfoundland, St. John’s, New- 
foundland, Canada. (20994) 
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UNIVERSITY OF 
STRATHCLYDE 


DEPARTMENT OF COMPUTER 
SCIENCE 


LECTURER AND ASSISTANT 
LECTURERS 







Applications are invited from suitably 
qualified candidates for Lecturer and 
Assistant Lecturer posts in the Department 
of Computer Science. 






Candidates for the Lecturer post should 
possess a first degree in Computer Science 
or some other relevant subject, and should 
have research experience. A higher degree 
is desirable, but not essential. 

Candidates for the Assistant Lecturer 
posts should have a first degree in Com- 
puter Science or some other relevant sub- 
ject, or should expect to gain such a de- 
gree in the near future. Research experi- 
ence is desirable. but not essential. Facili- 
ties are available for study leading to a 
higher degree. 

Salary scales, Lecturer, £1,470 to £2.630 ; 
Assistant Lecturer, £1,105 to £1,340 per 
annum, with F.S.S.U. Placing according 
to qualifications and experience. 

Application forms and further particulars 
(quoting 64/68) may be obtained from the 
Registrar, University of Strathclyde, George 
Street, Glasgow, C.l, with whom applica- 
tions should be lodged by January 11, 
1969, (1935) 



























AGRICULTURAL RESEARCH 


COUNCIL 
FOOD RESEARCH INSTITUTE 
NORWICH 
An ASSISTANT EXPERIMENTAL OFFI- 
CER / EXPERIMENTAL OFFICER required 


within the Plant Division for investigations of the 
effect of environmental factors on the iner- 
relationships between growth and composition 
and quality in potatoes. Duties would involve 
growing plants, under controlled | conditions 
(Greenhouse and growth cabinets) and analytical 
work in the laboratory. Qualifications: Candi- 
dates at age 22 (or over) should have Pass De- 
gree. H.N.C. or equivalent. Salary: According 
to age and experience in A.E.O. or E.O. grade. 
A.E.O. on scale £650 to £895 (age 22) £1,150 
(age 26 or over): E.O., £1,514 to £1,910. Op- 
tional contributory Superannuation scheme. 
Application forms from the Secretary, Food 
Research Institute, Colney Lane, Norwich, NOR 
70F, quoting ref. 68/4 (1943) 


UNIVERSITY COLLEGE OF WALES 
ABERYSTWYTH 





invited for a new post of 
ASSISTANT EXPERIMENTAL OFFICER to 
testing of Rhyncho- 
The post is 
at age 21 is 
£830 rising to a maximum of £1,385 per annum 
Qualifications required: Uni- 
versity Pass Degree, H.N.C. or equivalent. The 
person appointed will be stationed at the De- 
partment of Agricultural Botany, University of 
Reading, for the first two years of service, and 
then transferred. to Aberystwyth. 

Applications in writing, with the names of two 
referees, should be made to the Secretary of the 
Station before December 31, 1968. (1972) 


TOBACCO RESEARCH COUNCIL 
ZOOLOGIST/BIOLOGIST 


Applications are invited from graduates in zoo- 
logy or biology for appointment to a Junior post 
in the Laboratories of the Council at Harrogate. 
The duties of the post are concerned with the 
investigation. of the biological effects of tobacco 
smoke particularly with regard to its effect on 
cilia} activity. 

Applications, stating age and qualifications, 
should be addressed to: Tne Personnel. Officer, 
Tobacco Research Council Laboratories, Harlow 
Hill, Harrogate. 

ANIMAL GE? 
quires 





background. 
Electron Microscope 
eéssential.— Application 
Officer (AG;5), Uni- 
versity College London, Gower Street, W.C.1, 
(1930) 


SOUTH-EASTERN REGIONAL 


HOSPITAL BOARD 
SCOTLAND 

REGISTRAR, Department of Clinical Chem- 
istry for the Edinburgh Northern Group of Hos- 
pitals, based on the Western General Hospital, 
Edinburgh. 

Apply, giving particulars of age, qualifications 
and previous experience, together with the names 
and addresses of two referees, to the Secretary, 
11 Drumsheugh Gardens, Edinburgh 3, within 
iwo weeks from the date of this ds to 

(1939 





JOHN INNES INSTITUTE 


A SENIOR SCIENTIFIC ASSISTANT or 
ASSISTANT EXPERIMENTAL OFFICER (male 
or female) is required for new Electron Micro- 
scope laboratory Applicants should preferably 
have some experience in the operation of electron 
microscopes and be familiar with the related 
techniques. Experience in light microscopy and 
histological methods will be an advantage. The 
applicant will also be expected to assist in the 
general running of the laboratory. Salary in the 
scale £650 per annum at age 18 to £1,560 per 
annum. Superannuation. 

Applications for the above appointment should 
be addressed to the Secretary, Colney Lane, 
Norwich, NOR 70F, giving full particulars and 
the names of two referees. (1942) 


UNIVERSITY OF 
NEWCASTLE UPON TYNE 
CHAIR OF PSYCHOLOGY 


APPLICATIONS are invited for the Chair of 
Psychology which becomes vacant on the resig- 
nation of Professor J. Brown. The successful 
candidate will be required to take up appointment 
as soon as possible. Salary in accordance with 
the professorial scale (£3,570 to £4,225 with pos- 
sible extensions to £4,990 per annum), 

Applications (fifteen copies), giving the names 
of not more than three referees, must be lodged 
with the Registrar of the University, 6 Kensing- 





ton Terrace. Newcastle upon Tyne, NE! 7RU, 
not later than Monday, February 17. 1969. 
(1983) 





/— UNIVERSITY OF BELFAST 
UNIVERSITY RADIATION PROTECTION 
OFFICER 


The Senate of the QUEEN'S UNIVERSITY 
OF BELFAST invites applications for the post 
of University Radiation Protection Officer from 
March 1, 1969, or such other date as may be 
arranged. Salary scale is £1,470 to £2,630 plus 
contributory pension rights under the F.S.S.U. 
Initial placing on the salary scale will depend on 
Qualifications and experience. Applications, with 
names of three referees, should be received by 
December 31, 1968. 

Further particulars may be obtained from the 
Secretary, the Queen's University, University of 
Belfast, Belfast, BT? INN, Northern Ireland. 

(1957) 


UNIVERSITY OF MALAWI 


Applications are invited for (a) SENIOR 
LECTURESHIP or (b) LECTURESHIP JN 
DEPARTMENT OF BIOLOGY at Chancellor 
College. Applicants should have qualifications 
and experience in genetics. Salary scales (in- 
cluding expatriate addition) (a) £2.500 to £2,800 
per annum, (b) £1,340 to £2,250 per annum, plus 
University addition of £360 per annum, or salary 
supplemented by £275 per annum {normally tax- 
free) in appropriate case under British Expatri- 
ates Supplementation Scheme. Gratuity ; super- 


annuation scheme; family passages; various 
allowances ; biennial overseas leave. 
Detailed applications (6 copies), naming 3 


referees, by February 7, 1969, to Inter-University 


Council. 33 Bedford Piace, London, W.C.1, from 
whom particulars are available. 


(1965) 











BIRMINGHAM (DUDLEY 
ROAD) GROUP HOSPITAL 
MANAGEMENT COMMITTEE 


BIOMETRIC OR CARDIO RESPIRA- 
TORY FUNCTION TECHNICIAN re- 
quired for Respiratory Function Labora- 
tory and Cardiological Department at 
Dudley Road Hospital. Male or female. 
Person appointed shouid have had previ- 
cus experience in field and be suitably 
qualified. Salary scale £1,210 to £1,850 per 
annum. 

Written applications, quoting NB/1, to 










Group Secretary, Dudiey Road Hospital, 
Birmingham 18, by December 23, 1968. 
(1974) 













ONTARIO 
LONDON, CANADA 
DEPARTMENT OF ZOOLOGY 


A CHAIRMAN is being sought for a weil. 
established Department of Zoology of 19 stai 
members. 

Applications, accompanied by three copies oi 
the individual's curriculum vitae and the names 
of three referees, should reach Dr. A. E, Scott, 
Dean of the Faculty of Science, University o: 
Western Ontario, London, Canada, before Febru 
ary 15, 1969, (1980) 


IMPERIAL COLLEGE 
Neurobiologically - oriented RESEARC 
ASSISTANT required immediately to work o 
aspzcts of biochemistry and physiology 
octopus central nervous system im vivo and f 
vitro. Research experience desirable but ner 
essential. Commencing salary up to £1.150 de- 
pending on age and experience. 
Reply to Dr. S. P. R. Rose, Biochemistry De- 
partment, Imperial College, London T ED 
82 





a 





University of Salford 
Department of Biology 
RESEARCH ASSISTANT 


There is a vacancy in the Department of 
Biology for a Research Assistant 10 join a 
team working on the Immune Responses of 
Migratory Fish. Applicants should have a 
good honours degree ín either Biochemistry 
or Zoology. Experience in immunology 
and protein chemistry would be an advan- 
tage. 


The post is tenable, in the first instance, 
for three years. 


Salary will be within the range £1,095 tc 
£1,265 a year. 


For further details and application forms 
please apply to the Registrar, University o: 
Salford, Salford, MS AW'T, to whom com. 
pleted forms should be returned by Deceme 
ber 31, 1968, quoting reference B/19/N. 
(2004) 


UNIVERSITY OF SOUTHAMPTON 
THE RANK CHAIR OF APPLIED 
NUTRITION 
Applications are invited for the above Chair, 
tenable in the Department of Physiology and Bio 
chemistry, Salary within the professorial renge 

£3,570 to £4,990. F.S.S.U. 

Further particulars (quoting Ref ND, may be 
obtained from the Secretary and Registrar, the 
University, Southampton, SO9 SNH, te whom 
applications (fifteen copies from applicants je the 
United Kingdom) should be sent before January 
31, 1969. (1988) 


^— ST.C S HOSPITAL 








ST. GEORGE’ 
MEDICAL SCHOOL 
LONDON, S.W.1 

A RESEARCH ASSISTANT fs required for 
investigations on the structure and chemical 
pathology of human plasma proteins. 

Please apply to the Secretary, Department of 
Chemical Pathology. 0953) 

TOBACCO RESEARCH COUNCH. LA 
tories require an assistant for their rapi 
panding Statistical Depariment. m additio 
helping the Chief Statistician with general s; 
cal duties, the work will include progra ing 
for an Elliot 4120 and the use of an Cliveti 
Programma 101. Candidates should have a mini- 
mum qualifcation of G.C.E, "A '* Mathematics 
or its equivalent and some statistical experience 
but a higher qualification would be an advantage. 
-Please write giving brief personal particulars 
to: The Personnel Officer, Tobacco Research 
Council Laboratories, Harlow Hit, m 

GT 























NIVERSITY OF NEW SOUTH 
WALES 
LECTURER 
SCHOOL OF CHEMISTRY 


Applications are invited for appointment to 
the above-mentioned position in the Department 
of Physical Chemistry. Salary: $A5,400 range 
$A7.300 per annum. Commencing salary accord- 
ing to qualifications and experience. Applicants 
must have a Ph.D. or equivalent qualifications 
and should have had previous research and/or 
teaching experience in physical chemistry or 
chemical physics. Preference may be given to 
applicants with special interests in some well- 
recognized spectroscopic field. Duties include 
lecturing in advanced undergraduate courses, 
supervision of research students, and a limited 
amount of lecturing to first-year students in 
general chemistry. Modern facilities are avail- 
able for research in physico-chemical fields. 

Details of appointment, including superannua- 
tion, study leave and housing scheme, may be 
obtained from the Association of Commonwealth 
Universities (Branch Office), Marlborough House, 
“Pall Mall, London. S.W.1. Applications close 
in Australia and London on January 6, 1969. 

(2000) 





UNIVERSITY OF AMSTERDAM 
CHAIR OF INORGANIC CHEMISTRY 


Applications are invited for the Chair of In- 
organic Chemistry, which becomes vacant in 
September, 1970. 

Detailed applications, before May 1, 1969, can 
be sent to the Chairman of the Chemistry Sub- 





Faculty: Professor Th. J. de Boer, Nieuwe 
Achtergracht 129, Amsterdam. (1954) 
JAPANESE LINGUIST/CHEMIST RE- 


quired to join specialist literature and patent re- 
search organisation. Interesting and varied work 
in all chemical fields. Location London. 


2001956) 
POSTGRADUATE STUDY IN CHEMISTRY 

Financial support up to $4,200 per annum for 
first- and upper second-class honour graduates in 





M.Sc. and Ph.D. programmes in chemistry. 
Travel assistance available. 
Details from R. H. Betts, Head, Chemistry 


Department, University of Manitoba, Winnipeg 
19, Manitoba, Canada. (1960) 





FELLOWSHIPS AND 
STUDENTSHIPS 


UNIVERSITY OF QUEENSLAND 
RESEARCH FELLOW IN MATHEMATICS 


The University invites applications for the 
position of post-doctoral Research Fellow. ten- 
able initially for 1969, at a salary of $45,400 
per annum. The Fellow may elect to join the 
University Staff Superannuation. Scheme, which 
is similar to F.S,S.U. Tourist class air fare to 
Brisbane for the Fellow alone may be paid. The 
Feliow is to work with Professor L. Bass on 
marhematical models of nerves and synapses 
formulated in electrochemical terms, 
Applications, giving qualifications, curriculum 
vitae, publications, and the names of two 
referees, should reach the Registrar, University 
of Queensland, St. Lucia. Brisbane, 4067, Aus- 
tralia, not later than January 1969. Copies 
should be sent to Professor L. Bass, Department 
of Chemistry, Indiana University, Bloomington, 
Indiana 47401, U.S.A., from whom further in- 
formation may be obtained. (1999) 


UN IVERSITY OF 


NEWCASTLE UPON TYNE 
FELLOWSHIPS 


Applications are invited for the following 
Fellowships (tenable for two years from Octob:r 
I, 1969) from persons who have shown them- 
selves able to carry out original research. The 
value of each Fellowship is £1,105 in the first 
year and £1,180 in the second year. 








SIR JAMES KNOTT FELLOWSHIPS. Two 
Fellowships available in any Faculty. 
LORD ADAMS FELLOWSHIP. Open to 


suitable candidates having connections with the 
County of Cumberland ; tenable in any Faculty. 


Further particulars and application forms 
twhich must be returned by January 31, 1969), 


may be obtained from the undersigned. 
E. M. BETTENSON, 
Registrar. 


(1984) 











inner London Education Asthority 


ROBERT BLAIR FELLOWSHIP 
IN APPLIED SCIENCE AND 
TECHNOLOGY 


Two awards, value up to £2,000 (which may be 
subject to income tax) will be offered for 1969- 
70 tenable for one year of advanced study or 
research abroad in Applied Science and Tech- 
nology, 


Candidates must be natural-born British subjects 
and at least 21 years of age. 


Further particulars and applicatien forms obtain- 
able from the Education Officer (HE.6), The 
County Hall, London, S.E.1, enclosing foolscap 
$.a.€. to be returned by March 3, 1969. (1975) 





FACULTY OF MEDICINE 


WILLIAM HEWITT RESEARCH 
FELLOWSHIP 


Applications invited from medical and non- 
medical graduates for the above Fellowship for 
research in Tumour Immunology. The appoint- 
ment is a joint one in the University Depart- 
ments of Bacteriology and Virology, Child 
Health and Pathology. The successful applicant 
will work on immunological problems in cancer 
of children in close association with a clinical 
team concerned with the management of tumours 
in chüdhood. Applicants should have several 
years postgraduate experience and preferably a 
higher qualification/degree. Value of Fellow- 
ship (tenable until December 31, 1971 from a 
date to be arranged) within range £2,015 to 
£3,400 per annum for medically qualified candi- 
dates ; £1.470 to £2.630 per annum for non- 
medically qualified candidates. — F.S.S.U. 

Further particulars and application forms (re- 
turnable by January 4, 1969) from the Registrar, 
The University, Manchester, M13 9PL. Quote 
Ref.: 212/68/Na. (192 

UNIVERSITY OF QUEENSLAND 
UNIVERSITY COLLEGE OF TOWNSVILLE 

A. L. NEVITT RESEARCH FELLOWSHIP 

IN PHYSICS 


Applications are invited for the A. L. Nevit 
Research Fellowship tenable in the Department 
of Physics, The award will be for one year in 
the first instance but may be extended beyond 
this period. Preference will be given to an 
applicant whose interests are allied to one of the 
following fields: Upper Atmospheric Studies, 
Electro-magnetic Wave Propagation, Coherent 
Optics, Low Energy Nuclear Physics, Radio- 
Meteorology, and Atomic Spectroscopy; but 
applicants with other interests will be given care- 
ful consideration, 

Qualifications ; Applicants should have a Ph.D, 
or equivalent qualification with research experi- 
ence. 

Salary : Within the range $45,400 to $47,500. 
A Northern Allowance of $A60 per annum is 
also payable. 

Travel Allowance: Assistance will be 
towards travel expenses. 

Additional information and application forms 
may be obtained from the Secretary-General. 
Association of | Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, 
London, S.W.l. Applications close on January 
15. 1969. (1967) 








given 


UNIVERSITY OF ST. ANDREWS 
POST-DOCTORAL AWARD IN CHEMISTRY 

A POST-DOCTORAL FELLOWSHIP (£1,260 
per annum) in the lipid research group led by 
Dr. F. D. Gunstone is available for the calendar 
year 1969. 

Applications. including the name of an 
academic referee, should be sent as soon as 
possible to Dr. F. D. Gunstone, Department of 
Chemistry, The Purdie Building, St. Andrews. 
Fife. (1998) 


GRADUATE ASSISTANTSHIPS 
AND POSTDOCTORAL 
FELLOWSHIPS IN PHYSICS 
UNIVERSITY OF VICTORIA 
VICTORIA, BRITISH COLUMBIA, CANADA 


The Department of Physics offers assistantships 
for students working towards M.Sc. and Ph.D. 
degrees in Physics. A number of Postdoctoral 
Fellowships are also available. Fields of research 
include theoretical physics, astrophysics, physics 
of fluids, geophysics and nuclear physics. 

Details of the financial assistance and of the 
fields of research may be obtained from Pro- 
fessor J. L. Climenhaga, Department of Physics, 
University of Victoria, Victoria, British Columbia, 
Canada. (1961) 
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GRASSLAND RESEARCH 
INSTITUTE 
HURLEY, MAIDENHEAD, BERKS 


“ GRASSHOPPERS " 
RESEARCH FELLOWSHIP 


Applications are invited for a Fellowship 
to be established by '' The Grasshoppers "' 
(a group of farmers with a special interest 
in grassland), at the Grassland Research 
Institute, for a term of two years. 

The object of the Fellowship is to study 
the effect of excreta on the efficiency of 
herbage production and utilization, within 
intensive grazing systems, especially those 
involving dairy cows, 

The post will be tenable from early 1969, 
within the Plant Ecology Section of the 
Ecology Division, and it may be possible to 
use the work as the basis for a higher 
degree. 

Qualifications: a good honours degree (or 
equivalent) in the general sphere of biology 
or agriculture. 

Salary according to age and experience 
up to a maximum of £1,500 per annum. 

Further details may be obtained from the 
Head of the Ecology Division, to whom 
applications should be made before January 
15, 1969, (1981) 






























UNIVERSITY OF LONDON: 


APPLICA- 
tions are invited for TURNER & NEWALL 
RESEARCH FELLOWSHIPS in Chemistry, 
Physics, Geology, Mineralogy, Metallurgy, Ap- 
plied Mathematics, Engineering, Medicine, or re- 
lated Technologies, normally tenable from Octo- 
ber 1, 1969, for two years. Applicants should 
preferably hold the degree of Ph.D. or have 
equivaient research experience, and are normally 
expected to be not more than 28 years of age. 
The initial salary, which will depend upon quali- 
fications and experience, will normally be within 
the range of £1,155 to £1,365 per annum, to- 
gether with F.S.S.U. benefits,—Detailed regula- 
tions and application forms may be obtained from 
the Academic Registrar. University of London, 
Senate House, W.C.. Applications must be re- 
ceived by February 3. 1969. (0856) 





LECTURES AND COURSES 





UNIVERSITY OF MANCHESTER 


DIPLOMA IN BACTERIOLOGY 


Applications are invited for admission to 
course, for session 1969/70, designed to give 
training and experience in aspects of bacteriology 
and animal virology of general importance in the 
application of the subject to different special- 
ised fields. Qualifications in medicine, veterin- 
ary medicine or other branches of science, and 
substantial postgraduate practical experience in 
bacteriology required. 

Application forms, obtainable from Department 
of Bacteciology and Virology, Williamson Build- 
ing, Brunswick Street, Manchester M13 9PL, to 
be returned before February 1, 1969. (1893) 


UNIVERSITY OF BRISTOL 


DEPARTMENT OF INORGANIC 
CHEMISTRY 


M.SC. COURSE IN ANALYTICAL 
CHEMISTRY 


(With Special Reference to Instrumental 
Methods) 


OCTOBER 1969-1970 


invited from persons 
to be awarded, an 


Applications are 
who hold or expect 


appropriate honours degree or equivalent 


qualification. The course offers a complete 
background to the principles and practice 
of instrumental analytical chemistry. 

The aim is to develop a research ap- 
proach to analytical chemistry and investi- 
gations of certain problems will form a 
major part of the course. 

Science Research Council Advanced 
Studentships will be available to suitably 
qualified candidates. 

Applications and inquiries should be sent 
10 the Registrar, The University, Senate 
House, Bristol, 2. as soon as possible. 

0934) 
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ICI POSTDOCTORAL 
RESEARCH 
FELLOWSHIPS 


Applications are invited for awards under the ICI Research Fellowship Scheme for 
the academic year 1969/70. Fellowships may be held at the following universities: 











University of Aberdeen Heriot- Watt University University of Oxford 
University of Aston in Birmingham University of Hull University of Reading 
Bath University of Technology The National University of Ireland University of St. Andrews 
'The Queen's University of Belfast (Dublin, Cork, Galway) University of Salford 
University of Birmingham University of Keele University of Sheffield 
University of Bradford University of Kent at Canterbury University of Southampton 
University of Bristol University of Lancaster University of Stirling 
Brunel University University of Leeds University of Strathclyde 
University of Cambridge University of Leicester University of Surrey 

The City University University of Liverpool University of Sussex 


University of Dublin, Trinity College 
University of Dundee 

University of Durham 

University of East Anglia 

University of Edinburgh 

University of Essex 

University of Exeter 

University of Glasgow 


University of London 
Loughborough University of 
Technology 
University of Manchester 
(including University of Manchester 
Institute of Sctence and Technology} 
University of Newcastle upon Tyne 
University of Nottingham 


University of Ulster 

University of Wales 

(including University of Wales 
Institute of Science and Technology) 
University of Warwick 

University of York 


The Fellowships, normally tenable for two 
years, may be held in any field that falls within 
ICI's general sphere of interest: this includes 
many branches of chemistry, physics, the bio- 
logical sciences, applied mathematics, engineer- 
ing, and technology. Candidates should not be 
more than 28 years of age on taking up their 
awards and must hold the Ph.D. degree or have 
equivalent research experience. Successful 
candidates will be expected to commence their 
Fellowships on 1st October, 1969. 

The initial stipend will depend upon quali- 
fications and experience but will generally be 
within the range {£1,175-£1,400 per annum, 
together with Fssu benefits. Awards cf up to 
£1,680 may be made to engineers and technolo- 
gists where industrial experience or other 
special circumstances warrant it. Up to one year 
of the tenure of an award may be spent at an 
approved European research centre, Insuch cases 
a grant may be made towards travel expenses. 

Forms of application may be obtained from 


the Registrar/Secretary of the university at 
which the candidate wishes to pursue his re- 
search, and must be returned duly completed by 
1rth February, 1969 (except in the case of 
London University, where inquiries should be 
directed to the Academic Registrar, and the 
closing date is 3rd February, 1969). Candidates 
need apply to only one university, but may 
apply to not more than three if they so wish. In 
the case of multiple applications, separate forms 
must be completed in respect of each university. 
Among other information, candidates will be 
required to submit a brief curriculum vitae, a 
clear summary of the research programme pro- 
posed, and the names of two referees. Other 
things being equal, preference will be given to 
candidates proposing to carry out their research 
at institutions other than that from which they 
make application. 

The final choice of candidates will be made by 
a Natonal Selection. Committee, comprising 
representatives of the universities and of ICI. 








USES 




















2.00-4.30 p.m. 





6.30-8.30 p.m. 


day, 5th February from 6.30-9.00 p.m. 


MATERIALS TECHNOLOGY: 
2.30-4.30 p.m. 


Wednesday, 15th January from 2.00-5.00 p.m. 








Secretary. 


LIVERPOOL REGIONAL COLLEGE OF 
TECHNOLOGY 


Courses leading to the degree of 


M.SC, 
are offered in: 


@ RADIATION AND NUCLEAR 
CHEMISTRY 


Gd INSTRUMENTAL CHEMICAL 
ANALYSIS. (This course is accepted 
by the Science Research Council for the 
tenure of its Advanced Course Student- 
ships.) 


Both courses wil commence in September, 
1969, and will occupy one calendar year. Further 
information, and application forms, may be ob- 
tained from, the Head of Department, the De- 
partment of Chemistry and Biology, the Regional 
Colege of Technology, Byrom Street, pico 
3. (195 


WOOLWICH POLYTEGHNIG 
COURSES OF SPECIAL DAY AND:EVENING: 
LECTURES IN HIGHER TECHNOLOGY 
Commencing Spring and Summer Terms- Session 1968-69 


ANALOGUE COMPUTERS: Nine lectures commencing Wednesday, 8th January from 


SCIENTIFIC AND ENGINEERING APPLICATIONS OF ELECTRONIC DIGITAL 
COMPUTERS: Twelve lectures commencing Wednesday 8th January from 7.00-9.00 p m. 
FORTRAN: Six lectures commencing Wednesday, 8th January from 7.00-9.00 p.m. Fee £1 5s. 
PERT TECHNIQUE: Eight lectures commencing Tuesday, 7th January from 6.30-9.00 p.m. 


ANALYSIS OF TIME SERIES; Twelve lectures commencing Thursday, 
ASPECTS OF STATISTICAL QUALITY CONTROL: Eight lectures commencing Wednes- 
QUEUING THEORY: Six lectures commencing Tuesday, 7th January from 6.30-8.30 p.m. 


SOME CURRENT RESEARCH INTERESTS IN THE FIELD OF INORGANIC 
CHEMISTRY: Five lectures commencing Wednesday, 29th January from 3.30-5.00 p.m. 


INTRODUCTION TO NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY: 
Five lectures commencing Wednesday, 22nd January from 6.00-7,30 p.m. 


COMPLEX SPIN-SPIN INTERACTIONS IN NUCLEAR MAGNETIC RESONANCE 
SPECTROSCOPY: Five lectures commencing Wednesday, 26th February from $.00-7.30 p.m. 


Ten lectures commencing Thursday, 24th April from 


HYDRAULIC SYSTEMS FOR MACHINE CONTROL: 


INTRODUCTION TO NUMERICAL CONTROL OF MACHINE TOOLS: 
lectures commencing Monday, 20th January from 7.00-9.00 p.m. 


APPLICATION OF THERMODYNAMICS TO MATERIALS: Ten 
mencing Tuesday, 7th January from 6.30-9.00 p.m. 


APPLICATION OF QUANTUM PROPERTIES TO MATERIALS: 
commencing Thursday, 9th January from 6.30-9.00 p.m. 


PHYSICAL METHODS OF MATERIALS APPRAISAL: 
Tuesday, 22nd April from 6,30-9,30 p.m. (attendance also on Thursdays from 6.30-9.00 p.m.) 


ENROLMENT: By personal application from 9.00 a.m. to 8.30 p.m. or postal application to the 


Fee £2 10s. 


Fee £2 10s. 


Fee £2 10s. 





9th January from 
Fee £2 10s. 


Fee £2 10s. 


Fee £1 5s. 


Fee £1 5s. 














Fee £1 5s. 


Fee £1 5s. 


Fee £2 10s. 


Ten lectures commencing 
Fee £2 10s. 


Eight 
Fee £2 10s. 


lectures com- 


Fee £2 10s. 


Ten lectures 
Fee £2 10s, 


Ten lectures commencing 


Fee £2 10s. 


(1964) 


UNIVERSITY OF SHEFFIELD 


POSTGRADUATE SCHOOL OF 
LIBRARIANSHIP AND 
INFORMATION SCIENCE 
M.SC. IN INFORMATION STUDIES 


Applications are invited from graduates and 
final year students in the natural and applied 
sciences for this one-year course preparing for 
scientific and industrial information work, and 
for R & D in these and related fields. Appii- 
cants should normally have or expect to gain at 
least a second class honours degree. The course 
is recognized for tenure of S.R.C. Advanced 
Course Studentships. 

Further details and application forms from 
Professor W. L. Saunders, Director, Postgraduate 
Schoo! of Librarianship and Information Science, 
The University, Sheffield $10 27N. Closing date 
for applications, December 31, 1968. Quote 
Ref.: R.24/G, 0933) 
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UNIVERSITY OF BRISTOL 





| DEPARTMENT OF PHYSICAL CHEMISTRY 


POSTGRADUATE COURSE IN SURFACE 
CHEMISTRY AND COLLOIDS LEADING 
TO THE DEGREE OF M.SC. 


Applications to join the sixth of these twelve- 
month courses are inwited from persons who 
hold, or expect to gain, an appropriate Honours 
degree or equivalent qualifications. — Studies ^ are 
arranged to meet the needs of industry and of 
chemical and biological research, for graduates 
trained in modem theory of colloids and surface 
chemistry and in current experimental, methods 
including electron microscopy, X-ray diffraction, 
rheology, light scattering, ultracentrifugation, and 
other techniques. The course, beginning in Octo- 
ber, 1969, has been accorded priority" by -tbe 
Science Research Council for tenure of. Advanced 
Course Studentships, and Industrial Studentships. 

A prospectus giving further details can be ob- 
tained by writing to: Department of Physical 
Chemistry, The University, Bristol BS$ 1TS. 

(1963) 





THE 





WINTER LECTURES ON 


1969 
Psycho-analysis will be held at the Porchester 
Hall, Porchester Road, W.2, on the following 
Tuesdays at 6.30 p.m., January 21, January 28, 


February 4, February 18, February 25 (N.B.— 
NOT February 11) and March 4. The General 
Theme of the series will be * Sexuality and 
Aggression in Maturation: New Facets", 
Tickets 8s. per lecture, £2 for the series ; students 
2s. per lecture, 10s. for the series.—Tickets and 
programme from Dr. Elinor H. Wedeles, Hon. 
Organiser, Institute of Psycho-Analysis, 63 New 
Cavendish Street, W.1. (1932) 





SYMPOSIUM 


THE USE OF ANIMALS IN 
TOXICOLOGICAL STUDIES 


Under the Chairmanship of Professor C. A. 
Keele, M.D., F.R.C.P., F.F.A. RCS, Director 
of Rheumatology Research, Middlesex Hospital 
Medical School, a Symposium on the above 
subject will be held at the Meeting Rooms of the 
Zoological Society of London, Regent's Park, 
London, N.W.1 on Jaruary 22, 1969, from 10 
a.m. to 4 p.m. 

Contributors will include Dr. A. C. Frazer, 
C.B.E, D.Sc, M.D., F.R.€.P., Director-General 
of the British Nutrition Foundation, who will 
give a paper on " The Value and Limitations of 
Animali Studies in Predicting Effects in Man." 
Other speakers will deal with the subject from 
the point of view of the pharmaceutical and agro- 
chemical industries and :here will be a contribu- 
tion on the use of animals in the standardisation 
and control of biological products. 

This will be an open meeting, but admission 
wil be by ticket only (price 10s. to include 
morning coffee and afternoon tea, but excluding 
luncheon), Tickets obtainable from: UFAW 
(Universities Federation for Animal Welfare), 230 
High Street, Potters Bar, Herts. (1941) 








FOR SALE AND WANTED 


WM. DAWSON & SONS LTD. 
Back Issues Department, 
16 West Street, Farnham, Surrey, 
England. 
Tel: Farnham 4664. 
Offer rep prices for: 
BACK RUNS OF JOURNALS 


IN SCIENCE AND THE HUMANITIES 
ae 












Wanted and for Sale 
Scientific and Technical Reviews 
SANTO VANASIA, 58 Via M. Macchi, 

29124 MILANO (X2) 








SCIENTIFIC CIRCULATIONS LTD. 


All Scientific and Technical publications purchased 


Horton Road, Stanwell Moor, Staines, Middlesex 


Telephone: COLNBROOK (London Dial XM4) 2266 





WHELDON & WESLEY, LTD. 
Biological & Geological Books 


CATALOGUES ON REQUEST 


LYTTON LODGE, CODICOTE, HITCHIN, HERTS 










BOOKS EOUGHT 
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(007-7215 TheSCORAH Automatic Electric 
| à all glass WATER STILL (patented) 
"e Er gie Lo 


a ES . Automatic Can be left on without attention. Heater 

1 current cuts off if water supply is interrupted, or inade- 
quate or forgotten. When rec (5 litres capacity) is 
full, current cuts off.- When distilled water is drawn from 
receiver, the still resumes operation until receiver is 


refilled. 


Purity ^ Electrostatically charged condenser  dropleis 
can pick up fumes, dust and air-borne organisms from the 
laboratory atmosphere. The design of the receiver vessel 
ensures absence of such contamination. 


Efficiency Heater of Scorah design and manufacture, 
consumption 1,700 watts, output 2.4 litres per hour (the 
full theoretical yield). Cost 34d. per gallon at ld. per unit, 





This unique water still is in use in a number of research establishments and 


hospitals where water of the highest purity is essential, Safety The heating element is out of contact with the 
feed water, thus eliminating danger from "live" water 

Price, complete with heater and all electrical supply or electrolytic effects or “burn out", 
equipment 230 volt (a.c. only) £3 8-10-0 Assembly No retort stands or clamps are required, 
The 2j-in. diameter ball joint gives a strainless set-up. 
Obtainable only from Outlet cap on boiler for quick periodical drain-off of sedi- 


ment. The still may be installed on a shelf or platform 


L. V. D. SCORAH, M.Sc. about 1 ft. above bench level near a sink and enclosed in 


(Manufacturer of the ''SCORAH"' Blowpipe) a transparent plastic eover to keep ou: dust. 
44 NORTHFIELD ROAD, KINGS NORTON, Phoenix heat-resisting glass. Interchangeable ground 
BIRMINGHAM, 30. 021-458 1885 glass joints. 


THE LUCKHAM NK e. * General Purpose 
VIEWING 
LAMP 


provides 
a variable 
source of oblique 
lighting for many 
purposes, 
including viewing 
Sputum samples 
and similar 
flu:d suspensions, 
Agar and other 
gel slides and 
plates 
Temperature permits macroscopic readings. 


GWB PLY 


A compact, lightweight viewing lamp 
made cf aluminium and black stove 
enamelled. Supplied with plain or This Bath is designed to cover a wide field of 
opalite viewing window. A strip light usefulness in all laboratories and presents a lowe 
provides the illumination with priced alternative to our high performance ‘Standard 
rotating reflector to give adjustment Thermostatic Bath’. 

to intensity and angle of illumination. Working interior dimensions 20” x 92^ x 44". 


Full details freely available £5 12s. éd. Illustrated catalogue on request to 


LUCKHAM LIMITED Laboratory Thermal Equipment Ltd. 


v x 
Heim Gardens, Burgess Hill, Greenfield, Nr. Oldham. 


by LUCKHAM tel: Burgess Hill 5348/9 Telephone: Saddleworth 3221/2 


INS3WdINDA AYOLVHOSVI 
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Get the facts on the new JEM-100 
SERIES 
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a brand new design with 
outstanding performance 





The JEM-100 is the latest addition to the range of JEOL 
Electron Microscopes. 


With a guaranteed resolution of 2A (lattice), it 
achieves a consistently high standard of performance. 
Operation is simple, rapid and safe. 


Principal features include: 

Guaranteed resolution of 2À (lattice) 
Magnification from x500 to x500,000 
Accelerating voltage stepped from 20 to 100kV 
Contamination rate less than 0.1 A/min 

High image quality at low magnification 

Very bright illumination at even the highest 
magnification 

m Drift-free specimen holder 

W Simultaneous loading of six specimens 


B Automatic gun airlock system for rapid 
filament change 


m Automatic camera and vacuum systems 

W Automatic plate numbering 

B CRT display for accurate 
specimen positioning 

W Digital display of magnification 


Fully detailed specification 


and brochure sent on request 
to JEOLCO (U.K.) Ltd.* 
i 





JEOLCO (U.K.) Ltd., has been ned as a 
subsidiary of JEOL, Tokyo, to provide sales, 
installation and service facilities in the United 
Kingdom and Eire. 


The company incorporates the former Delviljem The range of JEOL electron optical instruments includes; 
organisation. A new Applications Centre will be High Voltage Electron Microscopes, JEM-1000. JEM-750. JEM-500 
opened to display and operate a wide range of Metallurgical Electron Microscopes, JEM-200. JEM-120.J EM-100U 
equipment and to facilitate investigation of pros- Biological Electron Microscopes, JEM-100B. JEM-7A. JEM-T7 


pective users' particular problemsand applications Compact Type Electron Microscopes, JEM-30B. JEM-50 


Electron Probe Microanalysers, JXA-5. JXA-3SM 
Scanning Microscope, JSM-2 
4 Shakespeare Road, Other equipment for; 


Finchley, N.M.R. and E.S.R. 


JEO LCO ( U. K.) Ltd. London, N.3. Liquid Column Chromatography 


Tel: ©. -349 9241 
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Labelled 
Steroids <+ 





Many carbon-14 compounds are 


available from stock at an isotopic 
abundance often over 90% of the 
theoretical maximum (100% isotopic 
abundance = 62:4 mc mA carbon 
labelled) 

For example 

Aldosterone-4-C14 56.7 mc/mM=91% 
Cortisone-4-C14 58.0 mc/mM=93.5% 
Other important compounds supplied 
from stock 


CARBON-14 
Cholesterol-4-C14 
Cortisol-4-C14 
Oestradiol-4-C14 
Oestriol-4-C14 
Oestrone-4-C14 
TRITIUM 
Cholesterol-1 »-T 
Oestriol-6, 7-T 


Ask for free batch analysis sheets 
providing details of purity, notes on 
preparation and recommendations for 
storage from 


The Radiochemical Centre 


A Amersham England 


TASJRC!74 
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Channel dam 


competition 


Ultrasonic bubble 
chamber 


Electron and ion 
gun machining 


Venus atmosphere 
very thick 


Origin of petroleum 


Masters, slaves 
and evolution 


Reversion cf 
polyoma 
transformants 


Jovian decametric 
radiation 
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EDWARDS ROTARY VACUUM 
PUMP DISPLACEMENTS 


UPRATED 20% -at no extra cost! 


REDUCTION IN TIME TAKEN TO EVACUATE A 50 litre VOLUME 
which can be achieved using the new ES/ED100 series 
instead of the ES/ED75 series which it replaces 


1000 
760 








ES100 | single stage 
ES75 pumps 





PRODUCTIVITY 


A saving of 1.3 minutes 
in a 7.3 minute cycle 
to O 1 torr 





Pressure: torr 


two stage 
pumps 


PRODUCTIVITY 


Nearly 2 minutes 
saved in a 10 minute 
cycle to 0.01 torr 





11 of Edwards rotary pumps now have 15-20% higher 
pumping speeds than the corresponding models they replace 
—without significant changes in dimensions. You get shorter 
pump down times and sharply and increased productivity— 
the ES/ED100 series, subject of the above graph, is typical of 
all the uprated pumps. And the new models are as quiet as ever. 
You'll need a guide to these uprated pumps; we have one 
ready—a summary that highlights the new performance 
figures at a glance. Ask for Publication No. 03824. 


= EDWARDS 


EDWARDS HIGH VACUUM LIMITED MANOR ROYAL CRAWLEY SUSSEX ENGLAND 





A member of the British Oxygen group of companies Telephone: Crawley 28844 = Telex: 87123 Edhivac Crawley 


GD 464 


— 


NATURE, DECEMBER 21. 1968 


- 
*- 


. gs 
Here is the first atomic 


absorption spectrometer 


which can 
analyze 

up to 

6 elements 


in 60 seconds. 





Pushbutton wavelength selection is the reason. 


If you still think of atomic absorption solely 

as a research tool for the trained spectro- 

scopist, then think again. Now, thanks to the 

Hewlett-Packard Model 5960A Atomic Ab- 

sorption Photometer, even multi-element 

analysis has become a mere routine of a 

few seconds. Here's how. 

1. Push the Element Wavelength Selector 
Button, selecting any of six narrow band- 
pass filters, each pre-calibrated and 
zeroed. No monochromator, slit or elec- 
tronic balance adjustments. No special 
operator skill required. 

2.Rotate the Lamp Selector Wheel and 
place any of six hollow cathode lamps 
in operating position — instantly and with- 
out warm-up. A broad range of element 
options is available. 

3. Read Concentration directly on the built- 
in meter. Calibration controls for each 
eiement establish direct readout with a 
wide linear operation range 


European headquarters: 
Hewlett-Packard S.A 

54, route des Acacias 

1211 Geneva 24, Switzerland 
Tel. 428150 


28 sales and 
service offices 
throughout Europe 


You can repeat this procedure up to six 
times to analyze as many as six elements 
in the same sample. Total time required: as 
little as 60 sec. 

Features which contribute to the outstand- 
ing reliability of the 5960A include; a fixed 
optical system which never needs alignment 
or adjustment: dual wavelength singlepass 
optical system which compensates for in- 
stabilities in a single pass without source 
modulation; directly interchangeable bur- 
ners (laminar flow and total corsumption), 
both designed for absolute safety 
Complete specifications are yours for the 
asking. If you would like to keep abreast of 
developments and applications ir the atomic 
absorption field, drop us a iine and we shall 
put you on the mailing list for Atomic Ab- 
sorption Application Notes. 


The price of the 5960A is $4400 FOB 
Factory. 


ill 


i 


HEWLETT i PACKARD 


5960A 
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Spectra of 3H, '*C, CL (left to right taken at the output of the log amplifier of the 
ABAC SL40 as seen on the oscilloscope of an Intertechnique multichannel analyser. 





Convenience - performance 
ABAC - SL40 

- the liquid scintillation spectrometer 

with the built-in computer. 


The First and Only Liquid Scintillation Counter With an On-Line Core 
Memory Computer*, the ABAC SL40 is Preprogrammed for Simplicity, 
Programmable for Special Applications. 


D The ABAC is the most advanced liquid scintillation spectrometer, yet 
the easiest to operate 

o It calculates and prints activity in Disintegrations per Minute for 
quenched or unquenched, single or dual-isotope samples 

O Efficiency values are automatically computed from quench curves using 
the external standard ratio and channe's ratio methods - no short cuts, 
no over-simplifications. 

O Isotope ratios for dual-isotope samples plus computed percent standard 
error 100/ VN are included in the programs 

O Seven modes of computation may be selected on a single rotary switch. 
Results are printed immediately after each measurement 

C) Automatic channel settings are provided for common single and dual 
isotope samples. 

To find out more about the ABAC SL40,please contact us 


World's largest producer of multichannel analysers 7e PLAIS ee - FRANCE 


— INTERTECHNIQUE © DE 
. E ' atrial Park, Rte D 
lew A. - Tel; 20 
5 oad, | RTSLADE 


and distributors in cities throughout the world. (Su Tel : Brighton 44336 


U.K. Sales and Service: Intertechnique Limited, 5 Victoria Read, Portslade, Sussex, E Seated. 




































Computer-packs 
for people who 
don't want to 
program 


Take a computer. Add everything 
needed for a particular application. 
What do you have? A Digital Computer- 
pack. Computer. Software. Interfaces. 
Ready to plug-in and go. At computer 
speeds. At computer efficiency. 


Operating a Computer-pack is as easy 
as threading a tape. Neither program- 
ming nor computer experience is 
necessary. Yet it's flexible. When the 
job changes, you change the program, 
not the machine. And when the job 
expands, you add peripherals instead 
of a new system 


A Computer-pack is in fact, a total 
system. Inside sits a versatile, integrated 
circuit general purpose computer. It 
can work on general tasks. And if you 
decide you want to program, each 
Computer-pack has acomplete, general 
software package, with FORTRAN, 
FOCAL (Digital's new conversational 
language) and others. 


Best of all, a Computer- 
pack usually pays for 
itself. Computer- 
packs. From the 
people who have 
installed more 
general purpose 
small comput- 
ers than any- 
one else 
anywhere. 
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Gas Chrom-8 Gas chromatography 

Lab-8 Signal Averaging 

PHA-8 Pulse Height Analysis 

Navig-8 Shipboard navigation control 

Quickpoint-8 numerical control tapes 

Indac-8 Industrial data acquisition 

Communic-8 Data communication 

Type-8 Typesetting 

Time-Share-8 Small computer 
timesharing 

Educational System for instruction 

Supercalc—computer- based calculator 


-— "— “M 


Please send more information 


Name 
Title 
Company 


Address 


| 
Ag a 


DIGITAL EQUIPMENT CO. LIMITED, 
Arkwright Road, Reading. Berks 


Tel: (ORE 4) 851 





2 loner F f 
3 Upper Precinct 





Walkden, Manct Te 161) 790 4591 

Offices also in Paris, France Munich and 

Cologne, Germany; Stockholm, Sweden The 

Hague, Netherlands; Osl Norway; Sydney 

and West Perth, Australia arleton Place 

Toronto and Edmonton, Alberta, Carada 
and in principal citie the 
U.S.A 
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MEASURE 


PRESSURE 


AND 


VACUUM 


WITH 


TENSIONED 
DIAPHRAGM 
GAUGE 


P1 





= d — cA 
T VE 3 3 


P2 


A thin metal membrane is stretched mirror-flat under 
tension "T" andclamped forming an extremely sensitive 
diaphragm. Differential pressure, P,-P2, is measured by 
variation of capacitance to adjacent electrodes as dia- 
phragm deflects. 


0.0000001 psi 


sensitivity (10-? cm displacement) is achieved by the 
new BARATRON™ pressure gauges using the ten- 
sioned diaphragm technique. 


€ Range: 10-5 to 1000 mm Hg. 
® Bakeable to 450°C. 
® Accuracy : 0.05%. 
€ Vacuum measurement is 
independent of gas composition. 
€ Absolute or differential measurements. 
® DC voltage output provides fast response. 
€ Remotely operable up to 1000’. 


For Critical Applications, Calibration, Mass Spectrometry, 
Gas Analyses, Metering, Mixing, Backfill Operations. 

Dynamic Facilities, Space Chambers, Rocket Stands, Wind 
Tunnels, Nucleonics, Vacuum Metallurgy, Leak Detection. 


PRECISION PRESSURE 
MEASUREMENT 


MIKSBINSIIRIUMIBNITS 





H Full Technical Information from U.K. Agents : 


ining FieldTech Ltd 


London (Heathrow) Airport- Hounslow * Middlesex 
Telephone : 01-759 2811 


CREATING 
AN IMAGE 


Maybe you're not given to ostentation 





unlike one user of the RIIC 25-ton Hydraulic 
Press Model 00-25 who impresses a very 
exclusive surface finish on all his arty 
photographic prints. Which goes to show 
that the 00-25 Press invites applications for 
which it was never really intended ! 


Other features ? 


* Ideal for specimen preparation in 
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A volume in the Series Food Science and Technology 


Quality Control in the Food Industry Volume 2 


Edited by S. M. Herschdoerfer 
December 1968, xvi-- 440 pp., 110s. 


Quality control, a topic of vital importance to the food industry, has suffered from a comparative 
dearth of books; hence this three volume treatise. 

This second volume contains essays dealing with quality control in the major branches of the industry. 
The work is not intended to be a manual of laboratory methods but it reviews and discusses all 
those factors which ultimately influence positively or negatively the quality of the finished products. 
It will be of interest to and a valuable source of information for not only manufacturers and distri- 
butors of food products, but also to public health authorities, and to teachers and students in uni- 
versities and colleges. 


CONTENTS: Water. Dairy Products. Flour and Bread. Flour Confectionery. Meat and Meat Products. Fish and 
Fish Products. Edible Fats and Oils. Author Index. Subject Index. 


Soft X-Ray Band Spectra and the Electronic Structure 


of Metals and Materials 
Edited by Derek J. Fabian 
December 1968, x+382 pp., 105s. 


Based on the Proceedings of a Conference held at the University of Strathclyde, Scotland, September 
1967 with support from the Royal Society European Programme and the University of Strathclyde. 


This book is the first to combine the subjects of X-Ray band spectra and electronic structure of 
solids, It provides at once a comprehensive introduction and review for those studying allied areas, 
and a reference work for the specialist. The contributions are all by acknowledged experts in their 
individual fields, and cover a very wide range of subjects from experimental spectroscopic methods 
to mathematical problems in the interpretation of spectra and in the theory of solids. 

The book will be of interest to all students of materials physics and metallurgy, and will be of parti- 
cular value to the graduate researcher working in the fields of solid state physics, materials science, 
spectroscopy, theoretical metallurgy, inorganic chemistry and the physical chemistry of solids. 
CONTENTS: PART I: LIGHT-METAL SPECTRA AND THEIR INTERPRETATION. The Interpretation of X-Ray 
Band Spectra. Soft X-Ray Emission and Absorption Spectra of Light Metais, Alloys and Alkali Halides. Soft X-Ray 
Emission Spectra of Magnesium and Beryllium. Soft X-Ray Emission Spectra and the Valence-band Structure of Beryllium, 
Aluminium, Silicon and some Silicon Compounds. Sur Les Spectres X des Métaux-—Quelques Commentaires et Exemples. 
K-Absorption of Boron in Boron Trioxide. A survey of Experimental Factors and Studies of K-Emission Spectra of Light 
Metais using Fluorescence Excitation, 

PART 2: HEAVY-METAL AND ALLOY SPECTRA AND COMPARISON WITH OTHER OPTICAL METHODS, 
Soft X-Ray Emission Bands and Bonding for Transition Metals, Solutions and Compounds (tegether with Introductory Remarks 
to Part 2). Soft X-Ray Spectra at Threshold Excitation. Soft X-Ray Spectra for Nickel and Nickel Alloys and Comparison with 
the Theoretical Densities-of-states. Distributions d et f des quelques Métaux et Composes obtenues par Spectroscopie X. Soft 
X-Ray Emission Spectra of Alloys and Problems in their Interpretation. On the Interpretation of X-Ray Band Spectra from 
Alloys. Review of Optical Properties of Metals and Alloys due to Interband Transitions. The Role of Electron-emission 
Spectroscopy. 

PART 3: BAND STRUCTURE AND THE THEORY OF SOFT X-RAY EMISSION, Preface. Theory of X-Ray Emission. 
Electronic Structure and Soft X-Ray Spectra. Density of States in Simple Metal and the Soft X-Ray Spectrum. The Band 
Structure of the Hexagonal Close-packed Metals Sc, Ti, Y and Zn. The Validity of Band Structure Calculations. Soft 
X-Ray Emission Spectrum and Momentum Eigenfunction for Metallic Lithium. The Solvent-metal Soft X-Ray Emission 
from a Dilute Alloy. 

PART 4: THE EFFECT OF ELECTRON-ELECTRON INTERACTIONS ON SOFT X-RAY EMISSION. The Effects of 
Electron Inieraction on Soft X-Ray Emission Spectra of Metals. A New Perturbative Interpretation of the Satellite Plasmon 
Emission Band. Many-body Effects in the Soft X-Ray Emission from Metals. The Use of Consistency Requirements in 
Calculating the Response to a Point Impurity in an Electron Gas. A Theoretical Summing-up, Summary Bibliography. 
Author Index Subject Index. 


Porphyrins and Related Compounds 
Biochemical Society Symposium No. 28 


Edited by T. W. Goodwin 
December 1968, x+174 pp., 50s. 


Recent years have witnessed a tremendous growth in both the chemistry and biochemistry of por- 
phyrins and related tetrapyrroles, which has been greatly assisted by the advent of new techniques. 
For example, the use of isotopic tracers has revealed the main outlines of porphyrin biosynthesis; 
and the use of small scale chromatographic techniques has been of immense importance in both 
biochemical and structural studies. The newer spectroscopic methods such as n.m.r. and mass 
spectroscopy have enabled much more rapid progress to be made in structure determination with 
relatively small amounts of material. Hence the decision of the Biochemical Society to hold this 
Symposium at the present time. 


CONTENTS: Chairman's Opening Remarks. Recent Developments in Porphyrin Chemistry. Genera Aspects of Haem 
Synthesis. Experimental Porphyria. Relation Between the Concentration of ATP and that of NADH and Excess Parphyrin 
Formation in the Liver of Rats during Experimental Porphyria. The Regulation of Haem and Chlorophyll Biosynthesis, 
Regulation of Porphyrin Synthesis. Mechanism and Control of Pyrrole Synthesis. Formation of Bile Pigments. The Bile Pig- 
ments of Plante. Bile Pigments: A New Degradation Technique and its Application, Biosynthesis of Chloraphylls. 
Naturally Occurring Chlorophyll Types and their Function in Photosynthesis. Author Index. Subject Index. 
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NATURE 
What Comes after Apollo? 


Ar some point in the week ahead, three astronauts 
will probably leave the ground at Cape Kennedy in 
Florida and embark on an unprecedented journey 
around the Moon. Everybody will wish them good 
luek and will hope that they return safely. The fact 
that the American space programme has come as 
far as this in the brief eight years since President 
Kennedy uttered his rash commitment of American 
resources to a human landing on the Moon is a striking 
proof of the skill and vigour with which the National 
Aeronauties and Space Administration has aecepted 
the responsibility placed upon it. But even now, of 
course, it is by no means certain that the Moon landing 
itself will pass off without a hitch. Getting there is 
diffieult enough, but landing and then taking off again 
will bring extra and peculiarly unknowable hazards to 
beovercome. The best that can be said is that the United 
States is within a realistic striking distance of the 
target set for it but that there is no knowing precisely 
how and when this will be attained. The people most 
concerned must be forgiven if they are occasionally a 
little jumpy or, since their demeanour is more often one 
of exuberance, they must be admired for their steady 
nerves. As things have turned out, however, neither 
success nor failure on the Moon in the year ahead can 
determine in any significant way the pattern of develop- 
ment within the programme of space flight by human 
beings which NASA is conducting. In fact, one of the 
first tasks which Mr Nixon's Administration must 
undertake is an appraisal of the future programme. 
How big is it to be and how much will it cost? How 
much emphasis should there be on carrying men into 
space, how much on applications such as communica- 
tions satellites and how much attention should be paid 
to scientific research ? And what liaison should there 
be between NASA and the other agencies of the 
Government, particularly the Air Force, which are 
deeply engaged in space research ? These are difficult 
questions and it will take all the talent of the new 
Administration, such as it is, to get the balance right. 

Although the precise reasons why President Kennedy 
committed the United States to landing a man on the 
Moon are still unknown, it is important to be clear that 
the objects were not scientific in any ordinary sense. 
Almost explicitly, President Kennedy was concerned 
with national prestige—in 1961, it still seemed credible 
that the affections of people in South-East Asia for the 
Government of the United States could be reinforced 
by a successful landing on the Moon and that the 
problems of the urban complexes of the United States 
itself could by the same demonstration be eased or even 
altogether chased away. One of the afflictions of those 
who have been running the Apollo programme is that 
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time has worn the gilt off President Kennedy’s promises 
The result is that NASA has often seemed like a bri 
organization for doing something no longer particularly 
necessary. Tuis no doubt, is woy Congre i = in- 














Born in: T hisi is w e men w tha & Fed of b Ha 
technical achievement have to spend much of their 
time defending themselves from critics of President 
Kennedy’s original and irrational decision. 1f the next 
president is to | make a better choice. he will have to be 
clear about just what was wrong with the original 
decision on Apollo and equally clear about what would 
now be rational objectives for the continued exploration 
ofspace. In particular, it is important that he should 
acknowledge that whoever wins the race to the Moon 
will collect what international prestige is likely ever 
to be won in this kind of me That weE will 
soon run dry if it is not dry already. 
One of the strongest reasons for 
exploration of space is, paradoxically 


the continued 
, the most pedes- 


trian. In the past eight years, NAS À has spent a.large 
fortune on the. development of the equipment necessary 
to carry men into space and there is probably now a 
great deal to be said for making some use of it. Fer one 
thing, it will do no harm and some good if there are a 
couple of modest journeys to the Moon each year once 
would 


project Apollo has been completed. This 
probably bring a small harvest of informatic 
experience but, more important, it would also p: 
à chance for people to work out improvements of the 
present technique. There is, for example, some evidence 
that spacecraft like those intended for Apollo ecald be 
provided with navigation systems which are much more 
flexible than even the clever systems now in use. The 
difficulty is to know how much money it would be sens- 
ible to spend on tasks like these—essentially the 
development of the technology of human space ‘flight. 
NASA will no doubt be looking for something like the 
2,500 million or so it has been spending each vear in 
the past years on the development of Apollo. 'Phere is 
probably a strong case for thinking that a conside 
smaller budget would enable useful progress to be made. 
Only Congress will be able to know just where to strike 
the balance when it comes to go over the budget 
applications early in the new session. But it would be 
in everybody's interests if it were then to acknewledge 
openly that the development of this technology, : 
able though it is, is not as yet likely to vield tangib le 
benefits of any predetermined kind 
What else needs to be done in the years ahead ? 
There is of course a need for a continuing programme 
of development for satellites with specific applications. 
NASA has done well in this sense in the past several 
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years. It is chastening, for example, to remember that 
it is just over a decade since the first satellites of any 
kind were launched, but now communications satellites 
have become an essential and familiar part of tele- 
communications systems. This by itself is a remarkable 
achievement, and there is also great value in the 
meteorological satellites which continue to provide 
useful if somewhat unspecific information about the 
development of weather patterns. Undoubtedly there 
is à case for the development of other kinds of devices 
like these and many of them will include human beings 
as à part of the control system, occasionally in orbits 
about the Earth. What Mr Nixon's advisers should, 
however, recognize is that the time has long since 
passed when NASA or any other agency of the Federal 
Government could embark on a casual investigation of 
half a dozen different possibilities in much the spirit of 
the man who picks a dozen apples in the hope of 
finding one which sweet. It is now entirely 
possible to form in advance an appraisal of the potential 
benefits of particular technical developments which, 
with satellites as with aircraft, makes possible rational 
decisions about the virtues of proposed developments. 
In other words, the Administration and then Congress 
must in the vears ahead equip themselves with the 
kind of expertise which in the past few years has 
enabled them to apply the most searching tests to 
proposals by the armed services for the development of 
new kinds of weapons systems. And already, of course, 
there are awkward questions to be asked. What, for 
example, are the benefits of a Manned Orbiting Labora- 


tastes 





tory which the US Air Force wants to build? And 
why should NASA have a similar plan in view? Is a 


direct broadcasting satellite really a political possibility 
even if it may be technically f feasible? What kinds of 
natural resources would a natural resources satellite 
distinguish from aloft, how sensitive would be the 
distinetion and what would be its economie cost? 
Everybody would benefit if NASA were compelled by 
the Administration and by Congress to provide a 
detailed and convincing justification of separate schemes 
like these before it gets the money for them. 

The problem remains of what to spend on science. 
This is the field in which there has been most mis- 
understanding of and by NASA. Scientists, for example, 
have frequently heard ‘officials justify everything done 
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in the name of space by saying that it is in the cause 
of science and this has sometimes caused bad feeling. 
Among those who pian satellites and spacecraft, how- 
ever, there i is a tendency to impose too simple a picture 
of the nature of scientifie research on those parts of 
the space programme which are labelled scientific, It 
is, of course, understandable that those who live within 
a gigantic organization for getting a gigantic job done 
should sometimes overlook the importance of the self- 
discipline by means of which large experimental pro- 
grammes are now planned within the scientific com- 
munity. The problem is not simply to be sure that an 
experiment or an observation will produce information 
which it is valuable to have, but rather that it is 
important somehow to arrange that the yield of under- 
standing from an experiment should be as great as 
possible, even measured by crude money vardsticks. 
Moreover, what matters are the results and not how 
they are obtained, which quite frequently would imply 
that scientists would prefer to build a ground-based 
telescope—in the southern hemisphere, perhaps—than 
to have a share in à much more expensive telescope in 
orbit about the Earth. One of the most serious causes 
of misunderstanding in the past few years has been the 
tendency in NASA to suppose that the agency had a 
sole duty to provide tools for scientific research, and 
that it was then for the scientific community to make 
what use of them it could. The need now is for better 
machinery to enable scientists to make their needs 
felt and their methods understood within NASA. Mr 
Nixon would be well advised to press for such a change 
of machinery even if it should sometimes mean that 
scientists would turn up their noses at rockets for the 
sake of something simpler. One daring way of doing 
this would be to pay some of the $400 million now 
being spent each vear by NASA on what is called basic 
research directly to the National Science Foundation. 
It would be interesting then to see how much of this was 
spent on rocketry and how much on more conventional 
equipment. But, even if NASA should seem to lose out 
heavily on the exchange, in the long run it would 
benefit from the greater realism with which its scientific 
programme Ww ould be carried out. This perhaps is a 
question which Dr DuBridge could be turning over in 
his mind between now and January 20. Somebody, 
certainly, should ask it. 





At Least One Englishman at CERN 


THE appointment of Dr J. B. Adams as the director of 
the project to build a 300 GeV proton accelerator at 
CERN is a piece of irony which the British Government 
should not be allowed to overlook. The fact that CERN 
should have turned again to Dr Adams is not of course 
surprising. The Meyrin laboratory at Geneva still 
owes much to the flair with which he superintended the 
building of the 28 GeV machine now operating there and 
it has been an mer secret for some time that he would 
like to get his hands on the bigger version. But many 
will be surprised that these sober considerations have 


not been driven out of court by the British Govern- 
ment's decision in the summer not to participate in the 
construction of the new machine. To be sure, the 
Council of CERN took care, in its most recent statement 
on the subject, to say that it would find the best man 
for the job, whatever his nationality, but few can have 
expected that the council would have gone so far as to 
appoint a United Kingdom citizen to the post so soon 
after the British Government's rebuff. No doubt many 
British officials are now asking whether CERN is 
simply rubbing salt into the wounds which have 
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opened in the past few weeks, as it has become clear 
that the decision not to participate in the building of 
the 300 GeV machine may have been a serious error of 
judgment. 

The truth is, of course, that the issue of British 
membership in the consortium which will build the new 
accelerator was at once extremely carefully studied in 
advance and yet almost casually decided. The Council 
for Scientific Policy appointed a committee under 
Professor Michael Swann to make a thorough investi- 
gation of the matter and the Government was shamed 
into publishing this document in good time for plenty of 
discussion among the interested parties—high energy 
physicists on the one hand and a variety of sceptics 
such as chemists on the other. Briefly, the Swann 
committee argued that the building of the new machine 
would be tolerable within a balanced programme for 
the development of science as a whole only if the total 
expenditure on academic research in Britain were to 
increase by at least nine per cent a year. This con- 
clusion sprang from the assumption that existing 
British facilities for research in high energy physics, 
especially the laboratories at Harwell and Daresbury, 
would continue to function at much their present scale. 
It is not surprising that the response of the Department 
of Education and Science to this opinion was a some- 
what startled unwillingness to make such a generous 
forward commitment to academic research in British 
universities. To begin with, the department was 
fortified by the divisions there seemed to be among 
academic scientists about the virtues of the proposed 
machine. At no time does the department itself seem 
to have taken seriously or even to have suggested 
the possibility that other procedures might be used for 
financing British participation. In the end, and too 
late, it was left to the Science Research Council to 
enquire whether a proposal to participate which was 
coupled with the planned shutdown of facilities in 
Britain would be acceptable to the Government. (The 
suggestion that a British site would be more acceptable 
seems to stem from that same abortive enquiry.) But 
in practice it seems that the meticulousness with which 
the Department of Education and Science regarded the 
process of decision making within its own establish- 
ment was translated into an appearance of half-hearted- 
ness when it came to present its case to other 
ministries and to the Cabinet. That, at least, is a 
generous description of what seems to have taken 
place. The result is that a great many politicians have 
been taken by surprise to see how deeply felt among the 
professional community is the decision not to partici- 
pate in the building of the 300 GeV machine. The 
politicians have also been taken aback because events 
have not borne out the predictions of the Foreign 
Office that a British decision not to participate would 
quickly be followed by similar decisions elsewhere, 
particularly in Western Germany. At some point it 
will obviously be important to know just how such a 
carefully discussed policy can have been so ineptly 
decided. 

Two matters call for more immediate attention. 
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First, there is the question of what will happen nov at 
CERN. With the aecession of Switzerland to the 
proposed treaty on the 300 GeV machine, there is ROW 
no reason why construction should not be pust ed 
energetically ahead. The next step will be the start of 
planning work. A site should be chosen by the early 
summer and, with luck, construction work may stert a 
year or so from now. One way and another, it looks as 
if the European machine will be roughly a year behind 
the American machine on which construction started a 
few weeks ago at Weston, Illinois. Given the higher 
initial energy. this is an entirely respectable interval of 
time. In other words, it seems enzirely possible that 
European governments will be well placed to keep. high 
energy physics going in Europe unti: the late eighties at 
least. That is something to their credit. 

There remains the question of when, if ever. the 
British Government will find itself signing the agree- 
ment which it refused some months ago. Much 
obviously will depend on the way in which the British 
economy develops, and it would be wrong to under- 
estimate the importance of sheer financial stringency as 
well as lack of imagination in the calamitous d 
not to play a part. But the appointment of Dr Adams 
as director of the new project is in a curious way æ proof 
that it is almost inevitable that the British Gevern- 
ment must play a part. The question is not so much 
whether as when. At this stage, it would be at once 
politically impracticable and perhaps undesirable to 
ask that the Government should turn its previous 
decision upside down. But a year from now, eireum- 
stances could well be very different. The principal 
need is that British participation should be guaranteed 
no later than the point at which important decisions on 
construction have to be implemented in terms of 
concrete and steel. It would in particular be unfor- 
tunate if the new machine were built without fecilities 
which would later have to be added at considerable 
expense. This is why the inevitable interval ef non- 
participation that there will now be should not be 
allowed to last toolong. The best course for those con- 
cerned to see a truly European machine at 390 GeV 
would be to make a detailed examination of the ways in 
which the British Government could afford to partici- 
pate within a comparatively slowly rising scienze bud- 
get. This is a task which only the Nuclear Science 
Board of the Science Research Council can accurately 
undertake. Dr Adams, no doub:, will be glad to help. 


















SION 





CERN 


Adams, CERN and 300 GeV 


As Nature went to press, the Council of CERN, the 
European Organization for Nuclear Research, was 
gathering in Geneva for the purpose of electing a 
director for the 300 GeV accelerator project. "There 
was little doubt that the man appointed to the job 
would be Dr J. B. Adams, Member for Research of the 
UKAEA, and a former Director-General of CERN. 
Barring a last minute change cf mind by the Council, 
Dr Adams seemed certain to get the job he has been 
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coveting for some time, and, as befits candidates for 
offices like these, he had no comment at all to make 
this week. 

There is no doubt that Dr Adams is a good choice, 
not least because the job will call for all his formidable 
energies, Dr Adams’ career is extraordinary. In 
1940, without formal qualifications, he joined the 
Telecommunications Research Establishment, perhaps 
the most fruitful and successful government laboratory 
which has ever been set up in Britain. After the war, 
he joined the Harwell laboratory of the AEA, where 
he stayed for eight vears. In 1953 he joined CERN, 
and became Director of the Proton Synchrotron 
Division in 1954, and Director-General of CERN in 
1960. Then he moved on to become Director of the 
Culham Laboratory of the AEA and, briefly, Controller 
at the Ministry of Technology. Since 1966 he has been. 
Member of Research for the AEA, and has been 
instrumental in setting up the Programmes Analysis 
Unit at Harwell. He has honorary doctorates from 
the Universitv of Geneva and the University of 
Birmingham. 

When the 300 GeV project is formally under way, 
Dr Adams' title will be Director-General, but until 
then it seems likelv that he will be appointed a 
director at CERN. Despite the British refusal to join 
the project, there now seems very little doubt that it 
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will go ahead —the latest country to agree is Switzer- 
land. But the formal decision is not likely to be taken 
for another year or so. The decision about where the 
accelerator is to be should be taken in the summer of 
next year, probably in June. There is still some hope 
that by the time the formal decision is taken, the 
British Government will have come round and will 
agree to support the project, although this must 
depend on Britain's economie position at the time. 
it is known that the Treasury is not best pleased by the 
advice it was provided with in the period before the 
decision was made—the Foreign Office, for instance, 
is said to have told the Treasury that if Britain with- 
drew from the 300 GeV project, other countries would 
do the same. As is now known, this advice turned out 
to be distinctly unreliable. 
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Meanwhile, some British MPs are keeping up the 
pressure. One of them, Mr Tim Fortescue, has written 
to Mrs Shirley Williams, Minister of State at the Depart- 
ment of Education and Science, about a parliamentary 
answer she gave him on December 5. On that occasion, 
she declared that the Nuclear Physics Board of the 
SRC had made its recommendation (to support the 
300 GeV machine) "on the assumption that the site 
would be in Britain". Mr Fortescue says that as far 
as he is aware, the Nuclear Physics Board made no 
such assumption, and asks Mrs Williams either to let 
him know on what authority she made her statement, 
or to take an early opportunity of putting the record 
straight. The department confirms that the letter 
has been received, but no reply has yet been sent. 





ASTRONOMY 


Observing the Stars from Space 


THE first of three planned Orbiting Astronomical 
Observatories (known as OAOs) was successfully 
launched from Cape Kennedy last week. This is more 
than two years after the fiasco of the first attempt at 
launching an OAO, when electric arcing short-circuited 
the spacecraft's power system. Several improvements 
have been made to the design and operation of the 
spacecraft since then. 

The principal benefit of having an observatory out- 
side the Earth's atmosphere is that observations can 
be made in the ultraviolet region of the spectrum, at 
wavelengths that are almost totally absorbed at the 
Earth's surface. This first observatory, labelled OAO-2 
in recognition of the earlier failure, has an elaborate 
programme of stellar charting ahead of it; there are 
two separate observational systems on board, one built 
by the Smithsonian Astrophysical Observatory at 
Cambridge, Massachusetts, and designed to study up 
to 700 stars each day, and the other built by the 
University of Wisconsin to give detailed information 
on a few select stars each day. Both sets of equipment 
operate at ultraviolet wavelengths. 

The 4,400 pound observatory has been sent into a 
circular orbit 474 miles above the Earth's surface in a 
plane at about 30 degrees to the equatorial plane. 
It orbits in about 90 minutes. Energy for the batteries 
is obtained from a set of solar paddles, and the orienta- 
tion of the spaceeraft is measured by light-sensitive 
trackers which are locked on to specific reference stars. 
There are six such trackers, which move round as the 
eraft follows its orbit, and NASA has announced that 
three of the trackers have locked onto reference stars 
as planned, the other three merely being engaged in 
tests. 

As rays from the Sun cause serious interference with 
measurements from the stars, the telescopes in both 
sets of equipment only operate during the part of the 
orbit—about a third-—when the craft is in darkness. 
The Smithsonian and Wisconsin packages are situated 
at opposite ends of the vehicle, and view at 180 degrees 
to each other. Intricate planning and programming 
have been necessary to ensure that both sets of equip- 
ment are making observations at fruitful orientations, 
as the satellite can only receive information from the 
ground (and relay it back) for about 10 per cent of the 
orbit. 

The Smithsonian equipment consists of four tele- 
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survives six months—will 
chart about 50,000 stars. A life of two years would 
allow the whole sky to be covered. The key to the 
apparatus is a special ‘Uvicon’ television tube, sen- 
sitive to ultraviolet radiation, which can store the 
information received over a period of days; it uses a 
process called secondary electron conduction. The aim 
of the whole charting operation is to obtain a map of 
the sky in terms of broad band criteria; that is, to find 
the location and rough spectrum of the stars concerned. 
By contrast, the Wisconsin experiment will perform 
relatively few narrow band observations. Both sets of 
apparatus will be particularly useful for observing 
"hot" stars, which have temperatures up to about 
50,000 degrees, and which emit most of their radiation 
in the ultraviolet region. 

The next two OAOs are to be launched in 1969 and 
1970 respectively, and will contain very high resolution 
equipment that will TON much finer alignment than 
that aimed at in OAO-2. As a comparison, the Wiscon- 
sin telescopes have a resolution of 10 À, and the 
second and third observatories are planned to have 
2 À and 1/10 À respectively. 


)AÓ-2 





EDUCATION 


Participating Students 


Wirn the autumn term over, academic staffs around 
Britain must be feeling that they have got off lightly. 
The student rebellion that flashed around continental 
Europe this spring was widely expected to infect the 
length and breadth of Britain before autumn was out. 
But nothing very much happened. Skirmishes at 
Birmingham and Bristol, both on issues that put wide 
public support behind the students, look like reaching 
a quick resolution. 

Nobody knows how long the calm will continue, but 
recent moves by both students and staff to reach a 
fuller modus vivendi may serve to pre- empt future 
hostilities. Two agreements on student participation 
in student life appeared this term. One, dealing with 
university students and drafted by the Committee of 
Vice-Chancellors with the National Union of Students 
(NUS), appeared two months ago (Nature, 220, 105: 
1968). The second appeared last week: drafted by 
leaders of the local education epe of England 
and Wales, again with the NUS, it sets guidelines for 
student participation by the 170, ,000 students at colleges 
of art, education, commerce and technology. 

The NUS seemed to be well pleased w ith the agree- 
ment last week. Where student welfare is concerned, 
it is certainly more definitive than the vice-chancel- 
lors’ agreement. The local authorities said they were 
prepared to vest executive power in committees made 
up equally of staff and student representatives. Pro- 
cedural matters such as the provision of a casting vote 
will apparently be decided by local negotiation. The 
NUS thinks that these committees will have a full set 
of teeth when it comes to dealing with academic 
paternalism: now that the legal age of majority is 
to be 18, the excessive readiness of many college staffs 
to stand i» loco parentis over their adult charges is 
perhaps becoming anachronistic. 

On matters of discipline, the agreement recommends 
that power should be exercised by committees on which 
staff, governors and students are equally represented, 
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and that there should be a right of appeal to the 
governing body. In the long term, perhaps the most 
important issue is curricula and the role of students in 
establishing them. Feedback from the students is 
solicited, but the agreement has little to say beyond 
this. Obviously the last words have not been : 
here, and it is of interest that a group of radical aradent 
organizations intends to discuss scientific curriculasand 
course methods at a conference in Manchester im the 
new year. Scientific curricula have been chosen 
because scientists and technologists are likely to be 
greater victims of industrial alienation than their 
artistic colleagues, yet at the same time science faculties 
make a smaller contribution to the ranks of student 
activism than any other. 









INDUSTRY 


Home Grown Enzymes 


Suryy rainbow-coloured catalogues from the American 


biochemical supply houses are te be seen in every 
British biological laboratorv: newadays they offer 
more than a hundred purified enzymes for sale No 


British firm approaches this scope; the few British 
firms that there are act merely as agents and import 
all their enzymes, mainly from Japan, Germans. and 
Holland. The absence of enzyme manufacturing 
capacity in Britain is bad both for the balance of 
payments and for the customer, who often finds that 
technical information about the enzymes he uses is 
not available in Britain. 

W. and R. Balston Ltd, the firm of papermakers and 
manufacturers of Whatman filters, hopes to pat this 
right. Jointly with the National Research Development 
Corporation, it has set up a new company, called 
Whatman Biochemicals Ltd, in &n effort to enter the 
enzyme market. A completely new factory is to be 
built at Maidstone at a cost of £500,000, designed for 
the chromatographie separation of enzymes on a 
kilogram scale. Whatman Biochemicals hopes that 
the new plant will come into operation in 1970. Dr 
Colin Knight, the managing director of the new firm, 
said last week that he expects microbial fermentation 
processes will be the mainstay of production at first, 
but later the firm might make mammalian enzymes 
as well. 

It is at first surprising the NRDC should choose to 
ally itself with Balston Ltd, a firm whose main trade is 
papermaking, rather than with, say, one of the drug 
houses. Presumably it was Bakston's long experience 
in chromatography that made it a desirable partner 
—the company has been associated with the technique 
since the first experiments of Martin and Syage with 
filter paper in 1944. The new company will be closely 
associated with the biochemical engineering group of 
University College, London, which is well versed in the 
problems of scaling up biochemical separatioas to the 
industrial level. 

Enzymes are scarcely products for the mass market, 
but the new company is confident that demand for 
them is going to grow rapidlv. Dozens of enzymes 
are now used in clinical medieime, and dozens more are 
regular playthings in the laboratory. "The «uantities 
involved in Britain are not large, but the company 
predicts that sizable applications in industry will 
appear before long. Further in the future, enzymes 
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may turn out to be the ideal therapy for inborn errors 
of metabolism caused by specific enzyme deficiencies, 
of which 120 are now known. But even if the problems 
of immune response are overcome, there remains the 
problem of getting intracellular enzymes into the 
right cells. Whatman Biochemicals obviously thinks 
that these problems can be solved, and the company 
seems to have some ideas how, but it declined to 
elaborate on them last week. 


AIRBUS 


One Step Forward, Two Steps Back 


Tue European Airbus struggles on from one crisis to 
the next. After last week’s exercises in London, the 
airbus emerged as a new design, with different engines, 
fewer passengers and a distinctly slimmer chance of 
getting Government support. It has also changed its 
designation from A300 to A300B, although it might 
have led to less confusion if it had been A250. The 
principal effect of the design changes has been to reduce 
the capacity of the aircraft from 300 to 250 seats. 
This has been done to reduce costs, which had run far 
ahead of the initial estimates. Now, thanks to the 
reduction of capacity and some tricky work with the 
engines, the best estimate for the cost of the aeroplane 
is £170 million. 

This represents a reduction in costs of something 
more than £100 million, and has clearly not been made 
possible just by the removal of 50 seats. The real econ- 
omy is the decision not to develop the Rolls-Royce 
RB207 engine, two of which were intended to power 
each airbus. The engine was a completely new design, 
and would have cost £70 million to develop. Instead, 
the new design makes use of the RB211 engines, 
already designed and built for the Lockheed airbus. 
By the time the airbus is ready for the air, the RB211 
should have been stretched enough to power it, and 
thanks to Lockheed it will be much cheaper than the 
airbus firms have any right to expect. On the face of 
it, this looks like a sensible way out of a difficult 
dilemma; the apathy of the airlines had begun to 
make it clear that the original airbus was a non- 
starter. 

In effect, however, the decision creates a whole new 
set of dilemmas. For one thing, the three Govern- 
ments— Britain, France and West Germany—are now 
no longer bound to lend support to the project, and 
one or more may welcome the chance of opting out. 
As Mr Wedgwood Benn made clear in the House of 
Commons, the British Government has no interest 
in the projeet unless the airbus company can stir up 
a good deal more enthusiasm than it managed for 
the old design. Most of Britain's contribution to the 
cost was to have been in the form of launching aid for 
the RB207; now that this has fallen through, the other 
countries are certain to want to re-negotiate the 
contract. Lockheed may not feel very happy that it 
is helping to finance the engines for a possible rival. 
And the agreements made between Rolls-Royce and 
various European companies for sharing the work on 
the engine will now have to be abandoned. 

All this has created, as Mr Benn put it, “a new 
situation". If the airbus company can produce 
evidence of real enthusiasm for the new design, the 
next step would be for the three governments to 
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negotiate a new memorandum of understanding. 
Orders approaching 75 would seem to be the absolute 
minimum for justifving the project. The market in 
Europe is unlikely to be this big, so the company 
will have to try to sell the airbus elsewhere—which 
probably means in the United States. If there is a 
market for it there, it is more than likely that Boeing 
will be only too happy to fill it—and the advantage 
is on its side, because the airbus will in many cases 
be expected to replace the Boeing 727. The best 
chance might be to approach airlines which have 
already bought the Lockheed airbus, because a smaller 
airbus, using the same engines, might well offer an 
advantage on some routes. 

Even in Europe, the A360B has a far from clear run. 
The British Aircraft Corporation has been hawking 
around a design called the BAC 3-11, which is broadly 
the same kind of aircraft as the A300B. The British 
Government, at least, will surely be keeping an open 
mind until it has had the opportunity of assessing 
airline reaction to the two designs, 


AGRICULTURE 


Research on the Farm 


EncovuraGine closer associations between the Agri- 
cultural Research Councils institutes and the universi- 
ties is to be one of the central guidelines in the future 
development of the policy of the ARC, according to the 
council’s report for 1967-68, published on December 12 
(HMSO, 10s 6d). It is not so much the policy itself 
but the extent of its application which is new. Several 
of the ARC institutes have long-standing formal 
association with universities, and two or three—the 
Long Ashton Research Station at Bristol and the Welsh 
Plant Breeding Station at Aberystwyth, for example— 
are actually administered as an integral part of the 
local university. 

But the increasing sophistication of agricultural 
science and of the equipment needed to pursue it—to 
say nothing of the mutual benefit of the individual 
scientists concerned—dictates still closer collaboration 
with the universities. (In the past ten years the rate 
of growth of the ARC's expenditure on equipment has 
been double the growth of the council’s total spending 
on the rest of its research service.) Well over half of 
the 32 institutes with which the ARC is involved have 
or soon will have a formal association with a university ; 
the remainder, geography permitting, are likely to 
follow suit in the next few years. And any new ARC 
institutes will no doubt follow the pattern set by the 
latest two, the Meat Research Institute at Langford 
and the Food Research Institute at Norwich which 
have been built alongside Bristol University and 
the University of East Anglia. During the financial 
year 1967-68, the council's budget was £12-468 million, 
compared with £10-437 million in the previous year. 
Nearly £5 million was spent on the ARC's ten institutes 
and fourteen researeh units, and roughly 40 per cent 
went on capital expenditure, especially at the new meat 
and food institutes. Another £6-25 million was spent 
on the established agricultural research centres such as 
Rothamsted and Long Ashton. which are only partly 
supported by the ARC. 

The report has much to say about recent develop- 
ments at several of the institutes which were visited 


NATURE, VOL. 220. DECEMBER 21, 1968 


by the council during the year, but 1967 will be remem- 
bered by British agriculturalists for the serious foot 
and mouth outbreak and its aftermath. The ARC and 
the Animal Virus Research Institute have naturally 
been among the chief witnesses to the Duke of Northum- 
berland’s Committee—the Duke was until May this 
year chairman of the ARC. The report states briefly 
that during the outbreak the virus was, for the first 
time, found locally in milk in farm storage tanks and 
tankers before the disease had become overt in the 
local herds. 


TOYS 


Fun for Fathers 


Tars Christmas, children can make fascinating shapes 
by blowing plastie or build themselves a digital or 
analogue computer to make their homework fun. More 
and more sophisticated and realistic toys are being 
designed, probably half with an eye to fathers, but 
others, based on ingeniously simple ideas, are possibly 
more fun for children. 

Scientific kits on sale in London range from the 
computer kits costing about eight pounds to a simple 
amplifier for picking up car and aeroplane noises. The 
series of ‘Radionic’ electronic sets teaches children 
how to build circuits from the simplest to the most 
complex using à transparent insulating board on which 
eolour eoded components are laid out and connected 
exactly as in the wiring diagram. With Philips 
‘Compact Electronic Engineer’ kits, thirteen year olds 
can build burglar alarms, time switches, amplifiers 
and even medium-wave radios. 

War toys are as popular as ever—tanks are more 
ferocious and “life-like” and voluble soldiers issue 
commands, but space-age toys are beginning to com- 
pete. A balloon controlled by a stream of air blown by 
a steerable fan makes an ingenious "space-probe" and 
a two-stage rocket works with water as fuel and an 
air pump to build up pressure. The battery operated 
Space Express has cogged wheels and ean travel 
vertically up or upside down on a cogged track. These 
all cost three or four pounds. 

'"Sealeetrix' sets with electric racing cars running 
over powered tracks are still very much in vogue and 
are becoming increasingly complex. Remote control 
cars can be parked and made to negotiate obstacle 
courses, and à new and expensive toy is a radio-con- 
trolled car for which a radio operator's licence is neces- 
sary. A nice idea is the track system—a parallel pair 
of moving springs—into which any ‘Matchbox’ toy with 
a pair of metal pins fixed underneath can be fitted. 
'Lego' manufacturers have devised a small unit with 
à microphone and a motor which can be fitted to any 
‘Lego’ toy so that it stops or starts at a flick of the 
fingers or a whistle. Reserved for maharajahs’ children 
is a £150 petrol engined model car. 


WOLFSON FOUNDATION 


Money for Projects 


Tue Wolfson Foundation announced this week the 
first. recipients of the grants it has set up to support 
technology at British universities. The foundation 
is spending £1 million in British universities on projects 





which will, in its judgment, "help the moder: 
of British industry and improve the commereial and 
economie position of the UK”. After the announcer 
of the awards last year, about 150 applications : 
received, and they have now been assessed by 
under the chairmanship of Sir Solly Zacke 
The panel, dist inguished scientists all, was assiste 
assessors from industry and commerce. The res 
a list of sixteen universities which are to receive the 
money. 

Top of the list, in terms of the grant given, is the De- 
partment of Metallurgy at the University of Nottingham, 
which is to receive just over a quarter of a million 
pounds to set up an institute for the study of inter- 
facial phenomena. This is to include work on the inter- 
faces between solids, liquids and gases—a wide field, 
but one in which there are great strides to be made. 
Other large items include a grant to the Department 
of Electrical Engineering at Edinburgh University to 
set up a micro-eleetronics liaison unit. This depariment 
is particularly well known for its work with industry, 
and the grant is worth £130,700. The Department of 
Engineering at Cambridge has been given £20,000 to 
apply modern control theory to models of the national 
economy (which sounds a tall order), and Imperial 
College has £65,000 to compile a geochemical atlas 
of part of the British Isles. Other grants include 
£132,000 to Surrey University for a centre for research 
and development in bio-analytical instrumentation 
and a similar sum to the University of Wales to set 
up a centre for the technology of soft magnetic materials 
and their applications. 

To judge from the list of grants, the foundation 
seems to have managed the diffieult task of avoiding 
overlap with the Ministry of Technology without at 
the same time supporting trivia! projects. i 
versities will be pleased to have the money for projects 
which might otherwise have been lost, and may feel 
doubly grateful for money which has the ef 
diversifying their sources of finance. It is reassuring 
for them to know that not all their finance is coming 
from the same barrel, and perhaps other foundations 
could be persuaded to follow the Wolfson example. 



























JOURNALS 


Core journals 


More support for the content.on that most of the 
published literature which is valuable is to be found in 
a small number of core journals is provided by a report 
by two members of the Aslib Research De 
(An Evaluation of British Scientific Journ Aslib 
Occasional Publications, No. 1, 1368: 15a). The authors 
of the report, John Martyn and Alan Gilchrist, ranked 
British journals in science and technology using the 
criterion that citation of a document indicates use of it 
by the citing author. They found that 165 British 
journals provide the "core". Cn the assumption that 
British scientific journal literature is a representative 
sample of the world’s scientific literature, they con- 
clude that the number of the world's "core" journals 
lies between 2.300 and 3,200— a definite redaction in 
the "information explosion". 

To find the British "core" :ournals, they used the 
resources of the 1965 issue of Science Citation Index 
which contains in the source index a record. of every 
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item—with the exception of announcements, advertise- 
ments and news items—published in 1965 in every 
issue of the 1,147 journal titles covered by the index. 
Every reference citation is extracted from these items 
and listed alphabetically by name of cited author to 
form the citation index. The citation index therefore 
contains a record of all documents, of all dates and. of 
whatever provenance, cited by the 1965 issues of the 
journals covered in the source index. For the purposes 
of this study, a special print-out of data from the index 
was commissioned. This listed all citations to the 
journal literature in 1963 and 1964 from the SCJ 
source list (26-1 per cent of all the 1965 citations), and 
it consisted of 560,624 citations to 296,182 unique 
items. Checking these with a list of 1,842 British journal 
titles, Martyn and Gilchrist found that 590 British 
journals (32 per cent) were cited in the index. Alto- 
gether there were 68,764 citations in 1965 to a total of 
28,949 papers published in 1963 and 1964 in British 
journals. Of these citations, 14-9 per cent were made 
to one journal (Nature), 90-05 per cent to 111 titles, 
and 95-02 per cent to 165 titles (9 per cent of the total 
number of eurrent British journals and 28 per cent of 
all cited titles). 

In addition to ranking British journals aecording to 
the number of citations received in 1965, Martyn and 
Gilchrist list the 165 journals in the order of the ratio 
between the number of papers cited and the number of 
papers published in 1964, thus showing how much of 
the contents of each journal in 1964 was used in 1965. 
Not surprisingly, review journals and journals with 
very specialized interests topped this list. Five journals 
had all their published papers cited—these were the 
Chemical Society's Quarterly Review, Immunology, 
Advances in Physics, Reports on the Progress in Physics, 
and Progress in Materials Science. Nature had 55-1 
per cent of its papers quoted in 1965. A further list 
arranges the same 165 journals in order of the number 
of citations each cited paper received. Physics, 
Advances in Physics and the Chemical Society's 
Quarterly Review were top in this table. Each cited 
item in Nature was cited an average of 2-72 times 
compared with a ratio of 7-07 for Physics. 


OBITUARY 


Miss june Arlidge 


ALL those who are involved with industrial research 
in Britain will be sad to hear of the death of Miss 
June Arlidge (43), the secretary of the Committee of 
Directors of Research Associations. She died on 
November 20 after a long illness, and her death will be 
a considerable loss to the CDRA. She was the first 
permanent secretary of the organization, and was in 
large measure responsible for the many new initiatives 
during the five years she was at the CDRA. 

June Arlidge came to the CDRA after working for 
the OECD in Paris (when it was still OECC), for the 
Federation of British Industry, and for the British 
Iron and Steel Research Association. As well as 
setting up the secretariat and organizing publications, 
she was responsible for coordinating work with the 
Department of Education and Science and the Ministry 
of Labour on the industrial training acts. She also 
contributed to the formation of a working party on 
building materials which brought together work from 
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research associations and outside organizations, and 
which recently produced its first publication, on the 
testing services available in Britain. At meetings of 
the British Association she was a familiar figure, and 
the exhibitions she organized are likely to become a 
regular feature at BA meetings. More recently, she 
was working on a major reorganization of the CDRA, 
which is likely to come to fruition in the next few 
months. Meanwhile, the difficult task of finding a 
replacement for her is likely to wait until the new 
structure of the CDRA is decided, and a specification 
for the job can be written. 


SOCIETIES 


Chemists Rehoused 


THE Chemical Society has been the chief beneficiary 
and the British Academy and Society of Antiquaries the 
lesser beneficiaries of the Royal Society’s move from 
Burlington House to its new marble and formica rooms 
at Carlton House Terrace. In the Government's 
shareout of the Royal Society's old rooms at Burlington 
House, the Chemical Society received, rent free, most of 
the larger rooms. Between July 1967, when the Royal 
Society moved out, and August this year, when the 
Chemical Society moved in, the rooms were adapted and 
refurbished to meet the needs and tastes of the chemists. 
The society also has some extra accommodation among 
the tailors in nearby Savile Row, 9,200 square feet of 





The library after conversion. 


warehouse space in Letchworth and a share in a lecture 
theatre which has yet to be built in Savile Row. 
Thanks to the Government, donations from fellows and 
the industry and its own funds—which totalled 
£300,000—the Chemical Society now finds itself with 
23,500 square feet in two London premises which 
includes a library more than four times the previous 
size. For the first time for many years, the entire 
library of the society is under the same roof, at Bur- 
lington House. 

The only thing that has suffered is the interior of 
Burlington House. The Chemical Society, naturally 
enough, is delighted with its new home, but not every- 
body will share its enthusiasm for the conversion 
wrought on the old library. This lofty mid-Victorian 
room used to extend through two storeys with a double 
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gallery on the upper level. By dividing this into two 
storeys with a false ceiling and floor, an additional 
2,400 square feet of office space has been provided but 
at the expense of the room's character. 

The new false floor, carried by two steel girders, has 
the virtue of being sound-proof. As befits a home for 
chemists, all sorts of new building materials have been 
used in the sound proofing—polystyrene bags filled with 
sand, quilts of rock-wool, fibrous plaster and a nylon 
carpet. The library users will not be disturbed by the 
typists above them, but they will have to learn to live 
with less elegant surroundings and the obtrusive false 
ceiling. The architects admit that "there is no attempt 
to achieve a spurious stylistic unity by copying Victor- 
ian details. The new work stands in clear contrast 


separate and distinguishable from the original 
fabric". 
COUNTRYSIDE 


Developing the Countryside 


A SPECIAL commission of inquiry to look into all aspects 
of the exploration of natural gas in Britain is called 
for by the newly designated Countryside Commission 
in its annual report, just published (HMSO, 10s 6d). 
The commission was disappointed by the decision of 
the Minister of Housing and Local Government to 
allow the development of shore terminals and proces- 
sing plant at Bacton in Norfolk. It says that its fears 
that other development might follow have been real- 
ized, and in July this year planning permission was 
given for a chimney 175 feet high on the coast. To 
stop further development of this sort, the commission 
calls for a national policy which would ensure that all 
future developments could be considered in a national 
rather than a local context. 

The commission, formerly the National Parks Com- 
mission, is also discouraged by a lack of money and 
restricted executive powers. It reports that several 
projects have had to be postponed and it has been able 
to take on only about half the number of technical 
staff it wanted this year. Despite these setbacks, 
however, the commission is enthusiastic about its 
enlarged responsibilities under the new Countryside 
Act, which became law on August 3. It reports 
several important achievements—the designation of 
four new areas of outstanding natural beauty (South 
Hampshire coast, Norfolk coast, Kent Downs and 
Anglesey); a start on the restoration of the Mon- 
mouthshire and Brecon Canal; the completion of the 
purpose-built youth hostel and national park informa- 
tion centre at Once Brewed in Northumberland; and 
progress on the establishment of the first national park 
day visitor centre at Brockhole in the Lake District. 
The director of Brockhole has now been appointed 
and the centre should open to the public in the summer 
of 1969. 

The commission is facing the possibility that two 
reservoirs will be built within the Dartmoor National 
Park—in the Meldon Valley near Okehampton, and 
at Swincombe, near Princetown. Despite several 
public inquiries, petitions, and alternative suggestions 
by the commission and others, the Meldon site has now 
received approval from the Minister of Housing. So 
far no decision has been made by the Government 
about the Swincombe site, which has the approval of 
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the Water Resources Board (see Nature, 219. 388; 
1968). The commission is strongly opposed to this 
site, believing that alternative sites exist outside the 
national park. It says that a reservoir at Townleigh 
would not only supply Plymouth, south-west, Devon 
and east Cornwall, but that in addition it could. also 
supply north Devon, obviating the need for the con- 
troversial site at Meldon in the northern part o£ the 
park. 


ASTRONOMY 


More Pulsars Slowing Down 


from our Astronomy Correspondent 
Reapers of Professor Fred Hoyle’s The Black Cloud 
will be glad that meetings at the Royal Astronomical 
Society can be just as stirring as they were when 
perturbations in the orbits of Jupiter and Saturn 
which heralded the approach of the Black Clouc were 





announced. On that occasion, incredulous astronomers 
were visibly fuming in the meeting room at Burlington 
House. The reaction was more cortrolled when Protes- 
sor F. G. Smith mounted the rostrum last Friday even- 
ing to report that four pulsars seemed to be running 





down. For one thing, the news was not entirely un- 
expected. In May this year, Professor T, Gold had 
predieted that if pulsars are rotating neutron stars it 
might be possible to find a slight slowing down of the 
repetition rate (Nature, 218, 731: 1968). Because the 
range of pulsar periods which haxe been discovered so 
far—from thirty times a second to once every two 
seconds—is hard to explain in terms of star pulsations, 
astronomers have lately been leaming toward the view 
that rotation is the time keeping mechanism. In 
November, Cornell University reported that the fast 
pulsar which seems to be associated with the Crab 
nebula is slowing its pulsing rate by about one part in 
2,000 per year. But what is remarkable about the new 
measurements is the minute lengthening in the period 
of the four pulsars which it has been possible to detect 
over the short interval, astronomically speaking, of 
one year. 

Mr T. W. Cole of the radio astronomy group at the 
University of Cambridge is credited with the first 
detection of the lengthening of the period of the pulsars. 
(His investigation is on four Cambridge pulsars, in- 
cluding three of the four announced by Cambridge in 
February (Nature, 917, 709; 1968).) Jodrell Bank soon 
followed, and was able to improve on the aceuraey of 
the Cambridge measurements, Professor Smith said, 
Only the figures for C P 0834 were written on the black. 
board at the Royal Astronomical Society. On April 1, 
1968, its periodicity was 12737631515 s, and the 
change of period per period is 5-0 £ 0-8 x 1079. This 
implies an increase of roughly 200 ns per year in the 
periodicity. 

The fact that no pulsar has been found to be speed- 
ing up, rather than running down, seems to be sigai- 
ficant. A rotating neutron star is expected to slow 
down gradually as it loses energy. On the other hand, 
it is by no means clear what kind of behaviour to expect 
from a vibrating star as it ages. One view is shat it is 
just as likely to show an increase in its pulsation rate 
as a decrease. On the vibrating star hypothesis, one 
might therefore expect just as many pulsars to be 
speeding up as slowing down. 
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Parliament in Britain 


by our Parliamentary Correspondent 


Science in Hospitals 

Mr Davip Ewnats, for the Department of Health and 
Social Security, welcomed the publication of the report 
on. Hospital Scientific and Technical Services prepared 
by the committee under Sir Solly Zuckerman. The 
Government, he said, agreed that administrative 
arrangements should be made to improve operational 
planning of scientific and technical services; hospital 
authorities were being eonsulted. In reply to points 
raised by Mr Maurice Macmillan, Mr Ennals said that 
the widest consultation would take place, and that the 
plaee of the teaching hospitals would "in no way be 
vitiated bv the recommendations if they were carried 
through". (Statement, December 6.) 

Overseas Students 

Mrs SuirgLEYy WiLLIAMS said that there are now 15,497 
overseas students in British universities, and another 
15,401 in other grant-aided further education estab- 
lishments: 7,761 had received support from publie 
funds for the relief of hardship after the introduction 
of higher fees, and this cost a total of £444,000. 
(Written answer, December 6.) 

Research Associations 

Mr Gerry FowLER provided Mr Will Owen with a 
useful list which details the grants paid by the Ministry 
of Technology to each of the forty-three research 
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associations which are now aided. The Ship Research 
Association does best, with a grant of just over 
£500,000. The Welding RA receives almost £300,000, 
the Scientifie Instrument RA about £200,000, and the 
Construction Industry RA some £180,000. (Written 
answer, December 6.) 


Power 

Witt Drax B power station be fuelled by coal? This 
is the question which was exercising Mr George Jeger 

last week. Mr Roy Mason pointed out that the CEG B 
already has statutory permission to build a coal-fired 
extension to Drax, but that it was not in the current 
investment programme. The start on Drax 2 would 
depend on the demand for electricity, and the growth 
of competing fuels. That cannot have been much of a 
comfort to Mr Jeger, who said that there were fears 
and suspicions in the area about the CEGB's intentions. 
(Oral answer, December 10.) 


Motorway Box 

Mn Hven Jenkins asked the Minister of Transport 
what was being done to compensate house-owners for 
the decline in value of their property which would 
result from the building of the Motorway Box. Mr 
Richard Marsh said. that the subject formed part of a 
general study on compensation coordinated by the 
Ministry of Housing and Local Government. Mr 
Jenkins suggested that it might be better to put the 
box further out of London, but Mr Marsh was not to 
be drawn. (Oral answers, December 9.) 


How fo dam the English Channel 


THe competition to build a Channel dam (Nature, 219, 
991; 1968) attracted close on a score of entries. In 
the circumstances, it is not surprising that none of 
them really questioned the feasibility of damming the 
Channel—the competition, after all, was intended to 
answer the question how to build a dam and not 
whether to build one. "The particular suggestions put 
forward by the competitors are not always sufficiently 
informed by the thorough understanding of the oceano- 
graphic and geological conditions in the English Channel 
which a successful project to construct a dam would 
have somehow to exploit. As with many 
other contemporary problems, it seems 
quite plain that more research is urgently 
necessary. 

What follows is a brief account of some 
of the more interesting of the proposals 
to dam the English Channel. It is hoped 
that these will stimulate further discussion 
and that the result will be a deeper under- 
standing of the problems. 

One of the most detailed entries was 
submitted by Mr CLAUDE HARDY, who 
lives and works in Paris. Mr Hardy has 
been advocating the construction of a 
Channel dam for more than two decades. 
He advocates a simple earth and rock 
filled dam extending some 32 kilometres 
between South Foreland and Cap Gris 
Nez. In Mr Hardy's view, the dam could 
be combined with impounding pools 
whieh could be used to generate 35x 


LONGITUDINAL 
SECTION 


10? kWh of electricity a year and thus make a 
substantial contribution to the supply of energy in 
Britain. Mr Hardy is also impressed with the ease 
with which a fixed barrage across the Channel would 
enable surface transport to flow between Britain and 
the mainland. 

As with many other schemes, Mr Hardy's method of 
constructing the dam relies on the comparatively 
shallow depth of the Channel between Britain and 
France—an average of 20 fathoms (120 feet) and a 
maximum of 30 fathoms (180 feet). In this view of the 
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dam: building operation, constructional 
materials would be dredged from the 
bottom of the Channel as in the building 
of the Duteh dykes (where facing mat- 
erial is, however, imported from elsewhere 
by barge) Mr Hardy would provide 
locks through which Channel shipping 
could pass and he would use for transport 
across the Channel not merely the 
upper surface of the barrage but also 
tunnels buried within it (Fig. 1). Mr 
Hardy differs from other competitors in his recog- 
nition that the project would in part be affected by 
the presence of sand banks in the Channel coming to 
within a few feet of the low tide mark as well as by 
the fact that the flow of water in the Channel is 
predominantly from the Atlantic to the North Sea. 
He calculates that there is a net transport of roughly 
2-5 cubic kilometres a day of water into the North 
Sea, but it is not clear precisely how he would make 
use of these characteristics of the English Channel. 
Mr Hardy also argues that the interference with 
shipping along the Channel would be much re- 
duced if the Channel dam were itself to become a 
terminus for much of this traffic—a kind of Europort 
on the sea. 

Mr A. D. PENMAN and Dr J. B. BURLAND point 
out that the proposal for a causeway between France 
and Britain was originally described by a Swiss engineer 
in his evidence in 1929 to a Parliamentary committee 
on the Channel tunnel. They argue that a rock and 
earth filled dam (see Fig. 2) would be practicable. 
To allow for the tidal range in the English Channel, 
the crest of the dam would have to be about 10 metres 
above the Newlyn datum, which implies that the 
maximum height of the dam would be 72 metres. 
This, the argument goes, is entirely comparable with 
the height of dams at present being built in Britain. 
The section of the dam would consist of a sand core 
surrounded by zones of chalk and, on the outside, with 
shoulders of French granite. If the width of the crest 
is fixed at 82 metres, it is estimated that the volume of 
material needed to construct the dam would be 280 x 106 
cubic metres which, Mr Penman and Dr Burland 
estimate, could be obtained at a cost of £168 million. 
"This sum does not of course include the cost of the 
road works nor that of the wave protection and the 
shipping facilities which, it is argued, would best be 
provided at the two ends of the barrage. 

Other competitors were, however, sceptical of the 
feasibility of an earth filled dam—everything depends 
on the average depth of the strueture. (Nobody 
seems to have worked with a mixed construction in 
which an earth and rock filled dam is used in the more 
shallow parts of the Channel and in which a concrete 
structure is used elsewhere.) Mr R. E. MASSY of 
Richmond, California, working on the assumption that 
the average depth of the Channel is roughly 250 feet, 
proposes the construction of hollow concrete shells 
sunk in the Channel and later filled with sand dredged 
from the bottom of the Channel (Fig. 3). The 
diffieulty here is to anchor such structures to the 
bottom with the kind of rigidity which cross-Channel 
travellers would demand. Mr STEPHEN TAIGEL pro- 
poses a scheme by means of which prefabricated units of 
conerete would be used to extend a pair of parallel 
walls out to sea from both sides of the Channel. In 
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his scheme, there would salso be a movable closure 
which could be used to seal off successive sections ef the 
dam so as to allow the construction of tunnels and 
other facilities to be undertaken. The movable 
concrete sections would then be advanced te the 
forward end of each sea wall so as to continue the 
advance of the dam towards the eentre of the English 
Channel. 

Several competitors were concerned with the prob- 
lem of transporting enough solid fill to form an earth 
and rock filled dam and were therefore led to suggest 
schemes in which tubes of various kinds could be 
floated to the site and filled with material from the 
bottom of the Channel. One proposal would in effect 
have consisted of tubes stretching from one side of the 
Channel to the other and stacked in such a way as to 
form a barrage of pyramidal eross-seetion. Other 
versions of these schemes would have used plastie tubes 
filled with dredged material in situ. Unfortunately, not 
all of these systems seem to have been analysed with 
the care which an exposed position in the Channe! would 
seem to require. 
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To some extent, indeed, all the entries were incom- 
plete in their analysis of the problem. For ons thing, 
it is clear that the building of a dam across the English 
Channel would have a profound effect on the tides in 
the North Sea. One of the most obvious effects would 
be reduction of the tidal range to the east of the dam 
whieh would no doubt be a matter of considerable 
interest to the Dutch engineers who at present lavish 
care and attention on the dykes. 

Undoubtedly a barrier between the North Sea and the 
Atlantic would also set in train the rapid accumulation 
of dry land between Kent and Belgium although it is 
by no means clear how fast this process would be. It is 
also unclear to what extent the two prominent sand 
banks lying just beneath low water mark in the 
English Channel might be exploited in any reahattempt 
to dam the Channel. These and other matters obviously 
require further study and those who would a to take 
part in a serious study of them are invited to send their 
names to the Editor of Nature. 

Those competitors who have been mentioned by 
name will receive a free copy of Nature during 1969. 
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ICRO Struggles On 


Tue International Cell Research Organization is one 
of the many pensioners of Unesco which are at present 
finding it difficult to finance their aspirations. ICRO 
is in fact so short of money that in the past two years 
its activities have appreciably declined. Worse still, 
the outlook for the next two years is not all that 
encouraging. Unesco has proposed a 
$105,000 for 1969-70, little more than a 5 per cent 
increase over the past two years. On the other hand, 
Unesco, for the time being at least, seems prepared to 
support the organization beyond 1972, which had 
originally been the deadline. 

What are ICRO’s aims? It was set up in 1962, on 
the initiative of Unesco rather than of the scientific 
community, as a channel of international communica- 
tion between cell biologists, with the general aim of 
promoting and even coordinating cell biology research 
and teaching and also of advising Unesco in the field. 
This has boiled down to the o organization of training 
courses, which have been very successful so far and 
which account for two-thirds of the organization’s 
budget: the provision of a limited fellowship pro- 
gramme intended to supplement existing fellowship 
schemes in various ways (for example, by providing 
travel costs and helping with family commitments); 
the drawing up of a world directory of cell research 
laboratories, which is bound to be out of date by the 
time it is published; and the setting up of research 
panels. The panels, dealing with specific topics, have 
the job of organizing the training courses and of draw- 
ing up or, if possible, initiating research programmes 
in their fields. 

Nowadays international research organizations and 
unions are the vogue, and it is a sign of the times that 
the ICRO associates in its work with no fewer than nine 
international unions interested in cell biology. At first 
ICRO seemed to fulfil a genuine need, and between 
1963 and 1966 there were plenty of signs that its 
activities were really beginning to flourish. In the 
past two years, however, the organization seems to 
have suffered something of an eclipse. Thus in 1965-66 
it awarded 35 fellowships, while in the past two vears 
only 27 have been given. In 1965-66 it organized ten 
training courses, but in the past two years only five 
have been held, and of the eight w orking panels that 
have been set up only one managed to hold a formal 
meeting in the two vears. Some panels have never 
formally met. To be sure, the members of the panels 
do keep i in touch with each other and with the secretar- 
iat by correspondence, but their failure to meet suggests 
that the panel members are not all white-hot propa- 
gandists for the aims of the ICRO. 

But the really significant pointer is the decline, 
during the past two years, in the number of training 
courses. Modelled along the lines of those held at Cold 
Spring Harbor, the ICRO courses rapidly established 
themselves as being of the highest scientific standing. 
The fierce competition for the limited number of places 
(the record was 248 applicants for a course with 16 
places) is the surest index of their success and value. 
So far, some 400 scientists from 39 countries have 
attended the 24 ICRO courses, which have provided 
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unique opportunities for the rapid dissemination of the 
most advanced techniques in the fields. ICRO is the 
only organization whieh attempts this on a fully 
international scale. Despite the overwhelming demand 
for the courses, however, ICRO seems not to have 
capitalized on their success. Apart from changes in its 
secretariat, there seem to be three reasons. First, the 
organization's budget has been frozen. One of the 
courses scheduled for this year, for example, was 
cancelled because the only available co-sponsor was 
the North Atlantic Treaty Organization, and political 
objections to a NATO-Unesco link were allowed to 
prevail even though another ICRO course, which has 
been held for the past four years in Naples, has now 
been completely taken over by NATO and as a result 
receives twice as much money. ICRO clearly has to 
tread very delicately between conflieting international 
political interests and jealousies which saddle it with 
an extra handicap when it comes to fund raising. 

Secondly, the eost of courses is inereasing, and there 
is more competition in the summer school business. 
NATO, EMBO and FEBS, for example, all run their 
own courses, competing for both staff and venues. 
There is, in addition, a general trend in ICRO to trans- 
fer more of its activities to developing countries, with 
inevitable increases in costs. This last factor, of course, 
introduces the general problem of whether ICRO 
should encourage developing countries to devote a 
significant part of their meagre resources to promoting 
basic research which has no foreseeable relevance to 
their economic development. Whatever goes on behind 
the scenes, the organization is inevitably unable to 
take a public stand on the issue. Its poliey, so far as 
it has one, seems to be to give increasing priority to 
training courses in developing countries in fields which 
have some economic potential—applied microbiology, 
plant genetics and so on—without promoting second 
class or cheap science. 

Clearly if ICRO is to fulfil its great potential it will 
have to find new sources of politically acceptable money. 
In the past, the $8,000 or so w hich ICRO has put up 
for a course has usually atimulated the host institution 
or country to give supplementary funds in exchange 
for more than its fair share of the places on the course, 
but this is not enough. The best prospects for new 
support seem to be other international agencies—WHO 
and the IAEA, for example—-and private foundations. 
An attempt to obtain funds from the IAEA for the 
course which NATO would have financed failed because 
the IAEA was organizing its own symposia and possibly 
training courses. But the ICRO panel on the biology of 
fertility and reproduction is soliciting aid from WHO, 
and the Gulbenkian Foundation has agreed to finance 
a course in Portugal, although in this case ICRO 
already has the money. If this foundation is prepared 
to finance another ICRO course outside Portugal, and 
if WHO finances two courses on immunology, as 
is hoped, the organization may achieve its target of 
twelve training courses in the next two years. Then 
the 1970 ICRO council meeting would have more to 
congratulate itself on than did the last one in Paris in 
September. 
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Making Clouds in Space 


A 2:5 kg “bomb” of barium is one item of equipment on 
board HEOS-A, the European satellite launched from 
Cape Kennedy on December 5. Planned by the Max 
Planck Institute for Extraterrestrial Physics, the bomb 
is to be ejected at an altitude of roughly 20,000 km 
when the satellite is crossing the boundary of the 
magnetosphere. It is the latest in a series of experi- 
ments by the institute to measure magnetic and electric 
fields in space, which until now have been based on 
rocket firings. 

The Max Planck Institute for Extraterrestrial 
Physies, at Garching, near Munich, was set up in 
1964 with the aim of studying physies by using space 
as a laboratory. It is one of more than fifty institutes 
run by the Max Planck Society which are similar in 
their function to the units run in Britain by the research 
councils. Much of the effort at Garching is directed at 
plasma physics and in particular the study of plasmas 
in extra-terrestrial space. (Plasmas are completely 
ionized gases made up of electrons and positively 
charged ions, which as a whole are electrically neutral.) 
This work had its beginnings in the study of plasmas in 
comet tails by Professor L. Biermann at Munich, and 
is continuing at Garching using artificial plasmas 
injected into space by rockets and, more recently, 
satellites. But much of the interest in the technique 
now developed by the Garching team is the information 
it gives on electric and magnetic fields in space. 

When barium is ejected from a high-altitude rocket, 
a cloud of vapour is left behind which becomes photo- 
ionized by sunlight. Visible from the ground because 
of the sunlight it scatters, such an artificial plasma 
cloud drifts under the influence of the electric and 
magnetic fields in space. The strengths of the fields 
can thus be estimated from ground-based observations. 
The Garching team has been involved in more than 
30 rocket firings, releasing plasma clouds at altitudes 
from 125 to 2,000 km. As many as three clouds have 
been ejected from a single rocket, and quite rightly 
there has been heavy opposition from critics pointing 
out the danger of polluting the space environment. 
The reply from Garching is that the barium rapidly 
sinks through the atmosphere to the ground. In any 
case, the argument goes, there is a great disincentive 
to the release of larger and larger quantities of barium 
in a single cloud because the space charge then becomes 
enough to disturb the local electric field. 

About 10?! particles will be produced by the barium 
bomb in HEOS.A, scattering some tens of megawatts 
of sunlight. Observing stations are at the Kitt Peak 
Observatory, Arizona, and at the site of the European 
southern hemisphere observatory in Chile. Because 
of the danger of damage to delicate solar cells, the bomb 
is not to be exploded until it has separated from the 


satellite by 50 km or so. Conditions for the experiment 
are stringent. The cloud must be sunlit while the 
ground stations are in darkness, and there must be good 
weather at the two ground stations and no moenlight 
to degrade the observations. And before the release: 
date can be fixed, taking these factors into account, © 
the precise orbit must be determined—something ` 
which cannot be predicted in advance for a satellite 


in a highly elliptical orbit subject to several pertarbing -.—. 


influences. After several weeks of tracking, the position 
of the spacecraft will be known to within tea kilo- 
metres. It is unlikely therefore that Garching's 
experiment wil take place unti! HEOS has been in 
orbit for weeks or even months. 

The Institute for Extraterrestrial Physics backs 
up the plasma cloud experiments with laboratory work. 
So far, the laboratory has beer concerned with the 
mechanism of barium release threugh a nozzle @o as to 
obtain the maximum barium yield from a given weight 
of payload) and with the spectroscopy of plasmas of 
astrophysical interest. The institute has recently been 
branching out into high-energy astrophysics. Four 
balloon payloads equipped with spark chambers, 
scintillation counters and iomization spectrometers 
have been flown to measure 100 GeV cosmic rays, and 
there are also plans to search for celestial gamma rays, 
The problem here is to sort cut the gamma signal 
from the background of charged particles, estimated 
to be a million times as plentiful as gamma photons, 
The institute says it has developed anti-comcidence 
counters and wire spark chambers which are light 
enough to be flown in satellites and which can pick 
up the gamma component. 

At a time when experimentation is becoming more 
and more complex, the scientists at Garching like to 
think that the plasma work which is the mainstay of 
the institute is a kind of space research which could 
have been done fifty years ago. Plasma clouds need 
no telemetry or radio tracking, and the barium could 
have been lobbed into the upper atmosphere by the 
artillery of the First World War. 








IMMUNOLOGY 


Immune Responses 


from our Social Medicine Corresponcent 


KNOWLEDGE of the genetic control of immune responses 
has increased by leaps and bcunds in recent years and 
is now sufficient to allow meaningful geneticcanalysis of 
the underlying reactions. This is the conciusion of a 
report called Genetics of the Immune Response just 
published by the World Health Organization (Technical 
Report No. 402, 7s). 
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Because of their contrasting properties of variability 
and constancy, antibody molecules present especially 
difficult problems to the geneticist. It is, however, 
known that immunoglobulins are made up of two kinds 
of polypeptide subunits—light chains and heavy chains 
—linked by disulphide bonds. More recently, it has 
been shown that each light chain is a single polypeptide 
consisting of a constant half (C) which is characteristic 
of the type of protein, continuous with another half 
(V) which varies from one protein to another. Heavy 
chains similarly consist of V and C sections, although 
the former represents only one-quarter of the total 
ehain length. Constant regions have been assigned to 
classes and subclasses and it seems that the structural 
genes for constant regions of heavy chains are closely 
linked. Genes for C regions of light chains are also 
probably closely linked, but show no linkage with 
heavy chain genes. Whether the V and C regions are 
controlled by the same structural gene is still an open 
question, although there is some indication—at least 
in H chains of the rabbit—that V and C may be 
controlled by separate genes (v and c) before the 
potentialities of a cell become fixed, and that some 
translocation of v to c may take place. 

In addition to the structural genes which code for 
the amino-acid sequences of the chains, there must 
also be regulatory genes controlling the expression of 
the genetie information in the cell, or recombination 
in stem cells. Normally there is a more or less balanced 
produetion of light and heavy chains, but in neoplastic 
plasma cells the structural genes of heavy chains may 
be suppressed so that light chains only are formed. 
Defects of the structural genes themselves may be 
responsible for defects in the assembly or secretion of 
the molecules. 

Although no firm conclusions can be drawn, there 
now seems to be a genetic predisposition to lympho- 
reticular malignancy and, in mice, to autoimmune 
diseases such as haemolytic anaemia and glomerulo- 
nephritis. Data for human autoimmune diseases are 
difficult to evaluate, but certain families are reported 
to show remarkable clustering of autoimmune sero- 
logical abnormalities, with and without clinical disease. 
Just how genetic constitution affects autoimmune reac- 
tions is so far unknown, although several possibilities 
have been put forward. Genetically determined aberra- 
tions of the complement system, some of which will 
have clinical significance, are also predicted in the 
report. Indeed, defects of the fifth complement com- 
ponent in mice and the absence of defect in the sixth 
component in rabbits have already been detected, both 
of which genetic abnormalities appear as autosomal 
traits, 


PROTEIN STRUCTURE 


from our Molecular Biology Correspondent 


Nvuciear magnetic resonance spectroscopy of proteins 
is an area in which there has recently been much 
intense, even hurried, activity. If promise has so far 
overshadowed achievement, some results of great 
interest have nevertheless emerged. For example, the 
pK values of all the four histidine residues in pancreatic 
ribonuclease have been individually determined. 
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Meadows and Jardetzky (Proc. US Nat. Acad. Sci., 
61, 406; 1968) have now followed this up with an 
impressive study of the interaction of the enzvme with 
the specific inhibitor, cytidine-3’-phosphate. The 
behaviour of the four peaks of the C-2 protons of the 
histidines (residues 12, 48, 105 and 119) is observed 
during the progressive addition of the CMP and, as 
expected, it is the peaks arising from the active-site 
histidines, 12 and 119, which are seen to shift downfield. 
The changes depend, however, on the pH and, in order 
to clarify the situation, the changes of chemical shift 
of the histidine protons have been followed as a function 
of pH in the presence of the inhibitor. The results are 
striking: the titration curve of his-105 remains com- 
pletely unaffected by the presence of the inhibitor; that 
of his-48 can be observed only at the acid end of the 
ionization curve (where it seems essentiallv unchanged), 
for at higher pH a large broadening is induced. The 
pK of his-12 changes from pH 6-2 in the free enzyme to 
pH 8-0 in the complex, and his-119 from pH 58 to 
pH T4. Now it is known that the binding constant 
for CMP is maximal at pH 5-6, and at higher pH its 
decrease follows nicely the titration curve of the two 
anomalous histidine residues. On the acid side, it now 
becomes clear that the histidines cannot be implicated 
in the fall-off of the binding: from the titration it 
appears that the phosphate group of the inhibitor 
itself (pK 5:9) is responsible. "These data suggest an 
interaction scheme, involving the two ionization states 
of both enzyme and inhibitor, which predicts the course 
of the change of chemical shift of the active site histi- 
dines with concentration of CMP. In principle it is 
then possible to distinguish between the cases in which 
the doubly charged form of the CMP binds only when 
both histidines are protonated, or when only one or the 
other is protonated; it is the former case which gives 
the best fit to the observed profile. The calculated 
eurve deviates however at high inhibitor concentrations, 
and Meadows and Jardetzky assert that a better fit can 
be achieved by considering also a weaker binding by 
the singly eharged form of the inhibitor. 

Another factor which can be taken into account is 
the existence of a conformational isomerization equili- 
brium in the enzyme, which was inferred from relaxa- 
tion kineties of the enzyme-inhibitor interaction. In 
this regard, the pH-dependent broadening of the his-48 
resonance, leading to its disappearence above pH 6, 
becomes relevant. It is probable that this arises from 
rapid interchange between two states of the protein 
corresponding to different chemical shifts of the his-48 
resonance. (For a slower exchange two peaks would 
be resolved.) Moreover, the broadening is affected by 
pH and to some extent by the concentration of CMP. 
Since his-48 is not in the active site, it is probably 
perturbed by a small conformational change in the 
isomerization, involving close-lying residues. Lys-41, 
which is known to play a part in the action of the 
enzyme, is an obvious candidate. The shifts in the 
his-12 and his-119 peaks arising from binding of the 
inhibitor will with luck lead to further information 
about the mode of interaction. 

A different type of application of NMR is illustrated 
in a paper by Stern, Gibbons and Craig (ibid., 734). 
This sets out to establish from high-resolution NMR 
spectra (at 100 and 220 MHz) the conformation of the 
cyclic decapeptide gramicidin S-A. This type of work, 
a kind of poor man’s crystallography, is a highly 
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refined practice, and often draws, as here, on specialized 
procedures, such as double-resonance experiments to 
allocate each peak in the spectrum. With the restric- 
tion, derived from X-ray crystallography, of a two-fold 
symmetry axis in the molecule, the requirement, 
deduced from proton coupling constants, for certain 
fixed dihedral angles, and the need to match a number 
of chemical shifts by reasonable internal interactions, 
a model of the structure has been derived with some 
confidence. The molecule is essentially flat, and four 
internal hydrogen bonds are defined. 


CARDIOVASCULAR DISEASE 


Heart Death Hazards 


from our Medical Biochemistry Correspondent 


For some time most research on cardiovascular disease 
has been concentrated on the role of lipids. The recent 
MRC trial, however (Nature, 220, 15; 1968), showed 
no difference in the death rate or number of heart 
attacks between a group on a diet rich in polyunsatur- 
ated fatty acids and a control group. 

In the search for other factors, it has been suggested 
that water hardness affects the incidence of cardio- 
vaseular disease, although other workers have been 
unable to find a significant effect. Earlier this year, 
Crawford, Gardner and Morris (Lancet, i, 827; 1968) 
showed that there is a significantly greater death rate 
from cardiovascular diseases in areas which have soft 
water. 'lhey compared death rates at ages between 
45 and 74 with hardness of water for the 61 county 
boroughs with populations greater than 80,000 (at 
the 1961 census). Death rates from most causes showed 
a slight (just significant) negative correlation with water 
hardness: the death rate from bronchitis (often associ- 
ated with cardiovaseular disease) was even more 
significantly affected, with a product moment correla- 
tion coefficient of —0-40 to — 0-45; for cardiovascular 
disease the association was even greater, with a product 
moment correlation coefficient of —0-60 to —0-70. 
The cardiovascular death rate was related to Ca** 
concentration more than to the concentration of any 
other ion. Differences in latitude also appeared to 
affect the death rate from cardiovascular disease, but had 
less effect than water calcium. Poor social conditions 
affect the death rates from bronchitis and "other causes" 
but not the death rate from cardiovaseular disease. 

Even more interesting is the more recent demonstra- 
tion that carbon disulphide in the air seems to increase 
the incidence of cardiovascular diseases. Only one 
other investigation has revealed an occupational 
factor in coronary heart disease, partly because there 
are so many deaths from this cause in the general 
population. Tiller, Schilling and Morris (Brit. Med. J., 
4, 407; 1968) found that the proportion of deaths 
due to heart disease was 42 per cent in viscose rayon 
process workers, 24 per cent in other workers in rayon 
factories, 17 per cent in a group of local controls 
and 14 per cent in the country as a whole. This 
significant difference might simply have meant that 
rayon workers were protected from other causes of 
death and more likely to die of heart disease. For one 
factory, however, it was possible to calculate death 
rates per 1,000 man-years, and this showed that 
workers in the spinning department had more than 
twice the expected numbers of deaths from heart 
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disease. Nearly half the measurements of carbon 
disulphide in the spinning room had approached the 
limit accepted at present. The men had experienced 
some exposure to hydrogen disulphide, but this 
much less than the carbon disulphide exposure. 
disulphide is also released during the making of ase 
rayon, but hydrogen disulphide is not. Viscose makers 
in the most modern factory had six heart deaths 
instead of the five expected, while in two older, less 
well ventilated factories there were thirteen deaths 
instead of the 4-6 expected. This seems to establish 
carbon disulphide as the villain of the piece. 

If exposure to low concentrations of carbon disul- 
phide can increase the risk of heart disease, the iacreas- 
ing quantities of other sulphur compounds in the atmo- 






















sphere are bound to become a cause for concern. An 
investigation of the effects of carbon disulphide might 


at the least be a much needed stimulus to the hiocheni- 
cal study of cardiovascular disease. 


BIOCHEMISTRY 


Proteolytic Enzymes 


from a Correspondent 


A MEETING on proteolytic enzymes at the Royal Society 
last week formed a valuable synthesis of the consider- 
able body of evidence which has been obtained from 
crystallographic, biochemical and organie chemical 
techniques. The meeting opened with an account by 
Dr D. M. Blow (Cambridge) of the more precise re- 
determination of the structure of a-chymetrypsin. 
This had led to the exciting discovery of a new buried 
acid group, Asp-102, following the re-examination of 
the sequence of the residues in this region by Dr B. 8. 
Hartley (Cambridge). The unfavourable situation of 
this buried charged group is alleviated by transfer of 
the negative charge to the surface of the enzyme by 
hydrogen bonding through a histidine, His-57. to Ser. 
194. The transfer of the charge to the serine allows 
it to act as a powerful nucleophile in the hydrolysis 
action, a mechanism which is likely to be of general 
relevance to other serine proteinases, as the X.ray 
studies on elastase by Dr H. C. Watson and Mr D. M. 
Shotton (Bristol) have shown. Their model, constructed 
from a 3:5 A electron density map, had been completed 
at the beginning of the week after only one man- 
year of work on this protein. It is very similar to 
the structure of chymotrypsin, including the same 
charge relay system for the activation of the serine 
and a charge-charge interaction between the acid 
residue adjacent to the serine and the a-amino group, 
which contributes to the stabilization of these enzymes 
in the active conformation. Dr B. S. Hartley's paper 
showed how the homologies in sequence of the serine 
proteinases may help to elucidate the mechanism of 
blood clotting since the B chain of thrombin has a 
sequence much like that of chymotrypsin. 

The primary sequence of the bacterial serine pro- 
teinase, subtilisin BPN’, is completely different from 
that of the mammalian enzymes. Thus the paper by 
Professor J. Kraut (University of California) on the 
structure of subtilisin at 2-5 A resolution caused con- 
siderable interest, because he revealed that the mechan- 
ism of activation of the serine remains the same in 
this enzyme although the tertiary structurs is com- 
pletely different from chymotrypsin and elastase, and 
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contains a fair proportion of secondary structure. 
This provides a remarkable example of convergent 
evolution, which has arrived at the same critical 
molecular arrangement for activation of the serine in 
two enzymes within different molecular frameworks. 
The exciting evidence about the steps in the reactions 
of these enzymes which is accumulating from rapid 
reaction techniques does not yet appear to be con- 
clusive, although the observation by Dr G. Hess 
(Cornell) of the formation of an intermediate between 
the Michaelis complex and the acyl enzyme in the case 
of chymotrypsin amide hydrolysis is clearly significant. 

Studies on the acid proteinases are not as far ad- 
vanced, but it was interesting to hear from Dr B. Folt- 
mann (Copenhagen) that there are indications in rennin 
that there is a peptide similar in sequence to the active 
site peptide in pepsin. Dr J. Knowles surveyed 
possible mechanistic pathways. X-ray studies of 
pepsin (Dr N. S. Andreeva, Moscow) were obviously 
going well although rennin (Dr C. W. Bunn, Royal 
Institution) was proving difficult. The biochemical, 
crystallographic and chemical aspects of carboxy- 
peptidase were surveyed by Professors H. Neurath 
(Washington), W. N. Lipscomb (Harvard) and B. L. 
Valee (Harvard Medical School) respectively. The 
X-ray studies by Professor Lipscomb's group have 
shown that the inhibitor glycyl tyrosine binds with the 
phenyl group in a non-polar pocket and that the 
carbonyl oxygen is a ligand of zinc. There is a marked 
conformational change in a tyrosine residue and 
several other amino-acids in the active site on inhibitor 
binding, and these experiments combined with model 
building studies have led to a postulate for the sub- 
strate complex. But even this detailed information 
has not yet made it possible to distinguish between 
possible alternative mechanisms and, as Professor 
Vallee's chemical modification experiments show, there 
are many eurious features in the esterase and peptidase 
specificity of this enzyme. 

Dr G. Lowe (Oxford) opened the session on cysteine 
proteinases. His chemical studies of papain, which had 
led to the proposal of a histidine 4-5 A from the active 
thiol, were confirmed by the X-ray studies of Dr J. 
Drenth (Gróningen). The molecule is folded into two 
parts with a pronounced cleft between them and in this 
region Cys-25 and His-158 are brought together. Dr 
Sluytermann (Eindhoven) reported that this enzyme 
is completely active in the erystal No inhibitor 
binding studies have yet been completely successful. 
however, and the lively discussion on the possible 
mechanistie pathways for this enzyme showed how 
vitalit is to know the detailed structure of the enzyme- 
substrate complex and to consider the biochemical 
and chemical studies within this framework. 


FOOD 


New Protein Sources 


from a Correspondent 


Because at least 15 per cent of the world's population 
eats less than is consistent with a reasonable state of 
health, the prospect of an increase from the present 
3.000 million inhabitants to 7,000 million by the end 
of the century lends a sense of urgency to the study of 
new sources of food for man. At a recent symposium 
in Amsterdam organized by the Commission Inter- 
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nationale des Industries Agricoles et Alimentaires, the 
world situation was reviewed by Dr M. Autret (FAQ). 
The people of the poorer countries have a predomin- 
antly vegetarian diet. Furthermore, within all com- 
munities, the distribution of food, particularly of 
protein-rich foods, is related to economic status, so 
that the problems of undernutrition and malnutrition 
are basically aspects of the problem of poverty. In 
contrast, the richer nations can easily afford the low 
efficiency of the conversion of nutrients in vegetable 
foods into animal flesh (about 20 per cent), and thus 
provide themselves with the protein-rich foods with 
which to varv and enhance their diet. But even if a 
method is found for concentrating and converting the 
proteins of plants or of unicellular organisms directly 
into forms as appetizing and nutritious as steaks and 
sausages, who will benefit most, the poor nations or the 
rich? The answer is neither clear nor encouraging, 
although the meeting did bring together people whose 
concern is with the proper feeding of the world's popula- 
tion and representatives of the industries which will 
benefit from such innovations. 

The potentialities of a number of sources of protein 
were discussed in some detail, Among the more 
conventional were several of the seeds, nuts and 
legumes which are at present regarded chiefly as sources 
of oil and of animal foods. Of these, the soya bean 
has received much attention, and the symposium 
participants were given a lunch featuring a number of 
soya products which demonstrated very convincingly 
the progress which has been made towards imitating 
the fibrous structure, texture and flavour of meat. 
These products are still very expensive. Less sophisti- 
cated preparations could in principle be made 
cheaply, however, and Dr A. G. Davison (Unilever) 
pointed out that the groundnut is the most promising 
source of protein for this purpose in most of the develop- 
ing countries. The danger of the development of 
mycotoxins in stored groundnuts need be no barrier 
to their increasing use as food for humans, because the 
conditions of cultivation, drying and storage which 
encourage the development of Aspergillus flavus are 
now fairly well understood. 

Less conventional sources of protein include green 
leaves which, by reason of their abundance and low cost, 
seem a very attractive raw material, although so far 
leaf proteins have not been found acceptable as human 
food. Single celled organisms such as yeasts and algae 
have been regarded as possible sources of food for many 
years. Food yeasts are now grown on various sub- 
strates such as molasses and wood pulp. Algae, such as 
the blue-green Spirulina, require only inorganic salts 
and carbon dioxide for their growth and so could be an 
attractive proposition for any industry producing com- 
bustion exhaust gases as a waste product. It was in 
fact the clear emergence of the petroleum industry as 
a major contributor to the food industry of the future 
which was one of the most significant features of the 
symposium. Dr C. Shacklady (British Petroleum) 
described the exhaustive tests for food value, safety 
and palatability of gas-oil grown yeasts which are 
now very close to completion. Full scale commercial 
production of petroleum yeasts as sources of protein 
for pigs and poultry is now only a matter of time, and 
costs will evidently be competitive with the concen- 
trates in use at present. Once again, however, this is 
a development which promises to reduce still further 
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the cost of food in the already developed areas of the 
world. The best advice for the developing countries 
still seems to be “Produce more of the foods that you 
are eurrently growing" (here the agronomists and plant 
geneticists can offer practical help with new strains 
giving higher yields of protein) and “Try by social 
measures to distribute available protein-rich foods 
among the population according to needs". This in 
practice means a recognition that protein deficiency 
strikes primarily at the very young and at pregnant 
and nursing mothers, and the production and distribu- 
tion of protein-rich foods in the form of special mixtures 
suitable for weaning must be one of the primary 
objectives of food scientists and governments. 


DNA 
Okazaki Fragments 


from our Cell Biology Correspondent 


EVIDENCE is steadily accumulating to suggest that DNA 
synthesis in bacteria and bacteriophages involves the 
production of short chains by discontinuous synthesis 
and that these are then covalently linked by DNA 
ligase (see Nature, 219, 17; 1968). In the latest issue 
of Proc. US Nat. Acad. Sci. (61, 1129; 1968), Hurwitz's 
group reports results which can be interpreted as show- 
ing that both DNA strands are made in this way, and 
Hosoda and Mathews (ibid. 997) report similar 
conclusions. The snag is that of the experiments so 
far, neither those of Okazaki himself nor anything 
which has followed prove that DNA synthesis is dis- 
continuous. 

Okazaki's original observation, in 1965, was that 
newly synthesized DNA, labelled with a pulse of radio- 
active precursor for a few seconds, can be extracted 
as short fragments which, in alkaline sucrose gradients, 
have a more or less unimodal distribution and a sedi- 
mentation coefficient of something between 8S and 
16S. Virtually ignored for a while, his experiments 
have now become the theme of several variations, 
involving pulse chase experiments or conditional 
lethal mutants, which implicate DNA ligase and the 
Kornberg DNA polymerase in DNA replication. 
Hosoda and Mathews, for example, have shown that 
& temperature sensitive mutation in the DNA ligase 
gene of phage T4 blocks DNA replication and that 
newly made DNA accumulates as short pieces. When 
ligase activity is restored, by lowering the temperature 
of the culture, the short pieces are joined to yield 
high molecular weight DNA. The pulse chase experi- 
ments with wild type Æ. coli, with or without infecting 
T phage, reported by Hurwitz's group suggest the same 
mechanism. And as more than half the radioactive 
label appears in the short fragments, the argument 
goes that both strands of a DNA molecule are repli- 
cated discontinuously even though the Kornberg 
DNA polymerase, if that is the in vivo replication 
enzyme, could make one strand continuously. 

But as everyone admits, this sort of observation 
cannot rule out the possibility that the short strands 
are the result of endonuclease activity—the DNA at 
the growing point might well be more susceptible to 
degradation than the rest of the chromosome—and 
the fact that fragments can be joined by ligase is no 
proof that they are the normal intermediate precursors 
during replication. Making elegant variations on 
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Okazaki's theme is one thing, devising a test df his 
hypothesis another. j 

And apart from DNA polymerase and ligase and a 
pool of precursors there must, as Hurwitz’s group 
point out, be additional factors involved in DNA 
replication. For one thing, some mutants of DNA 
replication have apparently normal polymerase and 
ligase. For another, there is no evidence that polymer- 
ase can initiate new DNA chains once it has started 
synthesis, whereas Okazaki's model implies multiple 
initiation of DNA chains in the replicating region. 


ARCHAEOLOGY 


Evolution of a Roman Villa 


from our Archaeology Correspondent 


Tue complete excavation during the past six years of a 
Roman villa in Gadebridge Park. Hemel Hempstead, 
has produced a remarkably detailed picture of its 
changing economy and architectural development from 
the second half of the first century to well into the fifth 
century. The excavation was directed by Mr Ð. Neal 
of the Ministry of Public Building and Works but was 
financed independently, chiefly by Hemel Hempstead 
Borough Council. 

The earliest building on the site, dated by Samian 
and coarse pottery to about the last quarter of the 
first century, was a timber house with a fairly simple 
detached stone bath house. Virtually nothing remains 
of the timber building apart from ditches and traces of 





Looking south over the outer western wing of the villa. 
(Photograph by Mr J. Brown.) 


floors. During the second phase early in the second 
century, the bath house was enlarged to inelude hot 
and cold plunge baths. Then, with increasing pros- 
perity in the middle of the second century, the wooden 
house was replaced by a sophisticated stone villa 
built on the usual truncated U plan, with at least one 
two-storeyed wing. Mr Neal interprets a series of robust 
stands on the ground floor of this building as supports 
for wine presses, and there are also traces of iron work- 
ing of a purely domestic nature and some crucibles for 
bronze working. But at this stage the only hypocaust 
was in the bath house. 

The boom conditions went on, and by the late second 
century the baths had been extended again and prob- 
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ably decorated with mosaics. Two large rectangular 
farm buildings, about 100 feet long, were added roughly 
in line with the wings of the villa and one of them was 
undoubtedly used as a stable. At the same time, the 
vinery was converted into a barn and the economy of 
the villa probably centred around mixed farming, with 
nearby Verulamium (St Albans) the most likely market. 
There are traces of plough marks in the courtyard 
between the two large farm buildings, but it is impos- 
sible to decide whether these imply that the courtyard 
was cultivated at this period. i 

The villa shared in the general depression that 
occurred throughout Britain during the second half 
of the third century, and the two large farm buildings 
went out of use, but by the early years of the fourth 
century, prosperity had clearly returned. The wings 
of the villa itself were extended. Two double-storeyed 
towers, each with its own hypocaust, were added to 
each corner of the central section of the villa; a gate 
house was added to the courtyard and two detached 
houses erected for servants. Then, about ap 330, an 
extraordinarily large swimming bath, measuring 68-5 
feet by 40 feet and almost as big as the Great Bath at 
Bath, was built close to the existing bath house. To judge 
from its construction—chalk blocks faced with plaster 
—this swimming bath was not built to last many 
winters, and all the evidence so far suggests that it 
was fed by a nearby spring. 

Mr Neal believes he has found the site of the spring. 
Just to the north of the bath, he found a depression 
filled with water, gravel and sand and about 150 coins, 
all dated to the middle of the fourth century and none 
minted later than 353, and some brooches and small 
jewellery were found scattered about this area. Could 
these have been votive offerings thrown into the spring 
and could the bath—far too big to be a private bath— 
have been an attempt to exploit the spring water ? 
Only a quarter of a mile away from the site, at a place 
called Piccott’s End, medicinal springs were exploited 
in the 1850s. It seems reasonable to suggest that in 
about 330 the occupier of the villa decided to try to 
exploit his water and so he jerry-built a public bath. 
His hopes of augmenting his income were obviously 
short lived. Within a little more than twenty years 
the scheme had failed and the bath fell into disuse. 

After this failure, some time in the second half of 
the fourth century, cattle raising apparently became 
a major part of the villa’s economy. A very large 
wooden stockade, which can only have been a cattle 
pound, was built to the south-west of the main villa, 
and the northern courtyard was enclosed with a wood 
fence. At the same time various other parts of the 
villa were falling into disuse. Presumably the villa 
was slowly abandoned. The servant quarters were 
certainly occupied in the early years of the fifth century, 
but there is no evidence to suggest exactly when in the 
fifth century occupation completely ceased. 


PALAEONTOLOGY 


Teeth of Mesozoic Mammals 


from our Vertebrate Palaeontology Correspondent 


Tue earliest mammals known are found in Late Triassic 
deposits in England, Switzerland, China and southern 
Africa. One of the basic adaptive features of the 
mammals is a dentition with a distinctive type of 
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replacement and with a complieated pattern of molar 
cusps requiring great occlusal precision. Therefore, 
although much of the early mammal material consists 
only of jaw fragments and teeth, detailed analysis 
can still provide much valuable information about the 
evolution and interrelationships of Mesozoic mammals. 
Such an analysis, together with a description of Megazo- 
strodon, a new Upper Triassic mammal from Lesotho, 
has recently been published by Crompton and Jenkins 
(Biol. Rev., 48, 427; 1968). 

M egazostrodon is a triconodont and is closely related 
to Eozostrodon of the Rhaetic of Great Britain (of 
which, Crompton and Jenkins believe, Morganucodon 
is a synonym). In these Triassic triconodonts a precise 
occlusal relationship between the upper and lower 
molars resulted from the production of facets by wear 
after the teeth had erupted, and the teeth of the two 
genera are also very similar to one another in general 
structure. They differ, however, in the details of 
ocelusal relationship between the upper and lower 
molars. In Eozostrodon the main cusp of the upper 
molar occluded between the main cusp and the 
posterior subsidiary cusp of the lower molar. Crompton 
and Jenkins believe that this pattern could have led 
to the docodont type of molar. Because, however, 
Eozostrodon resembles other Rhaetic and Jurassic 
triconodonts in the gross morphology of its molars, in 
the general arrangement of the cusps and in the method 
of development of the occlusal facets (by wear), it is 
clearly still a triconodont; it is not sufficiently special- 
ized in the docodont direction to merit placement in 
the Docodonta. 

The occlusal pattern of Megazostrodon differs from 
that of Eozostrodon in that the main cusp of the upper 
molar occludes between the subsidiary cusps of two 
adjacent lower molars. Though Megazostrodon itself is 
specialized in the exaggerated development of the 
cingulum cusps of its upper molars, Crompton and 
Jenkins suggest that its type of occlusal pattern could 
have given rise to that of the Rhaetic symmetrodonts 
(the *Eupantotheres" of Kermack). This could have 
taken place in the simple manner originally proposed 
by Cope and Osborn—by rotation of the subsidiary 
cusps of the upper molars externally and of the lower 
molars internally. This would have resulted in an 
increase in the occlusal area itself. Further rotation of 
this kind could have led to the more acute angled cusp 
pattern of the Jurassic symmetrodonts and to that of 
the pantotheres. At the same time, the occlusal facets 
progressively became genetically determined and 
preformed in unerupted teeth, instead of resulting from 
wear as in the eozostrodonts. 

If these suggestions are correct, the type of molar 
occlusion and cusp pattern found in the eozostrodonts 
is ancestral to those found in all other Mesozoie tricono- 
donts, symmetrodonts, pantotheres and docodonts. 
The mammals would then be a monophyletic group, 
the long-known Jurassic radiation of which was based 
on an origin from late Triassic eozostrodont tricono- 
donts. These may in turn have originated from the 
cynodonts, for Crompton and Jenkins point out that 
the eozostrodont eusp pattern is almost identical to 
that of one of the generations of posteanine teeth of the 
evnodont Thrinaxodon. It will be interesting to see 
whether future work on other characteristics of these 
Mesozoie mammals and pre-mammals substantiates 
these theories. 
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Ullrasonic Helium Bubble Chamber 


by 


R. C. A. BROWN 
H. J. HILKE 
A. H. ROGERS* 


CERN, Geneva 


THERE are several advantages in using an ultrasonic 
standing wave system to provide the necessary expansion 
in a bubble chamber. The most obvious advantage, apart 
from the replacement of the bulky expansion system by 
static crystals, is the high repetition rate which is poten- 
tially possible. 

In a search for the ultrasonic excitation of bubble 
growth along the tracks of ionizing particles, Hughes', 
Hahn and Peacock? and West and Howlett? have demon- 
strated neutron sensitivity in organic "heavy" liquids. 
All previous attempts to produce bubble tracks ultra- 


sonically have been unsuccessful, however, regardless of 


the choice of liquid. 

Hughes!, Schoch (see CERN internal report Ps-AR/59 
by P. Amiot) and Rogers (unpublished work) have dis- 
cussed the possible advantages of helium as a working 


* Present address: Stanford Linear Accelerator Centre. 
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Fig. 1. a, Pressure variation along the axis of the standing wave field at 


t=t,; b, pressure variation with time at an antinode. 


Ultrasonic expansion techniques are being tested in a small helium 
chamber at CERN. 


liquid. Conventional helium bubble chambers can work 
with expansions as small as 100 torr; these pressure 
amplitudes can be realized by ultrasonic techniques. 
Following trials using 8-radiation ir. a helium ultrasonic 
chamber at the Massachusetts Institute of Technology, 
we decided early in 1967 to build a small helium chamber 
at CERN, in which ultrasonic expansion could be tested 
in particle beams. 


Principle of Operation 


The working conditions in an ultresonie bubble chamber 
are illustrated in Fig. 1. Fig. la shows the instantaneous 
variation of pressure along the axis of the standing wave 
field between the crystals. Planes e, b, c are the pressure 
antinodes of the standing wave. Fw. 1b shows the varia- 
tion of pressure with time at any antinode. The static 
pressure p, is always slightly higher than py, the saturated 
vapour pressure at the working temperature, in order to 
avoid steady boiling of the liquid. A certain mmimum 
pressure p, is necessary in order to form a critical bubble 
from the energy deposited by an ionizing partiele*, A 
particle crossing the antinode durmg the interval of time 
between t, and f, can generate a critical bubble in less 
than 10-* s. But under the working conditions of a con- 
ventional helium chamber, it is impessible to grow a bubble 
to a visible diameter (100 microns) during the expansion 
half-cycle of a typical ultrasonic field. Fortunately, 
the absorption of sonic energy from the field is irreversible. 
Consequently, one can show thet at sufficiently high 


Fig. 2. The helium chamber shown without the three glass flasks. Note 
the crystals mounted at the right between the cooling vessels. The spiral 
pipes are for recirculation o^ the cooling gas. 
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amplitudes, bubbles formed early in the interval between 
^, and ¢, will not be completely recompressed in the 
subsequent half-cycle, and can then grow to visible size 
over a number of cycles (unpublished work of Rogers). 
If we call the end of the "sensitive interval" for bubble 
growth t, the ratio (f,-4,)/T'/2 gives the fractional sensi- 
tive time, where T' is the period of the sound wave. Part 
of the transfer of energy is by a process of resonant 
absorption, as predicted by 'Trammel*, and demonstrated 
earlier by us in collaboration with others. Finally, it 
should be noted that the dependence of bubble density on 
particle velocity is essentially unaffected by the distribu 
tion of sensitive regions. 





Description of the Chamber 


The chamber is essentially a horizontal cryostat com- 
posed of three cylindrical glass vessels. The inner vessel 
contains two piezoelectric erystals (PZT 4), the mechanical 
alignment of which can be adjusted from outside. The 
diameter of the erystals is 7 em, and their separation can be 
set from 5 to 25 em: for the results reported here we used a 
separation of 5 em. 


The inner vessel is surrounded by a 
heat 


shield evacuated to «10-* torr. An independent 


cooling circuit draws liquid helium through evaporation 
chambers in the inner vessel and the resulting helium 
around 


gas is then re-cireulated the heat shield and 











Lem 


Fig. 3, Reproduction of polaroid photographs taken at 3°5° K. Photos a 
ind b were taken after 1 ms of sonic excitation; e, taken after 2 ms, shows 
bubble multiplication 
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through tubes in close contaet with the mechanical 
supports. "This avoids the need for a liquid nitrogen 
shield. Fig. 2 shows the chamber with the glass vessels 
demounted. 

We used a 25 J flash of about 40 us duration, in con- 
junction with a cylindrical reflector and lens system, to 
produce convergent illumination. Natural size photo- 
graphs were taken on Polaroid 3000 ASA film with a 
300 mm /f/64 camera objective. Optical imperfections 
such as flares, grey field and slight distortions are caused 
by viewing through the multiple curved glass surfaces 
which are an inherent feature of this test chamber. 

The apparatus is aligned for operation so that the par- 
ticle beam passes along the cylindrical axis of the chamber. 


Experimental Results 


The crystals were pulsed at 110 kHz with 700 V ran.s. 
by a power amplifier constructed for earlier experiments 
with Freon (unpublished work of H. J. Hilke). After 
the erystals and chamber had been carefully tuned to 
electrical and the gave 
bubbles along the tracks of minimum ionizing pions and 
protons in the temperature range 3:4—3:65^ K (Fig. 3). 

Bubbles grow to visible size (100 
microns) within 600 us, that is, during 50 to 60 eveles of 
the sound field. The fact that bubbles can appear at half 
wavelength intervals is explained by the migration of 
bubbles to the pressure nodes (unpublished work of H. J. 
Hilke). The bubble density along the tracks is typically 
8-10 bubbles em. Comparison of the number of tracks 
observed to the measured beam intensity leads us to con- 


acoustic resonance, chamber 


were observed to 


clude that the fractional sensitive time, as discussed earlier, 
is at least 50 per cent. 

Preliminary data (private communication) 
British SO em helium chamber 
in contrast to other liquids (G. Harigel, G. Horlitz and 
s. Wolff, report DESY 67/14), the bubble density is 
rather independent of temperature for a given under- 
pressure Ap. It is well known, however, that for constant 
Ap the rate of bubble growth increases rapidly at lower 
temperatures. 


from the 


indicate that in helium. 


These facts led us to operate at the lowest 
temperature attainable in our apparatus. To do this it 
was necessary to pump directly on the sensitive liquid; 
in this condition it is not possible to vary static pressure 
and temperature independently. Thus we cannot yet 
study the reabsorption of bubbles as a function of the 
static pressure, 

that with these powerful sonic fields, the 
bubbles grow to an unstable size in less than 1-5 ms, subse- 
quently breaking to form diffuse bubble clusters (Fig. 3c). 
The temperature dependence of bubble growth which we 


It seems 


observed seems to be much greater than that predicted 
by the Seitz theory'. It is possible that at the lowest 
temperatures the excitation produces negative pressures, 
which are known to cause extremely rapid bubble growth. 
This would be in agreement with the estimated pressure 
amplitude of more than 350 torr. 

We thank Dr €. A. Ramm and Professor W. Jentschke 
for their interest and support; E. Frick and H. Ancey 
for design and construction work and G. Griot, E. Baltzer- 
sen and H. Warren for help with the experiments, 
H. J. H. is grateful to the late Professor Schoch, who first 
bubble 





ultrasonic chambers and 
gave much valuable help. 
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Science Foundation and the Ministerium für Wissensehaft - 
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This vacuum pumps speed 
was 


impossible 


Was, but isn't. We've sorted out the fight 
between high vacuum diffusion pumps and baffle 
valves. 

The valve was swallowing 55 per cent of 
the pumping speed. We cut its appetite down 
to size. 

Then we gave the pump a bit of a tweak. 
Then we put the two together. THEIR 
EFFECTIVE SPEED IS NOW 50 PER CENT 
FASTER. 


You'll need to know what we did to the valve. And how 
we tweaked the pump. 

If we say 'annular design' and 'superheated jets’ we're just 
hinting. 

If we say our new 5 inch pump has an unbaffled speed of 
650 litres/sec. and a baffled speed of 400 litres/sec. 
(instead of the usual 270 litres/sec.) : that it's three quarters 
the usual height ; starts in 10 minutes : works to 10" torr : 
operates with .5 torr backing pressure : is all stainless 

steel : will fit existing systems; we're still giving just the 
bare outline. 


Better write for details of this brilliant new pumping 


combination. NOW 
st 
LTD 


High Vacuum Engineers SWINDON ROAD. CHELTENHAM, GLOS. Cheltenham 53817 
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Material Processing with Glow Discharge Beams 


by 
R. A. DUGDALE 


Ceramics Centre, 
AERE, Harweil 


iLow discharge is well known in physics as one of the 
phenomena associated with the conduction of electricity 
in gases'. It is mainly uscd now as a light source, but it 
might be suitable for a variety of other applieations. In 
one form, of interest here, it generates energetic electrons 
and ions. The required conditions are high voltage and 
low pressure. This special form of the glow discharge can 
be exploited to design electron and ion guns suitable for 
material processing’. 

Material processing includes all ways of transforming 
matter from one state to another. Our primitive ancestors 
first discovered mechanical methods of processing natural 
materials. Later they discovered how to change the nature 
of materials with fire and hot gases. In recent times, as a 
result of scientific enquiry, a wide variety of material 
processing techniques has appeared. 

Physics has played a considerable part in the discovery 
and development of new processes, particularly in the 
field of heat treatment. The understanding of electricity 
led first to heating by the resistive dissipation of electrical 
power. Better control and more flexibility of environ- 
mental conditions became possible. Inductive coupling 
of alternating current, and later dielectric heating, per- 
mitted some choice in the distribution of heat to materials. 
The discovery of the electric arc and advances in the 
physics of gas discharges have resulted in increased rates 
of heat transfer by radiation and atomic and molecular 
bombardment. Greater precision in localizing the transfer 
of heat to specified parts of materials has resulted. Elec- 
tron physies and thermionie emission have raised heat 
transfer rates still further. Perhaps the highest rates of 
heat transfer have developed from laser physics. 

High rates of heat transfer allow material to be evapor- 
ated locally without too much bulk heating. Thus so- 
called thermal machining becomes possible and the physical 
methods of heat treatment invade the province of mechani- 
eal methods for shaping materials. 

New phenomena are produced by high rates of heat 
transfer. To take a specific example, we may cite the 
discovery of deep welding with an electron beam?. At 
high power density an electron beam penetrates through 
material to distances greatly in excess of the range of the 
individual electrons. A combination of physical processes, 
including melting, evaporation and plasma phenomena, 
appears to provide the mechanism for this effect. 

At the present state of development of the new physical 
methods for generating high rates of heat transfer, eco- 
nomic prospects are difficult to assess. The different 
approaches to the engineering of beams of plasma, 
charged particles or photons lead to competitive processes 
with relative advantages, disadvantages and limitations. 

I should like to develop particle beam sources which 
depend on the properties of the high voltage, low pressure 
glow discharge. An electron beam source of this type 
represents something of a compromise in the new methods 
of heating with special advantages of its own. Power 
densities have not yet reached the magnitudes realized 
by thermionic guns (10° W em-?), but the glow discharge 
source has the practical advantage that it works in low 


Useful electron and ion guns can be based on high voltage glow 
discharge: they show great promise as a precisely controllable heat 
source for processing materials. mend 
form of a paper prepared by Dr Dugdale for the Bulletin of the Materials 
Science Club after he had been awarded the annual Materials Science 
Club Prize. 


What follows is a slightly amended 


vacuum conditions (10-* to 10-? atmospheres) and is very 
flexible in design. 

I see the glow discharge beam source chiefly as a:versatile 
means for delivering almost any desired distribution of 
heat to the surface of any material. It also has applica- 
tions to chemical processing and, as a source of energetie 
ions and neutral particles, to processes which exploit 
the mechanism of sputtering. 

Localized heating at high rates of heat transfer is essen- 
tially due to the diffusive nature of heat condaction in 
solids and liquids. When heat is applied to s material 
surface the internal temperature rises after a time lag 
governed by the thermal diffusion coefficient of the 
material. If the surface heating is applied for a limited 
time £, the main rise of temperature will extend only to a 
limited depth d beneath the surface. 

Some “feel” for the magnitudes involved is gained by 
considering the situation in which the surface of a homo- 
geneous material is uniformly heated. Dealing only in 
orders of magnitude we find that the main temperature 
rise AT (in degrees Kelvin) and the power density W 
(in calories crm- s) are related te £ (s) and d (em) by the 
approximate expressions 
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where k is the thermal conductivity of the material 
(calories em-* s~ (?C)-1). 

By way of example, let us estimate some magnitudes for 
two extremely different materials, namely copper and 
glass. Suppose we are interested in a temperature rise of 
10? °K and a power density of 16* W em. The equations 
show that a copper surface wouid be heated in. 20 us to a. 
depth of about 4 x 10-? cm. The same temperature rise in 
glass would be reached, however, in 0-1 us and extend 
to & depth of 10-5 em. 

Of course, if the heat is confined to a small area of 
surface it will diffuse away in three dimensions and the 
equations work out rather differently. Equations (1) and 
(2), however, themselves provide a way of testing whether 
this simple analysis is valid. If the dimensions of the 
heated area are appreciably greater than tae thermal 
penetration depth d then they ere a good guide to the real 
conditions. It is evident that a 1 kW electron beam, 
focused to a spot of diameter 0-3 mm, will locally melt 
copper and easily evaporate glass. In general, owing to 
their low thermal conductivities, ceramics and glasses can 
be more easily worked with electron beams than metals. 

We can use this simple analysis in another way. It is 
often necessary when heat treating a material t« avoid large 
temperature differences for various reasons. In a brittle 
material, for example. large temperature diffe es would 
result in thermal stresses suficient to cau aeture, 
Thus for a given thickness of material, the equations 
provide a first guide to the maximum power density that 
may be applied and hence the maximum permissible 
heating rate. 



































Fig. 1. 
with glass, then ion-bombarded, The fibre es is reproduced in the 


lon etching through à mask. Tissue paper was placed in contact 


topography of the glass, (Mr P. R, Harmer.) 


If brittle materials are worked at high power density 
then the fractures which may occur will usually be 
confined to the regions of localized heating. Working at 
high ambient temperature will minimize the risk of fracture 
by allowing deformation processes to relieve the thermal 
stresses. 

Rapid temperature excursions will in general bring about 
fine scale modifications to structure. Thus transient 
melting will induce metastable structures containing struc- 
tural defects, fine grain size and supersaturated solutions 
or will even transform certain mixed oxides to glasses. 

I: is perhaps worth noting that once we exceed power 
densities of about 10° W em-*, losses by radiation from the 
heated area of the surface become negligible. ‘Thus high 
power density heating techniques are essentially efficient 
heating techniques. 


Glow Discharge as a Source of Particle Beams 


There are currently two distinct approaches to generat- 
ing electron beams from the glow discharge. In one. 
discovered by the Americans van Paasen, Muly and 
Allen‘, the energetie electrons are initiated in a plasma 
contained within a hollow cathode. The second, which I 
am pursuing, originated with the work of Sir William 
Crookes* in 1879. This, the older method, relies on 
secondary emission of electrons from a solid cathode 
bombarded by positive ions. Both methods have been 
frequently described (see, for example, refs. 6, 7 and 8). 
I favour the more conventional method because: (a) it 
allows greater flexibility in design; (b) higher pressure 
working is possible; (c) it seems to have greater promise 
for high power application; (d) several compact guns can 
be worked independently into a single low vacuum 
chamber; (e) beam shaping is insensitive to gas pressure; 
(f) guns of fixed focus, insensitive to voltage, can be 
designed. 

I shall restrict this discussion to the method with which 
I am familiar, but no doubt some of its content will also 
be pertinent to the plasma cathode method. In view of 
the irformation already published I shall merely summar- 
ize the principal features here. 

Beams can conveniently be generated in a glow dis- 
charge operating at an applied voltage in the range 
1 kV to 100 kV. The gas pressure required is dependent 
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on the distance D between anode and cathode as well as 
the chemical eomposition of the gas, the material of the 
electrodes and the applied voltage. In terms of an order 
of magnitude, beam producing discharges are generated 
when the product of pressure p and distance D is about 
0-1 torr em. Thus gun dimensions can be chosen, within 
practical limits, to achieve operation at a specified gas 
pressure. 

My colleagues at Harwell and GEC Wembley have 
operated a variety of guns in the gases hydrogen, helium, 
nitrogen, air, neon and argon at gas pressures in the 
region of 100 mtorr. Electron beam powers from a few 
watts up to 1 or 2 kW are regularly and stably produced 
in continuous operation. Under pulsed conditions we 
have generated beams in excess of 100 kW. Efficiencies 
of conversion of electrical power to beam power in the 
range 70-80 per cent are obtained. Continuous power 
densities of 10° W cem- and pulsed power densities of 
107 W cm have been achieved. Three guns have worked 
simultaneously into one chamber. Broad beams. thin 
beams, sharply focused beams and beams coming to a 
line and ring foeus have been demonstrated. 

Beam shaping is chiefly a question of electrode geometry 
but magnetie manipulation and focusing may also be used. 
Gas pressure regulation is required to stabilize beam 
power, but this can be minimized by the use of an auxili- 
ary electrode and subsidiary discharge. Simple differential 
pumping techniques, using only roughing pumps, can be 
used to meet differing pressure requirements in the gun and 
work chamber and to minimize pressure fluctuations at 
the gun. 

Operation at the lower end of the voltage range (for 
example, 1 kV to 3 kV) is eonfined to those situations in 
which the work can be placed within the discharge. This 
is due to the poor penetration through the gas of these 
low energy electron beams. As the voltage is increased the 
electrons become much more penetrating and can be 
taken to a target a long way from the gun. 

lon beams containing neutral energetic particles are 
also produced and can be erudely focused onto a target. 
Owing to the wide energy spread and poor penetration, 
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Fig. 2. Electron beam milling of alumina. The pattern was engraved 
y evaporation under a beam focused to ^ 0-003 em, (Mr J. T. Maskrey.) 
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Fig. 3. 


‘The silica layer was deposited on porcelain 
(Dr R. D. King.) 


Vapour deposition. 
by electron beam evaporation. 


these beams cannot be focused with the precision given to 
electron beams, but, even so, we have reached continuous 
ion beam power densities of the order of 10° W cm. 
Efficiency of conversion of electrical power to ion beam 
power is relatively low, in the range 10-20 per cent, 
largely because most of the discharge current is carried 
by the energetic electrons. Extraction efficiency for the 
ions and neutrals may be high (80 per cent) and, as with 
electron beams, a wide variety of beam shapes is possible. 

Successful beam generation from the glow discharge 
depends on avoiding the glow-to-are transition. Research 
into the processes responsible for are initiation showed 
that the most important factor is the presence of volatile 
contamination on the cathode surface. As the culprit is 
usually organic matter, maintaining the cathode at a 
temperature of 200^ C to 300* C usually prevents the 
transition. 

Beam generation in gas has a distinct advantage over 
high vacuum. Vapours liberated in other parts of the 
apparatus must diffuse in the ambient atmosphere to the 
gun structure. Their removal is therefore a diffusion 
problem. By a suitable geometry of condensing surfaces— 
that is, by means of an appropriate set of boundary 
conditions—they ean be prevented from reaching the gun. 
Thus the gas acts as a filter which transmits the beam 
while at the same time obstructing the flow of vapour. 
Guns can look straight at evaporating target material 
without becoming contaminated. Using the same 
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Fig. 4. Single shot weld. 


electron beam without movement of beam or workpiece. 


The stainless steel can and lid were welded with a ring focus 
(Mr G. G. Isaacs.) 
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principle, viewing ports can be maintained free from à 
deposit. In the same way, evaporated material can be 
persuaded to condense where required in vapour deposition 
applieations. 

There are two main disadvantages to glow discharge 
beam techniques—erosion of the cathode by sputtering, 
and the need for a controlled gas pressure. In favourable 
conditions cathode erosion is such that about 10? energetic 
electrons are produced per sputtered atom. In unfavour- 
able conditions, however, only about one electron per 
sputtered atom may be produced. At 20 kV gun voltage. 
this works out to be between 10* and 10'' calories of 
electron beam energy per cubie centimetre of cathode 
removed. 

If gas pressure alone were relied on to control discharge 
current, regulation to 1 per cent would be required to hold 
the beam current steady to between 5 and 10 per cent. 
Perhaps surprisingly, laboratory apparatus can easily be 
adjusted by means of a conventional leak valve to this 
order of regulation (using a pump of a few litres/s). The 
use of an auxiliary discharge electrode in conjunction 
with a control system sensing discharge current can relax 
pressure control considerably. In specific cases we 
achieved insensitivity to pressure over a range of +20 per 
cent and, in special circumstances. a factor of 2. Pulsed 
beams need not be sensitive to pressure variation, for 
they can be triggered when the pressure is correct. 


The Position Now 

We have been able to focus a 20 kV electron beam to a 
diameter of about 3x 10 em at a power level of about 
10 W. This has been used for thermal milling, drilling and 
cutting of ceramics and glass and for fine welding of 
ceramics and metals. At a power level of about 10° W 
we can perform the same operations on a larger scale and 
have welded stainless steel 0-6 cm thick, welded ceramic 
to metal and melted the most refractory materials. At 
this power level we can also evaporate ceramics efficiently 
at rates of the order of 10-* gs. Composite structures of 
ceramic coating on ceramic or metal substrates by vapour 
deposition have been obtained. We have grown sapphire 
crystals by melting processes using simple equipment 
operating at low voltage, high current (for example, 3 kV, 
0-5 A). 

In pulsed operation at higher powers we have generated 
beams coming to a line or ring focus to make “single shot" 
welds. 

As for ion beams, we have tried a number of processes 
making use of low power beams m the range 
1-100 W. All these processes exploit the 
sputtering of target material by ion bom- 
bardment. They include etching of ceramic 
microstructures, thinning for eleetron micro- 
scopy, fine scale milling of ceranmes and glass 
substrates through a mask (for example, for 
application to micro-cireuits and air bearing 
surfaces), ion polishing of glass, drilling dia- 
mond, glass and metal for wire drawing dies 
and spinnerets, deposition of ceramic, glass 
and metal thin films onto metal and glass 
substrates. Ion beams are good at cleaning 
surfaces by sputtering and we have used 
them simultaneously with other electron 
and ion beam processes in this role. Figs. 
1-4 show some examples of these applica- 
tions. 


Future Applications 

So far we have only developed relatively 
low power sources, but as power is in- 
creased the scope for electron beams, rather 
x than ion beams, will increase, I therefore 
think that the main future role for glow 
discharge beams will lie in heat treatment 
applications, The main advantages of 
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glow discharge electron guns relative to thermionic 
guns are (1) their great flexibility in design, operating 
conditions and beam shaping, (2) their engineering and 
construction from common materials, (3) their ruggedness 
and compatibility with low vacuum requirements, (4) their 
suitability for processing any material, and (5) their 
promise for high power working. They offer the possibility 
of directing heat to the surface of a material body in 
almost any desired way both in space and in time. Shaped 
beams, multiple beams and time varying beams can be 
used simultaneously. There will be many different ways of 
engineering the beams to deliver a specified heat input. 
The selection of discharge geometry, working voltage, and 
so on, could to some extent be arbitrary although in clearly 
defined circumstances one particular approach might be 
the optimum. We can look forward to controlled power 
density from low levels up to at least 10* W cm-? and total 
power per gun up to 10* W and more. 

'Thus whole pieces of a workpiece will be rapidly heat- 
treated. Obvious applications are annealing, tempering 
and hardening. Surface layers could be melted and 
refrozen quickly to obtain desirable properties, or super- 
fieial coatings could be diffused to a limited depth in the 
underlying material. The ambient gaseous atmosphere 
might be made to react with part or the whole of the sur- 
face. For these applications we would programme the 
shape, duration and location of the heat pulse to meet the 
required conditions. 

We may expect to enter the field of deep welding at 
present only realized by high vacuum thermionic guns. 
Thus we shall fabricate by welding, thereby minimizing 
material losses. Different materials will be joined together 
and repetitive operations replaced by “single shot" shaped 
beams. 

Many other processes depending on melting will be 
tackled. Casting, vacuum melting for degassing and 
refining, alloying and erystal growing are possibilities, 
and it should often be possible to dispense with crucibles 
of foreign material. 

It should be hardly more difficult to evaporate materials 
for refining, coating and even forming by vapour deposi- 
tion. We might manufacture composite structures in this 
manner. Auxiliary beams would be used continuously 
to eontrol condensation conditions, to consolidate the 
deposit by transient melting, or to obtain desired structure 
in the deposit by heat treatment. By condensing onto 
cold receptor surfaces, powders or whiskers could be 
formed. The latent heat of vaporization of materials is 
such that only a few kilowatt hours of electricity are 
required to evaporate 1 kg. At high power density this 
will be an efficient process, as already pointed out. Even 
extraction from ores by evaporative distillation might be 


NATURE, VOL. 220, DECEMBER 21, 1968 


economically feasible in some cases and recovery of 
expensive materials from alloy scrap might be a practical 
proposition. 

Oxides are especially suitable for evaporative processing 
because the conditions are not demanding in the nature 
and purity of the ambient atmosphere. This can usually 
be air at low pressure, thus simplifying vacuum technique. 
I like to think that ceramie ware, perhaps of composite 
structure, might one day be manufactured on these 
principles. 

At high power and power density we can think of fast 
machining by evaporation. Again each kilogram of 
material removed would only cost a few pence in electricity 
consumed. The underlying material need hardly be 
heated owing to the inherent efficiency of the process. 

In addition to processes which depend on the controlled 
but flexible application of heat we might also chemically 
process materials with glow discharge electron beams. 
Thus organic coatings could be polymerized or cross-linked, 
paints cured and radiochemical reactions induced. In 
conjunction with evaporation, material might be brought 
to the plasma state and reactions between dissociated 
species induced to form new compounds. 

Ion beams might play an important part in conjunction 
with high power electron beam processes because they can 
be very effective in cleaning surfaces and in maintaining 
them clean while other operations are in progress. Ion 
bombardment during deposition may assist in bonding the 
deposited material to the substrate through the agency of 
the induced atomic seale disturbances. Otherwise ion 
beams will be restricted to fine scale processes, of the type 
already listed, where the inherent slowness of sputtering 
operations is acceptable and where the technique has 
special advantages over other methods. 

The work reported was carried out at Harwell by Mr 
J. T. Maskrey, Mr S. D. Ford, Dr R. D. King, Mr K. W. 
Eaton, Mr P. R. Harmer and Mr J. A. Desport and at the 
General Electric Company's Hirst Research Centre by 
Mr G. G. Isaacs. 
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Special Theory of Relativity 


by 
P. T. LANDSBERG 


University College, 
Cardiff 


This is a reply to Professor Dingle's disproof of the special theory 
of relativity. 


First, I want to deal with an unanswered query raised 
earlier? and again nowt. An equatorial clock goes slower 
than a polar clock (taking account of the Earth’s rotation 


Proresson DiwGLE asks for his error to be pinpointed’ 
and I therefore add below yet another method of doing so 
to those already provided by McCrea and others?-*. 
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only) because the polar clock is at rest in an inertial 
frame while the equatorial one is not. This effect is 
analogous to the experimentally confirmed gravitational 
time dilatation or red-shift cf photons. But this matter 
is only marginally related to the main issue, which may 
be discussed as follows. 

Consider events defined by clock coincidences, between 
a clock in inertial frame S and another in inertial frame S’, 
as in Table 1; for example, E, is the coincidence of clocks 
A and B. 


Table 1 
Event Es Ei E: 
Coincident | t Clock in g A H A 
clocks >; i Clock in F B B N 
Time in 5 0 t, t 
‘Time in S 0 t; ty 


The passage from E, to E, furnishes a comparison 
of the advance of a clock in S (A or H, which are syn- 
chronized) with respect to a base clock B of S’. By the 
time dilatation and since B moves in S, more time elapses 
in S and t, > t. The passage from E, to E, reverses 
the parts played by the frames, the comparison being 
now between synchronized clocks B and N of S' with a 
base clock A of S. By time dilatation, t; > t, In fact, 
the actual equations (v = relative velocity of frames, 


qm O/1- vie) 


h malt tg=a ty’, (1) 
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far from being contradictory, simply express the same 
fact, popularly described by saying that a moving clock 
goes slow. Omitting suffixes in (1: leads back to the old 
form‘ of the paradox, discussed fully elsewhere’. 

Consider now a theory leading to Dingle's hoped for 
“consistent” pair of equations. The ratio "rate of A/ 
rate of B" (leaving the meaning of these terms un- 
explored for the moment) equals 





Had Dingle found these, there would have been letters 
to Nature pointing out the inconsistency that a moving 
clock is sometimes slow relative to a stationary ane, 
and sometimes fast. Because one knows experimentally 
that there is in fact consistency on this point, one has 
to abandon the search for a meaning of Dingle's “rate 
of A/rate of B". 

I thank K. A. Johns for discussions of these points. 
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Lack of Phase Variation of Venus 


by 
J. R. DICKEL 
W. W. WARNOCK 


University of Illinois Observatory 


W. J. MEDD 


National Research Council of Canada 


‘Tur determination of the variation of the brightness 
temperature of Venus with solar illumination has been 
of interest ever since the first microwave measurements 
of the planet showed an unexpectedly high brightness 
temperature’. Observations of the dark side of the planet 
near a phase angle of 180° are relatively simple because 
Venus is near the Earth at inferior conjunction. Near 
superior conjunction, however. when we see the bright 
side of Venus, it is more than five times farther away and 
the signal strength is so weak that the observational 
problem becomes very difficult. 

Early measurements made over a small range of phase 
angles near inferior conjunction suggested that there 
might be a variation of temperature with phase angle 
and these results were extrapolated to give an amplitude 
for the phase variation which ranged from about 12 per 
cent of the mean temperature at 3-15 em (ref. 2) to 6-6 per 
cent at 10 em (ref. 3). A value of 96 per cent was 
found at 8 mm (ref. 4). The minimum temperature was 
found shortly after inferior conjunction which was con- 
sistent with the retrograde rotation of the planet. One 
series of observations at 3-75 cm was made over a com- 
plete cycle of phase angles*, but the observations were 
severely limited by the low signal-to-noise ratio and it 
was not possible to fit a smooth curve to the data. Recent 


Observations of Venus on a wavelength of 4-52 cm show a negligible 
phase variation and a mean brightness temperature for the planet 
of 654-35? K. Venus, it seems, must have a very thick atmosphere. 


measurements at 3-4 mm by Epstein et al.* suggest only a 
very small phase variation at that wavelength. 

In order to make a more definitive rneasurement of the 
phase variation, we made new observations on a wave- 
length of 452 em in September 1967, at a phase angle 
of 235° and again in August 1968, at a phase angle of 
22°, The observations were made with the 150 foot 
radio telescope of the National Research Couneil of Canada 
which was large enough to give a reasonable antenna 
temperature for Venus ever near superier conjunc- 
tion. 





Telescope and Observations 

The 150 foot radio teleseope was equipped with a 
cooled parametrie amplifier which was mounted at the 
Gregorian focus. The operating bandwidth was 210 
MHz centred on 6,630 MHz. With time constant of ls, 
the rms temperature fluctuation on the records was 
0-06° K. 

Daily measurements of 3C 123 were made during all 
observing periods to ensure a consistent calibration for 
the equipment. A flux density of 12.3 flux units was 
adopted for this source. Any correction +o this value 
will change the absolute value of the results but will 
not affect the internal aecuraey of the measurements 
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of the variability. An empirical curve for the sensitivity 
of the telescope as a function of zenith angle was found 
from repeated observations of a standard source at dif- 
ferent zenith angles. This curve remained the same 
throughout the year during which the observations were 
made. 

The telescope was also equipped with a continuously 
rotating dielectric vane in the feed horn to allow polar- 
ization measurements. From observations of several 
sources the dish polarization was found to be 4:4 + 0-4 
per cent in a nearly horizontal direction. All brightness 
temperature measurements were made in two orthogonal 
planes of polarization so that the results will be the true 
brightness temperature. 

The first series of observations was made between 
September 28 and October 3, 1967, shortly after inferior 
conjunction of the planet when the mean phase angle 
was 235°. At that time, the antenna temperature of 
Venus was almost 8° K so that the signal strength was 
more than 100 times the noise level with a 1 s time constant. 
An on-off observing procedure was used in which the 
telescope was poisitioned to track Venus and various 
baselines around it for 1 min intervals each. After the 
planet had moved to a new position, the background 
level was checked as a function of both the distance 
from the Sun and the sky coordinates. To do this, we 
measured the difference between the signal from the sky 
at the position where Venus had been and that from the 
corresponding baseline positions. The greatest difference 
found was 2 per cent of the signal from Venus. After 
correction for the background level and all other known 
effects, thirteen measurements of the planet were averaged 
together to give a mean value of 653 + 10" K (mean 
internal error) for the brightness temperature at a phase 
angle of 235". 

Another series of observations were made from August 
13 to August 19, 1968, after the planet had passed through 
superior conjunction and had a mean phase angle of 22°. 
At that time Venus was in the same region of the sky 
but on the other side of the Sun from its position when 
the 1967 measurements were made. The range of zenith 
angles of Venus was kept between 30? and 60? in all cases. 
Thus conditions were as similar as possible during the 
two observing periods except for the different antenna 
temperature of Venus because of the different distance to 
the planet. During August 1968, the antenna temperature 
of Venus was slightly less than 0-5" K. A linear drift in 
the baseline was discovered in several cases, but this was 
compensated for by a linear interpolation for the base- 
line between the "off" positions surrounding the planet. 
No solar sidelobes or other non-linear effects were found. 
Sixteen observations with an integration time on the 
planet of 6 min each were obtained. The final mean temp- 
erature of Venus for this series of observations, at a phase 
angle of 22?, was 655 + 15° K (mean internal error). 
Although the antenna temperature of Venus was much 
less during this period than during the first observing 
session, the latter result is almost as accurate as the former 
because more time was spent per observation during the 
last period. 

If a phase variation exists, the extremes in the bright- 
ness temperatures of the planet should occur near the 
positions at which the measurements we have described 
were made. The maximum should be observed shortly 
after superior conjunction and the minimum after inferior 
conjunction. The temperatures measured at these two 
positions differ by only 2? K, however. The errors in 
the measurements would allow a maximum peak-to-peak 
difference of about 27° K or 4 per cent of the mean temp- 
erature of Venus. Thus the brightness temperature 
appears to remain constant with phase angle. The average 
temperature is 654+ 9° K and if the value of 5 per cent is 
adopted for the uncertainty in the absolute calibration, 
the final brightness temperature of Venus at a wave- 
length of 4:52 em is 654 + 35° K. 
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Table 1. DATA ON VENUS AT 4-52 em 
Brightness tem- 


Date of observations Mean phase perature (with 

angle internal error) 
September 28-October 3, 1967 235? 653110 K 
January 27, 196; 308° 620 + 65° K 
March 12, 1968 324^ 695 + 65" K 
April 20, 1968 388° 645 + 63° K 
April 21. 1968 338° 877 + 30° K 
August 13-19, 1968 22° 655 + 15° K 


Mean temperature: 654+ 9° K (internal error). 
Final brightness temperature: 654435° K (includes error in absolute 
calibration). 


To obtain data at intermediate phase angle, three 
other less extensive series of observations were made in 
January, March and April 1968. All three of these obser- 
vations were severely hampered by poor weather so that 
the measurements were quite uncertain and large errors 
had to be assigned to them. The data for all the measure- 
ments are collected in Table 1. It can be seen that the 
data at the intermediate phase angles do not disagree 
with the results we have just described. The mean 
temperature falls within the errors of all of the individual 
points. We have further attempted to fit a least squares 
sinusoid to the combined data, although such a fit is quite 
unsure because the data cover less than a full cycle of 
phase angles and the results depend critically on the 
very uncertain observations made before superior 
conjunction. The fit gave an amplitude for the variation 
of 345 per cent of the mean temperature, but the 
maximum oceurred before superior conjunction at a phase 
angle of 310 + 25°. Thus the small variation indicated 
by this fit is not significant and seems physically unreal- 
istic as well. The result is eertainly not inconsistent. with 
a negligible phase variation for Venus. 

In addition to the on-off measurements, a series of 
polarimetrie observations was also made in September 
1967. First, the polarizer was rotated while the dish was 
tracking Venus. Then the telescope was returned to 
the initial hour angle and a declination and the polarizer 
was rotated while the telescope tracked blank sky. The 
polarized background radiation should be the same in 
both cases and a point-by-point subtraction of the off- 
source from the on-source data gave the signal from Venus. 
The polarized component of this signal had a sinusoidal 
variation with a period of 1/2 the rotation period of the 
polarizer. Both the amplitude of the variation and posi- 
tion angle of the maximum were recorded and the final 
source polarization was determined by a vector subtraction 
of the instrumental value from the measured polarization. 
A total of eight measurements gave a mean value for the 
degree of polarization of 0-4 + 0-6 per cent at a position 
angle of 165°. The individual values of the position angle 
were widely scattered implying that the actual polar- 
ization of the planet at this wavelength is indeed small. 


Information gained about Venus 

The principal results which have emerged from this 
study, namely the lack of a significant phase variation, 
the high brightness temperature and the negligible 
degree of polarization, all indicate that Venus must have 
a very thick atmosphere. Because of the insulating 
atmosphere the temperature of the planet is greatest 
near the surface and decreases outward. Absorption of 
the microwave radiation by the atmospheric constituents 
is greatest at the short wavelengths so that at longer 
wavelengths we should see deeper and thus a higher 
brightness temperature. The microwave spectrum of the 
planet is shown in Fig. 1 where the data have been tab- 
ulated previously by Dickel except for the additional value 
at 3-4 mm (ref. 6) and the present point whieh is desig- 
nated by the cireled dot. The curve through the points is 
merely a schematic representation of the data, but it 
indieates that we reach the surface near a wavelength of 
6 em rather than 3 em which was thought earlier. This 
requires a denser atmosphere than was needed previously. 
This spectrum also confirms the conclusion that the 
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Fig. 1. Microwave spectrum of Venus. The data have been tabulated 


by Dickel’ except for the additional value at 3-4 mm (ref. 6) and the 
present point which is shown by the circled dot. 


3-6 cm radar returns from Venus come from the atmos- 
phere and not the solid surface*. The decrease in bright- 
ness temperature at longer wavelengths remains to be 
explained. 

Assuming a surface emissivity of 0-9, we find a mean 
surface temperature of about 780? K. This high surface 
temperature is consistent with the recent Mariner 5 
results? and the radar determinations of the radius of 
Venust, but does not agree with the interpretation that 
Venera 4 reached the surface of Venus before it stopped 
transmitting". 

With regard to the polarimetrie data, thermal radi- 
ation from a planetary surface may be polarized if there 
is a temperature distribution aeross the surface because 
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of a change in the indices of refraction for parallel and 
perpendicular incidence to the surface! !*, Observations 
at longer wavelengths have indeed indicated some polar- 
ization of the radiation” so that the present result confirms 
the conclusion that the observed radiation at 452 cm 
does not come from the surface of Venus. . 

The lack of a significant phase variation also requires 
a very thick insulating blanket around Venus or an 
extremely high transport of energy from the sanlit to 
the dark side. With an atmospheric composition ef about 
90 per cent CO,!*, the surface pressure may still approach 
100 atmospheres. The observations deseribed here also 
do not rule out the aeolosphere model! which evokes 
very high winds on the planet to cause frictional heating 
and also to transport heat from :he sunlit to the dark 
sides. 
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Origins of Natural Gas and Petroleum 


by 
W. G. MEINSCHEIN 


YARON M. STERNBERG 
RONALD W. KLUSMAN 


Indiana University, 
Bloomington, Indiana 


Many natural gases and crude oils are composed prin- 
cipally of hydrocarbons, and most theories of the origins 
of natural gas and petroleum emphasize processes that 
convert sedimental organic materials into hydrocarbons! ?, 
Certain gas accumulations, however, are essentially 
devoid of hydrocarbons. Some natural gases contain in 
exeess of 98 per cent carbon dioxide, and other natural 
gases are composed almost solely of nitrogen’. Crude 
oils also vary markedly in composition. Hightly asphal- 
tie erude oils may consist chiefly of organie non-hydro- 
carbons that contain nitrogen, oxygen and/or sulphur 
atoms as well as earbon and hydrogen atoms. The 
compositional disparities and common fluid state of 
various natural gases and crude oils suggest that physical 
rather than chemical processes play the dominant parts 
in the formation of gas and oil pools, and this suggestion 
is apparently supported by the compositions and distri- 
butions of fossil organie materials. 


Crude oils seem to be products of sequential processes which began 
with the isolation of natural gases by frontal analyses of ground 
water solutions of the gaseous constituents of sedimentary rocks. 


Much greater quantities of hydrocarbons ure widely 
dispersed as minor constituents of the carbonaceous 
substances in sedimentary rocks than are present as 
principal constituents of crude oils*. Baker has noted 
that ground water can dissolve and transpert only a 
small porticn of sedimental hydrocarbons. He has 
stressed that the gathering rather than the generation 
of hydrocarbons controls the abundance of petroleum’, 
and Treibs has proposed that petroleum formation 
is in essence a chromatographic process". Rudakov 
has reviewed the differentiation of petroleum during 
migration*. This article supports, modifies aad extends 
the views of Baker and Treibs. We present evidence 
that natural gases and crude oils are products of sequential 
chromatographic fractionations. We suggest that ground 
waters dissolved, moved and released gaseeus hydro- 
carbons and/or other relatively inert compounds and 
elements to form gas accumulations, and some gases. 
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thus formed, served as the prineipal solvents for the 
transport and release of crude oils. 

When developing theories of the origins of natural gas 
and petroleum, it is important to recognize that ambi- 
guities can arise in the interpretation of analytical data. 
Either chemical reactions or physical redistributions can 
alter the mean compositions of sedimental organic 
materials, but interpretational ambiguities may be 
minimized by the selection of specific organic compounds 
for specific investigations. For example, reactive and 
immobile organie compounds may be most useful in 
studies of the chemical transformations of sedimental 
organic substances, and conversely inert and mobile 
organic compounds may provide the best means of de- 
fining the physical redistributions of carbonaceous sub- 
stances in sedimentary rocks. 

Although chemical reactions alter organic materials 
and thus control partially or totally the structures and 
abundances of many fossil organic compounds, certain 
n-paraffins or n-alkanes are present in essentially all 
sedimentary rocks as well as natural gases and crude 
oils. The widespread distributions and the stabilities 
of n-alkanes suggest that chemical reactions may exert 
less control on the abundances of n-alkanes than on 
most other common constituents of natural gas and 
petroleum. Furthermore, because n-alkanes are chemi- 
cally similar, it is reasonable to assume that any 
chemically induced changes in n-alkane distributions 
will similarly affect all homologues. For these reasons 
this article deals with novel means of using distri- 
butional analyses of low molecular weight n-alkanes 
(up to C,) to investigate the origins of natural gases 
and crude oils. 

Analyses of all natural gases that contain more than 
0-1 per cent n-butane were selected from data presented 
earlier? Calculations based on a modified Clapeyron- 
Clausius equation were used to separate wells that may 
contain only a gas phase from wells that may contain 
both liquid and gaseous hydrocarbons. Because the 
depths and not the temperatures of the gas wells were 
recorded, a geothermal gradient of 1° C per 100 feet and 
a ground temperature of 21° C was assumed to estimate 
the temperature of the 282 wells included in this stati- 
stical investigation. The wells in which propane and 
n-butane satisfied the equation, 


T4 (dT[dp) Pe+5°C< 5 +21°C (1) 
were aecepted as single-phase samples. In equation (1), 
Tr is the liquefication temperature in normal conditions 
of the n-alkane under consideration, dT/dp and Pe are 
respectively the change in liquefication temperature 
with pressure and the partial pressure of either propane 
or n-butane, and D is the well depth. Equation (1) was 
satisfied by 264 of the 282 natural gases. 

If the solution of organic materials in ground water is 
an essential process in the formation of deposits rich in 
hydrocarbon, compositional variations in natural gases 
may indicate differences in conditions that affect the 
water solubilities of n-alkanes. For example, Henry’s 
law states that the mass of a gas which dissolves in 
water at constant temperature is proportional to the 
pressure of gas in equilibrium with the water. It is 
reasonable to expect therefore that the relative abun- 
dances of n-alkanes in natural gases may show a pressure 
dependency. Thus the 264 samples that satisfied 
equation (1) were divided into four groups on the basis 
of well pressures to ascertain if the pressures of formation 
of natural gases may have exerted compositional controls. 
The pressure ranges of groups 1, 2, 3 and 4 samples were 
«300, 300-550, 550-1,100, and 21,100 pounds/inch’, 
respectively. "Those samples that did not satisfy equation 
(1) were placed in group 5. : 

Because the solubilities of C,-C, n-alkanes in water 
decrease logarithmically with increasing carbon number’, 
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the slopes of the logarithm,, (log) concentration versus 
carbon number lines between methane and n-butane were 
determined for the individual natural gas samples and 
equation (2) 

log y  miz—1)-4 log y, (2) 
where m equals the slope of the methane to n-butane 
lines, y, equals the concentrations of methane and y and 
zx equal the concentrations and carbon numbers respec- 
tively of ethane and propane, was used to ealeulate the 
ethane and propane concentrations that would fall on 
these methane to n-butane lines. These calculated 
concentrations of ethane and propane consistently 
exceeded the measured concentrations of ethane and 
propane for the individual gas samples. Frequency 
distribution plots of the percentile differences between 
the measured and calculated ethane and propane con- 
centrations are shown in Fig. 1. Frequency distribution 
plots of the methane to n-butane slopes for the samples 
from wells in the range of pressure <550 and > 550 
pounds/inch? are presented in Fig. 2, while the mean 
slopes for the group 1-5 samples and the standard 
deviations of the slopes are given in Table 1. The mean 
slopes of the log concentrations of methane and n-butane 
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Fig. 1. Frequency distribution of the percentile differences between 
measured and calculated (equation (2)) concentrations of ethane and 
propane, 


in wells with pressures «550 and 2530 pounds/inch? 
and the log water solubilities of ethane, propane and 
n-butane are plotted versus earbon number in Fig. 3. 

As suggested already, the solution and movement of 
gases in ground water may be essential steps in the 
origin of gas deposits. The movement of waters along 
pressure gradients in sedimentary rocks will result in 
repeated exchanges between the solutes in these waters 
and the substances associated with the mineral phases. 
In effect the pores in the rocks, through which ground 
water moves, can be considered chromatographie columns. 
Because the materials being fractionated are introduced 
into these columns in solution, the isolation of natural 
gases may be accomplished by a frontal analysis type of 
chromatographic process. A 

In frontal analysis the sample is added continuously 
to the chromatographic column. Each component of 
the sample is selectively retarded by adsorption on the 
chromatographie bed. The weakest adsorbing solute 
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moves most rapidly through the column followed by 
other sample components in order of adsorption strength. 
Only & portion of the weakest adsorbing component can 
be isolated in pure form. Other components issue from 
the column in mixture with all weaker adsorbing com- 
ponents?, Specifically in the case of natural gases, the 
compositions of deposits rich in hydrocarbon and the 
properties of n-alkanes suggest that methane is the 
weakest adsorbing hydrocarbon and the adsorption 
strengths of n-alkanes increase with carbon number. 
Thus, if n-alkanes are separated from other organic 
materials in rock by frontal analyses, only methane 
may be the sole hydrocarbon constituent of a natural 
gas, and the permissible combinations of C,-C, n-alkanes 
in‘natural gases are: (1) methane and ethane; (2) methane, 
ethane and propane, or (3) methane, ethane, propane 
and n-butane. Analyses show that the n-alkane con- 
stituents of natural gas are either methane or the com- 
binations of C,-C, n-alkanes that may be isolated by a 
frontal analysis-type process?, 

Figs. 1 and 2 also suggest a chromatographic origin 
for natural gases. The Gaussian shapes of imaginary 
curves that would enelose these bar diagrams are charac- 
teristic shapes for chromatographic bands!*. The increases 
in the slopes with well pressure of the log concentration 
versus carbon number lines for methane and n-butane 
which is recorded in Table 1 and graphically indicated 
in Fig. 1 show that the ratio of masses of methane to 
n-butane in water solution increases as the pressure of 
methane and n-butane in equilibrium with water increases. 
Such an increase in this ratio is expected in that n-butane 
may not attain a pressure in source sediments greater 
than its liquefication pressure (35-3 pounds/inch? at 
25° C in the absence of other gases), whereas the critical 
temperature of methane (— 80? C) is probably exceeded 
in all rocks. Furthermore, a frontal analysis type 
chromatographic process could fractionate methane from 
n-butane and increase the methane to n-butane ratio 
in ground water solutions. Thus frontal analysis 
fractionations afford possible explanations of why: (1) 
the slopes of methane concentration against n-butane 
concentration increase with pressure and (2) the methane 
to n-butane concentration slopes exceed the slope of the 
aed line for ethane, propane and n-butane in 
Fig. 3. 


40 





35 


30 


No. of samples 
qmd 


1 
we ol 





Fig. 2. Frequency distribution slopes of the line connecting the log 
coneentrations of methane and n-butane from wells with pressure 
<= 550 ( Jand > 550 (---) pounds/inch*, 
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Because the critical temperatures of methane and 
ethane (36? C) are either exceeded or approximated in 
most sedimentary environments, the pressures and water 
solubilities of these hydrocarbons are probably controlled 
by the abundances of methane and ethane in sedimentary 
rocks. The apparent deficiencies of ethane in natural 
gases, which are indicated in Fig. 1, suggest therefore that 
methane is appreciably more abundant than ethane 
in most sedimentary basins. On the basis ef the plots 
in Fig. 1, “source” restrictions apparently limit the 
concentrations of propane less than they do concentrations 
of ethane. The similarities in the slopes of the concen» 
tration and solubility plots in Fig. 3 suggest an association 
between the concentrations and water solubilities of the 
n-alkanes in natural gases. 

In time sequence, the frontal analysis development of 
a natural gas accumulation would lead tc successive 
introductions of methane, ethane, propane aad n-butane 
into the gas pool. Initially the gas would eontain only 
methane and the quantity of methane released per unit 
volume of ground water that contacted the emplaeed 
gas would remain constant throughout the development 
of the gas accumulation. The concentration of methane 
in the gas pool, however, would decrease as first ethane 
and then propane, followed by n-butane, were eluted 
into the gas pool. As in the case of methane, tae quantities 
of ethane, propane and n-butane eluted per unit volume 
of ground water would remain constant after the initial 
release of these hydrocarbons into the gas phase. Thus 
it can be predicted that if natural gases are isolated by 
frontal analysis the concentrations of methane in natural 


Table 1. MEAN SLOPE AND STANDARD BEVIATION OF METHANE TO n-BUTANE 
LINES FOR GROUPS 1-5 WELLS 
Pressure in pounds/ Ne. of Average Standard 
inch? samples slope deviation o 

Group 1 < 300 63 — 96088 0-0899 
Group 2 300-550 67 ~ OTST 01017 
Group 3 §50-1,100 €5 — 06958 GOBBA 
Group 4 >1,100 èg ~ 0-7305 fP0888 
Group 5 Samples where liquid 

may be present i8 -0B77 $1886 
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gases will decrease as the concentrations of the ethane, 
propane and n-butane increase. This prediction suggests 
that in natural gases the concentrations of methane will 
correlate negatively with the concentrations of other 
n-alkanes, whereas the concentrations of ethane, propane 
and n-butane will correlate positively. 

Multiple linear regression analyses were performed on 
the data for n-alkane concentration for the group 1-5 
natural gases. The calculated correlation coefficients for 
these concentrations are presented in Table 2. The 
correlation coefficients with levels of significance greater 
than 99-9 per cent are underlined, while those with levels 
of significance greater than 99-0 per cent, greater than 95 
per cent and less than 95 per cent are marked with three, 
two and one asterisk, respectively“. For reasons that 
are not apparent to us the significance levels of the cor- 
relation coefficients of the ethane, propane and n-butane 
concentrations with methane concentrations are less 
than 99-9 per cent for the group 3 and 4 wells (pressure 
> 550 pounds/inch?). Hydrate formation may provide a 
possible explanation for these low values. It is note- 
worthy that the correlation coefficients between ethane, 
propane and n-butane concentrations and methane 
concentrations are negative except for two values, whereas 
the correlation coefficients for ethane, propane and 
n-butane are all positive and have levels of significance 
greater than 99-9 per cent. 


"Table 2, CORRELATION COEFFICIENTS FOR 0,-C, n-ALKANES CONCENTRATIONS 
FOR GROUPS 1-5 WELLS 








Group Ethane Propane n-Butane 

Methane 1 —(3603*** — 0:653 — 0-663 

2 ~ 0:538 —0:637 —0-658 

3 0-309** -0-103* — 0-208* 

4 0-038* -ü-334*** —0:284** 

5 -0:570** —0-052*** 
Ethane 1 0-638 

2 0-842 

3 0-643 

4 0-507 

5 0-888 
Propane 1 0-004 

2 0-908 

3 0-891 

4 

5 





Level of significance*; underlined values are greater than 99-9 per cent; 
*** greater than 99 per cent; ** greater than 95 per cent; * less than 95 
per cent, 

Natural gases occur either as isolated accumulations or 
in association with petroleum accumulations. Nearly all 
erude oils are found in reservoir rocks between natural gas 
caps and ground water. It can reasonably be assumed 
that n-butane in associated gas and oil pools was gathered 
by the same processes, and the common presence of gas 
caps above oil aceumulations suggests that natural gases 
may participate in petroleum forming processes. 

To investigate the origin of petroleum, we obtained 
analyses of n-butane, n-pentane, n-hexane and n-heptane 
in fifteen crude oils. The log concentrations of these 
n-alkanes were plotted against carbon number for each 
of the fifteen crude oil samples. All the resulting plots 
were linear within the precision of the analyses for the 
individual n-alkanes (+3 per cent of the values deter- 
mined). Multiple linear regression analyses were run, 
and the correlation coefficients were caleulated for the 
individual C4-C, n-alkanes in the fifteen crude oil samples. 
These correlation coefficients are recorded in Table 3. 
The mean slope of the log concentration versus carbon 
number lines is — 00674 with a standard deviation of 
0.0206. Plots of the mean slope for the C.-C, n-alkanes 
in the erude oils and for the solubilities of propane, 
n-nutane, n-pentane and n-hexane in methane at 40^ C 
and 550 pounds/inch? (ref. 12) are shown in Fig. 4. 

The correlation coefficients in Table 2 indicate levels 
of significanee of greater than 99-9 per cent between the 
concentrations of n-butane and n-pentane with n-hexane 
concentrations as well as a systematic decrease in the level 
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Fig. 4. Mean slope of log concentrations (A) of n-butane, n-pentane, 


n-hexane and n-heptane in crude oils and the solubilities (B) of »-paratfins 
in methane at 40? C, 550 pounds/inch? (calculated from data in ref.!?) 
against carbon number. 


of significance of the correlations in the sequence »-pen- 
tane, n-hexane, to n-heptane. A possible cause for this 
systematic decrease can be deduced from the marked 
differences in the mean slopes of log concentration versus 
carbon number slopes for the C,-C, alkanes in crude oils 
and C,-C, n-alkanes in natural gases. As the values in 
Tables 1 and those already cited show, the slopes of the 
methane to n-butane concentrational lines for natural 
gases are an order of magnitude greater than the slopes of 
n-butane, n-pentane, n-hexane, to n-heptane concentra- 
tional lines for crude oils. 

Based on the concentrational and solubility lines in 
Figs. 3 and 4, a better solvent for C, to C, n-alkanes than 
either ground water or pure methane is required to 
gather these n-alkanes in the relative concentrations that 
they are found in the fifteen crude oils. Strakhov has 
proposed that carbon dioxide, methane and other gases 
formed by the alterations of organic materials at depths 
exceeding 1-5 km serve as the transport solvents for the 
accumulation of petroleum". 

Although the transport mechanism described by 
Strakhov can explain the data on crude oils presented 
in Table 3, his mechanism can account neither for the 
accumulation of crude oil in shallow rocks above imper- 
vious sedimentary strata nor for the composition of 
natural gas. Furthermore. the chemical similarity of the 
homologous n-alkanes effectively precludes the pos- 
sibility that chemical degradations could explain the 
high correlation coefficients of n-alkanes in natural gases 
and crude oils as well as the great difference between the 
concentrational slopes of the n-alkanes in natural gases 
and crude oils. We postulate, as Strakhov has proposed, 
that natural gases have served as solvents for the ac- 
cumulations of petroleum. We believe, however, that 
most natural gases, which have participated in petroleum 
formation, were gases isolated by a frontal analysis 
type chromatographic process. 

In essence, the data presented here suggest that crude 
oils are products of sequential processes which initially 
involved the isolation of natural gases by frontal analyses 
of ground water solutions of the gaseous constituents of 
sedimentary rocks. Certain gases, thus formed, then 


Table 3. CORRELATION COEFFICIENT FOR C,-C. 8-ALKANES CONCENTRATIONS 
FOR FIFTEEN PETEOLEUM SAMPLES 


n-Pentane n-Hexane — n-Heptane 


n- Butane 0-899 0.758*** 0-352* 
n-Pentane 0:805. 0-028** 
n-Hexane 0-665*** 


Level of significanee?: underlined values are greater than 99-9 per cent; 
*** greater than 99 per cent; ** greater than 95 per cent; * less than 95 
per cent. 
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dissolved other organic constituents from the sedimentary 
rocks through which the gases moved. The solution and 
movement of organie compounds as solutes in natural 
gases have the following consequences: (1) a chromato- 
graphic fractionation similar in type to the frontal 
analyses described for the isolation of natural gases; 
(2) an inerease in the solubilities of high molecular weight 
hydrocarbons in the gas solutions; and (3) the eventual 
establishment of gaseous and liquid hydrocarbon phases. 

The decreases in the correlation coefficients in the 
n-pentane, n-hexane, to n-heptane sequence in Table 3 
may reflect differences in the solvent mixtures which 
exert controls on the concentrations of these hydrocarbons 
in erude oils. As the apparent deficiencies of the concen- 
trations of ethane in natural gases suggest, the availa- 
bilities rather than the mobilities of some eompounds may 
control the concentrations of certain constituents in 
natural gas and petroleum accumulations. 
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RECENT studies indicate that the frequency of chromosome 
aberrations in circulating lymphocytes can provide a 
useful estimate of absorbed radiation dose’. But is this 
true for atomic bomb survivors? Chromosome aberra- 
tions have been found in survivors of atomic bomb explo- 
sions in Hiroshima and Nagasaki?, but the data reported 
do not permit a reasonable estimate of the absorbed dose. 
We have therefore obtained extensive data on the fre- 
quency of aberrations in a group of survivors who were at 
known distances from the hypocentre. The absorbed 
dose estimated from the frequency of aberrations is in 
fair agreement with the estimate based on physical 
method?. 

Fifty-one survivors who had been exposed to mixed 
gamma ray and neutron radiations released from the 
atomie bomb explosion in Hiroshima on August 6, 1945, 
were selected for the present study from members visiting 
the Department of Haematology of the Japan Red Cross 
Central Hospital, Tokyo, for periodic haematological 
examinations. Blood samples were obtained from the 
survivors between April 1967 and Mareh 1968, approxi- 
mately 22 yr after exposure. The history of any exposure 
to external or internal doses of radiations other than 
routine chest X.rays was ground for exclusion. The 
survivors were interviewed to determine the location at 
the time of bombing, shielding history and post-bomb 
action. 'lhe exposed group comprises fifteen males and 
thirty-six females, aged from 1 to 58 yr at the time of 
bombing. As a control, blood samples were obtained from 
eleven non-irradiated healthy people. They include six 
males and five females, five being of ages between 23 and 
36 yr and six between 71 and 80 yr at the time of sampling. 


The frequency of chromosome aberrations in circulating lymphocytes 
provides a good estimate for absorbed cose in survivors of an 
atomic bomb explosion. 


A single 10 ml. blood sample was obtained by venipune- 
ture. The leucocytes were separated by gravity sedimenta- 
tion of erythrocytes and incubated in a medium consisting 
of NCTC-109 (80 per cent), calf serum (20 per cent) and 
rehydrated phytohaemagglutinm-M. To eliminate pos- 
sible inherent sources of variation, the cells in the phyto- 
haemagglutinin cultures were collected after 50 h of 
incubation including the last 26 h in the presence of 
coleemid in a concentration of 3 ug/ml, At the time of 
colcemid treatment, freshly prepared thymidine was added 
to the culture in an approximate concentration of 2 x 10-5 
M to accelerate mitosis and to obtain partially synchron- 
ized metaphase cells. With this technique a large number 
of metaphase cella can be collected and practically all 
are in their first division in culture. Usually, ten to fifteen 
chromosome slides were prepared for each culture. To 
eliminate possible bias, cytological examination was made 
without knowledge of individual exposure status, and all 
prepared slides were read. 

A total of 83,506 cells were analysed visually, noting 
types of chromatid and chromosomal aberratiens. Single 
chromatid and isochromatid gaps were not included, and 
indistinguishable isochromatid breaks of the NUpd type 
were classified as acentric fragments of chromosomal type. 
Chromosomal aberrations were recorded specifying multi- 
centries, dicentries, rings, abnormal monocentrics and 
acentric fragments. Following the classification of Buek- 
ton et ai, all cells were classified into four principal 












categories: A cells, B cells, Cu cella and Cs cells. The 
A cell has no gross chromosome aberrations : the B 
cell has only chromatid aberrations. In th e, the 





A and B cells are designed Cn cells, cella free of apparent 


1190 


NATURE. VOL. 220, DECEMBER 21. 1968 


Table 1, SUMMARY OF CYTOGENETIC FINDINGS 


No. of Chro- 
Sex Age* Distance celis matid Dic, 
(km) obs, aber. 
Control 1-11 — — — 9,510 102 2 
Group I 1 F 35 1-5 2,195 21 8 
2 M 1i 16 1,835 25 3 
3 M 26 17 1,167 13 2 
4 F 19 2:0 2,000 is 5 
5 F 48 2:2 1,687 5 1 
6 M 38 2-2 1,585 12 3 
Group H Te F 34 0-8 1,500 16 8 
8. F 26 1-0 1,370 19 4 
9e M 22 1-0 679 12 R 
10e F 14 r2 1,068 23 5 
il F 35 r3 1,500 1i 4 
12 M 44 13 820 24 6 
i3 F 58 1:3 644 1 2 
14 F 16 15 1,045 18 T 
15 E 4i 15 2,250 22 2 
16 F 47 15 1,500 13 n 
17 F 55 r5 623 11 1 
18 F 21 L5 1,284 19 3 
19 F 85 1-6 1,545 14 3 
20 F 17 16 793 8 3 
21 F 34 17 1,931 25 3 
22 M 35 17 1,626 15 4 
23 E 37 2-0 1,713 23 3 
24 F 56 2-0 1,135 14 2 
25 M 27 2-0 2,000 23 2 
26 M 51 2-0 795 12 1 
Group III 276 M 30 0:5 1,573 31 14 
28, M 20 0-6 1,600 16 18 
29 F 19 0-7 1,027 10 3 
30 F 21 r2 2,036 23 2 
31 E 21 r3 1,265 17 3 
32 F 18 15 1,415 17 1 
Group IV 33-36 — — 24-265 4,726 66 7 
37-43 — — 3-0-3-5 11,171 157 10 
44-48 — — 977-440 7,430 110 4 
49-51 — — 5:0- 5,463 62 1 
Total — — — — 83,506 1,034 160 


* Age at the time of bombing. 
The subscript e indicates survivor who had epilation. 


chromosome aberrations attributable to radiation. The 
Cu cell contains at least one chromosomal abnormality 
of essentially unstable nature such as dicentrics, rings and 
acentrie fragments. Based on the acentric chromosomes 
involved, the Cu cells were further classified into two sub- 
groups; X,Cu cells as the cells in their first division and 
X,Cu cells as the cells probably in their second or later 
division since exposure to radiation. The X,Cu cells can 
be identified as the cells with at least one “non-identical” 
acentrie chromosome. The X,Cu cells are recognized as 
the Cu cells without acentric chromosomes, or those 
involving "paired" acentric chromosomes. The Cs cells 
in this report define the cells containing only visually 
recognizable abnormal monocentric chromosomes of stable 
type. 

Based on the distance from the hypocentre and shield- 
ing history, the survivors were classified into four groups. 
The survivors included in groups I to IIT are those exposed 
at a distance less than 2-2 km from the hypocentre and 
supposed to be exposed to more than 1 rad. Group I 
comprises directly exposed survivors, and groups II and 
III include survivors shielded by wooden and concrete 
houses, respectively. Group IV were at 2-4 km or more 
away and supposed to be exposed to less than 1 rad. 

The results of chromosome analysis are summarized 
in Table 1. The frequency of the B cells, which contained 
only chromatid aberrations, was about 1 per cent, not 
significantly different from the control group. We accept 
the usual assumption that the chromatid aberrations are 
not the results of the radiation. In the exposed group. 
there was found an increased level of aberrations of 
chromosomal type, such as dicentries, rings, abnormal 
monocentries and acentric fragments, and consequently 
of the Cu and Cs cells. Dicentrics and rings rarely occur 
in non-irradiated people. The average number of these 
aberrations in each cell was approximately 0-0002 in the 
control group, whereas in the exposed group it was 0-0024. 
The frequeney of the Cu cells which contained chromo- 
somal aberrations of unstable type was approximately 1 per 
cent in the exposed group, while that in the control was 
0-41 per cent. The frequency of the Cs cells having only 
abnormal monocentrics of stable type was 0-40 per cent 


Die, + ring 
Ring Mono. Frag- A B X,Cu X,Cu Cs in X,Cu 

ment cells cells cells cells — cells cella 

0 9 38 0,368 101 39 0 7 2 
2 17 26 2,134 21 24 i 15 10 
1 9 16 1,788 24 17 0 6 4 
3 8 12 1,131 13 15 1 7 4 
0 5 20 1,958 i8 19 H 4 4 
2 14 19 1,652 5 18 1 13 2 
69 4 15 1,553 iz 15 1 4 2 
4 24 21 1,443 14 23 i 19 il 
2 20 14 1,321 18 13 0 18 e 
i 10 18 644 12 15 0 8 9 
4 7 16 1,021 23 17 1 6 8 
0 7 20 1,465 11 19 0 5 4 
1 14 12 771 24 12 2 11 5 
0 6 8 626 7 & 0 3 2 
0 7 15 1,004 18 15 1 7 6 
0 9 14 2,2 22 14 0 8 2 
1 7 21 1,458 13 21 i 7 7 
0 8 10 597 il 10 0 5 1 
0 9 17 1,241 19 15 1 8 3 
0 7 14 1,511 14 14 0 6 3 
1 3 11 771 & ii 1 2 3 
0 8 18 1,891 22 16 0 2 3 
2 10 19 1,583 15 20 1 T 5 
1 8 16 1,671 21 15 1 5 3 
0 4 11 1,107 14 11 0 8 2 
2 3 19 1,954 23 20 1 2 3 
0 5 6 719 12 6 0 5 1 
6 50 22 1,478 30 23 2 40 18 
2 29 30 1,528 16 28 ü 28 15 
1 11 15 992 10 13 1 11 4 
0 8 16 1,998 23 16 0 4 2 
0 7 14 1,229 17 13 0 6 8 
0 2 10 1,888 17 9 0 1 1 
1 20 49 4,503 66 47 2 18 6 
3 31 87 10,909 155 84 1 22 12 
2 15 57 7,254 108 56 1 11 5 
i 6 31 5,304 62 81 0 6 2 
43 416 776 81,374 1,019 759 28 340 188 


in the exposed group and 0-07 per cent in the control. Table 
1 shows that the frequeney of chromosome aberrations is 
largely influenced by the distance from the hypocentre 
and type of shielding. Proportionally more cells with 
aberrations appeared in survivors exposed at the shorter 
distance from the hypocentre. At a given distance, the 
frequency of chromosome aberrations is greater in sur- 
vivors in group I than group II and in group IT than 
group III. Of particular interest was a significantly 
increased level of cells with aberrations even in a group 
of survivors who were supposed to be exposed to less 
than 1 rad. The frequency of the Cu cells in group IV 
was 0:7 per cent. This is significantly higher than that of 
control (P « 0-01). Among nineteen survivors in group IV, 
eleven entered the bombed area (within 1 km) within the 
first 3 days after bombing; eight did not enter the bombed 
area or entered on the fourth day or later. Table 2 sum- 
marizes the comparison of chromosome aberrations in 
these two groups. The frequency of dicentrics plus ring 
was 0-0013 per cell in the entry group and 0-0006 per cell 
in the non-entry group, and that of the Cu cells was 0-85 
per cent in the entry group and 0:65 per cent in the non- 
entry group. The level of these aberrations was always 
higher in the entry group, but the difference was not 
significant (0-1« P «0-2). It seems that entry into the 
centre of the bombed area does not fully explain the 
unexpectedly high level of chromosome aberrations among 
the survivors in group IV. 


Table 2. CHROMOSOME ABERRATIONS IN ENTRY AND NON-ENTRY GROUPS 


No.of No.of 


sub- cells Die, Ring Mono. Frag- Cn Cu Cs 

jects — obs. ment cells celle cells 
Entry il 17,018 17 5 55 141 16,828 145 45 
Non-entry 8 11,772 5 2 17 77 11,083 77 12 
Total 19 28,790 22 A 72 218 28,511 222 57 


Most of the Cu cells were found to be X,Cu cells, cells 
in their first division since exposure; the X,Cu cells were 
only 3 per cent of the total Cu cells. Furthermore, of the 
160 dicentrie chromosomes observed, 149 (93 per cent) 
were accompanied by at least one non-identical acentric 
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Fig. 1. Frequency of Cs cells among the total of Cn +Cs cells versus 
distance from hypocentre. 
fragment. These results are very different from those 


reported recently on atomic bomb survivors and Bikini 
fishermen? which claimed that most dicentrics were not 
accompanied by fragments, indicating that the cells with 
these aberrations were at least in their second division 
since exposure. Because the results were obtained using 
72 h culture at which time most metaphase cells are in their 
second or subsequent mitosis, it is very likely that most 
of the acentrie ehromosomes were lost at division in 
culture. 

From fifty-one survivors, 333 cells were scored as the 
Cs cells. Of 173 Cs cells karyotyped, which were selected 
for karyotyping based on the chromosome spreading and 
the quality of chromosome morphology, 148 cells (85:6 
per cent) had balanced type rearrangements of chromo- 
some material : interchromosomal translocations by sym- 
metric exchanges (83 per cent of balanced cells) and peri- 
centric inversions (17 per cent). The other twenty-five 
cells contained chromosomes with arms separated across 
the centromere, with apparent deletion of a part of 
chromosome and with excess chromosomes or parts of 
chromosomes. In seven heavily exposed survivors, two 
or more cells were found with identical karyotypes. 
Chromosome changes in all of the Cs cells with identical 
karyotypes were of balanced type. We used a culture 
technique which yielded metaphase cells in their first 
division in culture, and so the identical karyotypic change 
in separate cells furnishes unequivocal evidence of clonal 
proliferation of small lymphocytes in vivo. 

The predominance of the balanced type of exchange 
aberrations in the Cs cells indicates that most of the Cs 
cells whieh are derived from the X,Cu cells by the loss 
of acentrie ehromosomes at mitosis cannot survive in 
vivo, This is compatible with the predominance of the 
X,Cu cells in the Cu cells. A feature of these findings 
supports the idea that the Cu cells disappear from the 
lymphocyte population because they have a high prob- 
ability of failing to survive their first division in vivo 
from the effeets of genetic imbalance after unequal dis- 
tribution of acentrie chromosomes at division*. Further- 
more, it is assumed that the duplication or deletion of an 
essential part of a chromosome is an event influencing the 
cell viability. During the years after exposure, the 
frequency of the Cu cells decreases, but that of the Cs 
cells appears to be unchanged from the frequency observed 
immediately after exposure*:*:?, The maintenance of the 
level of the Cs cells suggests that there is no selective 
disadvantage to the chromosomal rearrangements in- 
volved. 

Assuming that there is not a selective disadvantage to 
the Cs cells relative to the normal Cn cells, the ratio of 


1191 


the Cs cells to the Cn cells will net vary with time after 
exposure and it may give a useful estimate of the absorbed 
dose. This is clearly seen in Fig. i, where the percentage 
of the Cs cells increases sharply with the decrease of the 
distance from hypocentre. By contrast, the lewel of Cu 
cells depends only weakly on the distance. This may be 
due to the selective disadvantage of these celis during 
the 22 yr in vivo. The weak response of the lewel of the 
Cu cells to the dose may also reflect competitive events, 
production as a function of dose and dilution 
lymphocyte count recovered towards the pre-irrac 
level. The extent of these two events, influencing the 
level of Cu cells in an opposite direction, is assumed to 
inerease with dose and therefore make the dose-response 
relationship of the level of Cu cells weak. Thus the 
biological interpretation of the level of the Cu cells or the 
yield of chromosome aberrations per se severely Limits the 
practical application of these traits to the biological 
dosimetry. The frequency of chromosome aberrations 
per X,Cu cell, however, sharply increases (Fig. 2). This 
supports the idea that there is little selective mterphase 
death of lymphocytes by the degree of chromosome 
damage involved’. The distribution of chromosome 
aberrations within the X,Cu cells, which have not divided 
since exposure, should therefore be the same as that 
immediately after radiation and may be used to estimate 
absorbed dose. 

We have used two methods to estimate the absorbed 
dose: first, we used the frequency of Cs cells, and second 
we counted dicentrics and rings which appeared only in 
the X,Cu cells, because these aberrations were the most 
easily recognizable and most reliable measures. The 
level of the Cs cells, S, and the quality vaiue of the 
X,Cu cells, Qar, of survivors were assayed by 

[Cs] — sN 
= (Gal e[op-aw PI o = DUI TN 
In these equations, N is the total number cf cells ob- 
served. [Cn]. [Cs] and (X,Cu] represent number of Cn, 
Cs and X,Cu cells, respectively; X is the number of 
dicentries plus rings among X,Cu cells, raulticentric 
chromosome with j centromeres being counted as j-1 
dieentries. The constants, s, à and ¢, are control values 
for the frequencies of Cs, X,Cu cells, and dicentrics plus 
rings per cell, respectively. In both methods, the dose 
estimate was based on the dose-response relationships 
obtained after exposures of lymphocytes in viiro to acute 
doses of X-rays (E~ 1:5 MeV and H~2 MeV), In expo- 
sures to high energy X-rays, the Cu cells are recognized 
to be of X,Cu type, for they contain at least one non- 
identical acentric chromosome, and asymmetrie exchanges 
are complete, each accompanied by one fragment’. Then, 
assuming that the exchange aberrations and deletions aro 
distributed among cells as a Poisson scheme, the following 
dose-response relationship can be obtained: y+ Pat P, 
=1, PQmeqmomomi Py=1l-e-(mitm:) and Pe=(1 e 
e-ms)-e-(mitms), if Pa, P, and Ps are the preportions of 
Cn, Cu and Cs cells, respectively. The level of the Cs 
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cells as assayed by S and the quality value of the X,Cu 
cells can be given respectively by 

Ç pel 8 meet ———— —À — 

S = 1 — e-™s, and Qar = 1 eqni) 
In these approximations, m,, m, and m, represent the 
mean number of aberrations per cell for terminal deletions 
plus intercalary "minute" deletions, dicentrics plus rings. 
and for symmetrie exchanges resulting in visually recog- 
nizable abnormal monocentries, respectively. The experi- 
mentally obtained values for X-ray dose (D in rad). 
m, = 5:50 x 1073 x D+ 1-70 x 10-5 x D?, m,— 5-04 x 10-5 x D? 
and m,= 0-95 x 10-* x D-- 0-62 x 10-* x D?, were used to 
estimate the absorbed dose. These approximations can 
be used only for doses below 600 rads of X-rays because 
with more than 600 rads the production of exchange 
aberrations tends to be saturated. The dose thus obtained 
should provide a rough estimate of the average total body 
absorbed dose, for the lymphocytes circulate freely 
throughout the body. 

The average total body absorbed doses thus estimated 
are given in Table 3. The definition of the Cs cells depends 
on the method of observation and the eriteria for recog- 
nition vary among cytologists. The rather subjective 

Table 3. ESTIMATION OF AVERAGE TOTAL BODY ABSORBED DOSE 
No, of 


Distance sub- Ei Estimated Qir Estimated 
(km) jects (x 109) dose* dose t 

Group 1-5 1 0-62 64 ( 52- 73) 0.63 165 (110-225) 
i 1:6 L 0-26 24 ( 16- 33) 0-38 45 ( 15-105) 
1-7 1 0-54 56 ( 40- 69) 0:37 42( 17- 90) 
2-0 1 0-13 10( 2- 17) 0-33 31( 14- 58) 
2.2 2 0-45 47 ( 39- 54) 0:19 8(( 4 14) 
Group 0:8 1 122 110 ( 96-120) 0-63 165 (110-225) 
Ii ro 2 122 110 ( 96-120) 0-74 225 (165-270) 
12 1 0-50 52( 35- 66) 0-61 155 ( 90-225) 
HE 3 0-58 60 ( 50— 68) 0-38 46 ( 26— 75) 
T5 5 0-46 48( 40- 55) 0:37 42( 28- 62) 
16 2 D 26 ( 18- 35) 0-35 37 ( 19- 88) 
17 2 16( 9- 24) 0:34 34( 19- 58) 
2-0 4 17 ( 12- 23) 0:27 19 ( 11- 28) 
Groun 05 i 178 (160—185) 1:06 350 (310-390) 
Iii 0:6 1 140 (125-150) 0-69 205 (135-253) 
oF 1 96 ( 80-110) 0-43 66 ( 21-125) 
r2 t 10( 0- 16) 0-20 9( 2- 26) 
1:3 i 42( 27—- 55) 0°35 37 ( 14—- 80) 
1:5 1 3f ©- 9) 0:21 10( 2- 16) 
Group 2-4-2-5 4 30( 22- 39) 0-18 7( 4-11) 
IV 90-35 7 10¢ 4- 15) 0-25 15( 10- 22) 
o 7-60 5 $( 0- 5) 0-13 3( 2- 5) 
50- 3 1( 0- 3) 0-10 2( 0- 4) 





* Dose estimated from the S value. 
+ Dose estimated from the Qar value. 
Figeres in parentheses indicate 50 per cent confidence limits. 





Average total body absorbed dose estimated from the frequency of chromosome aberrations. 
per cent confidence intervals. The estimate of air-dose* is given by a dashed line, T66D. 
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The vertical lines through each point are the 50 
The subscript ¢ indicates survivors who had epilation, 


nature of these criteria makes the estimate involving the 
level of the Cs cells less sensitive. But there was general 
agreement in the dose-distance relationship between the 
two methods. In Fig. 3, the total body absorbed dose is 
plotted against the distance from the hypocentre. Esti- 
mates obtained from the S values are given by open sym- 
bols and those from Qar values are shown by solid ones. 
Survivors in groups I to III are indicated by different 
symbols: triangles for group I, circles for group IT and 
squares for group III. It is clearly seen that the average 
total body absorbed dose thus chromosomally estimated 
is largely influenced by the type of shielding. As for the 
relative effectiveness of radiation, a erude comparison of 
extrapolation number of each curve, which was fitted by 
eye for the level of absorbed dose estimated from Qar 
value, gave average shielding attenuation of approximately 
50 per cent for à wooden house and 10 per cent for a 
eonerete house. Survivors who had epilation are indicated 
by the subscript e to the levels of absorbed dose estimated 
from values of Qar. All six survivors who had epilation 
showed high levels of absorbed dose. 

A tentative air-dose curve, T66D, which was recently 
revised by Auxier et al.?, is given by a dashed line in Fig. 3. 
The absorbed dose estimated from the frequeney of 
aberrations is in fair agreement with the estimate based 
on the indirect physical method. The estimates based on 
the chromosome aberrations compared with the physical 
estimates, however, are low in the survivors exposed 
close to the explosion, and high in the remotely exposed 
people. Observations of an unexpectedly high level of 
chromosome aberrations and of absorbed dose in people 
who were more than 2:4 km away might suggest that 
some people received radiations from sources other than 
the primary rays. The depressed level of the absorbed 
dose in the survivors exposed at close distance might be 
reflective of a 22 yr mortality; heavily exposed people 
have died during the past 22 yr and only those who had 
been highly shielded and consequently exposed to un- 
usually low dose are surviving. Clearly, many factors 
influencing the dose-distance relationship remain to be 
elucidated. Nevertheless, even 22 yr after exposure, 
reasonable estimates of the absorbed dose have been 
obtained from the frequencies of chromosome aberrations 
in circulating lymphocytes. 
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Origin of Fuller's Earth in the Mesozoic of Southern England 


by 
A. HALLAM 
B. W. SELL WOOD 


Department of Geology and Mineralogy, 
University ot Oxford 


FunrER's earths of Bathonian and Aptian age are com- 
mercially exploited at Combe Hay, near Bath, and 
Nutfield, Surrey, respectively. Twenty-five years ago 
the American clay mineralogist, R. E. Grim, first estab- 
lished that the Bath deposit was composed almost 
entirely of montmorillonite and recorded the presence of 
glass shards, from which he inferred a volcanic origin’. 
Vuleanicity is not believed to have occurred in the 
British area during the Mesozoie, and so Grim's conclusion 
should have provoked lively interest, but it has been 
largely overlooked, and the petrology of these interesting 
deposits has, with one exception, been virtually ignored 
by British geologists. By studying the two fuller's 
earths in the context of Mesozoic clays in general we 
have been led to conclusions which, if correct, are of 
major significance in the interpretation of Cretaceous 
geological history. 


The Fuller's Earths 


The laboratory techniques used include conventional 
optieal examination of both thin sections and gravity- 
separated minerals, and X-ray diffractometry. The 
clays were studied using a technique similar to that 
described by Perrin?. A series of standard photographs 
of varying proportions (by weight) of illite, kaolinite 
and montmorillonite were taken with a Philips 33524 
powder camera and a Philips P.W. 1010/75 type generator 
employing CuKx radiation. The standards used were 
illite, 36 Morris, Illinois; kaolinite, 3 Birch Pit, Macon, 
Georgia; montmorillonite, 21 Chisholm Mine, Polkville, 
Mississippi. Line intensities were visually compared, 
using the 7-2 A line of kaolinite, the 9-9 A line of illite 
and the 15-5 A line of montmorillonite. This method 
gives semi-quantitative estimates and the percentages 
we quote are only approximate. 

The Upper Bathonian (Retrocostatum Zone) fuller’s 
earth occurs immediately south of Bath as an interrupted 
band on average about 6 feet thick near the top of the 
Upper Fuller's Earth Clay formation, about 10 feet 
below the Great Oolite Limestone’. It is currently 
quarried in à new adit mine near Combe Hay (grid ref. 
ST 736617) where an unweathered section of about 
9 feet of clay is exposed. The lower part of the sequence 
has an irregular, streaky lamination, is somewhat soapy 
to the touch and is poorly fossiliferous, in contrast to the 
top few feet which are rich in bivalves and brachiopods. 


The mineralogical composition of two celebrated English fuller’s 
earths indicates their derivation from vo'canic ash. The broader 
implications of this first record of Mesozoic vulcanicity in the 
British area are briefly discussed. 


Analysis of our samples indicates that the clay of the 
bottom 5 feet is largely or wholly monsmorillonite, 
but a thin band about 2 fees from the base has only 
20-30 per cent montmorillomite and 66-7) per cent 
illite. lite dominates over montmorillonite from 6 to 
8 feet above the base and above 8 feet the clay is wholly 
illitie. Both our work and that of the American Petroleum 
Institute! confirm Grim’s identification of montmorillonite 
as almost the sole component of the commercial fuller's 
earth, an identifieation which was unaccountably ignored 
by Newton. Minor constituents occurring as small 
erystals scattered throughout the rock inelude subhedral 
calcite, zeolite, pyrite, sanidine and albite together with 





subordinate quartz, glauconite and apatite (Newton 
also recorded sphalerite from the heavy residues). We 


have been unable, however, to confirm Grim's identi- 
fication of glass shards. 

The Upper Aptian (Nutfieidensis Zone) fuller’s earth 
occurs in the Sandgate Beds of Surrey and & much more 
important commercially, beirg quarried directly west of 
Nutfield (TQ 300505). Several thin seams of fuller’s 
earth alternate with sandy glauconitic limestones in a 
lenticular mass up to 70 feet thick, in the Reigate-Redhul- 
Godstone region’. The principal fuller's earth bed, and 
the only one now exploited. ranges up to about 8 feet 
thick. It has the characteristic soapy texture and 
disintegrates readily in water, is blue-grer when fresh 
and yellow when weathered. Close examination in the 
quarries shows it to be poorly fossiliferous &nd to posses 
a streaky lamination of lighter and darker material 
giving an occasional indicetion of small seale trough 
cross bedding. Our determinations of semples of the 
clay are consistent with the combined X-ray, DTA and 
chemical analyses of the API? which indicated pure 
calcium montmorillonite. Microscopic examination 
reveals abundant small subhedral crystals of calcite, 
albite, sanidine and an indeterminate zeolite, together 
with subordinate glauconite, quartz, apatite and biotite 
(none of these, of course, accounts for more than a 
minute fraction of the rock). Newton? also recorded 
abundant sphalerite, sphere and barite an the heavy 
residues. His bulk analysis of separated feldspar grains 
indicated similar quantities of Na,O ana K,O, which 
led him to suggest the presence of ancrthoclase. It 
seems, however, that the feldspar is composed of com- 
parable proportions of potassic and sodie end.members. 
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The fresh appearance, presence of good crystal faces and 
occasional tendency to concentrate along veins all suggest 
that the feldspar crystals are authigenic. The idiomorphie 
character of the apatite also suggests an authigenic 
origin. 

Despite a careful search we were unable to locate 
any convincing examples of glass shards, although 
Kerr? recorded their presence in abundance in the Aptian 
fuller’s earth which was formerly exploited at Woburn 
Sands, Bedfordshire. It is possible that he misidentified 
opaline sponge spicules, because these oecur here in 
large quantities*. 


Mineralogy of Mesozoic Clays 


An adequate interpretation of the fuller's earths 
cannot be undertaken without a general knowledge of 
the mineralogy of English Mesozoic clays. With regard 
to the principal Jurassic clay formations, the clay minerals 
of the Lias (ref. 8 and unpublished data of B. W. 8.), 
Oxford Clay* and Kimmeridge Clay? are almost wholly 
illite and subordinate kaolinite. Montmorillonite appears 
to be absent or, perhaps in some eases, present in very 
subordinate mixed layer minerals. Likewise, our samples 
of the Upper Fuller's Earth Clay at Cliff End, Dorset, 
at a horizon probably slightly older than the Combe 
Hay deposit-—10 feet and 40 feet below the Boueti 
Bed—indicate an illite eontent of 80-90 per cent and 
kaolinite of 10-20 per cent. 

The basal Cretaceous clays appear similar to the 
Jurassic. — Tank!^ found southern English Wealden 
clays to consist of illite with subordinate kaolinite 
and an illite-?vermiculite mixed-layer structure. Dr 
J. W. Neale sent us several samples of Speeton Clay 
from Yorkshire, ranging in age from Berriasian to 
Barremian. All consist of about 80-90 per cent illite 
and 10-20 per cent kaolinite, without a trace of mont- 
morilonite. The Gault Clay, however, does contain 
a small percentage of montmorillonite in the usual 
illite-kaolinite mixture??. Clay fractions of the Upper 
Cretaceous Chalk show a striking increase in the pro- 
portion of montmorillonite, which becomes the dominant 
clay mineral from Turonian times onward?U, Our 
analyses of samples of the Plenus Marls (Turonian, 
Dunstable, Bedfordshire) and the Black Band (Turonian, 
South Ferriby, Yorkshire) indieate pure or almost pure 
montmorillonite. With the Eocene London Clay there 
is a reversion of composition back to an illite-kaolinite 
mixture with a small percentage of montmorillonite’. 

This sharp change up the Mesozoic succession finds 
its reflexion on the European continent. Millot!? reported 
that Jurassic and Lower Cretaceous clays of the Paris 
Basin consist essentially of illite and kaolinite without 
montmorillonite, whereas in the Upper Cretaceous 
Chalk the last named is virtually the only clay mineral 
present, The same is evidently true of the German 
chalks. 


Origin of the Fuller’s Earths 

The presence of abundant glass shards would provide 
indubitable evidence of in situ alteration of volcanic 
ash; but an intensive microscopic investigation of 800 
samples of the classic Cretaceous bentonites of Wyoming, 
which are undoubtedly of volcanic origin, failed to reveal 
any convincing evidence of glass'*. Thus its apparent 
absence from the English deposits by no means rules 
out a voleanie origin, which on the contrary we consider 
is strongly supported by the following circumstantial 
evidence. 

(1) Montmorillonite is known to form at present by 
the subaqueous alteration of tuffs and by the terrestrial 
weathering of basic igneous rocks, in an alkaline environ- 
ment in the presence of magnesium; also by a certain 
type of hydrothermal alteration on land. There is no 
convincing cvidence that the mineral can be formed in 
any oher way!*'!*, 
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(2) In the United States there is à common association 
of pure montmorillonite rocks with obvious voleanie 
deposits, every stage of alteration from the latter to the 
former having been observed 1017, 

(3) The assemblage of apparently authigenie minerals 
other than montmorillonite in the two fuller's earths is 
highly unusual for English Mesozoic clays but is consistent 
with alteration from volanie materials and can be 
matched approximately with many American benton- 
ites**r, — Likewise the uncommon biotite of the 
Nutfield deposit is too unstable to be a normal detrital 
mineral, and is too chloritized to be authigenic. A 
voleanic origin would favour the observed dominance of 
feldspar over quartz, because in normal terrostrially 
derived detrital sediments the latter is always much 
more abundant. Such a contrast also distinguishes the 
Wyoming  bentonites from the interlayered clastic 
sediments!4. 

(4) The apparently total or almost total absence of the 
otherwise ubiquitous illite, kaolinite and detrital quartz 
from the commercially exploited earths seems to rule 
out a terrestrial derivation. These minerals were available 
in abundance in post-Aptian times, as indicated by the 
composition of the Gault and London Clays, which are 
evidently mostly detrital in origin. If the montmorillonite 
of the fuller’s earths were redeposited from land, it 
should have been diluted to a significant degree by 
varying proportions of these other minerals. 

Montmorillonite ultimately tends to alter diagenetically 
to the more stable illite or kaolinite!*, but such a change 
during the course of the Mesozoic would fail to account 
for the striking decrease in relative abundance of 
montmorillonite from the Chalk to the Gault and from 
the Aptian to the older Cretaceous, nor for the isolated 
presence of a montmorillonite bed in the Bathonian 
clays of south-west England. 

We conclude that the fuller’s earths are in all probability 
true bentonites as defined by Ross and Shannon!5; that 
is, montmorillonite rocks produced from the alteration 
in situ of voleanie ash. The apparent isolation of the 
deposits is no argument against such an origin, because 
bentonites commonly exhibit this eharaeteristic*. Un- 
fortunately stratigraphie information is too limited to 
allow determination of the shapes of the sedimentary 
bodies, or to decide whether individual fuller's earth 
horizons correspond with separate ash falls. The presence 
of sedimentary structures indicates some degree of re- 
working by water currents, and the present distribution of 
the deposits must to some extent reflect local palaeo- 
geographic conditions; for example, regions of quiet 
water where finer ash would settle. On the other 
hand, the sparsity of fossils suggests a rapid rate of 
deposition. 

The implications of this interpretation are intriguing. 
The spectacular increase in the amount of montmorillonite 
in the Cretaceous compared with earlier periods seems 
to be quite general and is well documented in North 
America". It is apparently the dominant clay mineral 
in the Upper Cretaceous Chalk throughout North-West 
Europe, and so much of the non-ealeareous fraction 
may also owe its origin to contemporaneous vulcanicity 
rather than to normal terrigenous sedimentation. This 
is Valeton's interpretation of montmorillonite-bearing 
marls in the north German chalk®*, and she also records 
abundant alkali feldspar and idiomorphic apatite as well 
as lithic fragments. 

It may also be significant that glauconite attains 
major importance for the first time in the Aptian. 
Throughout the earlier Mesozoic in Great Britain this 
mineral is never particularly common and is largely 
eonfined to thin condensed beds. Greensands, in which 
glauconite is abundant, first make their appearance in 
the Aptian and thereafter are quite common. Because 
there is a well documented association between bentonites 
and glauconite’, the possibility of derivation from 
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voleanie ash in an environment rich in potassium should be 
explored. Bentonites appear to be derived usually if 
not invariably from ashes of acid or intermediate com- 
position, so that large quantities of potassium must be 
released into solution by hydrolysis, leading to the 
formation of montmorillonite, zeolites and free silica. 
It is interesting that Mirza?! records the formation from 
a rhyodacitic tuff of celadonite, of which the mineralogical 
and chemical properties appear virtually identical to 
those of glauconite. Celadonite or glauconite is also 
recorded from basalts and andesites by other East 
European workers??-". Not all glauconite could be 
formed in this way, but there seems no reason why it 
should not form authigenically from a variety of materials. 

Another possible correlation is with tectonic activity. 
The late Lower Cretaceous marks the time of the most 
important tectonic disturbances in England since the 
Palaeozoic, indicated by sharp folding and faulting in 
Dorset and widespread warping and erosion in both the 
southern and northern parts of the country. The activity 
may be dated in Dorset as post-Wealden, pre-Albian and in 
Yorkshire as late Aptian to early Albian (post-Sutterby 
Marl, pre-Carstone). 

Location of the source of the volcanic material is a 
major problem. The volcano or voleanoes need not 
have been in the immediate proximity because it is 
known that significant quantities of fine ash can be 
carried by winds for hundreds of kilometres. The major 
eruption of Mount Mazama in 6600 Bp, for example, is 
known to have spread ash to the north and north-east 
in western North America over an area of at least 900,000 
km? (ref. 25). As the distance from the volcanic centre 
increases, the proportion of lithic fragments and pheno- 
erysts (such as biotite, oligoclase and andesine) and the 
thickness of the ash bands diminishes. The absence of 
lithie fragments and the comparative rarity of original 
phenocrysts in the fuller's earths suggest that the source 
may well have been several hundred kilometres away. 

Both fuller’s earths are situated close to the western 
outerop of the Jurassic and Cretaceous in North-West 
Europe. If the source lay to the east, north-east or 
south-east, stronger indications of volcanic deposits 
would be expected in these directions, whereas there is 
apparently no trace. Pre-Upper Cretaceous montmorillon- 
ite beds or fuller’s earths have not been recorded from 
either France or Germany, both well explored regions. 
We are left with a source with a westerly component. 
A westerly source seems most likely on other grounds. 
Ash is known to be transported by both low and high 
altitude winds. The high altitude jet stream is westerly, 
and so almost certainly were the prevailing low level winds 
in the late Mesozoic, as at present (there is no evidence to 
support a major latitudinal displacement of England 
within the last 100 million years). 

Now there is, of course, no direct evidence of Mesozoic 
voleanoes at no great distance to the west of the British 
Isles, but there are clues if a wide area of the North 
Atlantic region is considered. Far to the south, the 
Cape Verde Islands off West Africa contain Cretaceous 
lavas and tuffs from Barremian times onwards®*. Early 
Cretaceous volcanic deposits, associated with intrusive 
dolerites, are also recorded from Spitsbergen®’. The 
tuff horizons in the upper part of the continental Helvetia- 
fjellet Formation oceur immediately below marine Upper 
Aptian, and probably correlate with the post-Valangian 
basalts and dolerites of Kong Karls Land, direetly east 
of the main island. A series of volcanic seamounts 
stretching between Bermuda and New England were 
dated by Northrop et al.*5 as late Cretaceous. Extensive 
vulcanicity was initiated in the Gulf Coast region also 
in late Cretaceous times". We do not therefore think 
it unreasonable to propose tentatively that somewhere 
in the eastern Atlantic to the west of the British Isles 
are one or more subsided Cretaceous voleanoes which 
originally erupted ash over a large area. This suggestion 
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can only be adequately tested by the petrological examina- 
tion of deep borehole cores from the ocean floor. 





'The final question is whether the onset of v icanieity 
in the North Atlantie region has anything to do with 


continental drift. It may be significant that both 
Spitsbergen and the Cape Verde Islands lie along the 
main line of opening of the Atlantic aecording to the 
reconstruction by Bullard et ai.?*. The case of Spitsbergen 
is especially notable, for this was a tectoni 
region after the Lower Palaeozoic, and the C* 
tuffs and lavas are the first indication of vuleanicity 
for many millions of years. P&laeomagnetio*, oceano- 
graphic?! and palaeozoogeographic*?** evidence points to 
an opening of the South Atlantic in about the middle of 
the Cretaceous, but the case of the North Atlantic is 
less clear. Le Pichon, however, has recently argued, 
from the evidence of oceanic frecture zones and belts of 
magnetic anomalies, that the first major phase of drifting 
throughout the whole Atlantic region began in Aptian- 
Albian times, though there migkt have been some initial 
rifting in the Jurassic. Consistent with this interpretation 
is the fact that no deposits older than Cenomanian are 
known from the deep floor of the North Atlantic east of 
the Blake Plateau (B. M. Funnell, personal communi- 
cation). A clear association of oceanic rift zones and 
vuleanicity now being widely recognized, the growth of a 
series of major voleanoes along the North Aslantic rift 
from Aptian times onwards is just what would be expected 
if Le Pichon is correct. Because the Combe Hay fuller’s 
earth is so isolated in space and time we thirik it would 
be unwise to speculate at present on its broader signi- 
ficance. 

We thank the Fuller's Earth Union Ltd for permission 
to visit their quarries, Dr P. E. Baker for assistance 
with petrographic identifications and Dr H. 8. Torrens 
for advice on Bathonian stratigraphy. 
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of higher cells contains information on the frequencies of different 
alleles in the population. 
arrangement with the slaves derived from previous meiotic partners. 
The model can explain several features of the genetic adaptation 


Its molecular basis is a master-slave 


of higher organisms. 


Tug much larger amounts of DNA in eukaryotic organisms 
compared with prokaryotic cells still require an ex- 
planation. There clearly cannot be an increase in genetic 
information in proportion to the increased amounts of 
DNA. For example, the amphibian Necturus, containing 
210 pg of DNA per diploid nucleus, is not considered to 
possess thirty times as many different genes as the related 
toad with 7 pg of DNA per diploid nucleus. 


Masters and Slaves 


Callan’ has suggested that most DNA occurs as re- 
dundant "slave" cistrons which are serially connected to 
a "master" cistron. The latter takes part in the meiotic 
events and, if altered by mutation or recombination, 
changes the slaves by a base correcting mechanism so that 
they will become perfect copies. Callan’s theory, although 
still lacking experimental support on the vital base 
correcting mechanism, is an appealing stimulus to further 
exploration of the nature of DNA in higher cells. 

The advantage that this mechanism would offer a cell is 
that it should make possible the formation of larger cells 
still with a diploid genome during meiosis. This is because 
the large cell is likely to need to produce quantitatively 
more messenger RNA, which the slaves can do. It is not 
known, however, whether the large DNA contents are a 
consequence of cell size or whether the cell is large simply 
because it has to house a large amount of DNA, the 
existence of which is motivated chiefly by other circum- 
stanoes. 

Beermann?, like Callan, considers that the chromomere 
consists of repeating cistrons. In Beermann's model, 
however, only the master segment is active in transcription 
and the slaves carry the products of the master during a 
maturation process. 

Both Beermann and Callan have been influenced by 
results obtained by Keyl*, who suggested that chromo- 
meres may evolve by a process of microduplications, and by 
observations on lampbrush chromosomes from amphibian 
oocytes* and Drosophila spermatocytes’ showing that 
loops have uniform products along their length and may 
change the character of their ribonucleoprotein coatings, 
but only in an all-or-none manner. On the biochemical 
level the results of Britten and Kohne* support some 
aspects of the models of Callan and Beermann in showing 
that animal DNA occurs in classes with either small or 
large degrees of redundancy. In the special case of DNA 
coding for ribosonal RNA redundaney is well docu- 
mented’? and may also occur for DNA engaged in the 
production of transfer RNA*. 

I suggest another role for the apparent excess of DNA 
in higher organisms: that it increases the efficiency of 
genetic adaptation. I wish to outline certain aspects of 
such a hypothetical role. 


Difficulty of basing Evolution on Recessives 

For genetie adaptation the higher organism is dependent 
on recessive "mutant" alleles, often present at considerable 
frequencies (up to the order of 1 per cent of the allele 
pool. Although the rare homozygous condition is 
harmful the rather common heterozygous state does not 
offset viability. At frequencies of this size, selection can 
operate and genetic adaptation can occur. 

Theoretically the higher organism might seem to face 
a considerable dilemma in creating an efficient genetic 


adaptation mechanism. This is because, on the one hand, 
the mutant recessive alleles for a certain gene locus cannot 
be of too many different kinds, or their individual fre- 
quencies will be too low to be used for genetic adaptation, 
and, on the other hand, the potentialities for genetic 
adaptation of the gene are clearly not utilized to more than 
a minor fraction of the full potential if only a small number 
of mutant alleles are ever preduced. 

A predominant production of only a few types of 
mutants is favoured by results obtained with phages, 
showing that certain "mutons" are more easily changed 
than others and constitute so-called hot spots*. The fact 
that in human populations certain recessive alleles seem to 
predominate— known, for example, for the haemoglobins!* 
—might seem to support the view that this mechanism 
also exists for higher organisms although high frequencies 
can sometimes be a consequence of heterosis effects. On 
the other hand, the phenomenon of random genetic drift 
does not favour basic tendencies for genes to mutate in a 
highly restricted manner. 

Efficient genetic adaptation would be expected to 
best benefit both from the presence of recessive mutant 
alleles at high frequencies and from the presence of a wide 
variety of such different alleles. These two conditions 
seem to be mutually incompatible because, with increasing 
frequencies of recessive alleles, selection against them, 
operating in the doubly recessive state, will pose an 
efficient barrier to their increase. 

The dilemma would, however, be overcome if different 
breeding groups within a species largely use different 
recessives, allelic to a certain locus. H, however, the 
frequency of rare alleles is censidered to be maintained 
only by mutation and if mutation is of the hot spot 
character, it is difficult to see that different breeding 
groups would possess very different spectra of rare 
recessive alleles to a certain locus. This argument is 
particularly appropriate because the loss of such alleles, 
which occurs in the homozygous state, requires a sub- 
stantial reformation of the mutated allele. I suggest that 
different breeding groups within a species for the most 
part use different recessives and that this is the result of a 
process in which recessives are subjected to a self-promoted 
frequency increase. 


Recessives and Self-promoted Frequency Increase 

I propose that the formation of rare recessive alleles 
is the result of a two-stage process. The first stage is 
operative during the first period after a new dominant 
gene has arisen (in à manner discussed later). This stage 
leads to the creation of mutations resulting from base 
changes in the DNA template. These mutations occur at 
a much lower frequency than that which maintains rare 
recessive alleles that are already established. Further- 
more, such mutations are only important for evolution 
during this first stage. It is also suggested that these 
mutations are not restricted in number of types but can 
encompass more or less the whole spectrum of possible base 
permutations. During this first stage in the creation of 
recessives different breeding groups should, because of the 
random nature in the distribution of this type of base 
permutation. obtain recessives that are qualitatively 
different and present at very low frequencies. Once 
recessive mutants have been created in this way the second 
stage in the formation of recessives should become operat- 
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ive and the further spread of the recessives, up to the level 
where they become efficiently counterbalanced by selection 
acting on the homozygous recessive state. should oceur by 
the second mechanism. This mechanism has to be super- 
mutonic, operating during some stage of gametogenesis. It 
has the effect of increasing the frequency of the rare 
recessive allele over that of the wild type allele. The rarer 
and more recessive of the alleles is, in other words, sub- 
jected to a self-promoted increase in frequency by means 
of “gene conversion". It is proposed that the frequency 
of rare recessive alleles is maintained almost exclusively by 
this mechanism, which should result in an amplification of 
the primary diversification between different breeding 
groups, but relative homogeneity within the group, which 
would possess principally one or a few kinds of mutant 
recessive alleles. Although registered as mutations, 
recessives created during this second stage would not be 
the immediate result of a base permutation. 


Information in the Chromomere 

A mechanism like that proposed requires chromosomes 
of a single cell to contain information about gene fre- 
quencies in the breeding group of the species, or at least 
information as to which of two alleles is rarer. If there is 
only one cistron for the wild type allele and one for the 
rare recessive allele, the cell obviously does not possess such 
information. On the assumption, however, that the 
meiotie pairing unit, probably the chromomere, consists 
not only of a functional master cistron but also of a series 
of slaves, such a situation is possible—the pairing unit 
could constitute a repository for the necessary information. 
This would be the case if the population of slave cistrons 
for a given gene mirrors the population of master alleles in 
the breeding group of the species in question. Such an 
arrangement would require the exchange of genetic 
material between homologous chromomeres during each 
meiotic pairing. 

Any mechanism outlined that allows for the chromomere 
to carry information about the frequency of functional 
master alleles in the population is obviously speculative in 
the absence of further knowledge about the molecular 
events in the meiotie pairing mechanism. On the other 
hand, it may be of some interest to outline broadly what 
would be expected to take place. The process would 
occur in two stages. In the first stage the master segments 
of both chromomeres duplicate and arrange tandemly at 
the beginning of the chromomere. Simultaneously the 
slave segment farthest from the master segments is 
eliminated so that the chromomere remains constant in 
size. During the second stage the second master segment 
in each chromomere is exchanged with that of the homo- 
logous chromomere and becomes a slave. As a result of 
this process the chromomere keeps a record of previous 
meiotic partners extending as far backwards in generations 
as there are slave segments. The ratio of masters to slaves 
is probably small and the exchange might therefore 
involve only a minor part of the DNA. The synaptinemal 
complex" is a structure in which such an exchange might 
be occurring. The process should require turnover of 
part of the DNA. It is difficult to predict how extensive 
such a turnover would have to be, first, because it would be 
dependent on the ratio between master and slave DNA. 
and, second, because the discarded slave might be used for 
construction of the new master. It is interesting, however, 
that incorporation of precursors into DNA has recently 
been reported to take place during meiosis!*. 


Self-promotion leads to Polymorphism 


An advantage of a self-promoted frequency increase, by 
whatever mechanism it arises, is that a rare recessive 
allele would be able to spread even when selected against 
phenotypieally. Further spread would be possible when 
the negative aetion decreased and would not require 
positive selection. 'The presence of alleles of similar, but 
not necessarily identical, survival values would lead to 
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polymorphie conditions, irrespeetive of the pressures 
due to true mutations. 


Significance of Breeding Groups 

The proposed mechanism implies that the existence of 
different breeding groups within a species is of paramount 
importance for its possibilities of long term genetic 
adaptation, because this would provide the species with a 
large number of different recessive alleles. With.a certain 
amount of "leakage" between different groups sexual 
recombination will permit successful mutants frem differ- 
ent groups to be combined through the action of selection. 








Transcription of Slaves modifies Dominance 

So far, I have only mentioned the transcriptional 
funetion of masters and none of the possibilities for the 
slaves to function in transcription. For certain reasons it 
is likely that the slaves are involved not only in genetic 
adaptation but also in genetic expression. The cell pro- 
bably does not let a large amouns of DNA lie idie when it 
could be used in transcription and gene expression. 

One argument in favour of this idea is as follows. 
Different species of amphibia have widely different DNA 
contents per genome (ref. 13 and my unpublished work 
with J. G. Gall). But the fraction of ribosomal cistrons 1s 
relatively constant in percentage of the tetal DNA 
content (personal communication from J. G. Gall) It is 
likely that the output of messengers keeps track with the 
produetion of ribosomes. If so, the producticn of mes- 
senger RNA may be related to the DNA content rather 
than the number of genes. 

The most important reason for transcriptiona. reinforce- 
ment of a master by identical slaves, however, would be 
that such a mechanism should offer obvious advantages for 
genetic adaptation. This is because it would provide a 
direct connexion between the frequency of am allele and 
its degree of expression; in other words, the dominancy 
of a gene would increase with its frequency, simply because 
the latter is reflected in the composition of the chromo- 
mere. The genetic phenomencn which Fischer termed 
“dominance modifieation"!* is essential fer genetic 
adaptation because it permits the spread of alleles as 
recessives in spite of a lower survival value. Ewolution is 
based on the possibility of selecting for such alleles when 
they become valuable. An important aspect of this 
process is the parallel increase in frequency and dominance. 

Dominance modification has received other explana- 
tions’, but these involve genetie changes in the regulatory 
activities of the rest of the geneme and may therefore be 
less easily adaptable than a mechanism built into the gene 
and simply a function of its frequency. 

If transcriptional reinforeement of this type exists, it 
could be compatible with the observations on lampbrush 
chromosomes, that is, compatible both with the fact that 
the loop coatings are similar along chromomere loops 
which are far larger than an average sized cistron and 
with the phenomenon of an all-or-none type ofanutational 
change of this material’. 


Identifying Faithful Slaves 

A transcriptional reinforcement by identical slaves, but 
not by non-identical ones, seems to require delicate 
regulation mechanisms. One possible regulatery arrange- 
ment would be based on proteins capable of differentiating 
between different slaves. Paul and Gilmour? have 
shown that there are acidic proteins in chromatin 
showing at least organ specificity as regards their ability 
to unmask repressed chromatin. It seems doubtful, 
however, whether a specificity of the order sequired for 
spotting a single base change could be expested for the 
proteins. Furthermore. the question of how proteins of, 
the extreme diversity needed could be specified and 
produced does not seem easy to answer. A model based 
on a range of specific proteins therefore does not seem to 
be scientifically useful at present. - 
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A more attractive alternative would be constituted by 
a mechanism in which each slave is matched against the 
master in the primary gametocytes as suggested by 
Callan', but not to be corrected, rather to be identified. 
In such a situation faithful slaves could be marked in 
some way; for example, provided with a type of protein 
making them potential transeribers. Disagreeing slaves, 
on the other hand, would be silenced for good; for example, 
by being eombined with a second type of protein, or by 
some other means. There is no obvious reason why 
different chromomeres should not be able to use the same 
mechanism. If proteins are used they would not require 
any greater degree of diversity and the histones are 
therefore possible candidates for these roles. It is assumed 
that the activation pattern of the chromomere is trans- 
mitted during the intermitotic chromosome replications. 


Silenced Slaves constitute One Type of Heterochromatin 


Inaetivated slaves are not expected to serve any 
function in somatic tissues, but they would be required in 
the germ cell line to function in genetic adaptation. There 
are several examples among lower animals of somatic 
elimination of heterochromatin. I suggest that such 
heterochromatin consists of inactivated slaves. Un- 
fortunately, the term heterochromatin has been used also 
for chromatin which is made transcriptionally inactive 
during tissue differentiation and may be of a completely 
different nature—constituted by dominant genes, that 
is, masters and slaves that are potential transcribers. I 
propose that there are two principal types of hetero- 
chromatin—one made up of inactivated disagreeing 
slaves belonging to recessive genes, identical in different 
tissues when present at all outside the germ cell line, and 
the other consisting of conditionally repressed masters and 
slaves belonging chiefly to dominant chromomeres. 


Wild Type Alleles extinguished when Disadvantageous 


When a previously rare and recessive allele has become 
the common one and the dominant one, the previously 
dominant allele becomes rare and more recessive. At 
first sight the model may seem to give rise to difficulties 
for further evolution, for it might seem that the self- 
promoting mechanism would prevent a species from 
eliminating a previously wild type allele which has become 
disadvantageous, thereby prohibiting the creation of new 
recessive alleles. Closer scrutiny shows, however, that the 
model will work in a suitable way. The proposed model 
should have the effect of efficiently extinguishing a pre- 
viously common allele which has become disadvantageous. 
This is because the slaves represent the master population 
during a period of generations as far back as there are 
slaves. Consequently, according to the proposed mechan- 
ism of dominance modification, the now disadvantageous 
allele cannot escape for many generations to be selected 
against because faithful slaves will long be present to 
support it in the phenotype. Selection should therefore 
efficiently eliminate it in master positions. The old wild 
type slaves will die out in due course, for master segments 
from which they can be regenerated should soon be 
lacking. 


Significance of Cell Size 

The size of a chromomere may be determined simply by 
the necessity of providing sufficient slaves to make 
possible efficient elimination of old wild type alleles. The 
elimination must be efficient in view of the proposed self- 
promoting mechanism in the generation of new recessives. 
Consequently, cell size (which is dependent on the diploid 
DNA content) can be seen ultimately as the result of this 
single necessity for efficient genetic adaptation. 

Variations in DNA content among different species 
might be a consequence of breeding group sizes and 
interrelationships, adapted so as to extinguish most 
efficiently old wild type alleles in the breeding conditions 
of thegpecies in question. 
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Explaining Self-promoted Frequency Increase 

Although aware of the unavoidable highly speculative 
nature of any model which can explain a self-promoted 
frequency increase for a rare and recessive allele, I would 
nevertheless like to make the suggestion that the frequency 
increase may simply be a consequence of inhibited master 
segment duplication in the wild type allele. The pre- 
viously proposed model, giving a representation of the 
population of master alleles in each chromomere, is 
based on duplication of the master segments during 
meiosis, and on an exchange of the second of the two 
tandemly arranged duplicated cistrons between the 
allelic chromomeres. There might be a dependence of 
master segment duplication on transcriptory activity in 
the whole chromomere and a tendency for masters in 
highly active chromomeres not to become duplicated. 
If so, the exchange which is usually supposed to take 
place between the two, second in order, duplicated master 
segments, may occur between the non-duplicated master 
segment of the wild type allele and the duplicated second 
master segment of the recessive allele. The effect would 
be to increase the frequency of the rare allele. 

The tendency need only be quite slight to account for 
the need to create recessives, and may therefore not be 
observable as deviations from Mendelian offspring ratios. 
A rare recessive present as 1 per cent of the gene pool is 
eliminated by selection at a maximal rate of one per 
hundred alleles per generation. This requires a re- 
generation of recessives of the same size and means that in 
one out of fifty diploid gametocytes from a heterozygous 
individual there must be a carry-over of a duplicated 
recessive master to the wild type allele without a reciprocal 
transfer. 

According to the proposed model, self-promotion is not a 
direct consequence of the information concerning the allele 
pool built into the chromomere, but rather it is an indirect 
result insofar as the composition of the chromomere is 
assumed to have an effect on transcription, and trans- 
scription, in turn, to have an effect on master segment 
duplieation. 


Operational Unit in Evolution 


It has been assumed that the operational unit in evolu- 
tion, that is, the master with his slaves, has a morpho- 
logical correlate in the chromomere. It may be preferable 
at the moment not to implicate a certain chromosomal 
structure as an obligatory correlate in view of the relative 
lack of knowledge about chromosomal fine structure in 
higher species. I therefore suggest that the proposed 
unit be called the evolvon. 
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Properties and Uses of Human-Mouse Hybrid Cell Lines 


by 


YUTAKA MATSUYA* 
HOWARD GREEN 
CLAUDIO BASILICO} 


Department of Pathology, 
New York University School of Medicine 


A RECENT article! described the production of cell lines 
which are somatic cell hybrids between human diploid 
fibroblasts and an established culture line of mouse fibro- 
blasts (clone 1D). These hybrids were novel in that 
while they contained substantially the entire mouse 
chromosome complement of cl 1D, their human chromo- 
somes constituted only a fraction of the diploid comple- 
ment. This was already the case at the earliest time the 
karyotype was examined, and on continued cultivation 
the number of human chromosomes declined even further. 

We now describe some general properties of such 
hybrids as related to their human chromosome content, 
and the systematic development of "reduced" hybrids 
containing only small numbers of human chromosomes. 
The chromosome bearing the human gene for thymidine 
kinase (TK) is identified, and the hybrid cell is considered 
as a general system for the localization of human genes. 
Effects of human chromosomes on the growth rate of 
hybrid cells are also examined. 

Hybridization was carried out as described previously’, 
using two different human strains (FA skin fibroblasts 
from a 7 year old boy with Fanconi’s anaemia and WI-38 


* Present address: The Research Institute for Tuberculosis, Leprosy and 
Cancer, Tohoku University, Sendai, Japan. 

+ Fellow of the Leukemia Society, on leave from the International Labora- 
tory of Genetics and Biophysics, Naples, Italy. 
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Staged reduction of the chromosome complement of human-mouse 
hybrid cells has made possible the identification of the chromosome 
bearing the human gene for thymidine kinase. i 
chromosomes on the growth rate of hybrid cells are examined and . 
the possibility of making further chromosomal assignments for 
human autosomal genes is discussed. 


Effects. of human 


fibroblasts from embryonie lung) and one mouse line, 
cl 1D, whieh has no detectable thymidine kinase (TK-. 
ref. 2). Two hybrid populations were mad FAM (FA x 
cl 1D) and HM (WI-38xcl 1D). Mixtures of el 1D and. 
the human fibroblasts were made in a proportion of 100 : 1, 
and after 2 days HAT (hypoxanthine, sminopterin, 
thymidine) was added to the medium. Cells raust contain 
thymidine kinase activity in order to survive in this 
medium. By 1 week later all cl 1D cells had. been killed, 
and the cultures consisted of the TK* human diploid 
parent and a few developing colonies of hybrid cells. 
After the colonies had grown to appreciable size (^ 100 
cells) some were isolated and transferred. Two of the 
clones of FAM and one of HM (HM-C) were used in all 
the studies reported here. 


Loss of Human Chromosomes from the Hybrid Cells 
In FAM-1 the chromosomes were first examined at 
approximately eighteen generations after fusion. At this 
time there was an average of 102 human ehromosomes 
per cell (Fig. 1). (Values for total number of human 
chromosomes may be slightly low in view of the relative 
difficulty in distinguishing those of group € from those 
of cl 1D. See ref. 1.) This was about the maximum 
number of human chromosomes previously observed in à 
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Generations after hybridization 


Fig. 1. Loss of human chromosomes from hybrid cells in the course of serial cultivation. ST, Standard medium. 





1200 


Table 1. RATIO OF HUMAN CHROMOSOME LENGTH TO THAT OF THE "D" 


CHROMOSOME OF cl 1D 


No. of 
measurements 
Mouse “D” : TK human 3-4 H 
Mouse “D” : C-like human 22 12 
Mouse '' D" : average human group E* 3:5 3 
Mouse “D” : average human group C* 2:5 3 
Mouse “D” : average human group B* r6 3 


* From hybrid cell containing fourteen human chromosomes’. 


similar cross between cl ID and WI.38 (ref. 1) Fig. 1 
shows how, over the course of serial culture in standard 
medium, human chromosomes progressively disappeared 
from the hybrid cells. After seventy cell generations, 
approximately 75 per cent of the FAM-1 cells possessed 
no identifiable human chromosomes. Random isolation 
of clones from such cultures gave rise to some pure popula- 
tions of this type. Such a clone, FAM-1 (H-), had a 
karyotype indistinguishable from that of el 1D which is 
shown in Fig. 24. Cultures of HM-C behaved similarly 
(Fig. 1B) except that the rate of loss of human chromo- 
somes seemed to be slower. 

In both FAM-1 and HM-C human chromosome loss 
was slower in HAT medium than in standard medium. 
Even after eighty cell generations, the mean human 
chromosome number remained higher than two in both 
lines and no cell examined was free of human chromo- 
somes. Hybrid cell populations growing in the presence 
of HAT must be expected to retain at least the human 
chromosome containing the gene for thymidine kinase. 
Such cells were in faet found to contain the enzyme and 
were therefore designated as TK+t. 

Fig. 2B shows the karyotype of a TK* hybrid cell of 
FAM-1 which had been serially cultivated in the presence 
of HAT for about 100 cell generations. The mouse 
chromosomes (nine large metacentrics and forty-three 
telocentries) are seen to have remained almost unchanged 
from their state in the el 1D parent. Two submetacentric 
chromosomes (lowest row) clearly do not belong to the 
cl 1D karyotype, and may be assumed to be the remaining 
portion of the human complement. From the overall 
appearance of the chromosomes, they might belong to 
groups C, E or possibly B. Their sizes were measured 
relative to that of the mouse “D” chromosome in a dozen 
metaphase figures, and compared with the relative sizes 
of human chromosomes to the “D”? chromosome in a 
hybrid eontaining members of all the human groups. 
From Table 1 it can be seen that the chromosome on the 
lower left of Fig. 2B corresponds in size to a human C 
group, and that on the lower right to à human E group. 

A culture of this hybrid cell type (TK+) was removed 
from HAT medium and placed in medium containing 
bromodeoxyuridine (BUDR)!. In these conditions the 
presenee of thymidine kinase is lethal. Most of the cells 
were killed, but enough survived to give rise to a con- 
fluent culture within 2 weeks. The karyotype of the 
surviving population is shown in Fig. 2C. The chromo- 





Table 2. THYMIDINE KINASE ACTIVITY OF HYBRIDS AND RELATED CELL 
LINES 
Cell line Activity (units) 
L cells (wild type) 1,112 
L cells TK- (c1 1D) 0(«10) 
WI-38 900 
HM-C TK* 418 
HM-C TK- 0 
FAM-1TK* 700 
FAM-1TK- Q 


Exponentially growing cells were collected by versenization, washed twice 
in cold tris buffered saline, and resuspended in 10-* M tris pH 8:0 containing 
mercaptoethanol (1:5,000). The suspension was subjected to ultrasonic 
disintegration. After centrifugation at 12,000 r.p.m. for 45 min the super- 
natant was used as a crude enzyme preparation. One enzyme unit is that 
required to phosphorylate one nemole of TAR per mg protein in 10 min at 
amo (s 
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somes are seen to be no different from those in the HAT 
grown population, except that the human group E 
chromosome is no longer present. Because these cells no 
longer contain thymidine kinase activity (Table 2), the 
gene for this enzyme must have been located on the 
missing E group chromosome. The other chromosome, 
corresponding in size to a human group C, possibly No. 9 
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Fig. 2. Karyotypes of cl 1D and its reduced hybrids with human fibro- 
blasts. A, CIID. Total of fifty-two ehromosomes, including forty-three 
telocentrics and nine large metacentrics. The “D chromosome is in the 
upper left hand corner., B, Reduced hybrid FAM-1 (TK*). The TK 
chromosome is at bottom right, and the human c-like chromosome is at 
bottom left. The remaining chromosomes are those of el 1D, C, Reduced 
FAM-1(TK-). The TK chromosome is no longer present, but the human 
C-like ehromosome remains, and shows a marked constriction (see text). 
D, FAM-2 (TK^). The only definitely human chromosome is the same 
member of group E seen in FAM-1 (TK*). E, FAM-2 (TK-) The 
group Æ chromosome has been eliminated. 


or No. 10, is still present. We are indebted to Dr Park 
Gerald, of the Children's Hospital, Boston, for first calling 
our attention to inconsistencies connected with the earlier 
suggestion! that the TK chromosome was a member of 
the C group. He believes that the TK chromosome is 
No. 17 or possibly No. 18. The other ehromosome, which 
does not belong to the cl 1D karyotype, could be the No. 9 
human, which is known frequently to show a secondary 
constriction in the long arm. The No. 9 chromo- 





NATURE, VOL. 220, DECEMBER 21, 1968. 


Ta th) 





1201 





10 8 6 4 2 0 10 8 6 4 2 30 
Mean No. of human chromesomes 
Fig.3. Dependence of growth rate of hybrid cells on the number of human chromosomes. 
some of the human parent cell (FA), however, does not Table 4. LABELLING OF NUCLEL OF ENPONENTIALLY GROWING CELLS, 


have a constriction similar to that of the C-like chromo- 
some of the TK- hybrid (Sandra Wolman, personal com- 
munication). It is, of course, possible that this chromo- 
some has resulted from a translocation, and is only partly 
human. 

Figs. 2D and 2E show a similar sequence in FAM-2, à 
subclone isolated from FAM-1 early in its history. In 
this case the reduced TK* cell has only one human 
chromosome, the same member of the E group, and the 
TK- elone, isolated from the survivors in BUDR, has 
none. Similar TK* and TK- reduced hybrids have been 
prepared from HM-C. 

Confirmation of the loss of the thymidine kinase gene 
was obtained by analysis of extracts of exponentially 
growing populations for enzymatie activity by a modi- 
fication of the method of Kit et al”. Wild type L cells 
and the WI-38 human fibroblasts (see Table 2) have 
approximately the same enzyme activity, while the cl 1D 
parent cell has none. The reduced HAT grown hybrids 
of HM-C and FAM-1 both have abundant thymidine 
kinase activity, though less than the WI-38 strain, 
which must contain two copies of the TK chromosome. 
Both reduced hybrids selected for loss of the TK chromo- 
some by growth in the presence of BUDR contained no 
detectable thymidine kinase activity. 


Effect of Human Chromosomes on Growth of Hybrid 


Clone 1D, the mouse cell parent of the hybrid, grows 
with a doubling time (74) of approximately 15 h in 
standard medium. At the time the hybrids were made, 
the human diploid parent cells were growing quite slowly. 
On continued subeulture, FA, like WI-38 (ref. 4) and 
other diploid human fibroblast strains*, loses its ability 
to grow altogether. 

The growth rates of hybrid cells FAM-1 and HM-C 
and their relation to the number of human chromosomes 


Table 3, INFLUENCE OF HUMAN CHROMOSOMES ON GROWTH RATE OF HYBRID 


CELLS 
Cell type Ta (h) 
el iD 155 
el 1D 164 
FAM-1(H^) 17-8 
FAM-1 (H>) 18-0 
FAM-1 (TK-) 18-7 
FAM-1 (TK-) 16-6 
FAM-1 (TK) 17-8 
FAM-1 (TK?) 22-5 
FAM-1 (TK*) 24-0 
FAM-1(TK+) (10 
human chromo- 
somes) 37-0 


FOLLOWING EXPOSURE TO *H-THYMIDINE 


No. human Ta Per cent of anelel 
Cell line chromosomes th} tobelled 
HM2P5* 75 36 8 
HM-C 63 26 
HM-C r8 23 
L-cellst 0 19 





* Hybrid WI-38 x el 1D (1). 
t Wild type (TK*). CI 1D cannot be tested, because it does not incorporate 
thymidine. 


contained are shown in Fig. 3. Hybrid cells containing 
about ten human chromosomes doubled in 35-60 h. As 
human chromosomes disappeared from the hybrid cells, 
their growth rate increased, aad as the mean human 
chromosome number fell below four, the T4 dropped to 
the range of 25-30 h. 

The effect of even a single human chromosome on the 
growth rate of hybrid cells is shown in Table 3. Cl 1D 
has a doubling time of 15-16 h. FAM-1 cells which had 
lost all human chromosomes FAM-1(H-), and the reduced 
FAM-1(TK-) line described earlier, doubled in 16-19 h, 
values which may not be significantly greater shan those 
for cl 1D, the mouse parent line. The presence of the 
human C-like chromosome in the FAM-1(TK-) does not 
seem to slow the growth of the cell; perhaps that is why 
this chromosome has managed to persist in the popula- 
tion. However, FAM-1(TK*) differing from FAM.-ICPK-) 
only in the presence of the TK chromosome: definitely 
grows more slowly, doubling in approximately 23 h. 

We tried to find out how the presence of a ‘ew human 
chromosomes leads to slowing of the growth rate. Cul- 
tures of hybrids with different human chromosome comple» 
ments and growing exponentialiy were incubated with *H- 
thymidine for 1 h, fixed, washed and autorasiographed. 
If slowing of the growth rate were due to reduction of 
the rate of DNA synthesis, this would be seen as an 
increase in the duration of the 8 period, amd the pro- 
portion of the cells incorporating thymidine should be 
increased. If the slowing occurs in any other period of 
the division cycle, the effect should be to reduce the pro- 
portion of labelled cells. Table 4 shows that the hybrid 
lines possessing a greater number of human chromosomes 
and a slow growth rate have a smaller proportion of 
labelled nuclei than those growing faster anc possessing 
fewer human chromosomes. This does not. of course, 
mean that the presence of human chromosomes has no 
effect on the length of the S period, but that the pre- 
ponderant effect in slowing growth rate is exerted at 
other stages of the growth cyele. 
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Effect of Human Chromosomes on Other Properties 


The number of human chromosomes was observed to 
have a marked effect on the saturation density attained 
by cultures of the hybrid cells when growing in standard 
medium. The saturation density attainable by the human 
diploid parent just prior to the hybridization was fewer 
than 10* cells/em?, while cl 1D in the same conditions 
reached over 7x 105/em*?. Hybrid cells containing eight 
to ten human ehromosomes reached a saturation density 
of only about l05/em?. The human chromosomes are 
therefore not only able to limit the growth rate of 
the eulture in sparse eulture but also have the effect of 
inereasing contact inhibition of cell division (see also 
ref. 6). As the human chromosomes disappeared, the 
hybrid cells were able to reach increasing saturation 
density, ultimately over 6 x 105/em?, approaching in this 
respect the behaviour of el 1D. 

The possession of genes with morphogenetic potential 
can be attributed to the TK chromosome by comparing 
the appearance of FAM-1(TK*) and (TK-) cultures. The 
TK* cells appear quite similar to TK- in sparse culture, 
but in dense culture tend to elongate, orient parallel to 
other cells, and retract focally. This effect may be the 
consequence of cell membrane substances the genes of 
which are located on the TK chromosome, because cell 
membrane antigens of human origin have been detected 
immunologically in hybrid cells possessing even a small 
number of human ehromosomes!. The TK- cell cannot 
be distinguished from cl 1D so that no similar effects can 
be ascribed to the human C-like chromosome of the 
reduced FAM-1 hybrid. 


Use of Hybrid Cells for Localization of Human Genes 


One of the principal ideas underlying the development 
of somatie cell hybridization by Ephrussi and colleagues 
has been that of applying genetic analysis to somatic 
cells. But a major difficulty was soon seen to be the 
absence or relative incompleteness of chromosome loss 
or segregation in the hybrid cells*-?. This is still true of 
most interspecies hybrids!" and no general method 
exists for inducing such a loss. It therefore seems quite 
fortunate for the study of human gene localization that 
human chromosomes are lost so extensively and regularly 
from hybrids between human and mouse. The examina- 
tion by Harris et al. of dividing synkaryons of mouse 
and human cells very early after fusion showed complete 
sets of chromosomes from both parents, so it seems likely 
that loss of human chromosomes begins with the early 
divisions after synkaryon formation, and requires a number 
of divisions to become appreciable. "Though the process 
has been followed to the end (2, 1 or 0 human chromo- 
somes) in only a few cases so far, loss of human chromo- 
somes seems to be quite regular, and has been observed 
not only when the human parent cell was a diploid fibro- 
blast, but also when it was an SV40 transformed fibro- 
blast!?. Most recently we have found it to oceur in HeLa- 
mouse cell hybrids. 

It is therefore possible to envisage the use of hybrid 
cells in à general attempt to make chromosomal assign- 
ments for human autosomal genes. Though quite a 
number of human genes have, from the pattern of in- 
heritance, been located on the sex chromosome, only 
rarely?! has localization been possible for autosomal genes. 
It is possible, without using selective agents, to try to 
relate the presence of a human gene product to the 
human chromosomes persisting in a mouse-human hybrid. 
But the cell populations will probably be heterogeneous 
with respect to human chromosome content. This appears 
to be the chief problem in human-mouse hybrids con- 
taining human collagen genes (unpublished observations). 
The populations can, of course, be easily cloned, but 
heterogeneity redevelops quite rapidly. 

e 
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The problem of heterogeneity can be dealt with only 
by a selective method. A variety of variant mouse lines 
must be prepared, each of which lacks a gene with sur- 
vival value under given cultural conditions. Each line is 
then hybridized with wild type human diploid fibroblasts, 
and by continuous growth under the respective selective 
conditions the unnecessary human chromosomes are 
eliminated while the one bearing the gene with survival 
value is retained. A battery of reduced hybrids each with 
a single human chromosome can probably be prepared in 
this way. By testing for the presence of human gene 
products, chromosomal assignments could be made for the 
corresponding gene. 

The experiments reported here, as well as nearly all 
other chemical selections for hybrid cells reported pre- 
viously, have been based on the ingenious method 
described by Littlefield’, which uses aminopterin as the 
selective agent. The cell requires thymidine kinase and 
inosinie acid pyrophosphorylase (IPP) together with 
externally added substrates in order to survive. A 
reduced IPP* hybrid could probably be prepared from a 
hybrid between an enzyme deficient mouse line and a 
human diploid fibroblast by continuous growth of the 
hybrid in the presence of HAT. It is known from studies 
on Lesch-Nyhan disease! that the gene for this enzyme 
is sex linked, so the retained human chromosome should 
be the X ehromosome. 

A selection method for other specific human chromo- 
somes in a hybrid cell might be achieved if the mouse 
parent cell could be rendered auxotrophic for an amino- 
acid or other growth factor. The relevant human chromo- 
some could then be kept in the karyotype by serial 
cultivation in the absence of the growth factor. Though 
auxotrophs of mammalian cells have not been at all 
common, a proline requiring hamster cell line!’ and 
asparagine requiring mouse lines are known. To increase 
the ease in distinguishing the human chromosomes in the 
hybrids, the variant mouse line should probably be pre- 
pared from a mouse line which has only telocentrie 
chromosomes, rather than el 1D. 3T3 would appear to 
be a good candidate, for it gives rise to TK- variants and 
hybridizes well with different cell types including human 
(our unpublished observations). 

The human genes that could receive chromosomal 
assignments from studies on hybrids of the type described 
here would be limited to those expressed in fibroblasts. 
These are, of course, numerous, but do not include many 
differentiated functions. They would include, however, 
genes necessary to support the multiplication of viruses, 
including the membrane substances necessary for attach- 
ment and penetration. 
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CELLS transformed by carcinogenic agents can acquire 
properties not shown by the normal cells from which they 
were derived. These properties include a lack of contact 
inhibition of cell replieation between the same type of 
transformed cells, an increased cloning efficiency in liquid 
medium, the ability to form colonies in soft agar and the 
ability to form tumours £n viro. 
become hereditary characteristies of the transformed cells. 
Once this hereditary transformation has occurred, two 
questions arise: (a) to what extent can transformed cells 
again lose these properties, and (b) in the case of virus 
transformed cells, is a loss of these properties necessarily 
associated with a loss of the virus genome ? 

We have carried out experiments to try to answer these 
two questions, and to establish an efficient method for 
the selection of cell variants which have reverted for the 
properties characteristic of transformed cells. The experi- 
ments included the use of cell layers which had been fixed 
with glutaraldehyde in order to investigate the mechanism 
of contact inhibition of cell replication. It was found that 
there can be a high frequency of variants with a reversion 
of properties found in transformed cells, and that such 
variants can be very efficiently selected on monolayers of 
normal cells fixed with glutaraldehyde. This article 
describes results obtained with clones of cells transformed 
by polyoma virus which had been cultured for about a 
year after the initial virus infection, so that cells with a 
temporary change of the type that occurs in the “abortive 
transformation” found a few days after virus infection! 
were no longer present. 

Cells were grown in 50 mm Petri dishes in Eagle’s 
medium with a four-fold concentration of amino-acids 
and vitamins and 10 per cent calf serum. Secondary 
cultures from minced whole embryos of golden hamsters 
served as a source of normal cells. The transformed cells 
consisted of hamster embryo cells transformed by polyoma 
virus after inoculation with large plaque virus LP11 (ref. 
2). After seeding in soft agar’, one transformed colony 
was isolated. The culture derived from this colony was 
subcultured for thirty-seven passages, then recloned three 
times on X-irradiated rat embryo cell feeder layers, and 
the clones subcultured twice before the cells were frozen 
for storage at — 90° C in Eagle's medium with 10 per cent 
calf serum and 10 per cent dimethylsulphoxide. After 3 
months in the freezer, one clone, clone A, was thawed and 
again subeloned. Four subelones were used, one of which, 
Al, was isolated after seeding cells in fluid medium. The 
other three clones, A2, A3 and A4, were isolated from soft 
agar. Cells were usually subcultured every 3—4 days, and 
the cells were dissociated with a solution of 0-125 per cent 
trypsin and 0-01 per cent versene. Feeder layers were 
made from secondary or tertiary rat embryo cultures 
X-irradiated with 4,000 r. After irradiation, 5 x 104 cells 
were seeded per 50 mm Petri dish in Eagle's medium with 
10 per cent foetal calf serum. 

The bottom cell layers were prepared by seeding 3 x 10° 
normal cells or 3-5 x 10* polyoma virus transformed cells 
per 50 mm Petri dish in Eagle's medium with 10 per cent 
calf serum. Fixed bottom cell layers were prepared by 
fixation with glutaraldehyde. A 25-3 per cent cold solution 
of glutaraldehyde containing barium carbonate for the 
adsorption of oxidized derivatives was mixed with 


These properties can’ 


Clones of polyoma virus transformed cells in which the transformed 
state has become a hereditary cellular property can produce a high 
frequency of variants with a reversion of properties characteristic 
of transformation. 
the virus genome. 


This reversion is not associated with a loss of 







activated charcoal. After filtr 
filter paper, the solution was kept in the 
as a stock solution (for not more than 3 weeks). The stc 
solution was mixed with cold phosphate buffer (pH 7-3) 
to give a 1 per cent solution of glutaraldehyde in phosphate 
buffer, filtered through a ‘Millipore’ filter (0-451). and then 
used as the fixative. The confluent bottom cell layers were 
fixed about 16 h after seeding. For fixation, the cell lavers 
were washed twice with 10 mL of phosphate buffered 
saline (PBS), 5 ml. of cold fixative was added 
and the plates were kept for 24 h at 4° The sell layer 
were then washed twice with 10 ml. of cold PBS, followed 
by twelve washings with PBS at room temperature, two 
successive washings every hour. Washings, before and 
after fixation, were carried out very carefully using pipettes 
with a wide opening to avoid tearing the bsttom cell 



























layers. The similar growth rate of mass cultures of polyoma. 
virus transformed cells on fixed polyoma virus transformed 





cells and on empty Petri dishes indicated that. there was 
no more toxic effect of glutaraldehyde in the fixed mono- 
layers after this washing procedure. The fixed cells were 
not viable as measured by staining with trypan blue (0-025 
per cent w/v in PBS). 

To count or isolate colonies formed on fixed sell layers, 
a solution of 5 mg/100 ml. of neutral red in PBS vas added 
for 10-20 min. In these conditicns, the colonies consisting 
of viable cells were stained red, while the fixed' cell layers 
remained colourless. If a better contrast was meeded, the 
fixed bottom cell layers were stained with trypan blue 
before the addition of neutral red. The colonies, either on 
fixed cell layers or on feeder layers, were picked without 
trypsinization, by using 2 ml. p:pettes, and transferred to 
50 mm Petri dishes containing 2 ml. of Eagles medium 
with 10 per cent foetal calf serum. Two days later another 
2 ml. of medium was added. When the eultures became 
crowded, the cells were passaged with trypsin-versene to 
new plates in Eagle's medium with non-foetal calf serum. 
The next passage was made at two cell densities, to 
facilitate determination of the morphology ef the cells 
2-3 days later. If, in these cultures, it was difficult to 
determine whether the morphology of the c was fibro- 
blastic, as in the parent clones, or epithelioid, as in the 
variants, one or two more passages were made. 

Contact inhibition of cell replication was measured by 
the ability of a sparse layer of eells marked with carmine* 
to multiply when seeded on a confluent layer c? unmarked 
cells. A 2 per cent w/v suspension of carmine in PBS was 
autoclaved. The suspension was then well shaken and 
allowed to stand for 5 min se that large aggregates, if 
any existed, could sediment. À sample of the supernatant 
(1 ml.) was added to a test tube containing 19 ml. of 
Eagle's medium. The suspension was again well shaken 
and allowed to stand for 5 min. A sample o! this super- 
natant (0-8 ml.) was then added to 100 min Petri dishes 
containing 2x10* cells cultured in 10 ml of Eagle's 
medium with 10 per cent calf serum. The ermine was 
left in the cultures for 1 day, after which the caltures were 
washed twice with Eagle's medium and the celis suspended 
with a solution of 0-125 per cent trypsin and 6-01 per cent 
versene. The cells were then washed twice and re-sus- 
pended in Eagles medium. The cells that had phago- 
eytosed carmine, which will be referred to as red cells; were 
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Table 1. CLONING EFFICIENCY AND PERCENTAGE OP EPITHELIOID VARIANT 
COLONIES ON FEEDER LAYERS AND ON FIXED NORMAL OR POLYOMA VIRUS 
TRANSFORMED CELLS 


No. of 
No. of Percent- epi- 

No. of colonies No.of No.of age of thelioid 

Clone Bottom layer cells per 100 colonies V. wt epi- colonies 

seeded/ cells exam- theliold thelioid per100 

plate  seeded* ined colonies colonies cells 

seeded 
A Feeder 100 90 90 15 17 15 
Fixed normal 800 35 60 48 80 28 

Fixed clone A 200 52 81 9 11 

Al Feeder 100 50 101 18 18 9 
Fixed normal 800 13 70 63 90 12 
Fixed clone Al 200 34 68 7 10 3 
A2 Feeder 300 50 112 16 13 7 
Fixed normal 300 10 128 125 97 10 
Fixed clone A2 300 23 126 24 20 5 
A3 Feeder 100 25 100 15 15 4 
Fixed normal 1,000 8 84 70 83 7 
Fixed clone A3 200 20 56 4 7 1 
A4 Feeder 300 62 130 13 10 6 
Fixed normal 300 15 113 108 96 14 
Fixed clone A4 300 32 87 15 17 5 


Clone A was tested 3 months after isolation, clones Al and A3 3 weeks, 
and clones A2 and A4 6 weeks after isolation. Cells were grown on X-irradiated 
rat embryo feeder layers in Eagle’s medium with 10 per cent foetal calf 
serum and on fixed bottom layers in Eagle's medium with 10 per cent non- 
foetal calf serum. The different polyoma virus transformed clones were 
seeded on different batches of feeder layers. 

* Colonies were counted at 10-14 days after plating. The results are based 
on eight plates per point, 


counted before seeding in a haemocytometer using a x 10 
ocular and a x 40 objective. Preparations which contained 
large amounts of free carmine particles, or in which the 
percentage of stained cells was less than 90-95 per cent, 
were not used. The red cells were seeded in 1 ml. of Eagle’s 
medium on top of bottom cell layers, or on empty plates, 
eontaining 5 ml. of Eagle's medium with 10 per cent calf 
serum. The number of red cells attached to the bottom 
layer was counted in a haemocytometer at about 8 h after 
seeding. Owing to the dilution of red particles in repli- 
cating cells, the time in which the cells that were not 
inhibited had undergone about three divisions was used 
as the final period for counting red cells. For the counting 
of red cells, the cultures were carefully washed once, 
suspended in the trypsin-versene solution, and counted 
in a haemocytometer. Before the samples were taken 
for counting, serum was added to the cell suspension to 
stop the action of trypsin. Cells with a minimum of 
three aggregates of red particles were counted as red 
cells. When the top red cells were inhibited by the 
bottom cell layer, the red cells remained heavily stained, 
whereas the cells were much less stained in combinations 
in which the top cells were not inhibited. "The result of 
each experiment was based on the counting of cells from 
two Petri dishes, and the results in the tables are the 
means from the two plates. 

For inoculation into animals, the cells were suspended 
in Eagle's medium, and inoculated subeutaneously into 
4-8 week old hamsters in 0-2 ml. of Eagle's medium. 
The animals were examined for the development of 
palpable tumours three times a week, and those without 
tumours were observed for 8 weeks after cell inoculation. 
The latency period for tumour development was taken as 
the time when the tumours first became palpable. The 
animals were seored as positive for tumours only when 
the tumours grew progressively. 


Colonies on Fixed Normal and Transformed Cells 


Cells from five polyoma virus transformed clones were 
seeded for cloning on normal and polyoma virus trans- 
formed bottom layers fixed with glutaraldehyde. The 
data on the number of colonies formed on these layers 
indicate (Table 1) that the cloning efficiency on fixed 
normal cells was lower than the cloning efficiency on 
fixed transformed cells. When colonies that had formed 
on fixed normal cells were isolated, it was found that 
the cellular morphology of 80-97 per cent of these colonies 
(Table 1) was different from the original polyoma virus 
transformed clones. In contrast to the fibroblastic 
elongated shape of the original transformed cells, the 


NATURE, VOL. 220, DECEMBER 21. 1968 


cells of these variant colonies were flattish and epithelioid 
and they did not show the random pattern of cell growth 
characteristic of the original polyoma virus transformed 
cells (Fig. 1). The variant cells were also more readily 
attached to the Petri dish, and eultures of the variants 
contained many multinucleate cells and a considerable 
degree of granulation, There was a somewhat lower 
percentage of variant colonies in these experiments at 
the higher levels of seeding (Table 1). This may have 
been a result of the presence of non-variant cells which did 
not give rise to colonies on the fixed normal layers but 
contaminated the variant colonies when isolated. Some 
variation in the percentage of variant colonies may also 
have been a consequence of the degree of conflueney of 
the bottom layers. 

The isolation of colonies produced on fixed trans- 
formed cell layers has indicated that these also contained 
some epithelioid variant colonies. In contrast to the 
80-97 per cent variant colonies obtained from fixed 
normal cells, 7-20 per cent of the colonies formed on the 
fixed transformed cells were epithelioid variants (Table 1). 


Colonies on X-irradiated Feeder Cells 


To determine whether the appearance of variant 
colonies was dependent on the formation of colonies on 
cell layers fixed with glutaraldehyde, colonies formed 
on X-irradiated feeder layers were isolated. The results 
indicate that there were also among these colonies 10-18 
per cent epithelioid variants (Table 1). These variants 
had a similar cellular morphology and growth pattern 
to the variant colonies isolated from fixed layers. Variant 
colonies were thus formed without the use of fixed layers, 
and four to fifteen variant colonies were found per 100 
cells seeded on feeder layers. It can be concluded from 
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Cultures of a parental polyoma virus transformed clone (a) and 
its epithelioid variant (b). (x 75.) 


Fig. 1. 
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the data in Table 1 that variant cells pre-existed in the 
parental polyoma virus transformed clones, and that 
they were selected with a high degree of efficiency by 
fixed normal layers. It is interesting that a higher fre- 
quency of variant colonies was observed in clone A, 
which had been subcultured for 3 months after clone 
isolation, in comparison with its four subclones, which 
had been subcultured for 3 or 6 weeks after isolation 
(Table 1). 


Saturation Density 

Two transformed clones, A and Al, and their variants 
isolated from fixed normal layers, were used to study 
some other properties of the variant cells. Samples of 
the parental transformed populations were frozen at 





14 T 





No. of cells ( x 10-*) 


24 48 72 96 
Hours after seeding 


120 144 


Fig. 2. Growth curve of clone A and its variants, Cells were seeded 
in 50 mm Petri dishes in 5 ms Eagle's medium with 10 per cent 
calf serum. 


—90? C at the time that the cells were seeded on fixed 
normal layers, and thawed when there were sufficient 
variant cells for these experiments. All studies of the 
properties of variant cells described were earried out on 
variant clones that had been in eulture for 3-8 weeks 
after isolation. A comparison of the growth in mass 
culture of parental transformed clones and their variants 
has indicated that all the six variant clones tested 
showed a marked decrease in saturation density. The 
results for clone Al and three of its variants are shown 
in Fig. 2. Results obtained with clone A have indicated 
that the parental transformed clone reached a saturation 
density of 13:5 x10* cells in contrast to a saturation 
density 5-7, 4-8 and 2-0 x 10* cells for three of its variants. 
The data thus indicate that not all variants had the 
same saturation density. The initial growth rate for 
48 h in these experiments was, however, similar when 
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Table 2. CONTACT INHIBITION OF CELL REPLICATION BETWEEN CLONE A 
AND ITS VARIANTS 
Top red cells p 

Increase in , 

Bottom No. of No.of Na. of tells. No. of celi 

cell sheet, Celi type cells at. at from 8 to divisions 

cell type 8hx10*  585-64h MAM bh from B fo 

» 105 x16 56-84 h 
None A LS B5 26 
A A 15 Ob ET 
AEP2 A i6 24 18 
Ham SV40 A L5 28 138 
AEPL A r5 2:1 rz 
None AEPL r6 70- SG 28 
AEP1 AEPI 17 38 2-1 Pi 
AEPI 16 3-8 22 rg 
Ham 8V40 AEPI 16 i0 24d 18 
EP2 AEPI 17 4-1 2-4 12 
None AEP2 4-0 20-0 16-0 24 
AEP2 AEP2 3-8 TÓ 97 I 
Ham normal AEP2 3-9 81 42 L0 
A AEP2 4+) TO 3-0 Obs 
Ham SV40 AEPZ 4-0 10-0 6-0 p3 
Ham XR AEP2 4-0 TR 3-8 t9 
AEPI AEP2 39 9-0 l id 
None AEP3 1:3 9-0 UT I 
AEP3 1:2 2:5 LPS int 
AEP3 AEP3 13 20 L4 P 


AEP1, AEP2 and AEP3 are variants derived Dom clone A. Mam SV40 = 
a line of hamster cells transformed by SV40. Ham XR, a line of hamster 
cells transformed by X-irradiation. Ham normal = tertiary: cultures of 
normal hamster embryo cells. 
the variant and parental cells were plated at the same 
seeding level. 


Contact Inhibition of Cell Replication 


Contact inhibition of cell repheation was measured. by 
the ability of a sparse layer of cells marked with carmine 
to multiply on a confluent lever of unmarked cells. 
It has previously been shown with this technique, using 
cells marked with India ink, that although polyoma 
virus transformed cells are inhibited and can inhibit 
normal cells and cells transformed by other carcinogens, 
they are not inhibited by other polyoma virus transformed 
cells from the same or different clones’. The application 
of this technique to the variants has indicated (Table 2) 
that, in contrast to the lack o? inhibition between the 
parental polyoma virus transfermed cells, the variant 
cells inhibited one another even in the case of cells from 
the same clone. The variants also inhibited and were 
inhibited by the polyoma virus transformed cells from 
which they were derived. Similar results were obtained 
with clone Al and three of its variants. 


Cloning Efficiency in Fluid Mecium and Soft Agar 

A study of the cloning efficiency of parental clones 
and their variants has indicated "Table 3) that the variante; 
all had a decreased cloning efficiency both in fluid medium: 
and in soft agar’, The amount of this desrease was 
not the same in all the varient clones. The colonies 
formed by cells from the variant clones in soft agar 
were also smaller than those formed by the parental 
transformed cells. 


Tumorogenicity in vivo 

This property was measured by the ability of cells to 
form progressively growing tumours after subeutaneous 
inoculation into adult hamsters, The results obtained 
with a parental transformed clone and two of its variants 





Table 3. CLONING EFFICIENCY OF CLOXZS A AND Al AND THEIR VARIANTS 


No. of colonies per 100 celis seeded 


Clone No. In fluid medium In soft agar 
A 73 14 
AEPI Ni 8 
AEP? NT 2 
AEPS g 0-3 

Al 7O 10 

AI EP1 g 0-02 
Al EP2 18 4 

Al EP3 18 2 


AEP1, AEP2 and AEPS3 are variants derived from clone à; and Al EPI. 
Al EP? and Al EP3 are variants derived from clone A1. Cells In fluid 
medium were cloned on X-irradiated rat embryo feeder cells, Calla were 
cloned in soft agar as described previousk*. The ‘parental transformed clones 
in soft agar were scored at 9-10 days, and-clones formed by the variants ingoft: 
agar were scored at 17-24 days after seedi ng. NT, Nob tested, 
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are given in Table 4. The data indicate that although 
cella of the parental transformed clone formed tumours 
after inoculation of 1x 10? cells, there were no tumours 
produced by cells of the variants even after inoculation 
of 1x105 cells. Inoculation of 1x 10* cells from the 
variant clones produced tumours, but the rate of tumour 
growth in vivo was slower than the growth of the parental 
clone from which they were derived. 





Persistence of Virus Genome in Variant Cells 

Five variant clones (three derived from clone A and 
two derived from clone Al) were tested for the presence 
of the polyoma virus specific nuclear tumour (T) antigen® 
by the fluorescent antibody technique as described 
previously’. All five clones showed the presence of T 
antigen in the variant cells. Two variant clones (derived 
from clone A) were tested for the amount of polyoma 
virus specific mRNA using the double step DNA-RNA 
hybridization procedure described previously*. Virus 
specific RNA was detected in both clones, and the amount 
detected was the same as in the parental transformed 
clone. Both these tests have thus indicated the persistence 
of the virus genome in the variant cells. 

The experiments described here have indicated that 
there can be a high frequency of reversion of properties 
characteristic of transformation in polyoma virus trans- 
formed clones in which the transformed state had become 
a hereditary cellular characteristic. The reversion of these 




















Table 4. TUMOROGENICITY in vivo OF CLONE A AND ITS VARIANTS 


No. of cells No. of animals Latency period for 


Clone inoculated with tumours. tumours (days) 
No. subcutaneously No. of animals Average Range 
per animal inoculated 
A 10* 2/4 40 30-50 
AEP3 10* NT — — 
ARPS 108 0/4 ~ — 
A 10* 4/4 24 16-32 
AEP3 10: NT — — 
ARPS 10* 0/4 — — 
A 10° 4j4 13 12-14 
ABP 10° 0/4 — =- 
AEPS 105 0/4 = — 
A 10 4/4 10* 7-12 
AEP3 10* 4/4 13 12-15 
AEP4 10* 4/4 14 12-17 


NT, Not tested. AEP3 and AEP4 are variants derived from clone A. 
* Average size of tumours 19 days after cell inoculation =22 x 12 mm for 
clone A, 7 x 6 mm for AEP3 and 7 x 5 mm for AEPA4, 


properties was not associated with a loss of the virus 
genome. 'The results indicate that integration of the virus 
genome into the hereditary apparatus of the cell is not 
necessarily correlated with the expression of character- 
istics such as a high cloning efficiency in liquid medium 
and soft agar, a high degree of tumorogenicity in vivo 
and a lack of contact inhibition of cell replication between 
the same type of transformed cells. Previous studies of 
polyoma virus transformed clones tested about a month 
after virus infection have indicated that at this time 
there were transformed clones which gave low cloning 
efficiencies in liquid medium and soft agar, and had no 
detectable or a low degree of tumorogenicity in vivo’. 
These results also show that properties that can be found 
in transformed eells are not necessarily expressed. 


Expression of Properties in Transformed Cells 
It can thus be concluded that properties in transformed 








properties has been induced it ean again be repressed. 
The difference in cloning efficiency found in different 
variant elones indicates that there can be various degrees 
of this repression. The data also indieate that not all 
charaeteristies need necessarily be expressed to the same 
degree. It will be interesting to determine the frequeney 
of re-reversion of variant cells and to show to what extent 
the formation of tumours in vivo after inoculation of large 
numbers of cells from variant clones and the formation 
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of some colonies in soft agar are a consequence of re- 
reversion to the parental cell type. It will also be 
interesting to characterize further the virus specific RNA 
and its translation in the variant cells, and to determine 
whether in the variant cells there has been a change in 
the virus DNA and the type of its integration, for example, 
from chromosomal to extrachromosomal. Variants with 
a reversion of properties characteristie of transformation 
that can be selected in the same way as the variants from 
polyoma virus transformed cells have also been obtamed 
from clones of cells transformed by Simian virus 40 and 
by non-viral carcinogens. The formation of these types 
of variants and the selective procedure are thus not only 
restrieted to virus transformed cells. 


Changed Surface of Variant Cells 

The normal cells fixed with glutaraldehyde inhibited 
the growth of the parental transformed cells, but per- 
mitted the growth of the variant cells. This suggests that 
the variant cells have a changed cell surface in comparison 
with the parental cells from which they were derived. 
The existence of a change in cell surface is also indicated 
by the finding that, in contrast to the lack of contact 
inhibition of cell replieation between the parental trans- 
formed cells, the variant cells contact-inhibit one another 
and contact-inhibit the parental eells. The epithelioid 
morphology and the more ready attachment of the variant 
cells to the Petri dish can also be explained by a change 
in the cell surface. Studies on the presence of the polyoma 
virus specific transplantation antigen in the variants 
should provide further data on this surface change. It 
may be relevant that the parental polyoma virus trans- 
formed cells were able to multiply at 41° C (ref. 10), 
whereas the multiplication of cells from five variant clones 
was inhibited at this temperature. 

It has recently been reported that treatment. of cultures 
of transformed cells with 5-fluoro-2-deoxyuridine can 
result in the selection of variants and that these variant 
cells occurred with a frequency of about one in 10° (ref. 11). 
Regarding the properties that have been tested, these 
variants seem to be similar to those found at a high fre- 
quency in the present study. It has also recently been 
reported that the selection of variants with chromosome 
loss from polyoma virus transformed polyploid cells by 
using a biochemical marker resulted in variants with a 
change in clonal morphology and a decreased cloning 
efficiency in soft agar. Reversion of properties accom- 
panied by the loss of detectable virus genome has been 
reported for BHK cells transformed by a strain of Rous 
sarcoma virus, Studies of the presence of the virus 
genome in the variants derived from polyoma virus trans- 
formed cells and selected for chromosome loss would be 
interesting, for chromosome loss from SV40 transformed 
cells can be accompanied by a loss of detectable T antigen. 

We thank Drs Marian Fogel and Yosef Aloni for help 
with the fluorescent antibody staining for tumour antigen 
and the detection of virus specific RNA, respectively, and 
Mr Aryeh Goldenberg and Mr Mordechai Ben-Ezra for 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Interstellar Magnetic Fields determined 
from Zeeman Effect Measurements 


Tau Zeeman splitting of the 21 em line in interstellar 
neutral hydrogen clouds provides the only direct measure 
of the line of sight component of the magnetic fields in 
the interstellar medium. It gives the field strength and 
direction on the seale of the interstellar gas complexes. 
The only other technique which gives directions, the 
Faraday rotation of the emission from the galactic and 
extragalactic sources, measures only the integrated effect 
over the line of sight through the galaxy. 

Early attempts to measure Zeeman splitting’ con- 
centrated on the narrow absorption features in Cas A 
(Orion arm) and Tau A and detected no fields greater 
than 10 gauss. Subsequent experiments'* conducted at 
Jodrell Bank included the Cas A (Perseus arm) feature 
and several absorption and emission features. They 
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showed Zeeman effects in the Cas A (Perseus arm) spec- 
trum but were not believed to be of high significance 
because of their relatively low signal-to-noise ratio and 
inadequate baseline. Recently Verschuur* has operated 
with higher sensitivity and reported clear evidence of 
Zeeman splitting in the Cas A (Perseus arm) spectrum, 

A series of observations was made during periods in 
June, September and October 1968 using the Mark IT 
radio telescope illuminated with a high efficiency and low 
spillover feed which produced an effective circular aperture 
of 85 feet diameter. The feed system produced left and 
right hand cireularly polarized outputs. This was followed 
by a liquid nitrogen cooled parametric amplifier giving 
an overall system noise of 120°. The 3 kHz bandwidth 
multichannel receiver was switched at 72 Hz between 
left and right hand senses of circular polarization. and the 
sum and difference spectra were recorded simultaneously 
as the receiver swept in frequeney through the spectral 
features. 

The raw difference spectra ineluded a small residual 
contribution with the same shape as the absorptien profile 
which arises from the difference in polarimeter attenuation 
in the two senses of polarization. This effeet : 
rected for by subtracting such a fraction of the I 
profile as to leave no net profile in the data. ‘The sen 
this residual in the raw difference spectrum was purposely 
changed during the experiment to investigate any spurious 
effects introduced by this procedure; these were less than 
0-05 of the residual which ranged from — 2-3 to -- 07 per 
cent and were consequently small compared with the 
observed Zeeman splitting. 

The sense of polarization was monitored frequently by 
radiating a circularly polarized CW signal fron» the apex 
of the telescope towards the polarimeter receiving hom. 
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Fig. 1. 
narrow emission feature in the Orion arm which corresponds in width and velocity to the absorption feature can oe seen over the whole ares. 
surveyed. 





The true absorption spectrum (emission minus observed absorption) of Cassiopeia A compared with emiss 
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Fig.2. The observed Zeeman splitting in the Perseus arm of Cassiopeia 
A compared with that expected for a uniform magnetic field of + 15:0 
dams penetrating the entire absorption spectrum, A positive fleld is 
directed away from the observer. Three independent sets of data each 
with different profile residuals subtracted are plotted in addition to the 
sum of all the data. The polarization is plotted as left minus right hand 
{IRE definition) incident on the telescope. The noise on the observed 
data is smaller at the line centre than at the edge of the profile; the 
ratio is 0-4 at the centre of the — 48-2 km/s (229 kHz) feature. 


-Observations were concentrated on the absorption 
speetrum of Cas A which shows the strongest spectral 
features in the 21 em line. Some time was also spent on 
the absorption features of Cyg A and Tau A and several 
emission sources which, although of lower sensitivity, 
provided a check on the system performance when applied 
to different depths and widths of lines. 

The absorption spectrum of Cas A is shown in relation 
to the emission spectra surrounding the source in Fig. 1. 
The narrow absorption feature in the Orion arm is seen 
to have a counterpart in the emission spectra whereas the 
broader absorption in the Perseus arm has no obvious 
counterpart. 

The difference between left and right hand circular 
polarization in the Perseus arm absorption spectrum for 
three different sets of observations is plotted in Fig. 2. 
For each point on the spectrum the integration time is 
approximately 100 min in the three cases. The polariza- 
tion difference amounts to + 0-21 per cent of the observed 
feature depth. This is clearly detectable in 289 min of 
integration where the peak to peak noise in a 3 kHz band- 
width is observed to be +0-05 per cent. Fig. 2 includes a 
plot of the differential of the observed absorption spectrum 
which is the Zeeman pattern to be expected for a uniform 
field through the absorption feature. In the case shown in 
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the plot it represents a field of 15 pgauss directed away 
from the observer. 

, Results for the Orion arm absorption feature are given 
in Fig. 3 in which is plotted the polarization difference in 
the cases where the residual due to attenuation difference 
was small (+0-1 to +05 per cent). In each set of data 
there is evidence for a Zeeman splitting effect slightly in 
excess of peak to peak noise. Observations with a — 21 
per cent residual gave confirmatory evidence but also 
included a suggestion of a small spurious effect arising 
from the larger residual. The added data show clearly the 
presence of a sjgnificant effeet which can be attributed to 
Zeeman. splitting of the profile. Its magnitude is + 0-077 
per cent of the observed profile; this corresponds to 
X 0-053 per cent of the true absorption. 

The observed left minus right hand profile for the 
Perseus arm feature is essentially of the same form as the 
differential of the observed absorption profile. This 
indicates that the line of sight component of the magnetic 
field through each of the components of the absorption 
profile is in the same sense, being directed away from the 
observer. lt is evident, however, that the field strength 
in each component is not the same. A simple model of 
the absorption spectrum with the five components (Table 
1) was used to give an indication of the field strengths in 
the various neutral hydrogen clouds. The largest field is 
in the —36:9 km/s feature where the field is +18+3 
ugauss, and the smallest field, +7 ugauss, is in the 


kHzLst) 








\ i Observed absorption 
\ profile 


^ Zeeman effect for 
SWG 





1r OF 
| percentage 
79 min integration + of profile 
30:55 per cent residual 
i 
i em 

ra NE NIAAA 
: AM Yen 
vY d 
15 nun integration 
+037 per cent residual 









EA SE e 








91 min integration 
T OO per cent residual 





Fig.3. The observed Zeeman splitting in the Orion arm of Cassiopela A. 

Also plotted is the effect expected for a magnetic field of —3-7 gauss 

in both components. The actual field appears, however, to be oppositely 

directed in the two components. The sense of polarization plotted is 
the same as in Fig. 2. 
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Fig. 4. 
of extragalactic sources (open circles). 
CP 0328 (open squares) also give the same field direction. 


absorption spectrum of Cassiopeia 


— 46-1 km/s feature. The actual values assigned to each 
feature are somewhat dependent on the model but they 
are believed to indicate the general trend of field strengths 
in the hydrogen responsible for the Perseus arm absorption. 
The complex at 180 kHz has a rather higher average field 
(16 ugauss) than that (9 ugauss) at 230 kHz. The magni- 
tudes in the various components are similar to those 
given by Verschuur but the fields are opposite in sense. 

'The Zeeman splitting in the Orion arm feature is much 
weaker than in the Perseus arm, and it also differs in that 
a field of a single sense through the neutral hydrogen 
complex will not fit the observed data. The observed 
Zeeman pattern can be explained by the presence of a 
field with line of sight components of opposite senses 
in the main Orion arm absorption feature. A model with 
fields of approximately 2-5 ygauss in the two compon- 
ents as given in Table 1 is a good fit to the data. The next 
strongest absorption feature in the Orion arm which 
is at —5-3 km/s is relatively weak and therefore only a 
high upper limit of 10 ugauss can be assigned to it. 

In discussing these results the Perseus arm and Orion 
arm absorption features will be considered separately 
because it is probable that they are significantly different 
samples of the interstellar medium. 


Table 1. LINE OF SIGHT MAGNETIC FIELDS IN THE ABSORPTION SPECTRUM 


or Cas A 
Feature Velocity relative to Longitudinal field* 
Ls.r. in km/s (ugauss) 

Perseus arm 
(1) 230 (KHz) -485 +1142 
(2) 219 ~ 46-1 + 742 
(3) 194 — 40-8 +1445 
(4) 175 — 36-9 +1843 
(5) 161 ~ 34-0 +10+4 

Orion arm 
(1) 25 -538 «10 
(2) 8 -17 +2-6 + 0-6 
(3) 1 -02 -24409 


* A positive field is directed away from the observer. 


The absorption in the Perseus arm is large over the whole 
range of velocities covered by the emission spectrum shown 
in Fig. l, and so we eonclude that the absorption is 
representative of the major neutral hydrogen condensa- 
tions in this spiral arm. Consequently the field direction 
found in this experiment will also be representative of the 
section of this spiral arm: around Wi=111°; it indicates a 
field with a line of sight component directed away from 
the observer. This field direction can be compared with 
that derived from Faraday rotation measurements of 
galactic and extragalactic radio sources in the galactic 
hemisphere which includes Cas A. All sources between 


The sense of the line of sight component to the magnetic field integrated through the galaxy is given by the rotation measure 
‘A field direction away from the observer is indicated by a minus 
The direction deduced from the Zeeman splitting observations of the Perseus arm 
A is also away from the observer. 





gn. The pulsars AP 2015 4-28 and 


HI—-0? to 180° with |bH|«10' which have adequate 
Faraday rotation data are plotted in Fig. 4. It can be 
seen that both the extragalactie sources and the pulsars? 
indicate the same field direction as the Perseus arm 
Zeeman effect. This is to be expected if, as the velocity 
spread in the absorption spectrum indicates, the absorbing 
neutral hydrogen is typical of the whole depth of the 
Perseus arm. 

The Orion arm absorption feature has a half intensity 
width of 18 kHz which is narrow compared with the 
emission width (90 kHz) in this arm. Indeed the emission 
counterpart of the absorption feature can be seen in Fig. 1 
às one component of the emisson at neighbouring posi- 
tions. This emission feature seems to have the same 
narrow width as the absorption and is detectable over an 
area larger than 10 square degrees. It is concluded from 
the narrow width and large angular extent that it is a 
local cloud complex. This cloud appears to have structure 
in velocity and possibly also ir position as suggested by 
the doubling of the absorption feature and by the different 
Zeeman splitting in the two components. Clearly the 
Zeeman splitting in the Orion arm neutrai hydrogen 
absorption spectrum is domineted by the effects in this 
local cloud complex which shows low field strengths 
(2-5 ugauss) in comparison with the Perseus amm features. 
Approximately 80 per cent of the hydrogen in the Orion 
arm produces only weak absorption and consequently 
the experiment described here is not very sensitive to 
fields here. For example, all thet ean be deduced about the 
magnitude of the field in the feature at — 5-3 km/s is that 
it is less than about 10 ugauss. We therefore-feel that at 
this stage it is not possible te say that fields as low as 
2-5 ugauss are typical of the Orion arm. 

The field strengths derived directly from ihe Zeeman 
splitting measurements of the Perseus arm absorption 
spectrum are a faetor of 2 to 4 higher than those estimated 
from Faraday rotation measures. The discrepancy is 
not surprising, for the Zeeman measurement. gives fields 
in several discrete neutral hydrogen eomplexes whereas 
the Faraday rotation data give a measure of the field 
weighted by an as yet unknown distribution of electron 
density over the line of sight. 

The work described here confirms that the Jodrell Bank 
Zeeman effect measurements made in 1962-63 (ref. 5) 
reflected a positive result. These new measuzements with 
improved sensitivity and data reduction techniques con- 
firm that in the direction of the Perseus arm there is & 
field strength of 10-20 ugauss, as recently obtained by 
Verschuur®. The direction of the field, however, is away 
from the observer which is opposite to that deduced by 
Verschuur. The techniques now available renew the hope 
that a more extensive mapping of the galactie magnetio 
field will be made possible by these Zeeman measurements, 
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Direct Comparison of Motions of 
Neutral and lonized Hydrogen 
in the Galaxy 


ALTHOUGH it is well known that Population I objects in 
the galaxy move in approximately circular orbits, the 
detailed situation is not elear. Anomalies of various types 
have been found, non-circular components 
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Venugopal’, and Kerr*, consider that gas and stars 
show similar kinematies. Another type of problem arises 
from the different appearanee of the HI spiral pattern 
and most optically derived patterns in the solar vicinity. 
This might represent a difference between kinematic 
and photometrie derivations, or there might be a 
real difference between the positions of the different 
Population I constituents. Direct HI-HII kinematic 
comparisons can be valuable in considering relative 
locations, especially because HII regions are known to 
be probably the most useful spiral tracers in other 
galaxies. 

We turn now to the new possibilities for comparisons 
which are provided by the radio recombination line 
observations of HIT regions. The derivation of a spiral 
pattern by the kinematic method that has been used for 
HI is difficult, because there are few bright HII regions in 
the outer parts of the galaxy, and resolution of the 
distance ambiguity in the inner region is a serious barrier 
in constructing a unique model. Extent in latitude is not 
a useful criterion for distance, as is the case for the more 
extended HI regions, and resolution of the ambiguity 
must await the discovery of a good luminosity measure. 
On the other hand, the HIT observations at H 109x are 
affected negligibly by absorption effects in the intervening 
medium, so a correction for self-absorption need not be 
made, as must be done for the HI. 

If we could establish that the HI and HII have simi- 
larities in their kinematics, we would be helped enor- 
mously, for solving a problem for one case would then 
solve it for both. For such a direct kinematical comparison, 
we have used the recent observations of galactic HI made 
with the CSIRO 210 foot telescope at Parkes, NSW 
(beamwidth 14 min are, velocity resolution 7 km s-!) 
(ref. 9 and unpublished work of F. J. K. and J. V. Hind- 








are present on a regional basis, and the 
relationships between the motions of the 
various Population I constituents have not 
yet been completely worked out. Observa- 
tions of the radio recombination lines of 
hydrogen provide a new method for 
measuring velocities of one of the most 
important constituents, the regions of 
ionized hydrogen, and furthermore the 
transparency of the interstellar dust to 
radio waves makes the method applicable 
to the whole galaxy. A detailed compari- 
son between the velocities of neutral and 
ionized hydrogen is of interest in itself, and 
the comparison has the added advantage 
that the HII component can be taken as 
an indicator of the young stars. 

Miller! has compared the HI and HII 








velocities in a section of the Perseus arm 
and concluded that the motions of the two 
components were similar, in spite of the 
existence of a systematic deviation from 
circular motion in this region.  Courtés 
et ai.” have derived a spiral pattern for HIT 
regions in the solar neighbourhood chiefly 
from kinematic distances, and have found 
fair agreement with the HI diagram? which 
is, of course, entirely kinematic in charac- 
ter. These HI-HII comparisons are, how- 
ever, both restricted to our vicinity, and 
thus to the outer part of the galaxy. 
There is controversy about the relative 
motions of gas and stars. Münch’ and 
Dixon* have claimed evidence for a 
systematic difference between the motions 
of gas and B stars. Some theories for 
the maintenance of spiral structure have 
also required such a differential motion. 
On the other hand, Feast*, Shuter and 
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Comparison of Parkes 21 cm HI observations along b= 0 and NRAO-MIT H 109a 


radial velocity (black dots), 
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MULTILINGUAL SCIENTIFIC AND TECHNICAL DICTIONARIES 


Dictionary of Pharmaceutical Science and Techniques. A. Sliosberg 


M.D., Paris, France 

Volume 1: Pharmaceutical Technology. 

CONTENTS: This dictionary contains the equivalents of 7,507 technical terms used in phar 
technology. The work comprises a basic table of the English terms and their syno 
alphabetically, followed by their translation in French, Italian, Spanish and German. Ihe s 
includes indexes of each of these languages with a reference to the number in the basic tab 
corresponding translations into the other languages can be found. 


Dictionary of High Vacuum Science and Technology. F. Weber 
Leybold-Heraceus GMBH & Co., Cologne 
CONTENTS: This book contains, in German, English, French, Spanish, Italian and Rus 
used in high vacuum physics and technology. It aiso includes the most important terms 
engineering and the fields that are inherently linked to the great variety of apy 
technology. 















Dictionary of Science and Technology—English/German. A. F. Dorian 


CONTENTS: This dictionary is an easy-to-consult and clear reference source to a choice of terms from 
128 different fields of science and technology. The conveniently arranged order of words, and the 
precise indication of the fields to which they belong makes this book an indispensable aid. The fields 
covered include acoustics, aerodynamics, anatomy, astronomy, botany, building, chemistry, communica- 
tions, computer technology, electronics, electricity, geology, industrial chemistry, mathematics, 
mechanics, medicine, metallurgy, mineralogy, navigation, nuclear physics, tool-making, optics. physics, 
zoology. A German/English volume is in preparation. 210s, 





Dictionary of Russian Technical and Scientific Abbreviations. H. Zalucki 


Warsaw, Poland 

CONTENTS: This reference work contains a trilingual key for acronyms in modern scientific Russian, 
written and spoken. Every abbreviation and acronym is followed by its full Russian equivalent and 
explanatory translations in English and German. The entries cover the main branches of modem science 
and technology. 2005. 


Lexicon of International and National Units. VV. E. Clason 


formerly Head of the Translation Department, N.V. Philips’ Gloeilampentabrieken, Eindhoven, The 
Netherlands 





forms, are defined with reference to standard units, and rendered into ter leading lan 





the work. 


Dictionary of General Physics. VV. E. Clason 


formerly Head of the Translation Department, N.V. Philips? Gloeilampenfabricken, Eindhaven, The 
Netherlands 


CONTENTS: The basic word-list is in English, with differentiation of American usage, spelling a 
preference. A concise English definition of 3,400 basic terms is followec by equivalents on Fre : 
italian, Spanish, Dutch and German, which are also separately and alphabetically listed mn thumb- 
indexed sections with a numerical key to the basic table. 175s. 


Dictionary of Agriculture—Third Edition. G. Haensch and Gisella Haberkamp 









distinguish English from American usage, to differentiate between European and 
Spanish and to account for differences in linguistic usage in the German and French speaking x 
ties of Europe. ó 
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IMPORTANT TITLES FROM /L/FFE 


injection mould design 
R. G. W. PYE 


A.M.L.Mech.E., A.M.LProd.E., A.M.LE.D. Senior Lecturer in Polymer 
Engineering, Borough Polytechnic, London. 


An outstanding introduction for those with no previous experience in this field, 
discussing fully the technicalities of design in simple stages. The mould is treated as an 
assembly of units and each unit described in detail with reference to numerous 
drawings. Simple mould types are designated according to the type of ejection method 
used and a number of typical moulding examples are illustrated for each design. The 
feeding system is similarly treated. Numerous examples of types of cooling system 
are included together with worked examples of mould design. 


417 pp. 334 illustrations plus 12 pp. plates. li5s. net 118s. by post. 





rogress in high polymers 
ILIFFE P $ Edited by J. B nb A D.Sc. and F. W. PEAKER, Ph.D. 


BOOKS L TD A series designed to satisfy the demand for occasional reviews in the rapidly expanding 
e 


field of polymer chemistry. All reviews are drawn from industrial research laboratories 
42 RUSSELL SQUARE, universities and research institutes in the U.K. and abroad. 


LONDON, W.C.I VOL. Il 
CONTENTS: Physics and Physical Testing of Polymers. Diffusion Control of Homo- 


geneous Free-Radical Reactions. Cationic Polymerization. The Search for Thermally 
Stable Polymers. 


313 pp. 66 lilustrations. 95s. net. 99s. 6d, by post. 
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The new Mann Type 1350 Large Format Comparator features 
two-coordinate precision plus direct digital readout 


The David W. Mann Company has fies operation and affords unique * 10X through 40X, binocular zoom 
long been a recognized leader in the computer compatability. Other fea- microscope viewing system. 
design and manufacture of ultra- tures of the new Type 1350 Large » Film stage with pressure platen, 
precise screw type measuring instru- Format Comparator include: accommodates up to 400 feet of 9 
ments. The Mann Type 1350 Large * Accuracy of 5 micrometers or 0.001% inch film. 

Format Comparator is the newest. of total travel in either coordinate. * Optional digitizer cutput to card 
addition to the Mann line of precision Digitized readout to least count of punch device available. 


photographic data reduction instru- 


] A : one micrometer. 
ments. It provides precise, continuous 


We'd be happy to tell you more abo! 


measurement over a full area of * Continuously variable slew speeds the important advantages of the Ma 

910 mm in X by 250 mm in Y. direct to in X and Y from 15 mm per second Type 1350 Large Format Comparat 

one micrometer. Direct digital readoutof t° dug per minute with joystick as they pertain to your requirement 
control. 


measurement data on the 1350 simpli- 


* Digital format capability allows 
variation in readout order of six- 
digit words. 









DAVID W. MANN COMPANY 6i 
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Now...precise, continuous measurement 
of photographic data over the largest forma 
ever available...36" in X by 10" in Y 
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The Vickers transmitted light 
interference microsco»e offers 
still further advantages against 
the conventional systems em- 
ployed on such instruments. 

An important feature of inter- 
ferometry is that phase objects 
become visible in colour. The 
structures of such specimens 
are completely transparent, but 
because of the different optical 
thickness the applied inter- 
ferometric system . produces 
phase changes which under 
polarized light appear in vivid 
colours. These colours can 
be related to refractive indices 
and dry mass measurements 
in living cells, quite apart 
from investigations into the 
structural details of microscopic 
objects normally observed with 
a transmitted light microscope. 

The interference system is 
built into our Patholux instru- 
ment. The microscope is 
equipped with a circular stage 
and powerful light sources 
for monochromatic and poly- 
chromatic light are available. 

The interferometric system is 
based on birefringen! material 
and two optical systems are 
available for beam separation. 
One is the generally preferred 
shearing system in which the 
two foci are placed parallel 
while in the double focusing 

system the foci 


F] are arranged at 

different levels. 

5 | EH r A precision 
goniometer 


allows phase 


INTERFERENCE MICROSCOPE chanse meas- 


VICKERS LIMITED - VICKERS INSTRUMENTS 


HAXBY ROAD - YORK 
PURLEY WAY - CROYDON - CR9 4HN 


urements to be 
Lo takeh, down to 
1/120 wavelength? of light, 
and the half-shade eyepiece 
is a useful aid in making 
measurements to this degree 
of accuracy. 
Generally, the Vickers inter- 
ference microscope is simple to 
use and to adjust. 
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man), and the radial velocity measurements made on 
discrete HII regions by the NRAO-MIT group at H 1095 
at 6 em (beamwidth 6 min arc, velocity resolution 5 km s-!) 
(unpublished work of E. C. R. et al.). The HI observations 
for a particular hydrogen feature refer to a velocity which 
is averaged over the antenna beam, whereas the HII 
measurements refer to the motions of individual objects, 
and therefore retain the velocity dispersion. 

Fig. 1 shows the 21 em longitude-velocity plot along the 
galactic equator over the longitude range 347^ to 63°, 
with superposed black spots representing the projection 
on the galactic plane of H 109« observations of the HII 
regions, which are all close to the galactic equator. Within 
the solar circle, the HI system is sufficiently flat for the 
b=0 plot to give an adequate representation of the HI 
velocity distribution. One can easily see that in general 
the dots fall close to the neutral hydrogen ridges. From 
l= 348° to 0 20^, the coincidence with the low velocity 
ridge is striking. This ridge is a superposition of many 
hydrogen features between the limits of the expansion 
zone and the Sun. From the slow rate of change of 
velocity with longitude, it follows that most of the hydro- 
gen must be relatively close. In this same region of 
longitude, it is easy to recognize the high-velocity hydro- 
gen associated with the complicated expansion zone, 
extending from the galactic centre to approximately 4 kpc. 
It is clear that there are few if any HII regions associated 
with the hydrogen within this zone. Outside the expansion 
region, high-velocity HII regions suddenly appear rather 
abruptly at 7= 20°, following ridges of maximum velocity 
for the most part. Some HII regions are clearly associated 
with HI concentrations, but there is no clear correspond- 
ence in detail. 

If the kinematic behaviour of the HII regions were 
markedly different from that of the HI, a much larger 
scatter might have been expected. For instance, if the 
HII were at the same location as the HI, but in general 
were found with large peculiar velocities, one would expect 
to find some of the HIT regions at velocities well beyond 
the HI maximum velocity, and the rather close corre- 
spondence of HIT regions with the HI ridge of maximum 
velocity would not be so marked. A quantitative state- 
ment is difficult to make until more data are available, but 
it looks as though systematic velocity differences between 
the average motions of HI and HII are less than 10 km s~. 
Some systematie trends may exist in the data, for the HII 
in general seems to lie slightly off the ridge lines, in the 
sense of slightly larger velocity. More data will be needed 
to confirm this difference, but it is interesting to note that 
the Lin density wave theory of spiral structure predicts 
that the velocity will be higher on the outer side of a 
spiral arm, and also that HII regions will tend to be more 
prevalent on the outer side. 

À special exception to the general pattern can be seen 
nearthe very centre of the galaxy, where recombination 
line observations were made of all the principal eoncentra- 
tions of the central complex. Sagittarius A (G0.0-0.0) 
did not exhibit a detectable line, and no line was detected 
from several other condensations, but in (G0.5-0.0), 
(G0.7—0.0) and (G1.1—0.0) lines were found at 47, 63 and 
— 23 km s-!, respectively. The question of whether these 
are truly associated with the centre of the galaxy or are 
chance foreground objects can be settled by noting that 
the expected velocity from rotation should be very small, 
and hence the observed velocity should be attributable 
only to peculiar velocity. No such large deviations are 
evident in other parts of the galaxy, and it would seem 
unlikely that regions of such major velocity deviations 
should be accidentally aligned with the galactic centre 
and within 0-1 of the galactic plane. Further, one should 
note that these are the only HIT regions in the range 
l= 354° to l=4°. On the basis of the coincidence in posi- 
tion and their outstanding radial velocities, it seems 
reasonable to associate these regions with the rapidly 
rotating material in the galactic nuclear region. 
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This comparison indicates that, in the galawy outside 
the expansion zone, the HI and HIT show essentially the 
same kinematics, and hence must follow ‘the same 
dynamics. The HII can be taken as representative of the 
young stars in location and motion, so we can also con- 
clude that there is no systematic difference between the 
motions of the neutral gas and the young stars 

The similarity of kinematics also implies sirailarity of 
location of the HI and HII to a first order. There is, 
however, an important difference, for the giant HTI regions 
seem to be most plentiful from 4-6 kpe from the centre, 
whereas the greatest HI density is found farther out, at 
about R=8-10 kpe. Roberts’, in comparing his HI 
observations of external galaxies with optical data, finds 
the same qualitative relation in several systems. Inside 
R=4 kpe, few HII regions can be found exeeps for those 
in the immediate vicinity of the centre. Outside # = 6 kpe, 
the size of the HII regions falls off, and smaller HIT 
regions exist in the solar neighbourhood. The distribution 
of the HII regions has been diseussed in more detail by 
Burke!! and Reifenstein??, 
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Prediction of the Coronal Structure for 
the Solar Eclipse of September 22. 1968 


A METHOD of determining the large scale structure of the 
coronal and interplanetary magnetic fields bas recently 
been described'. The model originated as an attempt 
to explain the observed large scale structure ef the inter- 
planetary magnetic fields. The model has been partially 
validated by successful comparisons of the observed 
interplanetery magnetic field with a field computed 
from photospherie observations according tc this form- 
alism. I have established further evidence in support 
of the model by comparisons of the computed coronal 
magnetie structure with coronal green line (yo303) 
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Fig.!. a, Photograph of the corona of November 12, 1966, by S. Smith, 
NASA-Ames Research Center. b, Drawing of the magnetic structure of 
the corona according to the formalism outlined. 


emission*. 'The model has been further investigated by 
comparisons with the coronal structures revealed in 
eclipse photographs, and this process has suggested the 
possibility of making a prediction of the coronal structures 
to be expected at the solar eclipse of September 22, 1968. 

The model consists of a surface" which, in 
first approximation, is a sphere concentric with the Sun. 
Between the photosphere and this sphere a potential 
solution to Maxwell's equation is assumed to govern the 
large scale magnetic field. Near the surface, 
0-6 solar radii above the photosphere, the transverse 
magnetic energy density is superseded by the plasma 
energy density and thus this solution becomes invalid. 
The magnetic field above this region is “stretched” by 
the radial expansion of the coronal plasma. It is this 
coronal plasma that develops into the solar wind, trans- 
porting the embedded source surface magnetic field with 
it. Currents on the source surface are computed to approx- 
imate this effect. These currents and those necessary to 
represent the observed photospheric magnetic fields 
(Zeeman effect) comprise the sources of the magnetic 
field in this potential solution. 

The magnetic field is assumed to structure the coronal 
plasma in the region between the source surface and the 
photosphere. This results in magnetic loops or closed 
regions within the inner corona, predominantly above 
small regions of opposing photospheric magnetic field 
polarity. Uni-polar magnetic regions, observed in the 
photosphere, result in open field line configurations 
within the corona. 
this structuring in the potential solution. It has proved 
suecessful in describmg the transition from small scale 
features observed in the photosphere to the much larger 


“source 


source 


The model calculates the effect of 


NATURE, VOL. 220, DECEMBER 21. 1968 


scale features observed in interplanetary space, and in 
comparisons with coronal green line intensities. 

A further evaluation of the model can be made using 
the coronal structure revealed in eclipse photographs. 
Fig. la shows a photograph of the November 12, 1966, 
eclipse obtained by S. Smith of the NASA—Ames Research 
Center using a radial transmission filter with a 3:3 s 
exposure time. The radial transmission filter compensates 
for the large variation in brightness in the corona. This 
allows a single photograph to exhibit structure throughout 
à large portion of the corona. 

In Fig. la three large prominences near the solar 
limbs are indicated by P. Above these prominences are 
helmet streamers. A coronal condensation is indicated 
by C in Fig. la. The ray structure above the condensation 
is sometimes referred to as a coronal fan. Some polar 
plumes are visible in the polar regions of the photograph. 
The general appearance of the photograph is that of an 
inactive corona. 

The optically thin, three-dimensional 
object and thus, to describe its appearance, all of its features 
must be projected into the plane of the sky. Fig. 1b is a 
composite drawing computer plots 
of the coronal magnetic field November 
12, 1966. It was made without reference to a coronal 
photograph from this eclipse. Fig. 2 shows a typical 
computer plot of a cross-section of the magnetic field 
in the inner corona projected into the plane of the sky. 
The arrows indieate the direction of the magnetic field 
and the spacing between the arrows is inversely propor- 
tional to field strength. Fig. l5 was drawn from about 
ten such plots. 


corona 1s an 


made from many 


structure on 


Closed loop structures in Fig. 1b appear on the east 
limb of the drawing in the region where coronal 
arches are seen in the photograph. In the north-east 
quadrant, open field lines correspond to open coronal 
rays. In the south-west quadrant, the helmet streamer 
appears to be in agreement with the drawing. ‘The coronal 
condensation and fan just northward of the equator on 
the west limb correspond to diverging field lines seen 
in the drawing. Magnetic loops northward of this feature 
also agree with coronal arches. General features appear 
to be quite similar between Fig. la and 1b. It should 
be kept in mind that coronal photographs show the 
appearance of the corona rather than the structure. 
The structure present can only be ascertained by examin- 
ing the photograph very carefully. Isophotes, lines of 
equal intensity, should not be identified with structure, 
but rather with large scale density variations. 
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Fig. 2. Magnetic field structure in one cross-section of the corona 
computed from the photosphere to the source surface and projected 
into the plane of the sky. 
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Fig. 3. Prediction of the coronal structure for the solar eclipse of 
September 22, 1968. 


Fig. 3 is a prediction made on September 20 of the 
structure of the September 22, 1968 eclipse of the Sun 
(total over the Soviet Union and a small portion of western 
China) Observations of the photospherie magnetic 
field were unavailable during most of the month pre- 
ceding the time of this prediction due to malfunctioning 
of the Mount Wilson Observatory magnetograph guiding 
system. Thus good magnetic observations for the limbs 
ef the Sun on September 22 were unavailable. Utilizing 
magnetograms available from the previous solar rotation, 
and spectroheliograms of the calcium K2 line and the 
Ha line, estimates of the photospheric field strengths 
and directions at the time of the eclipse could be made. 
The coronal structure in Fig. 3 appears more complex 
than structure evident in the November 12, 1966 eclipse 
due to the greater solar activity at the present time. 

I thank John Wilcox, Sheldon Smith and Robert 
Howard for helpful discussion. I also thank Robert. 
Howard for preparing the solar magnetograms, Jan Olof 
Stenslo for help in reducing the spectroheliograms ; Robert 
Cannon for help in data digitization, and Jean Eilek 
for drawing Fig. 1b. This research was supported in 
part by the US Office of Naval Research, the US National 
Aeronautics and Space Administration and the US 
National Science Foundation. 
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Electromagnetic Radiation from 
Solar Flares 


Recent rocket and satellite observations of 10-100 keV 
X-ray emission, together with ground-based observations 
of em wavelength bursts, have thrown much light on the 
electromagnetic emission of solar flares. It is widely 
believed that em wavelength emission from flares is 
through synehrotron radiation, while the X-ray emission 
is from bremsstrahlung. The correlation between the two 
regions of the electromagnetie speetrum has been studied 
in detail by Arnoldy et al. It has been shown that the 
X-ray and the centimetrie bursts are best correlated for 
the first events in a flare; for subsequent events they are 
not well correlated. This type of correlation between the 
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two phenomena can be understood if both emissions are 
assumed to come from a commen source. This leads to 
various difficulties. The alternative is that thewadio and 
the X.ray emission come through the same energetic 
electrons from different layers of the solar atmosphere. 
But, considering the various mechanisms proposed so far 
to explain the emissions, the problem of correlating the 
two remains unresolved. We therefore propose alternative 
mechanisms to explain this correlation. 

It is well known that the site of the flare is somewhere 
in the upper chromosphere above the centre df activity. 
Immediately before the appearance of a flare the dark 
filaments of the chromospheric network in the vieinity of 
the centre of activity show intensive movements. The 
start of a flare is the appearance at & few points of 
brightening in Ha, which may be caused by local heating. 
This heating, or some other cause, triggers off an in- 
stability which results in the destruction of the magnetic 
field of the active region, releasing a large amount of 
energy?-*. A portion of this energy goes into heating the 
surrounding matter, and there is an impulsiv spreading 
and intensification of brightening in Ha (the flash phase). 
The rest of the energy builds up the kinetic energy of the 
particles which were hitherto trapped on the magnetic 
lines of force and are now released. The sudden release of 
particles generates a shock, as a result of which the 
particles are thrown upwards as well as downwards. We 
suggest that the particles moving upwards emit miero- 
wave radiation in the lower ccrona by coherent plasma 
processes, while partieles moving downwar into the 
chromosphere radiate hard X-rays by inverse Compton 
scattering. 

We calculate first the flux of coherent plasma emission. 
Ginzburg and Ozernoy* have considered the significance 
of this mechanism for the radio omission from quasi-stellar 
radio sources and supernovae remnants. They have 
examined two possibilities: (a) v~ vpS>ve and (E) v~ wez»vp, 
where vp and ve are the plasma and the cyclotron fre- 
quencies respectively. When applied to solar flares, it is 
found that the mode (a) of emission requires plasma 
densities appropriate to the upper chromosphere. The 
collisional absorption which dominates in this region is 
so strong, however, that there is little chance cf the miero- 
wave radiation escaping from here. Mode (6), in which 
the magnetic field plays a dominant part, is appropriate 
to densities in the lower coroma. The emission flux for 
this mode depends on temperature and frequency, and 
on the ratio of the energy densities of the plasma waves 
and the magnetic field, which is usually less than one in 
the lower corona. As a conservative estimate we take this 
ratio to be 0-01. The flux for various frequencies for 
T = 105 °K is given in Table 1. The absorption in this case 
is predominantly by non-collisional processes and the 
absorption coefficient is a linear funetion of the charac- 
teristic thickness Ly of the ' in which the absorbing 
electrons are confined. The thickness of this layer is of 
the order of 10? em. The absorption coefficient is given in 
the last column of Table 1 and it is seen that..after allow- 
ing for the absorption, the flux at the various frequencies 
is of the observed order of magnitude. The coherent 
plasma process is thus significant in explaining the origin 
of mierowave solar flare emission. 






























Table 1. EMISSION FLUX FOR T'105"K 
Fy 
v (Hz) (erg cm s-! 112-7) try 
10° 107 3 w107 Le 
3 x 10° 3x 10* 107 Le 
105 . 10 3»105 La 
3x10 3x10* 10° Lg 


We are conscious that to excite emission cerresponding 
to v—4x 100 Hz a magnetic field of the erder of I0* 
gauss may be required. Such fields, we believe, are not 
improbable, in the light of Bruce's* eontention that theory 
and indireet observations indicate fields of strength 109-109. - 

. : 
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gauss exist in the region of a flare. These fields do not 
show up because of the limitations of magnetometers*. 
Consider now the inverse Compton scattering of the 
downward travelling particles. The theory of this process 
has recently been given by Felton and Morrison’. For 
homogeneous and isotropie electron and photon distribu- 
tions the flux received at the Earth (neglecting absorption) 
at frequency v is given by 
T? mrs Imm 
Rp 2 yv 9 ergem-?s-! Hz 
where A is a numerical factor, r is the linear size of the 
source of emission, T the temperature of the source 
region and ¢ is the energy density of photons eorrespond- 
ing to this temperature. In deriving equation (1) the 
usual power law spectrum for electrons has been assumed 


(1) 


n(y)dy = ngp m dy (2) 
where y is the electron energy in units of m,c*. The flux 


given by equation (1) peaks at frequency v given by 
v= 36y kT jh, for a black body distribution of the ambient 
photons appropriate to temperature T. 

The observed X-ray flux also includes some contribu- 
tion from the line emission*. We have no definite know- 
ledge of the extent of this contribution. Almost all 
dominant lines in the range 0-8 A occur between 0-3 A, 
so it is a fair starting proposition that the contribution of 
the line emission to the two bands 0-3 A and 0-8 A is 
the same. If we then take the difference of the two 
observed integrated flux values over these two bands, 
the effect of the line emission is eliminated. Matching this 
difference against the integrated flux difference in the two 
bands ealeulated from equation (1), we can obtain the 
value of the index m for specified values of n, and T. 

For our calculations we take the typical flux values for 
the 0-8 A and 0-3 A bands as 10-3 and 10-* erg cm? s-! 
respectively, a typical plasma density to be 10" cm 
and the linear size of the source to be 10° em. There are 
no estimates of p except for the photospherie temperature 
6x 10* *K, for which p~2 erg cem, so we adopt these 
values. The value of the index m then turns out to be 5:33. 
For X-ray emission at, say, 3A at T'—6x 109 ^K, the 
relativistic electrons must have yx47. The number 
density of electrons of y>47 is thus ~13x 10* cem. 
The volume of the emitting region being 10? em’, the 
total number of energetic electrons required to produce 
the observed flux by the inverse Compton process is 
~ 10%3, Remembering that a flare releases something like 
1055 energetic electrons, we suggest that this process is 
quite capable of explaining the hard X-ray flare emission. 
It may be added, however, that the temperature 6 x 10* ^K 
is certainly an underestimate. In the region of emission 
the temperature is at least an order of magnitude higher. 
Consequently the local value of p will be much higher than 
the one we have used. The twin effects of the higher 
temperature (and higher photon energy density) are to 
reduce the energy requirement per electron and to reduce 
the total number of electrons required to produce the 
observed flux. This makes the inverse Compton scattering 
even more attractive for the emission of hard X-ray bursts. 

Thus we conclude that the same particle energy range 
is responsible for the 10-100 keV X-ray, and the em 
wavelength emission from the flash phase of solar flares. 
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Chemical Exchange Reactions and H, 
Formation in Dark Interstellar Clouds 


Stecher and Williams! have sought to explain the laek 
of 21 em radiation in dark clouds on the basis of the 
formation of molecular H,. We wish to point out several 
serious deficiencies in their proposed production mech- 
anism. Their chemical exchange process gives an H, 
production rate! 


~ 10-8 ny? TU o-30e20]T (1) 
This rate is extremely sensitive to the assumed values 
of ng and T. With their choice of values ng — 10* em-^?, 
T 100-0? K, the timescale for complete recombination 
in the absence of dissociation is ~ 10° yr—already 
considerably longer than the time for gravitational 
collapse at this density. A lower density ng < 10° em? 
or a slightly lower gas temperature 77S 80° K (which, 
indeed, would be appropriate if cooling by H, molecules 
is included) increases the recombination timescale to 
Z 10? yr! These results are not at all surprising because 
Stecher and Williams adopt the highly dangerous procedure 
of using the extreme tail of an exponential distribution. 

The complete neglect of photodissociation in the 
analysis! is even more serious. Solomon (see Field 
et al.?) and Stecher and Williams? have pointed out that 
the H, molecule is expected to dissociate in HI regions 
through absorption in the lines of the Lyman band 
(912 A<2<1108 A) followed by re-emission to the 
continuum of the ground state at As; 1600 A. Ina 
typical interstellar radiation field the rate of dissociation 
is Ba 10-1 s- (ref. 3 and unpublished results of P. M. 8). 
If z is the optical depth in grains at 1000 Á within à 
dense cloud the rate of photodissociation per unit volume 
is (our unpublished work) 








dny, 
dż 
(The 0-7 factor in the exponential arises from the detailed 
radiative transfer model whieh takes into account the 
phase function of the grains.) The rate of formation 
by chemical exchange reactions at T= 100-07 K is 


x =B ny eT (2) 


dng,* > 
LAE y 10 ny? (3) 
dt 7 
so that the equilibrium H, concentration is given by 
ng, ^ 107 ng? e*^7 (4) 


The observational data on the 21 cm line in dark 
clouds (for example. ref. 4) which Stecher and Williams! 
seek to explain indicate that significant quantities of H, 
must have formed at points where the optical extinetion 
(at 25000 A) is 15 magnitudes. The corresponding 
ultraviolet extinetion at A~1000A, assuming a IA 
extinction law, is thus 7~4:5 magnitudes. The equili- 
brium H, concentration from equation (4) is therefore 
(3) 
at the points where the observations indicate a marked 
decline in the neutral hydrogen. With ny~ 10 cm 
this gives ng, &2 x 10-7 cem-?—a negligible eoneentration. 

Stecher and Williams! have also argued against the 
possibility of H, formation by physical adsorption 


ng, © 2 x 107? ng? 
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processes on grain surfaces. Their results are in conflict 
with our own calculations which indicate that such a 
formation mechanism is indeed plausible. The condition 
Tmm> Tmax which Stecher and Williams have claimed 
depends sensitively on the assumed value of N/Q and on 
the ratio of qH.surface/QH,-surfaee; Uncertainties of less 
than 10 per cent in the latter could vitiate their result. 
If Tmax > Tmin, it can be shown that the energy ~4eV 
released in the H, recombination produces two important 
effects (our unpublished work) which were not considered 
by Stecher and Williams!. A small fraction of this energy 
will serve to detach the molecule from the grain, while 
most will go into heating the grain. The latter process 
has a negative feed-back on molecule formation which 
ensures that the grain temperature is maintained close 
to Tmax until essentially all the hydrogen atoms have 
recombined (our unpublished work). 
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Fifth Source of Jupiter Decametric 
Radiation 


Ir has been known since 1955 that J upiter is a strong 
source of radio emission. The emission lies in the range 
from 5 MHz to 10,000 MHz, divided into decametrie 
(5 to 40 MHz) and decimetric (100 to 10,000 MHz) sub- 
ranges. At lower frequencies the Earth's lonosphere 
interferes. Determination of emission characteristics 
below about 5 MHz requires measurements from above 
the Earth’s ionosphere. This article does not concern the 
deeimetrie radiation, generated by electrons spiralling 
around magnetic field lines in Jupiter's magnetosphere. 
Instead, it identifies a non-Io-controlled “fifth” source of 
the remarkably intense and variable decametrie radiation 
from a region on or near the visible planetary disk. 

In 1964 Bigg! discovered that the first Galilean satellite, 
lo, strongly induces decametrie emission especially at 
frequencies above 30 MHz. Fig. 1 shows the relation 
essentially as determined by Bigg from data obtained by 
the Boulder radio spectrograph which can detect radiation 
up to a frequency of 41 MHz. This figure shows the peak 
in joint probability of emission in the early source, 
located at Io-LCM (longitude of central meridian) co- 
ordinates of 90° and 150°, the main source at 240° and 
240°, the late source at 240° and 340 ^ and the fourth 
source at about 100° and 50^. Tt also shows a significant 
diagonal symmetry. The main and late sources centred 
about the 240? position of Io have a high joint probability 
of emission limited to an LCM range of 200° to 380° (20°) 
while the early and fourth sources centred about the 90° 
lo position are restricted to an LCM range of 0° to 200° 
(the Io position angles are measured from the superior 
conjunction of To relative to the Jupiter-Earth line). 
Further inspection of Fig. 1 shows a division of the mapped 
area into approximately two halves. Exclude visually 
the emission contours induced by Io and there remains a 
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continuous, rather low probability area at all Io phase 
angles between an LCM of 210? and 340°. On the left side 
from 0° to 210° LCM, there is ne appreciable emission at 
all outside the Io-induced areas. There is a remarkable 
constancy to the beginning of this emission near LC 
210° irrespective of the Io phase angle, that is, this source 
is independent of Io. 

Dulk? recognized this non-Io component whie 
more than 50 per cent of the decametric emis 
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controlled by Io, then a study of this non-To 
to make 


reat potential significance. We therefore wi: 
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To accomplish this we undertook à two parameter 
differential spectral analysis of the probability ef emission 
of the decametrie radiation. This consists of separating 
the time dependent radiation into narrow frequeney bands 
and then plotting the joint lo-LCM probability of 
emission for each frequency band. This produees contour 
maps similar to Fig. 1 but limited to the choser: frequency 
bandwidth. Comparison of these narrow bandwidth 
maps of the sources yields information about the similari- 
ties and differences between the Io and non-lo sources. 
With a band width of 2 MHz we prepared maps for each 
2 MHz interval for the range 7-40 MHz. This analysis 
was performed on data obtained from the Boulder radio 
spectrograph between 1960 and June 1966 and presented 
in the IGY Solar Activity Reports, numbers 28, 32, and 34. 
From these a first set of maps was prepared. Because the 
bandwidths used for each map were narrow and beeause 
the bulletins present only the minimurn and maximum 
frequencies during each emission period, it was suspected 
that the differential analysis based on these data might not 
be accurate enough. A complete set of 35 mm:film copies 
of the original spectrographie data obtained between 1960 
and June 1966 was therefore rescaled at 10 min intervals 
during all emission periods to provide a more accurate 
description of the frequency range of emission against time. 
Using these data we prepared a second set ef maps, of 
which a selected few are presented in Figs, 2-6. The 
new maps seem more precise than those based on the IGY 
Reports but the dominant features are similar. 

From a sequential examination of the map» it is clear 
that each of the four Io-controHed sources has a different 
spectral range. The early source is well formed at the 
lowest measurable frequency (about 11 MHz) and 
extends through the entire speetral range to approximately 
39 MHz. It is the only source to show such continuity. 
The main source does not appear significantly until a 
frequeney of about 14 MHz is reached and theu it extenda 
only to 36 MHz. The late source exists between 11 and 
26 MHz and the fourth between 11 and 18 MHz. All the 
sources reduce in areal exten: (time of emission) with 
increasing frequency but the location on tl maps of the 
centres of maximum probabikty of emission are inde- 
pendent of frequency. This shows that high frequency 
emission does not occur as ofter as low frequency emission 
and that there are four very broad-band, high -probability 
radiation centres fixed in planetary and lo position 
coordinates surrounded by large, low frequerey areas of 
emission. 

Fig. 5 shows that all decametrie emission abe 
is controlled by Io. ement “Io 
control is more complete above 30 MHz" is true. This 
intrepretation arises from analyses of histograms in which 
the Io-controlled and non-Io-controlled sources are hard 
to separate. Figs. 1-6 show clearly that To controls all 
four sourees through a broad frequeney range. The 
problem in observing this phenomenon previousiy has 
been the masking of the main and late sosrees below 
28 MHz by the non-lo-controBed emission aad the very 
limited low frequency range ef the fourth source. We 
believe that the usefulness of continuous narrow-band 
differential spectral analysis shows itself clearly. There is 
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Figs. 1-6. Probability of decametric emission in the Io-LCM domain. Frequency is expressed in MHz and contour lines are labelled in percentages, 
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Figure 9 


Figs. 7-9. Probability of decametric emission with respect to Amalthea, 

Europa and Ganymede where aimost all of the Io-controlled emissions 

have been removed. Froquenoy is expressed in MHz and contours are 
labelled in percentages. 


no question that Io exercises strong control of decametrie 
radiation both above and below 30 MHz. 

As previously mentioned, Fig. 1 shows a distinct area 
of rather low emission probability from approximately 
210° to 340° LCM. It is independent of the Io axis in 
that it occurs with equal probability at any Io position. 
For convenience, we label this non-Io source the “fifth” 
source. It exists at the effective observational lower limit 
of 11 MHz and extends to 28 MHz where it disappears 
completely. As in the case of the first four sources it 
deereases in extent with inereasing frequency but only 
along the LCM axis. At low frequencies it subtends an 
LCM angle almost as great as the main and early source 
combined. At its highest frequency, on the other hand, it 
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becomes a very narrow band which is located aè the same 
LCM position as the high frequency centre of the main 
source. It does not retreat in the slightest toward the 
main source along the Io axis, but only along the LCM 
axis. 

Enhanced emission which is repetitively limited in 
extent along the LCM axis but which extends along the 
entire Io axis is controlled or produced by some mechanism 


fixed in planetary coordinates. This does not mmply that o 


we know where it is located on the planet, but only that 
it is fixed on or near the planet and is constrained. to 
rotate with the planet. This is what we mean by planetary 
control. In a similar manner, emission locally. enhanced 
along the Io axis but unbounded along the LCM axis 
would be controlled only by Io. 

Thus the fifth source is under planetary control. On 
the other hand, the Io-controlled sources show with 
respeet to both axes local enhancements thet produce 
discrete areas of higher probability emission. This 
doubly-bounded emission is therefore controlled by both 
the planet and by Io, and is termed Io-planetary-con- 
trolled radiation. 

The remarkable alignment of the high frequency centres 
of the main and the fifth source with respeet to the LOM 
axis implies that the planetary control mechanism is 
common to both. Suppose that Io control produces 
generation of emission near the planet at the foot of the 
Io-intercepted field lines. The approximate diagonal 
symmetry of the fourth-early and main-late groupings 
then implies, in addition, that both groups have sirnilar 
true longitudes. Thus all five sources may be connected 
to some large structure or mechanism fixed in System ITI 
coordinates near or on the planet. 

There is an important difference between the Io- 
controlled sources and the fifth source. Iv-produced 
radiation is observable when the fixed planetary 
mechanism is in one of two approximately symmetric 
positions; in other words, under Io when it is near 90° and 
240° from superior geocentric conjunction. Om the other 
hand, the fifth source emits when the planetary mechanism 
is in one range of positions only, producing the asym- 
metric band of radiation on the right side of Fig. 1. 
Thus whatever stimulates the planetary mechanism to 
produce the fifth source must be different and :s probably 
not satellitie in nature. 
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We emphasize that this asym. : 
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metric fifth source radiation must be considered in any 
comprehensive theory of decametrie radiation. 

Although the fifth source does not seem to result from 
satellitic stimulation, we should nevertheless test this 
hypothesis. In any satellite domain other than Io-LCM, 
the Io-controlled sources will become distributed or 
smeared along the new satellite axis. In these conditions 
it is impossible to recognize fifth source boundaries. To 
circumvent this a masking technique was applied to the 
emission patterns in the Io-LCM domain which removed 
nearly all the Io-controlled emission. The remaining 
emission is nearly all from fifth source. This we deter- 
mined from separate plots of Io and fifth source data in the 
Io-LCM domain. The emission contours of the fifth 
source compare very well with the undisturbed maps. We 
then prepared contour maps of probability of emission 
in the Amalthea, Europa and Ganymede against LCM 
domains from the separated fifth source data. The results 
for all frequencies are presented in Figs. 7, 8, and 9. The 
fifth souree boundaries are essentially unaffected by any 
of these satellites. The 2 MHz differential analyses also 
show no effects of this kind. 
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Europa and the Decametric Radiation 
from Jupiter 


Decamernric radiation from Jupiter is known to be under 
the control of the satellite Io. Recently, Wilson, Warwick 
and Libby (preceding communication) studied a fifth 
source not controlled by Io which emits more than 50 per 
cent of the total decametrie radiation'. They used 
a two-parameter differential spectral analysis which pro- 
duced contour maps of the probability of emission with 
respect to Jupiter’s central meridian longitude (LCM) and 
the departure from superior geocentric conjunction (SGC) 
of each of the four inner satellites: Amalthea, Io, Europa 
and Ganymede. Plots in the Io-LCM domain show 
typical To-related enhancements of the probability of 
emission and also an Io-independent emission component, 
denoted in the preceding communication by “fifth source". 
Similar plots in the Europa-LCM domain show localized 
areas of enhancement which indicate the existence of 
Europa control of decametric emission. Several authors 
have tentatively confirmed a Europa effect?*-'. On the 
other hand, others find no evidence for the effect €. 

Fig. 1 shows the Europa effect. for all frequencies of 
emission between 7 and 40 MHz. Careful examination 
shows two large irregular patches of emission at the same 
LCM intercepts as the Lo-controlled early source, between 
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80° and 1807. The patches are approximately: centred 
at about 100° and 280° along the Europa axis. The right 
side of the plot, where the dominant feature is the fifth 
source, shows even less evidenee of control by Europa. 
The fifth source exists at all Europa positions as on the Io 
plots but only between 200° and 360° on the LCM axis. 

Figs. 2 and 3 show clearly the modulation by Europa 
of the To-controlled early source. Figs. 4-6 show some 
drifting of the lower enhancements to about 130° on the 
Europa axis and that early source emission exists to 
37 MHz. 

On the right side, the figures show the frequeney 
dependent narrowing of the fifth source in LCM extent. 
This radiation disappears typically at 28 MHz (preceding 
communication). The extinction of the fifth source exposes 
higher frequency Europa modulations of that part of the 
main source which is lo-controlled. Two enhanced areas 
appear near an LCM of 230^, centred on the Europa axis 
at about 0° and 180? (Fig. 4). The effect ceases above 
33 MHz. 

The apparent division of To-controlled emission into 
double sources approximately 180? apart on the Europa 
plot introduces the possibility that Europa control results 
from some near-resonant condition between the satellites, 
especially beeause the orbital periods of Europa and Io 
lie very nearly in the ratio of 2 to 1. We therefore plotted 
the observation density (number of observations in a 
10° x 10^ grid unit), emission density and probability of 
emission in the Io-Europa domain. These are presented 
in Figs. 7, 8 and 9, the first two of which show that observa- 
tion and emission densities are not random, but that 
highest values exist in two diagonal bands aligned parallel 
to real time lines, that is, at a slope of about 2 to 1, cor- 
responding to the orbital periods of the satellites. These 
bands lie 180° apart with respect to the Europa axis, 
which again reflects the 2 to 1 period relation. Fig. 9, 
the plot of the probability of emission, shows a kind of 
lattice structure. The diagonal bands intersect: horizontal 
enhancements obviously due to early and main source 
To-controlled emissions. Using a masking technique which 
separates out the areas of Io-controlled emission, but 
retains Io-independent fifth source emission, we verified 
that the diagonal bands in Fig. 9 are fifth source emissions. 
Previous analysis of decametric radiation in the Io-LCM 
and the Europa-LCM domains showed clearly that the 
fifth source distribution is not a function of the position of 
lo nor Europa (preceding communication), so how could 
such a geometrie alignment parallel to time lines (joint 
angular motion of the satellites) occur in the Io-Europa 
domain ? 

To investigate the question further, we undertook a 
simple analysis of the motion of the Io-Europa time lines. 
'The orbital periods of Io and Europa are 


Pio = 176986 days 

















and 
Pg, = 3-505409 days 


and their ratio is 20081. In two cyeles of Io (720°) Europa 
has completed slightly less than one cycle. 
Two cycles of Toz2x 1.76986 = 3-5397 days; in 
3-5541 — 3-5397 


MM — x 360? = 1-44° more to 
3-554098 


this 
time Europa has 


go to complete a 360° cycle. Thus the average regression 


per day of Europa relative to Io is sd = 0407. If 
3-5397 
the time lines are put on a diagram with coordinates as 
on the contour maps, then (Fig. 10) the motion along the 
Europa axis of a point in real time is 0-407 x 1-77 « 0-72 
degrees per cycle of Io. 

After one apparition, Europa lags lo by 167° or the 
time line shifts 167° in a negative direction. If during 
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Figs. 1-6. Probability of decametric emission in the Europa-LCM domain. Frequency is in MHz and contour lises are labelled in -sereentages, 
. 
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Fig. 7. Number of observations in each 10° grid unit in the Io-Europa 
domain, 1961-June 1966. 


Some part of each apparition higher observation and 
emission densities and higher probabilities of emission 
occur, then the banded enhancements in Figs. 7, 8 and 9 
might be caused by the position of these time lines as 
they are superimposed year after year on one 360° x 360° 
eyele plot. 

To test this hypothesis we determined the average 
number of observations and emissions and the average 
probability of emission per month, with the months 
arranged relative to the month of opposition during each 
apparition. The results (Table 1) show many hours of 
observation near opposition (0 months) and superior con- 
junetion (— 6 and +6 months). Emission hours, however, 
are few near superior conjunction and many near opposi- 
tion. This produces high probabilities of emission near 
opposition and low values near superior conjunction. 


Table 1. AVERAGE MONTHLY OBSERVATIONS, EMISSIONS AND PROBABILITY 
OF EMISSION 1961-JUNE 1966 
Months from Emission Observation Average proba- 
opposition hours hours bility of emission 
-6 17-9 2,021-3 0-008 
=p 25:4 1,057-5 0-024 
-4 62-9 909-1 0-068 
-i 164-3 1,082-8 0:152 
-2 209-5 1,395-8 0-150 
-1 308-7 1,621-8 0-190 
0 251.6 1,743-5 0-144 
+1 93-0 1,177:6 0-079 
+2 99-1 1,270-2 0-070 
+3 102-2 1,256-5 0-083 
+4 35-2 835-8 0-042 
+5 23-2 1,140-4 0-020 
+6 19:2 1,839-5 0-010 


Next, the coordinates in the Io- Europa domain of the 
fifteenth day of each month from 1961 to June 1966 were 
determined. Time lines eonstructed through these co- 
ordinates for each month were then superimposed on 
Fig. 9. 

Oddly enough the lines for months near opposition all 
fall in three narrow diagonal bands at exactly the co- 
ordinates of the bands in Figs. 8 and 9. Months near 
superior conjunction fall in the vacant areas between these 
bands. A simplified form of this line structure is shown 
in Fig. 11 where the solid lines represent the month pre- 
vious to and at opposition and the dotted lines represent 
the 2 months near superior conjunction. 

The banded structure on Figs. 7, 8 and 9 results from 
three factors: (1) the high emission probabilities existing 
near opposition and the low probabilities near superior 
conjunction; (2) the nearly exact 2 : 1 ratio of Europa and 

.* 
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Io periods which causes only a small shift of the Io- 
Europa time line from day to day and hence, for a given 
apparition, concentrates the near opposition, high emis- 
sion probability time lines in certain regions and the near 
conjunction, low emission probability time lines in other 
regions; and (3) the 167? shift of the time lines from 
opposition to opposition, which is sufficiently near 180° 
to concentrate the near opposition time lines in the same 
regions from year to year. 

Regarding the first factor, we expect that the true 
emission probability from Jupiter is independent of the 
Earth's position, opposition or superior conjunction. 
Therefore, why does the observed emission probability 
vary so strongly ? Possible factors are: the inverse 
square reduction in intensity, about two to one between 
opposition and superior conjunction, scattering and ab- 
sorption by the interplanetary medium resulting from the 
change in distance of the source as well as an increase in 
density of the medium as the line of sight approaches the 
Sun; finally the interference resulting from effects related 
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Fig. 8. Number of emission events in each 10° grid unit in the Io-Europa 
domain, 1961-June 1960. 
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Fig. 9. Probability of emission in Io-Europa domain, 1961-June 1966. 
Contours are labelled in percentages, 
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to the Earth's ionosphere which is a minimum after mid- 
night and a maximum during the day. _ " 
Absorption by the interplanetary medium is negligible 
because of its low electron density. We also consider 
scattering to be a minor problem. The inverse square 
reduction in intensity by a factor of two should be of 
minor consequence considering that we are measurmg 
emission intensity variations over a range of about a 
hundred. Thus the major effect seems to be caused by 
the Earth’s ionosphere. The original recordings show that 
the ionosphere reflects interfering stations into our antenna 
beam from 7 MHz to as high as 22 MHz and that this 
interference generally eauses the low frequency cut-off 
of Jupiter’s decametric emission. Emission events which 
have apparent low frequency cut-offs between 7 and 
22 MHz therefore measure the highest effective inter- 
ference frequency. We next determined the number of 
emission occurrences in each month as a function of low 
frequency cut-off, and the average value of this low 
frequency cut-off. Table 2 shows the results. The cor- 
relation of low ionospheric plasma frequency (low inter- 
ference) with the months near opposition and high plasma 
frequency with months near superior conjunction is excel- 
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Fig. 10. Analysis of the motion of the Io-Europa time lines. 
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Fig. 11. Mid-monthly time lines, 1961-June 1966. Solid lines represent 


the month preceding and at opposition. Dotted lines are for the 2 
months nearesi superior conjunction. 


1221 





lent. Table 2 shows that the effective ionospheric cut- 
off near opposition is about 12 or 13 MHz while near 
superior conjunction the value is about 20 MHz. More 
than two-thirds of all emission events (an event lasts 
approximately 16 min, corresponding to 10 degr 
LCM axis) lie between 7 and 23 MHz. The vari 
effective frequency of ionospheric cut-off during the year 
is therefore the major eause for the increase of emission 
probability near opposition and vice versa, 













Table 2. AVERAGE MONTHLY MINIMUM FREQUENCY OF EMISSION 1961- 


JUNE 1966 





Months from Average No. of Average min. frequency 
opposition occurrences per month of occurrence (MEZ) 
-6 $8 
-$ 55 
-4 152 
-3 29-4 
-2 38-4 
-1 50-0 
0 53-6 
+1 37.6 
+2 22.6 
+3 18-6 
+4 12- 
+5 4-6 
-6 5-1 





The commonly used term “probability of emission” is 
really “probability of detection” and the two are related 
in the following way. 

Probability of deteetion- probability of emission x Æ 
where F is an interference faetor which includes iono- 
spherie and other factors. Thus our values for probability 
of emission give only the lower bound of true probability 
of emission. 

In the Europa-LCM domain there is an apparent control 
of decametric radiation which is due to the division of 
each of the two Io-controlled early and main seurces into 
two enhanced areas along the Europa axis. The fifth 
source is unaffected, appearing to be the same as it is in 
the Io-LCM domain. When these data are replotted in 
the Io-Europa domain a double banded lattice structure 
is seen (Fig. 9) with the enhanced diagonal bands of high 
probability emission separated by 180^ on the Europa 
axis. Further analysis shows that months near Jupiter 
opposition are months of high probability of emission. 
These months, during 5-5 yr of observation, become 
superimposed at the diagonal bands on the io-Europa 
contour maps. Months near superior conjunetion fall in 
between these bands. 

Where the diagonal probabil:ty-related enhancements 
intersect the two Io-controlled emission bands, tour super- 
enhanced areas occur. These areas correspond to the four 
localized enhancements which occur in the Europa~LOM 
domain. 

Thus the apparent Europa control results from the eyche 
superposition of near opposition months, such that, during 
certain fractions of the Europa orbit, emission occurs 
more often than in others. 

The total observation period which has produced these 
results amounts to about half a Jupiter vear. Examina- 
tion of the motion of the high probability time ines shows 
that they are shifting towards greater Europa angles at à 
rate of about 13° per apparit Each band (3 months 
near opposition) now covers nearly 80° of Europa orbit 
and there is about 100° in between of low probability 
areas. Thus with 6 more years of data, or at the end of 
1 Jupiter year, the localized superposition of months ir 
diagonal bands of high and low probability of emission 
will tend to disappear and with it the apparent control of 
decametric emission by Europa. Even thea the dis- 
appearance will not be complete because of the strong 
variations of Jupiter emission during the 12 yr Jupiter 
period. 

We note that the fifth soures remains undisturbed by 
this analysis, that is, it is unrelated to Europa. Similar 
analyses for Amalthea and Ganymede give the same 
results. Thus the fifth source is modulated only by 
Jupiter's rotation. 
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Considering the similarities between Io and Europa we 
believe that a real Europa effect on decametric emission 
is possible. The perturbations produced by Io, by the 
mechanism which produces the fifth source, and by the 
apparent Europa effects we have just discussed, are so 
large that any real effect, if it exists, is presently undetect- 
able. With time the apparent effect should disappear and 
then the data ought to be re-examined for possible real 
Europa effects. 

This work was supported in part by the US National 
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Distribution of Sinuous Rilles and 
Water on the Moon 


WirH the aid of the Lunar Orbiter IV high resolution 
photographs, the morphology and distribution of sinuous 
rilles over a large fraction of the surface of the Moon can 
be studied in detail. Sinuous rilles often begin in craters 
although the sources of some are not so easily described. 
Where relative elevations are obvious, the source always 
appears to be on higher ground. Channel lengths range 
to about 10? km and widths to a few kilometres. Although 
the widths of individual rilles are rather uniform along 
their courses, there are some that grow conspicuously 
narrower toward their termini; for example, Rima Prinz I 
(F ig. 1). Channel depth generally decreases with distance 
from the source. Narrower meandering channels are 
found on the floors of several of the wider rilles. The 
central channel in Schroeter’s Valley (Fig. 1) and the rille 
in the crater Alfred E. Neuman (Fig. 2) show striking 
examples of mature meanders with goosenecks and 
oxbows. Sinuous rilles are sometimes diverted along 
underlying fractures or around hills (Fig. 1). With the 
exception of interruptions caused by more recent impact 
craters they show no discontinuities. A few of the 
channels exhibit contributory or distributary patterns. 
Nearly all channels fade imperceptibly into the surround- 
ing plaing whereas a few show evidence for deposition of 
material at their termini. For example, material from 
the rille emerging from the crater Krieger seems to have 
been deposited over a wide area that overlies part of an 
apparently older rille (Fig. 3). 
- 
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The meandering and continuous nature of sinuous rilles 
strongly suggests formation by the action of fluids. 
Although straight rilles are possibly manifestations of 
fracturing, the goosenecks and other interlocking patterns 
(Fig. 2) of sinuous rilles could not be so generated. 

The similarities in appearance between rilles and 
terrestrial rivers led to the suggestion that rilles were 
produced by surfaee water erosion? under an atmosphere 
providing at least the triple point pressure of water. 
Objeetions to the existence of such a lunar atmosphere 
have led some to reject surface water erosion as the 
formation mechanism. 

The principal alternative explanations are volcanic 
ash flows’, lava drainage channels? and effects of sub- 
surface water flow (T. Gold, private communication), but 
there are strong morphological and other arguments that 
make all these proposals untenable. The meandrous 
nature, the narrowness and the great length of the sinuous 
rilles are completely inconsistent with terrestrial examples 
of voleanie ash flows. Contrary to the Earth-based 
observations of Kuiper et al.3, none of these rilles show 
the discontinuities—bridges or raised rims—-which are the 
distinguishing characteristics of collapsed lava drainage 
channels on Earth. Moreover, terrestrial lava channels 
do not exhibit the mature meanders, central channels or 
great length of lunar sinuous rilles. The suggestion of 
subsurface water flow fails to provide any mechanism for 
the subsurfaee transport and deposition of insoluble 
material. 

The failure of these models to account for the distinetive 
morphology of sinuous rilles led Urey! to propose that à 
large cometary impact produced a temporary atmosphere 
under whieh water from melted subsurface ice would 
produce rilles by surface erosion. We* recently eliminated 
the difficulties associated with a lunar atmosphere, point- 
ing out that aqueous erosion could take place on the lunar 
surface under vacuum conditions because an overburden 
of ice can pressurize the liquid. We suggested that 
sinuous rilles were eroded by ice-covered rivers the source 
of which is subsurface water released by rupture of a 
permafrost layer. 

The presence of sinuous rilles on the lunar surface may 
thus be interpreted as evidence of the past and perhaps 
even present existence of local trapping of water and other 
volatiles beneath a permafrost layer. Moreover, the 
rupturing of the permafrost by meteoritic impact or 
fracturing samples the entire lunar surface, so the distri- 
bution of subsurface water and other volatiles is the same 
as that of the sinuous rilles. 

We have determined the distribution of the sinuous 
rilles from a survey of the Orbiter IV high-resolution 
photographs. These represent a systematic coverage of a 
large area at a uniform resolution. Only those channels 
which have several meanders and are uniform and 
continuous are classified as sinuous rilles. 

The distribution of sinuous rilles in the region covered 
by the photographs is shown in Fig. 4. The nonrandom- 
ness of the distribution is immediately obvious. The 
rilles are associated with mare-type material and are 
absent in the highlands. Most of them are located on 
the margins of the circular mare basins’. If the rilles 
in the Aristarchus region are assumed to be associated 
with the Imbrium basin, more than 80 per cent of the 
sinuous rilles lie on the margins of circular mare basins or 
craters with mare-type floors. This distribution of 
sinuous rilles thus implies a distribution of lunar water 
and other volatiles which is also concentrated along the 
margins of such circular basins and craters. 

The concentration of the sinuous rilles and so of water 
along the margins of the circular maria holds important 
clues to the manner in which lunar outgassing has taken 
place. Outgassing on the Moon would be expected as 
the result of the liberation of occluded gases and water of 
hydration by the heating of lunar material to several 
hundred °K and subsequent upward migration of these 
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Fig. 1. A group of sinuous rilles near the crater Aristarchus. The meandrous channel on the floer 

of Schroeter's Valley (left centre), the narrowing of the channel of Rima Prinz I (upper rigit 

corner), and the diversion of the courses of the rilles along a parallel array of fractures (upper right) 

are of particular interest. The width of fleld is about 210 km. (Lunar Orbiter IV high-resoluticn 
frame 150-1.) 


gases. If the mass ratio of volatiles to the other material or faulting. The observed distribution suggests that large 
were comparable with that of Earth, about 10° g/em* of impacts themselves may have provided both the energy 
volatiles, mostly H,O and CO, would ultimately be 
available at the lunar surface’. The energy for such 
heating might come from radioactive decay, large impacts 





Fig. 3. The rille emerging from the erster Krieger (right centre) has 
Fig. 2. Extremely mature meanders in the rille (right centre) on the apparently deposited material which covers the central portion of the 
floor of the crater Alfred E. Neuman, which is about 40 km in diameter. older rille paralleling the left margin rhe 

(Lunar Orbiter IV high-resolution frame 183-3.) about 20 km. (Lunar Orbiter IV hign-resolution frame 151 


diameter of Krieger is 
Bole 
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Fig. 4. Distribution of sinuous rilles based on the Lunar Orbiter IV high-resolution photographs, 
frames 59 to 196, which cover roughly three-quarters of the visible face of the Moon (from about 50° E 
to 100? W longitude). The face of the Moon shown is that seen by an observer situated 30? west of the 
Earth-Moon line. The hatched area indicates regions of poor or nonexistent coverage. Each rille, 
regardless of size, ís designated by a dot located approximately at its source. A frame consists of 
three 20 inch x 24 inch contact prints covering a field of about 260 by 340 km with a resolution of 


about 100 m. 


The camera axis was nearly parallel to the lunar surface normal, and the incident 


angle of the sunlight was between 70° to 75°, providing good aspect and illumination for the detection 
of low relief. 


for liberation of volatiles! and, as a result of fracturing 
and brecciation, a direct means of upward migration. 
This possibility is consistent with the available data* on 
the relationship between the impact energy and the size 
of the resulting feature. In addition, if the impacting 
objects were comets, a fraetion of their volatiles may have 
been embedded in the lunar surface material’, Around 
these impaot features faulting and subsequent readjust- 
ment may also provide local heat for liberating gases and 
perhaps forming magmas*. Alternatively, if radioactive 
heating provided the energy for the liberation of gases. 
then the observed distribution suggests that at least the 
subsequent migration of these gases in certain parts of 
the Moon was strongly influenced by fracturing and 
brecciation caused by large impacts. 

These models associate water and other volatiles with 
large impacts. We must yet account for the further 
concentration of these volatiles along the margins of the 
impact features. Because the temperature of the lunar 
subsurface is below the freezing point of water, a perma- 
frost layer would form and prevent subsequently out- 
gassing water vapour and other volatiles from reaching 
the lunar surface’, This layer would be stable on a 
geological time scale against loss through sublimation if 
it were covered by about 100 m of material’. Below the 
permafrost there would be a region where liquid water 
and other, volatiles are trapped. By analogy with the 
collection of volatiles under impervious terrestrial strata, 
the volatiles should migrate to the highest elevations of 


the 0° C isotherm. If this isotherm reflects the surface 
> 


topography, the volatiles would be concentrated under 
the higher regions that form the margins of the circular 
mare basins. The release of water to form the sinuous 
rilles could be accomplished by any mechanism which 
ruptures the permafrost, such as meteoritic impact, 
faulting or voleanic activity. 

Transient events and dark haloed craters have also 
been suggested as indieators of the presence of lunar 
subsurface volatiles. The former are attributed to out- 
gassing!", where the brightening of the outgassed 
material must be of internal origin. Although the dis- 
tribution of the transient event sites resembles that of the 
rilles!?, the suspect nature of many of the visual observa- 
tions decreases the significance of this similarity. The 
dark-haloed craters are also distributed around the 
margins of the maria or near light rayed craters'*. Some 
are associated with cracks and are unlikely to be of 
impact origin, but many have no characteristics except 
the halo to distinguish them from impact craters. The 
possibility that some haloes are due to excavation of 
dark material by meteorite impact means that the distri- 
bution'*, which does not distinguish between the two 
types of haloed craters, cannot be a reliable indicator of 
volatile emission or vuleanism. 

We must conclude that the distribution of sinuous 
rilles is the only available and unambiguous indicator of 
the location of subsurface volatiles. 

We thank Professor R. Sharp of the California Institute 
of Technology for making available the complete set of 
Lunar Orbiter photographs. This work was supported by 
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When did the Seychelles leave India ? 


INTENSIVE study of the ocean floor in the past 10 years 
has enabled the concept of sea-floor spreading to be 
examined critically, particularly by means of analysis 
of the magnetic field arising from the intrusion of basic 
rocks on ridges in the presence of regular reversals of the 
Earth's magnetic field!-?. Recently the work of Wilson!, 
MeKenzie and Parker? and Morgan* has put on a firmer 
basis the geometrieal aspects of rifting and faulting of 
plates (perhaps 100 km thick) on a sphere, and Le Pichon? 
has attempted to reconstruet the Earth's surface at 
periods in the geological past from magnetic anomaly 
studies and large seale topographie features. 

One possible independent check of the timetables used 
in the reeonstructions arises from the suspected nature of 
intrusion and extrusion near the mid-ocean ridges. 
Matthews and Bath? proposed that the intrusion process 
takes place over a region about 5 km each side of the 
centre of the ridge and Harrison? has recently arrived at 
comparable figures. If this mechanism is correct (and it 
is certainly plausible) the initial phases of the rupture of 
& continent could be revealed by dyke swarms near the 
continental shelf edge aligned approximately parallel 
to the rift at that time. Dating of such intrusions coupled 
with a study of the magnetic lineations as they approach 
the shelf edge should allow us both to check the reversal 
timetable in the early Tertiary (which is the least well 
known part of the Tertiary as regards magnetic 1eversals) 
and to give a lower bound for the date at which separation 
commenced. 

Two problems are serious. First, there is no evidence 
to suggest that vuleanism and extensive intrusion is 
confined exclusively to the vicinity of mid-ocean ridges 
and there are active volcanoes in oceans and on eontinents 
well away from the ridge systems. Thus dating of rocks 
can only give a minimum age for the occurrence of an event 
and we have no absolute guarantee that the oldest date 
of a dyke is, in fact, the correct one for the date of separa- 
tion. Second, the presence of substantial continental 
shelves to many continental regions makes rock collecting 


from selected dykes practically impossible. Accordingly 
the problem must be considered at present purely from the 
point of view of what land observations are available. 
The Seychelles and India present a good opportunity 
for examining the points discussed. It is widely held 





all the movement north has occurred. Potassium/argon 
dates are around 60 million years. 

The Seychelles have not as yet revealed satisfactory 
palaeomagnetie evidence’, but their environment is 
important. To the south the Saya de Matha bank is 
believed to be a voleanic feature**, while the Seychelles 
themselves have a continental erust!* and display dykes 
cutting the Pre-Cambrian granite, often in a NW-SE 
direction’. These dykes have also been identified 
magnetically under water, and from the dating of 
land specimens ages for Tertiary intrusives range from 
34-62 million years (including those from a syenite ring 
complex). The oldest dates both among the Decean traps 
and on Seychelles bank suggest that the volcanie activity 
of the two is related, occurred during the Pale ne and 
was probably associated with the development of the 
Carlsberg ridge (at that time 207-30? S of the equator) 
which intercepted the last remaining fragment of India 
on its journey north. 

In order to present a thoroughly convincing case for this 
one would like to show (1) that the ridge approximately 
bisects a small circle drawn paraliel to the Owen fracture 
zone between Seychelles and the Indian continental shelf; 
(2) that recognizable magnetic anomaly patterns exist 
up to these same places on both sides of the Carlsberg 
ridge. 

The first criterion is easily shown to be approximately 
true and would place the Seychelles opposite the eontinen- 
tal shelf edge in the vicinity of Bombay. The second 
criterion depends crucially on the few long magnetic 
profiles in the vicinity. Bowin and Vogt'*, on the basis 
of a survey of the direction of magnetic lineatiens, con- 
cluded that the dominant direction of the lineations in 
the vicinity of the Seychelles bank was 110°-120°, Long 
Owen profiles’, particularly in the line 15-16-17 and the 
line 8-9-10-11, provide moderately good correlations at 
the India end of the line and, in the absence of any more 
compelling data, it seems reasonable to suppose that 
magnetic lineation exists up to the shelf of India and 
parallel to it. It is interesting to observe that the largest 
anomalies occur at each end of the line and this material 
will have been ejected when the region was 207-30? S and 
therefore produced larger anomalies than a comparable 
ridge at the equator. Actual identification of anomalies 
is out of the question with so few data, but if we pursue 
the thesis that the Seychelles and India parted com- 
pany some time in the Palaeocene then, cording 
to the timetable of Heirtzler st aL?*, this would he 
around “anomaly 25". This is not greatly at variance 
with Le Pichon and Heirtzler's?! proposed magnatic time- 
table for drift in the Indian ocean and gives confidence 
that the timetable is not wildly incorrect. 1t implies a 
spreading rate of about 6x 107 degrees yr-* over the 
integrated period from the Palaeocene to the present 
about a pole in North Africa. 

A further piece of evidence relevant to this problem is 
the extent to which the shelf edges of west India and the 
Seychelles bank are parallel a Mercator projection 
based on the proposed pole of retation’ (in Libya). Tt is 
clear that the north-west Indian ceast and that of Pakistan 
are approximately parallel to the Carlsberg ridge and to 
the edge of the Seychelles north-east shelf. Francis and 
Shor?? have suggested that the Seychelles mieroeontgnent 
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may be more extensive, particularly to the south of the 
bank, but believe that the Saya de Malha bank itself is 
voleanie. The latter may thus be related to the Deccan 
trap vulcanism, but as yet there is no evidence. 

I conclude therefore that the rupture of Seychelles 
and India probably occurred at a latitude of 30° S in the 
early Palaeocene, at which time the Carlsberg ridge was 
establishing itself, and that the Deccan traps, the Saya de 
Malha bank and the oldest dykes on Seychelles together 
with the Indian Ocean magnetic anomaly pattern are not 
at variance with this conclusion. The whole system has 
since moved substantial northwards, the Carlsberg 
ridge has opened, but the geometry has been retained. 

I thank Dan P. McKenzie for many lively discussions. 
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Salt Weathering in Deserts 


WEATHERING of rocks as the result of pressures exerted 
by the erystallization of salts from solutions in confined 
spaces has been recognized for many years. Studies of 
crystal growth pressures have been summarized by 
Buekley!. The roles of such pressures in rock weathering 
have been described by Birot?, and analysed by Wellman 
and Wilson?, who stated that for rocks of equal mechanical 
strength those with large pores separated from each other 
by microporous regions are most liable to salt weathering. 
The process is pronounced in desert and coastal areas. It 
is likely to be most effective (i) in the humid deserts of 
western littorals where the supply of salts from fogs and 
chemical weathering is accompanied by frequent wetting 
and drying of the surface, and (ii) around the margins of 
playas and along channels in desert areas where salts 
tend to be concentrated and wetting and drying is most 
frequent. We accept the effectiveness of salt crystalliza- 
tion pressures, the Salzsprengung of German authors, but 
we suggest that there are two additional factors associated 
with salts which may lead to the disintegration of rock: 
(i) stresses exerted by the expansion of many salts in 
confined spaces as they are heated, and (ii) stresses caused 
by hydration of certain salts in confined spaces. 

The extent to which salts might expand when they are 
heated depends on their thermal characteristics and the 
temperature ranges to whieh they may be subjected. 

A wide range of salts oceurs in most deserts, and 
different salts tend to oceur in different areas. Important 
salts in many deserts include carbonates, sulphates, 
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Fig. 1. Volumetric expansion of some common desert salts (after 
Skinner!) and granite ( Salena ton MONT lineaz values given by Kaye and 
aby* 


nitrates and chlorides of sodium, calcium, magnesium, 
potassium and barium. Many of these salts have high 
coefficients of volumetric expansion. Fig. 1 shows the 
thermal expansion characteristics of five of these salts over 
a range of about 300° C. The temperature/volume 
relationships are approximately linear in each case and it 
is assumed that this linearity extends to atmospheric 
temperatures, and that the percentage expansion which 
the salts might undergo m natural conditions can be 
estimated from this diagram. Most of the salts have a 
considerably higher expansion coefficient than common 
rocks, such as granite (Fig. 1). 

Daily temperature ranges are notoriously high in many 
deserts. Monthly means of daily air temperature ranges 
may be as high as 29° C (ref. 6) and individual instances 
of daily ranges as high as 54° C have been recorded’. 
The daily range of surface temperature is often much 
higher than that in the air or a little below the surface, as 
Meckelein’s measurements at three sites in the central 
Sahara show (ref. 6, page 26). 

Field? and laboratory? experiments suggest that expan- 
sion and contraction of rock minerals as a result of daily 
temperature changes in deserts are inadequate by them- 
selves to cause disintegration, although there is still some 
disagreement about this. For a common desert salt 
such as NaCl, however, it might reasonably be expected 
that a temperature change of 54° C would give a volu- 
metric expansion of approximately 1 per cent, which is 
considerably greater than would be expected in the sur- 
rounding rock. The effect of such temperature changes 
on salts precipitated from solution in crevices and pores 
in rocks near the surface may be considerable. The stress 
causing system in rock associated with salt in a small 
crack is efficient in that the stresses caused by thermal 
expansion of the salt produce tensile stresses in the rock 
which are concentrated at the tip of the crack, the point 
at which further failure must occur. If the rock is granite, 
with its considerable internal stresses caused by erystal- 
lization!, then the combination of these internal stresses 
with the stresses caused by salt expansion may produce 
considerable fracturing. Of course, the cracking produced 
by salt expansion provides avenues for the further 
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penetration of saline solutions, and the process may con- 
tinue until the rock disintegrates. 

Disruptive stresses may also be exerted by anhydrous 
salts, dehydrated in high desert temperatures, which 
become hydrated from time to time. The presence of 
both anhydrite and gypsum in deserts suggests that some 
conversion of one to the other may occur, and, in fact, 
the presence of other salts tends to promote the dehydra- 
tion reaction. There is certainly a volume change associ- 
ated with the hydration of CaSO,; according to Desch**, 
when a test tube is partly filled with plaster of Paris and 
water and allowed to set, the tube is often broken by 
the apparent expansion, yet there is an overall diminution 
in volume of about 7 per cent when the reaction repre- 
sented by the equation 


2(CaSO,).H,0 + 3H,0 = 2(CaSO,.2H,0) 


proceeds to completion. It seems that although there is 
a theoretical decrease in volume of 7 per cent during the 
hardening of a 2CaSO,.H,O — H,O paste there is, in fact, 
actually a 0-5 per cent expansion". Thus emplaced salts 
which have become even partially dehydrated could be 
expected to exert a force on the walls of the containing 
fissure when they are wetted; this effect is known to cause 
damage in building materials. The various forms of 
hydrated and anhydrous CaSO, have widespread oceur- 
rence in deserts, and the weathering mechanism proposed 
involves (i) deposition of a hydrated form in a rock fissure, 
followed by (ii) slow dehydration in high desert tempera- 
tures and the presence of dehydration-assisting salts, 
which is followed (iii) by a relatively sudden wetting 
causing rapid hydration with consequent stresses on the 
fissure walls. 

Salts in confined spaces within rocks may therefore 
undergo three major types of change, creating stresses 
which might lead to rock disintegration: (i) growth of 
erystals from solution, (ii) thermal expansion, and (iii) 
hydration. We are not in a position at present to comment 
precisely on the relative importance of these changes in 
either partieular areas or deserts in general, for much 
depends on the salts present, the local extremes of tem- 
perature, the frequency of wetting and drying, and the 
precise lithology and structure of the rocks present. It 
would seem likely, however, that change (i) is dominant 
in humid coastal deserts, and changes (iu) and (iii) are 
more important in deserts which experience high tem- 
peratures and wide diurnal ranges of temperature. 
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Deformation Microstructures in 
Shock-loaded Olivine 


PETROGRAPHIC studies of rocks from meteorite craters 
and experimental work have shown that shoek waves 
induce characteristic deformation and transformation 
phenomena in quartz and feldspar. To obtain information 
about shock effects in mafic mimerals, we have started 
experiments on olivine (Mg,Fe),S:0,, and report. here our 
first results. s 

A single crystal olivine (10 moles per cent fayalite; 
350 mg in weight) was subjected to a plane shøck wave 
of about 320 kbar pressure propagated in the crystal- 
lographic direction [100]. According to McQueen et al.', 
the temperature in olivine does not exceed 500° C at 
this shock pressure. The crystal was placed in a quadratic 
steel container, 30 x 30 x 30 mm, which was struck by 
an explosively accelerated steel plate 3 mm thick. The 
container was protected against spalling by mementum 
traps and was recovered unbroken although a little 
deformed. The sample of olivine was embedded in pressed 
NaBr at the side and the rear tc minimize the effects of 
pressure waves originating from the inner wall of the 
steel container. In separate experiments the free-surface 
velocity of steel plates was measured by the pin method. 
The shock pressure in olivine was obtained by im ce 
matching using the measured Gata of the free-surface 
velocity and the Hugoniot curves for steel and iron 
from the literature. Because Hugoniot data for single 
crystal olivine are not yet known we have used the Hug- 
oniot curve for the Twin Sisters dunite!. 

The olivine sample was recovered broken into fragments 
chiefly between 0-5 and 2 mm long. Grains were embed- 
ded in ‘Aroclor’ (np = 1-655) and examined under a 
petrographic microscope with a universal stage. As well 
as irregular fractures the shock-loaded olivine exhibits 
sets of planar features, usually two or three per grain, 
which appear as closely spaced thin lines (Fig. 1). We 
could not decide whether these optical discontinuities orig- 
inate from thin line lamellae of different optieal prop- 
erties from those of the host mineral or from open fractures. 
The sets of planar features were found to be mostly 
parallel to {100}, {130}, and {hkl}-bipyramids; they were 
seldom parallel to {010} and {001} (seventy-two measure- 
ments on thirty-three grains). Because the accuracy of 
measurement was limited by undulatory extinetion due 
to the shock, the measured poles ef the bipyramids exhibit 
a certain angular spread which is rou bounded by the 
poles of the faces indexed {214}{122}{121}-{211}. Some 
measurements of well developed planar features in grains, 
which made possible an accurate determination of the 





Fig. 1. Photomicrograph of planar micrestructures parallel to (hkl) and 
(hkl) [presumably (223) and (223)] in experimentally shocked single- 
crystal olivine. Transmitted light, parallel polarizers. 
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principal optical directions, suggest that the most probable 
orientation of the bipyramids is {223} or close to this. 

Shock induced decrease of refractive indices and 
birefringence was not observed. X-ray powder diffraction 
patterns of the shocked specimen did not differ from the 
patterns obtained from the unshocked olivine. Similarly 
infrared absorption spectra disclosed no evidence of 
new phases. 

A shock experiment on a specimen drilled from an 
olivine nodule from Dreiser Weiher, Eifel, West Germany 
(about 10 moles per cent fayalite), proved that sets of 
planar features are also present in polycrystalline material. 
The shock pressure, calculated from the impact velocity 
of the flying plate, was 350-450 kbar. The sets had the 
same orientations as those observed in the single crystal 
sample. 

We interpret the planar features as deformation 
microstructures formed by the passage of the shock 
wave. Presumably they are traces of slip planes. As 
far as we know the occurrence of planar microstructures 
parallel to {hkl} and {130} has not been reported from 
either terrestrial and meteoritical materials or from 
static and dynamic experiments. In textbooks olivine 
is described as a mineral displaying more or less imper- 
fect cleavage parallel to {010} and (100). According to 
Raleigh?, in all terrestrial rocks so far examined the pre- 
dominant mode of plastic deformation is by slip on 
T = {0kl}, ¿= [100]. He found slip systems parallel 
to {110} [001], (100) [001], (100) [016], and (Oklj [100] in 
peridotite cores experimentally deformed at 5 kbar 
confining pressure at a strain rate between 10-? and 10-5 
Short? observed in rocks affected by shock waves 
from nuelear explosions that olivine seems to fracture 
extensively only along cleavage planes. Carter et al.: 
found that in olivines of stony meteorites slip systems 
parallel to (110) [001], (100) [001], and (0kl) [100] occurred. 
He also reports results of shock experiments on dunite, 
harzburgite, and a single crystal fayalite in the peak 
pressure range 150-1,000 kbar. The occurrence of planar 
microstructures parallel to bipyramids {hkl} and to prisms 
indexed {130} is not reported. 

We eannot yet conclude that sets of planar features 
parallel to {hkl} and {130} are produced solely by shock 
waves, because more data are needed on the deformation 
of olivine under very high statie pressures at high and 
low temperatures. It is very likely, however, that the 
high strain rates and high shear stresses connected with 
shoek compression are necessary to form these micro- 
structures. 
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Nanosecond Flash Photolysis and the 
Absorption Spectra of Excited Singlet 
States 


THE conventional flash photolysis technique is limited, 
by the flash duration, to times which are usually greater 


than | us (ref. I). There is a need to reach times shorter 


than this, particularly to observe and study the absorption 
bd 
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of excited singlet states which typically have lifetimes in 
the nanosecond range. The appearance of the Q switched 
laser has provided a means to this end, and photoelectronic 
detection methods have already been used in several 
laboratories to observe transients in the nanosecond rogion. 
Because of the high bandwidth required, such methods 
have serious limitations and we have therefore sought to 
extend the original double flash teehnique?, which has 
been so useful in microsecond flash photolysis, into the 
nanosecond region. A brief description of our method was 
given a year ago? and here we describe an improved form 
of the apparatus and its application to the observation of 
the absorption spectra of excited singlet states of a number 
of molecules. 

The experimental arrangement which has been found 
most useful for the present application is shown in Fig. 1. 
A ruby laser with vanadyl phthalocyanine Q = switch 
delivers a pulse which is frequency doubled by an ADPH 
crystal, filtered to reduce red light and light scattered 
from the flash lamp, and eventually delivers to the beam 
splitter a pulse of 3471 A light, lasting 18 ns and of 70 mJ 
energy. The beam is divided mto two parts, the first of 
which passes directly to the reaction vessel and acts as 
the photolysis flash. The second part passes first to an 
optical delay system which consists of a light path 
terminated by a movable plane mirror giving a variable 
delay of up to 100 ns. After reflexion this pulse returns to 
the beam splitter and thence to a cell containing a fluor- 
escent solution (1,1,4,4' tetraphenyl buta 1,3-diene in 
cyclohexane) which emits a pulse lasting 18 ns, having a 
continuous speetrum in the region from 400 to 600 nm. 
This pulse passes through the irradiated region of the 
reaction vessel to the slit of the speetrograph. A single 
laser pulse is adequate both for photolysis and the record- 
ing of an image on the spectrograph (HPS) plate. 
Aceurately reproducible delays between excitation and 
monitoring flash are readily obtained in this way, the time 
resolution being limited only by the duration of the laser 
pulse. 

Transient absorption spectra recorded in this way are 
shown in Figs. 2 and 3. The solutions were triphenylene 


a 7 


| Optical delay unit 






Monitoring source Reaction Spectrograph 
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Nanosecond flash photolysis apparatus. 
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and 3,4 benzpyrene in cyclohexane and were outgassed. 
Both series of spectra show the rise of triplet absorption 
and the simultaneous decay of new bands. These new 
transients are assigned to absorption by the lowest excited 
singlet states, because (a) the lifetimes are equal to the 
fluorescence lifetimes in the same conditions, and (b) the 
decay rate is equal to the rate of growth of the triplet 
states! which are simultaneously recorded on the plates. 
The wavelengths and lifetimes of these spectra and those 
of five other aromatic hydrocarbons which we have 
studied in the same way are recorded in Table 1. The 
solvent was cyclohexane in all cases except coronene for 
which the solvent was dioxane. 


Table 1, WAVELENGTHS AND LIFETIMES OF SPECTRA OF SOME AROMATIC 


HYDROCARBONS 


Singlet 


Singlet S, absorption Fluorescence 


Triplet T, 





Molecule absorption absorption decay time life-time 
(nm) (nm) (nsec) (nsec) 

Phenanthrene 505 485, 460, 425 2045 19 (ref. 7) 
Triphenylene 500, 465 430 $545 37 (ref. 8) 
1,2 benzanthracene 550 480 j 44 (ref. 7) 
3,4 benzpyrene 535, 510 500, 475 45+5 49 (ref. 7) 
1,2,3,4 dibenz- 

anthracene 440 5045 50 (ref. 5) 
Coronene 490 >100 300 (ref. 5) 
Pyrene 510, 490, 415 >100 380 (ref. 6) 





The shortest lifetime transients so far recorded are the 
singlet decay and triplet growth of phenanthrene, which 
has a half-life of 19 ns. Although this is comparable with 
the lifetime of the two flashes, the almost perfect repro- 
ducibility of the time delays obtained by using a fluor- 
escent source makes it possible to study the concentration 
changes during the decay of the excitation flash, and the 
quantitative kinetic study of even shorter transients 
should therefore be possible by this method even without 
any reduction in the duration of the flash. 

The triplet state absorption spectra are readily observed 
in aerated solutions with the shorter lifetimes expected 
as a result of oxygen quenching. The upper states of the 
singlet-singlet absorptions cannot be immediately assigned 
on the basis of the normal absorption spectra because 
parity and other selection rules allow strong transitions 
from the first excited state to levels which are forbidden 
from the ground state. Both spectroscopic and kinetic 
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Fig, 2. Sequence of spectra after flash photolysis of triphenylene. 
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Fig.3. Sequence of spectra after flash photolysis of 3, i-benzpyrene 


investigation of these transients will therefore provide a 
rich field for future investigation. 

In place of the fluorescent source, we have also used a 
second spark lasting 20 ns, triggered by ionizing the spark 
gap with the fi cused laser beam er, alternatively, a Marx 
bank circuit in which the first spark gap 18 1omiz d by the 
focused laser beam. Both these systems gave a spectrum 
of sufficient intensity for single-shot recording on the 
spectrographic plate but a poorer continuum and less 
reproducible delays than the fluorescent source 

During the course of this work Novak and Windsor 
(ref. 5 and personal communication) have described 
another approach to the problem in which the time 
resolved spectra are recorded by means of sn image 
converter tube using a laser spark as source. They 
recorded singlet absorption spectra of coronene, 1,2 benz- 
anthracene and 1,2,3,4 dibenzanthracene which agree with 
those reported here. Nakato et al.“ have recently reported 
a short lived transient after flash photolysis »f pyrene 
which they assigned to an excited singlet state. Our 
results confirm this assignment. 

As in conventional flash photolysis, each of these 
various modifications of technique will have its advantages 
for specific problems. The method used here has the 
general advantage of simplicity and the complete elimina- 
tion of electronic devices other than the laser itself. The 
use of optical in place of electronic methods for delay and 
time measurement will become increasingly advantageous 
as the work is extended to even shorter times. 
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Linear Electro-optic Effects in 
Tetragonal Arsenates 


THE crystals of potassium dihydrogen arsenate (KDA, 
KH,AsO,) and its isomorphs, belonging to the point 
group symmetry 42m, crystallize in the tetragonal 
system in the paraelectric phase at room temperature. 
This group, together with the 43 m symmetry group of the 
cubic system, are the only crystals which possess linear 
electro-optic effect free of background birefringence. 
The crystals of the first group, however, possess rela- 
tively large electro-optic constants. These erystals 
have been grown in an effort to find better electro-optic 
modulators. Measurements of the half-wave retardation 
voltage V2/2 performed on these single crystals are 
presented here. 

Electro-optic modulator applications of ADP type 
crystals were pioneered by Gotschall! and by Billings?. 
Because the principal uses of these erystals are in laser 
technology, these materials have been investigated 
recently?:. Single crystals of these tetragonal arsenates 
were grown in conventional Holden crystallizers with 
suitable modification. Good quality erystals, free of 
strains and veils, were obtained by growing them in 
several successive growth cycles. The proportion of 
deuterium in deuterated crystals was more than 90 
per cent. 

Direct measurements of the half-wave voltage V2/2 
were made on carefully oriented samples (+4°) of 0°Z 
eut bars (L = 1 em, W = 0-5 em, T = 0:5 em). The end 
faces were polished to optical finish and a thin layer of 
gold film (100 À or so) was deposited on these faces, to 
which leads were attached by conductive epoxy, for 
applying a de voltage. The bars were then placed in 
the measuring system of a precision spectro-polarimeter, 
formed by a mereury xenon are lamp, quartz prism 
monochromator, Glan-Thomson polarizing prisms and a 
multirange photometer with sensitivity range up to 0-1 
nA, using a 931 A photomultiplier tube. High vol- 
tages were measured to an accuracy of +1 per cent 
with a Keithley electrometer, fitted with a high voltage 
probe. Both the polarizer and analyser were set to 0° 
with respect to the X and Y axis of these 0^Z samples. 
The half-wave retardation voltage V/2 is the voltage 
at which minimum intensity is obtained at a given 
wavelength. During these measurements a monochromatic 
light. of half intensity bandwidth varying from 30 A 





V 4/2 (kV) 





Fig. 1. VAa/2 against å for ADP and ADA single crystals. 
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Fig. 2. 
(at 400 nm) to 100 A (at 700 nm) was allowed to enter 
the slit. It is estimated that the overall measurement 
accuracy is about 3 per cent 

These measurements of V4/2 on ADP and ADA crystals 
are shown in Fig. 1 and those on KDA, D-KDA, RbDA, 
D-RbDA, CsDA and D-CsDA are shown in Fig. 2. This 
value at 550 nm of 7-20 kV for ADA single crystal differs 
considerably from that of 13 kV, published in the AIP 
handbook’. The simple crystals of D-CsDA require the 
lowest half-wave retardation voltage (1-95 kV at 550 nm) 
among these isomorphs, and these should find an important 
place in modulator applications where lower V2A/2 is a 
major criterion. Detailed investigations on these single 
erystals will be published later. 
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Nuclear Magnetic Resonance in Phase 
Study: LiCI-CrCl; 


THERE is evidence for reaction between mixtures of pure 
anhydrous LiCl and CrCl, when they are fused at between 
500? and 700? C, and the resultant melts are cooled. 
An equation can be written 


(CrCl) + 3x LiCl — x CrCl- + 3x Lit a) 
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This evidence consisted of the destruction of the charac- 
teristic purple, insoluble layer crystals of CrCl, and the 
formation of a pink salt soluble in water. Reaction 1 
is written in analogy to the reactions believed to occur 
in the NaCl-CrCl, and the KCl-CrCl, systems with fusion 
and cooling. Cook! has reported the formation of Na4CrCl, 
and K,CrCl, in these systems. Such reactions can be 
regarded as depolymerizing reactions without change in 
either the covalence or oxidation state of the central 
metal atoms. 

Furthermore, evidence corroborating this view has been 
obtained by nuclear magnetic resonance (NMR) spectro- 
scopy?. Use of the NMR equipment made possible the 
measurement of spin-lattice relaxation times, T, for the 
$Li nucleus in (1) the pure LiCl crystals (72 s); (2) mechani- 
cal mixtures of pure LiCl and pure CrCl, both anhydrous 
(728); (3) the pink material obtained by fusing the two pure 
components containing (i) 23-3 wt per cent CrCl, (~ 0-5 s 
and ~0-1 ms) and (ii) 45:5 wt per cent CrCl, (~ 0-1 ms). 
These results indicate that mere mechanical mixing of 
the two components did not change the environment of 
the {Li, as indicated by the constancy of T! in the first 
two observations. But fusion of the two substances 
produced a substance yielding a value several hundred 
times smaller than before. This accelerated rate is believed 
to result from interaction with the crystal system con- 
taining unpaired electrons in the paramagnetic CrCl,- 
ions produced by the reaction. 

The measurements for spin-lattice relaxation times 
also indicate the utility of NMR measurements for analysis 
of mixtures of pure components in the presence of the 
compound, believed to be Li,CrCl,. Samples of such 
mixtures, when placed in a magnetic field and subjected 
to a rf pulse, yielded two sets of radiation after the 
pulse period ended; the intensity of each set of radiation 
decayed with a characteristic lifetime. This indicated the 
presence of two different environments for the {Li nucleus 
in the same sample, until composition of the compound is 
approached. The single value of T, is then attributed to 
the compound alone. 

Pulsed field interactions were also exploited to reveal 
the presence of water in the presumably anhydrous 
materials. The CrCl, used for this work was inert to the 
action of water vapour when resublimed in a stream of 
He and Cl, at 850? to 900° C. Commercial samples not 
treated in this way contained 5-15 per cent water, 
removable by oven drying at 110-200? C. Anhydrous 
LiCl was prepared either by the method of Gardner and 
Janz? or that of Maricle and Hume, Samples placed 
in the magnetic field and subjeeted to the proper rf 
radiation were found to respond to such an extent that 
the water equivalent was calculated at less than 0-001 
per cent. 

lt is anticipated that the sensitivity of the NMR 
measurements to the presence of the mixed states will 
constitute a precise indication of the appearance of a 
new compound as the eutectie composition is exceeded in 
a series of fused mixtures. Preliminary thermal studies 
of the LiCl-CrCl, system indicate the presence of a single 
compound with two eutectics. 

This study is part of the programme supported by the 
Robert A. Welch Foundation, Houston, Texas. The NMR 
measurements were interpreted by Dr Gilbert Persyn 
and the measurements were made by Mr Errol 8. Riewerts. 
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Long Wavelength Forms of Chlorophyll 


Srrcies of chlorophyil a absorbing in the red at 673-85, 
682-5 and in the range 697-715 nm occur in photo- 
synthetic organisms. Colloidal dispersions, monolayers 
spread on water, and various crystalline preparations of 
chlorophyll are also known to absorb light at wevelengths 
longer than does monomerie chlorophyll’. The red-shift 
of ehlorophyll in the plant has been explained iu terms of 
an exciton theory? and is generally considered the result 
of aggregation or crystallization of the chlorophyll. A 
large red-shift is taken almost automatically to indicate a 
high degree of crystallinity’, We have now prepared 
chlorophyll a solutions and films which absorb in the red 
at 672-5, 682-5, 710-20 and 740 nm, and have been 
able to deduce structures for these long wavelength 
forms of chlorophyll from the infrared spectra. 
Chlorophyll 673, 435. Anhydrous chlorophyll in n- 
butyleyelohexane or hexadecane solution (5 x 16-5 to 10-2 
M), or as a film east from solution in cyclohexane or carbon 
tetrachloride, has an absorption maximum at 672-5 nm. 
In contrast to the situation in CCl, solutions’, these 
preparations have a considerakly diminished free keto 
C=O absorption at 1,695 cm-t (Fig. 1). Absorption at 
1,660 cm~! is enhanced and this indicates an increase in 
keto C=O—Mg interactions, concomitant with the de- 
crease in free keto C=O absorption. The aggregation 
peak appears at 1,660 cm~ rather than at the value of 
1,652 em~ which is characteristic of chlorophyll dimers, 
and this implies a decrease in the average energy of the 
C.-O—Mg interaction. These ebservations suggest that 
the 673 nm species is a chloropayll-chlorophyW oligomer 
formed from dimer units by C —O-—Mg interactions which 
on the average are somewhat less favourable than those 
holding the dimers together. Mcleeular weight determina- 
tions by vapour phase osmometry show a 0-12 M solution 
of chlorophyll a in n-hexane to have the average composi - 
tion (Chl)... Because the dihydroporphyrin planes cannot 
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Fig. 1. Infrared specira of a solution of 2-3 x 10-9 M chiorophyil a 
in hexadecane: (——-—) dry starting solution; (——) after hydration 
of the solution by exposure to water vapour for 65 h. The dry species 
(---) has an absorption maximum in the visible at CY8 nm: the 


hydrated species (— —) sibsorbs at 740 nm. 
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be made parallel in the dimers or oligomers, the red-shift 
in this chlorophyll species is small. 

Chlorophyll—water 743, 448. We have recently described 
chlorophyll-water adducts*" which are strongly red- 
shifted. When chlorophyll monohydrate (chlorophyll/ 
water ratio 1:1 by gas chromatographic analysis) is dis- 
solved in aliphatic hydrocarbon solvents such as dodecane 
or hexadecane, the infrared spectra in both the carbonyl 
and the OH stretch regions (Fig. 1) show that a species 
basically different in structure from chlorophyll dimer or 
oligomer is formed. The spectrum of the chlorophyll- 
water adduct can be interpreted in terms of water co- 
ordinated to the magnesium atom of one chlorophyll 
moleeule and which is at the same time hydrogen-bonded 
to the carbomethoxy C=O and keto C—O functions of 
another chlorophyll molecule: 





i i 
OC keto 


M g — 


By repetition of this interaction, large ordered arrays or 
micelles of colloidal dimensions are formed, in which the 
repeating unit is (Chl - H,O). The strong red-shift in the 
absorption spectrum of the (Chl - H,O), species to 743 nm 
is reasonable in terms of the interaction of parallel dihydro- 
porphyrin rings. A chlorophyll a species absorbing at 
740 nm has not been reported to occur in green plants. In 
the ease of bacteriochlorophyll, however, the correspond- 
ing (BChl- 1H,O), micelles have absorption maxima at 
820, 850, 865 and 895 nm, which closely match the 
maxima which occur in photosynthetic bacteria’. 

It is likely that the crystalline chlorophyll preparations 
of Jacobs and Holt? and of Anderson and Calvin’ are 
largely or entirely composed of (Chl: H,O) micelles, 
and that a number of hitherto unexplained or anomalous 
observations on the spectral-?, ESR" and monolayer!* 
properties of chlorophyll can now be explained in terms 
of the (Chl - H,O), micelles. 

Chlorophyll-water 715-720, 436. Chlorophyll species 
with absorption maxima near 700 nm have been reported 
in the literature, but again with unassigned compositions or 
structures. Confirming and extending the earlier observa- 
tions of Sherman and Linschitz!?, we find that hydration 
by water vapour at low partial pressure of chlorophyll 
dissolved in mineral oil or ‘Nujol’ (hydrocarbon solvents 
consisting of a mixture of aliphatie and a large amount of 
cycloaliphatic hydrocarbons) forms chlorophyll species 
which absorb light near 700 nm. From the infrared 
spectrum of such a long wavelength species absorbing at 
720 nm it can be seen that both the ester carbomethoxy 
and the propionic ester C——O absorption peaks are dis- 
placed to longer wavelengths, and that the free keto 
carbonyl absorption at 1,695 cm~ has all but disappeared 
(Fig. 2). The absorption peak at 1,658 em~, however, is 
still nets which indicates that the keto C=-O—Mg 
interaction characteristic of oligomer chlorophyll has not 
been disrupted. The 720 nm species must therefore be the 
673 nm chlorophyll oligomer in which the ester carbonyl 
groups are hydrogen-bonded to water. A band in the 
OH stretch region at 3,450 cm~, indicative of hydrogen- 
bonded water, is in agreement with this assignment. The 
absence of any free keto C--O absorption (some free 
keto absorption is always observed to occur in the oligomer 
itself) and the weak OH band at 3,180 em-! suggests that 
larger structures, in which the hydrated oligomers are 
further linked together by 


ester —C=:Q. . .H—O0-—H. 
EE EN 


interactions {characteristic of the 743 nm species), have 
been formed. Absorption at 740 nm is always seen in our 
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Fig. 2. Infrared spectra of a 10-? M solution of anhydrous chlorophyll 
a in light mineral oil (* Nujol ), after exposure to water vapour at 10 torr: 
(-—-) after 24 h; (——-) after 100 h. 


720 nm preparations, providing additional support for 
the suggestion that the (ester) hydrated oligomers are 
further aggregated by water. Thus the 720 nm species 
consists of (Chl—Chl), aggregates the ester carbonyl groups 
of which are hydrogen-bonded to water, with an occasional 
Chl—H,O-—Chl interaction which links the (Chl—Chl), 
oligomers together. 

Hydration of films of anhydrous chlorophyll a with 
water vapour at a partial pressure of 10 torr results in a 
film with absorption at 673 and 715 nm. Free keto C=O 
is hydrated and the absorption maximum at 1,695 cm~ 
disappears; the 1,652 cm~ absorption increases in in- 
tensity with the absorption maximum shifted to 1,660 
cm. The ester carbonyl absorption peak decreases 
somewhat in intensity with tailing to lower frequencies 
(Fig. 3). This species still absorbs light in the visible at 
673 nm, but with marked tailing to the red which gives a 
difference spectra maximum at 720 nm. 

Chlorophyll-water. 682-5, 437. This species is readily 
formed by dehydration of a hydrated chlorophyll film, 
and so far we have observed it only in film form. In the 
682-5 nm form, it seems that the dihydroporphyrin planes 
of the chlorophyll are in a somewhat more favourable 
orientation for z-z interactions than is the case for the 
673 nm species. We are unable to say at this time whether 
this increased orientation results from some residual water 
in the film, or whether the parallel orientation charac- 
teristic of the 740 nm (Chl : H,O), micelle is retained in 
the 682 nm film when the water is removed because of 
the inability of the chlorophyll to orient itself freely in 
the film. The persistence of orientation would explain 
the observation that a 682-5 nm film obtained by pump- 
ing (Chl - H,O), in a high vacuum has strongly inereased 
free carbonyl absorption at 1,695 em-! (O.D. 1,695/0.D. 
1,652 = 1-4) compared with a 673 nm film prepared from 
dry chlorophyll a (O.D. 1,695/0.D. 1,695 = 0-8). 

On the basis of these observations, we ean suggest 
possible struetures for the long wavelength forms of 
chlorophyll in the plant. The dear ll absorbing at 
673 nm may occur as chlorophyll oligomers, composed of 
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Fig. 3. Infrared spectra of film of chlorophyll a (cast on BaF, disk) 


(——-) after exposure to H.O vapour at 10 torr partial pressure for 24 h; 
(~~~) after 5 min in the Beckman ZR-? spectrophotometer. The infra. 
red spectrum before loss of water by heating in the spectrophotometer 
corresponds to a species absorbing at 673 nm with tailing to the red 
that produces a maximum at 720 nm by difference spectroscopy. 


(Chl-—Chl) dimer repeating units, with an occasional 
Chl--H,0—Chl bridge which binds the oligomers together. 
Tn some parts of the oligomer chain, the ester carbonyl 
groups are hydrogen-bonded to water or to some other 
hydrogen bonding agent, constituting a region that 
absorbs at 4720 nm. There may be another region in 
which the chlorophyll molecules are forced by some 
unspecified mechanism into a more parallel configuration 
than is possible in the oligomer itself, and this would 
constitute a region absorbing at 682 nm. How chlorophyll 
b, the carotenoids, and the lipids affect these structures 
remains to be determined. That the structural entities 
described here are pertinent to the behaviour of chloro- 
phyll in the plant is supported by the observation that 
the chlorophyll 743, 448 species gives a narrow, reversible, 
photo-electron spin resonance signal on illumination with 
red light’. 


K. BALLSCHMITER 
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Ribosomal Binding of AUG by 
Formyl-methionyl-sRNA 


Tr has been shown that a triplet can facilitate the binding 
of an amino acyl-sRNA molecule to a ribosome', and, 
conversely, that an sRNA molecule ean bind a labelled 
triplet to a ribosome?. Recently, Kondo et eL? have 
shown that, in the presence of the necessary coraponents, 
formyl-methionyl-sRNA p is required to bind the f2 phage 
RNA to 70S ribosomes at 5 mM Mg**. In this com- 
munication we describe how labelled pApUp( can he 
bound in a stable complex to ribosomes in the presence 
of formyl-methionyl-sRNA s, there being one molecule of 
triplet bound per molecule of sRNA bound. When 
puromycin is added, the formyl-methiony! residue is 
rapidly removed and the labelled triplet is more slowly 
lost from the ribosome. 

The binding assays and preparation of materials were 
performed essentially as deseribed previously*. The 
*P-labelled triplet pApUpG was prepared by phos- 
phorylating ApUpG with y-**P-labelled ATP in the pres- 
ence of polynucleotide kinase. The specifie activity of the 
purified triplet was measured assuming that 1 umole of 
pApUpG corresponds to 33 Ass units. 

Fig. 1 shows the kinetics of binding of *°8-lahelled 
formyl-methionyl-sRNAr in the presence of labelled 
pApUpG at 5 mM Mg. Binding of both components 
requires both the formyl-methionyl-sRNAy and GTP. 
The approximate molar ratio of formyl-methionvl-sRNA » 
and pApUpG bound is one. When 0-1 mM puromycin 
was added, the formyl-methiony] residue is rapidly 
removed?; the triplet is much more slowly removed and 
probably reflects the rate at which the complex of sRNA p, 
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Fig. 1. The binding of F-Met-sRNAp (98) and pAÁpUpG (CP) to ribo- 
somes. The ineubation mixtures contained, per ml, 106 umoles of 
ammonium cacodylate, pH 7-1, 60 umoles of KCI, 5 moles oftimagnesium 
acetate, 10 moles of B-mercaptoethianoi, 20 Ases ribosomes, 0-02 mi. of 
crude initiation factors, 4 mumoles of pApUpG (specific activity 550 
Ci/mole), 5-8 Ass unfractionated «RNA charged with 8. (of specific 
activity 6,600 Ci/mole in formylating conditions: the free mothiony 
sRNA which had not been formylated waa largely removed ky pyrophos- 
phorolysis so that 96 per cent of the label was present in et-s RN AJ, 
and 0-1 umole of GTP. Reactions were incubated at 25? € and 50 gi. 
aliquots removed, and diluted 100-fold into a buffer comtaining the 
given concentrations of ammonium casodylate, KCl, and magnesium 
acetate at pH 7-1 and 0° C, They were then filtered and waahed. Those 
aliquots treated with puromycin were removed from the inet: bation after 
20 min, and diluted into the & ition containing 071 mM puro- 
mycin hydrochloride at 25° They were then filtered gt the times 
indicated. Dilution of samy in dilution buffer without puromycin and 
further incubation at 25? C had no significant effect on the level of 
binding of either component. Contro! experiments showed that in the 
absence of GTP, 0-2 uumole of formyl-methionyl-sRNA and 0-6 uumole 
of pApUpG were bound after 20 min of incubation: thes inks have 
been subtracted from those presented in Fig. 1. In the absence of 
added F-Met-sRNA 0-12 ugmole of pApUpG was bound, whether GTP 
was present or not. 
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pApUpG and the ribosome (which is stable at 10 mM 
Mg'*) falls apart at 5 mM Mg**. If the reaction with 
puromycin is carried out. at 0° C (in experiments not 
described here), the 558, but not “P, is lost from the 
ribosome, thereby indicating that the resulting complex 
is more stable at 0° C at 5 mM Mgt. 

Previous evidence has shown that formyl-methionyl- 
sRNAr bound to ribosomes in the presence of GTP, will 
react with puromycin. If GMP-PCP, the &-y methylene 
analogue of GTP, is substituted for GTP, the formyl- 
methionyl-sRNA r is bound to ribosomes but cannot react 
with puromycin*?, thereby suggesting that some form of 
translocation takes place with a concomitant hydrolysis 
of GTP. If this is so, these results show that this trans- 
location! does not place the formyl-methionyl-sRNA » in 
an (uncoded) site which leads to the release of the triplet. 
They further indicate that once the formyl-methionyl 
residue has been removed, the initiation complex is 
unstable at 5 mM Mg*+ and slowly breaks up. 

I thank Mrs M. S. Brownlee for technical assistance. 
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Two Molecular Forms of Ferritin in 
Rabbit Marrow 


Ix normal circumstances the bulk of iron bound to trans- 
ferrin is delivered to the erythroid marrow for use in 
haemoglobin synthesis. Iron metabolism is conservative, 
however, and transferrin acquires its iron chiefly from 
storage depots in the reticuloendothelial system. The 
reticuloendothelial cells are responsible for the breakdown 
of red blood cells and for the salvage of iron which, after 
degradative breakdown of haemoglobin, is stored in these 
cells as ferritin, Transferrin again acquires this iron and 
transports it back to the erythroblasts, where it is in- 
corporated both into ferritin and into haemoglobin. The 
factors which control the flow of iron from ferritin in 
reticuloendothelial cells to ferritin in erythroblasts are not 
understood. In this report, ferritin of reticuloendothelial 
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Fig. 1. i 
experimental method of producing a double labelling of marrow ferritin 
with two isotopes of iron (see text). 
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fig. 2. Starch granule electrophoresis of double labelled rabbit ferritin 


purified from liver, spleen and marrow (0-05 M veronal buffer, pH 8-6). 

The arrow indicates the more anodal anabolic marrow ferritin labelled 

with “Fe. A minor peak of "Fe was also demonstrable in the slow 
catabolic marrow ferritin zone. 


cell origin, referred to as “catabolic” ferritin is distin- 
guished from ferritin of erythroblasts, called here 
“anabolic” ferritin. 

Catabolie ferritin was compared with anabolic ferritin 
by means of two isotopes of iron (Fig. 1). 55Fe was 
introduecd in the form of heat damaged rabbit reti- 
culoeytes previously labelled by in vitro incubation. These 
were rapidly catabolized with conversion of the “Fe into 
catabolic ferritin in reticuloendothelial cells. “Fe 
diluted in saline was injected intravenously for transferrin- 
bound transportation to the erythroid marrow for the 
anabolic function of haemoglobin synthesis. The New 
Zealand white rabbits were killed 18 h after injection of 
55Fe and 6 h after **Fe had been given, at approximately 
90 per cent clearance of the isotopes from the circulation. 

Ferritin was prepared from liver, spleen and marrow 
after homogenization in hypotonic buffer of the washed 
tissues. After being kept at 60° C for 10 min, the soluble 
supernatant was concentrated by ultracentrifugation and 
purified by sucrose density gradient ultracentrifugation!. 

Starch granule electrophoresis of purified ferritin 
extracted from such double labelled marrow demonstrated 
two types of ferritin, one eatabolie labelled with 55Fe, and 
the other anabolic labelled with **Fe (Fig. 2). The 
anabolie type has a more anodal mobility and thus seems 
to be more electronegative than the catabolic type. On 
the other hand, in ferritin prepared from liver or spleen 
both labels localized together in the catabolic or slow zone. 
Furthermore, the optical density of ferritin (whieh is 
largely determined by the iron content) from all three 
tissues localized in the same slow zone. This finding 
indicates that the fast anabolic ferritin has a greater iron 
specific activity, which is in keeping with rapid utilization 
of the iron for haemoglobin synthesis. Separation of the 
two marrow ferritins was also readily achieved on columns 
of ‘DE-Sephadex’. 

The two molecular forms of marrow ferritin behaved 
in the same way when subjected to gel filtration with 
‘Sephadex G-200’. They were also identified immuno- 
chemically by reaction with antiferritin; after electro- 
phoretie separation, complete antigen-antibody complex 
formation was equally demonstrable for both radioactive 
labels. 
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These results confirm in rabbits the previous reports by 
Gabuzda and Gardner! and by Alfrey and associates of 
two molecular forms of ferritin in human marrow’, 
Alfrey proposed that one form represents marrow reticulo- 
endothelial cell ferritin and the other erythroblast ferritin. 
This report provides strong supporting evidence for such a 
hypothesis. 

This study was supported by a grant from the National 
Institute of Child Health and Human Development, US 
Publie Health Service. 
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Erythrocyte ATP: D-Fructose-6-phosphate 
I-Phosphotransferase (Phosphofructo- 
kinase) Activity in Children with 
Normal/G Trisomic Mosaic Down's 
Syndrome and in Normal and Down's 
Syndrome Controls 


THERE is evidence to suggest that, in human subjects with 
mosaicism of cell lines normal and trisomic for chromosome 
21, phenotypic expression is intermediate between that 
expected from each of the two cell lines. Moreover, the 
degree of expression of the trisomic cells (defined as the 
severity of clinical manifestations of Down’s Syndrome 
(mongolism)) appears to be related to the proportion of 
trisomie cells’. In this study we investigated whether in 
tissues with normal/trisomy 21 mosaicism genetic bio- 
chemical expression was intermediate between that of the 
two individual cell lines. 

Tn the preliminary study the following enzyme activities 
were measured in ten normal children and ten children 
with primary trisomic Down's Syndrome in whom no 
evidence of mosaicism had been detected by analysis 
of 100 cells. Leucocyte and erythrocyte D-glucose-6- 
phosphate : NADP oxidoreductase (E.C. 1.1.1.49) (G6PD), 
6-phospho-p-gluconate : NADP oxido reductase (E.C. 
1.1.1.44) (6PGD) and erythrocyte ATP : p-fructose-6-phos- 
phate 1-phosphotransferase (E.C. 2.7.1.11) (phosphofructo- 
kinase). Although in all cases mean enzyme activity was 
higher in the cells from subjects with Down’s Syndrome 
than in those from controls, this was significant at the 5 per 
cent level only in the case of erythrocyte phosphofructo- 
kinase’. This last parameter was selected and studied in 
six subjects with mosaic Down's Syndrome who are being 
followed-up in relation to im vivo cell selection’. The 
mosaics were compared with ten normal controls and ten 
subjects with full primary trisomie Down's Syndrome. To 
minimize the possible effect on enzyme activity of sex and 
age, estimations were carried out in batches which on each 
study day included a subject with mosaicism and one or 
more normal controls or children with Down’s Syndrome. 
These were matched on each day for sex, race and age 
(to within 3 months). The ages ranged from 11 months to 
3 yr 11 months (mean 2 yr 4 months). For each study 
group enzyme activity was similar in different batches 
and in children with different sex or age, and so the 
results are considered together. The cell proportions in 
each mosaic subject were determined by examination of 
lymphocytes in peripheral blood cultures stimulated by 
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Fig. 1. Relation between percentage of lymphocytes iriacmie for 


chromosome 21 and of erythrocyte phosphofructoklnase activity in 
six mosaic mongol children. Each symbol represents an individua 
subject. The relation is shown between the proportion of trisomie 
lymphocytes in the peripheral blood at the time of the study and 
erythrocyte phosphofructokinase activity. A unit of enzyme aetivity is 
defined as the number of umoles of NADH oxidized/h/g of haemoglobin 
at 20°C. €, Down's Syndrome (DS); @, DS mosaies; ©, controls, 


phytohaemagglutinin (PHA) and correlated witherythro- 
cyte enzyme activity estimated by the method of Loder 
and de Gruchy* and expressed as units (1 unit=the 
number of umoles of NADH oxidized/h/g of haemoglobin 
at 20? C). 

Erythrocyte phosphofructokinase activity in children 
with primary Down's Syndrome was significantly higher 
than in children with mosaicism (P =002-005 and in 
normal controls (P « 0-001) (Tables 1 and 2). Moreover, 
activity in the children with mosaicism was higher than 
that in normal controls (P = 0-02-0-05). In the mosaies 
there was a correlation between enzyme activity and 
percentage of trisomic cells at the time of the stady. All 
three mosaics with more than 95 per cent of trisomie cells 
had enzyme activities well above the normal raage; one 
mosaic with less than 5 per cent of trisomie celis had an 
enzyme activity within 1 standard deviation of the normal 
mean; and the two mosaics with 45-60 per cent o? trisomie 
cells had enzyme activity within 1 standard deviation of 
the normal mean and within 1 standard deviation of the 
Down's Syndrome mean respectively (Fig. 1). 


Table 1. ERYTHROOYTE PHOSPHOFRUGTOKINASE ACTIVITY (UNITS) 
No. of \ Standard 
subjects Mean deviation 
Normal controls 16 0-91 06 
Mosaic Down's Syndrome 6 1-08 eta 
Primary Down's Syndrome i0 i29 017 
Table 2. STATISTICAL ASSESSMENT OF DIFFERENCES BETWEEN GROUPS 


Differences between 


Groups of subjects means (units) t Test P 
Normal controls-primary DS 0-38 5:11 « 001 
Normal controls~mosaic DS 0:17 2-21 0-02-0-05 
Mosaic D.S.-primary DS 0-24 2.28 (02-0-05 


It should be noted that enzyme activities were de- 
termined on erythrocytes, while the percentage of trisomic 
cells was determined in the proportion of lymphocytes 
which responded to PHA. "The correlation between these 
measurements, however, suggests a positive relationship 
between the degree of mosaicism in these two tissues or 
their stem cells. 

Our results show that in the case of erythrocyte phos- 
phofructokinase the genetic expression of a tissue with 
chromosome mosaicism is intermediate between that of 
the constituent cell lines. A longitudinal study of these 
children is planned in order to investigate whether in vive 
cell selection? is accompanied by a corresponding alteration 
in biochemical expression. 
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Prevention of a Vitamin Deficiency by 
Provision of the Product synthesized 
by the Coenzyme which contains the 
Vitamin 


SrNCE the early work of Evans and Lepkovsky! it has 
been reeognized that a high-fat diet has a sparing action 
on thiamine. Jones* demonstrated that the deleterious 
effects of oxythiamine, an inhibitor of thiamine (vitamin 
B,), could be essentially counteracted by a high-fat diet. 
We thought it would be interesting to see what changes, 
if any, take place in the activity of two of the enzyme 
systems requiring thiamine pyrophosphate— pyruvate 
dehydrogenase and transketolase, a key enzyme of the 
pentose eycle—when oxythiamine is administered to rats 
on a high-fat diet. 

Two groups of young rats (six animals in each group) 
were fed a synthetic high-fat diet containing all the factors 
known to be essential for growth of the rat. Oxythiamine 
was added to the diet of one group, at an oxythiamine to 
thiamine ratio of 80:1, while the other group served as 
pair-fed controls (high fat, no oxythiamine). A third 
group (ten animals) was given a low-fat diet to which 
oxythiamine was added. These animals grew poorly, 
developed anorexia and profuse diarrhoea on the second 
day and, if not killed, died on about the eleventh day. 

When an animal of the third group developed signs of 
advanced deficiency it was killed. The blood, liver and 
brain were analysed for transketolase activity and the 
liver and brain for pyruvate dehydrogenase. As soon as 
possible thereafter an animal from the first group (high- 
fat, oxythiamine diet) was killed along with its paired 
control (high fat, no oxythiamine) and similar analyses 
were carried out. 

During the time on the experimental diets, the animals 
fed the low-fat with oxythiamine diet lost an average of 
4 g, whereas the animals on the high-fat diet with oxy- 
thiamine gained an average of 76 g in an average of 21 
days. In all respects the animals of the first group 
appeared completely normal. The failure of the high 
concentration of fat to maintain a high level of activities 
of several enzymes (pyruvate dehydrogenase in liver and 
transketolase in liver and blood) is shown in Table 1. 
The activities of the enzymes of the animals of group 1 
are given for each individual animal, and are expressed 
as the percentage of the pair-fed control. There was a 
marked decrease in the activity of both enzymes, but 
there was a much greater decrease in transketolase than 
in the dehydrogenase. 

Two conclusions ean be drawn from these results. 
First, the chief function of the pentose cycle seems to be 
the part it plays in the synthesis of fatty acids, for with a 
liberal supply of fat the rat remains in a healthy state 
even with a very low level of transketolase. Second, it is 
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Table 1, ENZYME ACTIVITIES OF RATS ON THE HIGH-FAT ORYTHIAMINE DIET 
(GROUP 1) E 
Liver Blood 
Rat Days on Per cent of control (group 2) Per cent of control 
No, diet Pyruvate Trans- (group 2) 
dehydrogenase* — ketolasef ‘Transketolase 
1 13 58 i7 13 
2 18 41 9 285 
3 21 58 Q 22 
4 24 46 21 4 
5 26 53 8 16 
6 27 49 29 15 
Average 21-5 50-8 14-5 15-8 


* Oxygen uptake with 10 mM pyruvate and 3-33 mM malate. 
t nmoles of sedoheptulose formed/mg of protein/h. 


clear that an enzyme can be replaced in the body economy 
by the product formed by the reaction catalysed by the 
enzyme, and that in these experiments a vitamin deficiency 
was prevented by provision of the product normally 


synthesized by the coenzyme which contains the vitamin. 
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Light Stimulation of the Sodium 
Pump in Epithelia 


WHEN pieces of isolated skin are exposed to intense 
flashes of light lasting less than 1 ms, an electrical response 
can be detected between electrodes placed on the two 
sides!. This consists of a l ms initial response during 
which the anatomical inside surface of the skin is negative, 
followed by a slower series of waves of varying polarity 
but dominated by a eomponent with a peak latency of 
usually 10-20 ms, positive inside (Fig. 1, +70 mV). 
In the previous report!, this complex was termed the early 
response to distinguish it from a later response, a much 
slower transient alteration in potential lasting several 
seconds that was observed in frog skin. Both the early 
and late responses increase linearly with stimulus energy. 

'This report deals with a dissection of the early response. 
'The initial negative potential is analogous to the fast 
photovoltage, photoelectrical potential, or early receptor 
potential of other systems*-* in that it is essentially inde- 
pendent of the ionie environment of the tissue and seems 
to reflect a transient redistribution of charge in some fixed 
structure. On the other hand, the slower positive wave is 
very sensitive to the concentration of sodium on the 
external surface of the skin, to imposed potential differ- 
enees across the skin and to the presence of ouabain, 
These observations, plus the fact that in various conditions 
it is altered in the same way as the short circuit current 
of the skin, suggest that the internal positive wave reflects 
a transient increase in the active transport of sodium, 
probably caused by a warming of the enzymatic machin- 
ery of the pump. 

Light from a 60 J commercial xenon flash unit designed 
for use in photography was directed down a Lucite tube 
onto the face of a piece of epithelium placed as a mem- 
brane separating two compartments filled with Ringer 
solution. Two types of epithelium were used: dorsal 
skin from the leopard frog Rana pipiens and half bladders 
from the toad Bufo marinus. The trans-skin potential 
could be set to any value by passing current through the 
epithelium from a variable source of voltage connected 
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to a pair of light-shielded Ag : AgCI electrodes which, in 
turn, communicated through wicks 
Ringer with the two compartments of the recording 
chamber. To measure voltages across the skin, another 
pair of light-shielded Ag : AgCl electrodes contacting the 
compartments through 3 M KCl-agar bridges was con- 
nected to a differential amplifier and oscilloscope with a 
bandwidth of de to 300 kHz. Electrical artefacts were 
eliminated by separate shielding of the preparation and 
the light source 

The variation in waveform of the early complex with the 
magnitude of the trans-skin potential (as set by an exter- 
nal voltage source) is shown for frog skin in Fig. 1. With 
the skin potential adjusted to zero, the initial internal 
negative response was followed by a large and longe r 


cotton soaked in 


lasting wave of opposite polarity with peak latency about 
For convenience we call these the « and y waves. 
positive, 


5 ms. 
With a trans-skin potential of 70 mV, inside 
which was the intrinsic voltage of this piece of skin, there 
was a conspicuous inflexion on the rising limb of the y 
wave, a decrease in the size of the y wave and an increase 
in the latency of its peak to about 15 ms. As the inside 
of the skin was made still more positive, two competing 
events became evident: the inflexion increased to become 
the 8 wave—of opposite polarity to the y wave—and the 
y wave decreased still further. At a skin potential of 
100 mV, inside positive, the entire complex was negative. 
In approximately twenty preparations studied in this 
way the relative prominence of the several waves varied 
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Fig. 1. Photovoltages generated across an isolated frog skin by intense 





flashes of light ( « 1 ms duration) when the trans-skin voltage w 
various values, Positivity of the internal (dermal) side of the skin is 
shown in this and the other figures by an upward excursion of the trac: 
rhe potential of the internal surface relative to the external is given in 
mV to the left of each frame. The skin was bathed in frog Ringer or 
each side, and the intrinsic de potential across the skin with the external 
source disconnected was 70 mV, inside positive. Scale marks (lower 
frame) represent 500 V and 5 ms 
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Fig.2. The effect of a low external concentration of sodium on the phot 
voltage of the isolated frog skin. The de trans-skin potentis (mV) a 
which the record was made is indicated to the left of each frame (Inside 
relative to outside). A, External sodium 115 mM, internal sodium 
115 mM, natural trans-skin potential 2) mV (inside). A response 
identical to A was recorded when the concentration of sodium bathing 
the internal surface was lowered to 1 mM by replacement with choline 
B, External sodium 1 mM, internal socium 115 mM, intrinsic skin 
potential +10 mV. C, Sodium concentrations as in B, but internal 
side of skin made 100 mV by applied voltage. Calibratien marks 
500 uV, 10 ms 





somewhat from skin to skin, but the qualitative variatior 
with skin potential is as illustrated in Fig. 1 

In the experiment of Fig. 1, the equilibrium potential 
for the y 
other experiments the y wave disappt ared as & positive- 
going component at about th This is 
similar to the value of 100 mV which Ussing and Zerahn’ 


wave was about 92 mV (inside positive). In 
ame potential 
suggested was the electromotive force 
transport. 

Except at low potentials, where the positive component 
is very large and is probably subtracting from it algebrai 


ally, the « wave does not change in size as the voltage 
This is consistent with the thought 


of the active sodium 


across the skin varies 
that the x wave represents reí mentation ol dipoles or 
other redistribution of charge rather than an ienie diffu 
sion potential 

When the sodium in the Ringer bathing the 
surface of the skin is replaced by choline, the 
evoked by light are indistinguishable from those observed 


internal 
)otentials 


with normal Ringer on both surfaces (Fig. 24 By con 
trast, when external sodium is replaced by choline, the 
y wave disappears (Fig. 2B) and the B wave usually 


Furthermore, the original wave- 
form of the making the 
nternal surface of the skin sufficiently negative with an 
applied voltage source thus reducing the electro 
chemical gradient for sodium (Fig. 2C). Furthermore, 
little with either 


becomes conspicuous. 
response can be restored by 
and 


the size of the « wave changes very 
the concentration gradient of sodium or the gradient of 
electrical potential. 

The cardiac glycoside ouabain is ài 
of sodium transport in several systems?’ 
wave of the light stimulated early complex 
In paralle what was 


inhibitor 
Ouabain also 


etlective 


abolishes the y 
in isolated frog skin (Fig. 3B) 
with 
sodium, the effect of ouabain on the y wave 
offset by making the internal surface of the skin negative 
Fig. 3C). effect or 


the x wave 


coneentrations f external 


in De partially 


observed decreased 


Likewise, ouabain has negligil 
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Fig. 3. Effect of ouabain on the photovoltage of the frog skin. The 8 


wave ‘is not readily evident in these records except as a prolongation of 

the a wave in B. Potential of the internal surface is shown in mV to the 

left of each frame. A, Control Ringer bathing each surface, intrinsic 

trans-skin potential +40 mV. B, One hour after addition of 10+ M 

ouabain to the solutions bathing each side of the skin. C, Four hours 

after adding ouabain, internal side made 40 mV ne gative. Calibration 
marks: 500 «V (A and B), 250 aV (C), and 5 ms, 


The “short circuit current"—the current drawn from 
the skin when the trans-skin voltage is set to zero—is a 
measure of the net inward transport of sodium’. This 


parameter was measured in several experiments as a 


function of time after administering ouabain and was 
compared with the rate of inhibition of the y wave. 
Typical results are shown in Fig. 4. Both the short 


circuit current and the y wave decreased for about 40 min 


after placing the skin in the recording chamber. Both 
were then relatively constant for the next 100 min, 
after which ouabain (10-* M) was introduced in both 
compartments of the chamber. During the ensuing 


170 min both the short circuit current and the y wave 
decreased further. Had ouabain added, the 
more stable short circuit current between 40 


not been 


observed 


and 140 min would have continued for at least several 
hours. The remarkable similarity in the behaviour of the 
short circuit current and the y wave during the whole 


experiment is further support for the view that the y wave 
reflects a brief spurt of sodium transport. 

Several lines of evidence indicate that intense flashes 
f light stimulate sodium transport by heating. The 
action spectrum for the « wave was previously found! 
to be flat through the visible region of the spectrum, 
indicating that absorption is relatively non-specific and 
probably involves melanin. In work reported here the 
effects of various coloured lights on the waveform of the 
early complex were examined. Insertion of coloured 
glasses of any spectral transmission into the light path 
reduced the x and y We can there- 
fore conclude that both waves have the same flat action 


waves in proportion. 


speetrum. 
Albino skins also give 
but are much 


eleetrical responses to intense 
less than pigmented 
systems!'. ‘Thus — enhances the response, but is 
not essential for its generation. Similarly, toad bladders, 
which are innt to transport sodium'!', give electrical 
responses similar to the « and y waves of frog skin (Fig. 
5A). Moreover, the size of the response can be enhanced 
bv vital staining (Fig. 5B), even though the trans-bladder 
voltage is reduced 50 per cent in the process. It might be 
argued that neutral red contributes a photovoltage that 
is only coincidentally similar in shape to the response 
of the bladder; however, the positive phase of the poten- 
tial is markedly reduced from control values (Fig. 5D) by 
low concentrations of sodium on the mucosal side of the 
bladder (Fig. 50) or the presence of ouabain (Fig. 5E) 

Thus, in this system as well, the addition of pigment 
augments the photoresponse generate x1 from the intrinsic 


flashes, sensitive 
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receptors. A possible exp lanation is that the response is 
caused by heating. 

Finally, in frog skin the melanoeyte stimulating hor- 
mone (MSH) disperses the pigment granules throughout 
the cytoplasm of the epidermal melanocytes and makes 
the skin appear darker!*. After exposing frog skin for 2 h 
to MSH in Ringer, the skin is not only noticeably darker, 
but the Y wave is considerably larger (Fig. 6). Our inter- 
pretation is that melanosomes dissipate absorbed radiant 
energy as heat which, when it reaches the appropriate 
cell membranes, increases the rate of sodium transport. 
Dispersion of the melanosomes may increase the number 
of receptors by reducing self screening but, in any 
also serves to warm a more extensive area of membrane 
when the skin is irradiated. 


case, 
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Fig. 4 Time course of decay of the short circuit current (@) and the 

wave of the photovoltage ) after isolating the skin from the frog 


and after treatment with 10+ M ouabain. The curve 
the solid circles. 


was drawn through 





Fig. 5. Comparison of the photovoltages of a toad bladder freshly 
isolated (A) and after staining with 0-01 per cent neutral red for 2 min 
(B) The natural potential across the bladder was 14 mV (lumen 


A was made and had fallen to 6 mV at the 
WI of B. The series C-E are also records from a stained bladder 

115 mM Na* on the serosal surface, 1 mM Na* on the mu icosal surface, 
D. After replacing the choline with sodium (that is 115 mM Na* on both 
surfaces), Æ, Two hours after adding ouabain (10-* M) to the solutions 
bathing both surfaces. All recordings were made with the potential 
across the bladder set to zero. Scale marks are 20 4V; 5 ms (A+ B), 
10 ms (C-E). 


negative) at the time record 
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The effect of distribution of the melanosomes on the early photo- 
voltage of frog skin. Upper frame: melanosome aggregated, skin light. 
Lower frame: melanosomes dispersed by 2 h exposure to MSH 
(0:7 x 10 g/ml.) skin dark. Both responses were recorded with the 
internal skin potential at +50 mV. Calibration: 200 xV, 10 ms. 


Fig. 6. 
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Cardiovascular Changes during 
Preparation for Fighting Behaviour 
in the Cat 


Ir has been suggested recently that animals such as the 
cat and dog, when warned of an impending emotional 
or exertional task, anticipate the task with centrally 
induced cardiovascular changes similar to those that 
take place during the emotion or exertion itself^?. Parti- 
eular emphasis has been placed on muscle vasodilatation, 
preparatory to and independent of muscle contraction, 
mediated through sympathetic fibres supposed to be 
cholinergie, because the vasodilatation can be abolished by 
atropine'?. Most of the data on which the “preparatory 
pattern" hypothesis is based, however, have been obtained 
by eleetrical stimulation of certain regions in the hypo- 
thalamus or subthalamus, from which are evoked either 
cardiac changes similar to those during exercise but 
without concomitant muscle activity? or cardiovascular 
changes as well as manifestations of defence behaviour’, 
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It should be realized, however, that the most quoted 
experiment on  unanaesthetized, naturally behaving 
animals that may be relevant to this hypothesis, is that 
by Abrahams et al.^ which showed an increase in muscle 
venous temperature, blocked by atropine, when "' slerting”’ 
was induced by various sensory stimuli. The evidence it 
provides, however, rests on unverified assumptions that 
the venous temperature increase accurately reflected 
muscle vasodilatation, that there was no muscle activity 
which could have provided a metabolic vasodilatation, and 
that the behaviour was one preparatory to exertion or 
emotion. 

We have analysed the cardiovascular changes during 
naturally elicited fighting in the cat* and found in our 
experimental situation a rather simple test of the "pre 
paratory pattern" hypothesis with respect to emotion. 
Data* reported previously as well as those we present here 
were obtained from cats in which fighting was elicited as à 
natural response to an attack launched by ancther cat, 
which was electrically stimulated through 
chronically implanted in a portion of the midbrain from 
which attack could be evoked at will. The two cats, the 
attacking cat and the subject of the recording experiment, 
remained on opposite sides of a partitioned cage between 
trials, and there was fighting whenever the partition was 
raised, the brain-stimulated attacking cat 
towards the other cat, and the latter responded with 
hissing and striking. As soon as the subject responded 
with hissing and striking the attacking cat was wr hdrawn, 
the partition was lowered and the trial was terminated. 

The cardiovascular changes of preparation for fighting 
could be seen in the interval between the momen: that the 
partition was opened and the moment that the subject 
responded with hissing and striking to the attaek of the 
brain-stimulated cat. Some changes began even before the 
opening of the partition in response to the noise made 
while the attack cat was grasped to prepare for the trial. 
To see these changes more clearly and to their 
time course, we alternated in a random order fighting trials 
with other trials in which the same procedure was used up 
to the point of moving the attack cat towards the subject 
cat, but then no brain stimulatien was given, no attack 
took place, and the subject simply flinched, retracted its 
ears and watched the attack cat closely. These trials of 
confrontation without fighting we have called trials of 
preparation for fighting. 

The following cardiovascular variables 
uously measured in the subjects. Mean arterial pressure 
was obtained from a catheter implanted in the right 
femoral artery. Cardiac output, superior mesenteric flow 
and external iliac flow were obtained from electremagnetic 
flowmeters chronically implanted on the ascendmg aorta, 
superior mesenteric artery and left external iliac artery, 
the instantaneous flow electronically 
integrated at 2 s intervals. Heart rate was recorded by 
cardiotachography. Total peripheral, superior mesenteric, 
and external iliac conductances were computed for each 2 s 
interval by dividing flow by mean pressure. Conductance 
was preferred to its inverse, resistance, as an index of 
vascular diameter changes for reasons pointed out else- 
where*-*, In addition to the direct cardiovascular 
measurements electromyograms from left hind limb 
(plate electrodes on dorsal and ventral muscies of the 
thigh) and neck twelve 
channel Grass P7 polygraph. Statistical analysis of the 
data was performed by ¢ test of differences. 

Results during fighting and preparation for fighting 
obtained from one of the six cats that were studied for all 
variables are compared in Fig. 1. The card 
changes are average responses from six episodes of pre- 
paration for fighting and from six episodes of fighting during 
which the cat used the hind limb for support. Pseparation 
for fighting, both in the shorter periods which preceded 
the actual fighting, and in the longer trials in whieh no 
fighting was elicited, was associated with bradycardia, 


electrodes 


was 


moved 


follow 


were contin- 


records being 


muscles were recorded on a 


vascular 
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Fig. 1. Each dot is the mean of measurements taken during six episodes 
of preparation for fighting (dashed lines) or of fighting (continuous lines) 
in cat M. The shaded area represents the time during which partition 
was opened, and the vertical line (related to fighting episodes only) indi- 
cates the first striking of the attacked cat, that is the beginning of fight- 
ing. Interruption of the continuous lines immediately before the strike 
signal is due to the variable time between opening of partition and 
beginning of fighting in the different fighting episodes. All values are 
expressed as percentage changes with reference to baseline measurements 
when the cat was quiet before the trials. Absolute values for baseline are 
as follows (baseline means for preparation for fighting precede those for 
fighting). Heart rate (HR), 198 and 226 beats/min; cardiac output 
(CO), 338 and 350 ml./min; mean blood pressure (BP), 100 and 103 
mmHg; superior mesenteric flow, 26-2 and 24-7 ml./min; left external 
iliac flow, 21-5 and 25:8 ml./min. ‘Total peripheral (TPC), mesenteric 
(MO) and iliac (IC) conductances were calculated from flows and BP. 
Results of statistical analysis of data are indicated by asterisks (P « 0-01), 
crosses (P « 0-05) and open circles (P > 0-05). 


decreased cardiac output, decreased total peripheral 
conductance, mesenteric vasoconstriction and a stronger 
constriction of the external iliac bed. On the other hand, 
beginning of fighting, signalled by the first forelimb strike 
and marked in Fig. 1 by the vertical dashed line, was 
accompanied by cardiovascular changes many of which 
were in the reverse direction to those noticed during 
preparation for fighting. Heart rate, cardiac output and 
total peripheral conductance all increased for a prolonged 
period, and the iliac vascular bed underwent an extremely 
strong dilatation. Only the mesenteric bed showed 
vasoconstriction both in fighting and preparation for 
fighting, though the constriction was stronger during 
fighting. Blood pressure was not greatly changed in 
either condition, but it seemed to be maintained by 
different mechanisms: a fall in cardiac output opposed by 
overall vasoconstriction in preparation for fighting, while 
mereased cardiac output was opposed by overall vaso- 
dilatation in fighting. 

The cardiovascular pattern of fighting was extremely 
reliable, obtained in all of the cats tested, enduring for 
some time after the fighting episode and, with one slight 
exception, always statistically significant. The pattern 
of preparation for fighting was weaker and not usually as 

*. 
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consistent, however. It was also of shorter duration, even 
in those trials in which preparation was not rapidly 
superseded by fighting. The heart rate and cardiac 
output deereases were rather variable responses, present 
and quite conspicuous in some cats and trials, and absent 
in others. But a change opposite to the basic pattern, 
namely tachycardia instead of bradycardia, was observed 
only once. On the other hand, the decreases in iliac, 
mesenteric and total peripheral conductances were the 
most constant and consistently observed effects, and were 
statistically significant in all cats. Statistically significant 
iliac vasoconstriction occurred during preparation for 
fighting even when the sympathetically controlled portion 
of cutaneous circulation (which in the cat is limited to the 
paw’) was excluded by introducing the paw into a sealed 
plethysmographie cuff the pressure of which was then 
brought to values higher than. the simultaneously recorded 
arterial pressure. In these conditions iliac vasoconstric- 
tion represented purely muscular vasoconstriction. 

Our experiments suggest two principal conclusions. 
One is that cardiovascular changes during naturally 
elicited preparation for fighting are different from those 
implied from electrical stimulation of the hypothalamus 
in anaesthetized animals. In particular, there is no 
muscle vasodilatation unless the muscle is contracted, 
this dilatation being apparently metabolic in origin". If 
vasodilatation of sympathetic muscle ever occurs during 
preparation for fighting it must be completely concealed 
by an overwhelming vasoconstrictive influence. Of 
course, we do not dispute that an atropine-sensitive muscle 
vasodilatation can be induced in the cat by proper 
electrical stimulation of the brain. Our results suggest, 
however, that the sympathetic vasodilatating mechanism 
does not play an important part in preparation for 
emotional behaviour. 

The second conclusion from these experirnents is that 
cardiovascular changes during preparation for fighting and 
during fighting are different, at least insofar as the skeletal 
musculature is in use during fighting, and not in use 
during preparation for fighting. Some of these differences 
may derive simply from the exertion component of fighting 
which may overwhelm and conceal other central neural in- 
fluences common to fighting and preparation for fighting. 
Before judging this, we need to know which of the cardio- 
vascular changes are centrally elicited, and which are 
reflexly induced or modified. We hope that results of 
forthcoming experiments using sino-aortic deafferen- 
tation, vagotomy, sympathectomy or adrenalectomy, 
will enable us to answer these questions and shed some 
light on the mechanisms underlying the changes observed. 

This work was sponsored by the Air Force Office of 
Scientific Research, through the European Offiee of 
Aerospace Research, US Air Force, and by the Consiglio 
Nazionale delle Ricerche (Group of Experimental Medi- 
cine). D. B. A. was a US Public Health Service Fellow. 


Davip B. ADAMS 
GIORGIO BACCELLI 
GIUSEPPE MANCIA 
ALBERTO ZANCHETTI 


Institute of Cardiovascular Research, 
University of Milan. 


Received October 21, 1968. 


! Folkow, B., Heymans, C., and Neil, E., Handbook of Physiology, Section 2, 
Cireulation, 8 (Amer. Physiol. Soc., Washington, 1965). 

* Rushmer, R. F., Handbook of Physiology, Section 2, Circulation, 1, 533 
(Amer. Physiol. Soc., Washington, 1962). 

*Uvnis, B., Handbook of Physiology, Section 1, Neurophysiology, 2, 1131 
(Amer. Physiol. Soc., Washington, 1960). 

t Folkow, B., and Rubinstein, E. H., Acta Physiol, Scand., 65, 292 (1965). 

E ecco n V. ©., Hilton, 8. M., and Zbrozyna, A. W., J. Physiol., 171, 189 
(1984). 

* Adams, D. B., Baccelli, G., Mancia, G., Zanchetti, A., Proc. Commun. Twenty- 
Fourth Intern. Cong. Physiol. Sci., Washington, 6 (1908). 

* Stark, R. D., Nature, 217, 779 (1968). 

5 Ström, G., Acta Physiol. Scand., 20, Suppl. 70, 47 and 83 (1950). 


NATURE. VOL. 220, DECEMBER 21, 1968 


Mechanical Movement of the Insect 
Heart recorded with a Continuous 
Laser Beam 


WE describe here a technique—using a laser—for measur- 
ing the contractile exeursions of the inseet heart after the 
inseet (in this case Sarcophaga bullata) has been immobil- 
ized in wax, and sections of the dorsal abdominal wall 
removed. The laser technique makes it possible to record 
mechanical movement from a selected area of tissue with- 
out interfering with a capillary microelectrode which 
records bioelectrie events from a single cell. 

Because of the fairly small size and excursion of the 
inseet heart, measurement of heart movement has been 
difficult. Various devices, such as tying or hooking the 
heart to a mechanotransducer, have been tried. A recent 
report! describes the placing of a stylus on the heart of the 
cockroach, and conversion of the stylus movement to a 
capacitor variation. 'l'his variation was converted into an 
oscillator frequency variation and was then recorded 
from the tuning meter of a monitoring radio receiver. 
Other devices involved placing a small probe on the 
heart??, or a hook into the moving pericardium‘, and then 
amplifying the movement of this device through a system 
of levers so that an illuminated point or shadow moved in 
synchrony with the heart, and was recorded on light 
sensitive paper moving at a known rate. 

Some of these devices require much time and patience 
to position, can introduce a degree of inertia in the 
measurements, have some lag time, and could damage the 
heart. There is also the difficulty of readily re-positioning 
the device, as well as of selecting the size of the tissue 
unit, and hence the number of cells, to be examined. 

Adult flesh-flies (Sarcophaga bullata) were prepared as 
previously described®. Electrical activity was measured 
in single cells of the spontaneously beating heart by means 
of conventional glass microelectrodes (Fig. 1) coupled to 
a dual beam Tektronix 565 oscilloscope and to one channel 
of a Sanborn 320 dual channel recorder. The parameters 
of bioelectrice activity from single myocardial cells exam- 
ined in these studies are as expected for S. bullata*. 

The laser used in these experiments (produced by 
University Laboratories Ltd, Berkeley, California) was a 
He-Ne continuous wave model (No. 200) with a wavelength 
of 6327 A, and a power rating of about 1 mW. The laser 
beam has a diameter of about 2 mm after emerging from 
the laser, and can be directed so that the heart tissue cuts 
off a fraction of the beam. As the heart contracts this 








Fig. 1. Laser beam and microelectrode in position. Converging lens is 
seen at left; photomultiplier tube at right; beam focused on insect, 
centre, (Insect saline was omitted from container for photographic 


purposes.) 
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Fig. 2. Simultaneous recording of the intracellular action potential 
(upper trace) and the mechanical excursion of the insect heart (lower 





trace), 


fraction changes so that the total amount of light passing 
through the heart correspondingly changes. Such 
changes of total intensity were detected using a photo- 
multiplier tube, the output of which was monitored by the 
Tektronix 565 oscilloscope and recorded on the second 
channel of the Sanborn 320 recorder. This permits the 
simultaneous viewing and recording of both the mechanical 
movement of the heart in the laser beam and theselectrical 
activity recorded from intracellular electrodes inserted 
into a single myocardial cell, thus provuling an 
opportunity to investigate the ceupling of electrical and 
mechanical events. 

An attractive feature of this technique is that the 
original arrangement for recording the electrical activity 
of the heart cells does not have to be disturbed. By 
placing the insect (immobilized in wax) in a transparent 
plastic dish, surgically exposing the dorsally located 
heart, and filling the dish with an appropriate oxygenated 
Brebbia and Ludwig? saline, the laser beam can be directed 
onto the heart through the sides of the dish and then 
collected by the photomultiplier (Fig. 1). 

A convex lens was positioned to foeus the leser beam 
on to a spot, 130 microns in diameter, on one sade of the 
heart. The heart was 200 microns in diameter. and had 
an exeursion of 20 mierons. When the heart was at rest 
one half of the beam was cut off. This position was 
conveniently found by rapidly interrupting the beam 
when it was first directed past the heart (full beam signal), 
and finding the position when it was half cut eff by the 
heart in the rest position (half beam signal). In the latter 
case, the half beam signal will consist of pulses super- 
imposed on the heartbeat trace (the pulse amplitude 
being half those of the full beam pulses). As shown in 
Fig. 2, the signal in the lower trace is obtained concur- 
rently with that from the micreelectrode (upper trace). 

It is possible to obtain quantitative results of the 
mechanical excursions by calibrating the laser beam trace. 
Calibration can be made by moving a razor blede across 
the beam while observing the corresponding signal 
variation. 

In the twenty records considered, the peak of the electri- 
cal potential leads the peak of the mechanical event by 
0-07 to 0-10 s with a mean value of 0-08 s (Fig. 2). This 
constant lag between the two events appeared to move 
towards the lower value as the heartbeat frecueney in- 


ereased. "The duration of the mechanical event varied 
from 160 to 230 ms. 
The maximum velocities and accelerations occur 


approximately when the heart hes moved through half its 

excursion during either the contractile or the relaxation 

phase as shown in Fig. 3. It also seems from the 
. 
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Fig. 3; "Mechanical event upper curve, first derivative middle curve, 
dir second derivative lower curve, 


mechanical wave forms examined that the heart of $$. 
bullata contracts and relaxes at different rates. The 
maximum acceleration occurs during the contraction 
phase of the beat and suggests that maximum force is 
being developed at this time. It is of interest to note 
that this information, together with some studies of 
the elastie properties of the heart, would permit con- 
sideration of the pressures developed by the insect heart 
muscles. 

Because the diameter of the laser beam can be easily 
adjusted to 10 microns it is possible to monitor various 
numbers of cells. 'The low energy content of the beam 
(approximately 1 mW) minimizes tissue damage. In 
fact, the beam is of such low intensity that it was some- 
times positioned by briefly looking directly into the beam 
without harmful effects. The experimental arrangement 
is sufficiently simple for the beam to be easily repositioned 
and for the beam diameter to be simultaneously adjusted 
and the system calibrated. 

By differentiating the curve of the mechanical trace 
and/or the action potential one can relate rate, accelera- 
tion and contour parameters of these events and thus 
obtain an insight into the relation of a changing action 
potential contour! to heart mechanics. Furthermore, by 
appropriate circuitry the wave forms can be differentiated 
directly and the tedium of numerous calculations avoided. 

This work was supported in part by a grant from the 
US National Institutes of Health. 
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Experimental Approach to the 
Renewal of the Skin Surface 


THE population of epidermal cells can be regarded as a 
steady state system which converts various metabolites 
into keratin. On this basis it can be postulated that the 
keratin output may not exceed the metabolie input of 
the epidermis. In addition, if a valid comparison can be 
drawn between the epidermis and other steady state 
cellular systems'?, variations in the magnitude of the 
nutritive flux may determine not only the rate of pro- 
liferation but also the steady state size of the population. 
This view in no way negates the possible involvement of 
specific growth regulatory substances*:', nor can an un- 
equivocal demonstration of the presence of such hormones 
in normal skin violate the input-output relation. 

The numerical model of the epidermis developed along 
these lines also requires that the rate of desquamation 
of keratinized cells or cell aggregates from the skin 
surface corresponds to the rate of accretion per unit area. 
of skin surface’. This relation may find ready application 
in several skin disorders where the severity of the affliction 
and the efficacy of treatment are often gauged—among 
other things—by the extent of sealing from the skin 
surface. A simple method to quantitate this process may 
aid in the characterization of the various disease states. 
Such a measurement cannot be replaced by the de- 
termination of the mitotic index of the basal cells (assum- 
ing that all mitoses occur there), because the rate of 
accretion of new cells per unit area of skin surface is also 
a function of the extent to which the surface area of the 
dermal-epidermal interdigitations exceeds the area of the 
overlying skin surface. This is well illustrated in psoriasis 
where the inereased cellular output is attributed chiefly 
to the latter factor rather than to the slightly heightened 
mitotic index*. Apart from attempts to collect scales 
from psoriatie patients there is no existing method to 
quantitate desquamation from the skin surface, so the 
problem was approached de novo. 

In steady state populations the turnover time can be 
defined as the ratio of the number of cells in the population 
to the rate at which new cells are added to it, or lost from 
it. Because the cellular population eonsidered here is 
confined to the surface of the skin, and because loss of 
surface keratinocytes may be assumed to occur at random, 
it is possible to obtain the rate constant of desquamation, 
or its reciprocal, the turnover time, in a more direct way. 
If the surface of the skin were stained or otherwise marked, 
the rate of shedding of labelled cells or cell aggregates 
should be proportional to the amount of such material 
present at the surface. The logarithm of the amount 
shed should then decrease linearly with time. After 
plotting. one could read from the graph the half-time of 
the process and from it ealeulate the rate constant, the 
magnitude of which bears a constant relation to the rate 
of accretion. A more practical and equally acceptable 
method consists of following photometrically the increase 
in the amount of unstained material arriving at the skin 
surface. If the stain were to penetrate too deeply, the 
beginning of the increase of skin reflectance would be 
delayed, but the delay would not affect the rate of replace- 
ment itself. The turnover time so obtained is to be 
distinguished from the turnover time of the entire epi- 
dermis*/", or stratum corneum?**?. 

Preliminary trials with a number of dyes which bind 
to protein and with AgNO, demonstrated that staining 


NATURE, DECEMBER 21, 1968 xxvi 
































two sightings were made by his group. 
Earlier, he had organised a fair which 
raised £570 for the schoel. To relax, 
he plays tennis on the school's 
courtsandswimsinitsown pool. 
* Asateacher, says David, "you 
are not just a cog in some 
industrial wheel. There's a real 
future for teachers withenthusiasm 
and a liking for responsibility. l'm 
especially glad to be in on the 
ground floor of Nuffield project 
teaching, getting experience 
which will be a great advantage 
in years to come.” 
Teaching provides the material 
rewards to which a hard earned 
maths or science degree entitles you 
That's one reason why i: attracts so 
many able young men like David Tudor 


Teaching is recognised as a 
vital job deserving good pay— 
£1350 at 24 is good by any 
standards. But it offers much 
more than money alone. 

Let’s see what David Tudor gets out of 
teaching. Aftertakingan honours degreeat 
the University of Wales, followed by a 
teaching diploma, he joined Hampstead 
School in London and is already in 
charge of chemistry teaching. Over 
half the maths and science 
graduates who started teaching 
seven years ago now head their 
own department. With a good 
degree and teacher training, 
salaries in London start at £1185 
and increase quickly with promo- 
tion. A few headmasters earn over 
£4000 ; and one graduate teacher in five 


is a headmaster while still in his forties, But there’s more to life—and teaching 
Salaries are now under review. than money. A new boeklet, The 
Money apart, teaching is as rewardingas you Scientist as Teacher, discusses this 


subject. Write now for your copy to the 
Department of Education and Science, 
Room 102 (Dept. N.!.), Curzon 
Street, London, W.1 


care to make it. If, like David Tudor, you 
contribute plenty ofenthusiasm, you will find 
a great deal of satisfaction. Last summer he 
took a party of sixth-formers on the 
expedition investigating the Loch Ness 
*monster', With high-powered optical and 
photographic equipment at its disposal, 
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INTERSCIENCE 


MATHEMATICAL STRUCTURES OF 
LANGUAGE 


by Zellig Harris, University of Pennsylvania. 


This book, Number 21, in the series Interscience Tracts 
in Pure and Applied Mathematics, shows how to arrive 
at an abstract system which characterizes precisely 
natural language by taking the data of language and 
finding within the data such relations as can be 
organized into a suitable model. 


Approx. 230 pages Approx. 112s. due December 1968 


AN INTRODUCTION TO PLANETARY 
PHYSICS: THE TERRESTRIAL 
PLANETS 

by William M. Kaula, University of California, Los Angeles 


The first part deals with planetary interiors, with 
emphasis on those aspects of the earth's interior 
conducive to understanding the planet as a whole and 
how planets behave in general. Other parts study the 
dynamics of the solar system, types of observations 
of planets, and meteorites and their chemistry. A 
final section assembles the evidence and hypotheses 
that lead to an understanding of the origin and evolu- 
tion of the planets. The book is a volume in the Space 
Science Text series. 


Approx. 490 pages Approx. 135s. due December 1968 


THE COMPUTER IN POLYMER 
SCIENCE 


edited by J. B. Kinsinger, Michigan State University 


Concerned with the proceedings of a symposium 
sponsored by the Polymer PLU, American Chemical 
Society, on the use of the computer in polymer science. 


Approx. 198 pages Approx. 66s. due January 1969 


ADVANCES IN PHOTOCHEMISTRY 


Volume 6 


edited by Albert Noyes, Jr., University of Texas, George 
S. Hammond, California Institute of Technology, and 
J. N. Pitts, Jr. University of California, Riverside. 


Consists of articles, by pioneering experts in the field 
of photochemistry, that reflect current studies in 
active areas of research, presented in a comprehensive 
manner from diverse points of view. 


Approx. 180s. 


Approx. 484 pages due December 1968 





JOHN WILEY & SONS LTD 


BAFFINS LANE - CHICHESTER- SUSSEX 







NATURE. DECEMBER 21, 1968 


SPRINGER-VERLAG 


BERLIN HEIDELBERG NEW YORK 





Springer Tracts in Natural Philosophy 


Edited by B. D. Coleman. Co-Editors: R. Aris, 
L. Collatz, J. L. Ericksen, P. Germain, M. E. Gurtin, 
M. M. Schiffer, E. Sternberg, C. Truesdell 


Volume 17 


Gavalas: Nonlinear 
Differential 


Equations of 


Chemically | 
Reacting Systems 


By Professor George R. Gavalas, 
Chemical Engineering, California Institute 
of Technology, Pasadena, Calif. 


With 10 figures. IX, 107 pages. 1968 
Cloth DM 34,— 


This is a study of the nonlinear differential equations 
describing chemically reacting systems. The main 
topics treated are a priori bounds and existence of 
solutions, conditions for the uniqueness and 
stability and the asymptotic behavior of solutions. 


A unified treatment is presented using methods of | 


nonlinear analysis, especiaily fixed point methods. 

'The book is aimed at both applied mathematicians 
and chemical engineers. Applied mathematicians 
will find tbat the differential equations of chemical 
systems contain an element of elegance and 
generality and are an ideal subject for the applica- 
tion and further development of nonlinear analysis. 
Chemical engineers working with complex reaction 
systems will find some basic information on the 
structure of the relevant differential equations 
useful to their analytical and computational work. 


W Prospectus on request: 
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Fig. 1. Reflectance changes of blackened skin (@) of the left inner 
forearm and of normal skin ( x ) of the right inner forearm, as a function 
of time, 


with the latter was superior both in terms of intensity and 
persistence. Consequently, in all experiments the skin 
was cleaned with acetone, wetted with a 1 per cent solu- 
tion of AgNO, and dried with a hair dryer. The silver 
ions were then reduced to metallie silver by painting the 
area with Kodak 'Dektol' developer. The procedure was 
then repeated, the skin washed with soap and water and 
dried. Multiple sites on five volunteers were treated. 
Subjeets were instrueted to shower or bathe normally and 
not to protect the stained areas if they were not protected 
previously nor to elean them with unusual care. 

Skin reflectance was determined with a model 670 
*Photovolt' photoelectric reflectance meter. The search 
unit which had an opening of 2 cm diameter was applied 
directly to the skin. Duplicate measurements were made 
and these preceded by checking the reading of the instru- 
ment against a white enamel standard. Measurements 
were obtained twice daily, except at weekends. Fig. 1 
shows that reflectance readings fell on a straight line when 
plotted on a semilogarithmic paper. From this and 
similar plots the doubling time was read off and then the 
turnover time obtained by means of the relation T= 
tq/0:693. The results are summarized in Table 1. Absence 
of comparable data and the pilot nature of this study 
preclude discussion of the values at this time. 


Table 1. TURNOVER TIMES (DAYS) OF THE SKIN SURFACE OBTAINED BY 


REFLECTANCE STUDIES 


Forearm 
Inner Outer Elbow Knee Upper back 
L.'W. 6-31 11:63 0:22 8-03 9-65 
M. C. 4:78 4-73 6-04 6-61 4-49 
G.R. 5:14 15:93 074 6:04 37-88 
8. J. 6-19 5-68 4-69 3-43 6-76 
The method described rests on the supposition that 


loss of stained material is exclusively due to desquamation 
of stained keratinocytes and that skin reflectance increases 
in proportion to the number of unstained cells which 
arrive at the skin surface. It is also required that the 


staining procedure affect neither the mitotie activity of 


the basal cells nor the rate at which the surface material 
is lost. It is possible that careful examination of the 
staining method will show some or all of these assumptions 
to be only approximately correct. Nevertheless, the in- 
tegrative nature of the reflectance measurements and the 
encouraging conformity of results to theoretical expecta- 
tions suggest that this approach may be well suited to 
furnish insight into proliferative events not readily 
observable. 

This work was supported by a research grant from the 
National Institutes of Health, US Public Health Service, 
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Avian Birth Control Potentialities 
with Synthetic Grit 


MAN, in meeting his basic needs and cultural demands, 
often finds himself in conflict with other organisms, 
Throughout the world there are species of birds which 
create diverse problems ranging from crop damage to 
aircraft damage, with a consequent hazard *o human 
life. Reports in the literature suggest several possible bird 
control procedures making use of digestible baits!-*. 
Wentworth et al.?, working with laboratory quail, suggest 
that spraying of eggs with mestranol may be au effeetive 
way to chemosterilize some birds. 

I deseribe in this report a potential oral method of 
avian control] using a synthetic grit that releases a birth 
control agent over 3 months in birds that retain gizzard 
stones. The active compound in this synthetic grit is the 
steroid mestranol (3-methoxy-17x-ethynylestra-1,3,5,(10)- 
trien. 178-0l). 

Mestranol was incorporated in synthetic grat (Fig. 1) 
by first forming a lyophobic mestranol particle. This 
particle was made by mixing | part mestranol suspended 
in 1 part of gelatine and adding enough water +o become 


gelatinous. The gelatinous suspension of mestranol 





Fig. 1. 


Synthetic avian grit (= c. 
birth control. The white particles within the grit contain the oestrogen 
mestrano:. 


1:2) with a potential wse in avian 
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Days after ingestion of grit 


Fig. 2. Male and female quail fecundity data summarized for 10 days 
before and for several 10 day periods after the ingestion of grit contain- 
ing mestranol (interrupted bars), compared with controls (solid bars). 
Mean egg production (top left) of treated females, and mean fertility of 
eggs laid by treated females (top right) are shown. Fertility of eggs laid 
by females mated to treated males (bottom left) and hatchability of 
fertile eggs laid by females mated to treated males (bottom right) 
are also shown. N =at least eleven pairs per group for each test period. 


was air dried and erushed into particles of 20 mesh or less. 
One part of mestranol particles was added to a homo- 
geneous mixture of 1 part catalyst (paraformaldehyde) 
and 5 parts liquid resorcinol (catalyst and resorcinol 
from Franklin Glue Co., Columbia, Ohio). Using this 
formulation and considermg the 25 per cent weight loss 
during the hardening process each mg of grit contained 
about 96 ug of mestranol. The Japanese quail (Coturnix 
coturnix) maintained in the laboratory was used as the 
prineipal pilot bird in these experiments. 

Two basie treatments were used. Quail chicks were 
allowed free choice of small grit particles for the first 3 days 
of life, and adult birds were force fed a known amount 
of grit. 

The fecundity (egg production, fertility and hatch- 
ability) of all groups was tested at sexual maturity or after 
treatment, with the exception of one group in which four 
birds were killed weekly for 12 weeks to determine the 
rate of grit erosion and the rate of decrease in the weight 
of testes. In all experimental groups organ and tissue 
weights were recorded before saving tissue for conventional 
histological preparations. Statistical comparisons of 
organ weight and fecundity data were made by variance 
and covariance analyses, f-tests and y? tests. 

Sixty young quail were allowed synthetic grit (10 mesh) 
by free choice during the first 3 days of life. A mean of 
16 mg of grit was present in the gizzard of twenty of these 
treated quail killed when 2 weeks old. The remainder 
of the quail in this group were held to maturity and 
were found by a 40 day fecundity test to be over 80 per 
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Table 1. 4 40 DAY FECUNDITY TEST OF MALE AND FEMALE JAPANESE QUAIL 


No.of Percentage Percentage Percentage 
of pairs production fertile hatch 
Male* 
Treated 12 80-0 iT0t 110+ 
Control 12 TO 62-0 440 
Female 
Treated ii UST 43:6 49-0 
Control 12 85-8 51-0 62-7 


_ The birds were treated as day old chicks with a free choice of grit contain- 
ing mestranol. 

* Treated males mated with control females. 

t Significant at P « 0-01. 


Table 2. MEAN BODY AND ORGAN WEIGHT (g) OF JAPANESE QUAIL 40 DAYS 





AFTER INGESTION OF GRIT CONTAINING MESTRANOL AS DAY OLD CHICKS 
No. of Body Weight of Weight of 
Males birds weight testes cloacal 
gland 
Treated 9 117-2 + 2-52* 0-58 + 0-04 
Control 9 118-5 - 3-30 0-64 + 0-05 
No. of Body Weight of Weight of 
Females birds weight ovary oviduct 
Treated 11 1507445 6.24 + 0461 1.76 x 0-18T 
Control 11 131-4 £45 6-11 +038 7-80 3 010 


* Mean + S.E. 

t Significant at P < C01. 
cent sterile (Table 1). 'The gross reproductive anatomy 
and microscopic evidence from histological preparations 
of reproductive tissue, as well as tissue and organ weights 
(Table 2), support fecundity data to suggest that these 
quail were irreversibly sterile. The anatomical conditions 
were almost identical to those conditions noted when 
avian embryos were treated with oestrogens*-. The 
predominant anatomical change was the presence of two 
small oviducts in all treated females and incomplete 
ductus deferens present in three of twelve of the treated 
males. Neither an extra oviduct nor incomplete ductus 
deferens were observed in any of the controls examined. 
The reproductive performance of quail that consume 
grit as young chicks (Table 1) is similar to the repro- 
ductive performance of quail hatched from eggs treated 
with mestranol during incubation‘. 

When adult male and female quail were force fed 
114 mg of 7 mesh synthetic grit (one third of the 342 mg 
of natural grit found in the gizzards of quail reared in 
field pens) males were especially susceptible from 10 to 
40 days after treatment (Fig. 2, bottom). The fertility 
of treated males was significantly (P<0-01) less and 
hatehability of the eggs they fertilize from at least 20 to 
40 days after treatment was significantly (P< 0-05) less 
(Fig. 2, bottom). Forty days after treatment there was still 
a highly significant (P « 0-01) reduction of mean weight of 
testes (1-179 g) and cloacal gland (0-344 g) compared 
with the control mean weight of testes (2-836 g) and 
cloacal gland (0-597 g). Both these treated organs were 
distinctly hypoplastic. The egg production and fertility 
(Fig. 2, top) of the females were significantly (P< 0-01) 
depressed. 

The depression of avian reproduction with daily 
assimilation of oestrogens in grit achieves a prolonging 
action which is similar to injecting either birds or mammals 
with slowly absorbing forms of sex steroids. 

Gizzard erosion and excretion rates for synthetic 
grit were determined in sixty adult quail. Quail killed 
weekly after gavage treatment with 114 mg of grit con- 
tributed data for the regression equation (Y = a + bx) 
Y = 17.929 + 0-708(z); thus 708 ug of grit was eroded 
daily giving an average daily release of about 69 ug of 
mestranol per bird (267 ug/kg body weight). This group 
furnished additional data for use in determining an average 
decrease in weight of testes of about 12 mg per day 
(Y = 2:061 — 0.0124(z)) until about 75 days post- 
treatment at which time the response was complete 
and testes remained regressed. Histologically, the testis 
tubules were in an infantile form with general hypoplasia. 
'lThis response in these males is comparable with that 
elicited by constant feeding of low concentrations of 
oral oestrogens or daily injections of oestrogens. 
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Experiments earried out in our laboratory (to be 
reported elsewhere) suggest that the effect of mestranol 
in synthetie grit is avian specific, for grit force fed to 
rodents was voided within a few hours without a signi- 
ficant effect on their fecundity. 

This work was supported by the US Bureau of Sport 
Fisheries and Wildlife, the Massachusetts Division of 
Fisheries and Game, the University of Massachusetts and 
the Wildlife Management Institute. 
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Infectivity associated with Simian 
Adenovirus Type SA7 DNA 


Simran adenovirus type S.A7 (ref. 1) induces tumours in 
newborn hamsters? and transforms cells in tissue culture’. 
We have reported the induction of tumours in newborn 
and weanling hamsters by DNA isolated from SAT virus*. 
We now describe cytocidal infectivity associated with 
this DNA. 

DNA was extracted by a modified phenol procedure 
from virus that had been concentrated and twice banded 
in a CsCl gradient^. 20 ul. of betamercaptoethanol and 
1 mg of papain were added to each ml. of virus previously 
dialysed against 0-15 M. NaCl containing 0-01 M sodium 
phosphate, pH. 7:0, and 0-001 M EDTA. After incubation 
for 10-12 min at 37? C, 20 mg/ml. solid sodium dodecyl 
sulphate was added and incubation was continued for 
7 min at 37? C. This mixture was extracted with aqueous 
phenol (containing 0:2 per cent 8-hydroxyquinoline) at 
room temperature. After two re-extractions with fresh 
phenol, the DNA preparations were dialysed against 
0-015 M NaCl containing 0-0015 M sodium citrate. After 
dialysis the preparations were adjusted to 0-15 M NaCl 
and 0-015 M sodium citrate and stored at 4? C with a 
drop of chloroform. 

The infectivity of the DNA extracts was determined: 
monolayer cultures of CV-1 cells* in T;, flasks were rinsed 
onee with phosphate buffered saline and once with 
Eagle's BME (ref. 7) containing 0-01 M tris buffer, pH 7-4 
(BME-tris). Each culture was then incubated for 30 min 
at room temperature with BME-tris containing 500 pg/ml. 
DEAE-dextran. This solution was removed and the 
DNA was added (0.5 ml. in BME-tris) and allowed to 
absorb for 30-45 min at room temperature. Five ml. of 
Eagle's MEM medium? containing 5 per cent foetal calf 
serum was added to eaeh flask without removing the 
DNA inoculum. After 2 h at 37° C the medium was 
replaced with fresh medium. DNase (Worthington puri- 
fied) was used in the presence of 0-005 M magnesium 
acetate. Inocula treated with DNase or antiserum were 
incubated for 30 min at room temperature before being 
added to the culture. Untreated DNA inocula were 
incubated in the same conditions. 

The results of two typical experiments are summarized 
in Table 1. Nucleic acid derived from SA7 produced a 
cytopathic effect identical to that caused by intact virus. 
The infectivity of these preparations was completely 
destroyed following exposure to DNase. Treatment with 
SAT type-specific antiserum had no effect on the infec- 
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Table 1. INFECTIVITY OF DNA EXTRACTS or BAT 


Tafectivity : 
No.4- CPE/No. Aveam ies 
Experimental conditions cultures produce 
di inoculated TOT D, ml. 
Experiment No. 1 i ut 
5 ug DNA 4j i0 
5 ug DNA +2 ug DNase 0/4 
Experiment No. 2 P 
5 ug DNA . 6/6 ior s 
5 ug DNA heated at 56° C for 60 min 2/2 1054 
5 ug DNA+SA7 antiserum* 6/6 Lobes 
5 pg DNA -2:5 ug DNase 9/6 


* DNA was treated with an equal volume ef BAT antiserum heving a titre 
of1:512. 





tivity. Heating at 56^ C for 1 h did not destroy the 
infectivity. whereas intact adencvirus is rendered non- 
infectious in these conditions. The viral progeny pro- 
duced in cultures with CPE ranged in titre from 10** to 
107 TCID,jml. and has been identified as SAT by 
serum neutralization tests. 

These findings suggest that DNA extracted with phenol 
from SA7 virus is infectious. The DNA isolated from 
human adenoviruses is not’. 

J. PAUL BvuwETT 
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Role of the LDH-elevating Virus in 
Leukaemia Therapy by Asparaginase 


Tur dramatic cure of certain leukaemia and lymphomas 
in mice by the administration of the enzyme L-aspara- 
ginase'-* has led to an extensive clinical evaluation of 
this therapy in patients with leukaemia and other 
forms of cancer. Unfortunately, the results so far in 
human beings have not compared favourably with those 
obtained in mice, although significant temperary re- 
missions have been obtained in a substantial number of 
patients?-, It is important to examine the mechanism 
of action of asparaginase in the hope that the curative 
effects on disseminated neoplasms in mice might also 
be realized for other species. 

Studies on the lactate dehydrogenase-elevafing virus 
(LDH virus) have shown that one of its important bio- 
logical characteristics is the induction of a moderate 
impairment in the protein clearance capacity of the 
infected host*-1°. This has been studied chiefly us specific 
enzyme clearance from the blood of mice following 
intravenous or intraperitoneal injection of lactate dehy- 
drogenase (LDH) or EC-2 asparaginase (ref. & and my 
unpublished work with H. A. Campbell and C. ©. Stock). 

We found that the clearance or disappearance rate of 
injected asparaginase in mice infected with LDH virus 
is reduced by a factor of five to ten, as compared with 
normal mice (7,/,—2-4 h in normal mice, 26-30 h in 
infected mice), and that all tested mouse leukaemias 
or tumour lines routinely used for asparaginase therapy 
carried the LDH virus (ref. ll and my unpublished 
results with H. A. Campbell and C. C. Stock). The 
unappreciated presence of a silent, benign virus has 

*. 
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therefore been an important contributing factor in the 
cures of established leukaemia in mice following aspara- 
ginase therapy. 

In order to evaluate the effect of the LDH virus on 
asparaginase therapy, it was necessary to eliminate the 
virus from the asparagine-sensitive EARAD-1 leukaemia 
cells. This was accomplished by standard cell culture 
procedures previously described®'?-15, The malignant 
cells. were tested for viability and for the presence or 
absence of the LDH virus after 12 days of in vitro incuba- 
tion by inoculating normal mice and measuring their 
plasma lactate dehydrogenase (LDH) concentrations. 
Normal concentrations of plasma LDH 3 days after 
inoculation of the cells established the elimination of the 
virus, which would otherwise have induced a five to 
ten-fold elevation of plasma LDH*. The LDH virus was 
reintroduced into experimental groups of mice by in- 
traperitoneal injection of 0-1 ml. of plasma from an 
authentic LDH virus source. 


Table 1. ASPARAGINASE THERAPY IN THE PRESENCE AND ABSENCE OF THE 


LDH VIRUS 
No. of mice dead with leukaemia at 


various times following tumour inoculation* 
No. of days after 


tumour inoculation: 20 days 30 days 40 days 
Per Per Per 
Deaths/mice No, cent No. cent No. cent 
Tumour controls 3/21 14-0 21/21 100 21/21 100 
‘Tumour + asparaginase t 2/19 10-5 18/19 947 19/19 100 
Tumour + asparaginase 
+ LDH virus ¢ 0/20 0 0/20 0 1/20 5 


*Tumour: LDH virus-free asparagine-dependent EARAD-1 leukaemia 
injected subcutaneously. 
00 iv of EC-2 L-asparaginase per mouse injected intraperitoneally on 
the seventh or ninth day after tumour inoculation. 
1 LDH virus (10° ZD) injected intraperitoneally on the fourth day after 
tumour inoculation. 


Table 1 illustrates the relative therapeutic effects 
obtained with a single dose of (EC-2) r-asparaginase 
derived from E. coli (100 1v injected intraperitoneally), 
in the presence and absence of the LDH virus. In this 
experiment, 95 per cent of the mice receiving both aspara- 
ginase and LDH virus were tumour free at 40 days in 
contrast to none for those which received asparaginase 
only, LDH virus only or were untreated after tumour 
inoculation. 

"These experiments clarify the paradoxical observations 
of Mashburn ef al)! and of Boyse et al.?, that aspara- 
ginase was more effective when administered against 7 day 
established and disseminated leukaemias than when 
the asparaginase was administered 1 h after leukaemia 
or tumour implantation. In their experiments, the LDH 
virus was unknowingly inoculated with the contaminated 
leukaemia cells. Because this virus does not induce its 
impairment of host enzyme clearance until 12-18 h 
after inoculation, there was no virus potentiation of 
the therapeutic effects of asparaginase administered 1 h 
after virus and tumour cell inoculation. At the 7 day 
period following inoculation, the virus-induced enzyme 
clearance impairment in conjunction with the administered 
asparaginase seems to account for the observed thera- 
peutic effects against the established malignancies. 

The mouse LDH virus is not known to infect other 
hosts; it seems to be species specific but is not mouse 
strain specific. Although the existence of its counterpart 
in other species has not been reported, there has been 
little effort to examine this potentially significant question. 
Asparaginase is in short supply and prohibitively expen- 
sive for broad clinical use, so the impairment of its rapid 
clearance from the blood is of obvious potential benefit. 

It is apparent that the cancer suppressing properties 
of the LDH virus are indirect and mediated through 
alterations of a basic physiological capacity of the host. 
Other cancer suppressing abilities of this virus have been 
ebserved with spontaneous mammary carcinoma and 
with Friend and Rauscher leukaemia; the mechanisms 
of inhibition are not yet defined, however, and may be 
different from those deseribed heret, 
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Enhancing Effect of Antilymphocytic 
Globulin on Human Leprosy Infection 
in Thymectomized Mice 


ADMINISTRATION of heterologous antilymphocytic serum 
(ALS) to mice enhances their susceptibility to experi- 
mental infection with Mycobacterium tuberculosis and 
Myco. lepraemurium (rat “leprosy” bacillus). Here, I 
examine the ability of ALS to enhance the much more 
chronic Myco. leprae (human leprosy bacillus) infection 
in thymectomized mice. 

Thymic ablation was carried out on 6 week old mice 
(male albino ICI strain). Two weeks later, 104 Myco. 
leprae (in Hanks solution) was inoculated into both hind 
foot pads. This suspension contained a reasonably high 
proportion of solidly staining (earbol fuchsin) bacilli 
thought to be viable. So far, however, the bacillus cannot 
be grown in vitro. 

The specimen used was obtained by homogenization of 
a leproma excised from an untreated patient. The tech- 
niques used for inoculation, extraction and counting of 
the bacilli have been described elsewhere’. Heterologous 
ALS was raised in rabbits‘, and the globulins (ALG) were 
precipitated by half-saturated ammonium sulphate solu- 
tion. Beginning 2 months after inception of the infection, 
0-2-0-3 ml. of ALG was given subcutaneously to each 
mouse at weekly intervals. These mice, as well as infected 
thymectomized and infected normal mice, both of which 
served as controls, were killed 9-5 months after inoculation 
in order to estimate the mean content of bacilli in their 
hind foot pads. 

Results are summarized in Table 1. In normal mice, 
as reported previously**, bacillary multiplication was 
arrested immediately on reaching a little more than a 
million Myco. leprae. Whereas thymectomy alone resulted 
in only an insignificant increase beyond this limit, thymec- 
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Table 1. ENHANCEMENT OF EXPERIMENTAL LEPROSY IN THYMECTOMIZED 


MICE BY ALG 
Mean yield of bacilli + S.E. 


Treatment ( x 10*) in the foot pad Increase of 
by $:5 months inoculum dose 
Gontrola (8 03(5 01) (8 X150 
Thymectomy + ALG T 22 ( z 200) { A 5 Hed 
Tinecony DEG — 


Mean values and standard errors (S.E.) for both the total number (T), 
and the “solid” or viable number (S) of Myco. leprae, extracted from four- 
teen-sixteen foot pads of groups of mice 9-5 months after inoculation with 
10* bacilli (20 per cent "solid"). The immunosuppressive treatment (if any) 
is also specified. 


tomy plus ALG treatment markedly enhanced the sus- 
ceptibility of the host to infection, for the yield of bacilli 
in the foot pad was approximately thirty times higher 
than in both groups of control mice. In spite of the 
enhanced and underlying leprosy lesion there were, how- 
ever, no palpable swellings on the paws. As expected, 
the infection took a considerable time to become estab- 
lished, though it might have been enhanced further had 
ALG treatment been prolonged. It seems that a generation 
time of 14-26 days for bacillary multiplication is an 
unchangeable characteristic of experimental leprosy (un- 
published results). It is noteworthy that at no stage of the 
investigation could the mycobacteria be grown on Lowen- 
stein-Jensen's medium incubated at either 32^ or 37° € 
for 6 months. 

Histological studies revealed that an enhanced lesion, 
unlike those in control mice, was almost devoid of lympho- 
cytes though heavily parasitized macrophages were pre- 
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Fig. 1. Macrophages distended by large numbers of Myeo. leprae 
proliferating intracellularly. Note absence of lymphocytes in the 
granuloma, (1,150. Putt’s plus fast-green stains.) 





Fig. 2. Myco. leprae within the median plantar nerve. ( x 1,150, Putt's 
plus fast-green stains.) 





Fig. 3. Arrangement of Myco. leprae into a small globus. A large pro- 
portion of the bacteria which are seen extracellularly in connective 
tissue are non-solid. (x 1,150. Putt’s plus fast-green stains.) 





Fig. 4. Micro-colonies of Myco. leprae within a fibre of striated muscle. 


(*1,150. Putt's plus fast-green stains.) 


dominant. In fact, most bacilli were found within macro- 
phages; clusters of such cells were located beneath the 
layer of epidermal cells and in a variety of connective 
tissues. In addition, bacilli also invaded nerves and formed 
globi—features of lepromatous (or bacilliferous) leprosy in 
man. Furthermore, as in a self-limited Myce. leprae 
infection in normal mice**, bacillary proliferation took 
place occasionally within striated muscle fibres where the 
bacilli were densely packed to form micro-colonies’. A 
careful search failed to show any detectable spread of the 
infection to adjacent regions of the body. 

Like viruses, Myco. leprae is an obligate intracellular 
parasite, and it is well known that certain viral infections 
are potentiated by ALS treatment**. After a single dose 
of this serum its reaction in the mouse is sustained so that 
competent immunological function takes severa! days to 
several weeks to return to normal'*. Nonetheless ALS has 
little or no effect on the production of circulating anti- 
bodies to certain viruses", If a comparison can be 
made, these findings add weight to the coneept (for 
example, Suter', Mackaness'™) that the defence of a 
host against pathogenic mycobacteria does not effectively 
arise from humoral antibody, but rather from cell-mediated 
immunity. Although the way in whieh ALS exerts its 
effect is unknown, inactivation of lymphoid celis occurs 
without necessarily causing their depletion’. 

The reason why mice are not predisposed tewards a 
progressive leprosy disease was shown recently to have 
an immunological basis, for powerful immunosuppression, 
resulting from thymectomy in adult life, combined with 
whole body 900 r. irradiation (death then prevented by 
transplantation of syngeneic bone marrow cells), greatly 
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enhanced Myco. leprae infection*«*, Moreover, although 
spontaneous regression frequently occurs ultimately in 
these mice, macroscopic nodules (lepromas) sometimes 
arise at the site of proliferation of the bacilli. Histo- 
logically these lesions resemble lepromatous leprosy". 

Finally, it is hoped that both methods now available 
for eliciting a progressive Myco. leprae infection in mice 
will provide a hitherto elusive means for detailed study 
of the pathogenesis of nerve and tissue damage as well as 
the antimicrobial therapy of leprosy. It is of importance 
that administration of ALG has a number of advantages 
over exposure to irradiation of 900r.: inbred mice are 
not essential, it is less hazardous to undertake and injec- 
tions can be repeated. 

I thank Dr R. J. W. Rees for supplying the human 
leprosy material. This work was supported by the MRC, 
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Crystallographic Data for the Fab 
Fragment of a Human Myeloma 
Immunoglobulin 


Comparisons of the physical properties and chemical 
structure of myeloma proteins with those of other immuno- 
globulins and antibodies have indicated that myeloma 
proteins are abnormal only in their relative homogeneity ; 
they seem to be typical representatives of the immuno- 
globulin class to which they belong. In addition, antibody 
activity has been shown in several myeloma proteins 
and in macroglobulins associated with Waldenstrom’s 
syndrome’. A knowledge of the tertiary structure of 
fragment Fab, which contains the combining site of an 
antibody", should therefore be of particular interest. 

Crystallization of fragment Fab from papain digests of 
three different human myeloma proteins of the IgG 1 
class was recently reported". We have now obtained 
larger crystals of one of these preparations (“New”), and 
have initiated studies by X-ray diffraction. Preliminary 
data are reported here. 

Myeloma protein “New” was isolated and its Fab 
fragment prepared". Crystallization was carried out in 
0-5 inch dialysis tubing at pH. 5 and room temperature, at 
a protein concentration of 3 mg/ml. The ammonium 
sulphate concentration outside the tubing was gradually 
increased to 50 per cent of saturation. 

Crystals were allowed to grow for several weeks. In 
outward appearance, they are similar to those pictured 
previously" but are considerably larger. The approxi- 
mate dimensions of the largest crystals are 1-2 mmx 
0-20 mm x 0-08 mm. Immunoelectrophoretie and starch- 
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Fig.1. Immunoelectrophoretie patterns of myeloma protein New" and 
its fragments, Electrophoresis was carried out in 1-5 per cent agarose, 
made up with barbital buffer, pH 8-6, ionic strength 0-05. The wells 
contained: 1, puritled IgG; 2, whole papain digest; 3, dissolved 
crystals; 4, fragment Fe; 5, whole papain digest; 6, dissolved crystals; 
7, fragment Fe. Troughs a, b, c and d contained rabbit anti-normal 
human IgG; e and f contained the same antiserum absorbed with 0-5 
mg/ml. of the light chains of protein New", Concentration of protein 
antigen, 2 mg/ml. except wells 2 and 5 (4 mg/ml.) 


gel patterns of the dissolved erystals are shown in Figs. 
l and 2. On immunoeleetrophcresis the papain digest 
gave two lines corresponding to fragments Fab and Fe 
(Fig. 1). 'The dissolved crystals yielded a single line 
corresponding to fragment Fab, which is more basic!?, 
This precipitin line, but not that of fragment Fc, was 
eliminated on absorption of the antiserum with light 
chains (troughs e and f, Fig. 1). 

On electrophoresis in starch-gel (Fig. 2) IgG “New”, 
reduced with 0-2 M mercaptoethanol and alkylated, gave 
two bands corresponding to heavy and light chains 
(pattern No. 3). 'The faster moving band, which consists 
of light chains", has its counterpart in pattern No. 2, as 
would be expected on the basis that the erystals are frag- 
ment Fab. Other evidence characterizing these crystals 
as Fab has been described". 

Single erystal specimens for X-ray examination were 
selected for optimum size and erystal quality using a 
polarizing microscope. They were sealed, with mother 
liquor, in thin walled glass capillaries. X-ray precession 
photographs were taken using CuK radiation obtained 
with a nickel filter, and using a film to crystal distance of 
10 em. In spite of the small crystal size X-ray reflexions 
were readily observed, some from spacings as small as 
3 A. 

From precession photographs of the (Ak0), (ROL), (KI), 
(2 1,k,l), (hM) and (kk1) reflexions the space group was 
found to be C2. Examples of the photographs are given 
in Figs. 3 and 4. The lattice parameters are: a— 111-5 
0-2 Å; b=56-940-2 Å; c—90-0-- 0:2 Å; 8=116° 30 15". 
In the erystals examined the monoclinie symmetry axis 
coincides with the longest morphological axis. 


——" eem ma . = n » 
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The density of the Fab crystals was determined by 
suspending individual crystals in a mixture of chloro- 
benzene and bromobenzene and was found to be 1-161 + 
0-005. The Fab fragment has a molecular weight of 
approximately 50,000, and the volume of the asymmetric 
unit is 127,750 A (ref. 3), so there can only be one Fab 

per asymmetrie unit. A comparison of the X-ray 
photographs from these small Fab erystals with those 
obtained from the much larger erystals of Fe fragments 
of rabbit and human myeloma gamma globulins goy" 
indicates that these Fab crystals are highly crystalline, 
and that they are adequate for an X-ray structure analysis 
in detail. Such an analysis is in progress. 
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Genetic Control of the Melanic 

Form Insularia of the Peppered Moth 
Biston betularia (L.) 

IN Britain the melanic form inselaria of the meth Biston 
betularia (L.) is extremely variable and the name has been 
used to describe individuals almost indistingui: frc 
the typical pale form as well as intermediates and indi- 
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Table 1. BREEDING RESULTS 
Progeny 
Brood Parentage earbonaria insulara Wild ty 
8 g é g é g é ? 

Bj20/60 carbonaria carbonaria 
] ex Ross on Wye 87 98 39 23 — — 
BUST Wild type carbonaria 
Sleeve ex B/20/66 
reared 23 26 9 27 — — 
Cage 
reared 19 19 12 14 — = 
Bj2/67 Wild type carbonaria 18 Á 29 — oe 20 23 
: ex B/20/66 
B/3/67 Wild type carbonaria 32 37 — — 27 837 

ex B/20/66 
B/5/67 Wild type — earbonaria. 24 23 22 22 — ~ 


ex B/20/66 


viduals almost indistinguishable from the extreme melanic 
carbonaria. 

Kettlewell! has shown that in Britain insularia has in 
many localities often appeared before carbonaria has been 
found, but it never exceeds a phenotype frequency of 
40 per cent. The greatest frequencies of insularia are 
associated with carbonaria frequencies of from 10 to 30 
per cent. 

Kettlewell* stated that insularia was controlled by a 
gene at a different locus from that controlling carbonaria. 
There was no evidence of linkage and carbonaria was 
epistatic to énsularia. Clarke and Sheppard?, using 
insularia from Oxford, have shown that their insularia 
was controlled by a third allelomorph at the carbonaria 
locus. They had previously shown? that the most likely 
explanation of segregating broods obtained from wild 
females on the Wirral Peninsula in Cheshire was that 
insularia was an allelomorph of carbonaria. Thus at least 
some of the genes controlling insularia are allelomorphie 
with carbonaria. Clarke and Sheppard? have indi- 
cated the desirability of investigating the genetics of 
insularia both lighter and darker than that studied by 
them to ascertain how many loci are concerned in the 
control of insularia. 

This report is concerned with a darker form of insularia 
than that used by Clarke and Sheppard. The stock 
originated at Ross on Wye in Herefordshire and was 
kindly provided by Mr J. E. Knight and the late Mr 
E. R. Sutton. It consisted of one large brood (B/20/66) 
supplied as pupae. This brood segregated carbonaria and 
a dark type of insularia. There was little variability in 
either sex in the patterning and darkness of the insularia 
from the brood. The ratio of carbonaria to insularia in 
the brood was 3:1 (186: 62). Such a segregation could 
have resulted either if the insularia were controlled by a 
third allelomorph at the carbonaria locus or if the insularia 
were controlled by a gene at a separate locus from car- 
bonaria. Using either explanation both parents of B/20/66 
must have been heterozygous for carbonaria. 

To investigate the genetic control of this dark type of 
insularia more fully, four crosses were obtained of car- 
bonaria from B/20/66 to the recessive wild type (B/1/67, 
B/2/67, B/3/67 and B/5/67). In none of these broods did 
all three phenotypes segregate and in all four broods the 
segregation is not significantly different from a 1 : 1 ratio. 

Of the insularia segregating in B/1/67 there is a sig- 
nificant deficiency of males in that part of the brood that 
was reared out of doors in muslin sleeves placed over 
sallow foliage (P — 0-01). This deficiency is not apparent 
in that part of B/1/67 reared in wooden cages in the 
laboratory. The remaining three broods were entirely 
cage-reared (see Table 1). 

No problems were encountered in scoring the moths, 
but a tendeney for wild type females to be darker than 
wild type males was noticed in both B/2/67 and B/3/67. 
The insularia in B/1/67 and B/5/67 varied little and were 
very similar to insularia from B/20/66. 

If insularia were controlled by a gene at a separate 
locus to the carbonaria locus, then the possible genotypes 
in insects phenotypically carbonaria in B/20/66 are: 
CCH, CCI +, Cc 11 and C+I+. Of these, only the last 
two will produce segregating broods when crossed to wild 


hd 
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type. The possible segregations are thus 1: 1 carbonaria 


to insularia or carbonaria, insularia and wild type in the 
ratio 2: 1:1. It is therefore apparent that the carbonaria 
and wild type segregation in broods B/2/67 and B/3/67 
cannot be obtained if insularia is controlled by a gene at 
a different locus from the carbonaria locus. 

If insularia were controlled by a third allelomorph at 
the carbonaria locus, then the possible genotypes of insects 
phenotypically carbonaria in B/20/66 are: CC, CI and C+. 
Of these, the last two when crossed to wild type will 
segregate for carbonaria and insularia and for carbonaria 
and wild type respectively. The results obtained in 
B/1/67, B/2/67, B/3/67 and B/5/67 are thus in agree- 
ment with a dark type of insularia from Herefordshire 
being controlled by a third allelomorph at the carbonaria 
locus. 

Davin R. Lees 
Genetics Laboratory, Department of Zoology, 
University of Oxford. 
Received November 1, 1968. 
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GENERAL 


Combination of Probabilities from 
Significance Tests 


PROBABILITIES from independent significance tests, in 
which usually none of the separate probabilities is sig- 
nificant, are usually pooled by Fisher's method', which is 
based on the product of the individual probabilities. 
Although Fisher states that a 4? transformation provides 
an exact test of significance in this situation, Wallis? 
pointed out some time ago that this is only true if the 
reparate probabilities are derived from continuous dis- 
tributions. When the original distributions comprise a 
lunited. number of finite probabilities, Fisher's trans- 
formation often results in a considerable over-evaluation 
of the true probability of the product. 

Markedly discontinuous distributions are quite common 
when only small samples are available—for example, in 
the exact treatment of 2x 2 contingency tables—and it 
is precisely in these circumstances that it is essential to 
extract the maximum amount of information frem the 
data. Wallis describes an exact composite test for dis- 
continuous probabilities which requires the direct cal. 
culation of the products of probabilities from the separate 
samples and the probabilities of these products. 

An opportunity to compare the two tests recently arose 
when some results on sex ratios in small groups gave a 
series of hypergeometric distributions. The data could 
not be pooled directly because the expectations for each 
sample were different and thus the overall significance 
could only be obtained by compounding probabilities. 
The results are shown in Table 1. 

The large number of samples gives rise to almost 100,000 
possible products and their associated probabilities, and 





Table 1. CUMULATIVE PROBABILITIES FROM INDEPENDENT HYPERGEOMETRIC 
DISTRIBUTIONS 


Sample Cumulative probabilities 


1 9-151, 0-565, 0-916, 1-00 
2 0-565, 1-00 

3 9-361, 0-820, 1-00 

4 0-615, 1-00 

5 0-182, 1.00 

6 0-429, 7-08 

7 0-444, 1-00 

8 0-429, 1-00 

E 0-186, 1-00 
i0 0-464, 1-00 
il 0-192, 1-08 
12 6-183, 0-300, 0-700, 1:00 
13 0-413, 1-00 
14 0-429, 1-00 


The probabilities of the events actually ebserved are shown in italiaa, 
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although it is not necessary to evaluate all of these, the 
amount of caleulation makes anything but a computer 
analysis impracticable. A program was therefore written 
to carry out an exact test of significance. This test 
gives a composite probability for the pooled samples 
of 0-0002, indicating that the results are highly significant. 
Fisher’s approximation, on the other hand, gives a prob- 
ability of between 0-6 and 0-5 (y7= 26-6; 28 d.f.). 

Although these samples are undoubtedly extreme 
examples of discrete distributions, such a gross difference 
in the results of the two tests illustrates the dangers 
involved in the indiscriminate application of Fisher's 
method. 

R. H. MCLAUGHLIN 

School of Zoology, 
University of New South Wales, 
Kensington, Australia. 
Received October 2, 1963. 
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McLAUGHLIN gives an interesting illustration of the serious 
error which may arise from the incorrect application to 
discrete distributions of Fisher’s method of combining 
significance probabilities. Wallis’s exact computer 
solution is one that is more readily available nowadays: 
but it seems also worth noting an approximate solution 
applicable to the present context. 

Let the cumulative probabilities of the possible samples 
in the ith experiment, listed in order of their significance 
in relation to the alternative hypothesis, be 

r 

È Pis 

j=1 

and let the actual sample have r-s. Compute xr= 
— logePi, mi = Lrpirrir, of = Lpirltir — mij, and take 
z= XQ(ra-—mi)l Xe; as an approximate standardized 
normal variate. In the example given (of course, on the 
assumption that the Pir have all been recorded, for 
otherwise the m; and c; could not be correctly calculated), 
this seems to give a significance probability of 0-000025, 
corresponding to 2--4-06. This rather exaggerates the 
exact value 0-0002 noted by McLaughlin, but is vastly 
less misleading than the y? value. One obvious source of 
inaccuracy is the skewness of z; this could be computed 
and corrected for, but while this scarcely seems worth 
while, it does seem useful to make a rough correction 
obtained from the theoretical skewness in the continuous 
case. This yields the amended value 


Pi = 


(22— 1)/4/n 


where n is the number of tests, or 2-68 for the example, 
with corresponding significance level 0-004, an over- 
correction but still indicating high significance. 

M. S. BARTLETT 
Department of Biomathematies, 
University of Oxford. 
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Fundamental Theorem of Natural 
Selection 


FisuER's fundamental theorem of natural selection has 
recently been diseussed'?. Edwards? observes that the 
theorem V'— V20, where V and V' represent, in suc- 
cessive discrete generations, the mean fitness at a single 
diallelie locus in a random mating diploid population. has 
already been proved by Moran’. He notes further that the 
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more general result involving a multiple allelic system was 
actually established some years ago, and comments that 
the reason for this curiosity is that the validity of the 
theorem for two alleles was simply assumed to follow 
immediately from the work of Sewall Wright. 

In fact, Scheuer and I‘ have indieated that @ a, b, h, 
p and q are non-negative numbers with p+q=1, aud if 





Vp 2p(ap-hq) Fq -qihpa bg) (1) 
with 
V =ap? + 2hng + bg? (2) 
and 
V’=ap? + 2hp’e’ + bg? (3) 


then it can be shown by means of elementary but some- 
what heavy algebra that 


1 


V-V= ya (Pap ha V+ q(hp + bg— Py 


{V+ap~+bg} (4) 

from which the theorem in question immediately follows. 

Moreover, it can easily be shewn that equation (4) is 

equivalent to the formulation gwen by Lit. For if, fol. 
lowing Li, we set 


B=(a—h)p+(a—b)q (5) 
then, with a little algebra, we find that 
ap +hq— V =8q, hp bg — V = —8p (6) 
and 
ap +bq= V+ (a—2h+bh)ypq (7) 
Thus equation (4) readily becomes 
. . pgs? : 
V'— Ve PE 12V 4 (a= 2h bypq) 


ye 4 

Ipaa? js 25 

2pqg? | pu? « : 

= TI + (a~2h+b) i | (8) 

which is, apart from the change in notation, precisely 

equation (7) of Li. 

Furthermore, it follows from equation (1) and some 

algebra that the change in gene frequeney in oae genera- 
tion ean be written in the forms 





By 
pp sir (9) 
and 
pi-p=4 ((h —a) ih - by P- p (10) 
where 
E h-—b Tn 
i (11) 


(h — a) (h —b) 
is clearly the equilibrium gene frequency if such in fact 
exists. 

Equation (9) is in faet identical with the expression 
given by Li for the change in gene frequency; in the form 
of equation (10), however, it enables the other question 
raised by Edwards to be settled, namely, that of the 
monotonic convergence of the gene frequenc In fact, 
in either of the situations a « «b or a h» b in which 
one allele has an unconditional sclective advantage over 
the other, 8 is respectively negative and positive for all 
values of p and q and it follows that the gene: frequency 
wil change monotonically in the direction of extinction 
ofthe inferior allele. In the case h > a, A >b where the hetero- 
zygote is better adapted than either homoeygote, we 
have clearly i 





















0< 7 i(h —a)3- (hb) «1 a2) 






and it follows from equations (10) and (12) thet the gene 
frequency p’ always lies between the values of p and P; 
that is to say, the gene frequency is approaching the 
equilibrium monotonically, as Edwards suggests. — 
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Finally, in the only remaining case in which À «a, & «b, 
it follows from equation (10) that the gene frequency p’ 
lies to the side of p whieh is remote from the value P, 
and hence in this case the gene frequeney is changing 
monotonically away from the (unstable) equilibrium value. 
Thus we have established the monotonic property of the 
change in gene frequeney, which is here seen to be free 
of the restriction suggested by Edwards. 


8S. P. H. MANDEL 
Mathematies/Statisties Unit, 
Division of Research in Epidemiology 
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World Health Organization, 


Geneva, Switzerland. 


Received October 25, 1968. 

! T4, C. C., Nature, 214, 505 (1907). 

? Edwards, A. W. F., Nature, 915, 537 (1967). 

* Moran, P. A. P., The Statistical Processes of Evolutionary Theory (Oxford 
Univ. Press, 1962). 

t Scheuer, P. A. G., and Mandel, S. P. H., Heredity, 18, 519 (1959). 


Differences between Suicide Rates 


DEATH from suicide is generally agreed to be under- 
recorded. It is argued that suicide statistics are therefore 
too unreliable to be of value for research into the causes 
of suicide. 

Durkheim showed the European nations of his day main- 
tained a constant rank order as regards suicide rates-— 
a finding we have replicated by correlating the rates for 
1950 and 1960 of forty countries from all over the world 
(rz 0-95)—and from this, and other similar data, he 
inferred that a nation's rate of suicide was determined 
by its social characteristics. 

The erucial consideration from the point of view of 
epidemiological research on suicide is to establish whether 
such differences in suicide rates are merely an effect of 
differing recording practices. If not, then they must be 
related to etiologically important cultural, social or 
psychological characteristics of the populations being 
compared. 

We have therefore undertaken two calculations to find 
(a) whether differences between national suicide rates are 
independent of the method by which suicide is reported, 
and (b) whether differences between coroners’ districts in 
England and Wales are independent of the coroner who 
determines the verdict. 

The method used in the first was to correlate the suicide 
rates of immigrants from different countries to the United 
States with the rates of their countries of birth. Each 
immigrant group will, of course, have its suicides ascer- 
tained by the procedures used in the United States, but 
if their rates correlate with those of their countries of 
origin, each of which will use its particular national 
procedure, then the differences between countries are 
occurring in spite of their different methods of reporting 
suicide. Table 1 shows the suicide rates of eleven groups 
of foreign born citizens in the United States, ranked in 
order, and the rates of their countries of birth similarly 
ranked. The product moment of correlation of 0-87 is 
highly significant (P « 0-001). The differences between 
the suicide rates of these countries cannot therefore be 
accounted for by their differing procedures for reporting 
death. 

Next we examined the consistency with which the 
coroners in England and Wales report a verdict of suicide. 
We maintained that if coroners' criteria of suicide differ 
then the correlation between the mean rates of suicide of 
the seventy-nine county boroughs for the periods 1950-52 
and 1960-62 will be higher in those where the coroner is 
the same person in the two periods than in those in which 
the coroner has changed. Thirty-nine had the same and 
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Table 1. SUICIDE RATES IN 1959 OF FOREIGN BORN UNITED STATES CITIZENS 
FROM SELECTED COUNTRIES CORRELATED WITH THE SUICIDE RATES OF 
COUNTRIES OF BIRTH 


Suicide rate of foreign Suicide rate of country 





Country born in USA per of origin per 100,000 
100,000 (ref. 1) (ref, 2) 
Sweden 18:1 
Austria 24:8 
Czechoslovakia* 24-9 
German Fed. Republic 18-7 
Poland t 8-0 
Norway T8 
England and Wales 11-5 
Italy 62 
Canada Ta 
Ireland 2-5 
Mexico 2-1 
USA (all citizens) 10:4 


For these values r «0-87, P «0-001. 


* For 1960 (ref. 3). 
t For 1962 (ref. 4). 


Table 2. PRODUCT MOMENT CORRELATIONS BETWEEN THE 3 YEAR AVERAGE 
SUICIDE RATES OF CORONERS’ DISTRICTS IN 1950-52 AND 1960-62 
r P 
79 county boroughs 0-43 « 0-001 
39 county boroughs with the same coroner 0-45 «0-01 
19 county boroughs with different coroners 0-49 < 0-05 


This information is taken from (a) unpublished Home Office data concern- 
ing the year of appointment of coroners to seventy-nine county boroughs, 
and (b) unpublished data of the Registrar General (England and Wales) 
concerning the age and sex incidence of suicide in seventy-nine county 
boroughs. 


nineteen had different coroners. (Twenty-one boroughs 
were omitted because the coroner had changed during 
one of the 6 years from which the rates were obtained.) 
The product moment correlations between the suicide 
rates of boroughs with the same coroner is 0:45 while 
in those with a different coroner in the second period it is 
0-49 (Table 2). Because they do not differ it is apparent 
that differences between distriets are not accounted for 
by the personal idiosynerasies of the coroners. 

We concluded first that differences in suicide rates 
occur in spite of varying reporting procedures. While 
this is clearly true for the eleven countries we looked at 
it is also likely to be true when the statisties of other 
countries that have a regular census, statutory examina- 
tion of unusual deaths and no official restriction on the 
definition of suicide are compared. 

Second, differences obtained between the suicide rates 
of demographic groups within a country in which the 
procedure for ascertaining suicide is uniform are inde- 
pendent of the personal attitudes to suicide of the indivi- 
dual determining the verdict, and are therefore likely to 
be valid. 

Third, although suicide is almost certainly under- 
reported, for the purposes of most epidemiological studies 
the absolute rate is not needed. Provided the reporting 
errors are affecting demographie groups equally, and our 
findings indicate that they are, then differences of practical 
as well as of theoretical value are obtainable. Table 1, 
for example, also shows that immigrants are a group 
more at risk for suicide than the native population. 

Finally, compared with causes of death based on death 
certificates, it is likely that suicide is more accurately 
reported because it is one of the few causes of death that 
is subject to a close and independent scrutiny. National 
and international suicide statistics are sufficiently reliable 
to be of scientific value, although they need to be inter- 
preted critically. 

P. SAINSBURY 
B. BanRACLOUGH 
MRC Clinieal Psychiatry Research Unit, 
Graylingwell Hospital, 
Chichester, Sussex. 
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Book Reviews 


STRATEGY OF CBW 
CBW: Chemical and Biological Warfare 


Its Scope, Implications, and Future Development. Edited 
by Steven Rose. (The London Conference on CBW held 
under the auspiees of the J. D. Bernal Peace Library.) 
Pp. 209. (Harrap: London, October 1968.) 308. 


READERS are likely to approach this volume with some 
caution. In the first place it inevitably suffers from the 
limitations of any conference report. The editor has to 
make what he can of the participants available, who may 
not necessarily be those whom he would prefer to have 
attended. Even the best qualified may give only scrappy 
presentations; and through no fault of the organizers 
certain vital fields may be left uncovered. The absence 
from this conference of any representatives from the 
Microbiological Research Establishment or the Chemical 
Defence Experimental Establishment cannot be blamed 
either on Dr Rose or on the directors of those institutions, 
but it certainly impoverished both the value of the con- 
tributions as a whole and, one suspects, adversely affected 
the quality of the discussion. The absence of any qualified 
military specialist is also so remarkable an omission that 
it can only have been unintentional: it results in the 
symposium having to depend for its information about 
the military utility of chemical and biological weapons on 
guesswork, some of which is shrewd and some not. Rose’s 
own opening statement, that “it appears military 
strategists are placing increasing weight on the potential 
of these weapons", would certainly not go unchallenged 
by any student of contemporary military affairs. 

The reader is also likely to have reservations about the 
purpose of the volume and of the conference which it 
reports. Is it a serious attempt to gather and present 
information about an obscure but important subject, and 
examine dispassionately the complex political and ethical 
questions to which it gives rise; or is it a politically 
committed manifesto designed to further certain objectives 
in foreign and domestic policy ? The latter is in itself a 
perfectly legitimate activity and can—indeed, very often 
it should—arise out of the former; but it is not likely to 
result in a thorough investigation of all aspects of the 
problem and a scrupulously fair assessment of all the 
issues involved. Rose quite frankly states: “Any exam- 
ination of CBW inevitably involves one in a study of its 
use in what has become the greatest political issue of our 
day—the war in Vietnam". That is unfortunate but 
perfectly true; and it is extraordinarily difficult, when 
involved either emotionally or physically in a war, to 
discuss ethical or political issues with any degree of 
objeetivity. Instead these tend to become instruments 
of psychological warfare in pursuit of one's desired end. 
About this, one American participant in the conference, 
Miss Elinor Langer, was frank: 





“a. . CBW has become a good tactic for dissidents; 
it is a vulnerable point in the military-industrial com- 
plex. .. . CBW is small enough and manageable enough 
for outsiders to come to grips with the problem as a 
whole, and reform seems possible; it weighs less heavily 
than the tangled mass of the Vietnam war, on the one 
hand, or the arcane mysteries of nuclear defense, on the 
other. . It is important to remember that CBW is 
only a battle; it is not the war." 


lt is clear, however, that, although many of the par- 
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ticipants were sympathetie to Miss Langer's viewpoint, 
not all regarded the issue quite so blatantly as à useful 
means to a political end. In general whatever their 
political views, their presentations achieved a very fair 
standard of objectivity. A useful amount of in*ormation 
was presented, and most of the major is political, 
legal and ethical—were touched on, if not explored to any 
great depth. Informative papers are printed by J. P. 
Robinson on chemical warfare, C. R. B. Joyee on psy- 
chedelies, and I. Malék on bielogical weapons. The 
inclusion of papers on napalm, which is surely so more a 
weapon of chemical warfare than high explosives, and 
“Starvation as a Weapon”, regrettably a technique as 
old as Thucydides, is explained by the preoccupation noted 
here with the Vietnam issue. Vietnam itself, and the 
Yemen, are briefly studied as cases of CBW in aetion; the 
former by Professor M. F. Kahn, who as an investigator for 
Lord Russell's War Crimes Commission shows ro inelina- 
tion to give the US forces in thet country the benefit of 
any doubt. An excellent paper is printed by L Brownlie 
on the legal aspeets of CBW, whieh shows that objeetivity 
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in analysis need be no obstacle to the formulation of elear 
views; in this case, that the United States, in employing 


chemical weapons in Vietnam, is in clear breach of 
customary international law. 

In dealing with United Kingdom research policy, R. 
Clarke and J. P. Robinson attempt an equally objeetive 
assessment on the basis of very little information. Elinor 
Langer, with a great deal of information available, makes 
no such attempt for the United States, while D. E. Viney 
does his best for the Soviet Union with virtually no 
information at all. In a coneluding sectioa, J. H. 
Humphrey and M. Meselson discuss the problem of con- 
trol, V. W. Sidel that of medical ethics and C. F. Powell 
that of scientific responsibility in politics. 

The field of knowledge and the range of. discussion 
covered in the conference were very wide indeed, and the 
reader of this volume must share the frustration of the 
participants that there was so little opportunity to explore 
any of the issues in depth. Two questions in particular 
were raised without being settled; indeed, a ferum con- 
sisting primarily of scientists is not necessarily the best 
place to investigate them. The first is the exten* to which 
chemical and biological warfare does present an ethical 
problem different in kind from that posed by the use of 
traditional weapons, however destructive. Why is an 
attack with lethal high explosive permissible, while one 
with an incapacitating gas is not ? Is it the weapon itself 
that is legitimate or illegitimate, or the manner ef its use ? 
CBW presents a wide spectrum, frorn infecting an entire 
population with lethal viruses to the use of rot-control 
gases on a battlefield; and though the latter, as several 
participants pointed out, can be lethal when used in 
sufficient concentrations, the same can be said about 
policemen’s truncheons. The suffering caused by chemical 
weapons has to be examined in the context of the suffering 
caused by “conventional” weapons—and in relation to 
the purpose for which that suffering is inflicted. The 
military objeet is normally not the physical destruction 
of the opposing forces, but their neutralization, to enable 
certain objectives to be oecupied without loss. It is not 
self-evident that a weapon which can only kil or maim 
is either fitter or more humane for this purpose than one 
that temporarily incapacitates. The writings of Liddell 
Hart, himself a victim of gas warfare, are very interesting 
on this point, and it is puzzling that not even a reference 
should have been made to the widely known arguments of 
this respected authority. 

The second question concerns the legitimacy of research 
into CBW. The point was very properly made that there 
can be no valid distinction drawn between research for 
offensive and for defensive purposes, in this or in any 
other field of weapon technology. But it seems generally 
to have been held that, if such research is earried out, Ib 
should be on an unclassified basis. It was, of course, 
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impossible for the conference to discuss this adequately in 
the absence of representatives from the research estab- 
lishments in question, but it is interesting to note that 
Porton eame under fire from two sides simultaneously: 
first, for classifying the results of some of its research; 
and, secondly, for making available its results, either 
through patents or through communication to allied 
governments. To some extent these criticisms cancel one 
another out: if the use of weapons based on research at 
Porton is to be condemned, that is an argument for 
imposing the highest degree of classification on that 
research rather than for making its results available to 
other governments and peoples. On the other hand, a 
policy of openness inevitably involves the proliferation of 
dangerous knowledge. 

Finally there is the political problem. Our environment 
is, regrettably, still one of potentially hostile sovereign 
States, and the military security of the political systems 
which guarantee the academic immunities and the ethical 
values by which scientists properly set such store cannot 
be ignored. It is a central element in all the issues dis- 
cussed; the use or prohibition of such weapons, the 
legitimacy of research, the question of classification, the 
propriety of university contacts. The concentration of 
the conference on the Vietnam war—a conflict in which the 
security of the United States is not at stake—perhaps 
accounts for the failure of its participants even to glance 
at this fundamental point. The presence of a few specialists 
on international polities would have helped to clarify the 
issues, and might have provoked a serious discussion 
about, for example, the alleged deterrent value of CBW 
research. The nature of the world in which we live is 
illustrated only too well by the virtual impossibility of 
obtaining any information about this subject from the 
Soviet Union, as compared with the openness with which 
the whole question is now being debated in the western 
world. 

The greatest value of the conference, to conclude, 
probably lies not in its proceedings but in the success 
with whieh it has focused attention on the issue of CBW. 
If it leads to more thorough and more broadly based 
studies, the organizers can feel that their object has been 
achieved. MicHaAEL HOWARD 


GIRDLES ROUND THE EARTH 
Pergamon World Atlas 


Pp. vii--525. (Pergamon Press: Oxford, London and 
New York; PWN, Polish Scientifie Publishers: Warszawa, 
1968.) 4003. 


To put, with Puck, a girdle round the Earth in forty 
minutes; to display in compact form the extent, the 
characteristics and the differentiation of the surface of the 
planet to which we must remain attached, is one of the 
many ambitions that from time to time beset mankind. 
Its fulfilment, in one sense, is the aim of the atlas-makers 
who in so doing may well endeavour to satisfy a psycho- 
logical need. If man cannot wholly conquer the planet 
on which he has been given opportunity to play a part, he 
can at least picture it, ponder it, weigh, count and measure 
its contents. He begins to know where he stands; like the 
mediaeval monk, he can begin to name the devil and so 
take an initial step towards dominion. 

Four hundred years after Ortelius, the atlas-makers 
continue their efforts to span the whole world, from time 
to time rivalling each other, like Jansson and Blaeu, in 
the voluminous assemblages of maps from the best 
available sources, with whatever convention has emerged 
at the time of production. Again we are in an age of 
lively competition; but now that the characteristics of 
the Earth’s surface are sufficiently known it is not a matter 
of recording new lands, but new facts and new renderings 
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of the faets appertaining to them, in ever increasing 
amount. In this volume the publishers have provided 
what is in essence an English edition of a Polish world 
atlas, which testifies to Polish accomplishment im the 
earth sciences and indeed in every aspect of geography. 
Abundance of thernatic maps, economie diagrams and the 
like is a thoroughly commendable feature, and for the 
most part they appear to derive from good sources. 

Modern cartographic conventions of colour printing 
enable the atlas-maker to convey vastly more information 
than his predecessor. He can ransack huge stores of data. 
He can cull them especially from those urbanized countries 
in which one surmises that the insufficiently critical record- 
ing of anything that can be counted may well grow; com- 
puters must be fed. Perhaps this is a natural consequence 
of that over-production of clerkly graduates that accom- 
panies the urbanized society, based on the exploitation of 
natural resources and the much-vaunted acceleration of 
obsolescence among all forms of machinery; or that 
evident preference for the avoidance of outdoor toil in 
uncomfortable climates in places that lack form and are 
void. Such sour reflexions may well arise among some of 
those who browse among the five hundred pages of this 
well printed atlas. Let them rather turn to the informa- 
tive bathymetric maps of the oceans, or contemplate the 
subtly efficient choice of projections for the display of a 
wide variety of maps without distressing distortion. This 
is a scholarly production that fulfils one of the first 
purposes of a world atlas, in not merely conveying informa- 
tion but doing so in an interesting way, and thus provid- 
ing at the same time a stimulus to thought and to imagina- 
tion for a wide readership. 

In an age when almost any surface phenomenon can be 
mapped, with an atlas such as this the academic geo- 
grapher may well become inclined not to bother to travel. 
He can sit in his armchair and, like the ancient Greeks, 
set out happily on the speculative discussion of what lies 
before him. Nevertheless, like the historian, he must be 
alert to the reliability of his sources. Neither is the 
austere penetrating intelligence of the modern physicist 
denied the like relaxation. Moreover, the scales used, and 
the clarity of printing of the means of communication, 
are still such that if he does actually wish to move from 
place to place he can plot his travel. Indeed, the numerous 
city maps are helpful; one notices that of Moscow, which 
indicates the things one ought to look at and which is a 
great improvement on that provided for me ten years 
ago. 

This atlas stands up well among its contemporaries in 
its comprehensive coverage, cartographic execution and 
diversity of interest. The effective use of folded sheets on 
good paper, in what is essentially a loose-leaf binder, 
ensures some very fine spreads. By this means the 
splendour of the Soviet Union is grandly displayed as a 
spacious sheet (58x33 em. or 23} x 13} inches). The 
maps themselves have been prepared and printed by the 
Polish Army Topographical Service. Technically it is a 
fine achievement; registration of the complex colour 
printing is exact. Polish traditions and scholarly accom- 
plishment, very noticeable in the field of the earth 
sciences as well as the varied aspects of geography, ensure 
that the standard of cartography and of informative 
diagrams is decidedly good. The Polish General Committee 
includes many well known authorities, and English, 
Ameriean and Canadian advisers are also listed. For this 
English edition, a few additional maps of the United 
Kingdom and Canada have been provided.  "Trans- 
literation from other alphabets follows the principles of the 
Permanent Committee on Geographical Names and the 
United States Board of Geographical Names. Colouring the 
oceans with lighter tints for the deeps and darker shades 
along the coasts is an interesting reversal of custom, not 
ineffective. The introductory series of world maps is 
impressive; there are many separately printed geological, 
soil and vegetation maps of the larger areas, and that of 
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world hydrography, showing the mean annual discharge 
of the greater rivers, is noteworthy. Geomorphology is a 
weleome feature throughout. 

The information content compares well with other 
atlases of this size and price, and the abundance of maps 
with regard to anywhere east of Poland is indeed useful, 
even if Western newspaper readers will rarely have need 
to locate whatever may go on behind those mountain 
ranges in north-eastern Siberia that are now so beautifully 
mapped. The sequence of regional maps understandably 
opens with twelve pages devoted to Poland; thereafter, 
working through Europe. readers will come to seven on 
France, six on Italy. On the other hand, thirty-six sheets 
on the Soviet Union and twenty-six on the United States 
may not be customary in Western eyes, but are not unduly 
disproportionate. There is a beautiful map of the eighty 
nationalities [sic] of the Soviet Union (page 177) including 
the Veps and the Kely, which may bother the United 
Nations but adds to the enjoyment of the thoughtful 
reader. But among the informative material we do not 
get an age-and-sex pyramid for either the Soviet Union or 
the United Kingdom, such as is provided for France and 
Poland where such matters may receive graver considera- 
tion. There is interest in the national income per capita 
(page 62), which is given either in US dollars or roubles 
which clearly must not mix; and the British reader will 
be interested in the statistics (page 61) of persons posses- 
sing higher education in Great Britain. In propor- 
tion to population. France, Italy and Romania have 
twice as many, Sweden and Canada three times, Greece 
four times, the Soviet Union nearly six times and the 
United States about nine times as many such persons as 
the UK. It may be that we are again victims of under- 
statement, or that a considerable proportion of our 
scientists and engineers, teachers, nurses, librarians and 
the like have been disregarded. Elsewhere academic 
geographers will find abundance of inset maps associated 
with interesting places and problems—not only capitals 
and major cities, but also, for example. the Bay of 
Naples, the Galapagos Islands. the course of the Sus- 
quehanna through the Central Appalachians, and our 
own Lake District—-to supplement the dutiful display 
of the decline of colonialism and the enjoyable use of 
colour on the political map of Europe. And how much 
interest lies in today's mapping of Sinkiang or the Central 
Sahara. 

'The unusual choiee of sheet divisions for British 
readers may not wholly satisfy, but the quality of the 
cartography ean be appreciated in the rather odd sheet 
covering Central and NW England, ranging from 
Birmingham to Preston. Railways are not very easily 
distinguished from roads, and motorways are not shown; 
but our strangely industrialized Pennines are well under- 
stood. Elsewhere the display of industrial activities by 
overlapping parti-coloured circles is ingenious. but not 
always easy to follow.  Lead-mining in Swaledale is 
negligible and graphite in the Lake District has long been 
abandoned. The display of the whole of southern 
England on one sheet entitled English Channel, covering 
London and Paris and just including Oxford and Merthyr 
Tydfil, begs several questions. Perhaps the Polish geo- 
graphers have really become convinced through their 
London University contacts that southern England 
appertains to the Continent, and that the mysterious and 
bewildering country north of Luton, with which most of 
Ireland is included on a folded sheet, is an entity of its 
own. 

To test a world atlas on one’s home ground is by any 
standards severe, yet from North Lancashire I cannot but 
wonder how Winmarleigh, or, even more, the three farms 
and one eottage that constitute Marshaw adjacent to the 
Trough of Bowland, came to be shown, while nearby 
Slaidburn and the considerable industrial village of 
Galgate, with its very early textile mill, were disregarded. 
And how did they find all that sunshine in cloudy Donegal 
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while omitting it from Fife? Perhaps this was a matter 
for the English advisers ? 

But in any atlas of this kind such mildly envertaining 
features can be found; it eannot as yet be expected that 
any production stemming in the main from a single 
country can be truly international in its scope, o: overtake 
every minor detail and no doubt lers in other 
countries will find similar points for comment. The test 
of this atlas must lie in its virtues as a general work of 
reference, a guide, a conspectus of what is kancan of the 
physical environment, à résumé ef its social and economic 
state; and on all these counts it ranks high. were IS à 
generous gazetteer, and it is indeed useful for the Western 
world to have a readily available body of material on the 
lands beyond the Polish realm, on scales compazable with 
the lands with which we are more familiar. If complete 
uniformity and objectivity are still lacking here and there, 
we are sufficiently reminded that atlas-makers must still 
pay heed to what is likely to be accepted by those around 
them. Polish scholarship is to be admired for its integra- 
tion of a very satisfying body of material and with 
characteristic style they have not forgotten the gallantry 
of national coats of arms or heraldic badges and the 
national flags, by way of adornment. The general 
produetion is good, and with nearly four hundred pages 
of maps and abundance of diagrams, followed by the 
gazetteer and notes on pronunciation, at its price it 
compares well and can be commended as an estimable 
acquisition for many libraries. Scientists in particular will 
appreciate the many maps of mere lasting value, beyond 
the ephemeral political constraints of today. 

GORDON MANLEY 
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LIFE SPANS 


The History of Life 

By A. Lee McAlester. (Foundations of Earth Science 
Series.) Pp. viii-- 151. (Prentice-Hall: Englewood Cliffs, 
New Jersey and London, 1968.) 21s, paper. 

Tuis book is one of a series published by Prentice-Hall, 
the aim of the series being to provide "readable, ap to date 
introductions to all aspects of modern Earth Science". 
Professor McAlester has admirably achieved tiis ain in 
his book on The History of Life. 

The seven chapters cover the origin and early develop- 
ment of life, the diversification cf life, life in the sea, the 
transition to land, land plants, reptiles to mammals, 
and man. In so comprehensive a span, there are inevitable 
problems of emphasis and treatment. The coverage of 
some topics is very uneven; thus man receives considerably 
more space than all the marine invertebrate phyla com- 
bined, and there is almost no information and not a single 
illustration of invertebrate internal form and strueture. 
Although the emphasis is historical, and it could be 
argued that this reflects the relative interest of the two 
subjects in an introductory course, ib may not reflect 
their relative importance. 

There is a list of suggestions fer further readiag, which, 
in view of the selective coverage of the text, shows some 
surprising omissions. Thus there is a lengthy discussion 
of Berkner and Marshall's hypothesis on the development 
of late Pre-Cambrian faunas, but there is no: reference 
to the original work. There is an excellent index. The 
general format and the number and quality of the illustra- 
tions are very good. 

In spite of its limited coverage, the book provides à 
useful and readable review of the history of life. and suc- 
ceeds in conveying a view of the dynamics of evelutionary 
change, and the methods and viewpoints of the working 
palaeontologist. Both Professor MeAlester present 
volume and the series of which he is editor form an 
attractive, useful and substantial addition to the literature 
of introductory geology. F. H. T. Buopes 
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SOCKEYE FISHERIES 


The Sockeye Salmon Oncorhynchus nerka 

By R. E. Foerster. (Fisheries Research Board of Canada— 
Bulletin 162.) Pp. xv--422. (Queen's Printer: Ottawa, 
1968.) $8. 


Tuoves this book is mainly for the specialist, there is 
much in it of interest to all biologists and conserv ationists. 


biscd. mainly on nthe ee ea of the aithor 
during the past forty years. In general the book is 
heavy reading; yet it has undisputed value as a book 
of reference, though regrettably it has no index. The 
detailed table of contents does not justify this omis- 
sion. 

Chapter one summarizes very competently the general 
life history of the sockeye, tagging methods and the 
"parent stream" theory. The history, utilization. and 
exploitation of the sockeye fishery are the subjects of the 
second chapter, which ends with the warning that a 
high-seas or ocean fishery for the sockeye will adversely 
affect the stocks available for inshore fisheries. Foerster 
deals expertly with the thorny problem of escapement; 
he quotes extensively from his own rescarches and stresses 
the need for escapement to continue throughout the 
fishing season so that all sections of the run be represented. 
He points out that there seems to be little correlation 
between escapement and the numerical predietions of 
future runs. He then refers to the need for a great deal 
more work “on salmon production in any life history 
stage" in order to find out remedies which can be applied 
to reach maximum production. But he warns against 
the dangers of applying the results obtained from one 
region to another. I found it fascinating to read that 
each stock of Sockeye salmon has inherited the capacity 
and ability to store up suffieient reserves to enable it, 
under normal conditions, to get back to its natal stream 
area to reproduce. Thus the length of migration may 
be a racial characteristic, but the amount of reserve 
energy needed to overcome every unusual hazard is as 
yet unknown. 

Upstream migration with its hazards, energy expen- 
diture, mortalities, and their causes are dealt with in 
detail. I found the chapter on spawning behaviour of 
partieular interest, though I regret the use of the word 
"digging" and that no mention is made of the use and 
position of the female's ventral fin during bed preparation 
and the spawning act. I found fig. 16 confusing—here 
the gravel removed by the activity of the female should 
be shown. In the Atlantic salmon this pile of gravel at 
the downstream end of the excavation plays an impor- 
tant part in eddy production. An excellent account is 
given of factors affecting the success of natural spawning. 

The section on the lake residence of the young sockeye 
covers its distribution and feeding habits and leads on to 
environmental conditions in the waters studied. Again 
Foerster stresses the difficulty and dangers of comparing 
results from different regions and we are reminded that 
young sockeye may be “racially acclimated to different 
water conditions". 

The contribution made to the nutrient salt supply 
of some sockeye waters by sockeye carcasses is said to 
be appreciable and significant. The author wonders 
whether sufficient notice has been given to the relation- 
ship between the phosphate available and its dependence 
on the size of the eseapement (or run). He suggests that 
because the sockeye runs are getting smaller the phosphate 
balance is affected and that this basic factor may limit 
productivity. Further study is recommended. 

The place of the young sockeye in the lake community 
deals fully with the competitors and predators of the 
young fish in several lakes. 

The production of different sockeye lakes based on the 
adequacy of the food supplies is of interest. As the 
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author says—calculations cannot be too precise since 
the data on the quantity of plankton and number of 
sockeye are largely approximations. Nevertheless they 
may serve to indicate "general relationships". This they 
certainly do, and the w whole chapter makes stimulating 
reading. 

The seaward migration of the young sockeye from 
some lakes is said to follow the disappearance of the ice 
and an increased thyroid activity. It is suggested that 
sockeye salmon possess a built-in compass and chrono- 
meter which help them find their way through lakes 
and probably help them heme from the sea. They thus 
respond to "an inherited direction preference orien- 
tation”, and the effect of this on transplanted stocks is 
discussed: details are given of large scale experiments 
already in progress on this topic. 

A further full discussion on the efficiency of natural 
production is given with a reminder that the relationship 
between escapement and sea migration has been highly 
variable. 

The comparatively recent work of the International 
North Pacific Salmon Commission on the distribution of 
sockeye in the North Pacific is reported in detail. Finally, 
the author deals relatively with serological and scale 
studies, management problems, artificial propagation 
and the possibilities of selective cross-breeding. 

Generally the figures in the text are very good, but 
some of the photographs could have been larger. 

J. W. Jones 





ANTARCTIC BIRDS 


Antarctic Bird Studies 


Edited by Oliver L. Austin. (Antarctice Research Series, 
Vol. 12. Publication No. 1686.) Pp. ix-- 262. (American 


Geophysical Union of the National Academy of Sciences— 
National Research Council: Washington, DC, 1968.) 
$16.50. 


SEVERAL volumes in this series are devoted to biological 
subjects, and the present one consists of eight papers on 
birds. The senior author of one, Dr William J. L. Sladen, 
has been a leader in first British and then American work 
in this field, and he sets the scene in his opening words: 
"Antarctica supports vast colonies of specially adapted, 
long-lived, polar sea birds that, because of their tameness 
and easy accessibility, offer opportunities for research into 
population dynamies and social behaviour diffieult to 
match elsewhere in the world". His paper, the last in the 
book, gives the results of the American bird-banding 
programme of 1958-65; but it also reviews Antarctic 
bird-banding activities in general, from their inception as 
early in the history of that method as 1909. In the pro- 
gramme under report, almost 100,000 birds of 35 species 
have been marked, special techniques being used (including 
flipper bands on penguins) to suit the conditions. With 
penguins and the smaller petrels, for which remote 
recoveries are scarcely to be expected, the main aim has 
been population studies; the albatrosses and the giant 
petrel, however, have yielded spectacular records of 
migration. 

'The first paper in the collection is on the biology of the 
great albatrosses (two Diomedea spp.); points especially 
studied in D. exulans include the immensely long fledging 
period (averaging 278 days) and the related fact that the 
parents do not usually breed again in the following season. 
Five papers deal with aspects of the life of the Adélie 
penguin—territorial and social behaviour, circadian 
rhythms of activity, egg &nd serum proteins, salt and 
water metabolism and food preferences. The remaining 
paper differs in being a faunistic study of the birds of an 
island about one square kilometre in extent, where seven 
species were found nesting in numbers ranging from 63 
to 35,000. LANDSBOROUGH THOMSON 
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MEMBRANE ULTRASTRUCTURE 


The Membranes 

Vol. 4. Ultrastructure in Biological Systems. Edited by 
Albert Dalton and Francoise Haguenau. Pp. xiv + 2234 
90 plates. (Academic Press: London and New York, 
August 1968.) 1165 8d. 

Tris book does not appear to represent any attempt to 
provide a eomprehensive view of the ultrastrueture of 
cellular membranes or to present a particular theme. It 
simply collects together a new combination of four groups 
of authors interested in membranes and presents their 
electron mierographs and their comments in the high 
quality produetion that we have come to expect from 
Academic Press. J. F. Danielli writes a brief foreword in 
which he comes to the conclusion that the four chapters 
are “typical of the massive experimental attack now 
being made on cellular membrane structure”, and he 
then proceeds to mention some equally important investi- 
gations and some preliminary thoughts on a basic theory 
of lipid membranes. 

There is a short chapter (32 pages) by Glauert and Lucy 
which summarizes their published electron microscope 
studies of negatively stained lipid systems and their 
speculations concerning the possible significance of 
globular micelles of lipid in cellular membranes. Another 
short (32 page) chapter by Guy-de-Thé provides a very 
compact summary of cytochemical techniques as applied 
to electron microscopy and observations relating to the 
general localization of enzyme activities, particularly of 
phosphatases, in relation to cell membranes. The illus- 
trations are mainly from avian and tumour tissues and 
do not resolve membrane details. 

The longest chapter (87 pages) is probably also the most 
useful in that it brings together. perhaps for the first time. 
most of the observations of Benedetti and Emmelot on 
the liver plasma membrane with special emphasis on 
morphological aspects. These authors attempt to relate 
morphological features to chemical, enzymatic and im- 
munological information in order to produce an image of 
the plasma membrane that is of molecular significance. In 
addition to their own data (14 references) they also make 
extensive reference (176 references) to the studies of other 
workers. 

In the fourth chapter, Sjöstrand (30 references) presents 
a comprehensive pieture of membranes as seen at the 
highest available resolution, together with extensive 
criticism of the arguments and conclusions of others (30 
references). Although Sjéstrand claims to be fully aware 
of the limitations of electron microscopy with respect. to 
providing a true picture of the moleeular organization of 
the intact, hydrated membrane, he still persists in equating 
the overall dimension of the trilamellar feature seen in 
sections with the thickness of the membrane. 

J. B. FINEAN 





CAT NERVES 


Composition of Peripheral Nerves 

By lan A. Boyd and Mary R. Davey. Pp. viii 57. 
(Livingstone: Edinburgh and London, 1968.) 30s. 

Tuis slim monograph describes the nature of the mye- 
linated nerve fibres supplying fifteen hindlimb muscles of 
the cat. One of the main eontentions is that two types of 
fusimotor (y) fibres are distinguishable in terms of thres- 
hold, conduction velocity, range of total diameter and 
thickness of myelin sheath. The myelin of the large. 
4-5u-8-5u. diameter y fibres is described as Iy—l-5y. thick 
as opposed to 0-3u-0-6u thick in the smaller, 2u—5u 
diameter ones, axon diameters in the two groups varying 
over a largely similar range. Myelin thickness was 
measured "to the nearest 0-25" with a light microscope 
in samples of “undistorted” fibres selected from paraffin 
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sections. As it is impossible to measure accurately below 
0-54 under these conditions, the exercise of arbitrary 
judgment in such a classification is inevitable, For it to 
be convincing the measurements would have to be mac 
from low-power electron micrographs of de-afferentiated 
nerves in which there were no grounds for suspecting the 
presence of thinly myelinated fibres regenerating after 
ventral root damage. This possibility cannot beruled out 
in some of the nerves analysed, because the faster rate of 
regeneration after damage by crushing fibres, as apposed to 
cutting them, is not taken into account, Evea if these 
flaws in methods are ignored, however, the thesis does not 
stand up to close scrutiny, particularly if one compares 
the data with versions published previously and realizes 
that much of the de-afferentiated material is common to all. 
Four of the six cats on which the results are based (cats 
2-5) were the subject of a similar analysis (as cats 8-11) 
published in 1962. Moreover. work by others indicates 
that fibre size is not a significans feature of y duality, as 
there is a considerable overlap in conduction velocity 
between the functionally distinct static and dynamic 
fibres, and there is good evidence to suppose shat these 
supply trail endings and p, plates, respectively, to the 
spindles. 

The afferent component of the muscle nerves ig«leseribed 
as forming 40 per cent or 60 per cent of the total supply. 
Nerves with 40 per cent are said to supply rauscles in 
which most of the afferents innervate spindles aad tendon 
organs, whereas the higher proportion in other nerves is 
attributed to afferents arising from other types af receptor 
located either inside or outside the muscles, shough no 
attempt is made to check on outside sources. There may 
be something in this idea, though it should be noted that 
the afferent counts given for the tibialis posterior nerve 
are suspiciously high, suggesting that some articular 
nerves may have been included with the muscle nerve in 
error. Also the interpretation would be more convincing 
if there was some diseussion abeut soleus (designated as 
40 per cent afferent), because other workers estimate that 
30 per cent of the myelinated afferents supply free endings 
in eat and rat soleus, including over a third o? group II 
fibres in eat. 

The conviction with which the authors pursue their y 
story through thick and thin beyond the limits of optical 
resolution does not eneourage confidence in the results. 
Many will regret that the value of this monograph is 
impaired by flaws in method and lack of wider discussion. 

D. BARKER 
































PLANT HORMONES 


Molecular Control of Plant Growth 
By J. Eugene Fox. (Dickenson Series on Contemporary 
Thought in Biological Science.) Pp. x-- 118. (Biekenson: 
Belmont, California, June 1968.) 238 6d. 
THE object of this volume in the series on Consemporary 
Thought in Biological Science is to provide for teachers 
and undergraduates an introduction to the areas of researeh 
in plant hormones that are currently under active study. 
Ten papers have been culled from five journals over the 
past eleven years. Of these ten, four come from Plant 
Physiology, three from Science and one each from Pro- 
ceedings of the National Academy of Science, Phytochemistry 
and a Society of Experimental Biology + i AH 
but one deseribe work carried out in the U States. 
The papers have been grouped into four seetions, one 
each on auxins, gibberellins, cytckynins and the fourth on 
phytochrome and florigen. There is a short fereword to 
each group, indicating the reasens behind the choice of 
papers and their importance in relation to present lines 
of research. The papers then fellow iu unabridged form. 
Although this type of volume is guaranteed to stimulate 
the interest of students new to the field of plant growth 
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regulation and demonstrates how individual pieces of 
work are carried out, the information even in the most 
recent papers chosen now lags behind our present know- 
ledge as the result of the process of second publication. 
As all the original artieles are in journals that are readily 
available it is doubtful if collections of papers of this kind 
can ever be as effective as the critical teacher or the well 
balanced review. Indeed, the comment in the preface 
that "there are now just beginning to appear exciting 
research reports which lead one to believe that we may be 
close to discovering how plant hormones control growth 
and development" may well leave the reader in a state 
of over-long suspended optimism. 
DAPHNE J. OSBORNE 


PHOTOLUMINESCENCE 


Photoluminescence of Solutions with Applications to 

Photochemistry and Analytical Chemistry 

By €. A. Parker. Pp. xvi+544. (Elsevier: Amsterdam, 
London and New York, 1968.) 230s. 
Tur book is à valuable and timely contribution to the 
literature; it contains a lucid account of recent develop- 
ments in the field of photoluminescence, and comprehen- 
sive information on experimental methods. The first 
two chapters deal with the basie prineiples relating to the 
processes of light absorption and emission by molecules in 
solution, and include accounts of fluorescence, both prompt 
and delayed, of phosphorescence, and of the kinetics of 
photoluminescence. The emphasis is on the quantitative 
information about these phenomena which can be derived 
from experimental measurements. The chapter on 
experimental methods contains detailed information on 
methods of measuring light by physical and chemical 
methods and, in particular, on methods of measuring 
fluorescent and phosphorescent quantum yields and life- 
times. Practical information about the use of ancillary 
equipment sueh as monochromators and photomultiplier 
tubes is given, and the principles underlying their opera- 
tion are outlined. Finally, there are two chapters on 
the applieations of the measurement of photoluminescence. 
The first includes topics of general interest such as the 
determination of parameters of the excited states of a 
molecule, the study of chemical equilibria in the excited 
state, and the formation and fluorescence of excited dimers. 
The second describes the applications to analytical chemis- 
try. After a critical examination of the meaning of the 
term sensitivity" and a discussion of the relationship 
between luminescence and molecular structure, the 
applications to the analysis of organic and inorganic 
materials are considered. Attention to detail is evident 
throughout the book in the careful definitions of terms 
used, the cross-referencing and the comprehensive 
indices. 

The object of the book is said to be “to collect the 
important recent materials, together with the well estab- 
lished principles, into one volume that will at the same 
time serve the beginner as a logical course of instruction 
and provide the expert with a source of reference". The 
author sueceeds admirably in this ambitious project. 
The beginner will find a clear reliable account of the basic 
principles and a eritical summing up of the present state 
of knowledge, including, where appropriate, a historical 
account of developments. Anyone carrying out research 
on the quantitative aspects of photochemistry will find 
invaluable information. of a kind which is often difficult 
to obtain and assess, about equipment and experimental 
techniques. The analyst will find, in addition, a guide to 
the kinds of analytical problem which can be solved by the 
measurement of photoluminescence. This book is likely 
to become a standard reference in its field. It is a pity 
that the extraordinarily high price virtually puts it out 
of reach of individual buyers. M. I. CHRISTIE 

* 


NATURE, VOL. 220. DECEMBER 21. 1968 


NEW WAYS OF SEEING CRYSTALS 


Molecular Crystals 

Their Transforms and Diffuse Scattering. By José Luis 
and Marisa Amorés. (Wiley Monographs in Crystallo- 
graphy.) Pp. xxi4-479. (Wiley: New York and London, 
1968.) 210s. 


“A SCIENCE which hesitates to forget its founders is lost”, 
and erystallography, in proof of its vitality, has almost 
discarded all traces of its mineralogical origins. It is now 
common, even for first-year undergraduate students, to 
begin crystallography with the Fourier transform—in the 
guise of "the one-dimensional diffraction grating and the 
ripple tank" —instead of with the traditional stereographie 
and gnomonie projections. 

José Luis and Marisa Amorós have produced for the 
new men a really excellent book about the thermal 
vibrations of molecular crystals and the ways in which 
these vibrations can be studied by X-ray diffraction. Actual 
experimental methods of obtaining the data are not 
included. The authors have not neglected the possibilities 
of electron and neutron diffraction, but there is simply a 
dearth of results in these promising fields. 

The subject under discussion is indeed a hard and 
superficially unattractive one and many, including the 
reviewer, have been daunted by the high ratio of mathe- 
matics to physics in earlier textbooks. The authors have 
elearly taken special pains to reach the readers’ under- 
standing by all routes. The whole subject, from the 
diffraction by a single atom to the diffuse scattering of 
X-rays by thermal waves in hexamine crystals, is illus- 
trated by the transforms produced by computation 
and by various optical analogies (the optical diffracto- 
meter, the Von Eller machine and the folding machine 
or "'Q-integrator"). These illustrations are com- 
pared with pictures obtained experimentally from real 
materials. 

After the introduction to transforms, “the actual X-ray 
diffuse scattering, as it is observed in molecular erystals, 
and its application are discussed. The continuous diffuse 
scattering typical of molecular crystals is analysed by 
the difference Fourier transform method and its relations 
with the crystal structure are described. The method is 
also extended to crystal structure determination. The 
theory of thermal waves is logically included, and the 
application of the theory to the determination of the 
elastic constants and molecular forces is given. Tem- 
perature dependence of the diffuse scattering is treated. 
and the phenomenon of the inversion of the diffuse 


scattering is discussed. The effect of polymorphic 
transitions and the scattering appearing at the 
transition temperature is treated theoretically and 


experimentally". 

The book fully satisfies four criteria for a good scientific 
text: (a) familiar material is re-presented in a unifying 
and illuminating form—the informed reader does not skip 
the preliminaries because these afford new views of what 
was only partly understood; (b) a physical understanding 
of the processes at work is inculeated—this is done by a 
suitable mixture of mathematieal analysis, results of 
commutation, physieal analogies and illustrations of 
individual cases; (c) a considerable volume of the author's 
own experimental work 1s deseribed and is presented here 
in organized form; and (d) it is demonstrated that the 
subjeet is an open one, new problems and potentialities 
being implicitly suggested. 

We see here where the science of crystallography is 
going. After the question, "What is the structure of this 
erystal?" we are now able to deal more completely with 
the next questions— 'How does this erystal work ?" and 
“Why is it like this and not otherwise ?" 

This is an advanced text, but it is to be hoped that the 
readers will now filter its approach and insights into their 
own research and teaching. A. L. Mackay 
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POLYMER COATINGS 


Polymer Coatings in Nuclear Technology 
By V. B. Tikhomirov. Translated from the Russian. 
Pp. x--204. (Israel Program for Scientific Translations: 


Jerusalem. Distributed by H. A. Humphrey, London. 
1968.) 110s. 


Tars is an interesting book described by the author as 
intended for scientists and technicians employed in plants. 
institutes and blue-printing units of nuelear and other 
industries. It is intended for use as a reference book on 
polymer coatings and will be found useful by students in 
chemical, engineering and other institutes. The book 
itself consists of three parts: (1) utilization of polymer 
coatings in nuclear industry; (2) main types of polymer 
coatings; and (3) fundamental properties and fields of 
utilization of polymer coatings. 

Set out in this way, there is inevitably a considerable 
amount of rather tedious repetition of the areas of applica- 
tion for polymerie coatings in the industry and an abund- 
ance of rather obvious “cautions” particularly in the 
first section. There is. however, much useful information 
in the last two sections. 

'The first of these covers the various types of polymer 
coatings including epoxies. polyesters, PVC, polyethylene. 
organo-silicon, phenolics, furylics, polyurethane and a 
material called “ftoroplast” which is described as the 
Russian equivalent of polyfluoroethylene. This section 
eovers quite well the various chemical reactions and areas 
of application for the different coating systems. 

The final section deals with particular requirements for 
coatings, such as resistance to corrosive liquids, thermal 
resistance, ability to withstand radiation and electrical 
properties. Many tables and graphs are provided which 
compare the properties for particular applications of the 
different types of coatings previously discussed in the 
second section. 

Although the tables and figures are good, the book is 
poorly illustrated and the subject matter of the photo- 
graphs is not well chosen. It is on the whole a useful 
reference book, but its price is high. The book was 
originally published in 1965 and there are few references 
later than 1963, which means inevitably that certain 
sections are rather out of date. 

W. A. HorLxES-WALKER 


PROBLEM SOLVING 


Quasilinearization and Invariant Imbedding 
With Applications to Chemical Engineering and Adapt- 
ive Control. By E. Stanley Lee. (Mathematics in Science 
and Engineering, Vol. 41.) Pp. xvii+329. (Academic 
Press: New York and London, 1968.) 140s. 


Tus book is an attempt to give a simple exposition of 
the principles of quasilinearization and invariant imbedding 
and the numerical application of these techniques to the 
solution of practical problems. The first chapter intro- 
duces quasilinearization and invariant bedding and 
contrasts these with the classical techniques for solving 
boundary value problems. Jt also contains a very brief 
account of the numerical solution of differential equations. 

In the second chapter, quasilinearization is discussed 
in detail and its relationship with the Newton—Raphson 
method is explored. The finite difference technique for 
the solution of boundary value problems is also described. 
These computaticnal procedures are applied in chapter 
three to the solution of a number of ordinary differential 
equations arising in chemical reactor theory, and stability 
and convergence are discussed. Generalization to systems 
of differential equations is then indicated and some of the 
computational difficulties are stressed. 

Parameter estimation by means of least squares mini- 
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mization is the subject of the fourth chapter. Again the 
use of quasilinearization results in efficient numerical 
procedures and a number of examples from chemical 
engineering and automatic control theory are solved. 

An important source of numerical two-point boundary 
value problems occurs in the application of the caleulus of 
variations and the maximum principle of Pontryagin to 
optimal control theory. In chapter five, quasilineariz ti 
is applied to such problems and the techniques are illus- 
trated by application to optimum temperature and 
pressure profiles in chemical reactors, 

The formal theory of invariant imbedding is developed 
in the sixth chapter and some simple illustrative numerical 
examples are given. The connexions between invariant 
imbedding and dynamic programming are also pointed 
out. In the following chapter a number of computational 
algorithms which combine quasilinearization anc invariant 
imbedding are described and it is shown hew quasi- 
linearization can be used in the dynamic prosramming 
approach to optimization. Chapter eight continues with 
an account of the use of invariant imbedding in non- 
linear filtering theory. 

The final chapter is concerned with the use 
linearization in the formation of computing elgorithrns 
for the solution of parabolie partial differential «quations. 
Applications are given to a number of problems arising in 
the study of chemical reactor dynamics. 

Two very brief appendices conclude the book. The 
first states a selection of results from variational theory 
and the maximum principle; the second diseusses the 
gradient method in function space. 

One criticism of the book is that the background mathe- 
matical knowledge required by the reader would seem to 
be rather more than that suggested by the author. For 
example, it is unlikely that those scientists and engineers-— 
in this eountry at least—likely to read this text would 
be familiar with maximum principles in differential 
equations. Another criticism is that the numerical examples 
are all relatively simple, and where guidance for more 
complicated systems is given it is rather tentative and 
seems not to be based on extensive experience of the 
numerical solution of such systems. 

Despite these criticisms, however, I warmly recommend 
the book to anyone interested in the numerical solution 
of boundary value problems. In particular I should like 
to sce more of our young mathematical research workers 
take up this extremely stimulating branch of mathe- 
maties with its combination of analytical and numerical 
techniques. C. STOREY 

















of quasi- 















Professor L. G. Vinogradov 


PROFESSOR Lev GmrconigVicH VINOGRADOV, who died 
suddenly of a coronary occlusion in Moscow on Novemb 
14, was a well known marine biclogist. born in Mosec 
1909. In 1927 he entered the University of Moscow where 
he graduated in invertebrate zoology. From 1931 to 
1950 he was a researeh hydrobiologist at Pacific 
Institute of Fisheries and Oceanography in Viadivostok 
where he eventually became head of the Hydrsbiological 
Laboratory. During the Second World War he served with 
the coast artillery in the Far East as a battery commander. 
In 1950 he moved to Moscow to the All-Union Institute of 
Fisheries and Oceanography as a senior naturalis 
later was promoted to head of his laboratory. At the same 
time he was the leading consulting fishery biologi 
project for exploitation and bielogical reconstruction of 
the Caspian Sea. 

As an undergraduate Vinogradov began his work on 
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decapod erustaceans and eventually became an authority 
on this subject. He contributed much to the taxonomy 
and zoogeography of the Far Eastern marine decapods 
(partly in collaboration with Professor J. A. Bierstein), 
but his most important achievement was to elucidate the 
natural history of the Kamchatka king crab (Paralithodes 
kamtschatika). Some of his findings, both biological and 
economieal, were used as the basis of a successful crab 
fishery in the Far Eastern Seas. As well as his work on 
the erab, Vinogradov investigated the feeding grounds of 
bottom fishes during the Bering Sea Expedition in 
1958-62, when with Dr A. A. Neyman he studied the 
bottom eommunities of the flatfish feeding grounds. In 
the Caspian Sea, Vinogradov investigated possible means 
of improving the trophic condition of fish involving, for 
example, the construction of high dams across the rivers 
and changes of sea level. 

Because he was concerned chiefly with commercial 
fisheries, Vinogradov did a great deal of consulting and 
organizing work on all kinds of national and international 
committees. Outside biology his chief interest was 
philately. 


Correspondence 


Generalized Degrees 


Srr,—The reports by Swann! and McCarthy? and the 
article by Pippard? have raised the question of generalized 
degrees. 

Whenever industry is discussed, it is rare to find any 
mention of agriculture and, in respect of generalized 
degrees, I am tempted to wonder how many people are 
familiar with the efforts already made in agricultural 
teaching at university level. I would therefore like to 
present a picture of the degree courses in agriculture at 
Reading, not because they are perfect or necessarily better 
than others, but because they are the outcome of several 
years of detailed study and because I think that in them 
we have solved some of the problems which are now 
being talked about. 

Basically, there is a pass course starting with a pre- 
liminary year followed by parts I and IL, and an honours 
course which starts with part I and goes on to part II and 
then part HI. Thus each course lasts three years and 
parts I and II are identical for the two courses. 

The advantage of the preliminary year, which consists 
of botany, chemistry, geology, physics and zoology, with 
exemptions from any subject which has been passed 
satisfactorily at A-level, is that it enables us to take 
students whose A-level subjects are not of the right kind 
or are not quite up to a certain standard. Thus a student 
with arts subjects is not debarred from this preliminary 
year. Another advantage is that, at the beginning of 
part L, the students who have taken the preliminary year 
are roughly similar in attainments to those taken into the 
part I course on the basis of A-level results. 

The part I course, like all other "first year" courses at 
Reading, lasts two terms only, starting in October. The 
agriculture student studies four principal topics, namely, 
animals, plants, agricultural systems and economics, plus 
a course in statistics, and he is examined towards the end 
of the Easter vacation. Each of the four sections contains 
a great deal of applied science, but every item in the 
syllabuses has been looked at in its relations to all the 
others. 

Part II starts in the summer term and, being free from 
examinations in that term, the student has the full sum- 
mer, autumn and lent terms for study and is practically 
free in the second summer term of the part II course 
to prepare for the second examination, which starts about 

*. 
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four weeks after the beginning of term. The four principal 
subjects studied in part H are erop production, animal 
production, management and economies and agricultural 
engineering. using the basic information of part I as a 
foundation. In all appropriate subjects there is a mixture 
of theoretical and practical work, the latter taking the 
form of laboratory and field work or both. 

This structure forms the basis of the claim that the 
course is general and provides that mixture of sciences, 
applied sciences, economics and management which so 
many think is desirable. At this stage the pass student 
ends his course, with a good general knowledge of agri- 
culture and a wide background of other subjects. 

The student taking the honours course, and who has 
exactly the same background. now selects one of the four 
subjects which have formed the basis of his studies so far. 
Thus in part IHI he studies in greater depth the one 
"subject", although all specialists still study a group of 
subjects common to all options. namely, comparative 
agriculture, food and communications (use of library. ete. ). 

Students who take these courses are strongly motivated 
towards, and also have practical experience in, agriculture. 
Further, now that the course is so closely integrated. 
graduates are considered suitable not only for the obvious 
posts in agriculture and branches of agricultural tech- 
nology but also for posts in market research and manage- 
ment consultancy and as management trainees in business 
organizations. 

In addition to the courses specifically mentioned. 
Heading has highly specialized honours courses in agri- 
cultural botany, agricultural economies, physiology and 
biochemistry of farm animals and soil science; thus the 
faculty has a large staff of specialists who also teach their 
own discipline to the students of agriculture. 

Planning these eourses took several years of detailed 
diseussion and brought together staff from al] departments. 
This cooperation continues in boards of studies, each 
covering one of the four groups of subjects, and regular 
meetings of the chairmen of these boards also keep the 
whole degree under review and prevent unbalanced 
developments by one or other of the boards. 

I do not wish to suggest that teachers in other subjects 
in other universities have not done similar things, but I 
felt it worthwhile to indicate that we think we have made 
some contribution which could be of help to those dealing 
with other subjects, and who are thinking of more 
generalized and more integrated degrees. 

Yours faithfully. 
C. TYLER 





Department of Physiology and Biochemistry, 

Faeulties of Agriculture and of Science, 

University of Reading. 

! Hep. Working Group on Manpower for Scientific Growth, Cmd. 3760 (HMSO, 
1968). 

* McCarthy. M. C., Science Policy Study No. 4 (HMSO, 1968). 

* Pippard, A. B., Nature, 219, 1307 (1968), 


University News 


Professor L. Cranby, University College of South Wales, 
Cardiff, has been appointed to the Sir Jesse Boot chair of 
organie chemistry in the University of Nottingham. 

Dr A. H. Jarrett, Queen's University, Belfast, has been 
appointed director of the Boyden Observatory near 
Bloemfontein and professor of astronomy at the Univer- 
sity of the Orange Free State. 


Dr A. J. Willis, Bristol, has been appointed to the chair 
of botany in the University of Sheffield. 





Mr J. Merriman, Post Office Telecommunications Head- 
quarters, has been appointed as visiting professor in the 
Department of Electronic Science and Telecommunicat ions 
in the University of Strathclyde. 
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Professor S. P. Hutton, University College of South 
Wales, Cardiff, has been appointed to the chair of mech- 
anical engineering in the University of Southampton. 
He succeeds Professor A. N. Black, who has been 
appointed to a chair of engineering in the university and 
who has now general responsibilities within the faeulty 
and duties connected with academie planning in the 
university. Mr G. J. Goodrich, National Physical 
Laboratory, has been appointed to the chair of ship 
science in the Department of Aeronauties and Astro- 
nautics. 


Appointments 


Mr M. W. Leonard, a chartered civil and mechanical 
engineer, has been appointed secretary to the Council of 
Engineering Institutions. 


Professor B. C. L. Weedon, London, has been appointed 
chairman of the Food Additives and Contaminants 
Committee in succession to Professor R. A. Morton. 
Professor F. Aylward, Reading, Mr J. Saunders, 
Cerebos Groups Research Ltd, and Mr E. F. Williams, 
J. Sainsbury Ltd, have been appointed members of the 
committee in succession to Professor J. Hawthorn, 
Mr R. De Giacomi and Mr W. M. Shortt. All appoint- 
ments have been made for a period of three years. 


Announcements 


The 1968 Leonard Medal of the Meteoritical Society 
has been awarded to Dr E. J. Opik, research associate 
at Armagh Observatory, for his work in the field of 
meteoritics. 


Professor Francis Birch, professor of geology at 
Harvard University, and Sir Edward Bullard, professor 
of geophysies at the University of Cambridge, have been 
awarded the Vetlesen Prize for 1968 by Columbia 
University, in recognition of their work in the earth sciences 
They will receive the Vetlesen Gold Medal and will share 
the prize's $25,000 award equally. 


Erratum. The name of one of the authors of the article 
“Polychlorinated Biphenyls in the Global Ecosystem" 
(Nature, 220. 1098; 1968) was incorrectly spelt. P. Rieche 
should have been P. Reiche. 


Erratum. In the article “Species Specificity in Growth 
Regulatory Effects of Cellular Interaction" by Harry 
Eagle, Elliot M. Levine and Hilary Koprowski (Nature, 
220, 266; 1968) the last twelve rows of the last column of 
'Table 1 should read as follows: 


x 9 
x 

x @ 
x 

x j 
x à 
x ÀA 
x o 
x a 
x 

X 

x v 


Erratum. The communication “Molluse of the Cambro- 
Devonian Class Monoplacophora found in the Northern 
Pacific” by Z. A. Filatova et al. (Nature, 220, 1114; 
1968) was inaccurately classified in the list of contents as 
Invertebrate palaeontology. This error may have obscured 
the faet that the specimen deseribed was living and not a 
fossil. 
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International Meetings 


January 25, Primary Science, Curriculum Project, 
London (Sehool Natural Science Socie ys Miss M. J. 
Sellers, 2 Bramley Mansions, Berrylands Road, Surbiton, 
Surrey, UK). 

February 28, Nutritional Disorders of Ruminants, 
Edinburgh (J. L. Clapperton, Hon. Scottish Secretary, 
Hannah Dairy Research Institute, Ayr, Seotlans 
March 16-22, Cell Proliferation Kinetics, 
(Dr M. F. Rajewski, Max-Planck-Institut 
forsehung, Abteilung Physikalisehe Biologie, Spemann- 
strasse 35, 74 Tübingen. Germany). 

March 20-21, Technology and Uses of Natura! Rubber 
Latex, Welwyn Garden City (Dr P. W. Allen, NRPRA, 
56 Tewin Road, Welwyn Garden City, Hertfordshire, UK). 
March 23-28, Industrial Microbiology, Cardiff ( Director 
of Extra-Mural Studies, 40 Park Place, Cardiff, CFI 
3BB, UK). 

March 24-25, Laser Safety, Cincinnati (Dr | 
man, International Laser Safety Conference 
Laboratory. Children’s Hospital Research Fou 
the Medical Center, University of Cincinnati, 
Bethesda Avenue, Cincinnati, Ohio 45229, USAN. 
June 2-6, Yeasts, Delft and the Hague (Dr L. 
de Miranda, Secretary, Organizing Committee, + 
67A, Delft, Netherlands). 

June 2-7, Northwest Atlantic Fisheries, US (L. R. 
Day, Bedford Institute of Oceanography, POB 6389, 
Dartmouth, Nova Scotia, Canada). 

June 3-13, Arid Lands in a Changing World, Tucson 
(T. L. Smiley, Geochronologieal Laboratories, Umversity 
of Arizona, Tueson, Arizona 85721, USA). 

June 4-7, Textile Chemists and Colorists, Baden- 
Baden (Rohrbacherstr. 78, Heidelberg, Germany). 

June 5-11, Forensic Sciences, Toronto (International 
Association of Forensic Sciences, 8 Jarvis Strees, Toronto 
2, Canada). 

June 5-11, Forensic Immunology, Medicine, Path- 
ology and Toxicology, Toronto (Douglas bucas, c/o 
Attorney General's Laboratory, 8 Jarvis Street, Toronto, 
Canada). 

June 8-9, Lead-Zinc Symposium, Utrecht 
Chemisch Institut Tno, Croesestr., Utrecht, Ne 
June 8-11, Canadian Nuclear Association Meeting, 
Montreal (Roy F. Gross, 19 Richmond Street West, 
Toronto 1, Canada). 

June 8-13, Genetic Polymorphism, Athens (Dr C. B. 
Krimbas, c/o School of Agriculture, Athens, Gerecse). 
June 8-14, Metallurgical Research, Madrel (Ciudad 
Universitaria, Madrid 3, Spain). 

June 15-22, Navigation Congress, Paris 
Secretary, Permanent International Associatic 
gation Congresses, Quartier Jordaens (Rez-de-C 
155 rue de Loi, Brussels 4, Belgium). 

June 16-17, Dialysis and Transplant Association 
Meeting, Berlin (Dr W. Drukker, General Secretary. 
75 de Lairessestr., Amsterdam 7, Netherlands) 


June 22-27, Nephrology, Stoekholm (Dr F. Berglund. 
Postfack 272, Stockholm 1, Sweden). 

June 23-26, Animal Production, Helsinki (Corso Trieste 
67, Rome, Italy). 

June 23-28, Anaesthesiologists, Bergen (Dr C. Thors- 
hauge, c/o Rigshospitalet Tagensvej, Copenhagen, Den- 
mark). 

July 8-10, Measurement Education, Wamxvick (The 
Press Officer, The Institution of Electrical Engineers, 
Savoy Place, London WC2). 
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REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


University of Sussex. Science Policy Research Unit—Second Report 
1968, Pp.32. (Falmer, Brighton: University of Sussex, 1968.) {1811 

Fluoridation. The Case in Favour, by the Ministry of Health. The Case 
Against, by the London Anti-Fluoridation Campaign. Second edition, 
revised. Pp. 68. (Thames Ditton: The London Anti-Fluoridation Cam- 
paign, 1968.) 2s. [811 
. SCAR/SCOR/IAPO/IUBA Symposium on Antarctic Oceanography 
Santiago, Chile, 13-16 September 1966. Pp. xi--268. (Cambridge: Scott 
Polar Research Institute, 1968.) 455.; $5. 

International Association for the Exchange of Students for Technical 
Experience. 21st Annual Report 1968. Pp. 37. (London: International 
Association for the Exchange of Students for Technical Experience, 
1968.) [1811 

Ministry of Transport: Road Research Laboratory, RRL Report LR 214. 
The Effect of Vehicle Lighting on Pedestrian Movement in Well-Lighted 


Streets, By G. D. Jacobs. Pp. 14. (Crowthorne, Berkshire: Road Research 
Laboratory, 1968.) Gratis. [1811 
Bulletin of the British Museum (Natural History) Geology. Vol. 17, 


No. 1: On the Cretaceous Age of the So-called Jurassic Cheilostomatus 
Polyzoa (Bryozoa)-—a Contribution to the Knowledge of the Polyzoa-Fauna 
of the Maastrichtian in the Cotentin (Manche). Pp. 1-45 + 8 plates. 40s. 
Vol. 17, No. 2: The Caudal Skeleton in Mesozoic Acanthopterygian Fishes. 
By Colin Patterson. Pp. 47-102. 20s. Supplement 4: Permian to Palaeo- 
cene Caleareous Algae (Dasycladaceae) of the Middle East. By G. F. Elliott. 
Pp. 111424 plates. 102s. 6d. Zoology. Vol. 16, No. 9: Some Type and 
other Specimens of Species Involved in the Problem of Stylopoma Levinsen 
(Polyzoa). By Anna B. Hastings. Pp. 358-364. 6s. Vol. 17, No. 1: Notes 
on Woodpeckers (Picidae). By D. Goodwin. Pp.1-44. 16s. Vol.17, No.2: 
A Review of the Iguanid Lizard Genera Uracentron and Strobilurus. By 
R. Etheridge. Pp. 45-64. 8s. Vol. 17, No. 3: Nigerian Lizards of the 
Genus Agama (Sauria: Agamidae). By Alice G.C. Grandison. Pp. 65-90 +6 
plates. 18s. (London: British Museum (Natural History), 1968.) [1911 

The Zoological Record, Vol. 103, 1966, Section 5: Echinodermata. Com- 
piled by A. M. Clark. Pp. 38. UK and Eire, 15s.; Overseas 17s. 6d. ($US 
2.10). Vol. 103, 1966, Section 11: Trilobita. Compiled by Sir James Stubble- 
field. Fp. 40. UK and Eire, 208.; Overseas, 24s. ($US 2.00.) (London: 
The Zoological Society of London, 1968.) [1911 

Planning, Vol. 34, No. 505: Security of Employment—a Study in the 
Construction Industry. By Barbara Shenfield. Pp. iv 1-66. (London: 
Political and Economic Planning, 1968.) 10s. 1911 

Procter and Gamble, Ltd. Annual Report for the year ended June 30th, 
1968, Pp. 16. (Gosforth, Newcastle upon Tyne: Procter and Gamble, 





Ltd., 1968.) 1911 
The Fertiliser Society. Fertilisers and Animal Production. By Dr K. L. 
Blaxter. Pp. 23. (London: The Fertiliser Society, 1968.) [2011 


Rehabilitation of Oiled Seabirds. By R. B. Clark and J. R. Kennedy. 
(Report to the Advisory Committee on Oil Pollution of the Sea.) Pp. ii+ 57. 
(Neweastle upon Tyne: Department of Zoology, The University, 1968.) 
10s., post free. 2011 

New Research in Current Philosophical Systems—a Symposium. Pp. 36. 
68. net. Special Problems in the Study of Sufi Ideas. By Idries Shah. Second 
edition. Pp.40. 6s. net. (London: The Octagon Press, 1968.) 2111 

. Hydrodynamic Stability of Fluid Flows. By Professor J. T. Stuart. 
(Inaugural Lecture, 14 November 1967.) Pp. 100—130 -- 11 plates. (London: 
Imperial College of Science and Technology, 1968.) 5«. 6d. 2111 

ecord of the Royal Institution 1968. Pp. 120. (London: Royal Institu- 
tion of Great Britain, 1968.) — [2211 
d Bottle Washing. Pp.15. (London: Society of Dairy Technology, "od 
8. 2211 


Other Countries 


Pontificia Academia Scientiarum. Commentarii, Vol. 2, No. 11: The 
Scientific Work of Georges Lemaitre. By P. A. M. Dirac. Pp. 18. No. 19: 
Derives Hydraziniques d'Indols en tant Qu'inhibiteurs de Ja Monoamine- 
oxydase, Par M. Lora Tamayo. Pp. 13. No. 13: The Physical Interpretation 
of Quantum Electrodynamics. By P. A. M. Dirac. Pp. 12. No. 14: Note on 
an Explanation of Crystal Structures of Elementary Substances. By S. 
Mizushima and I. Ichishima, Pp. 11. Absorption Spectra of Molecular Ions. 
By G. Herzberg. Pp. 7. No. 16: Note on the Reception at Montreal of a 
Continuous Wave Radio Transmission on 80 kHz from the Defense Research 
Communications Establishment in Ottawa, Canada. By Ernesto Gherzi. 
Pp. 12. No. 17: Long Term Maintenance and Cultivation of the Common 
Pathogenic Fungi of Man in Sterile Distilled Water. By Aldo Castellani. 
Pp. 8. No, 18: La Protection de la Nature dans la Lutte Contre la Faim. 
Par Alessandro Ghigi. Pp. 7. No. 19: Le Spectre Infrarouge—Quelques 
Unes de ses Proprietes et de ses Applications. Par J. Lecomte. Pp. 21. 
(Civitate Vaticana: Pontificia Academia Scientiarum, 1968.) [1411 





HOW TO BUY NATURE 


Volumes start in January, April, July and October, but subscriptions 


may begin with any issue. 
The direct postal price per subscription for one copy of NATURE 
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*12 MONTHS (52 issues and 4 indexes) 
Great Britain and Eire 
United States of America 
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(Charge for delivery by air mail on application) 
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Support of Research in Canadian Universities by the National Research 
Council of Canada. Pp. iii--54. (Ottawa: National Research Council of 
Canada, 1968.) f1411 

United States National Museum Bulletin 284: Osteology and Classification 
of the Fishes of the Family Blenniidae. By Victor G. Springer. Pp. v + 85 4 11 
plates. (Washington, DC: Smithsonian Institution Press, 1068, Available 


from US Government Printing Office.) $0.70. H411 
US Department of Commerce, National Bureau of Standards. Special 


Publication No. 296: Mass Transport in Oxides. (Proceedings of a Sym- 
posium held at Gaithersburg, Maryland, October 22-25, 1967.) Edited by 
Pp. viii -- 217. (Washington, DC: 


J. B. Wachtman, Jr., and A. D. Franklin. 





Government Printing Office, 1968.) $3. [1411 
German Science Re-Emergesa, Pp. 132. (Bonn-Lengsdorf: Heinz Moller 
Verlag, 1968.) [1411 
International Atomie Energy Agency. Safety Series No. 25: Medical 


Supervision of Radiation Workers. Pp. 118. 91 schillings; 28s. 2d.; $3.50. 
Technical Reports Series No. 90: IAEA Laboratory Activities--—Fifth Report. 
Pp.155. 26schillings; 8s. 4d.; $1. (Vienna: International Atomic Energy 
Agency; London: H.M. Stationery Office, 1968.) {1811 

Inter-University Board of India and Ceylon. Research in Progress--a 
Record of subjects taken up for Research by Scholars registered for doctoral 
degrees with the Indian Universities during 1958-66. Vol. 1: Physical 
Sciences. Pp. xvi--420. (New Delhi: Inter-University Board of India and 


Ceylon, 1968.) (1811 
U.S. Atomic Energy Commission. The Nuclear Industry 1968. Pp. ix 
257. (Washington, D.C.: Government Printing Office, 1968.) $2. [1811 


Beitráge zur Radioastronomie, Max-Planck Institut für Radioastronomie 
Bonn. Band 1. Heft 1: Intersuchungen zur Struktur des Interstellaren. 
Neutralen Wasserstoffs in Mittleren Galaktischen Breiten. Von B. H. Grahl, 
O. Hachenberg and U. Mebold. Pp. 27. (Bonn: Ferd. Dümmlers Verlag, 
1968.) ] [1811 

Bulletin of the American Museum of Natural History. "Vol. 130: The 
Phylogeny of the Oreodonts. Part i: Merycoidodontinae, Eporeodontinae, 
and Leptaucheniinae, Three Subfamilies of Oreodonts, with an Appendix 
to the Revision of the Merycoidodontidae. Part 2: Summary and Con- 
clusions Concerning the Merycoidodontidae. By C. Bertrand Schultz and 
Charles H. Falkenbach. Pp. 498. (New York: American Museum of 
Natural History, 1968.) $15. . 911 

International Institute of Tropica! Agriculture (ITTA), Ibadan. Descrip- 
tive brochure. Pp. 6. (Ibadan: International Institute of Tropical Agri- 
eulture, 1968.) [1911 

Proceedings of the Biological Society of Washington. Vol. 81 (April 30, 






1968): Variation of Ladder-Backed Woodpeckers in Southwe tern North 
America. By Lester L. Short, Jr. Pp. 1-16. (Washington, D.C.: Biological 
Society of Washington, 1968.) (1911 


Transactions of the San Diego Society of Natural History. Vol. 14, No. 20: 
Notes on the Avifauna of Northwestern Baja California. By Lester L. 
Short, Jr., and Richard 8. Crossin., Pp. 281-300. (San Diego: San Diego 
Society of Natural History, 1967.) [1911 

American Museum Novitates. No. 2321 (June 19, 1968): Notes on Birds 
of East Africa, including Additions to the Avifauna. By Stuart Keith. 
Pp. 15. No. 2343 (August 29, 1998): Birds of the Schrader Mountain 
Region, New Guinea—Results of the American Museum of Natural History 
Expedition to New Guinea in 1964, By E. Thomas Gillard and Mary LeCroy. 
Pp. 41. No. 2349 (October 4, 1968): Sympatry of Red-breasted Meadow- 
larks in Argentina, and the Taxonomy of Meadowlarks(A ves: Leistes, Pezites, 
and Sturnella). By Lester L. Short, Jr. Pp. 30. (New York: American 
Museum of Natural History, 1968.) ; : (1911 

Proceedings of the American Philosophical Society. Vol. 112, No. & 
(October 17, 1968): Gondwanaland Revisited—New Evidence for Conti- 
nental Drift. (Papers read at the Annual General Meeting, April 19, 1968.) 
Pp. 307-353. (Philadelphia: The American Philosophical Society, To 
$1. 

: Institutt for Atomenergi, Kjeller Research Establishment, Kjeller Report 
No. 180: Analysis for the Kjeller Reprocessing Facilities—Discussion of 
Problems and Methods. By M. Bonnevie-Svendsen and the Analytical Staff. 
Pp. 60. (Kjeller, Norway: Institatt for Atomenergi, Kjeller Rescareh 
Establishment, 1968.) . $ [1911 

Canada: Department of Energy, Mines and Resources, Geological Survey 
of Canada. Miscellaneous Report No. 15: Guide to the Geology and Scenery 
of the National Capital Area. By David M. Baird. Pp. v--188. $2.50. 
Bulletin 164: Silurian Cephalopods of James Bay Lowland, with a revision 
of the Family Narthecoceratidae. By Rousseau H. Flower. Pp. 88434 
plates. $5. Memoir 351: Baddeck and Whycocomagh Map-Areas with 
emphasis on Mississippian Stratigraphy of Central Cape Breton Island, Nova 
Scotia (11 K/2 and 11 F/14). By Danford G. Kelley. Pp. 65--2 plates. 
$2.50. Paper 67-54: Upper Jurassie and Cretaceous Rocks of Taseko Lakes 
Map-Area and their Bearing on the Geological History of Southwestern British 
Columbia. By J. A. Jeletzky and H. W. Tipper. Pp. vii--218. $3.50. 
Paper 67-67: a Method for Predicting Soil Erosion in the Rocky Mountain 
Forest Reserve, Alberta. By N. W. Rutter, Pp. v--32. $1.50. Paper 
68-32: The Ferro-Manganese Pavement on San Pablo Seamount. By F. 
Aumento, D. E. Lawrence and A. G. Plant. Pp. vi+ 30. $1.50. (Ottawa: 
Queen's Printer, 1967 and 1968.) [2011 
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NEW KEY T O RESEARCH 


EEDQ* 


A New Convenient Reagent for Peptide and Amide Syntheses 


`~ 


N oc.H, 
CO,C.H; 


The interesting, new pseudo-base, EEDQ, allows the coupling in high vields of 
acylamino acids with amino acid esters in solvents such as benzene, ethanol or THF 
at room temperature. No racemization could be detected. Also the preparation 
of amides using EEDQ is superior to the classical carbonic anhydride method. 

1B. Belleau and G. Malek, JACS, 90, 1651 (1968) 


EEDQ (our No. 14,938-7) is licensed under U.S. Patent 3,389,142. It is available 
from stock at $6.75 for 5 grams and $22.00 for 25 grams. 


* Another Aldrich First 





Write for our new Catalogue 14, just issued! 


yo 744/7774 CHEMICAL COMPANY, INC. 


237: NORTH SOTH STREET MILWAUKEE. WISCONSIN 53210 


ALDRICH 


DYES FOR USE IN ALL INDUSTRIES 


RESEARCH & PRODUCTION CHEMISTS: if you 
are looking for dyes with specific chemical and physical 
properties suitable for particular manufacturing and/or 


testing processes you are invited to contact 


EDWARD GURR LIMITED 


for supplies. 


We hold stocks of an enormous variety of dyes, ready for immediate 
despatch, including: 
Cyanine, Dicyanine, Fast Bordeaux O, Aurantia, Crystal violet, BPC- $ 


Scarlet R, BPC, Diazonium salts, Neutral violet, Lacmoid, Nile blue, 
Janus green, Brilliant green BPC, Rosolic acid, Methyl green, p- Ethoxy- 
chrysoidin, Methyl red, Nitrazine yellow, Pinacryptol green, etc, 


Industrial Research Establishments C h oose th e ri g ht fi Ite r 


are invited to make use of our professional services as 
consultants on the selection and use of dyes as research 


and production tools. paper for the job from 


BIOLOGISTS are invited to send for our catalogue of: 


“MII CIHR O MIE? GREEN’S 


STAINS & REAGENTS FOR BIOLOGY 
Acridine orange, Aquamount, Fluormount, Lipid crimson, Matamount, DESCRIPTIVE CATALOGUE 


Mer e Leishman, Giemsa, Toluidine blue, Cresyi fast violet, 
apanicolaou stains, Thioflavine S, Brilliant cresyl blue, Nile blue, * 
Pyronin Y, Trifalgic acid, Rhodanile blue, Haplo, etc. (ref: N.G.65) 


EDWARD GURR LTD Get your copy from: 


42 Upper Richmond Road West, London, S.W.14 J. BARGHAM GREEN LTD, — 
Cables: Micromlabs London SW14. Telephone: 01-876 8228/8 HAYLE MILL, MAIDSTONE, KENT, ENGLAND 











Classified Advertisements 


All copy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion. 
The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers’ errors, 
although every care ís taken to avoid mistakes. 
Semi-displayed £6 per single column inch, 
Minimum £3, each additional 1/f2th of an inch 
10s, Full page £158, Half page across £80. 
Colour (orange) £20 extra. 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number. 
ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement’s 
inn, Strand, London, W.C.2. Telephone: 
wee 4743. Telegrams: Textualist, London, 
W.C.2. 








APPOINTMENTS VACANT 


UNIVERSITY OF 
SOUTHAMPTON 


DEPARTMENT OF PHYSIOLOGY 
AND BIOCHEMISTRY 


SENIOR TECHNICIAN 


required to take charge of well-equipped 
and recently built Animal House with a 
comprehensive operating theatre. The 
duties of the successful candidate will be 
the day-to-day running of the Animal 
House and its stocks, keeping records, and, 
if suitably qualified, involvement. with re- 
search projects. The appointment offers 
considerable interest, variety and prospects 
which may be enhanced when an enlarged 
Animal House, to serve the pre-clinical 
departments of the New Medical School is 
opened in 1971/72. (Further particulars 
may be obtained from the Head of the 
Denariment.) Candidates should have 
Suitable experience and qualifications and 
preference may be given to those with a 
Qualification from the Institute of Animal 
Technicians or Institute of Medical and 
Laboratory Technicians. Salary on scale 
£975 10  £1.195 plus allowances for 
approved qualifications, 


Applications, giving detalls of experience 
and qualifications and the names of two 
referees, should be sent to the Deputy 
Secretary, The University, Southampton, 
$O9 SNH, by January 7, 1969, quoting 
Reference N. (1991) 


G.K. BUREAU 
SCIENTIFIC APPOINTMENTS 


are seeking Veterinary Surgeons, Chemists, 


Physicists, Applied Biologists and Geolo- 
gists. TECHNICIANS for animal houses, 
colleges, hospitals, research centres or in- 
dustry.--Miss J. Hortin, 196 Oxford Street, 
London, W.1, 01-636-6858. No fees to 
pay. (1776) 





UNIVERSITY OF WINDSOR 


POSTGRADUATE RESEARCH FELLOWSHIPS 
PHYSICS OF ATOMIC COLLISIONS 
Applications are invited from highly qualified 
candidates who wish to proceed to the M.Sc. and 
Ph.D. degrees with specialization in physics of 
atomic collisions. The Fellowships provide an 
annual stipend of $3,000 and a travel allowance. 


Further information may be obtained from 
Professor L. Krause, Head, Department of 
Physics, University of Windsor, Windsor, 
Ontario, Canada. (1813) 





JUNIOR POSITION IN ENVIRONMENTAL 
toxicology. Academic position open at Univer- 
sity of California, Davis. Duties research and 
teaching in environmental toxicology, Educa- 
üonal prerequisite Ph.D. in chemistry, bio- 
chemistry, chemical engineering or closely related 
discipline. Experience in field desirable but not 
essential. Prefer person under 40 years of age.— 
Send curriculum vitae to Dr. G. F. Stewart, 
Agricultural Toxicology Laboratory, University 
of California, Davis, California, U.S.A., oer 

(16 











UNIVERSITY OF OXFORD 


OMPUTER 





MANAGER 


The University proposes to appoint as soon as possible a 
Computer Manager who will be responsible under the 
Director of the Computing Laboratory for the organisa- 
tion, maintenance and development of the computing ser- 
vice for the University. The University's present machine 
is a KDF9, but the University is applying for a large new 
machine by 1970, with the possibility of further extension 


in the mid-1970s. 


Candidates should have wide experience of the manage- 
ment of computers in a research and development environ- 
ment. The post, which may be associated with a college 
fellowship, will carry a stipend in the professorial range 
(£4,300 per annum) with membership of F.S.S.U. 

Applications, with names and addresses of two referees 
and a curriculum vitae, should be submitted by February 
28, 1969, to the Secretary of Faculties, University Registry, 
Oxford, from whom further particulars may be obtained. 


(2029) 


———  — M M M MM M i ÓÀÀ $t 


AUSTRALIAN NATIONAL 
UNIVERSITY 
INSTITUTE OF ADVANCED STUDIES 
THE JOHN CURTIN SCHOOL OF 
MEDICAL RESEARCH 
DEPARTMENT OF MEDICAL CHEMISTRY 


Applications are invited from physical chemisis 
for the position of Research Fellow in the De- 
partment of Medical Chemistry (Head of Depart- 
ment: Professor Adrien Albert). 

The successful applicant will be a member of 
a group. under the direction of Dr. D. D, Perrin, 
which is making quantitative studies of the equi- 
libria between metal ions and complexing species, 
especially in relation to biological systems. Most 
of the work is concerned with the accurate deter- 
minations of stability constants and oxidation- 
reduction potentials, and with their application 
to multi-metal-multi-ligand mixtures. An IBM 










model 50 electronic computer and a range of 
computer programmes are available for arith- 
metical calculations, 

Applicants should hold the degree of Doctor 


of Phifosophy or have had equivalent experience 
in research. The salary of a Research Fellow 
is determined in the range $A5,400 to $47,250 
depending on qualifications and experience. Ap- 
pointment is usually for three years in the first 
instance with a possible extension to five years. 
Superannuation is on the F.S.S.U. pattern with 
supplementary benefits. Reasonable travel ex- 
penses are paid and assistance with housing is 
provided. 

Further particulars and information 
method of application are available 
Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, 
London S.W.1.  Appiications close on January 


as to the 
from the 





ONTARIO 
LONDON, CANADA 
DEPARTMENT OF ZOOLOGY 

A CHAIRMAN is being sought for a well- 
established Department of Zoology of 19 staff 
members. . 

Applications, accompanied by three copies of 
the individual's curriculum vitae and the names 
of three referees, should reach Dr. A. E. Scott. 
Dean of the Faculty of Science, University of 
Western Ontario, London, Canada, before Febru- 
ary 15, 1969. (1980) 


JOHN INNES INSTITUTE 

A SENIOR SCIENTIFIC ASSISTANT or 
ASSISTANT EXPERIMENTAL OFFICER (male 
or female) is required for new Electron Micro- 
scope laboratory. Applicants should preferably 
have some experience in the operation of electron 
microscopes and be familiar with the related 
techniques. Experience in light microscopy and 
histological methods will be an advantage. The 
applicant will also be expected to assist in the 
general running of the laboratory, Salary in the 
scale £650 per annum at age 18 to £1,560 per 
annum. Superannuation. 

Applications for the above appointment should 
be addressed to the Secretary, Colney Lane. 
Norwich, NOR 70F, giving full particulars and 
the names of two referees, (1942) 

UNIVERSITY OF GUELPH 
DEPARTMENT OF CHEMISTRY 

FACULTY POSITION IN BIOCHEMISTRY 

Applications are invited for a full professor- 
ship in biochemistry. Preference will be given 
to candidates whose interests lie in the physical 
chemistry of biological systems. The successful 
candidate will be expected to assist in under- 
graduate and graduate instruction and to engage 
in independent research. Salary open. The 
present chemistry building is three years old with 
a new wing scheduled for occupancy January |, 
1969. The Department offers programmes lead- 
ing to the B.Sc., M.Sc. and Ph.D. degrees. The 
University is located in Guelph, Ontario, within 
easy access to Hamilton and Toronto, in one of 
the major concentrations of scientific, industrial, 
educational and cultural activities in Canada. 

For further information write to: A. K. 
Colter, Chairman, Department of Chemistry, Uni- 
versity of Guelph, Guelph, Ontario, Canadan 

(1886) 








OF TECHNOLOGY 
LONGBRIDGE ROAD, DAGENHAM, ESSEX 
CONSTITUENT COLLEGE OF THE 
PROPOSED NORTH EAST LONDON 
POLYTECHNIC 
Required as soon as possible: RESEARCH 
STUDENT in PHARMACOLOGY, Candidates 
should have a first degree enabling registration 
for a higher degree, preferably of the Council 
for National Academic Awards. Salary £870 by 

£30 10 £930 per annum. 
Further particulars and application forms from 
the Principal at the College. (2015) 
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requires a 


The Company's 
RESEARCH DEPARTMENT 


PHYSICIST 







able to cope with more than one thing at a time, and able to generate, 
drive and steer programmes of work. It will be necessary for him to 
discuss all aspects of optics, to relate optics to electronics, and to have 
an interest in the mathematical aspects of our work. He should also be 
able to talk to engineers in their own terms. It seems likely that the 
right man would be between 30 and 40, perhaps a physicist with 


engineering experience. 


His function would be to co-ordinate and direct the efforts of 
physicists, mathematicians and electronics engineers in a department 
mostly concerned with modern optics, but with other possibilities 


in view. 







up this appointment, 
Please apply to: 





HAWKER SIDDELEY 


namics 








PLANT PATHOLOGY LABORATORY 


Ministry of Agriculture, Fisheries and Food 
Harpenden, Herts. 


NEMATOLOGIST (graded S$.S.0./S.0.) for investigations primarily on the biology 
and ecology of nematode vectors of plant virus diseases of importance in the Crop 
Certification Schemes administered by the Ministry. At least 2 years’ experience in 
appropriate nematological research desirable. 

QUALIFICATIONS : ist or 2nd class honours degree, or equivalent or higher qualifi- 
cation in appropriate subject and, for S.S.O., at least 3 years’ post-graduate experi- 
ence, 


SALARY from January 1, 1969: S.S.O. (minimum age 26) £1,925 to £2,372; $.O. 
£1,020 to £1,740. 


Reference : §/52-53/68/MAF /9. 


CHEMIST (graded E.O./A.E.O) to work on problems associated with reaching agree- 
ment on internationally acceptable methods for evaluating pesticides formulations. In 
the first instance methods for measuring stability in various standard waters, com- 
patibility of mixed pesticides and rain fastness will be examined, Publication of 
reports and original investigations will be expected and a limited amount of committee 
work wil be involved. Experience in investigation of formulaton desirable. 
QUALIFICATIONS : Degree, H.N.C. or equivalent in appropriate subject. Under 
22, minimum qualification is G.C.E. in five subjects, including two Scientific/ Mathe- 
matical subjects at ' A“ level or equivalent level. 

SALARY from January |, 1969: E.O. (minimum age 26) £1,514 to £1,910; AEO. 
£650 (at 18) to £895 (at 22) to £1.150 (at 26 or over) to £1,385. 

Reference : 8/94-95/68/MAF/11. 

Non-contributory pension. Good promotion prospects. 

APPLICATION FORMS are obtainable by writing to the Secretary, Civil Service 
Commission, 23 Savile Row, London, WIX 2AA, or by telephoning 01-734 6010, 
ext. 229 (after 4.30 p.m. 01-734 6464 “ Ansafone " Service). Please quote appropriate 
reference, Closing date January 21, 1969. (2010) 





The Company will assist a married man who has to move house to take 


The Personnel Manager ( Ref 119) 
Hawker Siddeley Dynamics Limited, 
Manor Road, Hatfield, Herts. 





(20379 





NATURAL ENVIRONNENT 
RESEARCH COUNCIL 





NATURE CONSERVANCY 


Applications are invited for the post of 
Assistant Experimental Officer / Experimental 
Officer in the wlands Heath 
the Nature rvancy's Fur 
search Stat areham, D 

Duties: The day to da 
small tam working on an n 
southern heathland ; olives thi 
mating of ant populations and productivity, 
mapping territories and studying tie general 
ecology of about six species. E 
on population growth and Hs de 
by social conditions occupy some months 
of the year. 

Qualifications and Experience: General 
o in five subjectis two 
of which should be scientific subjects (pre- 
ferably biological) at “ At age 
22 candidates are expected to hawe a pass 
degree, H.N.C. or equivalent. A gi 
knowledge of physics and emistry is 
desirable particularly if combincó with an 
aptitude for construction. 

Salary 

Assistant Experimental Officer (18. and 

under 28 years on December 41, 1969), 
£650 (age 18) to £1,150 (ame 26) to 
£1,385 per annum. 

Experimental Officer (at least 26 and 












































under 31 on December 2). 1969). 
£1,514 to £1,910 per annum 

Initial appointment will be nos-pension- 

able but there are prospects of perman. 






ent and pensionable post. 

Application forms obtainable from the 
Natural Environment Research Counc (E: 
Alhambra House, 27-33 Charing Cr 
Road. London. W ; Please quote 
reference: E2.7.129. Closing date: January 
13, 1969. Go36) 


















THE QUEEN'S AWARD 
TO INDUSTRY 1957 


To join a small section concerned with the production of a 
wide range of compounds labelled with Sulphur 35. Con- 
ventional synthetic methods are used for many of these, 
but it is often necessary to explore and develop new syn- 
theses. This post combines R & D with production work in 
an interesting and unusual way. 


SUITABLE QUALIFICATIONS would be a degree or 


H.N.C. Minimum acceptable qualifications are however 5 
G.C.E. passes which must include two passes in Science 


subjects at ‘A’ level. 


SALARY: £890 (age 21) to £1,485. 
HOUSING or assistance with house purchase may be 


available. 


APPLY TO: The Personnel Office 


THE RADIOCHEMICAL CENTRE 


AMERSHAM 


BUCKS 


(Quoting Ref. S.149) 


LAKEHEAD UNIVERSITY 
PORT ARTHUR, ONTARIO, CANADA 


PROFESSOR OF INORGANIC 
CHEMISTRY 


Applications are invited for the post of 
full professor of Inorganic Chemistry at 
Lakehead University. The interpretation of 
Inorganic Chemistry is wide and includes 
such areas as Physical-Inorganic and X-ray 
Crystallography. The salary scale is cur- 
rently under review but the salary paid 
would be not less than $16,500. A wide 
range of modern instruments including 
computing facilities is avai 

Applications, as soon as possible, should 
be sent to the Chairman from whom fur- 
tb: details of the department and its 
research interests are available. (2018) 











ULSTER : 
THE NEW UNIVERSITY 
DEPUTY LIBRARIAN 
Applications are invited from suitably 


qualified and experienced graduates for the 
post of Deputy Librarian in this new and 


expanding university library. 


Salary on the scale £2.715 by £100 to 
£3,415 with F.S.S.U. 

Further particulars, and more general in- 
formation about the New University, are 
available from the Registrar, The New Uni- 
versity of Ulster, Coleraine, Northern Ire- 
land, who will reer applications (includ- 
ing names and addresses of three referees) 
up to Monday, January 20, 1969. (2014) 








(2017) 





UNIVERSITY OF 
SOUTHAMPTON 


INSTITUTE OF SOUND AND 
VIBRATION RESEARCH 


Research Fellowship to lead a small team 
investigating environmental and human 
factors in helicopter flving. 

Applicants should have research experi- 
in human behavioural science. Know- 
ledge of relevant aspects of aviation physio- 
logy would be an advantage. Flying 
experience not necessary. 

Salary in accordance with age, qualifica- 
tions and experience. 

Applications, giving details of age, quali- 
fications, experience and the names of two 
referees, should be sent to the Deputy 
Secretary, The University, Southampton, 
SO9 SNH. Please quote reference N. 


(2041) 















UNIVERSITY OF 
SOUTHAMPTON 


CHAIR OF THEORETICAL PHYSICS 


Applications are invited for a CHAIR 
OF THEORETICAL PHYSICS within the 
Department of Physics. Salary within the 
professorial range £3,570 to £4,990. 
F.S.S.U. 

Further particulars (quoting ref.: N) may 
be obtained from the Secretary and Regis- 
irar. the University. Southampton. SO9 
3NH, to whom applications (fourteen 
copies from applicants in the United King- 
dom), should be sent before February 10, 
1969. (2040) 












NATURE, DECEMBER 21. 1968 


UNIVERSITY OF OXFORD 


UNIVERSITY LECTURESHIP IN 
PHYSIOLOGY 


The University proposes to appoint a Lecturer 
in Physiology at a stipend in the scale for uni- 
versity lecturers: £1,470 (under age 28) to £1,560 
(at age 28) to £2,900 (at age 43 and over). with 
F.S.8.U. It is hoped that tbe person appointed 
wil be able to take up office not later than 
October 1, 1969, The lecturer will be required 
to engage in advanced study or research, and to 
co-operate in the teaching and administrative 
work of the Laboratory of Physiology, in both 
term and vacation, under the direction of the 
head of the laboratory. The lectureship may be 
held jointly with a fellowship at a men's or a 
woman's college. The attention of applicants is 
drawn to the advertisement below for a Fellow 
in Physiology at Pembroke. 
ations (seven copies), including a state- 
ment of age, qualifications, and experience, giving 
the names of two refere hould be sent to the 
Waynflete Professor, University Laboratory of 
Physiology, not later than January 22, 1969. 

(2081) 


PEMBROKE COLLEGE 
OXFORD 
OFFICIAL FELLOWSHIP IN PHYSIOLOGY 


Pembroke College, Oxford, proposes to elect 
an Official Fellow in Physiology, provided that a 
suitable candidate presents himself. The Fellow 
will be expected to teach undergraduates of the 
college for not more than eight hours a week 
during term time. I: is hoped that he will take 
up his duties in October 1969. The Fellowship 
may be held in conjunction with a University 
appointment, Attention is drawn to the Uni- 
versity Lectureship in Physiology advertised in 
this issue. 

Applications should reach the Master, Pem- 
broke College (from whom further details can 
be obtained), by January 22. Candidates should 
give the names of three referees to whom the 
college may apply. (2050) 

















UNIVERSITY OF BIRMINGHAM 

Appointments in Biochemistry, Hospital Physics 
and Bacteriology. 

Applications are invited for the following posts 
in the Department of Biochemistry: 

1. RESEARCH FELLOW or SENIOR RE- 
SEARCH FELLOW in Biochemistry to under- 
take investigation of the metabolic control in 
intestinal epithelial cells with emphasis on their 
behaviour during absorption. Applicants should 
be postdoctoral research workers with experience 
of biochemical studies on isolated cells. Salary 
in scale £1,050 to £1,830 with F.S.S.U. 


2. RESEARCH ASSOCIATE in Hospital 
Physics to participate in the work of the Whole 
Body Coumting Unit which is currently studying 
neutron activation, efficiency correction. and 
heterogeneous phantom models as part of its re- 
search programme. Applicants should be gradu- 
ates in Physics or other appropriate subjects and 
be interested in research on the use of radio- 
activity measurements of patients in clinical 
diagnosis. Some clinical or research expe B 
desirable. Salary scale, £895 to £1,260 
F.S.S.U. The successful candidate will be 
register for a higher degree, 

3. RESEARCH ASSOCIATE in Bacteriology 
to participate in research involving the screening 
of germ-free animals and the study of laboratory 
animal pathogens. The work will involve bac- 
teriology and microbiology and applicants should 
b? graduates with appropriate training. Salary 
scale £995 to £1,340 with F.S.S.U. 

Applications (three copies), naming two referees 
as soon as possible to Assistant Registrar (SB), 
P.O, Box 363, Birmingham 15, from whom 
further particulars may be obtained. (1997) 




















MEMORIAL UNIVERSITY OF 
NEWFOUNDLAND 
EIOCHEMISTS/ CHEMISTS 

Applications are invited for two technician 
posts in the Department of Medicine. 

A BSc. (Hon) or M.Sc. is required in a 
Clinica! Research Unit, concentrating on Hyp'er- 
tension. Individuals should preferably h ex- 
i in steroid methodology and rad 













ic Second past is available for a B.Sc. (H 
LM.L.T. or equivalent qualification in Chem: 
or BiochemEstty, with or without experience in 
d Biochemistry. 

y: $6.000 to $7.400 (B.S... $6,400 to 
$9.600 (M.Sc). Assistance with travel expenses 
provided. 

Applications should be addressed to: Tan E. 
Rusted, M.D., F.R.C.P.(C), Dean of Medicine, 
Memoria University of Newfoundland. — St. 
John’s, Newfoundland, Canada. Qote 














NATURE. DECEMBER 2t 1968 


BRITISH MUSEUM 
(NATURAL HISTORY) 
CROMWELL ROAD. LONDON, S.W.7 


DEPARTMENT OF ZOOLOGY 


ZOOLOGISTS (five posts graded S.S.O./ 
S.O.) in the following groups: Arachnids 
or Myriapoda; Sponges; Coelenterates—- 
groups other than corals; Mammals— 
Marine Mammals or Osteology. 


The research involved will be taxonomic 
in the broadest sense and demand from 
the officers concerned the capacity to be 
a world authority on the assigned section 
of the Animal Kingdom. Previous taxo- 
nomic experience not essential but experi- 
ence in branches of experimental biology. 
cytology, embryology, physiology or statis- 
tics would be an asset. 

The Museum has good facilities for histo- 
logical, electron microscope, biochemical 
and X-ray investigation, 


QUALIFICATIONS: First- or second- 
class honours degree, or equivalent or 
higher qualification in appropriate subject 
and, for S.S.O., at least three years’ post- 
graduate experience. 


SALARY (inner 
(minimum age 26) £2,050 to £2,497; 
£1,145 to £1,865. 

Non-contributory 
prospects. 


APPLICATION FORMS are obtainable 
by writing to the Secretary, Civil Service 
Commission, 23 Savile Row, London, WIX 
2AA, or by telephoning 01-734 6010, ext. 
229 (after 4.30 p.m. 01-734 6464 '' Ansa- 
fone" Service). Please quote $/52-53/68/ 
BM(NH)/4. Closing date January 20, 
1969. Q016) 





London}: S.S.O. 
S.O. 





ension. Promotion 





UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


Applications are invited for the following 
vacancies in the Department of Chemistry: 

CHIEF TECHNICIAN (Ref. CH 50) to work 
with a research team engaged on interesting pre- 
parative organic and inorganic chemistry. Prac- 
tical skill and experience are essential combined 
with a knowledge of chemical theory to at least 
H.N.C. level. 


SENIOR TECHNICIAN (Ref. CH 5D to 
work with research teams engaged on interesting 
preparative organic and inorganic chemistry. Ex- 
perimental skill and a working knowledge of 
chemical theory essential. 

TECHNICIAN (Ref. CH 52) to work with a 
research team on interesting preparative organic 
and inorganic chemistry. Knowledge of chemical 
theory to O.N.C. level is desirable but emphasis 
will be placed on practical ability. 

Applicants should be over 21 years of age. 


SALARY SCALES: Chief Technician, £1,294 
to £1,475 per annum according te qualifications 
(rising to £1,708 per annum in special cases). 
Senior Technician, £957 to £1,195 per annum ac- 
cording to qualifications and experience (addi- 
tions £30 and £50 for approved qualifications). 
Technician, £692 to £977 per annum according 
to qualifications and experience (additions of £30 
and £50 for approved qualifications). Five-day 
37i-hour week. Superannuation Scheme. Can- 
teen facilities. 

Requests for application forms, guoting appro- 
priate Reference, sheuld be sent to the Registrar 
of the Institute, Sackville Street, Manchester, M60 
19D. 2045) 


UNIVERSITY OF OXFORD 
NUFFIELD DEPARTMENT OF 
ORTHOPAEDIC SURGERY 
BIOCHEMIST 


Applications are invited from graduates for this 
post in a new metabolic unit being set up in the 
Nuffield Orthopaedic Centre under Dr. Robert 
Smith, The main interest of this unit will be in 
bone disorders, particularly those affecting bone 
collagen and its breakdown products. Applicants 
should either be postgraduates interested in re- 
search, or clinical biochemists with experience in 
a metabolic ward and laboratory techniques. 
Opportunity for working for a higher degree is 
available, Salary scale £1,745 to £2,465, with 
F.S.S.U. The appointment is for three years in 
the first instance. 

Applications to the Nuffield Professor of 
Orthopaedic Surgery (from whom further details 
are available) by January 4, 1969. (2031) 











RENS 








THE 
UNIVERSITY OF 
LEEDS 


Applications are invited for posts in 
the following Department : 


PHYSICAL CHEMISTRY 


{Head of Department: Professor 
Peter Gray) 


LECTURER OR ASSISTANT 
LECTURER 

from October 1, 1969. Reference No. 
68/24/3/D. Closing date January 31. 
1969. 


EXPERIMENTAL'PATHOLOGY 
AND CANCER RESEARCH 
RESEARCH FELLOW 

in Eiectron Microscopy to undertake 
research on neoplasia of the renal tract 
as part of a team project directed by 
Professor E. H. Cooper. Reference 
No. 68/49/3/D. Closing date January 
6, 1969. 


COLOUR CHEMISTRY 


LECTURER OR ASSISTANT 
LECTURER 

The post will be of particular interest 
to organic chemists with an interest in 
colouring matters and related com- 
pounds. The successful applicant will 
be expected to participate in the teach- 
ing of organic chemistry in the depart- 
ment and encouraged to assist the de- 
velopment of organic chemical research. 
Reference No. 68/39/1/D. Closing 
date January 31, 1969, 


SALARY SCALES: 
Assistant Lecturer, £1,105 to £1,340 
Lecturer, £1,470 to £2,630 (efficiency 
bar £2,270) 
Research Fellow, £1,250 to £2,000 


Applications (three copies), stating age, 
qualifications and experience, should 
be sent to Registrar and Secretary, The 
University, Leeds LS2 9JT (from whom 
further particulars may be obtained). 
Piease quote reference numbers. 
(2019) 








UNIVERSITY OF BRITISH 
COLUMBIA 
DEPARTMENT OF CHEMISTRY 


POSTDOCTORAL TEACHING 
FELLOWSHIPS 


Applications are invited for a number of 
Postdoctoral Teaching Fellowships. These 
Fellowships, which carry a basic stipend of 
$8,000 per annum are designed to enable 
Postdoctoral candidates to gain university 
teaching experience (maximum four hours; 
week) while carrying out research scholarly 
work. Candidates must have high academic 
ability. The Fellowships are tenable in the 
first instance for one year from September 
1, 1969, but are renewable. They also 
carry a travel grant. Married fellows with 
one or more children are eligible for an 
additional stipend. 

Applications consisting of a curriculum 
vitae, and the names and addresses of three 
referees, should be sent immediately to the 
undersigned from whom further particulars 
may be obtained. 

Professor C. A. McDOWELL. Depart- 
ment of Chemistry, The University of 
British Columbia, Vancouver 8. British 
Columbia, Canada. (2006) 





UNIVERSITY OF BRADFORD 


Arts or science in G.C.E. “A” levels 
can gain entry to 


INDUSTRIAL TECHNOLOGY 


and so lead to a career in industry. 


U.C.C.A. reference 1800 or write for 
further details to Professor D. C. Johnson, 
School of Industrial Technology, Univer- 
shy of Bradford, Bradford 7. (2020) 














UNIVERSITY OF 
NEWCASTLE UPON TYRE 


DEPARTMENT OF PHYSICAL 
CHEMIST 

























The University B 
the post of RESEARCH OFFIC 
SENIOR RESEARCH OFFICER in the 
Department of Physical Chemistry. This 






post is intended ‘or an officer to hup the 
Professor, D. H. Whiffen. FR 
assemble sophisticated equipment id 
field of gas microwave spectroscopy. Ex- 
perience of microwave and radiofrequency 
electronic engineering would be desirable 
and the post would be appropriata 
someone with a qualification in Phy: 
Electronic Engineeri 
The salary w 














point on the si £1105 ta £i, 
tendable to £1,650) or £1470 to 
according to age, qualifications and experi- 
ence. The appointment will be for three 
years in the first instance and may a ren 
newed thereafter, Membership of F.s,S.U. 
will be required. The post is tenatie frc 
such date as ma* be agreed. 

Further particulars may be obtained 
from the Registrar, The University, New- 
castle upon Tyne NEI 
applications (three copies), together with 
names and addresses of three referees 
should be lodged by January 15 if pe 5 
Please quote reference N. (20. 2 









i 
fot 
ing 
be at an apprepriate 
TRU, with whom | 










McMASTER UNIVERSITY 
HAMILTON, ONTARIO, CANADA 





DEPARTMENT OF GEOGRAPHY 
Applications are invited for permanem, appoint- 
ments in the fields of: 
L Urban-Economic studies. Interests in Loca- 
tion analysis, models of urban-economuo systems 
or social/behavioural studies will be an advan- 








tage. Applicants should be quantitatively 
oriented. 
2. Agricultural-Eeonomic studies.  beterests in 





ory will 
Applicants should ve quanti- 


agricukural economics and location t 
be an advantage. 
tatively oriented. 

3, Economic or cultural geography, vith special 
reference to the regional developmenr of Latin 
America. 

Applicants should hold, or be nearing the com- 
pletion of a Ph.D. degree. Appointments will 
be made at the Assistant, Associate, or Pull Pro- 
fessor rank, depending upon qualifications and 
experience. The current salaries are Assistant 
Professor, $9,500 so $12.000; Associase Profes- 
sor, $12,000 to £15,000; and Full Professor, 
above $15,500, but it is expected that an ine 
crease in each of these figures will be announced 
before July 1, 1968. Jn addition, the following 
research stipends ase paid to each member of the 
teaching staff who undertakes research during 
three of the montis May to August inclusive : 
Assistant Professor 51,000, Associate Professor 
$1,200, and Full Professor $1,400. 

In the case of tbe two appointments which are 
to be made under group ! above, b is ho 
that the successful applicants will arrange to 
commence their duties as soon after January f. 
1969, as may be possible. Each will be paid as 
from the Ist of the month in which he com- 
mences his duties. and each will ive ihe 
whole or part of tne appropriate summer stipend 
for 1969, depending upon the date om which he 
arrives at McMaster University. The salary of 
each of the successful applicants in greups 2 and 
3 above wil be paid as from July 1, 1969, 
although the appointed persons need mot be in 
attendance until mid-September, 1969. 

The University operates comprehensive 
sion and heakh insurance schemes 
appointees receive grants io cover the cost of 
family travel and removal expenses tr Hamilton. 

Applications, including cena vitae and 
the names of three referee t 
soon as possible and by / 
man, Department of deerat trict whom 
further detai be obtained. Qe 


UNIV 


























CHAIR OF ZOOLOGY 
The College proposes to fili the C 






logy from Octobe: 1. 1969 on the n 
Professor James Srough. Applicat 
vited from scientiss working in any f 
under the broad heading of animal mology. 
Applications (two copies), with the names of 
three referees, should be sent not later than 
February 15, 1965, to the Registrar. University 
College. Cathays Park, Cardiff, CF) NR, from 
whom further particulars may be obtained. 
(2048) 








UNIVERSITY OF ADELAIDE 


. Applications are invited for the following ap- 
pointments, the closing date for applications 
being stated in parentheses after each post: 

LECTURER / SENIOR LECTURER IN 
MECHANICAL ENGINEERING, preferably 
with interest and experience in mechanical de- 
sign. (December 31, 1968) 

LECTURER IN AGRONOMY at the Waite 
Agricultural Research Institute, from candidates 
with special interests in the uptake of plant 
nutrients. The lecturer will be one of a team 
of three studying aspects of crop nutrition. 
Ganuary 27, 1969.) 

LECTURER IN GEOLOGY (palaeontology 
and/or sedimentology). Research in the School 
of Geology as a whole is directed at all aspects 
of Precambrian studies through the newly estab- 
lished Centre for Precambrian Research, and 
candidates with interests in Precambrian research 
will be at an advantage, but others are invited 
to apply, (January 24, 1969) 

LECTURER / SENIOR LECTURER IN 
MATHEMATICS. Ganuary 24, 1969.) 


SALARY SCALES: Senior Lecturer, $A7.500 
by $A250 (5) to $A8,750; Lecturer, $A5,400 by 
$A280 (D by $A270 (6) to $A7,300, with super- 
annuation on the F.S.S.U. basis. 


FURTHER PARTICULARS about each post 
and the conditions of appointment and other in- 
formation sought will be supplied on request to 
the Registrar of the University, or to the Secre- 
tarv-General. Association of Commonwealth Uni- 
versities (Branch Office), Marlborough House, 
Pali Mall, London, S.W.1. 

APPLICATIONS should be sent in duplicate 
and giving the information listed in the statement 
that wil! be supplied to the Registrar, the Uni- 
versity of Adelaide, North Terrace, Adelaide, 
South Australia 5001. (2034 





UNIVERSITY OF QUEENSLAND 
LECTURER IN PATHOLOGY 


. The University invites applications for the posi- 
tion of Lecturer in the Department of Pathology. 
Applicants should have graduated in medicine, 
medical science or science and hold an appro- 
priate postgraduate degree or qualification, with 
training, experience or an interest in cell biology, 
cell pathology, biochemistry or a related field. 
The successful applicant will be responsible to 
the Head of the Department for teaching duties 
and will be expected to become associated with 
one of the research groups in the department. 
The salary range for a Lecturer is $A5,400 by 
$A250 (4) by $A300 (3) to $A7,300 per annum. 
The University provides Superannuation similar 
to F,S.S.U., Housing Assistance, Study Leave 
and Travel Grants for permanent appointees of 
Lecturer status and above. 

Additional information and application forms 
will be supplied upon request to the Associa- 
tion of Commonwealth Universities (Branch 
Office), Marlborough House. Pall Mall, London, 
S.W.1. Applications close in London and Bris- 
(2035) 





Applications are invited for the post of Senior 
Research Officer in the Fisheries Helminthology 
Unit, which is based at the Commonwealth 
Bureau of Helminthology, St. Albans, and is 
grant-aided by the Natural Environment Research 
Council. The appointment is in the salary 
scale £2,475 to £3,425 (from January 1, 1969) 
and the conditions of service are broadly equiva- 
lent to those of a Principal Scientific Officer in 
the Scientific Civil Service, including F.S.S.U. 
Applicants should have a first- or upper-second 
honours degree in the biological sciences and 
considerable research experience in parasitology. 
The successful candidate will be expected to lead 
a team of seven working on the helminth para- 
sites of economically important fish, and to 
assumc some administrative responsibilities. 

Persons interested in the vacancy should write 
informally in the first instance to Dr. J. E. 
Peachey, Commonwealth Bureau of Helminth- 
ology, The White House, 103 St. Peter's Street, 
St. Albans, Herts. Inquiries will be treated in 
the strictest confidence and preliminary interviews 
wil be arranged for suitably qualified candidates. 

(2033) 





MONTREAL, P.Q., CANADA 


Staff Appointments in Experimental Physics: 
Applications are invited for positions ranging 
from Assistant Professor to Full Professor in the 
field of Physics of Condensed Matter. 

Applications, including a curriculum vitae, pub- 
lications list and the names of at least two 
referees, should be sent to Professor J. M. 
Robson, Chairman, Department of Physics, 
McGill University, Montreal, P.Q., Mir ra 


UNIVERSITY OF 
EDINBURGH 


DEPARTMENT OF GEOPHYSICS 


Applications are invited for a post of 


LECTURER OR ASSISTANT 
LECTURER 


in the newly formed Department of Geo- 
physics. The successful applicant will be 


expected to take up the post in September, 
1969. Preference will be given to appli- 


cants with interests in the physics and 
mechanics of the solid Earth, esp2cially to 
those who wish to pursue theoretical work 
in that field. Salary scale: Lecturer, £1,470 
to £2,630 per annum; Assistant Lecturer, 
£1.105 to £1,340 per annum. 


Applications (three copies), with nam:s 
of two referees, should be sent to The S:c- 
retary to the University, Old College, South 
Bridge, Edinburgh, 8, from whom further 
particulars can be obtained. Closin& date: 
February 17, 1969. (2003) 





UNIVERSITY OF 
NEWCASTLE UPON TYNE 


DEPARTMENT OF PHYSICAL 
CHEMISTRY 


The University invites applications for 
the post of LECTURER in the Department 
of Physical Chemistry with special interests 
in Theoretical Chemistry. The post is ten- 
able from October 1, 1969, or such date as 
may be mutually agreed. 

The salary will be at an appropriate point 
on the scale £1,470 to £2,630 according to 
age. qualifications and experience. Mem- 
bership of F.S.S.U. will be required. 

The Professor and Head of the Depart- 
ment of Physical Chemistry is D. H. 
Whiffen, F.R.S. Further particulars may 
be obtained from the Registrar, the Uni- 
versity, Newcastle upon Tyne NE! 7RU. 
with whom applications (three copies), to- 
gether with names and addresses of three 
referees, should be lodged not later than 
January 30, 1969. Please quote reference 
N. (2043) 


UNIVERSITY OF HULL 
DEPARTMENT OF PHYSICS 


Applications are invited for appointment 
to a LECTURESHIP OR ASSISTANT 
LECTURESHIP in the Experimental or 
Theoretical Physics, tenable from October 
1, 1969, or such earlier date as may be 
arranged. Salary scales: Lecturer. £1.470 
to £2,630 per annum; Assistant Lecturer, 
£1,105 to £1,340 per annum, with F.S.S.U. 
benefit. 

Applications (six copies), giving details of 
age, qualifications and experience, together 
with the names of three referees, should be 
sent by January 6, to the Registrar, The 
University, from whom further particulars 
may be obtained. (2011) 


UNIVERSITY OF LIVERPOOL 


Applications are invited for three posts 
of ASSISTANT LECTURER or LEC- 
TURER in the Department of Physics. 
Candidates should have an interest in 
particle or nuclear structure experimental 
physics. 

The initial salary will be within the range 
£1,105 to £2,630 per annum, according 
to qualifications and experience. 

Applications, stating age, qualifications 
and experience, together with the names of 
three referees, should be received not later 
than January 31, 1969, by the Registrar, the 
University, P.O. Box 147, Liverpool, L69 
3BX, from whom further particulars may 
be obtained. Please quote Ref.: RV/777/ 
N. (2008) 








UNIVERSITY OF QUEENSLAND 


SENIOR LECTURER (CLINICAL) IN 
PATHOLOGY 

The University invites applications for the posi- 
tion of Senior Lecturer (Clinical) in the Department 
of Pathology. An applicant should hold a medi- 
cal degree registrable in the State of Queensland. 
He should have at least five years’ postgraduate 
experience in some branch of pathology with a 
special inserest in cell biology, cell biochemistry, 
or experimental pathology as a field of work and 
hold an appropriate postgraduate qualification, 
The successful applicant will be responsible to the 
Head of the Department of Pathology for his 
allotted teaching duties and for the development 
of his field of research. Subject to these duties 
to the University, the appointee may be seconded 
to the Department of Pathology at one of the 
teaching hospitals for some part-time routine 
duties, should he so desire. The salary range 
for a Senior Lecturer (Clinical) is $A7,500 by 
$A250 (S) to $A8,750, plus a loading of $A700 
per annum. The University provides Superan- 
nuation similar to F.S.S.U., Housing Assistance, 
Study Leave and Travel Grants. 

Additional information and application forms 
will be supplied upon request to the Association 
of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, S.W.1. 
Applications close in London and Brisbane on 
Fi 7, 1969, (1923) 


LAKE DISTRICT NATIONAL PARK 


ASSISTANT DIRECTOR OF NATIONAL 
PARK CENTRE 
BROCKHOLE, WINDERMERE 


The above Centre will open in the early 
summer of 1969. It will provide material and 
information of interest and educational value to 
visitors. An Assistant Director is required to 
accept responsibility for such work as may be 
delegated to him in connection with the opera- 
tion and management of the Centre including 
staff, educative functions, lectures and provision 
and maintenance of exhibition material relating 
to the Lake District. He will deputise for the 
Director im his absence. Salary AP Grade 3 
(£1,265 to £1,485). 

Applications, on forms to be obtained from 
me with further particulars of the post, are re- 
turnable by January 25, 1969. 

K. S. HIMSWORTH, 
Clerk of the Board. 





County Hall, 
Kendal (2012) 
R.A.F. INSTITUTE OF AVIATION 


MEDICINE 
MINISTRY OF DEFENCE (AIR), 
FARNBOROUGH, HANTS 

BIOLOGICAL STATISTICIAN (graded S.S.O./ 
S.O.) to take part in research on biological pro- 
cesses including investigations into the human 
factors concerned with aircraft weapons and 
navigational! systems and psychological and 
physiological problems of flight, both real and 
simulated. Interest in computer programming an 
advantage. Candidates must be natural-born 
British subjects. 

QUALIFICATIONS : ist or 2nd class honours 
degree, or equivalent or higher qualification in 
appropriate subject and, for S.S.O., at least 3 
years' postgraduate experience. 

SALARY: S.S.O. (minimum age 26) £1,925 
to £2,372; S.O. £1,020 to £1,740. 

Prospect of permanent pensionable appoint- 
ment. 

APPLICATION FORM and additional infor- 
mation from Director of Projects, R.A.F. Insti- 
tute of Aviation Medicine, Farnborough, Hants. 
Closing date January 5, 1969, (2002) 





AGRICULTURAL BUREAUX 
Vacancy for 

SCIENTIFIC INFORMATION OFFICER 

COMMONWEALTH BUREAU OF PASTURES 
AND FIELD CROPS 

HURLEY, NR. MAIDENHEAD, BERKS 

Qualifications: Degree in agriculture or botany, 
with experience in tropical grasses and annual 
field crops. Ability to write good English essen- 
tial. Knowledge of languages desirable. 

Dutizs: Member of team preparing abstracts 
from world scientific literature on grasslands and 
annual field crops for publication in Herbage 
Abstracts and Field Crop Abstracts. 

Salary: In scale £1,020 to £2,675 according to 
age, qualifications and experience. Provision for 
superannuation. 

Application forms and details from the Secre- 
tary, Commonwealth Agricultural Bureaux, Farn- 
ham House, Farnham Royal, Bucks, to whom 
completed applications should be submitted in 
duplicate by January 21. 1969. (2025) 


NATURE, DECEMBER 21, 1968 





ROWETT RESEARCH 
INSTITUTE 
BUCKSBURN, ABERDEEN, AB2 98B 


ANIMAL NUTRITION AND ALLIED 
SCIENCES 


VETERINARY PATHOLOGIST 


Applications are invited for a post of 
Senior Scientific Officer for work in cell 
pathology. The successful candidate will 
be encouraged to undertake experimental 


work leading to the study of ultrastructural 


changes in nutritional pathology. His duties 
will include the supervision of an electron 
microscope laboratory which is stil at the 
planning stages. 

Salary, according to  experieace and 
qualifications, will be within the range 
£1,925 rising to £2,372 maximum. Supcr- 
annuation under F.S.S.U. Five-day week. 
Further particulars are available. 

Applications, including the names of 
three referees, should be lodged with the 
Secretary of the Institute within four weeks. 

(2007) 





LONDON BOROUGH OF 


WALTHAM FOREST 
WALTHAM FOREST TECHNICAL COLLEGE 


Applications are invited for the post of RE- 
SEARCH ASSISTANT in the Physical Biochem- 
istry Research School. The appointed person 
will work for a higher degree under Dr. S. 
Lewin on the effect of heavy water on antibody 
biosynthesis at the ribosomal level. Candidates 
should be honours graduates or holders of 
Grad.R.l.C. The work involves correlation of 
the results of several physico-chemical tools such 
as spectrophotometry, spectropolarimetry, acryl- 
amide gel electrophoresis and electrofocusing, 
radiochemistry and analytical/zonal ultracentri- 
fugation. Salary, according to age, qualifications 
and experience: £870 to £960. Mortgage facili- 
ties and 75 per cent removal expenses in ap- 
proved cases. 

Application forms and further details from the 
PRINCIPAL, Waltham Forest Technical College, 
Forest Road, London, E.17. Closing date Janu- 
ary 6, 1969. (2032) 





RESEARCH ASSISTANT IN CONSERVATIVE 
DENTISTRY 


Applications invited from chemistry graduates 
for this post to work in a project concerned 
with the study of trace elements in teeth. The 
principal experimental method will be neutron 
activation analysis. The object of the investi- 
gation is to examine the uptake and metabolism 
of trace elements in relation to tooth formation 
and decay. Some research or experimental ex- 
perience an advantage. Previous experience in 
activation analysis not essential. Appointment for 
one year (may be renewed). Salary range per 
annum: £1,105 to £1,340. 

Further particulars and application forms (re- 
turnable by February 28, 1969) from the Regis- 
trar, The University, Manchester M13  9PL. 
Quote Ref.: 217/68/Na. 


PORTSMOUTH AND ISLE OF 
WIGHT AREA PATHOLOGICAL 
SERVICE 


TECHNICIANS required in Histopathology 
and Haematology Departments. These are large, 
well equipped departments offering excellent op- 
portunities for advanced training to H.N.C. or 
Advanced Finals, Institute of Medical Labora- 
tory Technology, and every assistance will be 
given to successful candidates to follow such 
courses. Salary and conditions of service as laid 
down by Professional and Technical Council 
"B" of Whitley Council to the Health Service. 

Applications, together with the names of two 
referees, should be made to the Senior Pathc- 
logist, Central Laboratory, Saint Mary's Generel 
Hospital (East Wing), Milton Road, Portsmouth, 
PO3 6AD. (2022) 





ROYAL FREE HOSPITAL SCHOOL 
OF MEDICINE 
(UNIVERSITY OF LONDON) 
DEPARTMENT OF BIOCHEMISTRY 


Applications are invited for an M.R.C. POST- 
DOCTORAL RESEARCH ASSISTANTSHIP for 
the study of the biochemical function of vitamin 
E and its interaction with selenium in vivo. 
Initial salary up to £1,415 per annum, plus £60 
London Allowance and F.S.S.U. benefits. The 
grant is tenable for three years, with salary in- 
crement allowance. 

Apply to Dr. A. T. Diplock, Department of 


Biochemistry, Royal Free Hospital School of 
Medicine, 8 Hunter Street, London, us 
(1868 


before January 1, 1969. 





UNIVERSITY OF 
NEWCASTLE UPON TYNE 
CHAIR OF PSYCHOLOGY 


APPLICATIONS are invited for the Chair of 
Psychology which becomes vacant on the resig- 
nation of Professor J. Brown. The successful 
candidate will be required to take up appointment 
as soon as possible. Salary in accordance with 
the professorial scale (£3,570 to £4.225 with pos- 
sible extensions to £4,990 per annum). 

Applications (fifteen copies), giving the names 
of not more than three referees, must be lodged 
with the Registrar of the University, 6 Kensing- 
ton Terrace, Newcastle upon Tyne, NEI 7RU, 
not later than Monday, February 17, Heus 


CITY OF SOUTHAMPTON 
COLLEGE OF TECHNOLOGY 


TWO RESEARCH ASSISTANTS required for 
January, 1969. One post is connected with the 
general field of electrochemistry electrochemical 
engineering, the other with the production of 
noise and pollutants during combustion. Appli- 
cants should hold a first degree in science or 
engineering, or equivalent professional qualifica- 
tions. Registration for a higher degree of the 
University of Southampton may be available in 
particular cases to suitably qualified candidates. 
Salary £750 per annum. 

Further particulars and application forms from 
the Principal, College of Technology, East Park 
Terrace, Southampton, SO9 4WW (enclosing 
$.3.6.), to whom they should be returned within 
fourteen days of the advertisement. (2052) 








WIGHT AREA PATHOLOGICAL 
SERVICE 


SENIOR TECHNICIAN . to work in 
Haematology/Serology or Bacteriology. Candi- 
dates should hold or be studying for the appro- 
priate qualification and be State registered. 
Candidates will be given every assistance to ob- 
tain H.N.C. and Advanced qualification. Salaries 
and conditions of service as laid down by Pro- 
fessional and Technical Council '' B," Whitley 
Council to the Health Services. 

Applications, together with the names of two 
referees, should be made to the Senior Patholo- 
gist, Central Laboratory. Saint Mary's General 
Hospital (East Wing), Milton Road, Portsmouth, 
PO3 6AD. (2023) 





RESEARCH ASSISTANT / TECHNICIAN, 
with an interest in Physiology. required in the 
Department of Medicine for three or four ses- 
sions a week to assist in a blood-flow investiga- 
tion. The post is suitable for a married woman 
and a graduate wishing to work part-time for a 
higher qualification could be considered. —Apply 
quoting Ref. P/T, and giving age and details of 
qualifications and experience to the Secretary, 
Guy's Hospital Medical School, London Bridge, 
S.E.1. (2047) 


ONTARIO 
LONDON, CANADA 
DEPARTMENT OF CHEMISTRY 


Applications are invited for admission to 
programmes leading to the degree of M.Sc. or 
Ph.D. in the principal fields of chemical research. 
The department, housed in a modern building, 
has a comprehensive range of modern instru- 
mental equipment and the use of advanced com- 
puting facilities. Prospective graduate students 
should have, or expect to receive, an honours 
degree (or equivalent) in chemistry. Al! students 
accepted will receive annual support of at least 
$3,500. 

A booklet containing further details will be 
sent to all inquirers, who should write, stating 
their major field of interest, to Dr. W. C. 
HOWELL. (2017) 





RESEARCH ASSISTANT REQUIRED IN 
high pressure/high temperature experimental unit 
Geology Department. Honours degree in Geo- 
logy or Chemistry. No previous experimental 
petrology experience necessary but an interest in 
crystalline rocks essential. The assistant will 
carry out research towards a higher degree. 
Salary £750 to £800 per annum.—Write, quoting 
M.24, to Assistant Bursar (Personnel), University 
of Reading, Reading, Berks. (2009) 





UNIVERSITY OF BRITISH 


COLUMBIA 
DEPARTMENT OF CHEMISTRY 
GRADUATE TEACHING 

ASSISTANTSHIPS 


Graduate Teaching — Assistanishins are 


available for candidates with high academic 


records who wish to pursue further stmdies 
towards the Ph.D. degree in  Chenwstry. 
Excellent research facilities are avallabse in 
all areas of modern Chemical Science, 
ranging from  Bie-Organic Chemistry to 
Chemical Physics. Stipends $3,500 (mini 
mum) per annum. 
Application forms and further partículars 

may be obtained trom the undersigne::. 

Professor C. à. McDowell, 

Department of Chemistry, 

University of British Columbia, 

Vancouver 8, British Columbia, 

Canada. (2605) 














UNIVERSITY OF CAMBRIDGE 
DEPARTMENT OF PATHOLOGY 


SENIOR TECHNICIAN required for expand- 
ing research laboratory studying — bicchemical 
effects of virus infections. Applicants (graduate 
or A.LM.L.T.) shouid preferably have nad pre- 
vious experience or training in virologica! or bio- 
chemical techniques. Duties will include organ- 
isation of technical facilities in the laboratory. 
Salary, dependent ea qualifications and) age, in 
range £858 to £1,467 

Applications, with names of two referees, to 
the Superintendent, Department of Pathology, 
Tennis Court Road, Cambridge. (2021) 












MISCELLANEOUS 


SCIENTIFIC AND TECHNICAL TYPE- 
writing Service. Confidenda}-—Julia Pran, B.Sc., 
30 Craven Street, Strand, London, W.C:2. Tee 
phone 01-839 2861. e6X1004) 








LECTURES AND COURSES 


UNIVERSITY OF 
NEWCASTLE UPON TYWE 


DEPARTMENT OF ORGANIC 
CHEMISTRY 


POSTGRADUATE COURSE IN 
MICROBIOLOGICAL 
CHEMISTRY 


A l2-months' course leading to the de- 
gree of M.Sc. (abo available for candidates 
for the Ph.D. Degree during their first 
year). 


Subjects covered by the 
classes include : 

Morphology and chemical composition 
of micro-organisms. 

Chemistry and function of cel com- 
ponents asd structures (walls, mem- 
branes), 

Immunochemistry. 

Metabolic pathways and 
with microbial genetics, 

Enzyme activities. 


The laboratory course includes imstruc- 
tion in the handling and culture of organ- 
isms, isolation and activity of enzymes, and 
demonstration of metabolic pathways. 


Part of the time of the practical course 
is devoted to à research topic, the results 
of which are submitted as a dissertavion. 


Applicants sheuld have, at the time of 
admission, a ia or 2nd Class Honours 
Degree in Chemistry, a double subject 
Honours Degree including Chemistry. or 
the GRIC. Previous knowledge of bio- 
logical subjects is not required. 


The Science Research Council 
recognition to this course for 
vanced Course Studentships. 


Application saould be addressed 
Registrar, The University, Newca 
Tyne, NEI 7RU. 


lectures and 


relatsonship 





CHELSEA COLLEGE OF 
SCIENCE AND TECHNOLOGY 


UNIVERSITY OF LONDON 
DEPARTMENT OF BIOCHEMISTRY 


BIOCHEMISTRY LECTURES 


A course of 11 lectures on *' Biochem- 
istry " will be given by Professor F. L. 
Warren and Dr. N. D. Carter on Mon- 
days 7.15 to 8.30 p.m., during the period 
January 6 to March 17, 1969. The course 
fas in previous years) is designed for 
students who possess a knowledge of Chem- 
istry to degree standard. Fee for the 
course is £5. 

A leaflet giving details is available from 
the Secretary, Department of Biochemistry, 
Chelsea College of Science and Techno- 
logy, Manresa Road, London, S.W.3. 

(2039) 


——MÀ— MÀ 
GRANTS & SCHOLARSHIPS 
Rodeo imita T 


THE 


UNIVERSITY OF 
LEEDS 


RESEARCH FOR SCHOOL 
SCIENCE MASTERS 


, Applications are invited from gradu- 
ate science masters in schools to take 
part in research in the Procter Depart- 
ment of Food and Leather Science for 
a period of four weeks in the summer 
vacation. Two places are available in 
1969 and grants to cover expenses in- 
curred are available from the Worship- 
fal Company of Skinners through its 
Lawrence Atwell's Charity. Examples 
of topics are the effect of jnorganic 
ions on the formation of chromium 
complexes of amino acids: the thin- 
layer chromatography of carbohydrate 
constituents of plant tissue ; the chem- 
istry of essential oils; lipids in meat 
and meat products; the resistance of 
leathers to simulated perspiration ; and 
heat conduction in gelatin and agar 
























gels. Topics are selected with con- 
tinuation in the school laboratory in 
mind. 


Applications, giving details of career 
and interests, and the names of two 
referees, should be sent, before Decem- 
ber 31, 1968, to Professor A. G. Ward, 
The University, Leeds, LS2 9JT, from 
whom further details may be obtained. 
(2018) 






THE ROBERT JONES AND 
AGNES HUNT 
ORTHOPAEDIC HOSPITAL 
OSWESTRY, SHROPSHIRE 


MEDICAL RESEARCH COUNCIL 
GRANT 

There is a vacancy for a Principal Research 
Biologist in the Charles Salt Research Centre, for 
which applications are invited from biologists 
interested in transplantation and tumour immu- 
nology. 

Applications, giving age, details of experience 
and names and addresses of three referees, to be 
sent to the Director of Research, from whom 
further details may be obtained. (2049) 


APPOINTMENTS WANTED 


PRINCIPAL BIOCHEMIST, INTERESTED 
in Toxicology. requires post at end of April.-— 
Box No. 1959, Nature, T. G. Scott and Sons, 
LuL, P Clement’s Inn, Strand, London, W.C.2. 

(1959) 











BOOKS 


—^——AAAA—A—-—* 

ALL THINGS NEW BY ANNE BIEZANEK, 
the young mother of seven and a devout Roman 
Catholic tells of her agonizing struggle to match 
faith and practice, conscience and birth control, 
and how she came to be the first catholic to 


establish a family planning clinic. 30s. post free 
from: H. Pordes, Bookseller, 529B Finchley 
Road, London, N.W.3. (2046) 











FELLOWSHIPS AND 
STUDENTSHIPS 


UNIVERSITY OF MANCHESTER 
FACULTY OF MEDICINE 


WILLIAM HEWITT RESEARCH 
FELLOWSHIP 


Apphcations invited from medical and non- 
medical graduates for the above Fellowship for 
research in Tumour Immunology, The appoint- 
ment is a joint one in the University Depart- 
ments of Bacteriology and Virology, Child 
Health and Pathology. The successful applicant 
will work on immunological problems in cancer 
of children in close association with a clinical 
team concerned with the management of tumours 
in childhood. Applicants should have several 
years postgraduate experience and preferably a 
higher qualification/degree. Value of Fellow- 
ship (tenable until December 31, 1971 from a 
date to be arranged) within range £2,015 to 
£3,400 per annum for medically qualified candi- 
dates; £1,470 to £2,630 per annum for non- 
medically qualified candidates. F.S.S.U. 

Further particulars and application forms (re- 
turnable by January 4, 1969) from the Registrar, 
The University, Manchester, M13 SPL. Quote 
Ref.: 212/68/Na. (1924) 
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NEWFOUNDLAND 
DEPARTMENT OF CHEMISTRY 


Several graduate studentships in chemistry, 
mostly im fields of physical chemistry related to 
spectroscopy, are available. Values are about 
$3,000 per year, depending upon teaching duties. 

Interested applicants who have, or expect to 
receive, an honours degree in chemistry or a 
graduateship of the R.LC,, or equivalent qualifi- 
cation, should write to: Head, Department of 
Chemistry, Memorial University of Newfound- 
land, St. John's Newfoundland, Canada. (2001) 


INSTITUTE OF DENTAL SURGERY, EAST- 
man Dental Hospital, RESEARCH FELLOW- 
SHIP in Dental Materials and techniques. 
Applications are invited from either dental or 
science graduates who wish to undertake an ap- 
proved project of their own choosing and/or 
assist in existing projects. Clinical facilities will 
be available to a dentally qualified Fellow. The 
award will be far one year in the first instance 
and will be on the scale £1,650 to £1,950 per 
annum.——Further particulars from the Secretary, 
Institute of Dental Surgery, Eastman Dental 
Hospital, Gray's Inn Road, W.C.1, (1996) 


SCIENCE RESEARCH COUNCIL 
ATLAS COMPUTER LABORATORY 


RESEARCH 
FELLOWSHIP 


at Pembroke College, Oxford University 


The Atlas Computer Laboratory of the Science Research 
Council and Pembroke College, Oxford, invite applications 
for a Joint Research Fellowship in Pure Mathematics. 


There is no preference for any particular topic, but the 
Fellow will be expected to be interested in the use of the 
digital computer as an aid to mathematical research. 


In the College the Fellow will have all the usual rights and 
privileges of a Research Fellow and he will be expected to 
teach undergraduates reading Mathematics for not more than 
six hours a week during Full Term. At the Atlas Laboratory 
he will have access to exceptionally powerful computing ser- 
vices and a first-class specialised library. 


Fellowships of this nature are usually awarded for a term of 
three years but, if the successful candidate wishes it, a different 
term of office will be considered. The stipend will depend on 
the age and experience of the candidate selected within the 
broad range of £2,000 to £3,000. The Fellowship will carry 
the superannuation provisions of F.S.S.U. 


For more information please write to the Director of the Atlas 


Computer Laboratory, Chilton, Didcot, Berkshire. 


The closing 


date for applications is January 31, 1969. 





CONFERENCE 


C013) 


FOR SALE AND WANTED 





SEVENTH ANNUAL EUROPEAN 
HIGH PRESSURE RESEARCH 
CONFERENCE 
to be held at Bonn, West Germany on April 


9-11, 1969. Sessions will include: 

1. Crystallisation, crystal chemistry and chemi- 
cal reactions in solid state. 

2. Mineralogical and geological research. 

3. High pressure engineering and apparatus. 


Information from Dr. 3. Lees, Standard Tele- 
communication Laboratories Limited, London 
Road, Harlow. Essex, U.K. (1955) 


WM. DAWSON & SONS LTD. 
Back Issues Department, 
16 West Street, Farnham, Surrey, 


England. 
Tel.: Farnham 4664. 
Offer top prices for: 
BACK RUNS OF JOURNALS 


IN SCIENCE AND THE HOMANETIES 


RAYMAX 60 X-RAY GENERATOR (1956) 
in working order £125 o.n.o.—-Apply to F. wW, L. 
Croker, Department of Chemistry, Imperial Col- 
lege, S.W.7 (01-589 6087). (2038) 





NATURE 
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DIRECT POSTAL SUBSCRIPTION RATES 
*12 MONTHS (52 issues, 4 indexes) 


AIRFREIGHT 
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Canada Losses rei E xe value de eU 6 $52 each 


SURFACE MAIL 
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ORDER FORM 


Please send me......copy/copies of NATURE each week for 
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ORGANIZATION 


POSITION .... 


NATURE OF WORK 
(RESEARCH, DEVELOPMENT, TEACHING, ETC.) 


months 


POST TO Subscription Department MACMILLAN (JOURNALS) LTD 
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BRAIN 


Publishes learned papers on all aspects of neurology. As 
the leading journal of neurological sciences BRAIN is 
read internationally by. specialists in this branch of 
medicine. Published quarterly. 


£4 4s. Od. per annum including postage U.K. and Over- 
seas except U.S.A. $12 and Canada $13. 


PHILOSOPHY 

The journal of the Royal Institute of Philosophy in 
which philosophical problems are discussed and new 
books are reviewed." Published quarterly. 


. £2 6s. Od. per annum. Post free U.K. and Overseas 


except. U:S.A. $6 and Canada $6.40. 


BRITISH JOURNAL OF 
PHARMACOLOGY 


The chief vehicle for publication in pharmacology in 
Britain, which also includes regular accounts of proceed- 
ings of the British Pharmacological Society. This 
journal also publishes original research in pharmacology 
usi countries in the British Commonwealth and else- 
where. 


3 vols. (9 numbers) £15 15s. Od. per annum, £16 10s. Od. 
overseas. £1 18s. Od single numbers. $46.60 U.S.A. 


^. $50.60 Canada. 


Specialist Jou nals from Macmillan 


ECONOMIC JOURNAL 


The quarterly journal of the Royal Economic Society. 
A survey incorporating articles by well-known authorities 
on general economics, economic history, commerical 
agriculture and industry, 


£3 2s. 6d. per annum including postage U.K. and Over- 
seas except U.S.A. $9 and Canada $9.75, 


RUSSIAN MATHEMATICAL SURVEYS 
A translation of the survey articles and of collected 
biographical articles in Uspekhi Matematicheskikh Nauk: 
Published by the London Mathematical Society with the 
support of the Department of Science and Education. 
It appears six times a year. 

£12 per annum including postage U.K. and Eire. Else- 
rali Overseas £15 except U.S.A. $42.50 and Canada 
RUSSIAN MATHEMATICAL SURVEY as from vol. 
23. U.K. and Eire £19. Elsewhere £28 10s. U.S.A. $69 
Canada $74.50. 


Subscription orders and enquiries should be addressed to: 
Macmillan (Journals) Ltd., 

Subscription Dept. (NAT), Brunel Road, 
Basingstoke, Hants, England 
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Just because it's a rare earth | | 
doesn't mean it's an unearthly price 


- Sometimes, so we hear, important research projects < 
don't get off the ground because the family of rare earths is 
considered too pricey. Of course, we're not saying they are 
dirt cheap. But for what they cen do in research and 
industry, our rare earths are priced surprisingly low: 

Take gadolinium oxide for Ins:ance, The simplicity of. 
our solvent extraction has allowed us to produce it in large 
quantities at lower prices. Now we've reached 99.99% 
purity. And it is being used in reactor poisons, modified 
yttrium iron garnets and phosphors. it could do wonders 
for you, perhaps at less cost than you think. 

Why not get in touch with the two men in the world 
who know most about rare earths: Mr. Tennant (he deals 
with prices) or Mr. Sherman (he's the scientific one). 
Their advice, by the way, is free. 


Thorium Limited dede 


94H 


Waterloo Road, Widnes, Lancashire, England. Tel: Widnes 4126. Tel lex 627366 


EUROPEAN SPACE RE SEARCH 
ORGANISATION 


wishes to recruit 


FOR ITS HEADQUARTERS IN PARIS 


SENIOR SCIENTISTS :7::::555:5::5 
5. (a) Cosmic Ray Physics | (b) Atmospheric Sciences 

d SENIOR ENGINEER with experience in satellite cr sounding 
an rocket systems 


for the Space Missions Division of the Directorate of Programmes and Planning to take part in the Organization's 
scientific relations with national scientific groups, to participate in the assessment of Europe's requirements as rega 
on-board space experiments and to carry out and to supervise feasibility and cost assessment studies of future space 
missions. 


A good working knowledge of the two official languages of the Organization (English and French) is required. 
INTERNATIONAL TERMS OF EMPLOYMENT 


Applications, from European nationals only, should be sent, together with a detailed curriculum vitae with special 
reference to experience in the field of space science and technology, to the 


Assistant Director for Personnel, 


ESRO 


114 Avenue de Neuilly, 92-Neuilly, France, quoting reference T/139-12. 





XL 


NATURE. DECEMBER 21. 





- YOU'VE JUST UNEARTHED 
. CHARRED WOOD. 


TELLYO 





eit 


ITS AGE. 


Our radiocarbon laboratory 
and counting facilities can give 
you the fastest service avail- 
able anyv.Aaere. A:complete age 
determination report on your 
charred wood sample will be in 
your hands within 6 weeks. 
Often in less time. 

And the stress is on accuracy. 


Not only do we routinely date § 


samples of your charred wood 
using C" age determination 
methods, but our C/C” analy- 
sis, also done routinely, can 
compensate for natural isotopic 
fractionation, one of the key 
factors affecting the accuracy 
of the date. The prices of our 
radiocarbon dating service are 
based on the number of sam- 
ples we date for you during 
any given 12 month period. The 
prices range from $160 for a 
single sample to $120 per sam- 
ple for 50 or more samples. For 
C" plus C"/C" analysis, the 
charge is $185. Again, less for 
multiple analyses. 

For complete details on the 
fastest, most accurate age de- 
termination service available 
anywhere, call or write ISOTOPES, 
50 Van Buren Avenue, West- 
wood, New Jersey 07675. 
(201) 6647070. 


4 d "WA, SOTOPES 


A TELEDYNE COMPANY 





- 
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L abelled 
Steroids 


The Radiochemical Centre offers a 
holler ctor 





Many carbon-14 compounds are 
available from stock at an isotopi 





bundance ofte ver 90% of the 
heoretical maximum (100% isotopic 
danc 2 E 
abelled) 
F xampl 
Aldosterone-4-C 9 
Cortisone G1 
Other impor m j 
m stoc 
CARBON-14 
Cholesterol-4-C14 
'rtisol-4-C14 
Oest C1 
O 14 


Oss tr jne-4-C14 
TRITIUM 


Cholesterol-1 +-T 
Oestriol-6. 7-T 





Ask for free batch analysis sheets 

viding details of purity, notes on 
preparation and recomr menda ati 
torage from: 


«Wl The Radiochemical Centre 
vr J Amersham England 





tmillan (Journals) Limited 
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old-fashioned 


service and quality 


Remember the good old days when people things that add up to good old-fashioned 
cared and gave you the best service possible? service. 


Well, some people still care. The people at Every order, large or small, gets the most 
Nutritional Biochemicals. careful attention. It's simply because we 
Sure. we have the most modern facilities. | want our customers all over the world to be 


Spacious new buildings. Lightning-fast dis- the most satisfied customers in the world. 
P Í f g 
patch and delivery systems. The largest That’s the slant we take when it comes to 





supplies of the finest quality biochemicals. service. Old-fashioned satisfaction. There's 
The newest biochemicals. All of the modern no other angle. 
p----------- PME UM TEC 
| Send tor our free catalog contain | 
| NUTRI TIONAL ing more than 3000 items 
| 
| BIOCHEMICALS Name | 
www | 
| CORPORATION | ^ 
| 26201 Miles Road Pm : | 
l Cleveland, Ohio 44128 U.S.A. City -- | 
| Phone 216-662-0212 State_ = Zip =f 
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We are a clear and 
precise reference for 
all who are interested 
in untraditional 
products 





We do not ignore the past. If we did, we should be de- 


nying a long experience and neglecting a wealth of 
knowledge and technological skill acquired over eighty 


years of activity. There is ample room in our catalogue for, 
let's call them, “routine” plastics, but our eyes are turn- 


ed to the future, since the more advanced converter 
industries need semi-finished products having new and 
futuristic characteristics. To get an idea of what we are 
producing with a mind to the future, a glance at the 
following will be sufficient. 





Styrene-acrylonitrile copolymer 





Oriented and unoriented polypropylene film 





Ethylene-propylene rubbers 





Fluorinated rubbers 





Vinyl-based thermoplastic alloy 





Fluorinated oils 





Polytetrafluoroethylene in powder, dispersion and 
paint form 


High-purity silicon for electronics 








Sulphur hexafluoride 





MONTECATINI EDISON S.p.A. 


Divisione Estero 20121 Milano (Italia) 




















| 











I 
| Distributed in the United Kingdom through 
SIGMA LONDON Chem. Co. Ltd., 12, Lettice St., 
London, S.W.6, England 





NOW PREPARED BY SIGMA 
(not pfs 


6-PHOSPHOGLUCONIC 
DEHYDROGENASE 


from yeast 
Crystalline Suspensions in Ammonium Salfate 
UNIT DEFINITION: One unit will oxidize one 


37° C 


y. mole of 6-Phosphogluconate at pH 7.4 at 37 


TYPE VI Crystalline 
ACTIVITY: approx. 50 units per mg Sub- 
stantially free of Hexokinzse, Glucgse-6-Phos- | 
phate Dehydrogenase and Phosphoriboisomerase 
25 units $13.50 
$45.00 
90.00 


8150.00 
250.00 


500 units 
1,000 units 


100 units 
250 units 


TYPE V Crystalline 
ACTIVITY: approx. 50 units per mg 
IMPURITIES: Hexokinase—<0.19 

Glucose-6-Phosphate Dehydrogenase 
25 units $12.00 
$40.50 500 units 
81.00 1,000 units 


«— 0.1 


© 135.00 


225.00 


100 units 
250 units 


TYPE IV Crystalline 
ACTIVITY: approx. 20 units per mg 
IMPURITIES: Hexokinase—<2 


Glucose-6-Phosphate Dehydrogenase 
25 units 510.00 


$32.00 


0.1 


100 units 500 units * 108.00 





As previously announced, we also now prepare: 


Catalase Lactic Dehydrogenase 
Creatine Phosphokinase Phosphoglucomutase 
Enolase Phosphohexose 
Glucose-6-Phosphate Isomerase 

Dehydrogenase Phosphoriboisomerase 
Glutathione Reductase Phosphoribulokwase 
Glyoxalase Prruvate Kinase 
Hexokinase 


TELEGRAM: SIGMACHEM, St. Louis, Missouri. 


ESIES NP 


3500 DE KALB ST 


The Research Laboratories of 


MA, NCHEMICAL COMPANY 


* ST. LOUIS. MO, 63118 » U.S.A 








Phone : RENown 5823 (Reverse Charges) 


| 
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What is 


zonal centrifugation 
and how could it 
help you? 


Zonal centrifugation permits 

the fractionation of relatively 

large volumes of sample in 

a density gradient and 

offers excellent resolving powers, 
outstanding sharpness of separation 
and great convenience in operation, in 
addition to the advantage of scale. This 
greatly simplifies subsequent biochemical 

investigations by enabling large amounts of pure fractions of 

labile biochemical materials to be prepared quickly and consequently with little deterioration. 


MSE were one of the first manufacturers to appreciate the importance of this new technique, 
and to make available a comprehensive range of zonal rotors of advanced design and 
dependable performance. 


Now MSE can offer zonal rotors as standard accessories for many of the MSE range of 


centrifuges, including the Mistral 6L, the High Speed 18 and High Speed 25, the Super Speed 
40, Super Speed 50 and Super Speed 65. 


Various papers describing the principles and different applications of zonal 
rotors are available on request. 


MEASURING & SCIENTIFIC EQUIPMENT LTD. 
25-28 BUCKINGHAM GATE, LONDON S.W.1. ENGLAND 
Telephone: 01-834 5426 Telex: 22666 Cables: Emesetoo!, Sowest, London 

















5D 300 In USA: MSE INCORPORATED, 811 SHARON DRIVE, WESTLAKE, OHIO 44145 
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nota 
tall 
story! 


NE 110 Plastic Scintillator rea//y does have an attenuation length of over 
2.5 metres. This new scintillator, with light transmission superior to that of any othe 
available plastic scintillator, is especially recommended for use with large area sheet 
and large volume scintillators. It is resistant to crazing and has long term stability 
against ageing and radiation damage. 





Technical data :- Light attenuation : 0.004/cm; Light output: 58% anthracene 
or 90% relative to NE 102A; Decay constant: 3.3 x 107? 


Full details on request from 


5 NUCLEAR 
ENTERPRISES LIMITED 


Sighthill, Edinburgh 11, Scotland. Tel: 031-443 4060. Telex 72333. Cables ‘Nuclear’ Edinburgt 
Bath Road, Beenham, Reading, England. Tel: Woolhampton 2121. Telex 84475 


Associate Company: Nuclear Enterprises Inc., 935 Terminal Way, San Carlos, California 94070, U.S.A. 
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A BUDGET 


SWIET 


955 PHASE lb. 240 series 


Bright-field, ! E The 
dark-ground professional 
and phase- quality 
contrast. microscope. 


From | E» From 
£61 £23 


Pyser-Britex (Swift) Ltd., Faircroft Way, Edenbridge, Kent. Phone 0732 71 2434 


Sole importers of Swift instruments 





Precision Instruments 








The Jamin refractometer employs two inter- 

J. - fering light beams reflected from the surfaces 

The came tre of two thick glass blocks ; one beam passing 

through the reference material, the other 

Retfractometer through the sample. Any difference in path- 

length due to a difference in refractive index is 

indicated by a shift in the interference pattern 

at the eyepiece. The fringe centre may be 

restored using the compensation plates which 

may be calibrated to yield the path difference 

and hence the difference in refractive index. 

Although primarily intended for measurement 

of gases to approximately | part in | million. 

the instrument may also be used for transparent 
liquids. 





We now have capacity for 
aluminising certain types 


of mirrors, at short notice. 





BELLINGHAM & STANLEY LIMITED 


61, MARKFIELD AD. LONDON N15. TEL.O1-808 2675 


SOLE DISTRIBUTORS IN U.K. OF SCHOTT INTERFERENCE FILTERS 
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Ructions at the Universities 


THE universities have reacted strongly and even 
«somewhat hysterically to the report of the National 
Board for Prices and Incomes on university pay (see 
page 1277), but this should be taken as a proof of the 
serious deterioration of the 1 relationship between British 
universities and the outside world in the past few years. 
It. is probably too soon to proclaim that the university 
system is in danger of collapse and it may vet be 
possible to avoid disaster. There is, however, no 
doubt that the system is under great strain. It is 
entirely understandable that academics should feel 
themselves assailed on all sides. One way and another, 
it is clear that work is only now beginning on the 
practical task of working out a new relationship 
between students and their teachers, and nobody 
in the universities can be sure that the result will be 
harmonious. But the past few months have also 
seen a substantial and even quite rapid decline in the 
capacities of the universities, either separately or 
collectively, to defend their interests against the 
Government: the University Grants Committee be- 
comes less like a buffer and more like an invigilator as 
the months go by, the Department of Education and 
Science now has access to the books of the universities, 
while the House of Commons Select Committee on 
Education has given real cause for irritation and even 
offence by setting out to examine the internal workings 
of the universities much as if they were nationalized 
industries entirely in the pocket of the Government. 
But there are also financial strains which are unlikely to 
be alleviated in the next few years while important 
problems such as the relationship between universities 
and the polytechnies are still entirely undetermined. 
It is no wonder that a great many dedicated academics 
are now asking whether they can get out while the 
going is good. 
The instant and hostile reaction of the universities to 
the report of the Prices and Incomes Board is under- 


standable but exaggerated. Mr Kenneth Urwin, 
the seeretary of the Association of University Teachers, 





will have cut very little ice by saying that his comment 
on the report would be “too blasphemous” to be heard. 
It is probably aiso unfortunate that Dr W. H. F. 
Barnes, Vice-Chancellor of the University of Liverpool, 
has offered his resignation with such alacrity—if 

things are really as serious as he says, the universities 
cannot afford to lose those prepared to stay and fight. 
A part of the trouble seems to be that the universities 
have misinterpreted the function of the Prices and 
Incomes Board. Mr Aubrey Jones's band of free-rang- 
ing economists is not, after all, a judicial tribunal with 
power to make binding recommendations on the rates 


at which people should be paid and about conditions 
under which they should work. Rather, it is a device 
for bringing to bear on problems of pay and working 
conditions some kind of objective or at least. disinter- 
ested opinion. On many occasions, its advice about 
pay has been ignored or even overridden by the 
Government, often for political reasons. On this 
oecasion, the Government has accepted the board's 
recommendations on salary increases for the universi- 
ties but has left the other matters in the report for 
further discussion, In reality, of course, many of 
these more contentious issues--the notion of an 
effieieney bonus for good teachers, for example- 
quite probably intended to be provocative. 

Jones's board has in the past few vears dene noble 
publie service by acting as a gadfly for all kinds of 
industries—banking and the upper echelons of 
management, for example. In principle, no harm would 
have been done if his report on university pay had 
simply set out to raise some of the questions with which 
academics themselves have recently been oxercised. 
The trouble is, of course, that his brashness has been 
more evident than his understanding of the system. 

On the pay award itself, Mr Jones is probably right in 
calculating that no serious harm will come to the 
universities if, in the next few years, the old principle 
of matching salaries in universities with those in the 
civil service and elsewhere is abandoned. The truth 
is that universities have been holding their cwn in the 
labour market. (But the Prices and Incorses Board 
begs more questions than it knows, however, by trving 
to argue that there has been a decline in the quality of 
university teachers—that part of the argument. would 
have been more convincing if che board had paid some 
attention to the behaviour of a labour market at times 
of rapid growth.) To some extent, however, this is a 
reflexion. of the depressed condition of the British 
economy in recent years. If industry were booming, 
recruitment to the universities might be very much 
more difficult than in the recent past. In circumstances 
like those, the present pay award would seem not 
merely mean but would be potentially disastrous. 
That is something for Mr Jones to keep in mind. 

The board's proposals on the reorganization of the 
salary structure in universities are unspectacular but 
in the right direction. The objective seems to have 
been to provide more flexibility within universities, 
particularly at the bottom of the ladder, ‘This is why 
the board would like to see abolished the distinction 
between assistant lecturers and lecturers, end why it 
would like to see a system in which tenure was granted 
much less readily than it alleges that tenure is grgnted 
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under present circumstances. In spite of the immediate 
hostility of the universities to the board’s report, these 
proposals will undoubtedly be weleomed. They are, 
however, a much diluted version of the kinds of pro- 
posals whieh would more adequately have embodied 
the philosophy of the Prices and Incomes Board. 
There is plenty of internal evidence in the report to 
suggest that the Prices and Incomes Board really 
hankers after a much more flexible system than it has 
had the courage to recommend. The description of 
the Ameriean system for deciding university salaries 
is quoted with some approval in an appendix, while the 
board shows that it is fully aware of the difficulty of 
recruiting to British universities the kinds of skilled 
people now needed for certain crucial jobs—managing 
computing centres, for example. Where the board has 
gone wrong is in its self-delusign that it would be a 
useful step in this direction to have a system under 
which lecturers are paid extra bonuses in accordance 
with some assessment ofstheir teaching prowess. The 
objectionable feature of this proposal is not that the 
board mentions in passing that students should play 
some part in this assessment but, rather, that it is 
impossible to see how such a machinery could be 
operated within university departments as they at 
present organize themselves. The misfortune, of 
course, is that the Prices and Incomes Board has now 
queered the pitch for rational discussion of flexibility 
for many years to come. 

What the board has to say about the function of 
universities and their independence may be cheeky 
but is not always as bad as academics have been 
making out. To be sure, it is not for Mr Jones’s board 
to say what the balance between teaching and research 
should be. It is also outrageous and foolish that the 
report should urge that research councils should pay 
a part of the salary of those to whom research grants 
are made. But the report does also argue, on the grounds 
of administrative efficiency; that there is a need for 
greater devolution of responsibility to individual 
universities. The report also draws attention to the 
need for some kind of coordination or “rationalization” 
of the activities of the several universities. Unpalat- 
able though this may be for academics, the 45 university 
institutions which now exist in Britain are too numerous 
and too small. If Mr Jones's board has drawn attention 
to the problem once again, it is not the first to have 
done so. 

Just how the academic reaction to the Prices and 
Incomes Board develops cannot easily be predicted. 
There is talk of strike action, but this is probably as 
unrealistic as it would be mistaken. Indeed, the best 
outcome of the discussions now taking place within 
the universities would be a recognition that Mr Aubrey 
Jones is not nearly as august as Moses and that his 
latest report is not something brought down from 
Mount Sinai. There is an issue to be fought out, but this 
has been plain for everybody to see for several years. 
What needs urgently to be established is a much more 
cohesive and effective machine for the defence of the 
univprsities against the Government. The Committee 
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of Vice-Chancellors is well on the way to growing into _ 
such an instrument, but there is still a long way for it — 
to go. There is, of course, no case for asking that the 
universities should be entirely unresponsive to outside 

pressures—the objective is simply to ensure that théy 

should be enabled collectively té help decide what: 
their social function should be. In practice it is hard to 

see how even this degree of independence can be seeure 

until there is an alternative source of funds to those at 

present supplied directly by the University Grants 

Committee, from which it follows that the raising o 
tuition fees (which are mostly paid by local authorities) 
is an urgent need. Beyond that, however, it is also 
important that the universities should work out some 
method of making sure that individual universities can 
develop individually. The system is at present too 
uniform and too inflexible. This is a problem which the 
Committee of Vice-Chancellors has hardly begun to 
think about. 

_ There remains the problem of the students. Although 
the beginning of the eurrent academie year in Britain 
has been comparatively peaceable, the outlook is not 
promising. The Prices and Incomes Board will itself 
have provided the students with some useful ammuni- 
tion, but there are also signs that in many universities 
exasperated academies will find themselves less willing 
to collaborate with the process of participation which 
plays a central part in the demands which the students' 
organizations are making on the universities. It will 
not have helped that Mr Christopher Price, MP, a 
member of the House of Commons Select Committee 
on Education now asking questions about student 
problems, should have come out in publie with a vigor- 
ous attack on the administration of the University of 
Birmingham (New Statesman, December 13). The 
truth is, of course, that student participation is not 
so much undignified as tedious. Many academics who 
would willingly grant the right of students to help 
determine their affairs are still resentful of having to 
divert themselves from serious scholarly pursuits for 
the sake of participation in some mock commune. In 
other words, the most serious threat to the universities 
is not now simply the threat of too much interference 
from outside but that of a sudden decline in the quality 
of academic life as well. And this, of course, is one of 
the faetors influencing the labour market to which 
Mr Jones's board pays comparatively little attention. 






SPACE 


Good Luck, Apollo 


As Nature goes to the press, Apollo 8 is two-thirds of 
the way to the Moon, and in the words of the captain, 
Frank Borman, “We are all fine. It’s working per- 
fectly”. Forgetting the sickness which has affected 
the erew, and which is probably not flu but the mild 
form of enteritis that has been sweeping through the 
Apollo ground staff during the past few days, the 
accidental inflation of a life jacket and, after lunar 
injection, Borman's transient fears that the separated 
third stage rocket was "too darn close", the flight so 
far has been right on target. The three astronauts, 
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playing it unbelievably cool, are listening to the latest 

~ball game scores relayed from the Houston space 
centre, and joking about watching the championships 
on television. 

At about.eleven o'clock on Tuesday morning Apollo 
Sis due to enter lunar orbit and photograph the lunar 
surface from a height of only sixty-four miles. The 
worst hazards will still be ahead. On Christmas Day 
the spacecraft has to be boosted out of the pull of 
lunar gravity and on to an Earth bound trajectory, 
and on Friday afternoon there is the critical re-entry 
into the Earth's atmosphere. Apart from the inherent 

«problems of hitting the Earth's atmosphere at the cor- 
rect angle there is now the added problem of frosted 
windows, which has been the plague of most of the 
American astronauts. According to one of the flight 
directors, “The centre window is very opaque. The 
other four are somewhat hazy but they are usable for 
map sitings. The men can see through four of the 
windows adequately enough to identify the constella- 
tions". "This reduced visibility should not affect re- 
entry so long as the two mechanical tube displays, which 
are to give the re-entry attitude, function properly on 
Friday morning. Like everyone else, we wish Apollo 8 
the best of luck for the rest of the mission. 





DRUG RESEARCH 


Legality of Cannabis Experiments 


À RECENT experiment on the effect of marihuana in 
man, conducted at Boston University School of Medi- 
eine, has drawn attention to the uncomfortable 
situation in which research of this sort would be placed 
in Britain. At a time when the widespread use of the 
drug, also known as pot, hashish or cannabis resin, 
makes knowledge of its effect in man all the more 
necessary, English research workers find themselves 
inhibited by the Dangerous Drugs Act of 1965. 

Section five of the Act makes it an offence for the 
owner or occupiers of premises to allow them to be 
used for the smoking of cannabis. This restriction 
is absolute, and a scientist undertaking laboratory 
research on human volunteers would find himself 
liable to prosecution. The restriction was doubtless 
reasonable at the time the law was enacted, although 
had its legislators foreseen the rise of drug taking to its 
present prominence they would doubtless have worded 
the Act so as to allow approved research. 

As it happens, the Act contains, by accident rather 
than design, a small loophole. Acts of this nature are 
held not to apply to the Crown unless specifically 
: stated to do so. It is understood that the Dangerous 
Drugs Act in fact permits cannabis research on volun- 
teers on government owned premises. Scientists 
working elsewhere cannot legally do this type of 
research as the law now stands, and unless government 
laboratories feel capable of handling all necessary 
research themselves, it may soon be desirable to effect 
a change in the law. 

The Boston workers, A. T. Weil, N. E. Zinberg and 
J. M. Nelsen, concluded that it is feasible and safe to 
study the effects of marihuana on human volunteers 
who smoke it in a laboratory" (Science, 162, 1234; 
1968). Theirs seems to have been the first study of 
the drug in man to be undertaken with appropriate 
control procedures. Protection from legal repercus- 
sions was obtained by specific "agreements" with the 
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relevant legal authorities including the Federa? Bureau 
of Narcotics, which was also persuaded to supply the 
raw material of the experiment. Nonetheless, the 
authors feel obliged to append to their paper she note 
that “we do not consider it appropriate to describe 
here the opposition we encountered from governmental 
agents and agencies and from university bureaucra- 
cies". 

Legal impediments were not the only ebstacles 
encountered. On a wry but nct irrelevant nete, Weil 
and colleagues mention that it took nearly two months 
of interviewing to find nine volunteers among the 
student population of Boston who had never smoked 
marihuana. "The chief results of their study are, in 
brief, that smoked doses of marihuana have different 
effects on naive subjects and on habitual users of the 
drug. In a laboratory setting, at least, non-users 
did not get "high", even on strong doses, but their 
performance on simple psychological and psychomotor 
tests wasimpaired. Surprisingly the habitual smokers, 
who did become high, showed no impairment and 
even a slight improvement on the tests. Marihuana, 
which appears to be a “relatively mild intexicant”, 
does not alter the blood sugar levels, which means that 
the explanation for the well known effects on.appetite 
must be sought elsewhere. There are grounds to 
suppose that the drug acts cn the higher cortical 
functions without affeeting the emotional balance 
maintained by the lower brain eentres. 













INFLUENZA 


Unprotected against Epidemics 


ALTHOUGH the British Government has had more than 
five months warning of the possibility of an epidemic 
of Hong Kong flu in Britain this winter, it now looks 
as though there will be insufficient vaceine te protect 
more than a small proportion of the population if and 
when an epidemic does break out. Vaccine production 
has been left completely in the hands of private firms— 
Beechams Research Laboratories, Crookes Laboratories 
and BDH Pharmaceuticals—end it is remarkable, 
to say the least, that the Microbiological Rese 
Establishment at Porton, with its excellent facilities 
for growing viruses, has not been approached to ease 
the load. 

The reason for this is not clear, but a good deal of 
passing the buck seems to be going on. A spokesman 
at the Department of Health and Social Security said 
this week that the production of vaccine at Perton is a 
matter for the Ministry of Defence. It seems, however, 
that the ministry has not asked for help. In any c 
vaccine production is expected to fall 150,000 doses 
short of the target of 900,000 set for the end of the year, 
chiefly because of the difficulties in meeting the strin- 
gent testing requirements. This suggests that even 
some of the chronically ill and aged-—the two groups 
entitled to protection—may have to go without 
vaccine. Admittedly there are reports of “substantial 
additional supplies" being imported, but these will have 
to be carefully tested before use. 

Time is certainly not on the Government’s side. 
Until recently it has been working on the aptimistie 
and perhaps convenient assumption that an epidemic 
is unlikely to hit Britain before mid.Februery. But 
with 35 states in America affected, and in view of the 
present intensity of high.speed travel between America 
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and Britain, early January is a more realistic target. 
One suspected case of Hong Kong flu in Birmingham 
was confirmed before Christmas but, as there were re- 
ported cases earlier this year with no ensuing epidemic, 
that is not necessarily the start of a large outbreak. 

Also questionable is the instruction to doctors to 
immunize—at least in the first instance—only those 
people who are at special risk. From the medical 
point of view, of course, healthy individuals should be 
able to survive an attack of flu without too much 
discomfort. But what of the economic aspect, which 
the spokesman at the Department of Social Security 
said was entirely a matter for the Department of 
Employment and Productivity to consider? British 
industry is hardly in a position to face a temporary 
shut-down. Although it would now be impossible to 
immunize the whole British population, there appears 
to be a strong case for providing industrial medical 
centres with enough vaccine to protect employees. 
In any case, it is naive to imagine that vaccine is 
going to be administered completely in accordance with 
instructions. Dr Sydney Greaves, secretary of the 
Medical Practitioners’ Union, is reported to have 
said that at least one local authority has taken the 
bulk of its vaccine supplies for its own staff, and that 
some doctors are complaining that commercial firms 
are supplying individuals not in great need of vaccine. 
with the result that priority patients are having to do 
without. 


POLLUTION 


Controlling the Motor Cur 


from a Correspondent 


A SYMPOSIUM was held at the London headquarters of 
the Institution of Mechanical Engineers on November 
25 and 26 under the joint sponsorship of the British 
Technical Council of the Motor and Petroleum Indus- 
tries (BTC), the Institute of Petroleum and the Auto- 
mobile Division of the Institution of Mechanical 
Engineers. 

The chairman of the organizing committee, Mr L. 
Martland from Ford Motor Co., started the proceedings 
by describing the Californian and American pollution 
regulations. The continued export of cars with engines 
of less than 140 cubic inches capacity, he said, was 
helped by the action of the BTC and others in securing 
higher permitted levels after demonstrating to the US 
Federal authorities the increased technical effort needed 
on the smaller car. 

Mr W. T. Oliver (Ford Motor Co., Basildon) described 
how his company was meeting the American regula- 
tions by air injection into the exhaust ports; stainless 
steel tubes were used and positioned to deliver the air 
elose to the exhaust valve heads. Back firing in the 
exhaust eaused by pressure changes during decelera- 
tion was avoided by using a valve to divert the air 
supply. Mr D. L. Sutton (Rover Co.) showed the 
influence of air/fuel mixture, ignition timing, engine 
speed and load. He described work on a valve fitted to 
the carburettor throttle plate to secure improved com- 
bustion on overrun. Gas traces and results from tests 
on treated vehicles were produced showing compliance 
with the regulations. 

Mr G. L. Lawrence (Zenith Carburettor Co.) outlined 
some of the advantages of the air valve type carburet- 

e 


NATURE. VOL. 220, DECEMBER 28, 1968 


tor, and Mr E. W. Downing (Joseph Lueas Ltd) 
deseribed the application of petrol injeetion to high 
performance cars. He pointed out the difficulties of 
securing low hydrocarbon and carbon monoxide levels 
on engines with large valve overlaps because the high 
exhaust gas content in the cylinders slows down 
combustion and limits the burnable range of mixtures. 

Mr B. L. H. Bishop (Smiths Industries, Witney) 
reviewed the various crankcase emission regulations 
both in the United States and in Europe, and deseribed 
various control systems to recireulate these gases into 
the induction system of the engine. It is well known, 
he said, that 85 per cent of the blow-by past the pistons 
into the crankcase of petrol engines is derived from the 
carburetted air/fuel mixture. The remainder—usually 
about 15 per eent—is exhaust gas. Hydrocarbon 
emission from the crankcase is therefore high and, 
ignoring evaporative losses from the fuel system, can 
account for some 25 per cent of the total discharge of 
hydrocarbons from an untreated engine. 

Messrs B. V. Harris and H. I. Fuller (Esso Petroleum 
Co.) described the evaporative loss control device 
(ELCD) developed by Esso, which uses activated 
charcoal to trap hydrocarbon vapours from the fuel 
tank and carburettor, and then releases them to the 
engine at defined intervals of operation. 

Mr B. W. Millington (Ricardo and Co., Engineers 
(1927), Ltd) reviewed recent work on the study of 
soot formation in the exhaust, and explained that 
X.ray spectroscopy showed it to have a graphite 
structure with hexagonal basie carbon units linked 
into platelets giving a crystallite about 21x 13 À in 
size. Mr A. E. Dodd (MIRA) and Mr J. Spiers (Perkins 
Engine Co.) reviewed various smoke meters for assess- 
ing diesel exhaust and pointed out their various short- 
comings. The relationship between density measure. 
ments and subjective appearance to non-technical 
observers of vehicle emissions from the exhaust pipe 
confirmed that, for steady speed full load conditions, 
the subjective reaction was related to carbon concentra- 
tion and rate of discharge by the formula C4/G =K, 
where C is solids concentration (g/m?): G is the rate 
of discharge (litre/s) simply calculated for 100 per cent 
volumetric efficiency; and K is a constant representing 
a partieular degree of acceptability. 

Details of experiments with a barium compound 
diesel fuel additive for suppressing smoke were given 
by Mr B. E. Knight and Mr C. H. T. Wang (CAV, Ltd). 
Films of combustion with and without the additive 
were shown by the authors and illustrated the earlier 
disappearance of the luminous flame when the smoke 
suppressant was used. Results from engine tests 
showed that 0-5 per cent of additive in the diesel fuel 
reduced the weight of carbon by some 50 per cent; 
carbon monoxide and carbon dioxide were slightly 
increased and hydrocarbon content in the soot was 
redueed. Aspiration of the additive in petrol with the 
intake air has a smaller effect on smoke. 


AMERICAN RESEARCH 


Gloomy Forecast 


IT will come as no surprise that for the second year in 
succession a marked drop is foreeast in the growth of 
expenditure on research and development in the 
United States. The prediction, prepared by Dr W. 
Halder Fisher and Mr L. Lederman, economists at the 
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Battelle Memorial Institute in Columbus, Ohio, paints 
the gloomy pieture of a growth rate in research and 
development actually lagging behind the anticipated 
inflation in the cost of performing scientifie work. 

The estimate for 1969 of $25,900 million exceeds the 
figure for 1968 by $900 million or 3-6 per cent. This 
compares with inereases of 5 per cent from 1967 to 
1968 and 7-1 per cent from 1966 to 1967, and is, accord- 
ing to the Battelle Institute, easily the slowest rate of 
growth for any year since figures were first compiled 
in 1953. Current rates of inflation in research and 
development are estimated at between 5 and 8 per cent. 

The Battelle report offers little cheer to those who 
look to the end of the Vietnam conflict for a reversal 
of this sad trend. The momentum of the drive for 
social action programmes directed against poverty. 
crime and unemployment is thought likely to dominate 
the demands for those funds which would become 
available after a cease fire, and the sums involved are 
not expected to be large in the immediate future any- 
way. 

The Federal Government is expected to foot about 
60 per cent of the researeh and development bill for 
1969, with industry bearing 35 per cent and the colleges 
and universities 3-6 per cent. The declining growth rate 
of Federal expenditure in this field is reflected in the 
reduction of an average compound growth rate of 9 
per cent during the past ten years to one of about 6 per 
cent for the past four years. The Battelle economists 
expected that the next ten vears would see growth rates 
of between 4 and 8 per cent, although the value of this 
forecast must clearly be diluted by the many implied 
assumptions. 

It is an interesting feature of the present structure 
of American research and development that although 
the Federal Government is the dominant source of 
funds, about 70 per cent of all research and develop- 
ment work is carried out by industry. The share of the 
cost of industrial research and development actually 
borne by industry is expected to rise from 44 per cent 
in 1964 to 50 per cent in 1969, which is said to reflect 
the inereased awareness of businessmen of the relevance 
of research to increased corporate growth. 


EDUCATION 


Physics at Sydney 


Few physics departments can be as assiduously 
watched over as the School of Physics at the University 
of Sydney, which is cared for by an association with the 
unwieldy title of Science Foundation for Physics within 
the University of Sydney, sensibly abbreviated to 
Science Foundation. Set up nearly fifteen years ago, 
at the start of the university boom in Australia, which 
has seen the number of Australian universities more than 
doubled since 1945, the Science Foundation is an 
association of publie and private organizations to 
promote the work of the School of Physies and to 
encourage scientifie education in Australia generally. 
It is the brainchild of Professor Harry Messel, head of 
the school of physics. 

The proudest feather in the cap of the Science 
Foundation is its International Science School for high 
school students, which is to become an annual event 
in August and September at the University of Sydney. 
Previous schools have been mainly for Australian school- 
children, but this vear Britain and Japan each sent 
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five students and the United States was able to send 
ten. Professor Messel hopes to extend the international 
scope of the school in future. Ee should have no diffi- 
culty in attracting students, although money is a 
problem. Past lecturers include Professors G. Gamow, 
T. Gold, H. Bondi, R. N. Bracewell, R. Hanbury Brown 
and J. D. Watson. 





TRANSPORT 


Cheaper in Bulk 


NEXT summer, the first full-blooded attempt to make a 
hovercraft service work effectively across the English 
Channel will be undertaken by Hoverlloyd, a company 
backed by the Swedish shipping firm of Swe 
and the Swedish America Line. Hoverlloyd 
this week its timetable for 1969, and it sounded very 
much more professional than British Rail's attempt to 
run a service in the summer of 1968 with only one 
hovercraft. The British Rail service, like many pioneer 
ventures, ran into a multitude of snags, but the experi- 
ence was valuable. More than 400 modifications have 
been made to the design of the hovercraft, aad Hover- 
lloyd is confident that it can run a reliabie service. 
It has invested more than £5 million in the venture, 
which is designed to make all other methods of crossing 
the Channel (including the tunnel) look hopelessly out 
of date. 

The company will be operating two Meuntbatten 
hovercraft—better known as the SRN 4—betweer 
Ramsgate and Calais. On the Ramsgate side, the 
terminal has been built at Pegwell Bay (after a long 
wrangle over planning permission), and the serminal at 
Calais has been built by the Calais Chamber of Com- 
merce. The route will take the hovercraft ve 
the notorious Goodwin Sands, some parts of which drv 
out at low tide, and within half a mile of the North 
Eastern Victory, an American ship wrecked on the 
Goodwins in 1947. In bad weather, the plan is to use 
the Goodwins to provide a measure of shelter for the 
hovercraft. The company believes thet weather 
conditions will be suitable for operation whenever the 
wind is no more than force 7 on the Beaufort scale, 
which is a near gale. Throughout the year this means 
that the service should be able to operate 94 per cent 
of the time; in the busy summer season, 99 per cent 
reliability should be achieved. 

The trip will take 40 minutes, and the turn-round 
time at each end will take only 20 min. This gives the 
hovercraft an astonishingly large c carrying capaeity-- 
indeed, according to Hoveri »yd's estimates, the entire 
channel passenger traffic cculd be handled by eight 
hovercraft. With the two hovereraft, Hoverllovd will 
have the capacity to carry 25 per cent of the passenger 
traffic and 17 per cent of the car traffic across the 
Channel, although if it achieved one-third of this in the 
first year it w ould probably be delighted. 

The fare structure is designed to even on: 
which would otherwise reduce the effic 
operation. One of these is the fact. tha 
strong preferences about when they travel: 
the peak in the summer months, there s 
variation during the day. — Hoverlloyd ; therefore 
established a two-level fare structure designed to 
encourage people to travel at off-peak hours. The other 
factor is the odd characteristics of the SRN-4; although 
it can carry 250 passengers, it can take only 30 cars. 
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The average number of passengers per car on the 
Channel services is only 2-7, so that Hoverlloyd will 
be faced with a lot of empty seats if it is unable to do 
better than this. The fare structure is therefore de- 
signed so that passengers—as many as seven per car— 
travel free. This means that families or parties can 
travel very much more cheaply by Hoverlloyd than by 
any other route. Four people in a medium size family 
car would pay £14 by boat, and exactly the same by 
Hoverlloyd if they travelled on the peak-period “A” 
tariff. If they travelled off peak, the hovercraft fare 
would be only £11. One person in the same car, on the 
other hand, would still pay £11 on the hovercraft, 
but only £6:85 on the boat. Each foot passenger will 
be charged £2 10s on the hovereraft cheap rate, 
against £2 12s for the boat. 


MANAGEMENT 


Strategy for Technology 


A SPECULATIVE lecture on scientific and technical 
strategy at the national and major enterprise levels— 
the seventh talk in a series devoted to management 
and technological problems—was given at the United 
States Embassy in London last week by Professor 
James Quinn of the Amos Tuck School of Business 
Studies at Dartmouth College, New Hampshire. En- 
livened by a series of anecdotes, the lecture revolved 
around the problem of defining and following a scientific 
and technological strategy in a large organization, 
whether publie or private. 

The immense difficulties in trying to reduce this 
question to definable terms were reflected in the style 
of the lecture. Indeed, it would be tempting to surmise 
from the number of unanswered questions posed by 
Professor Quinn that the days of intuitive decision- 
making are not yet over. But, in the long run, the only 
justification for adopting a strategy at all, aecording 
to Professor Quinn, is that either guessing or hoping do 
generally produce worse results. 

Much of the talk was devoted to outlining the con- 
cepts needed to relate technology to an industrial or 
government strategy. The distinction between measured 
economie growth and the idea of “maximum growth in 
human well-being” was expressed in terms of quality 
improvements, which are intimately connected with 
technology. An example might be the construction of 
quieter aircraft rather than more economic ones. 

Professor Quinn went on to discuss the role of a 
technological strategy in attaining this goal, and was 
quick to concede that a large company—by virtue of 
its well-defined hierarchy and its more limited objec- 
tives-—could evolve a strategy much more easily than 
a government. He showed a flow-chart of forecasting 
and strategy in a typical large company, and referred 
to Hannibal’s planning of his campaign against the 
Romans to bring out the prime ingredients of a strategy. 
These consist of evaluating opportunities and threats 
and committing resources in a unique and selective 
pattern. Occasional snippets of political affiliation 
crept into the lecture, such as the acceptance of com- 
petition both nationally and internationally as a 
fundamental of life. 

In assessing the benefits to less developed countries 
of foreign investment and the installation of multi- 
national companies, Professor Quinn stressed that the 
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managers in the parent country were by no means as 
free to dictate poliev as might appear on the surface, 
and had to be influenced by the feelings of local labour 
and social conditions. The importation of technology 
was also of value to the host country, but the style of 
Professor Quinn’s treatment will have given many in 
the audience the impression that part of the argument 
was based on a need to justify the huge overseas 
investments of the United States. 


TECHNOLOGY 


European Cooperation 


Tue deadlock between France and the Netherlands 
on the question of technological collaboration between 
the Common Market and other countries was resolved 
at a meeting of the Council of Ministers of the European 
Community when a compromise procedure for associat- 
ing with other countries was hammered out. The dead- 
lock arose after the last French veto on British entry into 
the Common Market. The Dutch boycotted the Com- 
munity’s Marechal Committee on technological co- 
operation, saying that it should be allowed to consider 
collaboration with countries that had applied for 
community membership. The French position was 
that only the member countries should be involved. 

The way the compromise works is that the Marechal 
Committee will resume its interrupted study of the 
possible fields for international cooperation and will 
report to the council by March of next year. The 
ministers will consider the report and may at that 
stage make proposals to other "interested" European 
countries. The word interested in this context is an 
attempt to gloss over the question of who exactly 
should be included. The Dutch would like to see only 
the four applieants for membership involved, but the 
French, unwilling to concede this a step on the way to 
entry into the community, want to make the invitation 
more general At the discretion of the council, the 
next stage would be for experts from the six and out- 
side countries to meet to prepare the ground for discus- 
sions between ministers of technology in the countries 
concerned. A spokesman for the community thought 
that this meeting might materialize in about a year's 
time. 

The Marechal Committee will initially consider col. 
laboration in seven fields—automatic data processing, 
telecommunications, development of new forms of 
transport, oceanography, metallurgy, meteorology and 
nuisances (including air and water pollution). Whether 
the fact that none of these areas is politically contro- 
versial will make agreement easy and pave the way 
for more significant cooperation remains to be seen. 





OPEN UNIVERSITY 


Who will be Paying ? 


THE proposals for the Open University have now 
become an issue in the constant battle between the 
British Government and local government authorities 
over the levels of local government expenditure. White- 
hall can fairly be accused of telling local government 
authorities to cut their levels of expenditure, while at 
the same time blithely putting forward projects which 
saddle local councils with extra expenditure. Last 
week, the Association of Municipal Corporations 
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expressed alarm at the prospects of local education 
authorities being asked to provide financial support 
for Open University students together with libraries, 
premises and even staff. The association said that “it 
is clear that the possibility of cost to education authori- 
ties exists. The need for the forecast expenditure for 
1969-70 and 1970-71 to be reduced to meet figures 
put forward by the Government departments, upon 
which the amount of Exchequer aid has been decided, 
makes it inevitable that all financial liabilities from the 
project must be the central Government's responsi- 
bility." 

The local education authorities have, of course, good 
reason to resent the prospect of having to pay anything 
towards the Open University. Some councils have 
this year been obliged to cut spending on education 
by reducing the number of teachers and increasing the 
size of primary school elasses. In these cireumstances, 
the education authorities appear to find the assertions 
of the Open University Planning Committee (which 
says that if the Open University increases local govern- 
ment expenditure the amount ‘will be reimbursed, and 
that the local authorities will be represented on the 
university's council) less than reassuring. 

Whatever the cost to local government of the Open 
University, local education authorities should find 
themselves a little better off from 1969, when the 

responsibility for all postgraduate awards passes to 
the central government. As things are, the local 
education authorities make about 2,200 awards a year 
to postgraduate students, chiefly for vocational training 
courses, which cost the local authorities about £0-4 
million a year. As from October 1969, responsibility 
for these awards is to pass to the Government, which 
either directly or through the research councils already 
makes about 15,000 awards annually, costing about 
£9 million. The Treasury will apparently absorb the 
additional cost of £0-4 million under the new arrange- 
ment. 


STATISTICAL CALCULATIONS 


Forms for Confidence 


A USEFUL aid for the teaching of statistics has been 
published by the Commonwealth Forestry Institute of 
Oxford University (Paper No. 41, 12s 6d). It consists 
of a set of preprinted formats ready laid out for the 
performance of simple statistical routines. The whole 
flow of each calculation is set out in a continuous 
fashion: labelled spaces are provided for the observed 
data and for every mathematical operation thereafter. 
The quarto-sized formats have obviously derived some 
inspiration from the example of programmed learning, 
and they should help to ease even the most obdurate 
student into the disciplines of elementary statistics. 
For that matter, they may be equally useful for field 
workers, giving a clear and lasting record for calcula- 
tions that tend now to be done in snatched moments on 
the back of envelopes. 

Twenty-six routines find a place in the collection, 
most of them of the type that arise in field biology and 
perhaps sociology. ^ Chi-squared, linear regression, 
confidence limits and covariance analysis are all 
represented. It is strange that it should be a forestry 
institute that devised this aid—apparently the idea 
for it arose among field workers of the Uganda Forest 
Department in 1954. 
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LOCUST RETURN 


Renewed Fight aguinst Insects 


THE unusually heavy rains in West Africa, Arabia and 
the Sudan seem to have received the blame for the 
resurgence of large desert locust populations and the 
consequent threat of plague. It is unfortumate that 
these swarms should have occurred just after the sue- 
cessful conclusion of the Food and Acres Organ- 
ization's project for the development of impre 
trol procedures. The 1967 report of the / 5 
Research Centre describes the steps taken by fhe centre 
to alleviate the swarm situation and also expiains that 
contributions from the relevant governme and a 
further grant, this time for $455,000. from the United 
Nations Development Fund will make it pessible to 
continue the FAO control development proiect until 
1970. 

The importance of information on locust behaviour 
is reflected in the laboratory investigations atthe Anti- 
Locust Research Centre. Studies on pheromones are 
designed to work eut how these chemical substances 
act on the physiology and affect the behavieur of the 
locust. There is, for example. an aggregation phero- 
mone which when secreted by the insect compels its 
neighbours to "stay put" and aggregate. Found in 
moulted skins, this substance is thought to be a peptide 
attached to the cuticle by hydrogen bonds. There is a 
possibility that it is a similar pheromone which causes 
genetic changes in the South African brown locust to 
produce a black skin colour and a gregarizing effect, 
Completely different, however, is the reproduction 
synchronizing substance which acts by causing speedier 
maturation of the pheromone producer. 

Another adaptation employed by locusts to ensure 
efficient breeding is the production of a resistant egg 
which can survive until the environment provides the 
damp sand and the green grass essential for developing 
young. Light is also important: if a dry season is 
accompanied by a change in day length, the locusts 
may go into a reproductive ciapause which will only 
be broken when the environment becomes more 
favourable. The mechanism behind much of the 
locust behaviour has yet to be investigated; but 
perhaps eventually synthetic pheromone and anti- 
pheromones may provide a useful weapon against the 
threat of rising locust popalations caused by the 
unbeatable wind and rain. 




















DEVELOPMENT 


Another World Plan 


EacH year brings a new international organization 
devoted to aiding the develcping countries. Enthus- 
iasm for these bodies, unfortunate ly, is harder to sustain, 
and the gap between rich and poor nations continues 
to widen. At the same time, aid is falling — Britain, 
France and the United States have all made effective 
reductions of overseas aid recently. The Fist Develop- 
ment Decade, loudly heralded by the Ur on ted Nations 
in 1960 as the beginning e the end of the world’s 
imbalance of riches, is drawing to a ioe with some 
air of disenchantment. But there are some things to 
offset the gloom: the Overseas Development Institute 
announced last week that in 1967 the developing 
nations achieved for the first time what has been a 
UN target for some years—an overall growth rate of 
* 
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5 per cent. The spectacular performance of the new 
dwarf cereal strains in Indian and Pakistan is probably 
the biggest single factor behind this achievement. 

At any rate, the UN has ordained that a Second 
Development Decade should follow on the heels of the 
first, and a new offshoot of the UN—the United Nations 
Advisory Committee on Application of Science and 
Technology to Development (UNACAST)—is already 
planning the contribution it intends to make to this 
second ten year effort. UNACAST intends to create 
& World Plan of Action for the Application of Science 
and Technology to Development, and the outlines of 

his plan were discussed at a meeting of UNACAST 
in Vienna at the end of November. 

So far the plan seems to be somewhat nebulous, 
limiting itself to a plea for research on issues like the 
social analy sis of family planning programmes and the 
interrelation of technology and industrialization. The 
most definite statement that UNACAST came out 
with was that it was up to the developing countries 
themselves to persuade their talented young scientists 
to stay at home and avoid the enticements of happier 
research abroad. They are apparently to do this by 
setting up research centres of international quality in 
selected fields. UNACAST also recommended that the 
richer countries should include more scientists from the 
developing territories in their marine science pro- 
grammes, and that the application of irradiation 
techniques in developing high-protein strains of plants 
should be pursued more vigorously. 

All this is valuable work, but it is to be hoped that 
UNACAST does not follow the example of some other 
UN bodies by relapsing into à meek and premature 
dotage. Nobody expecta a UN organization to endorse 
radical political solutions to the problems of the poor 
eountries, but there are plenty of less incendiary issues 
around. Many people in the developing countries look 
at the proliferating space programmes of the advanced 
nations with some bitterness: what better platform 
than UNACAST, a group of scientists devoted to the 
cause of global development, to articulate this feeling 
and perhaps to devise politically realistie alternatives 
to the present ritualized contest of ideologies in space ? 


DISEASE 


Mensies in Biafra 


'NLESS immediate preventive action is taken, an 
spidemie of measles will almost certainly break out 
among the already sick and undernourished people of 
Biafra. So far, reports which have been filtering 
through to the International Red Cross in Geneva ec 
described isolated cases only, but because measles 
endemic in West Africa, and because of the weak Red 
susceptible condition of the population, this is hardly 
likely to remain the case for long. 

A spokesman in Geneva said this week that the 
International Red Cross, with the full agreement of the 
Biafran Government, is launching an operation to 
provide up to one million doses of vaccine of the 
Sehwartz type for the immunization of children in 
Biafra. The vaccine is a further attenuated one; that 
is. one which has been passaged through a larger 
number of eggs than is usual for attenuated vaccines. 
Although it produces minimal side-effects and is thus 
particularly suitable for use in developing countries, 
slight fever and a rash do sometimes accompany 
. 
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vaccination. One hundred thousand doses provided 
by the Pitmore Division of Dow Chemical Company 
in Indiana have already arrived in Amsterdam and 
will be forwarded on December 21 to Santa Isabel and 
thence to Biafra. To start with, medical staff from the 
International Red Cross will undertake the vaccination, 
but an attempt is being made to muster eight teams 
of Biafran doctors to assist in the operation. 

If the operation fails and an epidemic does break out, 
the result will probably be disastrous. Under normal 
circumstances the number of deaths caused by measles 
is far from negligible, but in undernourished West 
Africans the disease is particularly severe and takes 
an even greater toll of life. Children about one vear 
old are the most susceptible (compared with a median 
age of 4-5 years in English children); the rash is usually 
very dark, desquamation is more extensive, and laryn- 
gitis, bronchopneumonia, diarrhoea, conjunctivitis 
and encephalitis frequently complicate the situation. 
Measles is responsible for a greater loss of weight in 
African children than any other common acute infec- 
tion, and, as Dr D. C. Mosley has pointed out (Modern 
Trends in Medical Virology), it is also the most frequent 
infection to precipitate children into the protein- 
calorie syndrome of kwashiorkor. 


FUEL 


Tux Gas Council has done well to agree on low prices for 
North Sea Gas with the Shell and Esso companies. The 
price finally agreed is both much less than the two 
companies wanted and much less than the price of gas 
from the Groningen Field in Holland. The agreement 
covers two gas fields—the Leman Bank and the Inde- 
fatigable fields—and the prices are shown in the table. 
Gas | supplied in excess of the contract requirement will 
be paid for at the rate of 2-025 pence per therm. The 
contracts run for 25 years, and the sum of py 


involved is (at present value) very nearly £ 2,000 
million. Sir Henry Jones suggests that the contracts 
may be “the largest single settlement ever made—it’s 


an awful lot of gas". 

The question now is whether there is an awful lot 
more at the bottom of the North Sea. If there is—and 
the Ministry of Power says that it would be contrary 
to all experience in other parts of the world if there 
were not—then the price agreed makes it a little more 
likely to stay there. The oil companies have been 
talking gloomily for some months about the decreasing 
rate of exploration, and Shell freely concedes that the 
price agreed “is not an incentive price". Remarks 
made by Sir Henry last week in announcing the 
contraets are likely further to depress the market. He 
agreed that small additional finds would probably be 
priced at the Shell/Esso level, but added that a very 
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large new find “would establish a new situation". 
Already the fuel market is being expected to absorb 
by 1971 three times the present gas consumption. It 
would be very difficult to find a home for any more than 
this and Sir Henry said that "future finds will set a 
price at which they will sell." It is fair to infer from 
this that the price would be considerably less than that 
agreed last week with Shell and Esso. 

For the British consumer, the contract prices should 
mean cheaper gas. Indeed, the Gas Council is going out 
of its way to point out that natural gas customers are 
already getting 0-5 pence to 1 pence off each therm as 
soon as they start to use natural gas. Eight area gas 
boards—all but the Seottish and South Wales Boards— 
are linked up to the natural gas pipelines which come 
ashore at Bacton and Easington, and the system will be 
extended next year to inelude the two boards now 
excluded. Negotiations with some large industrial 
consumers, like the British Steel Corporation, are now 
in progress. But at least one large market, in electricity 
generation, has been ruled out by the Ministry of 
Power. The Gas Council can hope to displace only oil 
as a fuel for electricity generation—coal is altogether 
too awkward a subject at the moment. It is also very 
unlikely that the CEGB would look kindly on any 
industry which planned to generate its own electricity 
from cheap gas. The Gas Council therefore intends to 
use the gas to replace fuel oil at the lighter end of the 
range first, afterwards moving towards the heavier and 
cheaper grades. 

Despite the size of the finds, natural gas is still likely 
to take a comparatively small part of the total energy 
market. The total market is now running at about 300 
million tons of coal equivalent a year. The maximum 
rate of gas flow, when the peak figure of 2,000 million 
cubic feet a day is reached, will represent a mere 25 
million tons of coal equivalent a year. 


MEDICAL RESEARCH 


A Duke Translated 


Tue Duke of Northumberland, appointed last week as 
chairman of the Medical Research Council, has a long 
history of such jobs. Before his resignation on June 30, 
he had for ten years been the chairman of the Agricul- 
tural Research Council—a job befitting one of Eng- 
land's largest hereditary landowners, with a vested 
interest in | the well-being of the farming industry. He 
is chancellor of Newcastle University, and chairman 
of the committee investigating last vear's foot and 
mouth disease epidemic. 

On the face of it, the Duke's qualifications for his 
new post are less obvious than those for his chairman- 
ship of the ARC, but as far as scientific matters go his 
duties are not onerous. The chairman of the MRC 
has traditionally been a member of the House of 
Lords—the Duke’s immediate predecessors are Lord 
Shawcross and Lord Amory—indeed, under the old 
MRC charter the council had to include a member of 
both Houses of Parliament. The idea was apparently 
that men wise in public affairs would offer the less 
worldly academic members of the council useful advice 
when it came to dealing with the Government. 

In the MRC’s new charter, granted last year when 
the council came under the Department of Education 
and Science instead of the Privy Council, this clause 
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has been deleted. But for the present at least there is 
still a member of parliament —Mr Donald Marquand-— 
on the council as well as a peer. Apart from ad hoc 
consultations at the request of the secretary or other 
council members, they are expected to attend only 
the nine council meetings in any one vear, and then it 
seems to be a matter of listening to the protessionals. 





Parliament in Britain 


Synthetic Foodstuffs 

Tue Prime Minister said that production of synthetic 
foodstuffs would remain the responsibility of the 
Minister of Agriculture, Fisheries and Food. Consider- 
able efforts were already devoted to work in this field. 
Many oil companies were working on the development 
of proteins from natural oil and natural gas, and the 
Agricultural Research Council had for many years 
been working on the extraction of protein trom plant 
materials. The ministry's marine laboratories and the 
Tropical Products Institute were trying to find proteins 
in the sea. This work, the Prime Minister said, was 
still in the research and development stage and it was 
too early to tell whether it will be of commercial value 
or will help relieve poverty and hunger. (Oral answer, 
December 17.) 


Sonic Booms 

A TOTAL of eleven supersonic bangs were made over 
the south of England in July 1967 to “previde wider 
experience for the publie of the nature of scenic bangs”. 
In a statement about the results, Mr A. Wedgwood 
Benn, the Minister of Technology, said that his depart- 
ment had received about 12,000 complaints from an 
estimated 12 million people affected by the bangs. 
About £4,000 was paid for claims of damage or injury 
attributed to the bangs. These results were being 
used in the collaborative research programme with the 
French and the Americans on the nature and effects 
of sonic booms. (Written answer, December 17.) 


Cyclamates 

ASKED whether he would restrict the use o! c 
in food and soft drinks, while the report to tae American 
Food and Drug Administration of possible chromosome 
damage from these substances was being considered, 


'clamates 















Mr J. Hoy, Parliamentary Secretary to the Ministry 
of Agriculture, Fisheries and Food, saié that such 
measures would not be justified. The report seemed 
to be highly preliminary and inconclusive, (Written 


answer, December 18.) 


Red Tape 

A COMMITTEE, under the chairmanship of Mr J. F. 
Mallabar, will start work in the new year examining 
whether “the existing organization and systems of 
control and accountability of large scale establishments 
in the ministries of defence and technolog? . engaged in 
production, offer impediments to the acaiev 
full efficiency, and to recommend how such impedi- 
ments should be removed". The Prime Minister 
announced that Mr A. P. Coldrick of the Transport 
Salaried Staffs Association, Mr J. R. Edwards of 
Joseph Lucas, Mr K. A. B. Moore of Reckitt and Cole- 
man. Mr R. O'Brien of Delta Metal. and Miss Joan 
Woodward, Reader in Industrial Sociology at Imperial 
College. had been appointed to the committee. (Written 
answer, December 19.) 
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NEWS AND VIEWS 


Monsters by Sonar 


Tur Loch Ness monster has once more been disin- 
terred from its proper habitat in the underworlds of 
fable. Dr Hugh Braithwaite and Professor D. Gordon 
Tucker announced in the Christmas number of New 
Scientist that they have detected echoes from the 
Loch which they find a “temptation to suppose must 
be the fabulous Loch Ness monsters, now observed 
for the first time in their underwater activities !” 
The furtive kraken has flown into the headlines on the 
viewless wings of sonar. A new type of equipment de- 
veloped at Birmingham University was set up to monitor 
the Loch during two weeks in August. Two objects, 
one about 50 metres in length and the other much 
shorter, are believed by their fast rates of ascent and 
descent—-up to 7-5 metres a second—to be groups of 
large animals. On the advice of their biological 
colleagues the two engineers exclude the possibility 
that shoals of fish éould attain these speeds, but they 
say that studies with more refined equipment are needed 
before definite conclusions can be drawn. 

The Loch Ness monster seems to have been invented 
in 1933, the date when it first allowed itself to be 
photographed. Before this time few, if any, people 
claimed to have seen it. The most famous photograph 
of the monster was taken by a London surgeon 
in 1943. Dr Maurice Burton, a zoologist with a 
long-standing interest in the monster's affairs, be- 
lieves that this photograph shows an otter in the act 
of diving, and that all other films and photographs so 
far published are of commonplace objects such as 
otters, birds or floating debris. The monster legend 
holds that Loch Ness, once an arm of the sea, was 
pinched off by movement of the land, so trapping the 
monsters in its salty depths. In fact the Loch was 
excavated by Pleistocene glaciers and has always been 
a fresh water lake. Although parts of Scotland have 
subsided some 100 feet in Recent time, there is little 
chance of marine life having been washed into the 
Loch, let along surviving there. 

The sonar equipment used by the Birmingham engin- 
eers has been tested by the Fisheries Laboratory at 
Lowestoft, where it seems to have been discovered to be 
prone to ambiguities. For example, two targets at the 
same range but different bearings tend to appear on the 
screen as a single object while, under certain circum- 
stances, à shoal of fish swimming horizontally through 
the sonar beam could give the impression of a rapidly 
diving object. In other words, there is little reason to 
take seriously the claims of Dr Braithwaite and 
Professor Tucker to have found a monster. 


ARCHAEOLOGY 


Long Barrow 


from our Archaeology Correspondent 
Tur complete excavation of a long barrow at Ascott- 
under-Wychwood in Oxfordshire, which was started in 
e 
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1965 and is due to be completed next season, has 
provided valuable insights into the way these monu- 
ments were built. The internal structure of the barrow 
has turned out to be considerably more elaborate 
than expected. Mr D. Benson of the Oxford City and 
County Museum, who has directed the excavation, says 
that the barrow dates from between 3000 and 
2000 nc. 

The barrow, 50 metres long and tapering from 15-8 
metres to 7 metres, is supported by two dry stone walls 
about its perimeter. The earth mound was apparently 
built by piling earth on either side of a central spine, 
defined in places by rows of stones and in other parts 
of the barrow by hurdles which are represented by rows 
of stake holes. The whole strueture has remarkable 
bilateral symmetry, which suggests that the builders 
had some method of measurement. The central area 
of the barrow between the spine and the perimeter 
walls is in places divided off by stone partitions 
buried in the mound, which gives the impression of 
internal chambers; the plan, in fact, is reminiscent 
of the plans of continental neolithic houses and it is 
possible that the barrow enshrines house building 
traditions of neolithic immigrants from the mainland. 
of Europe. 

Undoubtedly the most important discovery this 
season was the unearthing of six cist graves—-one 
empty—arranged in an unusual pattern, in a row across 
the long axis of the barrow towards its narrow western 
end and completely unconnected with the false 
entrance at the wide eastern end. There is probably a 
seventh cist. grave on the midline of the barrow which 
will be excavated next year. A preliminary examina- 
tion of the skeletal remains shows that at least twenty 
people were buried in the barrow. All the graves except 
one, which contained the skeleton of an old lady buried 
in a crouched position, contain the remains of more 
than one person and they all contain the remains of 
young people. Another striking feature of the burials 
is that only parts of the bodies seem to have been 
buried. A detailed anatomical examination of the 
bones should provide valuable medical evidence of the 
contemporary diseases. 

The excavation has also revealed evidence of neo- 
lithic and mesolithie occupation in the soil sealed below 
the barrow and thus protected from the disturbance of 
centuries of ploughing. This is a particularly important 
discovery, of course, because neolithic living sites are 
rare in Britain simply because of prolonged agricul- 
tural activity in most areas. The neolithic finds 
include some 700 sherds, hearths, small pits and well 
preserved animal bones, and charcoal samples for 
carbon 14 dating have been taken from this occupation. 
as well as from the barrow. It seems likely that neo- 
lithic people occupied the site for anything up to 500 
years before the barrow was built. The mesolithie 
material, worked flints, is scattered amongst the neo- 
lithie material and no clear stratigraphy has yet been 
found, which suggests that the mesolithie people 
remained in the area after the arrival of the neolithic 
farmers or—less likely—that neolithic disturbance of 
the soil brought about the mixed distribution. 
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It should be possible to interpret the impact of the 
neolithie farmers on the environment when Dr J. Evans, 
of the Institute of Archaeology, has completed his 
analysis of the pollen and snail shells recovered from 
the site and deduced the pattern of vegetational 
changes. He already has evidence of a change from 
closed woodland to an open grassland environment, but 
the erueial question of when this occurred is not yet 
answered. 


SYSTEMATICS 


Darwin and Domestication 


from a Correspondent 


CHARLES DARWIN always regarded The Origin of Species 
as a prematurely published abstract of his evolutionary 
ideas. In 1868 there appeared "Variation of Animals 
and Plants under Domestication”, the first and as it 
transpired the only part of a projected three-volume 
account of the evidence that supported his theories. 
The Systematics Association marked the centenary 
of publication in English by a conference held on 
December 6 in the British Museum (Natural History), 
London. As the chairman, Professor J. G. Hawkes 
(Birmingham), indicated, the meeting sought first to 
pay homage to the man and the book, second, to 
examine the ways in which our knowledge has in- 
creased in the past 100 years and, third, to consider 
where the next advances are likely to be made. 

Professor A. J. Cain (Liverpool), in his introductory 
lecture on the book itself, placed strikingly in context 
what appears at first sight to be one of its oddities, 
the two chapters devoted exclusively to the domestic 
pigeon. Darwin realized that for natural selec- 
tion to be a tenable theory, he had to demonstrate 
within-species variation on a scale vastly greater 
than most of his contemporaries could envisage. The 
domestie pigeon with all its bizarre variety, vet un- 
questionably derived from one wild species, the rock 
dove, provided just the evidence of variability that he 
needed. 

In their reviews of the progress in our knowledge, 
both Dr I. L. Mason (Edinburgh), dealing with farm 
animals, and Dr J. P. Cooper (Aberystw; yth), discussing 
forage grasses, emphasized the enormous range of 
variability that can be revealed by selection, both 
natural and artificial. 

Dr Mason illustrated the almost inextricably inter- 
mingled diversity of sheep and goats with breeds of 
both in different parts of the world selected for wool, 
meat or milk production or any combination thereof 
or even just for fashion. The biblical treatment 
(Matthew, 23: 32) is still, however, possible: a goat’s 
tail always turns up ! Dr Cooper's ryegrass experiments 
also showed that there is a great deal of variation and 
that it can be selected for in just the way that Darwin 
outlined. For example, after six generations of dis- 
ruptive selection two quite different races had been 
produced which would not only be intersterile in nature 
but which possessed as much variance as the original 
population. 

Dr W. T. Stearn (London) and Professor F. Sehwanitz 
(Aachen) both diseussed aspects of our understanding 
of the evolution of eultivated plants which were un- 
known to Darwin. These include hybridization, 
particularly in association with polyploidy, “point” 
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chromosomal variability. The last of these particularly 
and chromosomal mutation, heterosis and extra- 
interested Professor Schwanitz, who outlined work in 
which "improvement" (in terms of greater fertility) 
in individuals of various plant cultigens took place 
from year to year in cultivatien. While superficially 
resembling inheritance of environmental onse he 
was at pains to interpret this, not in terms of strict 
Lysenkoism but through the selection of extra-chromo- 
somal factors (DNA-containing structures). 

What of the future ? Dr Keith Jones (Kew) pointed 
out that, except as to speed and direction, evolutionary 
processes under domestication are the same as those 
in the wild and emphasized that our knowledge of 
DNA function and replication showed that the amount 
of natural variation possible was almost unlimited. 
It may be that as our knowledge of the molecalar basis 
of variation becomes more extensive, we will be able 
to answer Professor Schwanitz s challenge tc enhance 
our knowledge of the varistion of domesticated 
animals and cultivated plants in ways that can help 
in the struggle against world hunger. 















BOTANY 


Old Plants, New Discoveries 


from a Correspondent 


Procress in the knowledge of plant life of the past 
depends on two factors—the development of new 
methods, and the discovery of new material. Encourag- 
ing news of activity in both fields was given to a meeting 
held at the University of Reading on December 13, to 
commemorate the retirement this year of Professor 
T. M. Harris. The meeting, attended by seventy 
British and foreign palaeobotanists, was organized by 
the Linnean Society, and was the second meeting of 
that body to be held outside London. 

The interpretation of Tertiary assemblages of fossil 
angiosperm leaves is complicated by the possibility of 
selective factors in events leading to fossilization. Mr 
David Ferguson (Utrecht) reported on experiments 
with various types of living leaves, rotated m drums 
with a water-sand suspension. It appears that there is 
much less difference in the survival rate of tougher, 
zeromorphic leaves against softer, mesic ones than is 
generally supposed. A fossil leaf assemblage is unlikely 
to be ecologically biased in this re: spect. Resistance of 
leaves to attrition during transport further shows that 
they may represent vegetation from sources up to a 
hundred miles away from the site of de position. 
Ferguson has applied this work to the German late 
Tertiary flora of Kreuzau, which he interprets ss having 
strong affinity with the present-day flora of Southern 
China. Mr M. Boulter (Londen) reported on a new 
locality for British Late Tertiary plants. His work on 
the clays in the sink-hole deposits of southera Der rby- 
shire has revealed a conifer-rich assembl age of leaves, 
seeds, cones, wood and pollen ine luding 1 nane of 
Pinus, Picea, Abies, Tsuga, Cryptomeria and Seia- 
dopitys. This assemblage is of PE erest in 
representing one of the very few late Tertiary floras 
known in the British Isles, and possibly the oniy one of 
Pliocene age. 

Interesting new evidence is emerging of the evolu- 
tionary progression from free-sporing heterosporous 
pteridophytes to the seed. Work by Dr Joha Pettitt 
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(London) has shown that several of the earliest known 
seeds possessed three abortive spores at the seed mega- 
spore apex, and in some cases a tri-radiate slit (as 
shown, for example, by the germinating megaspore of 
living Selaginella). The arrangement of the four 
megaspores (three abortive, one large and functional) in 


these seeds is tetrahedral, as in.the megaspores of all. 


living and fossil pteridophytes, and. not linear as in all 
living gymnosperms. Pettitt has demonstrated these 
interesting pteridophytic attributes in both the earliest 
known (Devonian) seed, Archaeosperma, and in several 
British Lower Carboniferous seeds. .  * 

The dating of fossil floras as Devonian on the presence 
of Archaeopteris and Cyclostigma was called to question 
by Professor H. J. Schweitzer (Bonn). His student, 
Mr Kaiser, has obtained a spore assemblage associated 
with the Archaeopteris Cyclostigma flora from Bear 
Island. This indicates a Strunian (early Carboniferous) 
age rather than the long accepted Upper Devonian age 
for this well known arctic flora. 

A report of the discovery of a number of new early 
Devonian plant localities in northern Maine came from 
Professor Henry Andrews (Connecticut). His plants 
give further evideiticé of the considerable degree. of 
diversity of the earliest lànd plants. One of his several 
signifieant new finds is of a*plant with enation-like 
appendages, and sporangia on short side branches. In 
these respects it has features in common with both 
Drepanophycus and Asteroxylon (as reinterpreted by 
Lyon), and like the latter genus appears to be inter- 
mediate between the-lycopsids and psilopsids. It is a 
source of encouragement to all palaeobotanists that 
even in such intensively mapped areas as New England 
and the British Pennines, new sources of fossil plants 
are still being discovered. 


WATER 


from a Correspondent 

REPRESENTATIVES from twenty-five countries attended 
the recent symposium on nuclear desalination organ- 
ized by the [AEA in Madrid. The largest delegations 
came from Spain, France, USA and Japan. The 
United Kingdom delegation, led by Dr Kronberger, 
scientist in chief of the UKAEA Reactor Group, 
included representatives from the UKAEA, Govern- 
ment organizations, desalination plant manufacturers 
and universities. The Russian delegates did not attend 
the symposium and withdrew the papers they had 
submitted. 

Commissioner Ramey for the USA stated that $160 
million had been spent on desalination research and 
development since the Saline Water Act was passed in 
1952 and the results were freely available throughout 
the world. The US programme covers every aspect of 
desalination from basic research to the construction and 
operation of large prototype process plants. It is 
against this massive programme that the planned UK 
effort of £5-3 million for the six years from 1965 to 
1971 must be gauged.  Considerable interest was 
aroused by the UK method of exploiting research and 
development by using a "chosen instrument", whereby 
one firm is identified for a particular process and a 
joint collaborative research programme is drawn up. 
In return for a contribution in terms of effort and 
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money and a royalty payment on sales, the firm is 
granted. -a measure of exclusivity for commercial 
exploitation... This system, the UK believes, ensures 
the implementation of advances in technology into 
commercial plant in the shortest time, benefiting both 
the manufacturer and the customer in the form of more 
reliable plant and cheaper water. In marked contrast, 
France, with a budget of 5—6 million francs administered 
by the CEA, seems to have many industrial firms 
participating and may therefore fail to reap the full 
benefit from a government sponsored programme. 

In the field of nuclear desalting the USA again 
placed its faith in large scale operation (750 mgd) to 
reduce costs—to the extent of detailed studies of fully 
integrated agro-industrial complexes utilizing nuclear 
power reactors with desalination plants. Studies by 
Oak Ridge (USAEC) of complexes producing a range 
of chemicals such as ammonia and phosphates, together 
with desalinated water for industry and agricultural 
irrigation, were described. Considerable scepticism 
was expressed by participants from developing coun- 
tries because the concept requires sophisticated tech- 
nology, a large capital outlay and the development of 
markets for awesome quantities of chemicals. The 
leading proponent of the concept, Dr Phillip Hammond 
of Oak Ridge, stressed the need for development of an 
intensive high yielding type of agriculture in parallel 
with nuclear desalting. A paper reviewing the 75 
per cent increase in estimated costs of the Bolsa Island 
dual purpose project (150 mgd) identified escalation of 
labour and material prices, and rephasing of the con- 
struction over a longer period as the principal reasons 
for the increase. Higher interest charges and more 
stringent reactor safety criteria in an earthquake zone 
also played a part. 

Dr Kronberger drew attention to the large nuclear 
power programme of the UK which, coupled with a 
long history of desalination plant manufacture, placed 
it in a unique position to provide dual purpose plant. 
The UK appreciated the problems of integrating large 
dual purpose complexes into the water/power supply 
of a developing country, and Dr Kronberger stated 
that the provision of smaller blocks of power and more 
realistic water/power ratios without sacrificing econo- 
mies was one of the main objectives. Two papers by 
UKAEA authors on the SGHW reactor system in dual 
purpose operation and on the coupling of vapour com- 
pression as a power-using desalination process further 
developed the British approach. 

The symposium spent a considerable time, perhaps 
unprofitably, reviewing different reactor types, all 
of which could be used for dual purpose desalination. 
Only the sodium cooled fast breeder held out any hope 
for a radical change in the cost of desalinated water 
utilizing nuclear energy. No new developments were 
reported in desalination technology, but the increasing 
interest in multi-effect distillation using more advanced 
heat transfer surfaces was very apparent. 

A technique which could lead to the earlier introduc- 
tion of desalination into the UK and in other temperate 
climates was discussed in a paper by the Water Re- 
search Association, Medmenham, Buckinghamshire, 
describing the conjunctive use of desalination and con- 
ventional water supply. In many instances this 
system could reduce the cost of the desalinated water 
to 50 per cent of the base load value, and great interest 
was expressed hy the other delegates. 
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On Running a Summer School 





by 

FRANCIS CRICK 

MRC Laboratory of Molecular Biology, 
Hills Road, Cambridge 


‘THe sort of "summer" school I have in mind can occur 


at any time of the year, lasts for any period from a few” 





days to two or three weeks (the commonest time is one 
week), consists wholly of lectures and discussions, without 
practical classes, and is attended by anything from fifty 
to a few hundred postgraduate or postdoctoral students. 
There may be some older people from adjacent fields, or 
some who want to change their field entirely, but most of 
the audience will already have had a grounding in at 
least a part of the subject to be covered. My own ex- 
perience has been limited to schools in molecular biology. 
I have not been to many of these, but I have noticed that 
they all have certain problems in common. With a little 
care some of these difficulties could be avoided. 

All the schools I have attended have coped very well 
with the more obvious problems of organization. They 
have been held in pleasant places, for everybody knows 
that scientists are reluctant to go to meetings unless 
they are held half way up Mont Blane, or on a Greek 
island, or in some similar place. (I notice that scientists 
have not yet achieved a really peak position in our affluent 
society. If they meet in expensive places, they do so 
slightly out of season, when the rates are appreciably 
cheaper.) The mechanics of housing people, getting them 
to and from the airport or the railway station, the arrange- 
ment of the lecture room and other such matters are 
usually done rather well. And, although I have not been 
privy to the financial side, the lecturers have been tempted 
with a modest honorarium in addition to their expenses, 
and many of the students assisted with grants from one 
source or another. Of course, there ean be hazards even 
here. One organizer told me that they had omitted to ask, 
on the application form, for the sex of the applicants, 
thinking that they could deduce this from the first name 
(the students were sharing two to a room), but they were 
stumped in several cases by such names as Leslie. Another 
organizer told me that for their meeting they had for- 
tunately remembered to put the entry "sex" on the 
application form. “Of course," he said, ‘ 





‘a few people 
came up with the old joke, and simply put ‘yes’, but they 
always turned out to be male." 

Nor have the difficulties come because the lecturers were 
inexperienced. It is not generally realized by the world at 
large just how aceustomed scientists are to talking for 
fifty minutes, at least by the time they are in mid-career. 
It is possible for a novelist to win the Nobel Prize for 
Literature without ever having made a publie speech, but 
I doubt if any comparable scientific figure could be in- 
experienced in this way. Even a taciturn scientist can 
often give a good lecture. Moreover, scientists nowadays 
mix fairly easily, because, contrary to popular belief, 
scientific research is often a rather gregarious activity, 
unlike writing, which is usually rather solitary. Of course, 
some scientists give poor lectures, bat they are unlikely 
to be asked to speak at summer schools. 

(The organizers usually make it quite clear in their 
advertisements what the eourse will cover, but they often 
omit to say at what level it will be given and exactly 
what bae ground is expected of the student. It is well 
worth eonsidering whether the first few lectures should 
not be entirely introductory, to bring everybody up to 
the same level. This is especially important for new 
subjeets which fall between two already established ones. 











Wauld-be organizers of summer ‘Schools are offered some advice on 
how to increase the efficiency of communicaticn between participants. 


In such cases the initial lectures might be run ir. parallel. 
For example, if the summer school is designed to lure 
recruits to the new and fascina:ing field of, say, astro- 
botany, then the astronomers might get an inteoductory 
day on botany, while at the same time the botanists 
could be brushed up on th& solar system and the-structure 
of the galaxy. At the very least one or two suitable text- 
books could be indicated, the contents of which the 
students were supposed to master beforehand, though 
whether in fact they would do this only expemence can 
show. 

This uncertainty about background also affects the 
speakers, for, curiously enough, the organizers often fai 
to brief the speakers on this poit. I have heard a re: lty 
excellent lecture given on “work-in-progress in my kk 
when what I thought the audičnce needed was a broad 
review of the field. The, organizers, because they select 
the students, usually kow a fai amount about their 
background, but this usefül information thew often keep 
to themselves. Sometimés thes volunteer it after the 
lecturers have arrived, bufthis : usually too late for the 
lecturers to alter their talks very much, if on! * because 
they may not have brought the tight slides. For all I 
know the organizers of the meetings I attended may have 
considered all these points bu. have decided that old 
so-and-so wil always give the same lecture, no matter 
what he is asked to talk about, or, alternatively, that it 
doesn't matter what he talks about because the students 
never really understand it, although he makes iz all sound 
fascinating. But I believe most lecturers would welcome 
a little guidance from the organizers and would in most 
cases adjust their lectures to meet the occasion 



























































A much more difficult point concerns written lecture 
notes. Most lecturers nowads have so many calls on 
their time that they wil not aecept an mv on to aA 


summer school if they are expected to provide a manu- 
script for publication. Of course, the organizers may try 
to bribe them with a very large honorarium :to be paid 
when the manuseript is delivered !), but this is expensive 
and even then will not always work. One schoo! T attended 
taped all the lectures. From these tapes one of the 
organizers made lengthy summaries, wh were thon 
mimeographed by a very efficient secretarial staff and 
distributed to the students, but this puts a very heavy 
strain on the persons concerned and inevitably rather a 
lot of mistakes creep in. (Nevertheless, Volker Kasehe 
and his colleagues (see footnote, page 1275) consider 
that these summaries were very valuable and strongly 
recommend that such papers be prepared in future 
courses.) 

On the other hand, if nothing is provided the students 
may have a very hard time taxing useful notes. A good 
compromise is to persuade the lecturers to provide an 
outline or a summary, together with a few key references 
(too many Is worse than too few). This could even be 
done after the lecturer had arrived, though it is obviously 
better to have the summaries available before the lecture 
is delivered. Most speakers lecture from nores and it is 


eR 




























not a great deal of trouble to transform these into an 
outline of the leeture, provided no attempt i made to 


(The 


adapt such notes for more formal publicazion. 
difficulties whieh this produces have been c 
Bragg!.) 
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The principal fault, however, of almost all schools is 
not the quality of the lectures but the quantity. One 
organizer of a school admitted to me that they had too 
many speakers. "We asked a few more than we needed," 
he told me, "feeling certain that one or two would refuse, 
but to our surprise they all accepted !" Whatever the 
reason the organizers almost always arrange too many 
lectures for the time available. At one time I thought 
that my fatigue was just another distressing symptom of 
my advancing years, but I have made enquiries among 
my younger colleagues and (with only one exception) they 
have all complained that before the end of the meeting 
they were satiated and could no longer take things in. 
Most organizers know that they should leave at least 
part of the day completely free (“for discussion”, they 
usually say, but a walk or a swim would be better). Even 
so, they often manage to programme as much as six or 
seven hours of lectures a day, I think this is too much 
(except perhaps for a meeting lasting only one day) 
though what the optimum is I am not sure. I suspect 
four hours of listening a day is enough, plus perhaps an 
hour or so for informal diseussion. Moreover, even at 
this rate, if the meeting lasts any time at all there should 
be complete days (or half-days) left free, at about the rate 
of one day off for every three or four days on. The wise 
organizer would even arrange more free time than this, 
to allow for the demand, which usually arises if the school 
is a good one, for “a little extra meeting this afternoon to 
hear about such-and-such”. It is these little extra meet- 
ings, like those little extra drinks, which are really killing. 
I would very much like to know the opinions of students 
on their powers of assimilation. .Good data on this would 
be invaluable to the organizers of all sorts of meetings. 
T am assuming here that the school is such that almost all 
the students will want to attend all the lectures. 

It follows that because the total time available for the 
school is usually fixed in advance the organizers must 
resist the temptation to try to cover too much, and must 
design the content of the programme with great care. 
Experience shows that this is more easily said than done. 

But suppose that the organizers have solved all these 
problems, that the students have all aequired a suitable 
background, that the lecturers, being well briefed, have 
all delivered model lectures and that the programme is 
well ehosen and not overerowded. 

There is one outstanding problem—the discussion ; or, 
in more general terms, the reciprocal interaction between 
lecturer and student. There should always be some 
diseussion in the lceture room at the end of each lecture 
or groups of lectures. Sometimes the students are shy 
and the questions get asked only by the other lecturers. 
They have usually heard the lecture several times already 
in other parts of the world, but out of politeness they may 
ask leading questions, or even occasionally attack the 
speaker. Such a conflict is not necessarily a bad thing. 
l have noticed that students like nothing better than 
seeing a couple of established workers going at each other 
hammer and tongs, provided it is done with good humour. 
But if, as the meeting goes on, the students themselves 
are not asking the questions, something is wrong. 

And this brings me to the informal diseussion. Students 
want very much to be able to meet the speakers, not only 
to ask them the more technical questions, but also to get 
some impression of the way their minds work. This 
cannot be done merely by having the lecturers and 
students eat together, because the audience for each 
speaker is then too small and too frozen. Someone down 
the table, who desperately wants to hear some topic 
discussed, may be just too far away. 

An excellent solution, used by one school I attended, 
was to make the morning's speakers available, after lunch, 
on the terrace when coffee was being served. A small 
group would form round each speaker (sometimes round 
a pair of speakers) and the questioning could go on for 
perhaps an hour or so. Nobody (except the lecturers !) 


*. 
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was compelled to stay and eventually the talk would 
gradually fade away. The amount of ground covered in 
this way ean be astonishing. Not only can misunderstand- 
ings be quickly cleared up, but much detailed technical 
information can be conveyed rather rapidly to the more 
advanced students. Moreover, nothing removes the 
students’ shyness so quickly, and this will usually solve 
the difficulty of getting a good discussion immediately 
after the lectures and also give them engugh courage to 
talk freely to the lecturers when they come across them at 
meals or in the bar. Such conversations can be invaluable 
to the students. For this reason lecturers should always 
be encouraged to stay at the school for as long as possible, 
preferably for all of the time if they can spare it. They 
will find that if they do so the students will be very 
appreciative. Whether they should be expected to listen 
to all the other lecturers is another matter ! 

Such informal contacts also allow the lecturers and the 
organizers to get some impression as to how the school is 
going, but I suspect that if one really wants to know what 
the students feel some more organized feed-back is neces- 
sary. I would suggest that something along the following 
lines might be tried. Let the students be put into groups 
of ten or a dozen, each with a spokesman. The groups, as 
far as possible, should be homogeneous. Either all botan- 
ists, or all Frenchmen, or all postdoes, or, better still, all 
three. The spokesmen should be articulate and liked by 
their fellows. Each day the groups should meet informally 
for a few minutes (no need to spend too much time on it) 
and discuss their reactions to the lectures of the day and 
the way the school is going. Then the group leaders and 
the organizers should meet collectively (again, for a brief 
period) to pass on this information. Lecturers, as far as 
possible, should not be included, so that everybody can 
be frank ! Even if this is not done every day, it should be 
done at least soon after the start of the course and again 
at the end. It would not be a bad thing if, after the course, 
students were asked to eomment on it in writing if they 
felt they had something useful to say*. It seems to me 
that without this kind of feed-back it is going to be 
impossible to improve the organization of summer schools. 

Finally, I should like to make a personal plea to the 
organizers on two minor points. It really does help to 
have name tags (and legible name tags that one ean read 
without peering) together with a list of the names and 
addresses of all lecturers and students. "This is usually 
quite easy to compile because the organizers have all the 
data passing through their hands. The other point con- 
cerns the social life. A good school has a convenient bar, 
where people can relax over drinks and in some schools 
dances are organized or trips to see the local night life. 
Personally, I love dancing in rather dimly lit cellars, 
but I find that I cannot stay up till all hours of the morn- 
ing and be fresh and receptive next day. Age again, vou 
will say, but I believe that only the very young ean do 
this. It makes life much less of a strain if the late nights 
are organized on the evenings before a totally free morn- 
ing. I know this sounds elementary, but it never seems to 
happen. 

Looking back on what I have written, I see that iny 
chief theme has been efficient eommunication. Research 
workers are quite experienced at communicating with 
other research workers. If they teach, they acquire, over 
the years, some experience in instructing a recurrent set 
of undergraduates. But the summer school is often a 
one-shot teaching situation, involving rather more sophis- 
ticated students. If we are to become professional at it, 
and not just play it by ear in an amateur fashion, we must 
take special steps to see that this communication of know- 
ledge, experience and enthusiasm is both efficient and 
enjovable. 


* This was done at one school I attended. A group of Swedish students, 
headed by Volker Kasche, produced a very valuable critique of the school. 
They particularly stressed the advantages of having a high lecturer/student 
ratio. I should like to thank them for making their comments available to me. 


! Bragg, L., Seience, 184, 1613 (1966). 
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Mr Aubrey jones and the Universities 


Tue Prices and Incomes Board, the British Govern- 
ment’s arbiter of the justifiable wage rise or price 
increase, must by now expect its decisions on pay 
claims to be met by howls of self-righteous indignation 
and fury. Its latest report, Standing Reference on the 
Pay of University Teachers in Great Britain (HMSO, 
6s 6d), has certainly loosed a cat among the university 
dovecotes. The board has not only suggested a wage 
increase which is only about a third of that demanded 
by the Association of University Teachers but has also 
suggested that university salaries should bear some 
relation to university productivity and even that 
students should have some say in how that productivity 
is measured. When there is increasing fear among 
university staff of government intervention in academic 
freedom this seems to have been the final straw for at 
least one vice-chancellor, Dr W. H. F. Barnes of 
Liverpool University, who has said that he will resign 
when a successor can be found. 

Until 1963, university salaries were determined by 
direct consultation between the University Grants 
Committee, the Treasury and the Committee of Vice- 
Chancellors. In 1963-64 there was a break with this 
tradition, when the National Incomes Commission, to 
some extent the predecessor of the PIB, reviewed 
salaries, It was at this period that the seeds of some of 
the current discontents were sown. 

In December 1967, the AUT put in another claim 
for an all-round increase of 15 per cent with 21 per 
cent at the lowest levels. On the grounds that an 
all-round increase, totally unrelated to any attempt to 
encourage increased productivity, would be an impos- 
sible precedent for other wage claims, the Secretaries 
of State for Education and Economic Affairs referred 
the demand to the PIB and also instructed the board 
to keep academics’ salaries under continuous review 
at least until the end of 1969-—-when the Prices and 
Incomes Act expires. All this took place more than a 
year ago, but it is only in the last three months, since 
September 18, when Dr G. Young, lately pro-Chancellor 
of Sheffield University, was appointed a special member 
of the PIB, that the board has been able to get down 
to business, It has produced its report with speed— 
even its crities will undoubtedly acknowledge that. 

The PIB took as its measure of fair comparison the 
ability of the universities to recruit in the face of 
competition, and reached the conclusion that the 
universities are managing quite well. The report says 
that “despite the rapid expansion over the last few 
years in the universities and their staffs, the number of 
staff in proportion to students was much the same in 
1966-67 as in the 1950s, and was higher in 1966-67 
than in 1938-39 and the immediate post-war period". 
The report goes on to say that "there may have been 
some deterioration in quality of reeruits to university 
life". The board also says that the universities are not 
suffering from excessive wastage of staff, so wage rises 
can only be justified "where there is a direct contribu- 
tion to increasing productivity . . . and where a pay 
structure is reorganized in the interests of efficieney or 





lowering costs". 'The primary problem, aecerding to 
the board, is that of increasing efficiency to reduce the 
eost per student. If this can be achieved, the report 
claims that more academic jobs will be made available 
and that student unrest and narrowing promotion 
prospects may be alleviated to some extent 

What are its recommendations? Leaving aside 
Oxford and Cambridge with their anomalous pay struc- 
tures, the board suggests what amounts rowghly to a 
5 per cent overall increase in salaries, which will add 
about £3-5 million to the university salary bill each 
year. The lower echelons would benefit most, for the 
assistant lecturer and lecturer grades should be merged 
so that the pay of assistant lecturers is increased by 
10-17 per cent and that of lecturers by 4-10 per cent. 
Readers and senior lecturers get 3 per cent and profes- 
sors 2 per cent on the average, so that the average 
professorial pay maximum will rise to £4,500. The 
board also says, however, that “probably the most 
effective control is that over the average level of 
professor's salaries" and it believes the maximum and 
minimum limits should be abolished. 

These changes are to be back-dated to October 1, 
1968, whereas the AUT in its eaim for 15 per cent asked 
for back-dating to the end ef 1967. This award is 
obviously a great disappointment to the university 
staffs, but the real outery has been over the board's 
recommendations about university policy. apart from 
saying that the universities need to keep the cast per 
student within bounds and that they cannot expect to 
teach every subject regardless of what is going on 
elsewhere, the board says there is "for the university 
system as a whole, though not necessarily for any one 
university, a need to encourage some shift from research 
to teaching". This apparently is the board's chief 
yardstick of university productivity, anc it is the 
recommendations to achieve this end which kave caused 
the furore over academic freedom and questioning of 
the board’s right as well as eompetence to seview such 
matters. 

The report makes the following suggestions. First, 
the research councils should pay part of the salaries of 
teaching staff participating in research sponsored hv 
the councils. This would allow a university slightly to 
increase its research potential but would require a 
research council for the arts. Second, to encourage a 
shift in the system as a whole to teaching, “each 
university authority should have freedom within 4 per 
cent of the relevant annual salarv bill to make disere- 
tionary payments to all grades below the rank of 
professor". to those with an unusually exacting teach- 
ing or administrative load or those who are exceptional 
teachers. The idea is to reward the exceptional teacher 
financially and to try to make teaching ability as 
valid a criterion for promotion as research ability, 
Assessing the size of a teaching load presents few 
problems compared with assessing the quality of an 
individual teacher: the report admits as much by 
saying “We do not pretend that the assessment of this 
will be easy, but there are a number of guide-bines.” 
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One of these is assessment by students, not through a 
popularity poll, but through a carefully drafted ques- 
tionnaire. Another indication of quality is the examina- 
tion performance of students. It is the threat of 
students having a say in the quality and hence the pay 
of their teachers which has incensed the AUT. Profes- 
sors will also qualify for distinction awards of 4 per 
cent, but in their case these would be judged by 
assessment committees sponsored by the UGC. 

All these recommendations apply only to non-clinical 
university staff. As for university medical teachers, 
the board says "we cannot blink the fact that there 
exists in this country a state medical service", and the 
pay of university medical teachers has to be linked 
with that of NHS doctors and dentists. Thus a univer- 
sity elinieal teacher becoming a consultant should be 
put on the NHS consultant scale at a point determined 
by his university. But the board recommends no 
inerease for medically qualified teachers without con- 
sultancies, who are already paid in line with NHS 
staff. Pre.clinieal teachers should be placed on the 
non-medical scales at appropriate points, and not—as 
the BMA recommended—receive at least 90 per cent 
of the pay of their clinical colleagues. 

The Department of Education and Science has 
accepted all the proposed changes in wage scales, but 
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Curriculum Reform at Last 


THERE seems at last to be a glimmering of hope that 
British schools and universities can make progress 
with the reform of the sixth form curriculum, Last 
week two bodies closely concerned with the problem, 
the Standing Council on University Entrance and the 
Schools Council, released a joint statement which does 
something to clear the air. (To establish the exact 
pedigree of the statement, it originates from two 
committees; the Standing Council on University 
Entrance/Schools Council Joint Working Party on 
sixth form curriculum and examinations, and a second 
working party from the Schools Council on the same 
subject. The chairman of the first is Professor C. C. 
Butler of Imperial College, and of the second Dr 
E. W. H. Briault of the Inner London Education 
Authority.) 

The statement reiterates the now familiar plea for a 
wider and more liberal curriculum for sixth formers— 
"We are agreed that our first aim is to identify ways 
in whieh all sixth formers can receive a balanced 
education suited to their needs as young people of 
17 and 18 years of age"—a sentiment unlikely to 
offend even the most blinkered defender of sixth form 
standards. "The second aim, the statement announces, 
is to "enable young people to avoid commitments 
which unduly limit their choice of career or higher 
education". The feeling is that the choice is being 
limited by decisions often taken long before entrance 
to the sixth form. However these pressures are being 
introduced into the system—and it is clear that univer- 
sity entrance requirements are the villain of the piece— 
the statement considers that they are blighting the 
lives not only of those who are going to universities, 

e. 
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it is looking to discussions and advice from the UGC, 
who will consult in turn the interested parties, before 
accepting the recommendations on increasing efficiency. 
The Committee of Vice-Chancellors has welcomed. the 
pay awards, especially the substantial improvement at 
the lower end of the scale, but has raised major objec- 
tions to some of the other recommendations. First, it 
feels university salaries, unlike those in the Civil Service 
and medical professions, have been singled out for 
continuous review by the PIB and that the board has 
only one, not two or three, academic members, as 
promised. Second, it resents the encroachment of the 
PIB into spheres of university policy traditionally the 
concern of the UGC alone. It does not believe the rises 
in professorial and readers salaries are related to move- 
ment of salaries in associated and comparable fields. 
Finally it rejects the board's categorical assertion that 
university career structure is biased to research, claim- 
ing the PIB has made no systematic enquiry. It is 
sceptical of the over simplified view of how teaching 
merit can be assessed or rewarded distinct from research 
merit—the roles of university staff cannot so simply be 
separated. For those reasons the vice-ehancellors have 
weleomed the DES's decision to consult the UGC and 
the universities before any of the board's proposals are 
put into practice. 


but also of those who are not. This second group, the 
statement points out, is much the larger of the two. 

The statement goes on to consider ways and means 
of reducing the pressure to specialize. "The two areas 
of greatest difficulty, it believes, will be in languages 
and science, both of which ask too much of the child. 
The possibility of postponing a choice until the sixth 
form depends, the statement says, on "some modera- 
tion of the demands of science and languages". In 
detail, this means that the practice of taking three 
language courses or three science courses up to O-level 
should be modified, and that in both these subjects 
“two will come to be regarded as a maximum". This 
change, the authors believe, will delay specialization 
for long enough. 

The proposal is open to criticism from both the 
schools and the universities. The university criticism-— 
that the change would make it impossible to bring a 
student to a good first degree standard in three years— 
is hard to sustain, but that is unlikely to prevent people 
from trying. The school criticism is much more 
substantial. It will be argued that the schools are 
being asked to de-specialize without any reciprocal 
action by the universities. In this sense, the statement. 
treats the symptoms rather than the disease, although 
it covers itself by emphasizing that "in a competitive 
situation schools cannot be expected to make such a 
change unless the universities modify their entrance 
requirements so as to encourage the schools to take the 
action recommended". Despite this, the statement 
still appears to be asking the schools to take the first 
step; many are likely to want some evidence of good 
faith from the universities before they do so. 
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Elliott High Voltage Generators 
with solid-state logic 


The GX high voltage generators from Elliott feature 
solid-state power control and solid state logic sequence 
control using the Elliott Minilog range. There are three. 
basic types with outputs of 50kV at 80mA; 100kV at 
40mA and 150kV at 20mA. All have a maximum contin- 
uous output power rating of 3kW, with the high voltage 
stabilised to 0.196 and on the GX1 to 0.0196. 

The designed applications of the eight GX series Elliott 
high voltage generators are X-ray fluorescence analysis ; 
rotating anode X-ray diffraction; sealed off X-ray dif- 
fraction; industrial radiography and sealed-off neutron 
tube supply. Modifications can be made to the 
generators for specific requirements. 











The Neutron Division 
ELLIOTT-AUTOMATION 
RADAR SYSTEMS LTD 
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Tel: 01-953 2040 Ext 3159 
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Training Industrial Physicists 


from a Correspondent 


Seventy people from sixteen countries attended the 
International Seminar on Education of Physicists for* 
Work in Industry, held by the Commission on Physics 
Education at the Technical University, Eindhoven, 
from December 2-7. Of these, thirty were from various 
industries, thirty from universities, and the remaining 
ten belonged to organizations such as the Institute of 
Physics and the National Science Foundation. 

After some introductory papers summarizing the 
problems and questions before the conference, the 
conference split up into five working groups of twelve— 
fifteen people for discussions of their particular aspect 
of the problem. The working groups met for several 
hours each day and reported their interim findings to 
the general assembly the following morning, so that 
any problems which arose in one group but were rele- 
vant to another could be identified, and duplication 
and overlapping could be noted. Then the working 
groups could meet again to continue their discussions, 
taking into account the observations made during the 
plenary session. After three days of this kind of work, the 
working groups were ready to frame a brief report and 
recommendations. A general report and the final 
working group recommendations are to be published 
early in 1969. Some of the discussion points could 
have been anticipated and were not particularly new or 
original; others seemed novel and were of great interest. 

One group identified the function of physicists in 
industry as falling under the three headings: innova- 
tion, stimulation and support. The group agreed on 
the requirements in industry, job functions, the use of 
physicists in industry and the possible careers in 
management, research and development, services, 
production and sales and commerce. The possibility 
of promotion in science and technology itself, as distinct 
from going into scientific and industrial management. 
was emphasized. To attract good people it was 
thought particularly important to reduce the gap in 
reputation between academic and th» industrial physi- 
cists, and mobility and mixing between industry and 
university were advocated. —— 

The second group suggested that it is important to 
give more information to students about the possibili- 
ties of life in industry. Students must learn more 
about the connexions of various branches of physics 
with human life and should be made more clearly 
aware of the need for a general philosophy to clarify the 
role of technology. They should be reminded of the 
usefulness of industrial products in their own studies 
and in general be made familiar with the results and 
use of physies in engineering practice. University 
departments might adapt their own structure to demon- 
strate some aspects of industrial practice. 

The third group decided that what industry wants 


is à person who is educated in the fundarsentals of 
physics with a strong backgreund of general studies. 
A more highly trained PhD type of luate is, 
however, also required, and universities should there- 
fore provide further education in the form of a PhD 
programme which gives the student a very thorough 
training in the techniques and practice of research 
as well as giving him the opportunity of deepening 
his fundamental knowledge of physies. The working 
group did not come down firmly on the side of the 
generalist nor on that of the specialist, but for the first 
stage a course lasting not more than four years was 
envisaged—the student entering university with far 
less physics than is now required. This first degree 
would result in a knowledge of physies certainly no 
greater than that of many British BSes, but would 
help to generate a greater understanding of what the 
world is about. 

The fourth group was concerned with cooperation, 
between industry and university and reeommended 
many ways in which cooperation eould be improved, 
Much fruitful cooperation already exists, aad coopera- 
tion must not result in any diminution of the inde- 
pendent status of the universities or of industry, There 
should be cooperation to provide more mformation 
and contact during the student's training, emphasis 
on the relation between "pure" and “applied” physics, 
and information to enable the student £o plan his 
career. More original suggestions were the establish. 
ment of liaison offices in industry and university which 
might ease cooperation and could influenee attitudes, 
An interesting suggestion was that universities might 
consider the setting up of courses or departments in 
the social and economie implications of seieneec. 

Some interesting contributions were alo made on 
the subject of postgraduate study. Quine a lot was 
said about the collaborative PhD. confirming pre- 
viously well established opinions. On the subject of 
contact studies provided by university departments 
for scientists in industry, these can be broad general 
courses often designed for people in management, 
special courses, refresher courses, or possibly training 
courses in new subjects. The group insisted that the 
courses must be full-time, and summer schools were 
the preferred method of organization. It was agreed 
that if industry requires service from the university 
it will have to make a financial contribution, the 
magnitude of which will depend on whether universities 
are prepared to provide courses at the request of indus- 
try and design them to meet industrial seeds, and on 
how much the university requires in the teaching and 
organizing of these courses from industry. 

One positive result of the conference was the sugges- 
tion by one or two members for the collection of more 
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information, as many delegates were speaking without 
a sufficient know ledge of the facts. 

Although physicists from so many walks of life and 
from so many different countries met, there seemed to 
be à surprising unanimity about w hat is needed. In 
some countries there is much more cooperation between 
university and industry, and Great Britain seems to 
lag behind. Is it significant that, although several 
British universities were invited and the seminar w as 
publicized by the Institute of Physics, the two British 
university participants were from technological univer- 
sities ? Are British universities really not interested in 
the education of physicists for work in indust ry? 
Many other countries were represented by members 
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from industry, technological universities and uni- 
versities with no technological faculties or courses, 
There was evidence that the United States, Germany, 
Holland and some of the other countries represented 
had the advantage of the existence of a great deal of 
sympathetic cooperation and practical interchange of 
personnel, opinions and facilities between universities 
and industry. On the other hand, Britain seems to 
have a more flexible educational system than most 
other countries. This is where it has a definite ad- 
vantage and, with a few changes in basic attitudes, and 
conditions for fruitful and “constructive cooperation 
between industry and university. Great Britain, 
could become the envy of the rest of the world. 


Educating Physicists for Work in Industry 


by 
K. HOSELITZ 
Mullard Ltd 


Epucation should enable a person to interact at all levels 
with society to the full extent of his or her inclination and 
ability. Hence the primary problem of education of 
physicists for work in industry is that of ensuring that the 
person will eventually fit into a modern industrial society 
and contribute in an appropriate function to the produc- 
tion processes and services provided and organized by 
society. 

In a modern state, all members benefit by advanced 
social organization. for example, personal. social and 
political security (law, order, freedom), public hygiene and 
health, organization of education, art, culture, entertain- 
ment. communication and so on. All these services can 
only exist in conditions where the major effort of society 
produces sufficient wealth by industry and commerce to 
enable the non-productive services to be provided. It 
follows that a substantial fraction of all people will be 
engaged in industry; and our education and organization 
may be said to be effective if roughly the required 
numbers of people flow into the various oceupations, and 
if these people are eager to make the maximum creative 
and productive contribution within the limits of their 
personal aptitude, ability and training. 

If this is accepted, the problem of education is two-fold: 
first, in “primary” education, to discover a child’s ability 
and aptitude and to teach him the elements of behaviour 
and the ground work of literacy and numeracy, that is, 
the three Rs; second, in secondary and higher education, 
to give him the knowledge and information which he 
needs to use his abilities most effectively. It is not 
immediately obvious, and I do not know, whether these 
two tasks can be separated and, if so, whether the one can 
follow the other, and which one comes first. 

In the past it has been assumed that the aptitude and 
ability of a person can be decided before the age of 12 to 14, 
and that up to this age education had to be general. 
Thereafter it became progressively more channelled and 
specialized and aimed at perfection of knowledge and 
skill in a subject. (It is curious to note that the educa- 
tional phases dealing with specialization are more en- 











This was Professor Hoselitz’s contribution to the International 
Seminar on Education of Physicists for Work in Industry held recently, 
in Eindhoven, and reported on page 1279. 


trenched, older and on the whole seem much less adequate 
to our present needs than the earlier "primary" phases.) 

Whether this complete separation of educational phases 
is possible or not, it is desirable to discover the fields or 
areas towards which a person would most happily lean, 
before beginning any irreversible steps of specialization. 
This may mean the postponement of intense specialization 
to as late as possible; in fact, I would propose very little 
separation at secondary schools of pupils who intend to 
go into different disciplines of higher education. 

As the abilities and possible limitations of an individual 
are developed and tested, the education must be kept as 
broad as possible not only to leave all possible options 
open but also because a broader range of knowledge, 
skills and understanding allows a person to participate 
more positively in many ways and fields of life. 


Social Importance of Science 


A physicist. as all other professional persons, will be 
alled on to find his useful and creative place in some 
fairly important function in society-—in teaching, research 
or industry. His activity will only be relevant if it leads 
to some results which aet on other people. I reject the 
notion that a scientist fulfils his function if he koe 
himself entirely to the betterment of his own mind and 
personality. In that sense, l think that science, as part 
of human society, whether it increases social culture or 
economie and industrial production, is one of the humani- 
ties, and education must provide an understanding of the 
value and interaction of each subject, including physics, 
with human life and organization. Only armed with 
such broad knowledge is the voung candidate for s special- 
ization able to decide which branch of the humanities-—art, 
science, technology and so on—is of greatest interest to 
him. Without this general educational background he 
has no way of deciding the meaning, function and activity 
involved in the pursuit of a subj ject 

Using the term "humanities" and “humanism”? in the 
sense of the definition of the previous paragraph, I 
propose that the result of a liberal education with a broad 
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modern humanistic content is desirable as the necessary 
non-specialist background in which science. art and 
technology are all seen as equally useful, interesting. 
necessary and valuable aspects of human activity, to 
enable young people to follow their natural inclination 
and interest in choosing a special subject for further 
study. 

If this view of a general "secondary" education is 
aecepted, it could lead to a reversal of the present trend 
away from technology and science. It has been suggested 
that this flight from science and technology is partly due 
to the disillusionment of young people with the results of 
science and technology, which they see as irrelevant and, 
at best, leading only to new techniques but not to a truly 
better life. An integration of the meaning, function and 
potentialities of science and technology into the system of 
general education would result in a more balanced outlook 
and in greater understanding of the real contribution of 
Science to society. 

Thus already at school, science teaching should not be 
confined to the bare abstractions and principles and laws 
of physies. but should show clearly the range of applica- 
tions of these laws in practice and the relevance of these 
applieations. How many well educated people do under- 
stand that the science of communication, based on funda- 
mental prineiples, such as quantum mechanies, eleetro- 
magnetic theory and other equally basic branches of 
physies, has enabled us to build up a technology of com- 
munication which is a vital constituent of the continued 
existence of modern industrial society with its com- 
plexity of organization, although it also allows the 
pleasant and entertaining realization of satellite television 
transmission of the Olympie Games from Mexico City ? 

It is this sort of intrinsic relationship of science, tech- 
nology, history and social organization which must be 
brought into the school science curriculum, with the 
result of greater interest, understanding and enthusiasm of 
our ablest youngsters for physies and related subjects. 

In addition, and equally important, the result of a broad 
general "secondary" education, ineluding science and its 
technological aspeets, would be that non-scientists would 
be sufficiently familiar with the technical and scientific 
prineiples and aspects of a modern industrial society. 
This would enable them to do their jobs very much 
better than if they are ignorant of at least half of modern 
life, and it would enable them to appreciate the functions 
and relevance of their colleagues in technological and 
scientific fields of activity. 


e 


Physicists in Industry 


So far I have been concerned with the broad and general 
background of the education of people including physicists, 
which, of eourse, eomprise those which will eventually 
work in industry; this I have called secondary education. 
I now come to higher education and it is here that our 
existing framework is most deficient and out of date, 
especially if we consider the education of scientists for 
work in industry. 

Industry requires engineers and scientists for many 
diverse jobs and it is not easy to define exactly the type 
and nature of the knowledge which will be expected of a 
man when he enters industry. In general his occupation 
will change during his industrial life and so will his experi- 
ence and probably his call on his prior education. It is 
essential, for an occupation in industry, to be aware of the 
interaction between one’s own function and that of the 
organization in which one is working, of the firm in the 
industrial and commercial scene and of industry in general 
in the life of the nation. In that way the function and 
awareness of an industrial physicist will vary depending 
on whether he stays in research, goes into product develop- 
ment or even into production, marketing or management. 
In many cases a scientist’s career in industry brings him 
into contact with all these various occupations during 
the course of his life. 
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In any function, the physicist should have a thorough 
knowledge and grounding in the most important orinciples 
and methods of physies. This does not me that hi 
knowledge has to embrace all possible elements of what 
is usually called physics. I woud not even claim that it 
has to include all the parts which are more close. allied to 

























engineering and electrical science and to omit any aspects 
which may be considered irrelevant in industry, for 
example, high energy particle physics ft is necessary, 





however, that his university education makes him able 
to find and understand new information in the literature, 
as needed, and to place it in the right context into the 
totality of physics. He must also be able to use hus 
background knowledge of basic principles and mathemati- 
cal methods to learn for himself the elements and applica- 
tion of a branch of physies with which he may not hitherto 
have been familiar. Over-loading the course by aiming 
at complete coverage of the subjeet must impair the 
quality of a university or colege phy sourse, and 
therefore a judicious choice of some of the elements 
together with mathematical and experiment al methods 
of “physics and with the metheds of how to find farther 
information is required. 

For a career in industrial research, however, this is not 
enough—in addition, an awareness and unde vstandiug of 
how physies ean be applied and related to engineering, 
electrical science and other disciplines with which it has 
to be brought into correspondence during an industrial 
activity are required. A physicist working in industry 
needs an awareness of the role and relation of physics in a 
modern industrial and technoiogical society and its sub- 
ordination to the function of engineering amd industrial 
design. 

In research or development tlie creative and inventive 
physicist may become an engineer, that is. he may be 
called on to design apparatus or devices or methods whieh 
incorporate physical principles which enable him to prove 
the feasibility of a novel ides. For example, a physicist 
may invent a new kind of electronie amplifier and he may 
have the initiative whieh wil) enable bim te propose the 
feasibility of a new kind of device or a new method of 
operation in electronic amplification. The Gunn effect 
amplifier or the parametric use of a non-linear electronic 
effect as an amplifier are cases in point. In this case the 
physicist is using his physics together with ais knowledge 
of engineering design and of electronic systeras and devices 
to explore the validity of novel physical prmciples in the 
application of physies in engineering and electrical science. 

Alternatively he may be called on to investigate physical 
problems which are required by other people to make a 
novel idea work, for example, the exploration of the inten» 
sity and its variation of emission of radiation from a semi- 
conductor into which minority carriers have been injected. 
The wavelength and intensi: y of this radiazion vary with 
the quality of the material and the basic physics of the 
relations are required in oróer to devise a new lamp or a 
new laser or a new kind of eleetronie device. Such re- 
search will lead to new understanding and - knowle 
and is very similar to “fundamental” research carried 
out in universities. 

If the physicist is not engaged in resem ch or develop- 
ment but in another function in the industrial organization, 
his knowledge of the principles and laws of phyaies and 
of the mathematical apparatus connected with these 
laws is still necessary. He may have to assess the opera- 
tion of a factory or a commercial department or some other 
part of an industrial organszation and has to understand 
the scientific aspects of the products ard processes he 
has to deal with, as well as to regard the activity itself 
as that of a system of natural forces where some of the 
laws of physies may be applicable. In such cases, in 
addition to his understanding and kno ige of phys 
knowledge of one or other of the behavioural sciences 
such as psychology, economies, sociologg and so on is 
very useful. He will not need a full university course in 
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these additional subjects, but he must read some textbooks 
or attend courses to perfect his education in the non-stience 
subjects relevant to his job in industry. 


Role of the Universities 

In general, the education of the physicist for work in 
industry ean be adequately covered by existing university 
courses in physics. It is important, however, to recognize 
and avoid the most serious defect of our present university 
education, which is the view that the study of science is an 
end in itself, that the applications and interaction with 
society are only "second rate" and not deserving proper 
attention, that is, the attitude which may be called 
"secular immaturity”. 

This is where the great difficulty arises, because at 
present our university system is based on the medieval idea 
that it becomes a man when he enters a university to go 
into an ivory tower and to do nothing but improve his 
mind by further study and further clarifieation of a special 
subject. In this activity he must be fully supported by 
society and left free not only in the subject of his thoughts 
and work but also in the manner in which he performs 
it, and need not aecept any social discipline. 

Now this view may have been aeceptable until about 
50 years ago when only those whose private means 
enabled them to do so went into the higher study of 
subjects. Today. however, when education. even at 
university level, is very general and the publie has recog- 
nized its value of providing practically the whole of the 
finance, it is the duty of the person who is so educated by 
society, and who has been found capable and apt for 
tertiary or university education, to consider his subject of 
study and his life in eonjunetion with society’s needs 
and with the environment in which he will be required to 
execute his skills. It is therefore necessary (preferably at 
school already) that the physicist is taught by people who 
convey to him the role of physics and physicists in society. 
In this way he will be able to relate the knowledge that 
he gains in these eourses to the activity of his fellow 
human beings. This obvious truth contains the basic 
guidelines for universities and university teachers. They 
have to design their eourses and teaching so that they fit 
into society and produce pupils who can make a contribu- 
tion commensurate with the effort which the state puts 
into education and with the changing needs of socicty. 
We do not wish to see men come out of a university who 
have only seen their supervisors do individual research 
and who therefore say that the only legitimate activity of 
a physicist is to do that sort of academic research, but 
people who are impatient with this self-centred attitude 
and are anxious to use their knowledge of physies and 
their training in methods of investigation in work related 
to the life around them. 

This attitude requires considerable and profound 
changes in universities and physics departments. In the 
first place I think it would require that the teachers know 
themselves how physics in all its aspects can be related to 
the life of a society. At present. most university physics 
teachers lack the necessary background to enable them 
to reorientate themselves in this way. But a start could 
be made if professors, readers and lecturers would go 
out for a year or two and do some job outside the 
university in whieh physies is related to the life of the 
community. They might teach in a school and get to 
know the various motivations and attitudes of young 
children. They might go to an industrial, research or 
development place and interaet with other professional 
physicists who are trying to put their knowledge to the 

service of engineering and technology. They might go 
into, for example. administration, personnel management 
or factory administration, and see how science, and 
perhaps physies especially, interacts with the modern 
technological and industrial society. Such experience 
might enable them to relate their teaching to what goes 
on outside the walls of a university. In any case. it would 
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be beneficial for all university teachers to foster very close 
relations with colleagues whose occupation is not purely 
academic. Discussion and interchange of ideas would 
acquaint them with the attitude and problems of the non- 
academic world. A prerequisite to these proposals is that 
they do not do these things under protest, but that they 
themselves are open-minded enough to realize the benefits 
which could arise if they were able to incorporate any 
experience and knowledge so gained into teaching physies 
with a new relevance, that is. that of physics as a humanity 
as I have defined it. 

Finally, I come to the subject of research in pe 
departments and research as part of thé training of : 
physicist for work in industry. Academics often Een 
that it is necessary for them to do research in order to be 
able to teach relevant physies. I consider this claim to be 
completely unfounded. Some of the academic teachers 
should be in touch with some research, some of them should 
carry it out personally. others can get to know the prob- 
lems of research by diseussion and contact with research 
workers. I cannot accept that research and the establish- 
ment of large research schools are universally important to 
the teaching of physicists for work in industry or for any 
other work. The claim for research and large university 
research departments to be necessary for the teaching 
function is a rationalization of their wishes. There is 
nothing derogatory about this, but it should be realized 
that it is really not a good argument. The argument, 
which would be at least as valid, that good physics teachers 
ought to be familiar with the practices of physics in 
industry and government, which, in general, they are 
not, is never put forward, possibly because it is not 
accompanied by similar personal qualification of wishes. 

But the academie progress of the science must be ensured 
and universities, apart from training people, must engage 
in research. Many of the research problems in universities 
are generated by the persons doing the researeh. Often 
these are stale and relatively unimportant. Many research 
problems might become more realistic if they were in- 
fluenced by questions to which the answers are required 
by some other related problems, for example, industrial 
design problems or a feasibility study. "This is a further 
reason why university physics research workers should 
range t themselves closely by the side of their colleagues 
who work on the applications of physics either in industry, 
government or in some other field, so that they can inspire 
their research students with the importance and many 
other aspects of physics research in industry. This may 
well result in better problems and a better research 
training, as well as encourage the contact of the 
student with the world he will meet when he leaves the 
university. 

Naturally, not all research will be of this nature. As 
already mentioned, a certain amount of research in physics 
departments must be purely academic. "There are a few 
people who do not take very readily to this integration of 
their personality into the social entity of à modern state, 
and they can do very valuable work in advaneing the 
frontiers of scientific and other knowledge. It is often 
said if we subordinate the aims of physics, teaching and 
research to the needs of society we may miss the geniuse 8, 
the Rutherfords and the Einsteins. I believe that this is 
complete nonsense. Today we have about five to ten 
times more university students in physies departments 
than we had at the time of Rutherford and Einstein, and 
even more in the case of those who are now enabled to 
do research, that is, we have a very much larger reservoir 
from which to find our geniuses. Since the probability of 
finding an Einstein or à Rutherford has been increased 
by a large factor, it would not really be so deleterious if a 
sizable fraction of this greater number were to devote 
their studies and activity to physics which can be inte- 
grated into a modern industrial technological society. 
We may even find quite a few Einsteins or Rutherfords 
in the new discipline of physics for use in industry. 
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Promoting Audio-visual Aids 


by Audio-visual aids could be extremely valuable to both teachers and 


R. C. WINTON 


Mullard Ltd overcome, 


Lack of funds is blamed as the major, sometimes the 
only, barrier to the introduetion of educational technology. 
What would happen if sufficient money were to become 
available ? I believe that such a proposition is useful 
because it will reveal the other barriers which must be 
breached before there can be a widespread and lasting 
inerease in teaching productivity through the use of the 
now teehnology. 

But first of all, let me define what I mean by educational 
technology. It is a term which is widely misunderstood, 
being frequently taken to have the same meaning as 
audio-visual aids. Educational technology involves, not 
individual aids by themselves, but a system which 
embraces various aids and also the student. The whole 
system is designed to assist learning and is centred on 
the teacher. The successful operation involves defining 
educational aims, assessing the students’ needs and 
abilities, feeding back results so that the system can be 
improved, and the necessary investigation and develop- 
ment for such improvements to be made. 


Computer Based Instruction 

I believe that such systems will eventually become 
rather sophisticated as we move towards computer based 
instruction (CBI), in which a computer will perform a 
great deal of the administration such as the production 
of paperwork, providing assessments, retrieving and 
presenting information from tapes, films and print. It 
will also carry out many other tasks which will relieve the 
teacher of the bulk of routine work and leave him free 
to pursue his true vocation as tutor, adviser and friend. 
No matter what parts the future teacher will play, his 
will still be the central role of enabling pupils to reach 
their potential and achieve self-fulfilment. 

During the past seven years the University of Illinois 
in America has been developing and experimenting with a 
computer based teaching system termed PLATO. The 
third and current model has twenty student stations and 
uses a Control Data Corporation 1604 computer. Each 
student has a typewriter keyboard with which he sends 
information to the computer, and a television sereen 
through which the computer presents information to him. 

The eomputer generates information either from a 
central electronic slide selector shared by all student 
stations, containing 122 slides with a one microsecond 
transit time, or by writing characters and figures on the 
screen. 

PLATO has also been used for researeh into teaching 
methods. Above all, it has been found extremely flexible, 
and new terminal equipment is being developed to exploit 
this flexibility and to reduce eost. Modern computers 
could handle 3,000 to 5,000 teaching terminals, but the 
total eost of so many student stations would at the 
moment be prohibitive. A cheaper flat panel graphical 
display incorporating a memory is being developed; the 
data rate will be low enough for telephone lines to be 
used for connexion to the computer. 

This system is expected to lead to the production of 
large seale, highly flexible computer aided instruction for 
use in educational establishments and eventually even in 
the home. 

More sophisticated teaching systems using computers 


pupils. But first some prejudices and practical problems must be 


will not produce the rigid, uniform, impersonal teaching 
system which many educationalists fear. Quite the 
contrary—these systems will be able to provide individual 
lessons best suited to each pupil. They will also bring 
new possibilities into the classroom. For example, they 
will be able to simulate complex. dangerous or remote 
situations so that the student can learn through a 
form of experience what can now only be taught in 
theory. 

Now I have attempted to explain what educational 
technology is, I shall consider how it might be introduced 
if sufficient money were available, The first step is to make 
teachers familiar with the role and operation of individual 
audio-visual aids. The next immediate step is te introduce 
and prepare them for a new responsibility which educa- 
tional technology will thrust on them—rnanaging the 
educational system. 


Available Audio-visual Aids 

First let us look quickly at some individual audio-visual 
aids which could form part of a svstem--the overhead 
projector, programmed instruction, concept films, closed 
circuit,television, language laboratories, and tape recorders. 

The most widely accepted among the relatively new 
visual aids is the overhead projector. The teacher writes 
on a transparent film and his writing is projeeted on to a 
screen in front of the class. The transparent film can be 
in a roll which is wound on to a roller so that what is 
written or drawn remains available for further use, 
Alternatively the teacher can use a transpareney--a 
separate square of transparent film with or without a 
cardboard surround. These transparencies carebe prepared 
beforehand and kept for use if the lesson peated, or 
for revision. Transparencies can be laid ons on top of 
the other, and a comprehensive diagram built up--say a 
map, which starts with an outline and them has height 
contours, rivers, towns, roads, railways and ao on added 
one after the other, if required in different colours. 

Programmed instruction is a technique for presenting 
information in a form which the pupil wil! understand 
more easily and remember better. As he werks through 
the programmed material he is required to give answers. 
In a linear programme he does not receive aay help if he 
gets the answer wrong, and the programme must therefore 
be so written that mistakes are rare. ln a branching 
programme the pupil selects what he thinks is the right 
answer from two or more suggested respons if 
selects the wrong one he is given an explanation 
he went wrong. 

The principal advantages of programmed instruction 
are that each pupil works at his own pace. learns more 
quickly, remembers the information better. and under- 
stands more completely. Nevertheless programmed 
instruction is struggling hard for acceptance, chiefly 
because of cost, a lack of programmes for maay syllabus 
and the wrong impression of many teachers that pro- 
grammed instruction somehow makes the teacher a 
machine minder and automates his job. 

Concept films are another new aid still no: widely used. 
These last for between a half and four minutes, and deal 
with only one aspect or concept of a subject. The film 
is contained in a cassette which is very easil* slid mto the 
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projector to make the film ready for showing. Concept 
films are silent and the teacher can give his comments at 
the level of his class and bring out whatever points he 
wishes. Cost and a rather limited number of films are 
the two principal reasons why concept films are not 
widely used. 

Closed circuit television embraces a very wide range of 
equipment and applieations, from its simplest form of a 
television eamera and monitor in the same room, to a 
network in whieh hundreds of educational establishments 
are linked to a central studio. The usefulness of closed 
circuit television ean be greatly increased by using it in 
conjunction with a video tape recorder. 

The aids I have deseribed can be used for teaching 
many subjects. The language laboratory. on the other 
hand, is confined to language teaching. A modified tape 
recorder is used to enable a language student to improve 
his understanding through listening to the correct pro- 
nunciation, responding with his own pronunciation, and 
then comparing the two. Because the language laboratory 
can provide native pronunciation, which is not usually 
available, its use is spreading. especially in less expensive 
versions which are effective for beginners although pro- 
viding less facilities. 

Another specialized aid using magnetic tape is a dictat- 
ing machine used for audio typing, which ean provide 
spoken passages of the required length and speaking 
speed for pupils to take down in shorthand or on a type- 
writer. This aid, too, is spreading fairly steadily. 


Numbers of Aids in Use 


There are no up-to-date figures on the number of these 
audio-visual aids in use in educational establishments. 
As far as I can determine, the last survey was sponsored 
by Mullard in 1964. This showed that about 63 per cent 
of all secondary schools possessed a television set, but 
only 6 per cent of these had more than one set. amounting 
altogether to 5,650 receivers. A further 1,800 sets were 
estimated to be in use in colleges of further education. 

Since 1964 the introduction of sets has been stimulated 
by the growth of educational closed circuit television, 
especially the Glasgow network, and the Inner London 
Education Authority system which will eventually 
embrace 1,300 schools and colleges. 

The 1964 survey revealed that few teachers had heard 
of the overhead projector. None was found in the eight 
art colleges sampled, and only 26 per cent of other colleges 
had one. Since then it has become one of the most 
popular among the new aids which I am considering. 
But “most popular’ must be understood against the 
relatively very small application of any of the new aids, 
and it would not surprise me if 75 per cent of teachers are 
still unaware of what an overhead projector is. 

The survey described the secondary school attitude to 
teaching machines as "wait and see", and I would say 
that this view has changed little. In my opinion it will 
be à long time, ten to fifteen years perhaps, before pro- 
grammed instruction carries a significant part of the 
academic teaching load; on the other hand, it is going 
to make a considerable contribution to industrial training 
and retraining. 

The estimated number of concept film projectors in 
1964 was 350 in secondary schools and 200 in colleges. 
This is another aid which wil probably find its chief 
outlet in industrial training, but it may be at least two 
to three years before its use becomes significant even in 
this area. 

In 1964 there were 540 language labcvatories installed 
in colleges, but very few in schools. The growth rate has 
been relatively high since then, and language laboratories 
are now making a significant contribution to language 
teaching. This is especially true of adult education, many 
colleges possessing laboratories which are used for evening 
classes to meet the demand for language tuition for 
mature students. 
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An audio-visual teaching aid market survey published 
by the Heywood-Temple Electronic Information Centre 
in 1965 gave three reasons why aids would be adopted 
only slowly. -They quoted the conservatism of the 
teaching profession, the dependence on publie funds, 
and the high cost of promotion. 





Interesting the Teachers 


Teachers” true acceptanee of audio-visual aids means 
accepting them into their teaching plan, as part of their 
teaching method. To accept them in this way, they must 
first have an, opportunity of trying them out. Here we 
have two categories—student teachers who can be 
introduced to. audio-visual aids during their training, and 
established teachers who must face a change in their 
teaching methods. Thus the acceptance of audio-visual 
aids by teachers in teacher training colleges and in educa- 
tion departments is an urgent early step. 

To familiarize teachers, many of whom are disinterested 
if not hostile, audio-visual aids must be brought to them. 
This can bé done by holding local "workshops" where 
teachers ean not only be shown the advantages of using 
equipment to teach their particular subject. but also have 
plenty of opportunity of trying it out for themselves. 
This stage will involve dealing with teachers’ objections 
and Helping them in the practical use of audio-visual aids 
in their own particular teaching situation, whieh will 
include the selection of the most suitable type of aid and 
software and guidance in the most effective way of using 
them. 

The workshop will in many cases lead on to the next 
stage in which teachers will accept an aid sufficiently to 
try it out in their partieular teaching situation. Such 
trials will. however. prove unsatisfactory unless arrange- 
ments are made to carry out the elementary audio-visual 
aid "management" functions which the teacher will be 
unable to undertake himself at this stage. This manage- 
ment means keeping the aid in working order and ensuring 
that it is available for use when and where required in the 
educational establishment, together with any essential 
ancillaries such as a screen, for instance. 








Maintenance Problems 


The management of aids is not seen as a problem by 
many of the teaching establishments which already have 
them, with the result that aids get a bad name because 
there is no one to repair them nor to set them up. Only 
too often this causes teachers who have been persuaded 
to try them out to end up with an even worse opinion of 
them than they had before. 

Fixing responsibility for this management is a major 
problem, and in an ideal situation where money is avail- 
able the ideal solution is to have a trained technician in 
every teaching establishment. A suitable technician 
course is being devised by the City and Guilds of London 
Institute, and the syllabus covers not only repair work 
but also setting up and the conversion of teachers’ 
requirements into practical software. 

As a further means of bringing teachers to accept 
audio-visual aids, a good deal of special effort should be 
made to introduce them into a selected number of educa- 
tional establishments at various levels. The results 
should be widely publieized together with frank statements 
of the diffieulties encountered and how they were over- 
come. Evidence that audio-visual aids work in practice 
wil have more appeal to teaehers than explanations of 
their use and applieations which are unrelated to the 
teachers’ experience and needs. Similarly, the drive to 
make audio-visual aids acceptable must be spearheaded 
by teachers who ean discuss and demonstrate equipment 
in teaching and not in technical terms. 





Educational Investigation 
I believe that progress will be much faster if we work 
empirieally, and that as audio-visual aids beeome more 
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and more widely used and investigated we shall increase 
the rate at which empirical knowledge is generated. So 
by educational investigation I mean searching out the 
best way of using and managing audio:visual aids and 
seeking the best ways of introducing themr and making 
them acceptable to the teaching profession. 

Beeause this educational investigation must aim at 
practical results, it must be centred on the teaching 
situation. This is difficult, for as soon as special attention 
is centred on any area, that area tends no longer to remain 
representative of the whole. Nevertheless, I^believe it 
can be done, and I suggest the selection of'establishments 
in primary, secondary and tertiary educatión where the 
use of all types of appropriate audio-visual aids would 
grow. These establishments should be selected to cover 
a wide range of syllabuses. The use of various gids ir a 
single establishment is the first step towards a systems 
approach, which is implicit in educational technology, 
and for this reason I prefer it to the present tendency to 
concentrate one particular aid in an establishment, with 
the consequent tendency to think in terms of a number 
of different technologies. 

The selected establishments must develop in close 
contact with the educational system, so that the practical 
information they generate is passed on, and their practical 
experience is made widely available to help with the 
audio-visual aid problems of other teachers. I see two 
ways in which information can be exchanged.. First, the 
selected establishments would be open for visits by 
teachers, local education authority officials, manufacturers 
and others, and would also take part in teacher exchanges. 
These exchanges would be two-way, so that teachers 
working in the selected establishments could use their 
experience in establishments where audio-visual aids were 
little used, and teachers could work in the selected 
establishments to gain experience in the use of audio- 
visual aids which they would subsequently apply in their 
own establishments. 

The selected establishments could not make such a 
scheme work smoothly nor promote a two-way exchange 
of information on their own. A national coordinating 
centre would have to be set up to do this, and it would 
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also earry out any partieular educational investigations 
which might be beyond the necessarily limited scope of 
the selected establishments. Te keep its finger on the 
pulse of audio-visual aid applications and developments, 
the coordinating centre would be served by & corps of 
audio-visual aid advisers who would.visit the selected 
and other educational establishments and the local 
edueation authorities, all over the country, reporting 
back to the national coordinating centre and becoming 
the principal channels of teacher and information exchange. 

The National Council for Educational ^ 







Technology, 
which represents the users, is è body which could well 
help and advise on setting up the type of scheme I have 
outlined, especially as it was established by the Depart- 
ment of Education and Science. 

The cooperation of audio-visual aid manufacturers is 
essential for the success of any scheme. The recently 
formed Industrial Council for Educational and. Training 
Technology is an ideal body to provide this, fer it repre- 
sents the manufacturers from several industries: concerned 
with audio-visual aids, such as electrical, electronic, film, 
and publishing. A national coordinating centre and its 
audio-visual aid advisers in particular need to establish 
a close understanding and working arrangement with 
the manufacturers, because any changes in audio-visual 
aid design, and many of the changes in software, which 
their investigations may suggest can only be realized by 
the manufacturers. And I am certain that manufacturers 
would gladly offer what help kes within their means to 
widen the acceptance of audio-visual aids, which on the 
whole continues to be a disappointing market. 

I am convinced that educational technology will in the 
long run become very widely accepted. [ts arrival will 
be hastened if all those who promote it stress what it 
will do for the pupil and the teacher. For the pupil, 
educational technology can maxe learning more interest- 
ing, more selective, more suited to individual needs, 
abilities and experience. For the teacher, sducational 
technology can remove the routine tasks of passing on 
information and of dealing with repetitive administrative 
details, so giving more time for creative educational work 
which only the teacher can previde. 
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Transrer RNA constitutes within any one organism 
40-60 or more members of a family of polynucleotides 
with essentially identical roles in protein synthesis!. In 
their acylated form they participate in common inter- 
actions with certain macromolecular entities such as 
the ribosome and other components of the polypeptide- 
forming apparatus. All tRNAs also react with the same 
enzyme, adenylyltransferase, that is responsible for com- 
pletion of their 3’ terminus (CpCpA) (ref. 2). These 
common interactions indicate that while each tRNA has 
many structural features that are unique (that is, their 
individual primary structures) it must also contain some 


A high yield of crystals of yeast tRNA has been obtained from 
unfractionated preparations. It appears that many of the tRNAs in 
the population possess such markedly simiiar conformational features 
that they exhibit common long range order. 


features that are common to all members of the popula- 
tion. It seems from the conformational requirements for 


tRNA in these interactions? 4, as well as from the common 
pattern of folding possible for many tRNAs (ref. 5), that 
the common elements involve more than ecmponents of 
primary structures. 

Physical-chemical and enzyme studies, carried out in 
this laboratory, of unfractionated RNA and many 
specific (RNAs (refs. 3, 6-11 and unpublished resulta of 
D. D. Henley, T. Lindahl and J. R. F. aud of D. D. 
Henley, A. Broudy, G. M. Payne, L D. Kurz and J, R. 
F.), have shown that this type of polynueleotide is 
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capable of assuming certain well-defined conformations 
(biologically active or inactive, depending on conditions)* 
with elements of both secondary and tertiary structure. 
These investigations have also revealed that all {RNAs 
have nearly the same number of nucleotides, and that in 
the biologically active state they- also have very similar 
molecular dimensions. Furthermore, they all have 
comparable stringent charge-neutralizing requirements for 
the stabilization of their biologically active states. 

In view of the intramolecular basis of the biologically 
active conformation of {RNA in solution, and the highly 
polar surface with voids likely for such macromolecules, 


it seems reasonable to expect that tRNA, like many 
globular proteins, should be obtainable in a highly 


hydrated crystalline form. We have attempted to exploit 
the conformational similarities of all RNAs towards this 
end. Thus we have not confined our efforts to the erystal- 
lization of a single species of (RNA. Rather, we have 
sought conditions that might induce the spectrum of 
‘RNAs in the unfractionated mixture to crystallize either 
as cocrystals or as a mixture of independent crystals. In 
this preliminary report we provide evidence that this 
general goal has been met. While this work was in 
progress, the crystallization of a single species of tRNA 
was reported". 

The unfractionated (RNA used in this work was obtained 
from yeast and purified free of macromolecular con- 
taminants (including 5S RNA) as previously described". 
Its physieal-chemical and biological properties have been 
extensively reported?/7:5:32432, As used, the preparation is 
free of tRNA aggregates. Less than 20 per cent of the 
chains are terminated by adenosine, and the remainder 
by cytidine. They accept no further CMP but they do 
accept the expected residual complement of AMP in the 
reaction catalysed by yeast adenylyltransferase (unpub- 
lished results of M. L. Moller, R. Fleming and J. R. F.). 

Starting with the sodium salt of (RNA, variations of 
three basic procedures have afforded preparations with 
erystalline characteristics, One involved extremely slow 
evaporation of the aqueous solvent at 23° C or 32° € from 
7 per cent solutions of (RNA equilibrated against 0-001 M 
MgCl, + 0-001 M sodium cacodylate, pH 7:0, until deform- 
able glassy highly birefringent masses (Fig. la) were 
obtained at about 70 per cent (RNA concentration. At 
this point, the concentration of excess ions was 0-01 M 
MgCl,+0-01 M sodium cacodylate. In this procedure 
higher concentrations of MgCl, resulted in concomitant 
crystallization of magnesium salts. 

In the second procedure, dioxane was very slowly 
distilled at 23° C or 32° C into 5-30 per cent aqueous 
solutions of (RNA equilibrated against 0-01 M MgCl, + 
0-01 M sodium cacodylate + 0-15. M KCl 4- 0-0001 M 
EDTA, pH 7:0, until a final dioxane concentration of 
30-40 per cent (v/v) at 23° C or 40-50 per cent (v/v) at 
32° C was reached. After an indefinite period (at least a 
week), both spherulites and irregular clusters of small 
elliptical crystals appeared (Fig. 15). After that, crystal 
growth progressed relatively rapidly, and seemed to oceur 
chiefly on the surface of the glass vessel. At higher 
concentrations of dioxane, mixtures of amorphous and 
crystalline material occurred. In such preparations more 
than 50 per cent of the insolubilized tRNA has been 
obtained in crystalline form, and crystal growth seemed 
to continue at the expense of the amorphous material. 

In the third proeedure ethyl aleohol was distilled slowly 
nt 23° into 6 per cent solutions of (RNA that also contained 
MgCl, (0:001 M)+sodium cacodylate (0:001. M)+ tetra- 
butylammonium chloride (0-03 M)+spermidine (0-01 M), 
all at pH 6-0, to a final aleohol concentration of 50 per 
cent (v/v). After an indefinite period (at least a month), 
spherulites appeared on the surface of the glass vessel that 
exhibited the *'Maltese" cross interference pattern when 


* Differences in secondary structure between biologically active and 
inactive forms of a tryptophan-acceptor (RNA from E. coli have also been 
reported! ?*, 
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Fig. 1. Photomicrographs of crystals obtained from unfractionated 
(RNA. a, Fragments obtained by evaporation procedure as observed 
between crossed polars. The two contiguous film frames represent a 
rotation of the sample by 45°. b, Cluster of (RNA crystals grown by 
dioxane procedure, viewed in polarized light (left frame), and between 
crossed polars (right frame), Notice the presence of some amorphous 
(RNA in the left frame, which is not visible in the right one. c, A spheru- 
lite of (RNA grown in ethanol, showing the “Maltese” cross interference 
pattern between crossed polars. The two contiguous frames represent 
a rotation of the sample by 20°, 


viewed between crossed polars (Fig. Ic). Although 
similar interference patterns were evident from spheru- 
lites grown in dioxane, they were rarely so definite, 
apparently because of surface irregularities. 

In each case the identity of the crystalline material as 
tRNA was assured by observing its sensitivity to hydro- 
lysis by pancreatic ribonuclease, its characteristic absorp- 
tion spectrum on dissolution and its amino-acid acceptor 
activities. Where samples were sufficient for accurate 
weighing, spectral measurements of the dissolved sample 
indicated approximately 70 per cent ¢#RNA content. 
Preparations obtained by the es aporation procedure 
displayed ratios of amino-acid acceptor activities essen- 
tially as in the starting unfractionated mixture. This was 
not the case for crystalline samples obtained by the 
dioxane procedure, where some marked deviations were 
observed. The question of the distribution of acceptor 
activities in different crystals obtained by this procedure 
is under further study. 

In addition to the observation of highly birefringent 
particles with crystalline morphology (Fig. 1), crystalline 
characteristics were detected in X-ray diffraction patterns 
(Figs. 2a and b) of samples obtained by the evaporation 
and dioxane procedures; spherulites obtained by the 
alcohol procedure have not examined. — All 
samples studied consistently produced an intense sharp 
reflexion at 69 À, and where the geometry permitted 
smaller angle reflexions to be obs« rvt d, a longer similarly 
intense and sharp reflexion was observed at 110 A. 
Furthermore, in a sample where the crystallites were 
larger and not crushed, spots could be seen in these two 
low angle powder rings (Fig. 2b). Although several other 
rings were evident at wider angles, their diffuseness is 
such as to be irrelevant to considerations of crystallinity. 

The observations reported here leave little doubt about 
the three-dimensional erystallinity of the (RNA prepara- 
tions obtained, at low resolution. It is thus 
apparent that many and perhaps all the (RNAs in the 
unfractionated mixure are erystallizable. Considering 
that no single species of {RNA in the mixture represents 
more than 3-4 per cent of the population, and most are 


been so 


least to 
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Fig. 2. Powder diffraction patterns of erystals grown by dioxane pro- 
cedure from unfractionated (RNA. Patterns were obtained from “pow 

ders” of (RNA crystals in mother liquor contained in thin-walled quartz 
capillaries of approximately 1 mm OD, using nickel-filtered CuKa 
radiation A Supper precession camera was used with a specially 
made collimator (0-1 mm defining pinholes and 0:2 mm guard), and a 
cup-shaped lead backstop (1 mm OD and 0-5 mm wall thickness) mounted 
ona thin plastic film. a, Left frame contains a section of powder pattern 
obtained from microcrystals at 5 em specimen—tilm distance after 70 h 
ofexposure. b, Right frame contains centre of powder diffraction pattern 
obtained from larger microcrystals at 8:9 em specimen—film distance 

after 42 h of exposure. 


present in lesser proportion, the high yield of crystals is 
noteworthy. 

The crystalline preparations studied show two common 
long spacings. While it is not possible from our data to 
distinguish between cocrystals and a mixture of crystals 
of individual tRNA species, the sharpness of these spacings 
(as well as the spots) suggests that they have a common 
origin in the diffracting entities; that is, at this resolution 
the unit cell dimensions must all be very similar. The 
differences in the ratios of amino-acid acceptor activities 
between some dioxane crystal clusters and the starting 
mixture suggest some fractional crystallization, though 
it cannot be decided at this time whether this is due to 
differences in lattice forces or to differential solubilities. 

It is not surprising that sharp reflexions at wider angles 
are absent from the diffraetion photographs, for the 


similarities in the (RNA crystals, be they mixtures of 


individual species or cocrystals, fall off quickly at higher 
resolution where the primary structure of each tRNA 
makes its impact. Obviously, then, preparations of this 
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type cannot serve for any detailed structure analysis of 
tRNA. Nevertheless, the information that thes work 
provides suggests the general potential of these pr: cedures 


for crystallizing individual (RNAs. It also emphasizes 


the homology of tRNA. conformations While eur data 
provide no firm basis for comparison with the results 
recently reported for t(RNAM from Æ. coli they 
appear compatible with a large unit cell as saggested 


for that case. 

In concluding, we wish to note that the problem of the 
biological relevance of any particular crystal of 4RNA is 
complicated by the possibilities for polymorphism in 
polynucleotides of the size of (RNA, In 
polymorphism has been observed for many (RNAs from 
yeast and E. coli**.*, and because the transition from 


fact, such 


one form to the other can ofter very rapidly, 


the direct assay of the biological activity of (RNA when a 


progress 


crystal is dissolved provides no basis for a conclusion on 
this point. 
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Tue three structural genes of the lactose (lac) operon of 
E. coli. z, y, and a, code for the structure of three proteins, 
6-galactosidase, a permease and thiogalactoside trans- 
acetylase, respectively. The coordinated expression of 


The i gene, which codes for the /ac repressor, is transcribed in the 
same direction as the structural genes (z, y, a) of the lac operon 


genes is under the )ressot 
'This repressor, coded for by the linked 
1), is a protein which binds to a region of the 
located near the begin- 


these three control « 1 re] 
molecule!. 

i gene (Fig. 
DNA known as the operator (0), 


loselv 


1288 


ning of the z gene!?. The transcription of the lae operon 
is initiated in a promoter region (p) which lies between the 
? and o sites and proceeds in the direction z—-y—a (ref. 4). 

There has. so far, been no evidence to indicate the 
direction of transcription on the chromosome of the i 
gene, or, for that matter, any other regulatory gene in 
E. coli. Although all the operons in Æ. coli the orientation 
of which is known are transcribed in the same direction as 
the lac operon’, it has been shown that the lac operon can 
be inverted from its normal orientation without noticeable 
effects on the control or rate of synthesis of 8-galactosid- 
ase*. Furthermore, Salmonella typhimurium has naturally 
occurring operons which are oriented on the chromosome 
in opposite directions’. Thus no a priori assumptions 
can be made as to the direction of transcription of the 
i gene. 





i p o z a 
L8 YA536 
+ ptt ipoe 


Fig. 1. The lac region of E. coli. The mutants L8 and L1 have been 

described before'*. Y 45306 is a z- amber mutant which is used in the 

experiments described in this paper!*, The arrow indicates the direction 
of transcription. 


Here we present evidence that the 4 gene is transcribed 
and translated in the same direction as the structural 
genes (z, y and a) of the lac operon. Because the i gene 
is situated very near the lac promotert’, we have been 
able to use this information to design experiments testing 
for the existence of a messenger-RNA (mRNA) stop signal 
between the ¿ gene and the p region (unpublished work). 


Altered lac Repressor Molecules synthesized under 

Tryptophan Control 

In this section, we show that, in certain strains, the 
expression of the ? gene (as measured by production of a 
portion of the 4 gene product) is brought under the 
control of the tryptophan (trp) operon by a deletion muta- 
tion which removes the left hand end of the i gene and 
extends into the trp operon (Fig. 2, II). This finding 
indicates that the controlling element region and therefore 
the initiation of transeription and translation of the 4 
gene is at that end. 

Expression of the 4 gene can often be detected even in 
i gene mutant strains by what has been called negative 
complementation. Certain i gene mutants behave in 
diploid tests as though they direct the synthesis of a 
defective repressor subunit which interferes with forma- 
tion of active repressor specified by a wild type 7 gene®™. 
They are cis and trans-dominant constitutive mutations. 
Certain of the trp-? deletions described here behave in a 
similar way. 

Such deletions can be isolated in strains in which the 
lac region has been transposed from its normal site on the 
chromosome to a site close to the trp operon. In these 
transposition strains, the lac genes, included in a 980 
transducing phage, are inserted in the chromosome at the 
attachment site for 980 (ref. 6). In particular, strain X7700 
carries such a transposed lac region (Fig. 2), and, in addi- 
tion, has an extensive deletion at the normal /ac region 
which includes all Jae genes and the nearby proA,B locus. 
Between lac and trp in these strains is a locus determining 
the sensitivity of E. coli to bacteriophage T1. We have 
already described how selection for T1 resistance in these 
strains often results in deletions extending into the lac 
region (refs. 4, 6 and 8, and our unpublished work). We 
can score directly for Tl resistant (T17) deletions which 
extend into the 7 gene, by plating T1! derivatives of X7700 
on glucose minimal agar plates containing 5-bromo-4- 
chloro-indoxyl-B-b-galaetoside (Xg) at 0-004 per cent (ref. 
4). Constitutive (i—-) derivatives will show up as dark blue 
colonies on these plates. 

In this way, forty-nine independent Tl" deletions 
extending into the 7 gene have been isolated. Twenty- 





e 
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eight of these (type I, Fig. 2) do not extend as far as the 
trp operon; nine end within the trp operon (type Il); 
and twelve either go past the trp operon or end within the 
trpE gene (type III). Further details on the isolation and 
mapping of these strains will be published elsewhere. 

We shall describe elsewhere experiments which indicate 
that there is a barrier to continued transcription at the 
end of the i gene closest to the lae operon; that is, 
transcription which is proceeding in the 7 gene does not 
continue to any appreciable degree into the lac operon. 
We therefore expect that, in strains in which the 4 gene is 
fused to the trp operon, the derepression of the trp operon 
will not result in any extensive increase in the synthesis 
of the lac enzymes. "This is true in the results presented 
in the first three lines of Table 1. 


Table 1. 





DEREPRESSION OF §-GALACTOSIDASE SYNTHESIS BY DEREPRESSION 
OF trp IN A trp-i FUSION 


B-Galactosidase activity 









Ri, R 
-IPTG  +IPTG — -IPTG  '«IPTG 
X8602 Y (trp-i-)z* 300 267 
X8606 Y (trp-i-)zt 300 306 
X8612 V (trp-t-)2* 300 286 
X8606/ F'i*z- 05 300 10 300 
X8606—-/F'i*z 1-0 10 


V Indicates deletion of the markers in parentheses, The deletion strains 
such as X8606 are isolated in a strain carrying the 980 diae and also a 
lacproA,B deletion, Diploids were constructed by crossing into these strains 
an F-laeproA,B* episome carrying various lac mutants. For d-galaetosidase 
assays, cells were grown in minimal glucose media (phosphate buffer) with 
0-004 M citrate and 40 ug/ml. of d, l, tryptophan. Proline was added (40 ugi 
ml.) when the strain required proline. IPTG, when used, was added at a 
concentration of 10-? M. Conditions for the assay will be described elsewhere, 


as will the procedure for crossing in the R; allele. Enzyme units are com- 


puted by dividing the change in optical density at 420 my/min by the optical 
density of the culture (660 ma) before the assay, and multiplying by 1,000. 
The p-galactosidase activities of Rg, X8602 and Riry X8612 are normalized 
to the Ripp level of N8608. 


To determine whether the trp-i fusion strains direct. the 
synthesis of a fragment of the repressor with negatively 
complementing characteristics, we have studied the 
properties of derivatives of these strains diploid for the 
lac region. 

We have examined the effect of derepression of trp on 
the basal level of lac operon expression in these strains, 
by introducing into the Ry, derivatives an F-/ac episome 
which is ?*z- (Fig. 234). As expected from the previous 
result, there was no noticeable effeet of the Rip allele on 
the induced level of $-galactosidase. But the repressed 
level in the case of one of these strains, X 8606. increased 
about twenty-fold with derepression of the trp operon 
(Table 1). Partial derepression of lac by Ry, was also 
seen in two other strains, but to a lesser extent. Five 
additional strains gave no effect. 

The increased basal level in these strains could indicate 
that a small fraction of the transcription which is initiated 
at the trp operon and continued in the i gene goes past 
the ¿ gene and into the lac operon. Alternatively, the 
remaining portion of the ? gene may still direct. the syn- 
thesis of a repressor fragment which negatively comple- 
ments the wild type 4 gene product of the episome. 

If the first explanation for the effect of Rpp 1$ correct, 
we would expect to see the phenomenon work only in 
cis, that is. on that dae region which is linked to trp. On 
the other hand, if the effect is due to negative comple- 








Try 
OEDCBA TI atao i oz / OQ dsogenes 
EPOR dL UM RE S Oe — 
DEREN attso 
(fo 
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Fig. 2. T1^.-i deletions of the transposed lae operon. The lae operon 

carried in a $80 dlae is transposed to the $80 site on the bacterial 

chromosome. The extent of deletions into trp was determined by nutrient 

tests and complementation with $80 Adirp phages carrying varying 

segments of the trp operon. ‘The isolation of these phages will be 
described elsewhere. 


NATURE, VOL. 220. DECEMBER 28, 1968 








A 
Try X8606 
0 E D be o zt y, 9 
— E a LÀ P ELLE ELS 
it p o f y a 
F—- — MÀ 
B 


it p o zł y a 
aes tt tH tt 
Fig. 3. Tests for cis and trans dominance of constitutivity. Episomes 
carrying the lec region (with appropriate markers and the proA,B 
loeus) were crossed into the deletion strains by selecting for pro*. The 
method for introduction of the z- mutant, Y 4536, into the chromosomal 
lac region is described in the legend to Table 3. 


mentation, it should be seen in both cis and trans. To 
distinguish between these two possibilities we have con- 
structed derivatives of the i-trp deletions in which a z- 
point mutation is incorporated into the chromosome and 
a wild type lac region is carried on the episome. In these 
diploids, no B-galaetosidase activity can come from the 
chromosomal lac region. In all cases we find that de- 
repression of trp causes derepression of the episomally 
located lac region; that is, in trans ! (Fig. 3B, Table 1). 
These deletions are thus comparable with the previously 
described negatively complementing point mutants in the 
i gene ??, 

If the amount of good i subunits is increased, the 
negative complementation effect should be overcome. 
A mutant in the £ gene, i€, which increases the amount of 
repressor approximately ten-fold has been isolated?. Table 
2 compares the induction in X8606 by Rp of an episom- 
ally located $9, z+, with an episomally located i*z*. In 
this experiment, the 7@ allele almost completely abolishes 
the negative complementation effect, lowering the induc- 
tion eight to nine-fold. 


Table 2. i9 ABOLISHES THE trans EFFECT 
" 8-Galactosidase activities E 
itp Rep Rip Rep 
~IPTG -IPTG 
F'i*z*/ V (trp--i-)z* r5 16-5 11-0 
Filt] V (trp--i-)z* 2-3 3-1 13 


The isolation of the double mutant i@,7SS has been described®. The follow- 
ing procedure was used to separate the two mutations, An F'lac*-proA,B (i+) 
episome was crossed into a strain (F-) carrying the i@.758 double mutant. 
From this heterogenote, homogenotes of the type F'lae*-proA,B (i9. 788); 
lac* (i9. 788) were isolated and purified. These were distinguishable from the 
parent heterogenote, for they give rise to light blue colonies on Xg plates 
at 43°C. The episome was then transferred into X8606. At 43°C X8606/ 
Filacpro (i$ 758) will form light blue colonies on Xg, while X8606/F'lacpro 
(é@-+) should form white colonies. This method takes advantage of the fact 
that the ¢ deletion in X8606 covers the i€, and cannot convert the i9 allele 
on the episome to wild type. The recombinant episome was then crossed into 
a strain carrying an i'p 4gp, mutation. 

An i9. 735[i* diploid is lae- at 42? C but an i€-/i* diploid should be lac. 
The suspected ¿€+ does render the i@+/i diploid lact at 49? €. In vitro 
IPTG binding experiments with strains carrying this episome gave further 
proof of its i@ character (unpublished work of B. M.H. and W. Gilbert). 


It is also to be expected that a lesion in the remaining 
segment of the ¢ gene which severely affects repressor 
structure would abolish or alter the negative comple- 
mentation. The lae- mutation, Ll, which extends from 
the lae promoter into the 7 gene, abolishes repressor 
activity*. A double mutant of L1 with the trp-i-deletion 





ty ] X8606 
o E D i p o 2 y a 
EE MEM ttt tt 
Li 
o E D i B o zt ooqcg X8606 
ST 





+} + Ho 
Fig. 4. Structure of the double mutants X8606-L1 and X8606—Z8. 
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Table 3. AN i DELETION IN cis ABOLIGHES THE Gane EFEEOT 
8-Galactosidase activities 
Rara 
-IPTG 
Fitz- V (trp-i)-L8 1-0 
F'riV Crp-iy La a5 
F'itz-/ V (trp-i-11 $5 
FE'iz*[ V (trp-iy L1 " 3.0 " 
Roo Rep 
-IPTG -IPTG 
Fitz Y rp) Ll, zy 4536 bi id 


The first section shows the difference in £-zalactosidase level of a diploid 





ue ‘operon in 






extends past the [ae promoter and operator, c mu 
this strain is now under the direct control cf the trp operon. The atrain is 
lac positive in the Rip state. A temperature-sensitive lac episcme carrying 
the z- amber mutation, ¥.4536, was crossed into this strain, ane the hetero- 
genote screened for z-[z- homogenotes on &w-MacConkey imdisator plates. 
The episome was cured by streaking the hemogenote at 42°C three times. 
The resulting strain carrying 471-zr 45:6 is daer, We then crossed into this 
strain an F'lacproA,B episome carrying L1. This method takes advantage 
of the fact that the deletion in 471 covers Ll, and the L1 deletion on the 
episome cannot be converted to wild type. The episome strains carrying 
Li make a low constitutive level of d-galuctosidase and the seterogenote 
471-zy 4535 F'lacproA,B, L1, z- can be recognized by its white colony pheno- 
type on Xg plates after 48 h. - 

The recombinant episome F’laeproA,B LI, z-) waa then crossed into 
X8606 (L1) and the heterogenote (which forms blue colonies on Xg plates 
after 48 h) was screened for white colonies on Xg plates. The episome was 
cured by acridine (our unpublished work) and the strain X600 (Li, v) 
was verified by backcrosses against L1, Y 4536, and (7118 (z^). 





X8606 was constructed. When an episome carrying a 
wild type lac region is introduced into this double mutant 
strain, the presumed negative complementation dis- 
appears (Fig. 4, Table 3). To eliminate the possibility 
that the disappearance of the negative complementation 
is due to some effect of L1 on the promoter region rather 
than on the 7 gene, we have substituted a point mutation 
in the promoter, L8, for Ll in the double mutant with 
X8606. By contrast to the case with Ll, the X8606-L8 
double mutant still exhibits the trans effect. 

In addition, the double lac- mutant L1, 2 p 4549, has been 
prepared and crossed into X 8606 to create a triple mutant. 
Now thelevel ofinduction of thelac operon can beconsidered 
solely in trans and the high background level.of the Ll- 
linked z gene can be eliminated. (The explanation for this 
level will be dealt with later.) The data show that the 
introduction of a small deletion. of the z-proximal end of 
the 7 gene totally abolishes the effect of induction of lac 
in trans by Ry, (Table 3). 

These experiments prove that in these strams a diffus- 
ible substance is synthesized under the contre! of the trp 
operon which has the property of negatively complement- 
ing a normal lac repressor. 





Mapping the ji? Mutation 

The i9 mutation, which increases the rate of synthesis 
of the lac repressor, is likely to be in a promoter-like 
element?. If this is so, we can determine the «direetion of 
transcription of the i gene by mapping the pwsition of i9 
relative to other 7 markers. The position of several i 
markers was determined by deletion mapping (Fig. 5). 
The method of mapping i€ depends on recovery of 
FUTSS from F'i&TSS in diploids of various i deletion 
strains.  (T'SS indicates a mutation to temperature- 
sensitive synthesis of repressor.) If the deletion covers 
iQ, then 29,785 cannot be eonverted to $755 by re- 
combination. Strains carrying the i755 mutation will 
synthesize B-galactosidase constitutively at 42° C (ref. 11). 

The data show that in a deletion cutting in from the 
z gene side (X8608), 7755S can be recovered, whereas in 
those cutting in from the other side, £758 c ot (Fig. 5). 
Because i5, 4g94 is apparently farthest to the left of mapped 
í markers!*, the data indicate that i€ maps on the left 
end of the 7 gene. (Our deletion mapping definitely places 
$9 to the left of the 4 mutations. 522. 3 and TSS.) 

* 
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Fusion of the z Gene to the j Gene 


It has recently been found that deletions such as X8606 
bring the lac operon under trp control when L1 is crossed 
into the lac region (our unpublished work). In this case, 
derepressing the trp enzymes results in a corresponding 
increase in $- -galaetosidase. Similarly. we would expect 
that if L1 fuses the lac operon to the 2 gene, then increas- 
ing the rate of i gene expression, by introducing the i9 
alele into a lae region carrying Ll, would also increase 
the rate of §-galactosidase synthesis. 

A strain carrying an 7221 double mutant. produces 
twice as much B-galactosidase as a strain carrying Ll 
alone (Fig. 6). Thus the 49 mutation increases the level 
of i gene expression and also, when L1 is present, the level 
of B-galaetosidase. Further indication of this increase is 

the finding that a strain carrying an F’lac episome of 
genotype QA grows on laetose, whereas one carrying 
an episome with just Ll cannot. 

The direction of transcription of the trp operon and the 
lac operon is known to be the same in the initial strain. 
When the trp operon is derepressed, we expect an increase 
in mRNA read from only one DNA strand. In the trp-i 
fusion, mRNA will be synthesized from a region of the i 
gene added on to the trp mRNA. Only if the correct 
strand is read can the mRNA be translated into protein 
which might have properties of repressor. In three of 
eight strains tested (X8602, X8606 and X8612) ending 
in two different trp cistrons, there is synthesis of a nega- 
tive complement to a wild type repressor. We assume 
that the ability to complement negatively the repressor is 
a specifie property of altered repressor molecules. Point 
mutants which behave in this manner have been de- 
scribed?:^, and the effect is abolished by i in the same 
manner as reported here. 

There are two possible mechanisms by which a nega- 
tively eomplementing protein could be made in this 
system. First, a fused protein may be synthesized con- 
sisting of a part coded for by a trp cistron and a part by 
the ¿į gene. Alternatively, it is possible that the deletions 
are out of phase, and during translation a nonsense codon 
is encountered. If there is an in phase translation restart 
close to the termination point, then, at a lower efficiency, 
there would be re-initiation. This has been postulated 
for several other systems (ref. 12 and unpublished work 
of T. Grodzicker and D. Zipser). In the latter case, a 
fragment of the repressor would be produced, in smaller 
amounts than wild type. At any rate, both mechanisms 
are consistent with only one direction of reading. 

The negative complementation ean be accommodated 
in other schemes in which the 7 gene is read in the opposite 
direction. The effect could be a consequence of production 
of mRNA from the wrong strand, which then hybridizes 
with the good mRNA from the it episome in vivo. But 
the fact that a small deletion, L1, completely abolishes 
the effect argues against this explanation. 

The finding that the ¿l mutation maps at the z-distal 
end of the 4 gene is consistent with the ? gene being read 
in the same direction as the lac operon. It seems likely 
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Frequency in population of F'i'99 from Vi/F' i9: 155 diploids 


X 8508 1/3500 

X 8602 0/50,000 
x 8606 0/50,000 
X 8612 0/200,000 


Fig. 5. Mapping of the i€ mutation. The use of Xg for mapping i 

markers has been described!, We found that at 41° C a strain carrying 

an iQ, TSS episome will form a pale blue colony, while a strain carrying 
an i^ TSS episome will form a dark blue colony. 


. 
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Fig.6. The double mutant €. £! was constructed as follows, The mutant 


Li was crossed into the trp-i deletion strain X8606 by constructing a 
diploid of X8606, and an Flac episome carrying L1, and se 
heterogenotes for L1/L1 homogenotes. After the episome wa 
verified X8606—L1 by backerossing against a wild type 
recovering L1 on the episome. We then crossed into. X8606- Li an 
episome carrying the i9 allele and a wild type lac region, From the 
heterogenote X8606 (L1)/F'lacpro (i9) we sereened for homogenotes for 
L1. Because the deletion in X8606 covers i, the i@ allele on the 
episome cannot be converted to wild type. Thas homogenotes for 
L| must have i€, L1 on the episome. The parent heterogenote is white 
on Xg, and it was reasoned that if the double mutant i9, L1 had altered 
i-activity (the i*, L1 strains have almost no i activity), it would appear 
blue on Xg. At a frequeney of 9-3 per cent blue colonies were seen on 
Xg. The recombinant episome was crossed into a strain carrying a 
lacpro deletion and assayed for f-galactosidase. For verification, the 
episome carrying the presumed i9, Z1 double mutation was then crossed 
into a derivative of X8606, X8606 (L8). The heterogénote X8606 (LRV 
Fig, L1 was screened for homogenotes of the type L8/ L8, for these appear 
as white colonies because the L1 has been crossed out and an intact igene 
is restored. The episome was now i, L8. This episome was then trans- 
ferred to a strain carrying an i*-mutation, for it has been shown that an 
i9/i* diploid is lac* (ref. 9 and our unpublished results). The presumed 
i9, Ls episome did render lac* the diploid $/F'i€, L3, while a control 
i* L8 episome did not. 




















that 2@ is a promoter mutant or an insertion of a more 
efficient promoter element. 

It is probable that the 8-galaetosidase level in strains 
with Ll is due to contributions from both the ? and lac 
promoter. In strains with 70.41 the 4 promoter contribu- 
tion is increased ten-fold. The overall increase in B-galac- 
tosidase level, however, is two-fold. This is in approximate 
agreement with the small amount of repressor made by 
the 7 gene”. Experiments to be reported elsewhere show 
that strains carrying the mutant L1 have a small amount 
of repressor activity, and that strains with the double 
mutant 29.7! produce ten-fold more repressor activity 
(our unpublished work). These results, and the finding 
that the ¿f mutation causes an increase in the rate of 
&-galaetosidase synthesis when combined with Ll. are 
only consistent with L1 causing a lesion at the carboxyl- 
terminal end of the repressor. 

These lines of evidenee together provide strong evidence 
that the 7 gene is transcribed in the same direction as the 
lac operon. After the completion of this work we learned 
of hybridization evidenee which supports this conclusion’. 
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Móssbauer spectroscopy of this 
iron-sulphur protein can give 
information about the state of 
the iron atoms. 
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IRON-SULPHUR (or non-haem iron) proteins occur in 
animals, plants and baeteria and they are involved in such 
diverse functions as respiration, photosynthesis and nitro- 
gen fixation’. Their molecular structure has not yet been 
determined and the valence state of the iron and the 
changes occurring during biochemical processes are not 
known. We describe here Mossbauer effect: measurements 
on the iron in one of these iron-sulphur proteins, ferredoxin 
from the green alga Euglena, which make possible con- 
clusions about the state of the iron atoms. 

Ferredoxins from plants are among the simpler of the 
iron-sulphur proteins; they have molecular weights of 
about 12,000 and eontain two iron atoms and two atoms 
of labile sulphur per molccule which are believed to be 
part of the active centre. Plant ferredoxins are single 
electron aeceptors?* and there is evidence that this 
electron is shared by both Fe atoms to give a net spin of $ 
as was proposed by Gibson et al. in 1966 (ref. 4). Móssbauer 
effect studies? * on spinach ferredoxin, however, have not 
been in agreement, and their interpretation in conjunction 
with electron spin resonance data** has caused great 
difficulties in understanding the state of the iron atoms. 
The chief problem in the Móssbauer measurement arises 
from the small amount ( 1 per cent) of iron in the protein 
of which only 2-2 per cent is the Móssbauer isotope “Fe. 
Furthermore, it is not easy to obtain solutions containing 
large concentrations of the protein, and so the signal is 
weak. The absorption ean be increased by exchanging 
the iron for enriched *'Fe, but there is a possible danger 
that the state of the iron may not then be identical with 
that in the natural material. We have therefore looked for 
an organism easily grown on *'Fe, which contains ferre- 
doxin, in order to enhance the Móssbauer effect without 
the possibility of damage to the molecular structure. 
Euglena gracilis satisfied these conditions and we report 
here measurements made on ferredoxin from the species. 
In oxidized ferredoxin the iron is in a non-magnetic state 
and data indicate that in the reduced ferredoxin an un- 
paired eleetron is shared between the two iron atoms to 
give a state with a spin of } and an almost isotropic 
hyperfine interaction with the nuclei. 

The green alga Euglena grows rapidly in aqueous 
medium and is therefore suitable for growth on iron 
enriched in the stable isotope “Fe. We used ferrous 
sulphate enriched to more than 90 per cent in growth 

conditions described by Bóger and San Pietro*. Ferre- 
doxin was extracted by standard techniques of DEAE- 
cellulose chromatography?. The biological activity of the 
extract showed it was a true ferredoxin with two iron 
atoms per molecule (compare ref. 8). Its redox potential 
was found to be slightly more oxidizing than spinach 
ferredoxin. The optieal and eleetron spin resonance 
speetra were similar to those of spinach ferredoxin 
(unpublished work of J. F. G., M. C. W. E. and D. O. H.): 


gc gs gz 
Euglena 1-96 1:96 2-06 
Spinach 1:89 1:95 2-04 


Móssbauer spectra were observed for frozen aqueous 
solutions of the ferredoxin, using a source of Co in 
palladium on a vibrating velocity drive!* which was 


University of London 


calibrated with metallic iron. Spectra were observed in 
zero field and in external magnetic fields. The advantages 
of applying a magnetic field in removing ambiguities in 
the interpretation of the Mossbauer spectra of biological 
compounds have been stressed befere*:!*, 

In tbe oxidized state the Móssbauer spectrum (Fig. la) 
consists of two lines, with no detectable ehange in their 
energies between 77° and 13° KR. The value of the 
quadrupole splitting is AEg = (0-64 + 0-02) mm/s and of the 
chemical isomer shift = + (022 -E0-02) mm/s relative to 
iron at room temperature. When an external magnetic 
field was applied perpendicular to the gamma raysat 4:2? K 
the lines showed a small splitting (Fig. 16) because of the 
direct effect on the atomic nuclei. but there was no addi- 
tional contribution produced by an internal feid due to 
the electrons. The iron is therefore in a nonanagnetic 
state, as it is in oxidized eee ferredoxin® and xanthine 
oxidase!*. Because the lower energy line tends to split 
into three peaks while the higher energy line 
without revealing much structure, the former ine arises 
from the m= + 1/2 excited nuclear level, which means that 
the electric field gradient has a positive sign. 

On reduction with sodium dithionite the Mössbauer 
speetra become more complicated and show considerable 
dependence on temperature. At 42 (Fig. 2c) and 13° K 
the spectra were identical with each other but very 
different from the high temperature spectra. The absorp- 
tion was spread within a wide range of velocities with à 
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Fig. 2. Moóssbauer spectra of reduced Euglena ferredoxin (3:0 mM) at 
(2) 195° K, H=0; (5D) 77? RK, H —0; (c) £2? K, H=0; (d) -2* K, H = 500 
gauss perpendicular to gamma rays (note intensity ratios of approxim- 
ately 3:4:1:1:4:3); (e) 4:22 K, H=200 gauss parallel to gamma 
rays (note intensity ratios of approximately 6:0:2:2:0:6). 


broad line at about —6 mm/s and a strong and fairly 
narrow line at. -- 3:2 mm/s with a broad and poorly defined 
band in between. Clearly this broad spectrum arises 
from magnetie hyperfine interaetion between the nuelear 
and eleetronie moments, and the electron spin relaxation 
times must belong. 'The existence of an unpaired electron 
spin on the iron atoms is in accord with the observation of 
an eleetron spin resonance signal. 

When a small magnetic field of a few hundred gauss 
was applied at 42? K transversely to the gamma ray 
beam, a dramatie change occurred and the spectrum 
showed a fairly sharp six-line Zeeman pattern (Fig. 2d) 
with intensity ratios of approximately 3:4:1:1:4:3. 
When the field was applied along the gamma ray direction, 
two of these lines disappeared (Fig. 2e) to give intensity 
ratios of approximately 6:0:2:2:0:6. Similar results 
were obtained at 1-3? K. 

These observations may be explained in terms of an 
almost isotropie magnetic hyperfine interaction with an 
effective or “fictitious” electron spin S— 1. For simplicity 
consider the Hamiltonian HA = A S.I, where Í is the nuclear 
spin, and the hyperfine interaction tensor A is isotropic, 
that is, the distribution of the electronic magnetic moment 
on the iron atoms is isotropic. This assumption agrees 
with the almost isotropie g values and with the small 
value of quadrupole splitting. In the absence of an exter- 
nal magnetic field S and J can be considered to be coupled 
together as in a free atom to give a resultant total angular 
momentum F = S + I which can take values 2 and 1 for the 
excited (Z — 3/2) state and 0 and 1 for the ground (J = 1/2) 
state. Solving the Hamiltonian for the energy levels and 
applying the selection rules for the gamma ray transitions 
the predicted Móssbauer spectrum has the appearance of 
Fig. 3a. When a magnetie field H such that g8H > A/2 is 
applied the electron and nuclear spins become decoupled 
from each other and instead precess independently about 
the magnetic field. This condition is equivalent to H > He 
where He is the field produced by the electrons at the 
nuclei, that is, the electron spin resonance hyperfine 
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splitting, and in practice is satisfied for H>25 gauss. 
The off-diagonal terms in the Hamiltonian are suppressed 
and the electron spin produces an effective magnetic 
field Hn = A/2gn8, at the nuclei, which gives the Zeeman 
splitting (Fig. 36). If the environment of the atom is 
slightly distorted from eubic symmetry A will not be 
exactly isotropic and the lines will be somewhat broader 
in zero field, and in an applied field the effective field at 
the nuclei will be proportional to Aj. the component of A 
perpendicular to the symmetry axis. Also the effect of 
the electric quadrupole interaction must then be included. 

The effect of the field is to leave the highest energy 
line unshifted while the lowest energy line moves towards 
the centre to give a more symmetrical spectrum. Com- 
parison of Figs. 2c, d and e shows that this behaviour is 
observed experimentally in the Móssbauer spectra of 
Euglena ferredoxin. Similar hyperfine lines have already 
been observed in two other iron-sulphur proteins—spinach 
ferredoxin’ and xanthine oxidase?, 

At 195° and 77° K (Fig. 2a) the spectra were similar to 
each other, except for slight differences in the relative 
intensities of the lines and a shift of about -- 0-1 mm/s as 
the temperature is lowered due to the second order Doppler 
shift?. There are apparently four lines: a pair at — 0-1 
and + 0-6 mm/s and another pair at — 0-8 and + 2-2 mm/s. 
The magnetic hyperfine interaction seems to have disap- 
peared because of the shorter spin-lattice relaxation times, 
but the spectrum has collapsed to two quadrupole doublets 
instead of one. This could be explained if for some reason 
the rate at which the unpaired electron jumps between one 
iron atom and the other (probably through a sulphur 
atom) has slowed down. They would then be dissimilar 
as detected by the Móssbauer gamma rays and each show 
their own characteristic spectrum. A model which fits 
this conclusion is for both atoms to be low spin Fe** and 
antiferromagnetically coupled to give S= 0 in the oxidized 
state and on reduction one of these is converted to 
low spin Fe?* resulting in a total S=}. Further work, 
however, is necessary to establish that this model is 
unambiguous. 

To summarize, the low temperature spectra both in 
zero field and in a small field yield the following informa- 
tion. (i) All the iron atoms seem to give the same Móss- 
bauer spectra, indicating that in the reduced state the 
single electron must be equally shared by both irons in 
the two-iron centre of the molecule.  Móssbauer and 
electron spin resonance data on putidaredoxin, an iron- 
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Fig. 3. Nuclear energy levels and corresponding Mossbauer spectra for 
A S.I hyperfine coupling with an effective S= 1/2 (a); in zero magnetic 
field (b) with H> A/2gB (=H-) applied (i) perpendicular to and (ii) 
parallel to the gamma rays. The application of the feld makes the 
spectrum more symmetrical, but does not shift the high energy line. 
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sulphur protein somewhat similar to spinach ferredoxin, 
also lead to a model for a two-iron centre!*5, (ii) The 
effective magnetie field H, at the nuclei is 180 kgauss. 
This is about half that of typical low spin ferrie ions 
(personal communication from L. G. Lang and W. T. 
Oosterhuis) and could be a result of the unpaired electron 
being equally shared between the two iron atoms. 
(ii) The component of the electric field gradient in the 
direction of the effective magnetic field at the nuclei is 
negative, implying a positive sign for the principal com- 
ponent. 

We thank Dr L. G. Lang and Professor F. R. Whatley 
for discussions and Mr L. W. Becker for assistance. This 
work was partially supported by grants from the Science 
Research Council and the Deutschen Forschungsgemein- 
schaft. 

Received October 28; revised November 26, 1968. 


! Malkin, R., and Rabinowitz, J. C., Ann. Rev. Biochem., 36, 113 (1967). 


i293 


?Whatley, F. R., Tagawa, K., and Arnon, D. Ja, Proe. US Nat. Acad, Set, 
49, 266 (1963). 

* Evans, M. C. W., Hall, D. O., Bothe, H., and Whatiey, F. 
110, 485 (1988). 


t. Biochem. J., 





* Gibson, J. F., Hall, D. O., Thornley, J. H. Me, and Whatlev, Y. E., Proc. 
US Nat. Acad. Sci., 56, 987 (1966). 

* Johnson, C. E., and Hali, D. O., Nature, 217, 446 (1968). 

* Moss, T. H., Bearden, A. J., Bartsch, R. G., Cuasnovich, Xt. A., and San 


Pietro, A., Biochemistry, 7, 1591 (1968). 

? Hall, D. O., Gibson, J. F., and Whatley, F. R.. 
Commun., 28, 81 (1960), 

8 Palmer, G., and Sands, R. H., J. Biol. Chem., 241, 253 (19055. 

* Böger, P., and San Pietro, A., Z. Pflanzenphysiologie, 88, 75 

?? Cranshaw, T. E., Nuclear Instrum. Meth.. 30, 101 (1964), 

u Johnson, C. E., Proc. Second Intern. C 'onf. Magnetic Resonastce in Biological 
Systems. Stockholm, 405 (Pergamon Press, 1987). 

n Johnson; C, E., Knowles, P. F., and Bray, R. €., J.. 108, 106 
(1967). 

13 Josephson, B. D., Phys. Rev. Lett., 4, 841 (1960). 

M Tsibris, J. C. M., Tsai, R. b., Gunsalus 
Hansen, R. E. „and Beinert, i, Proc. US Nat. 4 

13 Cooke, R., Tsibris, J. C. M., Debrunne fr, Pi Gay 
and Fruenfelder, H., Proe, US Nat. Acad. Sci. 


Biochem. Biophys. Res. 


(1967). 





Biochem, 








hnson, W. H., 
.. 89, oo today 
Tunsahis, T. Ca 
, 59, 1048 Ci OBR). 


Oblique Rotator and Pulsar Radiation 


by 
BERNARD J. EASTLUND 


Atomic Energy Commission, 
Washington, DC 


Pursans emit electromagnetic radiation over a wide 
frequency range (measured between 40 and 2,700 MHz) 
in the form of pulses with a duration of approximately 
50 ms and with a repetition rate of the order of 1 s (ref. 1). 
Tt is the purpose of this article to develop a model, based 
on an oblique rotator star hypothesis, capable of explain- 
ing the complicated pulse emission. I originally proposed 
this model, in qualitative. form, at the Conference on 
Pulsating Radio Sources and would now like to present 
some quantitative aspects and compare them with 
experiment!. 

The oblique rotator model of a rotating star is illustrated 
in Fig. 1. In this model, a dipole magnetic field is oriented 
with its axis at an angle « with respect to the axis of 
rotation of the star. The actual values for the periods of 
rotation of small stars and their magnetic fields are still 
a matter of intense research?-*. I will therefore assume 
that the dipole magnetie field is finite and of sufficient 
strength to trap charged particles emitted from the surface 
of the star, and that some stellar object exists that can 
rotate with a period of the order of 1 s while maintaining 
an obliquely rotating field. 

Another essential aspect of this model is the existence 
of a magnetosphere in the dipole field. If the emitted 
radiation has an emission pattern I (0), where 0 is defined 
with respect to the magnetic direction, then in certain 
conditions an observer placed favourably would see a 
pulse of r.f. radiation with a time dependence given by 
the expression 


= I(0—Q) (1) 


where Q equals the rotation frequency of the star (see 
Fig. 1). Equation (1) would be true for the special case 
in whieh (a) the obliqueness angle, x, is equal to 7/2, 
(b) the observer is located in the star's equatorial plane, 
(c) the emitting region of the magnetosphere is located 
within a region of magnetic field curvature concentric 
with the star's surface, and (d) the emitted radiation is 
maximum for angles 0 close to 2/2. For this particular 
case (designated case A) two r.f. bursts would be observed 
per period of revolution. Other cases are possible. If the 
obliqueness angle. x, is equal to 7/4, and if the observer 
is located at an angle of x/4 with respect to the axis of 


Stars with a dipole magnetic field oriented at an angle to zhe rotation 
axis may emit pulsating radio signals. 


rotation, then only one r.f. burst would be seen per period 
of revolution (case 3). For the same value ef x (x/4), an 
observer located directly in line with axis of rotation would 
see nothing (case C). If the obliqueness angie, v. is zero, 
then an observer located in the equatorial plane would 
observe continuous emission (case D). These are the basic 
patterns. The derivation of the 0 to ¢ transformation for 
the general case is à computer problem. 

The problem of explaining the pulse shapeand polariza- 
tion as a function of time is thus reduced to tae determina- 
tion of emission patterns, / (0), from a magnetosphere. 
Gold has suggested that the r.f. bursts originate from 
isolated streamers of relativistic plasma im a magneto- 
sphere co-rotating with a rotating neutron star the mag- 
netie axis of which is parallel to the axis of xotation*. The 
present model, as will be shown, permits enalysis based 
on a coherent synchrotron radiation mechanism and, 
furthermore, relaxes the requirement on the geometry 
of the radiating regions. 

A magnetosphere that is sufficiently filled with plasma 
so that c/o? is finite (w= electron plasma frequency and 
c,- electron Larmor frequency) should be subject to 
many of the instabilities observed in laboratory mirror 
device experiments (such as the negative mass, velocity 
space and tearing modes) Here I assume that an 
appropriate instability is triggered by the Sling or some 
other process. The instability is also assumed to produce 
some form of phase bunching of electrons n the plasma, 
thus leading to coherent emission of synchrotron radia- 
tion. (The requirement of an intense local souree is thus 
removed. for highly directed radiation can draw on the 
free energy available from a large number of particles in 
the plasma.) Other coherent radiation processes, such as 
Cerenkov emission, are possible, but the coherent syn- 
chrotron mode is the mechanism pursued in detail here. 

The detailed study of growth rates and instability 
conditions is left for a future paper. To demonstrate 
the plausibility of the argument, however, a brief synopsis 
of an experiment that illustrates an appropriate instability 
that results in coherent emission of synchrotron radiation 
is given in an appendix at the end of the paper. 

For relativistic electrons, coherent synchrotron radia- 
tion usually occurs in the radiofrequency and microwave 
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regions of the spectrum. The intensity as a function of the 
number of electrons N phase bunched over an angle 9 
on a eyelotron orbit is given by the following formula? 


dw 2o 
— = N? E Pmfm (2) 
dt m1 

where Pm is the intensity of the mode m. given by 
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and faze-mWA B vede. By = vyfe. for a Gaussian 
angular distribution of bunched electrons on the orbit 
(the gyro-orbit within the magnetosphere). 

The values of N and $ are difficult to determine in a 
plasma, but are rather straightforward in an accelerator‘. 
I assume (see the appendix) that N can be large enough 
to account for the observed intensity of emission from 
the pulsars. 

The spectral distribution of the emitted radiation, 
within the context of this model, is a function of the 
magnitude of the magnetic field. the energy distribution 
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Fig. 1. The oblique rotator model for pulsar emission. 


of the bunched electrons, the synchrotron mode number m 
and the "bunch" angular extent y (equation (3)). Because 
of the assumption c/o? « 1, absorption of the radiation 
will be neglected. As will be shown later, the angular 
dependence of the emitted radiation, J (9) (that is, Pm (9)), 
is indicative of high harmonic content and high energy. 

Equation (2) is compared with the experimental! spectral 
distribution measurements of Robinson et al. in Fig. 2 
(ref. 8). The theoretical curve is calculated using the 
following expressions for Pm obtained from equation (3) 
after integration over 0 (ref. 7): for m= 1,2,3.4 





B 
m? (Y—82) [is am (mt) ar| (4) 


and for m=5,..., o, and y (1—8?)!? 





gor 0m C Kars (0 dt (8) 
A/3e, C. Y* Jomisy e 


(The integral has been tabulated by Westfold’*.) 
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Fig. 2. The dashed line shows the average pulse height as measured by 


Robinson et al. The solid curves are calculated from equations (2), (4) 

and (5) under the assumption y=4-6°, y=8-5 and H=3-8 MeV using 

fundamental frequencies of 20 and 40 MHz. (The theoretical curves are 
normalized to the peak measured flux.) 


As can be seen from Fig. 2, the general agreement with 
the observations is remarkable. The choice for the funda- 
mental frequency at m= 1 is not critical for determining 
the shape of the curve. The value of y is also of little 
effect when y > 2 or 3. The values of N and ¢ are extremely 
important, however. Thus variations in spectral shapes, 
or the intensity at a given frequeney, would be highly 
sensitive to these parameters, and thus would be critically 
dependent on the state of the magnetosphere. 

The angular emission Pm (0). given by equation (3). is 
dependent on the mode number m and the energy (Pu 
and 8,). Thus knowledge of the energy distribution of the 
emitting “bunches” is critical to a caleulation of J (9) 
and through that the pulse time dependence. 7 (9) is 
illustrated in Figs. 3 and 4 for various values of m and 
8, (ref. 10). Note the minimum in the emission pattern 
perpendicular to the magnetic field for 8, close to 1. 
This minimum is still in evidence for very high values of 
m when B 2:1. As an example. the pulse shape as a fune- 
tion of time to be expected for the case m — 10, B X 1, is 











Fig. 3. Intensity distribution of the various harmonics as a function 
of the angle between the observer and the orbital plane for an electron 
energy corresponding to fa = 0-9 (from Oster). 


NATURE. VOL. 220, DECEMBER 28. 1968 











Fig. 4. Same as Fig. 3 but with 21 —0-7 (from Oster). 


shown in Fig. 5 under the assumption Q=0-7 Hz. The 
shape for m= 10 and 8, 2 0-7 is also shown for (22 0-7 Hz. 
Thus the two basic patterns of pulsar emission, single 
and double peaks, can result from a region of constant 
magnetie field, with different values of eleetron energy. 
The observed fine strueture in the emission pattern can 
be accounted for by emission from either different regions 
of magnetic field, or from electrons with different energy 
in the same field region. 

The radio receiver is usually tuned to a single frequency. 
Thus if the magnetie field is constant in the emitting 
region and two different energy groups are radiating, then 
it 1s easily seen from Figs. 3 and 4 that, if the receiver is 
set to detect the frequency determined by, say, the m —3 
mode, there would be four subpulses within the r.f. burst. 

The time averaged ratio of peak amplitude of a double 
pulse to its minimum value is observed to be «1:7 at 
630 MHz (ref. 8). The m- 10 mode for 8, ~1 in equation 
(3) gives a value of 1-4 for the ratio of the amplitude of 
emission at max to the emission at 8 — 7/2 (the minimum). 
The ratio of maxima to minima is very close to this value 
for quite high mode numbers as long as 8, is close to one. 

The polarization of the emitted signals can be obtained 
from the following formula 





0 
sino (c089 —8,) J mix) 





k (cos — 8.) Fn (a) 
where x - mf, sin 0, È is defined along the magnetic field, 
and ¿ perpendicular to the field. The power emitted by 


the ordinary wave (electric field parallel to B) is 


| (eo80 — 8.) Jml) k |? (7) 





and the extraordinary wave (electric field perpendicular 
to H) 


(8) 





For low mode numbers and/or finite Bj, equation (7) 
prediets that the polarization of the ordinary wave 
reverses direction as the angle of emission shifts between 
the regions 0<0< 7/2 and z/2«0«7. This effect has 
apparently been observed by Craft ef al.'', who report 


don" as 





“apparent reversals in the direetion of polari 
the pulse is received. 

The precursor pulse? observed in CP 0950 could be 
explained in the present mode! by a large value for By 
(motion of the emitting electrons parallel to the magnetie 
field). In these conditions equation (3) would predict 
an asymmetry in Pa (9) about 0- 5/2. This emissi 
would appear almost exclusively as the ordmary w 
(equation (7)) and, as such, would be highly polar 
and weaker than the main emission in the extraordinary 
wave (equation (8). Rickett and Lyne have observed 
that the precursor pulse is highly polarized and has 
approximately L8 per cent of the energy o the main 
peak". 

Case A in the present model predicts two rf. bursts 
per rotation period. If the magnetosphere and/or emitting 
regions were non-uniform one might expect even-odd 
behaviour in the received signal. This phenemenon has 
been observed by Grueff et al.'?, who report e fluctuation 
of average pulse height in CP 1133 with a period that is 
twice that of the pulse repetition. Case B, the orientation 
that results in only one r.f. burst per rotation period, is 
apparently the most common occurrence, 

The present model is thus consistent with many of the 
pulsar observations. The model can hopefully serve as à 
useful basis for further analysis, but the task ahead i& 
extremely difficult. Although instability analysis in 
mirror configurations has reached a high degree of sophis- 
tication within the programme of controlled thermonuclear 
research, the interaction that leads to the emission of 
electromagnetic radiation from the unstable region is only 
partially understood for some instabilities. 
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Appendix. The intensity of pulsar radiation is typically 
of the order of 105 W m-? (for an emitting region assumed 
to be 10,000 km in diameter) Any pulsar model must 
demonstrate that an intensity of emission of this order 
of magnitude is consistent with the properties of the model. 
In this appendix, a velocity space instability experiment 
is described that results in coherent synchrotron emission 
and occurs for conditions in which c/o? < 1 in a magnetic 
mirror. 

Perkins and Barr observed high frequency instabilities 
occurring in a “hot electron" plasma (T,a25 kV; New 
10" em-*) contained in a mirror device’. They found a 
particular instability (arising from the “loss cone" nature 
of the distribution function for hot electrons, coupled 
with the presence of a cold electron component) that ig 
observed as intense radiation at the electron cyclotron 
frequency. The instability is predicted, and observed, to 
oecur for the condition w3/w2?~0-01. (The higher har- 

ionies as shown in Figs. 3 and 4 would not be expected 
due to the low energy of the electrons.) They find that 
the radiation intensity is 10* times that predicted for 
single particle cyclotron emission. The absolute measured 
value is 0-3 W cem; an emitting region of 1 m? would 
then emit 3 x 105 W. i 
lt is interesting to note that in the theoretical interpre- 
tation of this instability it is shown that the growth rate 


Variability in Magnetic Stars 
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THE many difficulties facing present theories of the mag- 
netic variables are well known!-. Self-inductance in a 
system of stellar dimensions prevents appreciable varia- 
tions of magnetic field strength in a time less than about 
10* yr, other than variations arising from motion of the 
field lines with the fluid. It would seem that either the 
scale length of the field must be reduced by a factor of 
order 105, or a purely magnetohydrodynamical explana- 
tion must be found for the observed variations, usually 
irregular and often with reversal of polarity, in a time- 
seale of the order of days. In the latter category is the 
oblique rotator model in which the axis of rotation is 
supposed to make a large angle (often about 90^) with the 
axis of the magnetic dipole. The model, however, is 
unsatisfactory for a number of reasons. 

In this article an alternative explanation is suggested. 
The speetroscopie variations which occur in synchronism 
with the magnetic variations in some type A stars suggest 
that the spectrum which is observed may originate within 
different layers of the source at different phases of the 
cycle. If this is the case, and if the magnetic field has 
different strengths in the different layers, then what we 
observe as a variation of magnetic field with respect to 
time would in reality be a variation with respect to radius 
within the source. The problem of the short timescale of 
the variations would disappear completely. Other physical 
quantities, inferred from the spectrum, would also vary 
from layer to layer rather than with respect to time; 
these include the intensity of specific spectral lines and 
the radial velocity and radial velocity spread of the 
emitting gas. 

* 
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(the time it takes the instability to grow by a faetor e) 
decreases as the hot plasma fraction decreases. Growth 
rates of the order of 1 s are predicted for hot plasma 
fractions as low as 10-9. Thus, if streamers of emission 
from the star's surface were responsible for the filling of 
the magnetosphere, and if this were the type of instability 
responsible for the emission, then growth rates in maxi- 
mum amplitude (on the order of seconds) such as that 
observed by Robinson et al. might be expected. 
I thank A. Ruark for his helpful discussions. 
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Problems raised by these stars can be understood if the absorption 
line spectrum originates in different layers of a circumstellar envelope 
as a compression wave propagates through the envelope. 


There is evidence that the absorption line spectrum of 
Ap stars originates in a circumstellar envelope. From 
measurements of line width, Slettebak* has inferred a 
mean equatorial velocity of rotation of 175 km s~ for 
eighty-seven ordinary type A stars and 50 km s~ for 
sixteen stars with peculiar spectra. The sharpness of the 
lines of the Ap stars, most common among the magnetic 
variables, suggests an origin in a slowly rotating cireum- 
stellar envelope. It is true that Babcock! has argued that 
stars with sharp lines are observed pole-on, but there are 
difficulties with this explanation’. The narrow central 
eore which sometimes is present in the absorption lines, 
and the occasional appearance of weak emission wings, 
strongly suggest circumstellar origin. Indeed, Babcock’ 
considers that the fine components of the H and K lines 
of Call in HD 215441 indicate origin at an effective height 
of about 1-2 times the stellar radius above the photosphere, 
and imply expansion with a velocity of the order of 
5 km s. 

Let us consider now the problem of the overabundance 
of certain elements in the region where Ap spectra origin- 
ate, particularly the elements Si, Cr, Mn, Sr, Y, Zr and 
the rare earths. If thermonuclear explanations are ruled 
out in view of the severe objections which ean be raised 
against them, then we must look for some force of appre- 
ciable magnitude which acts differently on different ele- 
ments. Radiation pressure at line frequencies is such a 
force. The elements most affected will be those with the 
largest number of strong absorption lines at frequencies 
where the radiation flux from the star is most intense. 
That the force will be strong enough to blow specific 
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atoms or ions outward into a circumstellar envelope can 
be appreciated from the following order of magnitude 
calculation. The cross-section for scattering of a photon 
by an ion at resonance (in other words, the frequency of 
the photon lies within the natural line of width y) is 
Q=4ne%f/mcey, where f is the oscillator strength of the 
absorption line. The probability per unit time that the 
ion will seatter such a photon out of a radiation beam of 
intensity I,8v and photon density m,8v (l,-hwen,) is 
Qcn,8v. The momentum carried by the photon, v/c, will 
be lost, on the average, at each seattering. Assuming that 
all photons travel in the same direction (a condition which 
might approximately obtain in a cireumstellar envelope) 
the rate at which the ion acquires momentum from the 
radiation beam (that is, the outward force on the ion) is 
given by 


F = Qen,dv(hv/e) = 4n(e?/me*)fI, 


where we have restricted the bandwidth of the radiation 
flux such that 8v ~y. For a type A star I,~5x 10-* ergs 
cm- s- (Hz-!) (ref. 6). Taking f^! we then infer 
Fx2x1075 dyne. For comparison, the gravitational 
force on an ion of atomic mass 50 at a radius of 10!! em 
from a star of one solar mass is about 10-8 dyne. Thus 
only a small anisotropy in the radiation flux is sufficient 
to overcome gravity. 

The slow outward motion of atoms in the case of "shell 
stars" could well be due to radiation pressure. Concerning 
shell stars, Merrill’? writes: ‘The term shell is applied to 
certain B- and A-type stars whose unusually narrow dark 
spectrum lines bear evidence of having been produced in 
an atmospheric level high above the normal reversing 
layer. Narrow lines of ionized metals, partieularly Call, 
ScII, TiII, Fell and Nill, are numerous and distinet". 
Speetroscopically, shell stars resemble Ap stars, some 
having Ap classification. 

If the peculiar abundances observed in Ap stars are 
explained in terms of element segregation due to radiation 
pressure at line frequencies, then it is almost certain that 
the spectrum originates in a circumstellar envelope. In 
order to account for periodic reversals of the polarity of 
the magnetic field, different layers of this envelope must 
have fields of different polarities. This is plausible if one 
accepts a mechanism for the generation of stellar fields 
which I have proposed elsewhere*. I have pointed out 
that viscous forces opposing differential rotation of a 
plasma accelerate electrons relative to ions, thus generat- 
ing a current density. The current density turns out to 
be proportional to d?u/dr?, where u(r) is the velocity of 
rotation for distance r from the axis of rotation, and 
beeause for most systems du/dr is likely to rise to a peak 
value for some radius, say 7m, and then decline, it follows 
that the current density will be positive for r<rm and 
negative forr >rm. The magnetic field will be the resultant 
of two opposite dipole fields. In some regions one dipole 
field may dominate, and in other regions the other domin- 
ates. If the present large fields have resulted from mag- 
netohydrodynamical amplification during contraction of 
a much larger nebula, then this field distribution would 
persist during amplification. 

Why the observed absorption line spectrum should 
originate first in an inner and then in an outer layer of 
the circumstellar envelope requires explanation. The 
chief contribution to the opacity of the envelope must 
come from different layers at different times. I have pre- 
viously® drawn attention to the possible importance of 
the variable opacity of a surface layer of a star for the 
motivation of stellar pulsation (in stars in which the 
dammed radiation flux heats the gas) and for the instiga- 
tion of nova outbursts (in stars in which the gas pressure 
is not appreciably affected by the dammed radiation flux 
because matter exists in a degenerate state). The opacity 
considered previously was opacity to continuum radiation. 
It was variable with compression or dilation of the surface 
layer because the contribution from free—free absorptions 


is proportional to nimeAR (mi=ion density, n.=electron 
density, AR = thickness of layer) which is proportional to 
1/AR assuming that the total number of ions remains 
constant (4nR?ARni = constant). Now we are considering 
the opacity to line radiation which is proportional to 
my AR, which remains constant during compression and 
dilation in conditions of constant total ion number. 
Now, however, n; may vary as a result of other causes. 
An obvious cause is a variation of the rate of iou-eleetron 
recombinations, which is proportional to nin, AR. A less 
obvious, and probably more important, cause is the 
following. 

Only those atoms whose natural linewidth, w, overlaps 
the frequency, v. of the observed radiation will contribute 
to the resonance opacity. The density of such atoms, 
tuned to v, will in general be a relatively small fraction 
of the total density, due to the Doppler dispiacementa. 
The spread of Doppler displecements will vary with 
compression and dilation of the layer, so that the fraction 
of atoms contributing to the resonance opacity will vary, 
being greatest during compression. 

The compression and dilation of different lawers of the 
envelope in turn can be attributed to an irregular pulsation 
of the star itself. The smal! amplitude veriations of 
luminosity which are observed in magnetic stars, and 
particularly the tendency for these stars to 5e bluer at 
minimum light and occasionally to show phase shifts 
between light curves in different colours, suggest variable 
surface opacity to continuum radiation?; as explained 
previously?, this could motivate a stellar pulsation or at 
least an irregular throwing owtward of a surface layer. 
That the observed variations in magnetic stars should be 
irregular is easily explained. 

Many of the detailed phenomena observed in the mag- 
netic variables can now be explained. About 25 per cent 
of Ap stars have at least some lines varying in intensity 
periodieally. Usually the lines fall into two groups, one 
varying in antiphase to the ether. The prefiles, widths 
and Doppler displacements of the lines also ^ The 
grouping of the elements according to the rar 
of the radial velocity variations agrees well with the 
grouping according to intensity variations’. The inverse 
variation of linewidth w with period P :s sometimes 
regarded as evidence for the cblique rotator model despite 
the inference of different equatorial velocities from w and 
from P, but a more likely explanation is thet w measures 
radial velocity spread in a particular layer and is therefore 
likely to be proportional to e, which is inversely propor- 
tional to P if the displacement is eonstant 

At phases near field reversal the compression layer will 
span part of the positive feld region and part of the 
negative field region. Gas in these two parts may have 
different radial velocities. These are exactly the condi- 
tions necessary to account for the "eross.over" effect!. 
The effect will be seen only for those elements concentrated 
near the zero-field layer. 

Finally, consider the detailed observetions on HD 
125248 (ref. 10). Lines of CrI and CrII reach maximum 
intensity at the phase of maximum negativo field, and 
presumably therefore Cr is concentrated in the negative 
field region. The lines of Eull reach maximum intensity 
at the phase of maximum positive field, so that Eu will 
be concentrated in the region of positive &eld. The lines 
of Fel, Fell and Till do not vary in intensity, indicating 
that they are distributed homogeneously chroughout the 
envelope. At the phase when we look at the Cr rich region 
the lines of Eu (at their weakest) will tend to come from 
the outermost boundary; accordingly, : 
lines may indicate different field strengt 
also different radial velocities. At the 
look at the Eu rich region the weak Cr li 
come from the innermost boundary, agais g to the 
same effects. The differences will be most pronounced 
near cross-over. This is exactly what ix observed. At 
phase 0-40, for example, the effective feid deduced from 
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Cr lines is — 1,400 gauss while that deduced from Eu 
lines is +575 gauss. The radial velocity curves of Cr 
and Eu, after subtraction of the mean radial velocity 
indicated by Fe, are found to be mirror images of each 
other?*.!*, des. 

In view of these remarks, considerable caution is 
obviously required before invoking the binary star model 
to explain speetroscopie variability. Indeed, recent obser- 
vations of spectroscopic variations in z Centauri! !? seem 
to defy explanation within the framework of accepted 
models. 

Received September 16; revised October 15, 1968. 
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There are microwave bursts not observable in the total flux from 
the Sun, but only in circular polarization. The production of these 
events in the Sun requires equivalent changes of the magnetic 
field imposed on the emission regions during the bursts. 


Centre of Radio Astronomy and Astrophysics, 
Mackenzie University, 
Sao Paulo, Brazil 


During nearly two years of solar observations with a 
7 GHz polarization radio telescope!, we have noticed 
many small unusual effects in flux and circular polariza- 
tion. Most of these events could be attributed to tropo- 
spheric causes and some to instrumental causes*, but 
several features remained unexplained. We wish to 
draw attention to peculiar polarization enhancements, 
or fluetuations, without any measurable variation in the 
total flux intensity of solar radiation. Specific and definite 
events were selected, beeause they were well correlated 
to other solar events and geophysical effects, particularly 
io very low frequency (VLF) propagation anomalies in 





the upper atmosphere, which we also measured with two 
recorders controlled by a rubidium standard oscillator. 
'The sudden VLF phase anomalies (SPA) were measured 
with an inaccuracy of + l us. 

The 7 GHz solar polarimeter is similar in design to that 
briefly described by Tsuchiya and Nagane*. The system 
presents two outputs, one proportional to (T'a-- Tz) and 
the other to (Tr— Tz). Tr being the right handed com- 
ponent and T'; the left handed component of the antenna 
equivalent noise temperatures. The degree of circular 
polarization is 

(1) 


p=(Tr-T1))(Tret+T 1) 
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Fig. 1. The event of July 29, 1987, is a good example of a long lasting burst of polarization. The SPA 


observed at two VLE transmissions were not important, but well defined. 


NATURE. VOL. 220, DECEMBER 28. 1968 


The minimum detectable temperature difference at 7 GHz 
is nearly 1° K, and the minimum measurable degree of 
cireular polarization, for the total solar flux contribution, 
is nearly 0-003 (0-3 per cent) but qualitatively this 
figure can be éven lower. The (T'5— Tz) output results 
from a separate aerial input switching, at a frequency 
different from the Dieke switehing made before the radio 
frequeney detector. This means that (T 5 — TL) measure- 
ments are much more stable than the total flux output. 


Polarization Bursts with Good Correlated Evidence 

We selected, six very conclusive bursts of polarization, 
with measured SPA associated effects and other solar 
phenomena. They are listed in Table 1, and typical 
examples are shown in Figs. | and 2. The other informa- 
tion on solar events which we have used was obtained 
from ESSA Solar-Geophysical Data bulletins. 

The event of July 29, 1967, was a gradual change in 
(Tr— Tz) presenting some small structure, but no peaks, 
towards the right hand sense of polarization. An impor- 
tant optical flare of (— N) was observed at MeMath plage 
8911 starting at 1245 UT, lasting nearly 30 min. At the 
solar coordinates N15 E15 two or more brilliant points 
were reported. The OSO-III satellite measurements 
reported a moderate X-ray enhancement from 1217 UT 
to 1317 UT. Ottawa radio observers (2-8 GHz) reported 
a "fall" type burst at 1200 UT, lasting 60 min. 

The event of December 2, 1967, consisted of a small 
deviation in the (T'a— TL) output toward the right hand 
sense. An optical flare ( — N) in MeMath plage 9091, very 
close to the solar limb (S30 W80--90), was reported by 
several observers, from approximately 0955 UT to 1003 
UT. 

The event of December 17, 1967 (Tr>T1), started 
nearly 5 min before a normal Simple 3 burst. Pennsyl- 
vania (2-7 GHz) reported a "fall" type burst starting at 
1600 UT. An optical flare ( — N) was reported at MeMath 
plage 9115, at N18 W03, from 1619 UT to 1700 UT, in a 
complex field of spots where two or more brilliant points 
were noticed. X-ray enhancement in the 2-12 A band 
was reported by Explorer 33 and 35 satellite data. from 
1616 UT to 1629 UT. 

No VLF reeordings were available for the event of 
January 6, 1968, but a polarization burst occurred simul- 
taneously with a Simple 1 observed in Pennsylvania 
(2-7 GHz) and Ottawa (2-8 GHz). A small, less definite 
flare at MeMath plage 9145 (S23 E29) was reported by 
three observers. 

During the event of January 10, 1968, a gradual polar- 
ization burst started at 1700 UT, toward the left hand 
sense, with further inerease at 1722 UT. A Simple 3 
burst was reported from Pennsylvania (10-7 GHz, starting 
at l655 UT, lasting 58 min; and 2-7 GHz. starting at 
1658 UT, lasting 76 min). and Ottawa (2-8 GHz, starting 
at 1655 UT. lasting 65 min). 

We have no VLF recordings for the event of January 13. 
1968, but this polarization burst. of impulsive shape, 
occurred nearly 2 min before a normal Simple 1 burst. 
Solar aetivity at the microwave level was reported by 
other observers from 1846 UT to 1849 UT. A Simple 2 





Table 1. 


Polarization bursts at 7 GHz 


Date Time (UT) AO R-TLY K 
Start Max. Duration Max. Mean 
July 29, 1967 1254-0 ~- 32-4 min 16:5 xd 
December 2, 1967 0048-7 — NR DE 3:9 
December 17, 1967 16141 1615-6 — 284 142 
January 6, 1968 1438-8 1439.5 20 14-6 7-3 
January 10, 1968 1701.7 — 52:9 26-0 12-1 
January 13, 1968 1840.7 1847-4 1-0 22-0 ILO 


Bursts were observed at GBR (Rugby, UR); NWC (Northwest Cape, Australia): Omega (Trinidad or Aldra, Norway) to 8460 Paule 
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burst was reported at 1846 UT. and another Simple 2, or 
“fluctuations” 2 min later. SPs were reported by other 
VLF observers, starting at 1847 UT and 1848 UT. 





Magnetic Changes at the Radio Emissive Regions 
Polarization bursts are an indication of the occurrence 
of solar enhancements at other wavelengths, particularly 
in the region of X-rays, which consti ^ principal 
ionizing radiation during flares in the lower isnosphere*?, 
'The absence of flux variation during such events deserves 
further comment. ‘he polarization of a normal solar 
microwave burst is usually measured in relation to the 
quiescent level of the Sun, both in (Tg - T) and in (Zg— 
TL) previous to the event. lf the flux vagiation is less 
than the limiting sensitivity of the radiometer. the 
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Fig. 2. The event of January T3, 1968, shows an impulsive burst. in 

polarization preceding a normal Simple 1 polarized burst. The ordinates 

are in relative units of aerial temperature, dífferentzfor the two radio- 
meter outpita. 





resulting degree of polarization will be greater than 100 
per cent, a figure which.is not physically sound; it seems 
rather that* polarization :s greater for events of smaller 
intensity. But a group of small bursts unpolarized, or 
faintly polarized, was als» identified. 

A more consistent explanation, however, can be sug- 
gested, involving magnetic changes within the emitting 
magneto-active plasma. The right and deft handed com- 
ponents of the incoming radiation cerrespond to the 
extraordinary and ordinary rays split by the magnetic 
field in the emitting region’®. The votal flux will be 
proportional to the brightness temperature Tẹ of the 
emitting source? and, when the enhanced regions can be 
assumed to be optically thin plasmas’, we have 











T ym UPS2) To + Te) (2) 
and 
pu Te)/{ Ta + ze) (3) 


where Te is the electron temperature, to and c, are 
respectively the optical depths of the ordinary and extra- 
ordinary rays. with TRX ve and Tia +... The experimental 
results for the polarization bursts suggest that, during the 
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time £ of the event, to(t)+ te()~ constant, and Toft) — 
Telt) 40, an effect that is understandable when there are 
magnetie field variations in time implying corresponding 
changes in optical depths. At different frequencies, depend- 
ing on the energy range of the particles in the emitting 
region, it can be foreseen that the burst could show flux in- 
creases or even absorption effects. Knowledge of the full 
spectrum eould make possible the establishment of a more 
precise model for the emission regions—but such informa- 
tion is hard to obtain at microwaves, because the flux 
intensities are at the limit of the sensitivity of the usual 
solar radio telescopes. 

Furthermore, assuming that the small events result 
from thermal electron bremsstrahlung®, particularly 
in the case of the long lasting bursts, in an optically thin 
plasma the optical depths can be approximated’, and the 
degree of polarization can be expressed as? 

p-2Y[( Y?) (4) 
when the emission occurs at a source situated near the 
solar central meridian (a quasi-longitudinal condition). 
In such a case Y= (fu/f) cos 0, where fg is the gyro-fre- 
quency of the electrons being equal to 28x10 H (H is 
the imposed magnetie field, in gauss), f is the radiation 
frequency, and 0 the angle between the directions of the 
magnetic lines of force, and the propagation of radiation 
(in this ease cos 0 1). Equating (4) with (1) and differ- 
entiating 

dp A(T r-T) {T r+ Ti)-[20—Y3)/0-4 Y5?]Y (5) 
and the changes in the (T'a — TL) output will be a function 
only of the changes in magnetic field at the emitting 
magneto-active region. For a crude numerical estima- 
tion, disregarding the sense of polarization, it can be 
assumed that the brightness temperatures are relatively 
low at the sources of the events (say, Te ~ 107 °K), covering 
a typical equivalent solid angle of the order of Qs~7x 
10-5 sr (1’ are diameter)". A typical magnetic field 
imposed when emission is greatest should be of the order 
of 400 gauss!'. Thus in finite terms 

Apz Anz AC n— Tr)/GTuOs (6) 
where ( is the aerial gain in the direction of its axis 
(&1/G —2.5x10-? in this case). Taking the event of 
July 29, 1967, as an example, A(T'a— T';) z 16:5? K, and 
equations (6) and (5) give AH ~ 80 gauss. 

Finally, we have found that after the polarization events, 
the (Ti — T) output usually returns to its quiescent level, 
suggesting that the effects discussed happened only during 
the event. A permanent change of the magnetic field 
in the slowly varying component source where the burst 
occurred would result in a different value for the quiescent 
polarization level after the event; this was not observed. 
Further data, obtained with more sensitive polarimeters 
and interferometers, are certainly needed for à better 
understanding of these phenomena. 
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Possible Causes of the Magnetic Changes 


The polarization bursts are good indientors of burst 
phenomena which occur in the Sun involving changes in 
the magnetic field imposed on the emitting sources, pro- 
ducing variations in the optical depths for the ordinary 
&nd extraordinary rays compensating each other. Tanaka 
and Kakinuma!? have already suggested that the burst 
source could move from a preceding to a following spot 
in a group of sunspots or vice-versa, and that imposed 
changes in magnetic field would occur in time, and even 
inversion of the sense of polarization could be expected 
(although not observed in the examples discussed here). 
On the other hand, the theories of dissipation of magnetic 
fields as a cause of solar flares could explain such field 
changes (for example, refs. 13-16). The magnetic field 
annihilation that would occur at deeper regions of the 
active centre could imply significant changes on the field 
strength where the microwave radiation escapes from the 
Sun. The estimated field change (that is, 80 gauss) 
could explain the energy liberated by a typical flare". 

The effects discussed here emphasize the care that should 
be taken in interpreting small solar bursts observed with 
single polarization radio telescopes. Because to(t)+ ve(£) = 
constant, such events may be well classified as an enhanced 
burst, or as an absorption occurrence—these data could 
bring some confusion in attempts to make direct physical 
conclusions. 
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Protein Structure: a New Strategy for Sequence Analysis 


by 
WILLIAM R. GRAY 


California Institute of Technology 


AMINO-ACID sequences of proteins contain a wealth of 
chemical and genetic information. Chemically, the in- 
formation specifies the complex folding of the peptide 
chain, thus determining the biological or catalytic function 


* 


The sequential degradation of mixtures of peptides promises to 
speed sequence analysis. 


of the protein'. Genetically, comparative studies of a 
single protein may make it possible to construct detailed 
phylogenetie trees?. 

Since Sanger's studies on insulin??*, the same general 
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approach has been followed in most work on protein 
sequences, and involves studying the amino-acid com- 
position and terminal amino-acids of the protein, and of 
many fragments derived from it. The analytical methods 
are now rapid, sensitive and generally applicable. Frag- 
mentation of peptide chains is simple and reliable, and 
several specific cleavages are available. Separating and 
purifying the peptide fragments, however, are usually 
laborious and time-consuming and result in heavy losses 
of material. A most significant advance towards solving 
this problem was Edman’s development of phenyl isothio- 
cyanate for stepwise degradation of peptide chains*. At 
each step only one new peptide is produced, obviating 
the need to separate daughter fragments. "This procedure, 
with various methods of amino-terminal analysis*-5, has 
been used in most recent studies of protein structure. 
Edman and Begg? have recently described an instrument 
("sequenator") for automatically carrying out the de- 
gradation of proteins, and have applied it to the first 
sixty residues of myoglobin. 'This is a remarkable achieve- 
ment, which will almost certainly be improved on, but it 
seems unlikely that it will soon be possible to degrade 
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decide which amino-acid at one position relates to a given 
amino-acid at any other positien.  Cross-correlation 
between two or more digests can reveal this, however, 
and enable the sequence to be deduced. A simple ease 
is illustrated in Fig. 1. 

Figs. la and b indicate the amino-acids which would be 
removed by ten steps of degradation on each of two 
digests of bovine ribonuclease’. At each step the ammo- 
acids are listed alphabetically te indicate that their true 
relationship is unknown. Consider the arginine residues 
situated 3, 6 and 9 positions distal to methionine (Fig. la, 
circled, and now referred to as Arg’, Arg* and Arg?) 
That at position 3 must be followed by either Asn, Asp 
or Thr; but cleavage at arginine (Fig. 15) shows that Arg 
can only be followed by Asn, Cys, Glu or Gln. Only Asn 
fulfils both conditions. Two positions distal to Arg? must 
be Cys, Leu or Ser; only Leu is compatible with the data 
of 1b. At the third and fourth positions only Thr and 
Lys are possible, respectively. At position five one cannot 
choose ibetween Asp and Ser, and at position six both 
Arg and Ser seem possible. Thus Arg*.Asn.Leu.Thr.Lys 
is the only sequence compatible with the data. We can 


d 








Steps of sequential degradation 


Cleavage 
aber d 1 2 3 4 5 6 7 8 9 10 
MET | Asp Ile (s) Cys Ala Ala Asp (go 
e 
MET | Lys Ser Ser Asp Leu (e) ena Ser Gly —Ser 
MET | Ser Ser The Thr Ser Thr—Lys Thr Ser Ser 
| 
MET } Met 
} 
! 
ARG | Asn His Gly Asp Asn Lys Phe Pro Ala Ala 
| 
ARG | Cys Leu Met Lys Asp Ser Thr Ser Asn Cys 
b | 
ARG ! Glu Lys Pro Ser Ser Thr Tyr Val His Glu 
| 
ARG |! Gm Thr Thr Val Ser Arg 


Fig. 1. 


derived from bovine ribonuclease by the following digestion procedures: @, acetylatior 
by cyanogen bromide cleavage? ; b, acetylation, followed by trypsin digestion. 


Amino-acids which would be released by stepwise degradation on mixtures o” peptides 


n, followed 
For full 


explanation, see text. 


large proteins completely. Proteins with a blocked 
amino-terminal group are fairly common, and are not 
amenable to the Edman degradation unless the blocking 
group can be removed’. It would thus seem that extensive 
peptide fractionation is still essential. 

I therefore propose a new strategy for sequence analysis, 
whieh could eliminate the need for peptide fractionation 
in most cases, including blocked proteins. It is also well 
suited for examining variant proteins such as abnormal 
haemoglobins. With blocked proteins one must still 
isolate and sequence the amino-terminal peptide, but 
there are simple selective procedures for doing this!®, 


Multiple Degradation Strategy 

In essence, I propose that sequential degradation be 
applied to the mixtures of peptides produced by a series 
of selective cleavages, rather than to individual peptides 
isolated from these mixtures. Analysis of the amino- 
acids removed at each step thus provides a "nearest 
neighbour" analysis extended successively to neighbours 
residing one. two, three and more positions distal to the 
cleavage point. In a single mixture of peptides one cannct 





similarly deduce Arg*.Glu.Thr.Gly.Ser and Arg?.C 
dependently of any other evidence. "These "first order" 
sequences are shown by lines connecting the appropriate 
residues in Fig. la. 

Having deduced these, ve can now make second order 
deductions about other sequences. Clearly Ber? and 
Ser!? in Fig. la must be joined, as must Ale® and Ala’. 
Now consider Lys! in 15 which is the same as Lys? in la. 
This must be linked via Asp or Ser to Arg? (15), rather 
than to Ser* (15). Otherwise this Ser would be identical 
with Ser? (la); this, we have already shown, is followed 
by Ser, which cannot be the ease for Ser* (15), because 
there is no Ser present in the seventh position. By similar 
reasoning we can prove tnat Met? (1b) must be followed 
by Asp.Ser.(Ser or Thr).Thr.Ser.Ala.Ala.(Ser or Asp).Ser. 
Ser. 

The same sequences would have been deduced if ribo- 
nuclease had a naturally blocked amino-terminus, for 
Figs. ia and 6 relate to hypothetical digests in which the 
amino groups of the pretein have been blocked before 
digestion. If this had not been done, the amino-terminal 
sequence would have been deduced in addition to those 
sequences already discussed (Fig. 2). This is a large 















* 
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i ONT) Lys.Glu. Thr. Ala. Ala . Ala. Lys. Phe . Glu. Arg. Gin 


i Argi [Met . Asp. Ser) 
-Cys Lys- 

Lys Ser Ser. 
m Met) x x 


-Ser De Thr- 


-Lys Ser, 
IV. Mel > 
LS He- 


-Gln His. 
V Arg) > iPro. Val 
“Cys Lys- 





Fig. 2. 


pen His 1 rSer -~ 
Thr- 


Arg . Asn.Leu . Thr. Lys! 


Ser 


PERR 





[Thr.Ser.Ala.Ala| |S 


-Asp- 


jAsp. Cys. Arg. Glu. Thr . Gly . Ser 


-Ser 


| Arg.Cys 
-AspÓ 


Amino-acid sequence information obtainable by ten steps of degradation on each of two 


digests of ribonuclease: (a) cyanogen bromide cleavage; (b) trifluoroacetylation, followed by 


trypsin digestion, and then followed by removal of trifluoroacetyl groups?t-9, | x 


; 


Lys Ser] 


LSer He 


indicates that either lysine or serine must occupy the first position, and either serine or isoleucine 
must occupy the second position—the actual sequence is not known and could be Lys. Ser, or 


Lys. fle, or Ser 
of fragments is 





er, or Ser.Ile, Though not indicated in the figure, some information on ordering 
'dueible: fragment I must overlap one of fragments IT or V, and fragment IV 


must overlap the other one. 


amount of information derived from two simple digests, 
each degraded for a mere ten steps. 

Ribonuclease contains a single peptide chain of 124 
amino-acids (Fig. 3). If we were able to cleave this chain 
specifically after Arg, Lys, Cys, Met, Tyr and His residues, 
and to degrade the various peptide mixtures for ten steps, 
we could deduce the sequence of the entire chain, except 
for position 24 (Asn). We could also decide rationally 
how to obtain the missing information and how to provide 
cross-checks if we felt that a single piece of evidence was 
insufficient. In this particular case we could cross-cheeck 
information from steps 11-13 of the Met cleavage digest 
with steps 12-14 of the His cleavage digest, or even steps 
24-26 on the intact protein. Thus, with a total of just 
over sixty cycles of degradation, we might establish the 
complete sequence of 124 amino-acids. ^ Despite the 
apparent paucity of observations there is actually a large 
redundance of information which serves as a check on the 
conclusions. If the final sequence is uniquely consistent 
with all this information we ean be confident of its 
correctness. 

Ribonuclease is quite a short protein, and most proteins 
of interest are 2-4 times as large. Much more information 
is then required for a sequence determination. This could 
be obtained by examining more digests, and/or by 
extracting more information from each digest, I have 
examined known amino-acid sequences of proteins such 
as light chains of antibodies, and the present strategy 
would work well for most of the chain. When hypo- 
thetical digests from several specific cleavages (after Lys, 








Arg, Cys, Met, Tyr, Trp, His) were examined there was 
almost no residual ambiguity in the areas covered. There 
was, however, a sequence of about fifteen amino-acids 
which was not represented at all, because a stretch of 
twenty-five residues contained no cleavage points. Such 
“inaccessible” sequences are encountered more frequently 
in large than in small proteins. They will become accessible 
as technical advances provide more digests or longer 
degradations. In the light chain example, degradation of 
mixtures produced by chymotrypsin, and by cleavage 
before proline residues, would have provided the required 
information. 





Supplementary Strategies 

Several amino-acids, when in an amino-terminal 
position, can be modified specifically while other amino- 
terminal residues are unaltered. This enables one to 
examine the sequences of individual peptides in a mixture, 
effectively increasing the number of digests available. 
Modifieations include removal by an enzyme (for example, 
proline iminopeptidase?); irreversible blocking (for ex- 
ample, cyclization of glutamine", or carboxymethyl- 
cysteine’); or reversible blocking. All three procedures 
would change the subsequent degradation pattern, and 
enable one to deduce the sequenee distal to the modified 
residue. Selective removal shifts the phase of the peptide 
during degradation, while irreversible blocking deletes 
information related to that peptide: comparison with 
the unmodified digest reveals the sequence. The third 
method suggested, specifie reversible blocking, promises 


NT 10 20 
Lys. Glu. Thr. Ala. Ala. Ala. Lys. Phe. Glu. Arg. Gin. His. Met. Asp. Ser. Ser. Thr. Ser. Ala, Ala 
23 25 30 40 
Ser. Ser. Ser Tyr. Cys, Asn. Gin. Met. Met. Lys. Ser. Arg. Asn. Leu. Thr. Lys. Asp. Arg. Cys. Lys 
50 60 
Pro. Val. Asn. Thr. Phe. Val. His. Glu. Ser. Leu. Ala. Asp. Val. Gln. Ala. Val. Cys. Ser. Gin. Lys. Asn. Val 
70 80 
Ala. Cys. Lys. Asn. Gly. Gln. Thr. Asn. Cys. Tyr. Gin. Ser. Tyr. Ser. Thr. Met. Ser. Ile. Thr. Asp. Cys. Arg 
90 100 X 
Glu. Thr. Gly. Ser. Ser. Lys. Tyr. Pro. Asn. Cys. Ala. Tyr. Lys. Thr. Thr. Gin. Ala. Asn. Lys. His. He. Te. 
110 120 l CT 
Val. Ala. Cys. Glu. Gly. Asn. Pro. Tyr. Val. Pro. Val. His. Phe. Asp. Ala. Ser. Val 


Fig. 3. 


The amino-acid sequence of ribonuclease deducible from degradation (ten steps) of six peptide mixtures resulting from cleavage at 
methionine, arginine, lysine, cysteine, tyrosine and histidine residues. Only residue 24 (Asn) is not specified (see texti. 
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to be very useful and will be diseussed in rather more 
detail. ; 
Taking a mixture of peptides of known degradation 
pattern, so that appearance of a given amino-acid could 
be predicted, it would then be possible (a) to react that 
amino-terminal group with a specific reversible blocking 
agent; (b) to block all other end-groups irreversibly; and 
(c) to remove the specific group. Only one peptide in the 
whole mixture would then be accessible to sequential 
degradation, and a direct sequence analysis of that peptide 
would be obtained. The procedure can be applied at any 
stage of a multiple degradation, thus making possible the 
examination of any peptide containing the appropriate 
residues. I have tested some potentially useful blocks for 
serine, threonine and proline, and these seem quite 
promising (my unpublished results). Glutamine, and 
possibly glutamic acid, may also be amenable in some 


eases. 


Application to Variant Proteins 

Apart from its potential for direct sequence analysis, 
the multiple degradation strategy should work very well 
for identifying variants of a protein of known sequence, 
such as haemoglobin. Ingram's approach" was to separate 
the peptides on a two-dimensional "peptide map" or 
fingerprint, and to isolate the peptide of which the 
mobility had been ehanged. Its sequence was then 
determined so as to identify the mutation site. Using 
multiple degradation of a tryptic digest, carried out for 
fifteen steps, one could have access to almost every 
residue of the protein. À comparison of the normal and 
mutant "sequence maps" would then reveal both the 
position and the identity of any mutation in 75 of the 
146 residues, including those (such as leucine/isoleucine 
changes) which do not significantly affect the mobility 
of peptides on conventional separation systems. All other 
substitutions are ambiguous in terms of position, but not 
of identity; in almost all cases a short degradation on a 
different digest resolves the positional ambiguity. 


Future Potential 
The strategies diseussed briefly here are of great 
potentia] use for tapping the huge reservoir of information 
present in the amino-acid sequences of proteins, because 
they could eliminate one of the most time and material- 
consuming steps—that of peptide fractionation. Although 
no fractionation is required, any which can easily be 
carried out, even crudely, may help to reduce the number 
of digests needed. Whether the potential of this approach 
is realized depends on the solution of a number of tech- 
nical problems, none of which seems unreasonable. 
Stepwise degradation must work efficiently on mixtures 
of peptides of widely varying size from one to perhaps 
two hundred residues. This has not yet been achieved 
because of extraction losses of small peptides in systems 
which work well for proteins, and insolubility of proteins 
in systems which work well for peptides. Promising 
approaches to this problem include rendering peptides 
non-extractable by coupling them to a resin or by 
adsorbing them on to glass, i 
The amino-acid derivatives released at each step must 
be analysed quantitatively. Present analytical systems 
for phenylthiohydantoins are unsatisfactory but the 
situation should improve with the advent of good as 
chromatographic and ma spectrometric systems for both 
methyl and phenylthiohydantoins?-, ^ We are also 
attempting to regenerate amino-acids from these deriva- 
tives. If the amount of amide nitrogen released at each 
step is determined, cross-correlation can reveal which of 
the M. and glutamic residues are present as their 
ee dee IN o ees A : x . 
es NE d 2 residues in ribonuclease would have 
It is at present uncertain how much information will 


be obtamed frc n a digest bef re the d grada on be ies 
* obtai ied AY a d SE DE 5 
adobe h adile S i °g A On pecon f 








This will almost certainly depend on reach, When this 
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the number of peptide chains present—the ui d one 
number, the shorter the useful degradation. The n i 
this fall-off awaits experimental test. The ribonue ie 
‘sequence Was deduced on the rather modest aS Be 
that one could go ten steps on mixtures of up E 
peptides. In this context the method of specific rex hts G 
blocking should be of great use in reducing the num er 
of chains in any one digest, and also for cleaning up an 
extended degradation by masking any mat erial which was 
out of phase. Accurate quantitation at each step should 
also help to extend the useful range of degradation. — 

Many methods for cleavage of peptide chains are avail 
able, several of which can be made specific for individual 
amino-acids. These include very well worked out methods 
for lysine, arginine or cysteme residue 34 and meth- 
ionine?*. The yields of cleavage in these reactions is 
typically above 80 per cent, and they should be usable 
without complications. Somewhat less satisfactory are 
the cleavages after tryptophan, tyrosine or histidine, 
where the yield is more typically 40 per cent?’ It will 
be necessary to evaluate the stability of the uncleaved 
residues during repeated cycling through the degradation. 
procedure. Other usable eleavages include those on the 
amino-terminal side of serine, threonine or proline 
residues?^?*, elimination of  aspartyl residues?, and 
digestion by other enzymes such as chymotrypsin. — Low 
cleavage yields as such may be of less consequence in the 
multiple degradation strategy than in the conventional 
ones. Forty per cent cleavage at each of four points pro- 
duces a mixture of fifteen fragments in yields of between 
8 and 40 per cent; resolution of these might be very 
difficult. Stepwise degradation on the mixture, by con- 
trast, would give yields of 40 per cent on each of the four 
sequences following cleavage points. 

Sequential degradation strategies offer the possibility 
of sequence analysis of very small amounts of material. 
The sixty-step degradation of myoglobin* was carried 
out on 7 mg of protein (about 0-5 umoles). It is almost 
certain that this can be reduced by one or two orders of 
magnitude by using more sensitive methods of examining 
the amino-acid derivatives released at each step. The 
multiple degradation strategy diseussed here would proh- 
ably require about the same amounts of material. Al- 
though several samples are required, these can be smaller 
than those needed for a single long degradation, because 
the slow decrease in yields does not have a significant 
effect in short degradations. : a 

Data produeed by the strategies described in the text 
can be analysed very readily on paper. It would probably 
be most effective, however, to use a € igital computer, as 
this could carry out more eross-checks for inconsistencies, 
and permit more use to be made of marginal data. With 
such a procedure, almost the whole process of protein 
sequence analysis would be open to complete automation. 
Only the relatively trivial task of preparing digests of 

























the protein would remain. From that pomt on, all 
lations eould be routinely handled bv automatic instru- 
ments. The raw data from these would be processed 
directly by computer to produce matrices such as those 
of Fig. 1. Cross-correlation among these matrices would 
establish what part of the sequence was deducible at that 
stage, and also indicate how to ger the additional data 
needed to complete the sequence. l 

This is not some far-off dream, but a rather imminent 
reality. In our laboratory we have constructed an auto- 
matic sequential degradation instrument patterned after 
that of Edman and Begg*. We 
analyser with fully automatie sample loading and chrom 
atography. This is on-line to a digital computer whic! 
calculates results of individual analyses, and ean cross 
correlate the analyses of different samy &. The prospect 
x Tegenerating amino-acids fram the thiohydanto/ 
lies funi in t he quenator" are good, 

e sofa fully automatic aystem are with 


is achieved we can hope to start tappir 


nanipu- 


also have an amino-acic 








s ae 
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Peptide Chain Elongation : Discrimination against the 
Initiator Transfer RNA by Microbial Amino-acid 


Polymerization Factors 
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methionine aecepting transfer 
RNA URNA) species in E. coli: tRNAr and tRNA». 
Methionyl-HRNAys (met RNAF) can be formylated 
enzymatically, while methionyl tRNAs (net ERN Ax) 
cannot? *. Fonnylmethionyl- RNA,  (F-met-(RNAPF) 
serves as the source of N-terminal methionyl residues? 
and appears to initiate the synthesis of most or all of 
the proteins in E. coli. Met-tRNAm, on the other 
hand, provides the methionyl residues for the internal 
and C-terminal positions of proteins?. If located at or 
near the 5’ end of synthetic messengers, the triplets 
AUG and GUG can act as initiator codons and as such 
specify E-met-tRNA r in cell free amino-acid incorporating 
systems [ epared from E. coli-*. At sites of synthetic 
messengers which specify internal aminoacyl residues of 
the polypeptide chain, however. AUG specifies met- 
iRNAm, and GUG specifies valylzRNA (for a review, 
see ref. 11). 

The formylmethiony! residues of F-met-tRNAr, without 
free alpha amino residues, cannot be incorporated into 
internal positions of à polypeptide. Studies with in vitro 
ems indicate, however, that even the methionyl 
dues of unformylated met-tRNAr, which have free 


Tere are at least two 















res 
alpha amino residues, are not incorporated into internal 
yositions'®. If unformylated met-1R: Ay did respond to 


then ambiguous translation might 

osult because internal GUG codons specify valy RNA. 
We describe here experiments concerning 

vhich methionyl residues 


NN. 4 






NI iw 


the way in 

prevented. 
proteins. 
\ 
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The amino-acid polymerization factors S, and S3 form compl 
with most aminoacyl-tRNA species, 
F-met-tRNAg 
basis for avoiding one kind of ambiguity in translation. 


including met-tRNAm, but 


and not met-tRNA;. This discrimination may t 


of Bacillus stearothermophilus (P. st.) guanosir 
triphosphate (GTP) and salts. In this system | 
uridylic acid (poly U) directs the formation of | 
phenylalanine from phenylalanyl-(RNA (phet RNA) 
of the three factors is omitted from the sy: 


any 
Two of the fe 


polyphenylalanine is not formed. 
(S, and S,) have been shown earlier to be involv: 
the formation of a complex with GTP and phe-tR 
(see also refs. 14-18). The same two factors were 
found to catalyse the binding of phe-£RNÀ to the 
U-ribosome complex in the presence of GTP! 
'These observations suggest that the complex fi 
S, GTP and aminoacyl tRNA (aa tRNA 
ANA t 








among Bi. 
be an intermediate in the binding of aa-tl 
messenger-ribosome complex!?^?*. 

The experiments outlined indicate that 
possibly all) aa {RNAs including met-(RNAm do 
complexes with the polymerization factors 8, and 
the presence of GTP, while F-met-£ANA v and met- 
do not. We suggest that this may account for ti 
of incorporation of methionyl residues attached to 
into internal positions of proteins. 

Other data to be presented indicate that: | 
same amino-acid polymerization factors can bind d 
aa-tRNA species: and (b) & formylated me! 
species js an initiator of proteins in B. st. just as in 


for Complex Formation 
The amino-acid polymerization fac 


most 


tors were 13 
na wanna E gaa, Bi 100 Oe 
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4-0 


IAC-ser-tRNA 


2:0 


nujymoles 





5:0 10:0 
Effluent volume (ml.) 
Fig. 1. Gel filtration pattern of a complex among S,, S4, GTP and ser- 
tRNA. In addition to the common components listed in the text, the 
reaction mixture contained 8-3 ug of S,, 39:3 ug of S, 60 pianoles of 
uC-ser-tRNA and 50 uumoles of *H-GTP (1,120 gCijumole). For 


further details see the text. The vertical arrow ‘in the figure indicates 
the peak of S, activity In the effluent. @, ‘*C-ser-tRNA; ©, *H-GTP. 


the amino-acids liberated. Unfractionated tRNA from 
E. coli K 12 was charged with *H-phenylalanine (2-74 
mCi/umole)". A 90 per cent pure serine accepting tRNA 
species from E. coli K 12 specifie for the UCU and UCC 
triplets (donated by Dr D. Söll) was charged with “C-serine 
(112 uCi/umole)?. A preparation of E. coli K 12 tRNA 
enriched for tRNAm{, another preparation of E. coli K 12 
tRNA enriched for tRNAr (gifts from Dr D. Söll) and 
unfractionated B. st. tRNA were charged with “C-meth- 
ionine (218 uCi/umole) A portion of the E. coli K 12 
met--RNAr and a portion of B. st. met-t-RNA were 
formylated with *H-formyltetrahydrofolate (67 uCi/umole) 
according to Adams and Capecchi*t. All the tRNA 
preparations were re-isolated after charging and were 
passed through a ‘Sephadex G-25’ column in order to 
remove from them low molecular weight materials. 
The reaction mixtures used in the assays for complex 
formation eontained the following common components 
in a final volume of 0-2 mL: 40 mM tris HCl (pH 7-4), 
160 mM NH,Cl, 10 mM magnesium acetate, and 10 mM 
dithiothreitol. Further additions are indicated in the 
legends to the figures. The reaction mixtures were 
incubated at 30° C for 4 min and immediately applied 
to a 064x37 em ‘Sephadex G-100' column which had 
been equilibrated with a solution containing 40 mM 
tris HCl (pH 7-4), 160 mM NH,Cl, 10 mM magnesium 
acetate and 1 mM dithiothreitol. The same solution was 
used for eluting the column at the rate of 6 ml./h at 
4? C. Fraetions (04 ml) were collected and 0-3 ml. 
aliquots from each were counted in 10 ml. of Bray's 
solution in a scintillation counter. 


Competition between Aminoacyl-tRNAs for Binding in 
the Complex 


The formation of a complex among §,, Sa GTP and 
either phe-£RNA or tRNA charged with a mixture of 
sixteen amino-acids was reported previously. <A 
typical experiment in which the technique of gel filtration 
was used to demonstrate complex formation among 
seryl-ZRNA  (ser--RNA), GTP and amino-acid poly- 
merization factors is shown in Fig. l. It can be seen 
that the fraction eluted first from the column (effluent 
volume 5 ml.) is acomplex; it contains GTP and ser-tRNA. 
Tt was established earlier that the same fraction contains 
the peak of S, activity. A second peak (effluent volume 
7 ml.) consists of ser-tRNA not bound in the complex. 
The third peak (effluent volume 11 ml.) is free GTP. 

Binding of aa-tRNA in the complex is strictly dependent 
on GTP}. The experiment in Fig. 1 was performed at 
limiting GTP concentration. In these conditions only 
part of the ser--RNA is in the complex. In another 
experiment in which twenty-fold higher concentration of 
GTP was used, all of the ser-tRNA was bound. It should 
be noted that the complex in Fig. 1 contains approxi- 
mately equimolar amounts of GTP and ser-tRNA. 
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The question arises whether the same 8, and S, faccors 
bind several kinds of aa-tRNAs, er ‘if there are different 
factors for binding the different aas RNAs. A comparison 
of A, B and C in Fig. 2 reveals that different sp 
of aa-tRNAs compete with each other in binding: 
is less binding of each ser-t-RNA and phe-4RNA if 
species are present in one reaction mixture than if 
same amounts of each aa-tRNA are present in 
separate reaction mixtures. That the decreased binding 
of ser--RNA (in the presence of phe- RNA) is not due 
the additional uncharged {RNA in the phe-tRNA pæ 
paration used is demonstrated in Fig. 24: the bind 
of ser-£RNA in the complex is not affected by the preser 
of unfractionated, uncharged {RNA in a 135-fold exe 
in the reaction mixture. The competition between t 
aa-tRNA species for binding suggests that at least on 
of the two purified S, and 8, factors (and possibly botte 
ean bind several kinds of aa-tRNA (see also ref. 14). 


F-met-tRNAÀ; and Met-tRNA¢ are nct Bound in the 
Complex 


In E. coli, as stated earlier, F-met-tRN A v functions in 
peptide chain initiation and not in chain elongation. 
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$6 10-0 
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Fig. 2. Gel filtration patterns indicating competition between ser- 
tRNA and phe-tRNA for complex formation with 5,, S, and GTP. 
In addition to the common components listed in the text, each of the 
reaction mixtures contained: 1:7 ug of 8,, 2-4 ug of Sy, and 1 maumole 
of GTP (unlabelled). Furthermore, the reaction mixtures in (4) and 
(C) were supplemented with 42 uumoles of “C-ser-tRNA (that is, 47 
apmoles of a tRNA fraction, 42 uumoles of which were charged with 
serine), and those in (B) and (C) were supplemented with 21 pamoles 
of *H-phe-tRNA (that is, 1,750 uumoles of unfractionated tRNA, 
21 xumoles of which were charged with phenylalanine) One of ihe 
reaction mixtures in (A) (in the figure, tRNA added) was also supple- 
mented with 0-35 Ase, units of discharged unfractionated (RN A-fsom E. 
coli. (This amount corresponds to about 5,700 uumoles of uncbarged 
tRNA.) For further details, see the text. The vertical arrows indicate 
the peak of S, activity in the effluent. @, “C-ser-LRNA (with either 


no other aa-£ RN A added, or in the presence of phet RNA), x -- x, 
HÜ-ser-ERNA (in the presence of added uncharged (RNA); ©, *Hi-phe- 


tRNA (with either no other aa-£RNA added, 


or in the presenee of 
ser-(RNA). 





I4C-met-tRNAM 





10-0 


Effluent volume (ml.) 


| filtration patterns indicating that met-tRNAr and F-met- 
m E. coli do not form a complex with S, S, and GTP, while 
« from E. coli does. In addition to the common components 
he text, each of the reaction mixtures contained 3-4 xg of 
‘of S, and 1 mumole of GTP (unlabelled). Furthermore, the 
aixture in (A) also contained 22 uumoles of 5C-moet-FRNNAw; 
1) also contained 22 uumoles of C-met-ERNAs; and that in 
contained 22 uumoles of SH-F-“C-met-tRNAr. The tRNAs 
5 purified species as indicated in the text. The vertical arrows 
she peak of S, activity in the effluent. For further details see 
In A: O, “C-met--RNAm; in B: ©, *C-met-tRNAr; in C: 
in *H-¥-"C-met-tRNAr; €, ?H in *H-F-«C-met-ERNA r. 


could be expeeted that the amino-acid poly- 
ion factors involved in chain elongation (which 
| the aa-tRNAs functioning in chain elongation) 
it bind F-met-tRNAr. The curve in Fig. 3C 
əs that this is indeed the case. The F-met-tRNAr 
i this experiment contained less than 2 per cent 
iylated met-tRNA. In a control experiment it 
certained that met--RNAm (the source of methionyl 
as in peptide chain elongation) is bound by the 
s (Fig. 34). (More than 93 per cent of the met-LRNA 
in this experiment was met-(RNAm because less 
7 per cent of it could be formylated enzymatically.) 
ie experiment shown in Fig. 34 about 60 per cent 
e met--RNAm is bound in a complex. In another 
‘iment in which 4 times higher concentrations of 
id 8, were used, more than 90 per cent of the met- 
Aw was bound. 
order to determine whether the discrimination of 
factors against F-met-KRNAr can be attributed to 
iyl groups blocking the alpha amino residue in F-met- 
Ar or to transfer RNA component (¢RNAr), we 
d the binding of met-{RNAr (unformylated): none 
ais compound became part of a complex (Fig. 3B). 
proves that the factors recognize the difference 
een the structures of met--RNAm and met-(RNAr 
discriminate against the latter. In order to give 


*. 
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support for the view that met-£RNA» 
are unique in being discriminated agi 
it was established that E. coli tRNA « 
amino-acids was essentially quanti 
the complex in conditions in which | 
bound. 

The experiments described heretofi 
with factors from B. st. and tRNA 
work was repeated using both factors 
same organism: B. st. 

First we established that out of 
tested from B. st. only met-£RNA. wa 
six amino-acids not tested were: a 
cysteine, glutamine, lysine and tryg 
experiments the high speed superna 
B. st. served as the source of aa-tR} 
transformylase; formyltetrahydrofole 
of formyl residues. Formylmethiony 
B. st. *C-F-*H-met-/RNA. were incorpt 
in a cell free system from E. coli in v 
f2 RNA served as the messenger. T] 
that F-met--RNA may be an initia 
B. st., just as in E. coli (see also ref. 

Unfractionated B. st. URNA was 
4C-methionine with a high speed s 
of B. st. serving as the source of me 
It can be seen in Fig. 44 that appr: 
of the B. st. met--RNA was bound 
S., S, and GTP. The amount of met-£* 
was the same in another experimert 


pumoles 





Effluent veume (ml.) 


Fig. 4. Gel filtration patterns indicating that 
tRNAg from B. st. do not form a complex witi 
met-LRNAm from B. st. does. In eddition to t 
listed in the text, the reaction mixtures also 
4-8 pg of S, and 1 mymole of GTP (unlabel 
reaction mixture in (4) also concained 25 yp 
(unfractionated {RNA from B. st charged wit 
in (B) also contained 22 upmoles ct *H-F-*C-m. 
ERNA from B. st. charged with methionine and f 
arrows indicate the peak of S, setivity in th 
details, see the text. In A: O, 9U-met-tENA 

MQO-IRNA; and 6), *4 in *H-F-C 
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much of the factors was used. This indicates that all 
of the met-tRNA that could be bound was bound. Part 
of the met-RNA preparation was incubated in a reaction 
mixture in the presence of *H-formyltetrahydrofolate and 
the high speed supernatant fraction of B. st. extract. 
About 65 per cent of the met--RNA became formylated. 
The curves in Fig. 4B show that: (a) only that part 
of the preparation which did not become formylated was 
bound in the complex, and (b) the ratio of formyl residues 
to methionyl residues in the unbound fraction was approxi- 
mately one. A comparison of Fig. 44 with Fig. 4B 
indicates that the ratio of the bound to the unbound 
fraction was only slightly lower in the formylated pre- 
paration than in the unformylated one. These results 
prove that the two peaks in Fig. 44 are distinet species 
of met--RNA: the met--RNA, which is bound in the 
complex, cannot be formylated, and should be designated 
as met-/«RNAw, while the met-tRNA, which was not 
bound in the eomplex, ean be formylated, and should 
be designated as met-£FRNA v. 

We know now about two characteristics of the substrate 
specificity of the amino-acid polymerization factors S, 
and S, towards RNA: (a) the factors do not bind tRNA, 
but bind aa-tRNA; and (5) the factors do not bind 
met-«RNAr; and F-met-£RNAr, but bind many other 
(perhaps all other) aa-£RNAs, including met-RNAm. It 
is remarkable that two structural features distinguishing 
the non-substrates from the substrates are located in the 
same region of the tRNA molecule. That is: (a) the 
aminoacyl residue in aa-£RNA is attached at the 3’ end 
and (b) base pairing in /RNAr is unusual near the 3’ 
(and 5’) end. (In tRNAr, pairing starts at base number 
6 from the 3' end, while in all other {RNAs sequenced to 
date, it starts at base number 5 (see ref. 24).) It is possible 
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Nutrient Requirements of Plants 

by Nutrient requirement is a simple and useful concept when used in 
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PrawTs differ in the relation of their growth to nutrient 
concentrations in solution or in their tissues, and this is 
important in relation to their adaptation to specific eco- 
logical habitats’. These relations are generally described 
as the plant’ s “nutrient requirements". But "nutrient 
requirement”, which is a simple and useful concept when 
used in a qualitative sense, is much less satisfactory than 
generally recognized for quantitative comparisons among 
organisms. In recent work on the calcium nutrition of 
several monocotyledons and dieotyledons*, such striking 
examples of the ambiguities inherent in the use of the 
term "requirement" were encountered that I considered 
à general reappraisal to be timely. 


Growth in relation to Nutrient Concentrations in 
Solution 
Serious confusion occurs because the single term 
"nutrient requirement" is used to describe two quite 
distinct relations between maximal growth in plant 
organisms and nutrient concentrations: (1) the minimal 
concentration “in solution"; and (2) the minimal concen- 


a qualitative sense, but it is much less satisfactory for quantitative 
comparisons among organisms. 
fusion in the present use of the concept are discussed, and more 
precise descriptions of the relations between nutrients and growth 
of plants are proposed. 


Some of the ambiguities and con- 


tration “within the plant". Gerloff* clearly delineated 
these distinct usages in his review, but investigators con- 
tinue to use the term “nutrient requirement" as if it were 
uniquely defined*:’. 

When thirty crop and pasture plants were grown in 
flowing culture solutions in which a range of caleium con- 
centrations was maintained constant, the following facts 
emerged: (1) dieotyledons had higher concentr 
calcium in their tops than monocotyledons at the s 
relative yields (Fig. 1); (2) dicotyledons absorbed ealeium 
much faster than E AA growing in the same 
solutions (Fig. 2); (3) the minimal solution ealeium con- 
centration requir M to achieve maximal growth of dico 
dons varied widely and was similar to that of mono- 
cotyledons. Some dicotyledons even grew better sb very 
low calcium concentrations than many monocotyledons. 

It is clear from these facts that a plant with a high 
tissue requirement may have a low requirement for 
nutrient concentration in the culture solution, provided 
that it has a high rate of nutrient absorption. This is 
obviously contrary to the implied belief that resporse to 
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Fig. 1. The relation between caleium concentration in tops and relative 
yields of eighteen dicotyledons (©, W) and eleven monocotyledons 
(@, x) after 17-19 days’ growth in either constant calcium concentra- 
tions in solution (©, @) or transferred after 11 days from 1,000 to 0-3 uM 
Ca(W, x). Each polntrepresents the average values for all species in each 
plant group grown in a single treatment with calcium (0-3, 0-8, 2-5, 10, 

00, 1,000 uM). The arrows indicate average values suggested for the 

functional calcium requirements of the two plant groups. 


solution concentrations will parallel response to nutrient 
concentrations within the plant5-!?, 


Growth in relation to Nutrient Concentrations within 
Plants 


The term “nutrient requirement" has been defined as 
"the minimum tissue concentration necessary for plant 
growth”? and taken as synonymous with "'critieal concen- 
tration". But these concepts are not synonymous and 
should be distinguished by appropriate terms, for example: 
(1) eritical nutrient concentration—the minimal concen- 
tration of nutrient present in plant organisms at maximal 
growth"; and (2) functional nutrient requirement—the 
minimal concentration of nutrient within the organism 
whieh can sustain its metabolie funetion at rates which 
do not limit growth. 

The critical nutrient concentration will depend on both 
the funetional nutrient requirement and the distribution 
of the nutrient from regions of excess within the plant to 
the sites of function. For nutrients which are highly 
mobile within the plant (for example, N, P, K, ref. 14), 
values for critical concentrations within the organism will 
be similar to those for functional requirements. But for 
nutrients which are not mobile in the plant (for example, 
Ca, B, Fe, ref. 14), values for functional requirements 
may be much lower than those for critical concentrations. 
For example, even when calcium was supplied at low and 
constant concentrations in solution, it appeared to 
accumulate to excess in old tissues of some species (for 
example, Fig. 1) while young tissues were still deficient!^. 

In addition, whereas the functional requirements of 
organisms for all nutrients will remain constant with 
changing conditions of nutrient supply under which 
deficiency develops, values for critical concentrations of 
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Fig. 2. The effect of constant calcium concentration in flowing culture 


solutions on the rates of calcium absorption by eighteen dicotyledons 
(O) and eleven monocotyledons ( 8) during 17-19 days’ growth. 
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immobile elements may fluctuate widely. This was 
demonstrated by transferring plants from 1,000 to 0-3 uM 
caleium where they quickly became calcium-deficient even 
though their tops contained very much greater calcium 
concentrations than healthy plants grown at low but 
continuously maintained concentrations (2:5-10 uM) of 
calcium in solution (Fig. 1). 

The distribution of the nutrient following absorption 
and its subsequent mobility within the organism may 
therefore strongly influence the response of organisms to 
nutrients. Indeed, in some conditions of nutrient supply, 
these factors assume such importance that the onset of 
deficieney of phloem-immobile nutrients may be determ- 
ined more by the rate of nutrient absorption than by the 
functional requirement of the organism. For example, 
most dicotyledons absorb calcium from solution so much 
faster than monocotyledons (Fig. 2) that they would be 
expected to deplete solutions containing specified quan- 
tities of calcium quicker and hence would develop 
calcium deficiency earlier. These predictions are consistent 
with reports that dicotyledons are more sensitive to 
calcium deficiency than monocotyledons when grown in 
standard culture systems from which the initial calcium 
concentration may be rapidly depleted*-9. They also 
illustrate that although the sensitivity of plant species to 
nutrient deficiency in standard culture solutions may be 
important to an understanding of plant growth on some 
soils in which nutrient reserves are low, it need not be 
related to the ability of the plant to absorb a nutrient 
from dilute solution nor to its functional requirements. 

It is clear from these considerations that values obtained 
for functional requirements and critical concentrations 
have limited validity when applied to the growth of whole 
organisms. They are further restricted to the conditions 
of growth and stage of development of the organism 
under which they are determined’. For these reasons, 
diagnosticians of nutrient deficiency seeking unique values 
to characterize nutrient status of plants usually prefer 
to work with partieular plant organs at specifie stages of 
growth'?*, rather than with the whole plant organism 
or its tops. Nevertheless, values for critical concentrations 
or funetional requirements of the whole organism, if 
properly qualified by stage of development and by con- 
ditions of nutrient supply and growth, may be useful to 
the ecologist attempting to understand the comparative 
behaviour of plant organisms. 

Relations between plant growth and nutrient concen- 
tration in solution should be distinguished from those 
between growth and nutrient concentration within the 
organism. The relationship of growth to nutrient concen- 
tration within the organism is complex and will depend 
on many other interacting factors including conditions of 
nutrient supply, rate of nutrient absorption, distribution 
of nutrient to functional sites and especially degree of 
nutrient mobility within the organism. 

I thank the Australian Research Grants Committee for 
support of this work. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Influence of Lunar Mascons on its 
Dynamical Figure 


Tue recent discovery of large mass concentrations 
(mascons) beneath the lunar circular maria from Lunar 
Orbiter tracking data’ raises the question of whether 
mascons can influence the dynamical figure of the Moon. 
A convenient way to describe the lunar figure is in terms 
of the moments of inertia about the three principal axes, 
where C is about the axis of rotation, A is about an axis 
along the lines of centres of the Earth and the Moon, and 
B is about an axis tangent to the orbit. It is well known 
from observation that C > B » A and that their differences 
exceed by about an order of magnitude the predicted 
values from hydrostatie equilibrium and tidal distortion. 
There is a one-to-one correspondence between large mas- 
cons and circular mariai. But the circular maria have a 
non-uniform distribution over the lunar surface, with a 
tendency for locations toward the equator and toward the 
sub-Earth point. These locations are in the correct sense 
to suggest that mascons are responsible for the non- 
equilibrium contribution to the inequality C» B» A. 

A quantitative estimate of the contribution of the 
mascons can also be made. Assuming the mascons 
beneath the six large circular maria (Maria Imbrium, 
Serenitatis, Crisium, Orientale, Humorum and Nectaris) 
are the sole cause for the differences in moments of inertia, 
it is possible to derive the contribution from each mascon 
by the expressions A=mr? (1—cos’@ cos?a), B= mr? 
(1—cos’@ sin?*X); and C — mr? cos*@, where m, r, œ and A 
are the mascon mass, distance from the lunar centre, 
and selenographie latitude and longitude, respectively. 
The relative mascon masses can be estimated from 
the Lunar Orbiter acceleration data! or from crater 
diameter-energy scaling laws?*. Assuming that the values 
for r in all cases are similar, the sums of the differences 
in moments of inertia attributable to mascons are: 
C-A x L-2 mir? and B-A x03 mir?, where mi is the mass 
of the Imbrian mascon. Because C-A is not sensitive to the 
unknown mass of the Mare Orientale mascon whereas 
B-A is, and because observations of lunar B-A are not as 
accurate as those of C-A, I shall discuss only the case for 
C-A. The approximate range of values for the non- 
equilibrium component? is 11x 10-*<(C-A)/M Res 
2-4 x 10-4, where Mt and Rg are the lunar mass and radius, 
respectively. Therefore, 1 x 10-* Mt mi $2 x 10-4 Mg for 
mascons within a few hundred kilometres of the lunar 
surface to account for the asymmetry in C and A. 

It is difficult to estimate the mascon masses from the 
Lunar Orbiter acceleration data because of the unknown 
depths and distributions of the maseons. Conel and 
Holstrom (unpublished work) have constructed two models 
which roughly fit the profile of accelerations across Mare 
Serenitatis: a disk near the surface and a sphere at depth 
200 km, each corresponding to miz5x 10-5 Mge This 
value is of the same order as that predicted from the 
lunar asymmetries, and there would be even closer accord 
for models ineluding the lunar farside according to pre- 
liminary results M. J. Campbell has obtained from expand- 
ing the coefficients of the lunar gravitational potential; 
the suggestion of a large mascon near the centre of the 
lunar farside disk is particularly interesting. The results of 
this analysis will be published later. 
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Two other types of lunar asymmetries might also be 
explained by maseons: the observations that the lunar 
centre of mass is displaced to the north of its geometrie 
centre’ and that the Moon is dynamieallr pear-shaped 
with a “bulge” at latitude 30? north (as deduced from the 
negative value for the third zonal harmonie, Cy, in the 
expansion of the lunar gravitational potertial**) Both 
effects could be produced by mascons Beneath Maria 
Imbrium, Serenitatis and Crisium, all of which are 
located near latitude 30° north. 

I therefore suggest that mascons beneath the circular 
maria produce the asymmetries in the Moon's dynamical 
figure. The idea that these asymmetries are due to 
density inhomogeneities has been suggested before in 
terms of the formation of the Moon from objects with 
randomly varying density?'/. The present proposal is 
that these inhomogeneities are due to mascons. 

lt is also interesting to apply this problem to the 
planets. In the case of Mars it is weil established that the 
optical oblateness is more than twice the dynamical 
oblateness. The most satisfactory explanation for this 
discrepancy would seem to be that the material in the 
polar regions is of higher density than thet: in the equator- 
ial regions’. There are several large circular bright areas 
on Mars with a non-uniform distribution toward the poles. 
It is thus tempting to propose that mascens beneath these 
areas would account for the differences in oblatenesses, 
in analogy with the lunar case. In the case of Mercury it 
has been suggested” that there is an asymmetry in its 
equatorial moments of inertia, such that the axis of least 
moment of inertia, A, points toward the Sun at each 
perihelion passage. Three “relatively circular" dark areas 
appear on maps of Mercury ?:!! near the proposed A axis; 
thus there is again a suggestion that. mascons produce 
dynamieal asymmetries. On the other hand, the Earth 
and Venus? show small asymmetries, se it is possible that 
isostatic compensation interfered with the survival of their 
mascons. A more detailed study of the relation between 
mascons, circular basins and the dynamics of the Moon 
and planets will be published later. 

I thank C. Sagan and M. J. Campbell for stimulating 
discussions. This work was supported by a grant from 
the US National Aeronautics and Space Administration, 


Brian T. O'Leary 
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Huntite, Dolomite, Magnesite and 
Polyhalite of Recent Age from 
Tuz Golü, Turkey 


INVESTIGATIONS 
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Fig. 1. Tuz Gólü, Central Anatolia, and geology of surrounding area. 


playa muds. More than 95 per cent of the sediments of 
the playa are made up of greyish-white to black muds 
with an average diameter of about 2 microns or less 
(silty clay muds). Large authigenie idiotopic gypsum 
erystals with a maximum length of 4 em oceur throughout 
the sediment. 

Several sediment cores 60-90 em deep, taken between 
Yavsan Tuzlasi and the Inceburun Peninsula (Fig. 1) 
during August 1968. revealed a carbonate assemblage 
consisting of huntite, magnesite and dolomite (proto- 
dolomite). In other samples from the southern part of 
the lake calcite and aragonite were also found. Identifica- 
tion of minerals was carried out by X-ray diffraction. The 
X-ray diffraction data of huntite closely agree with those 
of earlier recorded huntites as compiled by Kinsman!. 
In one sample from the uppermost layer of sediment a 
dolomite residue containing 95 per cent dolomite was 
obtained by special acid treatment and gravitational 
separation; this dolomite revealed a “MC age of 6,000 
+140 yr. 

The atomic ratio of Mg/Ca of the overlying salt brine in 
eontact with the sediments was 149. In the pore fluid, 
taken in a sediment core at intervals of 10 em, this ratio 
varied within narrow limits (85-98) and did not show any 
relation to the distance from the sediment/water interface. 
These extremely high ratios of Mg/Ca of the salt brines 
and pore fluids seem to be responsible for the formation of 
dolomite, huntite and magnesite. 

The occurrence of huntite, dolomite and magnesite 
associated with gypsum from Tuz Gólü resembles in some 
respects that of early diagenetic huntite from a Recent. 
supratidal evaporitic environment along the Trucial 
Coast, Persian Gulf!. In this area carbonate sediments 
are extensively dolomitized and a number of early 
diagenetic minerals—gypsum, bassanite, celestite, halite, 
magnesite—has been developed by precipitation from 
interstitial brines derived from seawater, and by reactions 
between brines and original carbonate sediments. 

Fine grained polyhalite, K,MgCa,(SO,)2H,0. was 
found to be the chief constituent of a 15 em layer of mud 
in two of the cores of the Yavsan-Tuzlasi-Inceburun 
traverse. The polyhalite horizon is situated 60 em below 
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the surface of the salt cover. It is overlain by muds rich 
in carbonates and gypsum. Because no gypsum is present 
in the polyhalite horizon it can be assumed that polyhalite 
has been formed diagenetically by the transformation 
of gypsum in the presence of solutions rich in Mg and if 
K is available. This reaction has been described earlier 
by Holser? in Recent salt deposits from tidal flats at 
Laguna Oja de Liebre, Baja California. 

We thank Mr R. H. Okan, director of the Salt Works at 
Yavsan Tuzlasi, for his assistance during sampling opera- 
tions on the lake, and Dr K. O. Münnich for carrying out 
the C analysis. 
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Tests of T and TCP Invariance in 

K* Decay 

THE observed CP non-invariance in K*—2z and A,49—zlv 
decays' is usually presumed, on the basis of the TCP 
theorem?, to be associated with T non-invariant inter- 
actions. All experimental searches for specifically T non- 
invariant phenomena have so far yielded negative results, 
however*. Moreover, theoretical situations have been 
considered where the TCP theorem would not necessarily 
apply*. It is therefore interesting to examine the question 
of T invariance independently of the hypothesis of TCP 
invariance; at the same time, one would like to test tbe 
validity of TCP invariance. As the only known CP non- 
invariance oceurs in K? decays, I shall discuss tests based 
on neutral kaon decay rates. 

If one assumes T invariance (but no other symmetry) 
and the validity of the Weisskopf-Wigner description of 
decaying states, the neutral kaon states characterized 
by definite life-times can be written in the form? 


1K = 20+ [C/O Ko + 
(1-2) | Key] 

[Kee -paeitisp^[ta-OIK» — 
qo Ke] (2) 


(Tl) 


where the complex parameter € ean be shown, by argu- 
ments similar to those used previously?*, to be small 
compared to unity, | 2| «£l. Equations (T1) and (T2) 
require that 





(OK, | K = 2i Im / (132- | 01%) e 2i En E (T3) 
be a purely imaginary number*. It follows from the 
assumption of exponentially decaying states that the rate 
of neutral kaon decay into any channel k is given by an 
expression of the form 


R = R(t) = a+ kezit + b + key: 
+ 2 Re {e + k elitm, - m) — Lor 


(G1) 
where the subscripts + correspond respectively to the 
cases where we have a K® or a K” state at ¢=0. The forms 
(T1) and (T2) imposed by T invariance require that the 
real coefficients a+4,b.* can be written in the form 


ask = A yÉ (G2) 
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where the constants A+, B+, which are independent of k, 
are related by 


A+ = Bz (T4) 
{These relations were given, for the total decay rate, in 
S LN we must have 
(csk --c-E) / (jk—c.5) = 2?Imt[(1— |C]?) (T5) 
for every channel k. If we write 
Cx = [HY tY) — (mm) Less (G4) 
then (again see ref. 5) : 
C, = C.*, Re Cz <0 (T6) 


Equations (G2), (G3), (T4)-(T6) provide tests of T in- 
variance independent of any other symmetry assumptions. 
Apart from these conditions, which depend only on the 
forms (T1) and (T2), T invariance restricts the phases of 
decay amplitudes, which leads to further relations. T 
invariance requires that decay amplitudes from K* or 
K* states to states B, which are scattering eigenstates of 
the strong interactions, carry the corresponding eigen- 
phases (that is, apart from the phase factor for final-state 


interactions, these amplitudes are real’). Thus 
(8| T] K*» = Ag eit (T7) 
<B| T | K*» = A'g eif (T8) 


where Ag and A's are real numbers. The amplitudes B, 
and B, for K,° and K,° states to decay, respectively, into 
the state B: 


Bisa = (I T | Kiss (T9) 


ean be obtained directly by combining equations (T7), 
(T8) and (T1), (T2). A simple calculation then yields 


2i Im (B,* Bj = (K2°| K> (| B1]? +] B|) — (TI0) 


for every 8. Equation (T10) is the analogue, for the T 
invariant case, of the Glashow-Weinberg theorem® (equa- 
tion (L6)) in the TCP invariant situation. 

For final states containing more than one hadron, one 
cannot usually directly measure decay amplitudes to 
scattering eigenstates. For these, it is convenient to sum 
equation (T10) over groups of scattering eigenstates 
composed of the same set of physical channels. If we 
define y,* and y as the partial decay rates for K,’ and 
K”, respectively, into the channel k, and 


me = RI T] Ks [ E | T| By) (T11) 


we obtain 


2 Eyt Imne = iLK | Ky) E (yt + yÆ) (T12) 
k k 


or 2 a E — =t (KR, | Ky (T13) 


where the summation extends over any set of channels k, 
so chosen that they transform only into each other through 
strong interactions. For example, if we neglect the coup- 
ling to states containing photons, equation (T13) should 
hold when the sum extends just over the 2x channels 
zte and z?n’. Similarly, equation (T13) should apply 
separately when the sum is taken over 3z channels. 
(Equation (T13) and the corresponding equation (L8) 
for the TCP invariant case was established, for 2x and 
3x channels and also for the sum over all channels, by 
Gourdin*. Equation (T13) summed over all leptonic 
channels was stated by Achiman and Horwitz'*.) The 
channels z-e*v, nte-v, nuty, z*u-v are already scattering 
eigenstates if we neglect electromagnetic couplings; equa- 


i3TT 


tion (T10) can therefore be applied directly to each of 
them. This does not depend on the validity of the 
AS = AQ rule. Su 

The parameters y,4, y, and v4 appearing on the left- 
hand side of equation (T13) can be measured directly 
from the time-dependence of neutral kaon decays into 
the channel k. T invariance requires that, for each of the 
channels or sets of channels mentioned here, the expres- 
sion on the left-hand side of equation (T13) assures the 
channel-independent value on the right. Thus, for 
example, we could evaluate the left-hand side of (T13j 
for the 2: channels—-this will be possible as soon as ne- 
and 7$ are both determined in magnitude and phase— 
and compare the result with the corresponding expressions 
for each of the leptonic channels. If we consider the 
x-e*v channel as a typical example, and make use of the 
experimental result that y,(z-e^v)ay.(Gce^v) we conclude 
that any value of Im q(r-e*v) exceeding a few per cent 
contradicts equation (T13), as we know that |, LK, s] 
<6x 10- independent of any symmetry assumptions". 
Apart from corrections of order 7. we have 


Im 4 (mety) = 2 Ima*®] +æ] (T14) 
where E 
Hs = lme | T| K5 <me) T] Kv» (TS) 


Analyses of K°--nev decay which report non-zero values? 
of Ima therefore already furnish direct evidence for T 
non-invariance, as is evident from eur earlier statement 
that, in the absence of final state interactions, K* and A* 
decay amplitudes must all be real if T invariance holds. 
If corresponding sides of equation (T12) are sununed 
over all decay channels j, we obtain the real part of the 
unitarity relation!* l 


[(m4— mi) + tyi y] CK? | R = ion (G5) 


If the condition (T3) is imposed on equation (G5), we 
obtain another test of T invariance: : 


(T16) 


(This test was proposed, in an approximation keeping 
only 2x channels, by Gourdin??.) 


Im ([(ma — mi) + dy, 4 Y2)] Evan = 0 
Jj 


If we neglect y,/v, in comparison with unity aud define 


È= (m,— mj)/y;, equation (T16) can be rewritten as 


Re [(1 — 203) X yni = 0 (T17) 
j 

Even if all the ns are not known, equation (T17) can 

provide a useful test of T invariance. For leptonie chan- 

nels we have, neglecting terms of relative order 7 


"(nliv)-—]|l-cex,.|-*[22Imzsi + (1—|z&.17) 


t (T18) 
If the AS — AQ rule holds, x —2. — 0 and leptonic chan- 
nels do not contribute to equation (T17) if we also neglect 
quantities of the order of the change-asymmetry in K> 
zlv decays. Even if AS=— AQ transitions occur, T 
invariance requires the zs to be real, thus the ys repre- 
senting leptonic channels in equation (T17) may be 
replaced by 

re = t ldico4x.](ul-|]v.]55 (T19) 
a recent experiment suggests thas 0-ly,(mev) is an upper 
limit for the magnitude of (r y,* + r-y,-) for K*—- ev decays. 
It is reasonable to suppose that the same limit may be 
applied to K*— zuv decays. The X,* decay rates into 3x 
channels have not been accurately determined. Their 
upper limits are of the same order as the corresponding 
K, decay rates; they are actually believed to be con- 
siderably smaller. It follows from T invariance, equation 


+ Ref. 11, for example. If we do not assume TCP invariance, measurements 
of z+ and the corresponding z* for K*—-r«- decays give independent tests 
of T invariance. 
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(112), that, if the ratio of K,’ to K,’ rates greatly exceeds 
IG, K,5|?, the phase of Xy,"g, must be close to zero. 


Ba . 

Therefore, if we adopt the K,° rates as upper bounds for 
the corresponding rates of K,*—3z decay modes, equation 
(T17) can be transformed into the inequality : 

| Re((1— 945) ring | SOL vua vu57 
k E 3z 
Denoting the charged/neutral ratio in K,*—2r decay by C, 
and neglecting (1—y,24/y,) in comparison with unity, 
inequality (T20) can be rewritten, with only 2x contribu- 
tions on the left-hand side, as 


| Re {e-tew (Cn, + Noo) [| (C-1)] 
Syit [(1 + 482)-8 (lys + y,37) + E" (yiy¥)t] (T21) 
k 


(T20) 


where the sum on the right-hand side excludes 27, 37, and 
leptonic channels, and gw=tan-! (28). Using the latest 
values available? for the partial decay rates, the numerical 
value of the right-hand side of inequality (T21) is 4-9 x 10-4. 
In graphieal terms, the inequality (T21), which must be 
satisfied for T invariance, requires that the complex 
vector Z=(Cy.-+ No)/(C +1) lie within a distance of 
4-9 x 10-* from a straight line drawn through the origin 
making an angle of ($+ 9w)~*133° with the positive 
real axis. This test promises the best chance of detecting 
T non-invariance in K* decay. 

Demonstration of T non-invariance, through a violation 
of one of the relations (T4)-(T6), (T13) or (T16), would 
not by itself prove that TCP invariance was maintained. 
I shall therefore review how TCP invariance can be 
tested. From a formal point of view, the requirements 
are quite similar to those imposed by T invariance. 
Assuming TCP invariance instead of T invariance, the 
neutral kaon states with definite life-times must have the 
formis 


| Kyo = [20+ e] SJ +e] A + 
Q—e)| K9] (L1) 
where the complex parameter s can again be shown to 


be small, |e|<1, for an appropriate choice of phases for 
K" and * states. TCP invariance requires that! 


(KP, | Kj,» = 2 Ree/(1+ ej?) & 2Ree (L2) 


be purely real. The decay rate for K? and K? states into 
any channel k is again given by an expression of the form 
(G1), and the relations (G2) and (G3) again apply. But 
the constants A+, B4 (which are simply the sums over all 
channels of a 4 F, b+% in units of y, and y, respectively) are 
now related by (see ref. 5) 


A = B} = A-| (1—2)/ (196)]? 


= B.|(1—-s)/ (1 +e) |? (L3) 
and, for every channel k, we also require 
coke = — | (1—e)/(1+e)]? (L4) 


The C+ defined by equation (G4) are now required, by 
virtue of equations (G5) and (L2), to be real numbers*. 
Furthermore, TCP invariance requires that amplitudes 
for K" decay to scattering eigenstates B are related to the 
corresponding A? decay amplitudes to the corresponding 
states OB in which all particles are replaced by their 
corresponding antiparticles with reversed helicity, through 


08 | T | K> = 0%, <B | T | K*»* (L5) 


(Equation (L5) relates the coefficients in equation (G1) 
for leptonic decays into different charge states!) 

From equations (L2) and (L5), Glashow and Weinberg 
derived the theorem’ 


2 Re (A*A) = KP HE, (| A]? +1 Aal) (L6) 
where A, and A, defined by 
Ane = lal T] Ku (L7) 
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are the decay amplitudes from K,° and K,° states, respec- 
tively, to any self-conjugate channel « which is a scatter- 
ing eigenstate. Summing corresponding sides of equation 
(L6) over communicating sets of self-conjugate channels, 
as in equation (T12), we obtain 


2 Xy, Re ny, = (KS, | K,9» X (yik ty) (L8) 
k k 
lt is easy to show that for channels which are not self- 
conjugate, for example, m-e*v, the same theorem holds if 
we sum over pairs of conjugate channels together. There- 
fore, in general, TCP invariance requires that equation 
(L8) be satisfied for each set of communicating channels k 
which transforms into itself under charge conjugation. 
For 2x channels, equation (L8) gives 
2 (ytz Re ns- + yi? Re hoo) = (y,22 + y£”) 

QE, | K,» (L9) 
If we neglect (1— y,22/7,), y427|, and |e|? relative to unity, 
equation (L9) becomes the test of TCP invariance pro- 
posed previously’: 


Re Z = (C Re ne- + Ren)/(C--1) = Ree (L10) 
Summed over all decay channels, equation (L8) now yields 
the imaginary part of the unitarity relation (G5). "The 
restriction imposed by TCP invariance on the real part of 
equation (G5) has been discussed before", and I have 
nothing to add. 

A test of TCP invariance, based on equation (G5), 
which does not call for knowledge of Re e, is the analogue 
of equation (T16): 


Re ([mi—mi) + $ê Y] X von) = 0 (L11) 
I 


which can be approximated, as in equation (T17), by 
Im [(1~ 2i8) E ya ay] = 0 (L12) 
j 


If we neglect terms of relative order z, equation (L8) 
requires that the contribution of leptonie channels to the 
sum in equation (L12) be purely imaginary: 


Eyn = (ys! +y!) Tm 2y/(1 + fat) (L13) 
i= 

Similarly, if the K,°-+3x decay rate greatly exceeds 
[CK S? K,95|* times the K,9—37 decay rate, the 31 contri- 
bution must also be essentially imaginary. Thus equation 
(L12) can be transformed into the inequality 


| Im fet Z) | < M (L14) 


where 
M = yt (QU 487) [on oe vi!) Ems]/ | | *?) + 
ye] + EU (yiya); (L15) 
is identical with the right-hand side of (T21), apart from 
leptonic contributions which would vanish if the AS = AQ 
rule were true. From available measurements? of x, we 
cannot set a limit for these better than about 0-3y,/. We 
then find M —6:5x10-*, The condition (L14) of TCP 
invariance requires that the vector Z lie not farther than 
M from the polar axis making an angle q,,2:43? with the 
real direction. (This is basically the test proposed, under 
more restrictive assumptions, by Wolfenstein!) 

It is conceivable in principle that the inequalities (T21) 
and (L14) could both be satisfied; this would occur if the 
vectors C, and too were almost equal and opposite. Lf, 
however, we use the reported values?:!? of Re e, equation 
(L10) cannot be satisfied at the same time! We therefore 
conclude that, unless Re e is appreciably smaller than the 
values reported, at least one of the relations (T21), (L10) 
or (L14) must be violated. The values of n,- and Too 
will tell us whether T invariance, and/or TCP invariance, 
is the symmetry principle to be discarded. 

I thank Professor D. O. Caldwell for asking the right 
question. 
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Enhancement of Track Etching Rates 
in Charged Particle-irradiated Plastics 
by a Photo-oxidation Effect 


THE use of appropriate etching solutions to reveal the 
paths of charged particles in irradiated insulating mater- 
ials! is a technique of increasing importance in several 
disciplines ranging from nuclear physics and space 
exploration to geology and archaeology (for reviews see 
ref. 2). Among the variety of dielectric solids useful for 
track-etching applications are plastic films, notably the 
cellulosies and polyesters, which are acutely sensitive to 
a variety of energetic charged particles*:*. The responsive- 
ness of plastic particle detectors derives from the dramatic 
increase in chemical reactivity of the damaged area along 
the particle track. The etching rate along the track is 
generally 10° to 10* times that for the bulk polymer?-‘. 
We report that exposure of a charged particle-bombarded 
polycarbonate film to ultraviolet energy in an oxygen 
atmosphere causes a significant acceleration in the etching 
rate for the damage region along a track, permitting im- 
mediate processing and analysis of the sample. Two 
approaches were utilized in this study of the sensitization 
of track etchability in polycarbonate film by this photo- 
oxidative treatment. 

A sample of 10 micron ‘Kimfol’ polycarbonate film 
was cemented between ‘Lucite’ plastic washers and the 
0-3 em? centre area irradiated in a partial vacuum of 
10-15 torr air to a density of 100—3,000 tracks/em? with 
fission fragments collimated at normal incidence to the 
film from a ***Cf source mounted 1 inch below the speci- 
men. After subsequent immediate treatment as indicated 
in Table 1. an irradiated sample was mounted in an a.c. 
conductance cell using a highly sensitive circuit designed 
in this laboratory by C. P. Bean (unpublished work). 
Continuous monitoring of the resistance component of the 
conductance as a function of etehing time provided a 
sensitive method for detecting the time of breakthrough, 
tg, of an etched track. Fig. 1 presents another comparison 
of ty data for irradiated samples aged in ambient laboratory 
conditions or subjected to the photo-oxidative treatment. 

Fig. 2 shows data obtained for the effect of variations in 
ultraviolet exposure times and intensity on track lengths 
registered in an irradiated 12-5 mieron polycarbonate 
film; the bombarding fission fragments from the *Cf 
source were collimated at a 15° angle of incidence to the 
film to prevent penetration and facilitate the measure- 
ments by optical microscopy. A further observation of 
these studies was that the "pores" formed on etching 
tracks to about 0-5 micron diameter in the samples 
treated with ultraviolet and oxygen are virtually 
eylindrieal whereas "aged" samples used in earlier studies 
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; lotted. against 

ageing time (fage) (h) in air and under room lights of a 'Kimfol" film that 

had been irradiated with fission fragments from Of. (Etching tempora- 

ture was 20-7" C.) b, Etching breakthrough time in minutes (fs) plotted 

against time (min) of exposure to ultraviolet radiation in the presence of 

oxygen (tov) of a ‘Kimfol’ film that had been irradiated with dasion frag. 
ments from "Of. 


were observed to exhibit cone angles of several degrees 
for an extended pore?. 

That oxygen is essential to the “chemical fixation" of 
the debris remaining in the vicinity of the path taken by 
an energetic, massive particle is indicated by the entries 
in Table 1. The corresponding variations in the ty 
against tyy or fage curves in Fig. I further suggest that 
similar chemical consequences characterize the long term. 
ageing process and the ultraviolet promotion of the 
oxidation processes involving the damage products along 
the track. 

The apparent increase in the maximum registrable 
track length with increasing intensity of ultraviolet 
radiation (Fig. 2) indicates a complex relationship between 
the nature and distribution of the photosensitive species 
along the latent track and such photochemical parameters 
as effective wavelength, optical path length and the 
Table 1. TIME REQUIRED TO ETCH THE TRACK OF A CHARGED PARTICLE IN 


‘KIMFOL’ POLYCARBONATE FILM SUBJECTED TO VARIOUS POST-IBRADIATÍON 
TREATMENTS INVOLVING EXPOSURE TO ULTRAVIOLET RADIATION 


Gaseous environment during Time (min) of Time (min) for track 
exposure to ultraviolet exposure*, toy to etch open f, ty 


Nitrogen 3-3 > 820 
Air 0 220 
Carbon dioxide $31 210 

Air TS 85:6 
Oxygen 8 i90 

1 80-5 

5 178 

10 13-1 

20 esa 

30 T6 

180 < iQ, B-4§ 


* Two GE-H100 FL4 lamps mounted 3 inches from either side of the 
sample were utilized in a closed system for the ultraviolet exposure. The 
lamps are filtered to transmit near ultraviolet rsdiation between 360-380 nm 
with an approximate output of 3-8 W each. Sample temperature waa main- 
tained at 30°+1° C by adjustment of the flow rate of the appropriate gas 
directed at each side of the sample. 

i op pme one solution was 3-1 N aqueous sedium hydroxide maintained 
at 20-7? C. 
1 Analysis: 99-95 per cent CO,; 0-05 per cent O, and Na 
$ Etchant bath temperature in this case was 6-4? C. 
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Fig. 2. Registered lengths of etched tracks in charged particle- 
bombarded ‘Kimfol’ polycarbonate films as a function of exposure time 
to ultraviolet radiation in air, frv. Data are shown for three different 
intensities of ultraviolet. The response of an RCA 935 phototube with a 
0-7 mm diameter aperture mounted next to tbe sample during exposure 
provided a relative measure of the intensity of radiation for each set of 
exposures: A, L:85; B, 0-76; and C, 0-42 mA for sample-to-lamp (with 
reflector) distanees of 1, 2 and 3 feet, respectively. A GE-H3T7 lamp 
ballasted for maximum ultraviolet intensity at about 290 nm was used for 
these experiments. An interspersed quartz-windowed, 5 cm path length 
water cell was used for an infrared filter, Etching conditions: 6 N sodium 
hydroxide at 60° C for 8 min. 


quantum efficiency of each type of reaction. It should 
be noted that the conditions of exposure to ultraviolet 
radiation used in this study are not sufficient to promote 
any extensive photoreactions of the polycarbonate itself; 
to the extent that these occur, they are restricted to the 
first few microns at the surface of the film*. 

While a documented chemical interpretation of the 
track registration phenomena is not possible®, it is likely 
that large energy depositions in the polymer matrix by 
a massive, charged particle result in fragmentation 
reactions which may beaf resemblance to those reactions 
of bisaryl carbonate esters occurring within the ionization 
chambers of mass spectrometers’. To the extent that 
radical moieties are intermediates for the production of 
the oxidized species’ which are leached from the track 
during the initial fast stage of etching. several types of 
light-promoted radical oxidation mechanisms may occur?. 
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Destruction of Thermoremanence in 
Nickel by Deformation 


Tue effect of deformation on thermoremanent magnetiza- 
tion (TRM) has significant bearing on palaeomagnetic 
investigations. One type of deformation is the preferen- 
tial rotation, without strain, of ferromagnetic mineral 
grains which occurs during the fluid or plastic flow of 
rocks or during the deposition of sediments. This may 
change the direction of the remanence and may produce 
an anisotropy of susceptibility and remanence if the grains 
are not spherical'-*. 

A second group of phenomena results from the applica- 
tion of compressive stresses below the elastic limit of the 
ferromagnetic mineral grains. The chief effect is à revers- 
ible decrease in the intensity of the TRM® and, in the 
presence of a magnetic field, the acquisition of new reman- 
ence when the compression is removed’. To produce these 
piezomagnetie effects it is not necessary to deform the 
magnetic grains plastically. 

A third group of magnetic phenomena is produced by 
plastic deformation. The work reported here was concerned 
with the magnetic changes accompanying the deformation 
of single ferromagnetic crystals of nickel and in particular 
attempted to answer two basie questions: (1) How does 
plastic deformation affect pre-existing TRM? (2) Is 
new remanence formed during plastic deformation ? 

Controlled plastic deformation of rock-forming ferro- 
magnetic minerals requires pressure apparatus with high 
confining pressure, which was not available. As a first 
step therefore a simpler experiment was performed on 
samples prepared from a single crystal of nickel. The 
crystal was orientated and spark machined into a 6 mm 
thick slab with (100) faces. After annealing for 4 h at 
800^ C the slab was cold rolled three times in the [110] 
direction. After each roll a disk 7-5 mm in diameter was 
spark cut from the face of the slab. In this way three 
disks were produced with approximate strains of 0-01. 
0-06 and 0-28. The disks were then spark planed to a 
common thickness of 2-5 mm and cut in half along the 
[110] diameter so that they were semicireular in cross- 
section. TRM was produced in each sample by cooling it 
from 380° C to room temperature in a 100 oersted magnetic 
field direeted along [110]. 

At this point the directions and intensities were as 
shown in Fig. 1. The directions of TRM were all close 
to the direction of the applied field [ITO]. The intensities 
were clearly dependent on the amount of strain of the 
sample. The intensities of TRM produced in strong fields 
such as 100 oersteds were found to be proportional to the 
square root of the dislocation density of the sample’. 

The samples were then cold rolled four times in the 
[110] direction to produce additional strains ranging from 
0-005 to 0-41. The directions and intensities of remanence 
were measured after each roll and are shown in the 
figure. Both the directions and intensities of the original 
TRM changed significantly during cold rolling. The 
intensities decreased markedly and stabilized after the 
first roll between 0-2 and 0:5 EgMU/ee; the directions 
wandered in an unpredictable manner. 

The large decrease of the original intensities of the 
samples with initial strains of 0-06 and 0-28 and the changes 
in direction of magnetization of all three samples indicate 
that the original TRM was destroyed by subsequent 
plastic strain as small as 0-005. Because destruction of 
TRM in all samples occurred during the first rolling regard- 
less of the strain produced, it is possible that remanence 
would be destroyed by strains even smaller than 0-005. 

No significant new remanence was created as a result of 
rolung, but this may be because the external magnetic 
field during rolling was too small. The direction and 
intensity of the field could not be directly measured 
accurately at the point of contact between the rollers, 
but fluxgate magnetometer measurements made as close 
as possible to this point indicated a field of about 
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Finite Differences 


Did you know ?... that 


e* = [+x 





|—x 


2--x 











This is a simple consequence of Thiele's theorem, | 
itself the basis of an important method for numerical | 
interpretation involving the reciprocal differences. | 
The treatment of this topic in The Calculus of Finite | 
Differences by Professor L. M. Milne-Thomson remains | 
one of the outstanding features of that distinguished | 


book, first published in 1933. 


The technique based on reciprocal differences is a | 


systematic way of interpolating between given values 
of a function. Thiele’s theorem makes it possible to 
represent the function concerned by some rational 
function which is particularly suited to interpolation. 
For many informal uses but also in machine calcula- 
tions of various kinds, it has considerable advantages. 


But this is only one of the reasons why finite dif- | 
They | 


ference techniques should not be forgotten. 
are, of course, the basis of much of the numerical 
analysis carried out in engineering applications. They 


are also a natural development of the method of fluxions | 


which Newton first invented. 

Professor Milne-Thomson’s book remains, after 
nearly a quarter of a century, the only comprehensive 
treatment of the subject. 


The Calculus of Finite Differences by L. M. 
Milne-Thomson, £2 10 


Other classical mathematical works from Macmillan... 


A Treatise of Differential Equations by 
A. R. Forsyth, £1 15 


Theoretical Hydrodynamics by L. M. Milne- 
Thomson, Fifth Edition, just published, £5 5 


Theoretical Aerodynamics by L. M. Milne- 
Thomson, £3 10 
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Fig.1. Changes in the direction and intensity of thermal remanence in 


three disks cut from a single niekel crystal caused by cold rolling in the 
[110] direction. The initial strains were given before the acquisition of 
TRM and the additional strains afterwards. 


1 oersted aligned between [110] and [001]. The lack of 
intensity increase with rolling and the absence of any 
convincing grouping near the field direction suggest that 
the creation of new remanence during rolling is unimpor- 
tant, although more accurate determination of the external 
field would certainly allow a more complete analysis of 
this problem. 

'The most important result is that the original TRM is 
destroyed by very small strains. The chief effect on rocks 
of a moderate amount of plastic deformation may there- 
fore be simply destruction of the original TRM, even if 
the rocks are deformed in the Earth's magnetie field. 
Such a pfoeess could be a contributing factor to the 
disappearance of the strong linear magnetie anomalies 
in the sea floor near the flanks of the deep trenches*^*. 
The question of whether the minimum amount of plastic 
deformation needed to destroy the TRM of magnetite 
ean occur under the stress conditions which exist in the 
crust is at present being investigated. 

Peter N. SHIVE 
Department of Geophysics, 
Stanford University. 
Received November 4, 1968. 
! Graham, J. W., J. Geophys. Res., 54, 131 (1940). 


* Graham, J. W., Geophys. Monograph No. 10, The Earth Beneath the Conti- 
nents, 627 (1966). 


* King, R. F., Geol. J., 5 (1960). 

* King, R. F., and Rees, A. I., J. Geophys. Res., 71, 561 (1990). 

$ Almaka, M., and Kinoshita, H., J. Geomag. Geoelec., 90, 93 (1968), 
* Nagata, T., and Kinoshita, H., J. Geomag. Geoelec., 17, 121 (1965). 
* Shive, P., thesis, Stanford Univ. (1988). 

* Haves, D., Marine Geology. 4, 309 (1966). 

* Hayes, D., and Ludwig, W., Deep-Sea Research, 14, 545 (1987). 


Phase Diagram for the System 
Water-Dimethylsulphoxide 


Ix 1959, Lovelock and Bishop! reported the protective 
aetion of dimethylsulphoxide (DMSO) in preventing 
freezing injury to living cells. The “eryoprotective” 
action of this substance, now in wide use? for the frozen 
preservation of various types of living cell, presumably 
resides in part in its ability to reduee the extent to which 


1915 


salts are concentrated when water is converted to ce. 
.On the basis of this assumption Farrant* proposed and 
developed two procedures by which DMSO might be used 
to prevent altogether the concentration of the soluble 
electrolytes in tissues cooled to temperatures in the range 
—'18? to —196? C. In the course of his studies, Farrant 
obtained preliminary data describing the phase equili- 
brium behaviour of the system water-DMSO, both in 
the absence and in the presence of small quantities ef 
salts. In view of the current interest in the use of DMSO 
we undertook a more extensive determination of the phase 
equilibrium and non-equilibrium behaviour of solutions of 
this compound in water. These measurements form the 
subject of this communication. They indicate (1) that 
the system water-DMSO can, in all proportions, be 
crystallized completely, and (2) that. in certain conditions, 
a stable hydrate (DMSO.3H,0} is formed. 

The apparatus for differential thermal analysis consisted 
of: (1) a brass block that could be orecooled to — 190° C 
and heated at a constant rate between 2° and 20^/min; 
(2) sample tubes of 1 mm bore and 025 mm wall thickness 
made of ‘Pyrex’ glass; (3) a thermocouple system made 
from 3 mil copper and constantan wires which measured 
both absolute sample temperature and the temperature 
differential between sample and reference; and (4) an 
amplifier-reeorder system for recording the absolute 
sample temperature and the differential temperature 
either on an X-Y plot or as functions of time. 

The thermocouples were arranged to insert into the 
sample and reference tubes in such & way that the sample 
assembly, minus the block, could be precooled at a much. 
higher rate than could the block. The higher rate of 
cooling was necessary in the study ef the non-equilibrium 
transformations that occur on warming in metastable 
amorphous systems. 

Throughout the study we used either the Eastman 
Kodak spectroscopie grade or the Baker reagent grade 
DMSO. No differences in behaviour could be attributed 
to the source of supply. The solutions were prepared 
gravimetrically with deionized distilled water. For the 
reference sample we usually used frozen deionized distilled 
water for ice (hexagonal) does not undergo any detect- 
able transitions in the temperature range of interest. 

After the sample and the reference tubes were filled 
(with 0-02 ml. volumes delivered from mieropipettes) 
thermocouples were inserted. The reference was frozen 
slowly in cold nitrogen vapour; she sample tube was 
immersed directly in the liquid nitrogen (cooling rate 
approximately 75°/s between 0° and — 150? C). The sample 
and reference were then transferred to the precooled block 
and the warming rate was adjusted to 8°/min. For the 
equilibrium measurements, the temperature of the sample 
in the block was raised to just below the eutectic tempera- 
ture in such a way that eutectic crystallization was com- 
pleted. All the differential thermal analyses were made 
on warming. 

The metastable amorphous samples demonstrate a 
rather complex behaviour and yield perhaps the most 
interesting curves. Fig. 1 depicts an experimental curve 
for 40 per cent DMSO (w/w) cooled by direct immersion 
in liquid nitrogen. The transitions of interest are identi- 
fied as the glass transition (G), ice formation (IF), eutectic 
crystallization. (EC), eutectie melting (EM) and the 
melting of ice (M). Totally crystallized samples yield 
simpler differential thermal curves containing only endo- 
therms, that is, indications of eutectic and/or peritectic 
and/or simple melting reactions. 

From the determination of the transition tempera- 
tures in terms of concentration the phase diagrams 
represented in Figs. 2 and 3 were cbtained. Twenty-five 
per cent DMSO (M/M) acts like a pure compound with a 
melting point of —62°+1° C, corresponding to the 
existence of a trihydrate of DMSO. The water-DMSO 
trihydrate eutectic occurs at —63°+1° C. The DMSO 
trihydrate-DMSO eutectic occurs et — 737 1? C. There 
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i. 1. Differential thermal analysis (dta) of a 40 per cent (w/w) 
DMSO solution cooled by direct immersion in liquid nitrogen. Symbols: 
D, differential curve; G, glass transition; C, crystallization of ice; EC, 
eutectic crystallization; EM, eutectic melting; M, melting of ice; 
T, sample temperature curve. 


WATER- DMSO 
PHASE DIAGRAM 
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Fig. 2. Phase diagram for the water-DMSO system (plotted on a mole 

per cent basis). Symbols: L, liquid phase: A, H,O (s); B, DMS0.3H,0 

is); €, DMSO.2-1/2 H,O (s)*; D, DMSO.1/2 H,O (s)*; E, DMSO (s). 
*'Tentative assignment. 


are two peritectic reactions, both occurring at — 70? C, 
each of which suggests the formation of an unstable 
compound. The formulae correspond to the compositions 
at which the eutectic melting disappears when the concen- 
tration of solution is altered in either direction from that 
of the DMSO trihydrate-DMSO eutectic. The structures 
indicated in the legend to Fig. 2 are tentative because the 
eutectic melting endotherm becomes less distinct as the 
periteetie concentration is approached. 

The eryobiologist may find a phase diagram plotted in 
terms of weight per cent solute (Fig. 3) more convenient. 
Both equilibrium and non-equilibrium transitions are 
included in this diagram. The glass transition curve, 
Te, was obtained between 40 and 80 per cent DMSO 
(w/w), occurring at — 132 in 40 per cent (w/w) and at — 124 
in 80 per cent (w/w). Below 40 per cent (w/w) and above 
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80 per cent (w/w) DMSO, the cooling rates were not high 
enough to prevent crystallization on cooling and the 
complete glass temperature curve could not be obtained. 
Crystallization of ice, or devitrification, was more highly 
dependent on concentration than was the glass transition. 
Crystallization of ice from the 40 per cent (w/w) DMSO 
occurred at —122° C and from the 55 per cent (w/w) 
DMSO at — 76° C. 

Concentrations in the hydrate range did not show 
erystallization on warming unless the sample temperature 
was first cycled around — 75° C for a period of 2 h or more. 
The eutectic crystallized out of lower concentrations when 
the sample temperature approached — 75° C. 

The greatest practical interest concerns the precise 
shape of the “ice curve” and its modification by sodium 
chloride in low concentrations, the effects of which are 
illustrated separately in Fig. 4. From these data, the 
composition of solvent mixtures could be calculated quite 
precisely for the purpose of solvent substitution according 
to Farrant’s methods. The intersection of the outer curves 
on extrapolation to lower temperatures is also of interest. 
Our data suggest that this intersection lies between — 105° 
and — 115° C, rather than somewhere between — 130? and 
— 140? C, as indicated by Farrant. The likelihood that 
such a eutectic could ever be formed is, of course, question- 
able from several points of view. 

Several workers have pointed out the deleterious effect 
of an ice-electrolyte eutectic crystallization. — Asahina* 
demonstrated this effect in sea urchin eggs when euteetic 
erystallization occurred in various salt solutions in which 
eggs were suspended. Leibo and Mazur* showed that 
below the eutectic temperature certain bacteriophages 
are inactivated when the salt crystallizes in the presence 
of the ice. The success of various eryoprotective agents 
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Fig. 3. Phase diagram for the water-DMSO system (plotted on a weight 

per cent basis and including non-equilibrium transitions). Symbols? 

Tg, glass transition: Te, crystallization of ice on warming, otherwise as 
in Fig. 2. 
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Fig. 4. The effect of sodium chloride on the melting point of ice in the 

three-component system H,O-DMSO-NaCl. Curve A, no NaCl; curve B, 

1g NaCl per a g H,O +b g DMSO (where a+6=100 g); curve C,blüg 
NaCl per a g H,O +b g DMSO (where a t b — 100 g). 


(for example, glycerol, sucrose and PVP) has been associ- 
ated with the abilities of the substances to prevent the 
formation of the ice-salt eutectic and to remain in the 
amorphous condition. In this connexion, the extents to 
which DMSO, glycerol and suerose ean prevent water- 
salt eutectie formation during the freezing of ternary 
systems incorporating water, salt and cryoprotective 
agent have been reported and discussed by Greaves and 
Davies. To our knowledge the effect of a crystallization 
of the cryoproteetive agent-ice eutectic has not been 
studied, presumably because most eryoprotective agents 
do not usually crystallize in the conditions in which 
eryobiologists use them. Because the formation of the ice— 
DMSO.3H,0 eutectic is induced rather easily, at least in 
the pure system, the effect of this phase transformation 
on survival may become amenable to study, perhaps 
proving to be significant. It must be noted, however. 
that experiments still in progress on the effect of additional 
solutes on the water-DMSO system show that salt and 
other substances in small quantities appear to retard or 
prevent the trihydrate eutectic crystallization. 


D. H. Rasmussen 
A. P. MacKenzie 
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Experimental Multivalent 
lonic Radii 


Gourary and Adrian! have derived a set of new ionic radii 
for the alkali metal and halide ions using the experimental 
radii of sodium (1-17 A) and chloride (1-64 À) ions? as 
standard. These radii are preferable for the interpretation 
of the observed electrochemical and thermodynamie 
properties of the ions in solutions. I propose to examine 
here the possibility of deriving a set of self-consistent 
multivalent ionic radii to supplement these univalent 
ionie radii. 


ial? 


The experimental radii of sodium and chloride ions are 
measured from the electron density distribution map of 
NaCl erystal? which has been confirmed by two other 
reports?!, Similar maps can alse be found for Lif 
(r; = 0-92 and r_ = 1-09 Å)’, CaF, (ref. 6) (1:26 and 1-10 Ay. 
MgO (ref. 8) (1:02 and 1-09 A)? and rutile TiO, (ref. 9) 
(0-94 and 1-05 A). It is interesting that the fluoride ion 
radii determined independently in LiF and CaF, are in 
good agreement in spite of the different numbers of 
coordination in the two structure types—NaCl (Bl) and 
CaF, (C1) type structures, respectively —while the oxide 
ion radii in MgO (1-09 A) and TiO, (1-05 A) are not in 
good agreement. According to Mooser and Pearson’, 
the characters of bonding in the (B1) and (C1) type struc- 
tures are non-directional and that of the rutile TiO, (C4) 
iype strueture is approaching direstional. In the (C4) 
type structure, the oxide ion is three-coordinated while 
the cation is six-coordinated. It is assumed that in the 
case of non-direetional bonding (that is, in LiF and CaF,), 
the number of eoordination of the anion does not signi- 
ficantly affect its ionie size in the structure, and, as the 
bonding character approaches directional, the effect of 
different numbers of coordination will show up more and 
more significantly. 

The oxide ion radius of MgO (1-09 A) is used here as a 
general standard while that of TiO; (1-05 À) is only used 
for oxides with (C4) type structure. Assuming that all 
the oxides are ionie and the interionie distance (d) is the 
sum of the cationic radius (r,) and anionic radius (r.), 
one may write 

d = r} +r. (i 
The interionie distances of the oxides of divalent cations 
are derived from the lattice constants (a,)"! of their mon- 
oxides with (B1) type structure (d = 0-5a,), and those of 
trivalent cations are derived from the lattice constants! 
of their sesquioxides with Mn,O, (D5,) (type C) (d= 
0-21441a,)!? or «-Al,O, (D5,) (d= 0:3714a,) type structures. 
The interionie distances of compounds with (C4) type 
structure are derived as 0-434a,. Ail the cations in these 
structure types are six-coordinated with the oxide ions. 
The cationic radii listed in Table 1 are obtained by deduc- 
tion of the oxide ion radius from the derived interionie 
distances of the compounds mentioned. 

In Fig. 1, the interionic distanees (d) of the mono- 
nitrides, arsenides, sulphides and tellurides of some 
known eompounds with (Bl) type strueture are plotted 
against their respective cationic radii (r4). Those of mono- 
selenides, phosphides, antimonides and bismuthides are 
not shown in Fig. 1 to avoid confusion on the graph. 
'The plots of analogous compounds. with similar anions. 
should correspond to a line 45° to the axes, to satisfy 
equation (1), with the intersection of the line at the d-axis 
or the —-axis as the corresponding r- value. Fig. 1 shows 
that most of the rare earth elements (except Eu, Sm and 
Yb) are presented as trivalent ions in the compounds of 
monosulphides and tellurides (and selenides) while Mg, 
Ca, Sr, Ba, Eu, 8m and Yb are presented as divalent ions 
in their analogous compounds. This finding agrees with 
the experimental results of the magnetie properties!5-15 
and electrical properties!*:?! of these rare earth compounds. 
Similar results are also observed by long wave X-ray 
focusing spectrography!*. It seems that each trivalent 
rare earth ion in these compounds is a stable ionic state 
with an excess electron trapped arcund it as an impurity 
statels19,20, 

The broken lines joining the points of Mg?*, Ca®*, Br** 
and Ba* in Fig. 1 indicate the covaleney effect in these 
compounds. The equation for these broken lines can be 
written as follows 

d, = yi (tz + 7 + z) (2) 
where y,. which is less than 1, is the slope of the line and 
z, is a constant determined by the anion. 

In the known mononitrides and arsenides (and phos- 

phides, antimonides and bismuthides), the rare earth. 
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Interionie distance (d, A) 








0 05 10 r5 
Cationic radius (r+, A) 


Fig. 1, Bonding characters in compounds with NaCl (B1) type struc- 
ture, indicated by their interionic distances. @, Divalent ion; A, 
trivalent ion; (3, tetravalent ion; 1, La; 2, Pr: 3, Nd; 4, 8m; 5, Eu; 
,Gd; 7, Tb; 8, Dy; 9, Ho; 10, Er; 11, Tm; 12, Yb; 13, Lu; 14, Se; 
15, Y. a, Monotelluride; b, monoarsenide; e, monosulphide; d, mono- 


nitride, 

Table 1, MULTIVALENT IONIO RADII DERIVED FROM THE OXIDES 
Ton Radius (A) Ton Radius (A) 
0? 1-09 Th* 1:21 
Mg” 1-02 Dy** 1-20 
Ca** 1:31 Ho** 1-18 
Sr** 1:48 Er** 137 
Ba*+ 1-68 Tm?* 1-16 
Ti 1-00 Ybe 135 
Zrt* 121 Lu" 114 
Tat 112 AP* 0-82 
Crit 0-99 Ga?* 0-89 
¥ | 118 In** 1-09 
Ratt . 

Cott i” Tr* 117 
Nit* 101 yit 0-94 
Zn** 105 Cr 0-90 
Cde 1-28 Mnu** 1-02 
las 153 Fett 0:93 
Cest 1-47 Pus 128 
Nds l44 Amt 127 
Smit 141i Cmt 127 
Eu 143 Rhe 0-03 
Ybr 1-34 Ag? 1-03 
Th? 1.51 p* a 
Pa 139 Ys us 
s E P ad 0-37 
Put 1-39 Fo Ee 
Am** 1-44 Qatt 0-91 
Sct s ptt -90 
yes rd Ge 0-86 
Las 1:36 Sn** 1-01 
Pro 130 Ph+ 1-10 
Nds i29 Tett 1-03 
Sm** 125 
Eu** 124 
Gd** 1:23 


elements appear as trivalent ions, except for the cerium 
ion in CeN; this is found experimentally as a tetravalent 
ion!*?!, In the case of mononitrides, the 45° line passes 
through only the points of the trivalent Eu, Gd, Tb, Dy 
and Ho ions, which have an electronic configuration of 
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aft to 4f", while the other points are better represented 
by the broken line, which has a slope larger than 1. The 
equation for this broken line of nitrides is 


dy = yx (r, + r- — £N) (3) 


where yw is the slope of the line and zy is a constant. 
The deviation of this broken line from the 45° line of 
nitrides is different from that of the alkaline earth metal 
compounds, represented by equation (2); it is not likely 
to result from a covalency effect. The nitrides with (B1) 
type structure are believed to be interstitial compounds!?.*? 
but are chiefly ionic in charaeter!*:?!.?5, 

The interionic distances are derived from the lattice 
constants (ap) of compounds as d-zea,, where x is a 
fractional constant for each particular type of structure, 
so equations (2) and (3) can also be written in a general 
form as follows 


a 
-Qy =r tre +2 (4) 


in the condition that, while y > 1, z is negative, and while 
y <1, z is positive. 

In Fig. 2, the lattice constants q," of the hexagonal 
trichlorides and tribromides, the rhombohedral trifluorides 
and the fluorites of some of the cations listed in Table 1 
are plotted against their respective cationic radii. A 
straight line passes through each series of analogous 
compounds. These straight lines satisfy equation (4). 
More trivalent and divalent ionic radii can be obtained by 
comparing their lattice constants, a), of analogous com- 
pounds, with similar structure type, against the cor- 
responding straight line in Fig. 2. The cationic radii so 
derived are listed in Table 2. 


3 
e 








Lattice constant of compound (a, A) 
Lattice constant of compound (a, A) 








10 r5 10 
Cationic radius (r+, A) Cationic radius (r+, A) 
Fig. 2 Fig. 3 
Fig. 2. Deriving ionic radii by comparing lattice constants of analogous 


compounds, @, Divalent ion; A, trivalent ion. g, Tribromide; b, tri- 
chloride; e, trifluoride; d, difluoride. 


Fig. 3. Comparing the derived tetravalent ionic radii. A, Trivalent 
ion; O, tetravalent ion, a, Tetrafluoride; b, monocarbide. 
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Table 2. ADDITIONAL MULTIVALENT IONIC RADIT 
Ion Radius (A) lon Radius (A) 
Ti" 0-98 ue 128 
Mo% 1:03 Np** 1-26 
Ru** 0-95 Putt 125 
Pas 0-98 Am** 1-24 
Ip 0-95 Cm'* 1:23 
Ae 1-51 Pott 1:35 
Ce 1:33 
Ue 1:32 Zrt+ 112 
Np** 1-30 ft 1-10 
Sit* 0-61 
Cu?* 1.28 
Hg 1:35 S*- 1:55 
Pb 1:55 Se?- 1:66 
Rat 0-05 Te?- 1-84 
Be** 0-69 N+- 1-26 
Pp 1-63 
Cet+ 125 Ast- 1-70 
Pr** 124 Sb*- 1:88 
Tbe 137 Bi- 1:93 
Th 1:33 i 1-23 
Pat 1-30 


It is of interest to demonstrate a way of deriving the 
radius of the Be?* ion through equation (4). The lattice 
constants of Be,P, Mg,P, Be,N, and Mg,N, are 10-17, 
12-03, 8-15 and 9-97 À respectively. Assuming that the 
values of z, y and z are the same in both the phosphides 
and nitrides, the equation for compounds having a similar 
cation, Mg,P, and Mg,N,, is 


~ a(Mg-P) - r(P) = ja (MeN) — r(N) (5) 





x »(P) — r(N) 0-37 6 
y a (Mg-P) — a(Mg-N) 2-06 (6) 
and for compounds with a similar anion, Mg;P; and Be,P», 
the corresponding equation is as follows 
vo r(Mg) — r(Be) 4 
y as (Mg-P) — a,(Be-P) "m 

which is re-arranged and the value of r(Be) is calculated 
0-37 
5:99 (1209 — 10:17) = 0-69 A 
The same result has also been derived from the nitrides. 

The magnetic properties of CeN!*?', ThS and ThN** 
indicate that their cations are tetravalent. The ionic 
radii of Ce** and Th'* are therefore derived as 1-25 and 
1-32 A respectively, by comparing the interionie distances 
(d) of their mononitrides with the broken line of nitrides 
in Fig. 1. Although the cations in the (C1) type structure 
are eight-coordinated, the interionic distances in CeO, 
(2-34 A) and ThO, (2:42 A) are, respectively, the sums of 
the cationic radii and the oxide ion radius (1-09 A). Thus 
the other interionie distances of dioxide compounds with 
(C1) type structure are derived (d=0-433a,) and their 
tetravalent cationic radii are obtained and listed in Table 2. 
In Fig. 3, the lattice constants (d) of monoclinic tetra- 
fluorides and monocarbides of some of the tetravalent 
cations are plotted against their respective cationic radii. 
The radii of Zr** and Hf** ions are then derived from the 
straight lines. If the data of the monocarbides were plotted 
in the same manner as in Fig. 1, the straight line passing 
through the points would be a 45? line, with its inter- 
section at the d-axis as 1-23 A for the ionic radius of Ct-. 
The scandium ion in SeC is found to be trivalent. 

Although the electron density distribution map of 
«-quartz is available? and the Si-O distance is well estab- 
lished?? as 1-62 Å, the ionic radius of Si** cannot be 
derived from these results, for the Si** ion in this structure 
is four-coordinated while the oxide ion is two-coordinated ; 
it is thus not believed to be suitable. The radius of Si** 
ion is instead estimated from the SiF,?- ion in K,SiF, 
(d(Si-F) = 1-70 Å)” and FeSiF;6H,O (d(Si-F) — 1-71 A)” 
crystals. In the K,SiF, crystal, the nearest K—F distance 
with the SiF,?- ion is 2-58 A, which corresponds to the 
sum of the radii of K+ ion (1-49 A)! and F- ion (1-09 A) 
observed in LiF and CaF,. Deducting this fluoride ion 
radius from the Si-F distance (1-70 A), the radius of 
Si** ion is derived as 0-61 A. 


Hence 


r(Be) = 1.02 — 
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Inkinen and co-workers have proposed a theory to 
calculate the ionic radii from the electron distribution 
data of compounds?*-**, Their results, with an uncertainty 
of 0-04-0-07 A, are listed below fer comparison: NaCl 
(r,=1-15 A and r.— 1-67 Å)”, LiF (0-78 A and 1-23 Å)", 
KBr (1:57 A and 1-73 Å), RbCl (1-71 A and 1-58 A)®, 
NiO (0-96 A and 1-13 À)*t, CoO (0-97 A and 1-16 Å)“ and 
MnO (1:09 A and 1-13 A)**. With the uncertainty quoted, 
these results can be considered as farther support for the 
present results. 


K. 8. Cava 
Department of Physical Metallurgy and 
Science of Materials, 
University of Birmingham. 
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Study of Thin Films of Cobalt Oxide 


So far very little attention has been given to thin oxide 
films on cobalt. This report deals with the structural 
features observed by transmission electron microscopy 
of chemically stripped films (from hundreds to a few 
thousands A thick) formed on cobelt. The material used 
was spectrographically pure polyerystalline cobalt sup- 
plied by Johnson Matthey and Čo., Ltd, in the form of 
rolled strips (0-05 em thick). X-ray diffraction of the 
metal as received revealed the structure as hexagonal 
close packed (h.c.p.). Studies of the oxidation? as well 
as the dilatometric curve of the metal indicated a change 
in the crystal structure about 386° C, which is presumably 
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due to the allotropie transformation of cobalt from h.c.p. 
to face-centred cubic (f.c.c.) form. 

Each specimen (5x2 cm) was degreased and metallo- 
graphically polished as uniformly as possible using fine 
emery paper (4 grade). Specimens were then washed, 
dried and weighed. They were annealed in hydrogen and 
subsequently in argon before oxidation. The oxidation 
tests (using a manometric method?) were carried out 
between 320?-520? C for 1-15 min using purified dry 
oxygen at a pressure of 7-6 em of mercury. 

The oxide films were stripped from the metal by direct 
chemieal attack of the metal substrate using a saturated 
solution of iodine in 10 per cent potassium iodide. The 
stripped oxide films were washed in methanol and then 
examined in transmission with an AEI-EM 6G electron 
microscope at 100 kV. Besides electron micrographs and 
diffraction patterns, X-ray diffraction patterns of the 
stripped oxide were also taken using a Philips X-ray 
diffraction camera. 

Typical electron micrographs of the oxide, below and 
above the allotropic change point (Te) of cobalt, are 
shown in Figs. 1 and 2 respectively. High magnification 
is essential to reveal structural details*. In Fig. 1, moiré 
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fringes are visible, while in Fig. 2 dislocation tangles can 
be seen in the relatively thicker oxide. From an enlarged 
micrograph of Fig. 1, moiré patterns are seen to arise from 
the overlapping of two similar lattices with a slight 
relative disorientation of 11+1 degrees. They have the 
following characteristics: 


Mean observed 
moiré spacing 


3042 Å 


Moiré spacing as calculated 
from X-ray parameter 


24 À 


Type of 
moiré 


{111}Co,0, 


According to Hashimoto and Uyeda‘, a single dislocation 
in a moiré pattern corresponds to a single dislocation in 
an atomic lattice. Thus it is possible to estimate approxi- 
mately the dislocation density of the oxide containing 
moiré fringes (Fig. 1). The density in oxides with disloca- 
tion tangles (Fig. 2) is more difficult to estimate. "The 
mechanical stability of the oxides formed at 7'» T, is 


found to be poorer than those formed at T < Te indicating 
the presence of heavy strains and therefore higher disloca- 
tion densities in these oxides which have been formed 
at T » T, from fee cobalt. 

Both the electron and X-ray diffraction patterns of the 
stripped oxide show the presence 


of CoO and Co,QO,. 





Fig. 1 


Electron micrograph of cobalt oxide formed at 350° € ( 


Fig. 2 


x 200,000). Fig.2. Electron micrograph 


of cobalt oxide formed at 430° C ( x 140,000) 





Fig. 3 


Bright field electron micrograph of cobalt oxide ( x 10,000). 


Fig. 4 


Fig. 4. Dark field 


electron micrograph of cobalt oxide ( x 13,000). 
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From the intensity of the lines in the X-ray patterns, it 
has been estimated that the oxide film formed at T « T, 
is about 90 per cent Co,0,, while at T >T, it is about 
50 per cent Co,0,. Electron diffraction patterns show 
that the oxide formed on a particular metal grain tends 
to become a single crystal. A comparison of a typical 
bright field electron micrograph (Fig. 3) with the corre- 
sponding dark field picture (Fig. 4) also illustrates the 
single crystalline nature of the oxide. 


B. CHATTOPADHYAY 
Department of Chemical Engineering, 
University of Manchester Institute of 
Science and Technology. 

J. C. Mrasor 
Department of Metallurgy, 
University of Surrey. 


Received November 1, 1968. 


1 Wood, G. C., Wright, I. G., and Ferguson, J. M., Corros. Sci., 5, 645 (1965). 

2 Chattopadhyay, B., thesis, London Univ. (1967). 

3 Phelps, R. T., Gulbransen, E. A., and Hickman, J. W., Ind. Eng. Chem. 
Anal. Ed.,18. 391 (1940). 

‘ Hashimoto, H., and Uyeda, R., Acta Cryst., 10, 148 (1957). 


BIOLOGICAL SCIENCES 


Significance of Dialysis against Enzymes 
to the Specific Therapy of Cancer and 
Genetic Deficiency Diseases 


For many years the control of blood concentrations of 
specific metabolites such as amino-acids and nucleic acid 
precursors has been of much interest in the specific therapy 
of metabolie deficiencies, cancer and other diseases!. 
Efforts to do this by injeetion of specific enzymes have 
been fraught with difficulties??, among which are enzyme 
purity, poor activity of some enzymes at low substrate 
concentrations, inability to control the response and the 
development of sensitivity to the enzymes on repeated 
injeetions. For these reasons we decided to find whether 
blood concentrations of a specific amino-acid, taken as 
an example, could be controlled through dialysis of the 
blood against an appropriate enzyme. 

An obvious approach was to use a widely aecepted 
method for dialysis, the artificial kidney, with modifica- 
tions that allowed the dialysate to move back into the 
blood stream by closing the external circuit to prevent the 
loss of important metabolites. A miniature Galletti- 
Peirce kidney* with an effective surface of about 200 cm? 
was used in rabbits. The femoral artery was cannulated 
to enter the kidney and the peripheral ear vein cannulated 
in the return circuit. Bemberg membranes were used as 
dialysis membranes. A flow rate of 6 ml./min was used. 
Rabbits were heparinized with 1 ml. of 1-1,000 heparin 
each hour and given 300,000 u of penicillin each day. 
Amino-acid analyses were carried out using Beckman- 
Spinco amino-acid analysers, model 120C. 

Table 1 shows the original blood concentration of each 
of the amino-acids at the outset of dialysis without added 
enzyme and the amount of each amino-acid found in the 
dialysate (external portion of the kidney) at two time 
intervals. As expected, the amount of each of the amino- 
acids dialysing across is not constant with time because of 
decreasing blood concentrations and diffusion of the 
amino-acids in the extracorporeal circuit back into the 
blood. The rate of dialysis is also dependent on the 
concentration of the amino-acids in the blood and their 
molecular weight. 

In another series of experiments the blood of the rabbit 
was dialysed against purified rabbit arginase. Usually 
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RATE OF DIALYSIS OF INDIVIDUAL AMINO-ACIDS 


Table 1. 
Amount(umoles/ml)in — 
Amino-acid Serum i Dialysate . 
min 
Aspartic 0-1120 (0108 
Threonine 0-2229 0-0225 
Serine 0-3960 0-0356 
Glutamic 0-1150 00845 
Proline 0-2420 04471 
Glycine 0-6180 0-1785 
Alanine 0-4820 0-1156 
Valine 0-1400 90-0876 
Methionine 0-0760 0-0253 
Isoleucine 0-0880 60175 
Leucine 0:1120 90-0347 
Tyrosine 0-0430 60-0180 
9 Alanine 0-057 0-0124 
Lysine 0-1494 0-055 
Histidine 0-1082 0-0410 
Arginine 0-0946 0465 





Table 2. HAEMODIALYSIS AGAINST ARGINASE 
Protein added to dialysate Serum amino-acid levels (ianoleajal,) 


ime 

Arginase (1 mg/ml.) Lysine 0-1330 0-2120 
Histidine 0-0850 aaraa 
Arginine 0.2830 00420 

Control protein (1 mg/ml.) Lysine 0-1670 0-1470 
Histidine 0-1030 0-0010 
Arginine 00000 09-0710 


The kidney used in these experiments had a 200 em? dialysis surface, A 
short hydrolysate column was used for analysis. on which ornithine (a product 
of the arginase reaction) chromatographs together with lysine. The control 
protein was an inactive histidase preparation. 


Table 3. HAEMODIALYSIS AGAINST ARGINASE 


Amino-acid Serum levels (jmoles/ml.) 
0 time ëh 

Aspartic 0-2650 0-15904 
Threonine 60-3200 0-1554 
Serine 0-6900 0-4705 
Glutamic 0-0924 01098 
Proline 0:4460 0-4065 
Glycine 0-8660 0-6539 
Alanine 0-7680 PTT 

Valine 0-2930 Q-1864 
Methionine 0-1245 0-0604 
Isoleucine 0-1086 0-0620 
Leucine 0-2180 0-1187 
Tyrosine 0-1220 01638 
¢ Alanine 0-0940 0-0980 
Lysine 0-1494 0-1245 
Histidine 0-0391 09-1080 
Arginine 0-1029 None* 

Arginase (0-5 mg/ml.) was added to the dialysate; the kidney used had & 
2,000-cm? dialysis surface. 


* Less than 0-0002 umoles/ml. 


1 mg/ml. of arginase was used in the 15 ml. of physiologieal 
sodium chloride in the external portion of the kidney. 
The enzyme had an activity of abcut 2,500 or 5,000 U/mg 
nitrogen, depending on whether the virus-induced papil- 
loma arginase or liver arginase was used*. Table 2 shows the 
results using a 200 em? dialysis surface, and Table 3 shows 
the results using a 2,000 em? tube. It is clear that dialysis 
against arginase specifically and repidly lowers the blood 
level of arginine of the rabbit. 

It is evident that dialysis can be used against appro- 
priate enzymes to control the blood levels of specific 
metabolites to any point desired, provided that the enzyme 
has a Km such that it can operate effectively at the blood 
levels of the metabolite in question. The control of blood 
levels of specific metabolites, known through sereening to 
be required by individual neoplasms, has been an evident 
approach to disease and tumour chemotherapy for some 
years*-*. Such a dialysis method seems to be a safe 
approach both for tumours and for genetic deficiency 
diseases such as phenylketonuria and histidinaemia. in 
the latter cases, it may be that, in the future, genetic 
deficiency can be overcome by replacing the specific 
deficiency, using virus genetic information as such or 
adding information to virus nucleic acid in the laboratory’. 
In the interim, dialysis against specific enzymes seenia to 
provide a useful therapeutie method. 
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Effect on Bilirubin Excretion of 
Blocking the Carboxyl Sites of 
Glucuronide Conjugation by Methylation 


IN mammals the haem groups of haemoglobin are not 
re-utilized when red cells break down, but are converted 
to bilirubin (Fig. 1). This pigment is excreted into the bile 
as a diglueuronide. The reason why conjugation with 
glucuronic acid is necessary for the excretion of bilirubin, 
and the location of the glucuronyl residues on the bilirubin 
molecule, are not known with certainty. A partial or 
complete deficieney of the enzyme conjugating bilirubin 
(in the newborn infant, in Gunn rats and in patients with 
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Fig. 3. Structure of the isomerie forms of unconjugated bilirubin. 
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Fig. 2. Absorption spectra of 0-02 mM dimethyl ester of bilirubin in 

different solvents. (---)In100 per cent CHCh; C —) in 95 per cent 

CCl, : 5 per cent CHCl: (...) in 95 per cent dimethylformamide : 5 per 
cent CHCl. 





the Crigler-Najjar syndrome) is associated with a partial 
or complete block in biliary excretion of the pigment. This 
suggests that conjugation is a prerequisite for secretion, 
and is supported by the observation that Gunn rats can 
excrete injected bilirubin glucuronide’. Jirsa and Billing 
(unpublished) have found that both Gunn rats and normal 
rats excrete synthetic taurobilirubin, a derivative which is 
polar and water-soluble like the glucuronide. 

Bilirubin exists in two isomeric forms, which differ in 
the end rings, A and D (Fig. 1). In the two isomers there 
are two earboxyls, two hydroxyls and four imino groups 
at which conjugation could take place. Attachment to 
the imino sites would be inconsistent with the properties 
of the diglucuronide, but no firm distinetion ean be made 
regarding the other two (ester and enol) types of attach- 
ment. Much of the evidence regarding the structure 
of bilirubin diglucuronide?? suggests that it 1s an ester 
glucuronide, but the properties of the oxygen on the A and 
D rings of bilirubin might allow formation of an alkali- 
labile enol glueuronide*. To test the need for free carboxyl 
groups for conjugation of bilirubin, and its subsequent 
biliary secretion, we have blocked the acid residues by 
methylation, and studied the metabolic fate of the ester 
after intravenous administration. 

Dimethyl bilirubin was prepared by a modification of 
the method of Küster*. Bilirubin (58:5 mg) was suspended - 
in CHCl, (5 ml.), and 1-4 ml. of 2-4 per cent ethereal 
diazomethane® (8 molecular parts) was added gradually. 
The bilirubin dissolved during the addition. The product 
crystallized from methanol as rhombohedral crystals, 
melting point 201°-202° C (uncorrected): yield 22 mg. 
Because Küster* had shown only that the product was a 


carboxyl in bilirubin was replaced, in the dimethyl 
derivative, by bands at 1,735 and 1,165 cm~, characteris- 
tie of the C=O and C—O—C bands of an ester link’. 
There was no modification of the band at 1,640 em^, 
characteristic of a y-lactam amide, thus showing that 
methylation had occurred on the two propionyl side chains 
and not on the pyrrole «-hydroxyl groups. 

The bilirubin ester, while resembling free bilirubin in 
being insoluble in water, differed in being insoluble also 
in 0-1 or 1:0 N NaOH. It was soluble also in chloroform, 
carbon tetrachloride, dimethylformamide and dimethyl- 
sulphoxide. Unlike the free bilirubin, the ester was 
moderately soluble in warm methanol. An aqueous 
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Fig. 3. Absorption spectra of 0-02 mM bilirubin in different solvents. 
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albumin solution of the ester would not give a red “‘azo- 
bilirubin" on treatment with diazotized sulphanilie acid, 
without prior addition of methanol, thus being entirely 
“indirect reacting". On addition of one drop of concen- 
trated nitric acid to 2 ml. of chloroform solution, a strong 
Gmelin reaction was rapidly obtained. 

The wavelength of maximum light absorption of the 
ester in the visible range varied with the solvent (Fig. 2), 
unlike that of bilirubin (Fig. 3). The absorption of the 
ester in non-polar solvents like ehloroform or earbon 
tetrachloride was maximum at 400 nm (E. 60,000) whereas 
the maximum for bilirubin was at 450 nm. In dimethyl- 
formamide (Fig. 2) the maximum of the ester was 450 nm. 


Fog and Jellum* have suggested that the Ag CHDI 


of 450 for bilirubin is due to internal hydrogen bonding 
between the earboxyl groups and the imino hydrogens 
of the B and C pyrrole rings. Because the dimethyl ester 
has this maximum absorption in dimethylformamide, it 
may interact with the imino hydrogens of rings B and C. 

To compare the ease with which the ester and bilirubin 
were excreted, Wistar rats (weighing 250-300 g) were 
anaesthetized with pentobarbital by intraperitoneal 
injection. The peritoneal cavity was opened and the bile 
duet was cannulated with polythene tubing (grade PP 25, 
Portex, Hythe, Kent). Bile was collected during succes- 
sive 10 min periods and the amount of diazo reactive 
pigment was estimated’, After a control period of 10-20 
min a colloidal bilirubin or ester solution was admini- 
stered intravenously during 2 min. The bilirubin solution 
was prepared by dissolving the pigment (5 moles) in 
0-1 ml. of dimethylformamide and 0-2 ml. 0-1 N NaOH, 
and then adding 0-5 ml. of a 5 per cent (w/v) aqueous 
solution of bovine albumin followed by one drop of glacial 
acetic acid. The dimethyl ester of bilirubin (5 pmoles) 
was dissolved in 0-1 ml. of dimethylformamide and a 
colloidal solution obtained by adding 0-5 ml. of bovine 
albumin (5 per cent w/v). 

There was a big difference between the rates at which 
the liver excreted the bilirubin and the dimethyl ester. 
Fig. 4 records the changes in bile pigment excretion in 
three experiments with bilirubin and three experiments 
with the dimethyl ester. The maximum concentration 
of pigments in the bile after administration of bilirubin 
was some ten times that observed after the ester. In 
three further experiments with the ester the concentra- 
tions were even lower. 

Attempts to compare the exeretory products were 
hindered by the small amount of extra pigrnent which 
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appeared in the bile after giving methylated. bilirubin. 
There was a big difference in the increase in glucuronic 
acid excretion determined with naphtharesorcinol'*. This 
is best considered in relation to the amount of extra pig- 
ment. After the injection of bilirubin the molar ratio of 
extra glucuronic acid to extra bilirubin would be 2:1 
if all the extra pigment were bilirubin diglueuronide 
(smaller amounts of the monoghicuronide, or a 1:1 
complex of bilirubin and bilirubin diglueuronide are 
known to occur). In one experiment the ratio was 2-03. 
After dimethyl ester had been given the ratio was 1-79, 

The pigment excreted after administration of dimethyl 
ester behaved like bilirubin diglueuronide im a reverse 
phase partition system*. It was alkali labile (01 N 
NaOH at 100° C for 2-5 min), following which it could 
not be extracted into CHCl, until the solution was 
acidified (pH 5 with acetic acid). The absorption ( x OHOL 
450 nm) and chromatographic behaviour were those of 
bilirubin. 

To establish possible biliary exeretion of the intra- 
venously administered bilirubin ester an attempt was 
made to extract it from the bile into chloroform, a solvent 
incapable of removing the glucuronide usually present, 
In this way a small amount of yellow material was extract- 
able during the second hour. This pigment, although 
giving the Gmelin reaction, differed from bilirubin in not 
being extractable from the chloroform into 0-01 N NaOH, 
and from the original esters pos 400 mm) in its 
absorption spectrum Cae 4l5 nm). It was absent 
from bile in control rats which had received free bilirubin. 

Azopigments were prepared from bile obtained after 
administration of bilirubin and, separately, the dimethyl 
ester. After addition of diazosulphanilic acid the azopig- 
ments were salted into n-butanol by addition of saturated 
aqueous ammonium sulphate. The pigment excreted 
after administration of the dimethyl ester gave an azopig- 
ment with the R value of azobilirubin glueuronide (035) 
on paper chromatography". The azopigment was 
hydrolysed by diluting an n-butanol solution (0-5 ml.) 
with methanol (2 ml.) and adding ammonia (specific 
gravity 0-880, 0-5 ml.). The mixture was heated in & 
boiling water bath until all the methanol and ammonia 
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Fig. 4. Excretion of bile pigment in bile after intravenous injection of 
5 mmoles of colloidal bilirubin and 5 emoles ofdimethyl ester of bilirubin. 
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had evaporated. The azopigment now moved like azo- 
bilirubin (Æ 0:56). The azopigment prepared directly 
from bilirubin dimethyl ester had an R value on paper of 
0-76. Azopigments were also prepared from the small 
amount of CHCl, soluble pigment extracted from bile 
after giving the dimethyl ester. It yielded both azobili- 
rubin and azobilirubin glucuronide. 

Although there was a large difference in the amount of 
extra pigment excreted in the bile, we were unable to 
establish any difference between the excretory products 
of bilirubin and of dimethylbilirubin. They had identical 
& values in reverse phase chromatography, and the 
azopigments were identical by paper chromatography, 
and differed from methyl azobilirubin. Thus the chromato- 
graphic evidence and the increase in glucuronic acid 
following administration of the dimethyl ester suggest 
that the small amount of extra pigment excreted was 
largely bilirubin glucuronide. 

The most striking observation was the effect of the 
methyl group in hindering the excretion of bilirubin. 
The simplest explanation would be that dimethyl bili- 
rubin cannot be excreted because the sites of conjugation 
with glucuronic acid are occupied. This would not have 
been predicted if bilirubin is excreted as an enol glucuron- 
ide, as Lester and Klein” suggested, for conjugation should 
still be possible. 

The argument is not decisive, however, for the methyl 
groups might impede excretion by indirect effects. 
Absence of an ionized carboxyl group in methyl bilirubin 
(at pH 7-4 a substantial portion of bilirubin is ionized, 
for its pA is 7-95 (ref. 13)) might influence its uptake by 
the liver. It may tend to form more colloidal solutions 
and for this reason we used colloidal (acid) bilirubin, rather 
than a salt, in the control studies. Methylation might 
also interfere with the secondary structure of bilirubin. 
Dreiding models of the internally hydrogen bonded 
structure of bilirubin’ show that only bonding between 
the carboxyls and the imino hydrogen of the adjacent 
rings (B or C) is unstrained. Internal hydrogen bonding 
folds the molecule at an angle of about 95° about the 
central methene bridge. It is possible that this configura- 
tion is essential for the pigment to gain access to the 
glucuronyl transferase site, and accordingly methylation 
would interfere by producing the more flexible, planar, 
structure, 

Available information does not permit firm definition 
of the requirements for interaction with the secretory 
mechanism or the transferase site, nor the nature of the 
glueuronyl link. It is clear that methylation stops 
excretion and the simplest explanation is that the sites 
for ester conjugation are not available. The small amount 
of pigment which was excreted after giving the ester had 
been demethylated. 

Infrared spectra were determined at the Department of 
Chemistry, University of Leeds. The Welleome Founda- 
tion provided a fellowship (to M. J.) and the Medical 
Research Council a grant (to G. H. L.). 
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Specificity of the Stimulatory Effect 
of Betaine on the Vitamin B,, 
Fermentation 


MErHyL donors such as betaine and choline are known 
to stimulate production of vitamin B, by certain miero- 
organisms', Ansbacher and Hill? reported that of the 
crude microbial processes available in 1949, the best 
were characterized by disappearance of choline from the 
medium. Miller and Putter of these laboratories (unpub- 
lished) discovered that betaine and choline stimulate 
B,, production by Pseudomonas denitrificans; this has 
been eonfirmed?. Stern’ independently found these 
two compounds to stimulate, by as much as five to six- 
fold. the formation of B,, by Rhizobiwm trifolii, R. 
meliloti, Agrobacterium sp. and Bacillus megaterium. 

The role of betaine and choline in the B,, fermenta- 
tion is unclear. Although Valencia® found methionine, 
betaine and choline (but not homocysteine) to stimulate 
Bı: formation by Streptomyces olivaceus, Bray and Shemin? 
reported that the six extra methyl groups of the B,, 
corrin moiety are derived in Streptomyces sp. from meth- 
ionine; radioactivity from  "*CH,labelled choline or 
betaine was not incorporated into the vitamin. In view 
of the paucity of published data on the specificity of 
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Fig. 1. Effect of betaine and methionine on vitamin B,, production by 
Pseudomonas denitrificans. The fermentation was conducted on a rotary 
shaker at 28? C for 5 days in 250 ml. flasks containing 40 ml. of. chemically 
defined medium. The medium is similar to that of Miller? modified by 
omitting Na,80,, decreasing the glutamic acid content to 0-5 per cent and 
adding 3 per cent sucrose and 0-0025 per cent 5,6-dimethyl-benzimida- 
zole. Vitamin B,, was determined by an agar diffusion assay with Lacto- 
bacilius lactis Dorner ATCC 10,697 using vitamin B,, as standard. Broth 
samples were prepared for assay by boiling for 3 min with 2-25 per cent 
NaNO,-0-01 per cent KCN at pH 3-0-4-0 (H,SO,). Although L. lactis 
Dorner also responds to other cobamides and deoxynucleosides, these 
biologica! assays agree well with isotope-dilution assays indicating 
vitamin B, to be the major assayable compound formed in the conditions 
of these experiments. 
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Fig. 2. Effect of betaine and choline on vitamin B,, production by 
Pseudomonas denitrificans. For details, see legend of Fig. 1. 


the stimulatory effect, we decided to examine this point 
using P. denitrificans. 

Fig. 1 shows the marked activity of betaine in enhancing 
Ba production by P. denitrificans and the inactivity of 
l-methionine. In neither case was the final growth yield 
stimulated. At the higher concentrations, methionine 
was inhibitory to growth. Fig. 2 shows that choline is 
less stimulatory than betaine. Although betaine can be 
tolerated at much higher concentrations than shown in 
Figs. 1 and 2, choline was toxie to growth at levels above 
5g. 

Many eompounds containing methyl and compounds 
structurally related to betaine, choline and methionine 
were tested for activity. Most were examined at concen- 
trations of 1, 5 and 10 mg/ml. When unfavourable pH 
values were observed during fermentations, the compound 
was again compared with betaine in a more buffered 
fermentation medium (either by adding 0-07 M K,HPO, 
to the original medium or by adjusting the pH at 40 h 
to 7-2 with a sterile Na,CO, solution). No compound 
tested showed activity, with the exception of those 
containing betaine or choline, for example, betaine 
hydrochloride, choline chloride, choline bicarbonate, 
choline bitartrate, succinylcholine chloride, Ca phosphoryl- 
choline chloride and acetylcholine chloride. Table 1 
lists all the inactive compounds tested. 

These results demonstrate a very narrow specificity 
of the stimulatory response. The inactivity of methionine 


Table 1. COMPOUNDS LACKING BETAINE-REPLACEMENT ACTIVITY 
Acetonitrile Methylamine 
Aminopyrine B-Methylcholine chloride 
Caffeine S-Methylecysteine 
di-Carnitine Methylethanolamine 
Cephalin dl-Methylmethionine sulphonium chloride 
Creatine Phosphatidyleholine 


Pilocarpine nitrate 


Dimethylethanolamine chloride 
Sarcosine hydrochloride 


Dimethylglycine hydrochloride 


Dimethylglyoxime Sodium cacodylate 
Dimethylmalonate Sodium formate 
Dimethyl-6-propiothetin Tetramethylammonium acetate 
Dimethylsulphoxide Tetramethylammonium chloride 
t-Ergothionine hydrochloride Tetramethylammonium formate 
Ethanolamine hydrochloride Tetramethylammonium hydroxide 
Glycine ‘Trigonelline 

Glycine ethyl ester hydrochloride Trimethylamine 

Homocysteine 


S-Adenosyl methionine was tested only at a very low concentration (0-1 
mg/ml.) and was inactive, Dimethylthetin chloride showed weak activity at 
HAT. mg/ml; activity did not increase on addition of higher concen- 
rations, 
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and its known role of providing the methyl groups of the 
corrin ring, at least in actinon:ycetes, suggest that 
betaine and choline have some other function, possibly 
of a regulatory nature, in the B,, fermentation. 
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Allosteric Interactions with the 
(Na+ + K*)-dependent 
Adenosine Triphosphatase 


Priestland and Whittam! have questioned the interpreta- 
tion, in terms of allosteric processes. of certain kinetic 
studiés?:* of Nat + K*-dependent adenosine triphosphatase 
(ATPase). They proposed that competition between 
Nat and K+ for the K*-sensitive site on the external 
surface of the membrane accounts for the sigmoidal 
effector—-velocity curve obtained when one varies the 
[K+] in the presence of a fixed [Nav], and that thís inter- 
pretation is an alternative to an allosteric interaction 
between ions and the enzyme. 

Because the allosterie nature of this ATPase may be 
relevant both to the control of ior transport across cell 
membranes! and to the actual mechanism of ion transloca- 
tion by means of conformational changes in the protein 
strueture^5-, I wish first to argue that the sigmoidal 
effector-velocity curve cannot be ascribed to simple 
competition between Na* and K*, but that the data of 
Priestland and Whittam? are consistent with a hetero- 
tropic allosteric effect; second, to clarify some of the 
arguments for allosteric imteractions with the enzyme; 
and third, to present recent data on a seemingly related 
enzymatic activity that shows a sigmoidal effector—ve À 
curve for K+ in the absence of Na* (that is, when there 
can be no competition between Na* and K*). 

Using broken cell preparations as a source of enzyrne, 
Priestland and Whittam! found a sigmoidal effeetor- 
velocity curve for K* in the presence of Nat; however, 
with erythrocytes (which require Na* on the inside and. 
K+ on the outside of the membrane for enzyme activity) 
the effeetor—velocity curve for external K+ was hyperbolic 
in the absence of external Na*, but became sigmoidal when 
external Na* was added. These data were interpreted in 
terms of a competition between Na* and K* for the 
external K* site, as an alternative explanation to allosteric 
interactions between ions and enzyme. Simple competi- 
tion, however, does not convert a hyperbolie effector- 
velocity curve to a sigmoidal curve: addition of a com- 
petitive inhibitor to an enzyme merely changes the 
curvature of the hyperbola (increasing Km without 
affecting Vma). Thus the conversion of a hyperbolic to à 
sigmoidal curve is not consistent with simple competition 
between the ions for an effector site as suggested*, but 
instead is a standard example of a heterotropie allosteric 
interaction?, in which the heterotropic effector (Na*) 
alters the response of the enzyme to another effector 
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Fig. 1. Effect of KCl on nitrophenylphosphatase activity ina (Na? + K*)- 
dependent ATPase preparation. The Nal-treated preparation from rat 
brain microsomes? was incubated at 30° in a medium containing 50 mM 
tris HC) (oH. 7-8), 3 mM p-nitrophenylphosphate (as the tris salt), 3 mM 
MgCl, and the concentrations of KCI indicated; the production of 
p-nitrophenol was measured spectrophotometrically. Initial velocities 
are plotted against the K* concentration in the form of a Hill plot (for 
discussion see refs. 3, 8); the points are the averages of five experfments. 
The slope of the line, n, is 1-4. 


(changing the Kos for K* and activating a homotropie 
eooperative response to K*). In addition, it should be 
noted that in vivo the external surface of the cell, bearing 
the K* site, is immersed in a high Na* environment, à 
condition evoking the homotropic response to K*. 

Previous kinetie studies?? did not explore effects of 
Na* on K* activation or effects of K* on Na* activation. 
Instead, they presented data consistent with homotropic 
cooperative effects?? of Nat on Na* activation and of K+ 
on K* activation, and with heterotropic effects? of both 
Na* and K* on the Km for ATP and of ATP on Na* and 
Kr activation, together with considerations of changes 
in the entropy of activation induced by the ions, singly 
and together at a constant molar ratio, consistent with 
conformational changes in the enzyme structure’. As 
indicated, the homotropie effects of the ions, as demon- 
strated by sigmoidal effector-velocity curves, cannot be 
dismissed as a simple competition between ions. Detailed 
data on interactions on the enzyme between Na* and K+ 
have not been available previously; the current data of 
Priestland and Whittam! are consistent with Na^ acting 
on an external site (conceivably the external aspect of the 
Na* transport mechanism) as a heterotropie allosteric 
effector toward K*. Studies on interactions between the 
internal Na* site and the external K* site, which could be 
measured in whole cell preparations, would also be of 
particular interest. 

Several lines of inquiry have drawn attention to similari- 
ties between a K*-dependent phosphatase and the (Na* + 
K~)-dependent ATPase present together in partially 
purified preparations, and it has been proposed that the 
phosphatase represents the terminal step in the ATPase 
(for à recent recapitulation of the evidenee see Askari 
and Koyal’). The activity of this phosphatase in prepara- 
tions of ATPase from rat brain has been investigated to 
compare it with the activity of the ATPase and to delineate 
the terminal processes. In these experiments, which will 
be deseribed in detail elsewhere, more than 90 per cent 
of the phosphatase activity was dependent on K* and was 
not stimulated by Na*. In the absence of Na* (thus 
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avoiding any competition between Nat and K^) the 
effector-velocity curve for K* was sigmoidal, not hyper- 
bolic, the Lineweaver-Burk plot curved upward at low K* 
coneentrations, and the Hill plot had a slope n » 1 (Fig. 1), 
all indicative of cooperative homotropic allosterie effects’. 
In addition, studies!'? on the Na*-dependent phosphoryla- 
tion of the (Na*-- K*)-dependent ATPase, which also 
may be part of the overall enzymatic processes!*, showed 
that in the absence of K* the effector-velocity curve for 
Na* was sigmoidal, suggesting a cooperative homotropic 
allosteric activation of this process as well. It therefore 
seems that sigmoidal effector-velocity curves do occur 
in the absence of a competing univalent cation; neverthe- 
less, it should be emphasized that with these presumed 
partial reactions certain enzymatic constraints operating 
on the overall process may not obtain and that, in situ, 
the cooperative response of the enzyme, for example, to 
K*, would be dependent on external Na* as an allosteric 
modifier, as demonstrated for erythrocytes!. 
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Synthetic Polypeptides as Models 
for Collagen 


We have found before that (Pro-Ala-Gly)n in the solid 
state has a slower hydrogen-deuterium exchange than 
(Pro-Gly-Ala), which has almost the same molecular 
weight’. We think that this is caused by the higher 
stability of (Pro-Ala-Gly),—(Pro-Gly-Ala), does not 
build up such a stable form. Traub and Yonath?? have 
shown by X-ray diffraction that (Pro-Ala-Gly)& in the 
solid state is very similar to collagen. But although many 
experiments have been carried out recently? it has not 
been possible to determine a structure of (Pro-Ala-Gly), 
in solution. We have now succeeded in getting a high 
molecular weight product of (Pro-Ala-Gly)s, which shows 
a denaturation curve in solution similar to that of (Pro- 
Gly-Pro), which was reported some time ago®. 

'To synthesize these polymers we used freshly prepared 
tetraethylpyrophosphite’, and strictly excluded air and 
moisture. The reaction temperature was between 10° and 
20? C. The raw material was first washed several times 
with dry ether, lyophilized, taken up in water and then 
fractionated on a column of ‘Sephadex G75'. For caleulat- 
ing the molecular weights we used the relationship 
between the exclusion and elution volume’. The fractions 
with the highest molecular weights were evaporated 
cautiously, dialysed for 10-15 h against distilled water 
and lyophilized. From a charge of | g of tripeptide we 
isolated 15 mg of (Pro-Ala-Gly), with a molecular weight 
of 11,000 and more. 

When the optical rotation was measured in aqueous 
solution at 365 nm as a funetion of the temperature, these 
fractions showed a decrease of about 10-30 per cent with 
respect to the starting values (Fig. 1). 

The magnitude of the decrease was similar to that of 
(Pro-Gly-Pro), but smaller than that of collagen. The 
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Table 1. CIRCULAR DICHROISM OF VARIOUS FRACTIONS OF (PRO-ALA-GEY)n 
Molecular Extremum 
Substance weight {nm} 8 Solvent 
(Pro-Ala-Gly)« 15,000 198 28-8 x 105 H.O 
m m 6,000 198 2-2x10* 5 
y m 2,350 198 0-42 x 10* i 
v "n 1,850 198 0:27 x 10° 





values for the optical rotation are dependent on the 
moleeular weight (Table 1) and so are the amplitudes of 
the cotton effeets*. 

Denaturation was reversible, though in the case of 
fraction la (Fig. 1) only two-thirds of the starting values 
was regained. The shrinking temperature is dependent 
on the moleeular weight. It was highest (about 40^ C) for 
fraction la with a molecular weight of from 24 to 50,000. 

A tertiary structur» of a polymer with only one proline 
residue per tripeptide unit is comprehensible assuming a 
helical strueture stabilized chiefly by hydrogen bonds. 
'This is important for the stability of the collagen helix. 
The sequence (Gly-Pro-Hypro), which is able to form 
stable structures in solution! is the most abundant 
tripeptide unit in collagen!!. (Pro-Ala-Gly), however, 
was also isolated from collagen in large amounts!* and 
an Edman-degradation of an enzyme digest of collagen 
shows that after hydroxyproline alanine is the most 
frequent amino-acid in the third position!!. 

Our findings that (Pro-Ala-Gly) can build up a stable 
tertiary structure in solution if the moleeular weights are 
high enough make the stability of the collagen molecule 
more comprehensible. It now seems clear that the 
stability of the collagen helix is not only a consequence of 
the presence of imino-aeids but also of a certain number of 
hydrogen bonds. Many experiments with high molecular 
weight fractions of (Pro-Gly-Ala), corresponding to the 
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24-50,000); (©) renaturation: (1) 16 h/20* C, (2) 1 h/0° C, (3) 2x 1 h/o” 

€, b, (x) Denaturation (molecular weight, 11-24,000); CO) renatu- 

ration: (1 * ©, (2) 12 h/1-5° C. 2, Molecular weight 6,000 (determ- 

ined by titration with perchloric acid); x, first measurement; ©, 

second measurement. 3, Molecular weight 4,000 (determined by 
titration with perchlorie acid). 
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sequence Gly-Ala-Pro with alanine in position 2 showed 
only a very small denaturation effect. Investigations of 
polytripeptides with serine in positions 1, 2 and 3 
have not yet given a stable structure (unpublished results 
of E. H. and H. W. Nill). 
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Supersensitivity and Dependence 
on Cocaine 


A MECHANISM was recently proposed (personal communica- 
tion from M. H. Seevers and ref. 1) whereby psychic 
dependence could arise because a drug tipped towards 
reward the balance of the linked reward and punishment 
systems, which Olds? has postulated to co-exist in the 
brain. The blockade by drug of a neurohumoral trans- 
mitter substance inhibiting the reward or exciting the 
punishment system could provide one mechanism by 
which the balance might be tipped'. Such a blockade 
might be expected in turn to induce a supersensitivity of 
pharmacological denervation giving rise to psychic toler- 
ance (expressed as a tendency to increase the dose) and, 
on cessation of treatment, to psychie withdrawal effects 
(experienced as a mental state opposite to that induced 
by the drug). The possible role in psychic dependence on 
coeaine of another type of supersensitivity towards 
transmitter is worth diseussing. 

Cocaine induces a supersensitivizy to noradrenaline and 
some other sympathomimetic amines that is faster in 
onset than that of denervation and does not depend on 
deprivation of neurohumoral transmitter*-5. If nor. 
adrenaline or another amine potentiated by cocaine were 
the transmitter that excites the reward or inhibits the 
punishment system, such a supersensitivity should tip 
towards reward the balance of the systems and induce 
dependence by operant conditioning. Inasmuch as the 
sensitization was direct, tolerance or withdrawal effects 
would be expected only to the extent that a deprivation of 
transmitter arose through feedback. Dependence should 
also develop faster through a more direct sensitization of 
this kind than through deprivation of transmitter. 

These considerations raise three questions. First, has 
dependence on cocaine the characteristics to be expected 
from a more direct effect on the reward-punishment sys- 
tems? Second, do other psycheactive drugs, such as 
methylphenidate, inducing a comparable sensitivity in 
effector organs*^", give rise to a dependence similar to that 
of cocaine ? Third, do other drugs that induce a depend- 
ence like that of cocaine sensitize effector organs to nor- 
adrenaline ? l 

Evidence has recently been pubüshed*-? which suggests 
that cocaine improves the utilizstion by noradrenaline 
of its existing pharmacological receptors on responding 
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cells. In rate theory!*, this effect might be visualized 
as an increased ability of the receptor to release or to 
destroy the transmitter molecule after the two have 
interacted. In occupation theory, the effect would 
represent an increase in efficacy"! or "intrinsic activity}? 
of the transmitter. 

An improved efficiency of interaction between trans- 
mitter and its receptor offers an alternative to the receptor 
mechanism that I have proposed to account for depen- 
dence, in which the number of pharmacological receptors 
for transmitter increases on appropriate nerve cells! 
Where dependence is- accompanied by tolerance, the 
receptor change might be supposed to arise through 
deprivation of neurohumoral transmitter. 
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Biological Significance of a Peculiar 
Pattern of Hormone Release from 
lodine Deficient Rat Goitres 


TuvnorROPIC pituitary hormone (TSH) is the principal 
regulator of thyroid activity. Besides promoting thyroid 
growth, TSH enhances iodide trapping as well as the 
release of iodinated compounds. The large intra- 
thyroid iodine stores ultimately result from the net 
balance of TSH action on these processes. Of course, 
there must be a critical level of iodine supply to the 
thyroid gland for which increased trapping cannot 
compensate any longer. At this point, the thyroidal 
iodine stores will start to decrease. Work described 
here suggests that as soon as iodine depletion occurs, 
metabolism in the thyroid is profoundly changed in such 
a way as to provide the goitrous gland with an increasingly 
potent mechanism for triggering additional TSH release. 
Indeed, as a response to a decreasing iodide supply, the 
iodine deficient goitre curtails its hormone release much 
more efficiently than the normal thyroid. By this means 
the goitrous thyroid not only produces stronger stimuli 
for extra TSH secretion whenever a further decrease in 
iodine supply threatens to override the pre-established 
steady state, but in addition, the principal effects of TSH 
on thyroid function are no longer balanced. Our results 
indicate that trapping becomes heavily favoured over 
release. Thus excellent conditions are created for more 
efficient preservation of thyroidal iodine stores. 
Seventy-five male rats of the CF-Gif strain were used 
for the experiments the results of which are shown in 
Fig. 1. During 25 days preceding the experiment the 
animals were fed a diet containing propylthiouracil (PTU) 
in order to convert thyroid glands into hyperplastie 
goitres depleted of iodine stores. P'TU was then with- 
drawn and a low iodine diet containing 0-02 mg iodine/kg 
was given. ‘Twenty-four hours later all animals were 
injected with I (40-260 uCi) Thirty-six hours after 
labelling. the animals were divided in three groups. One 
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group was fed a high iodine diet containing 0-8 mg iodine/ 
kg. Such a treatment is known to re-transform the hyper- 
plastic goitre into a colloid-rich gland!. Another group was 
given again the original PTU diet and a third group was fed 
a low iodine diet and 1 per cent KCIO, in the drinking 
water. Thereafter five rats in the high iodine diet group 
and up to ten animals in the PTU and KCIO, groups were 
killed at intervals as indicated in Fig. 1. The thyroids 
were removed and their radioactivity was counted on 
top of a flat erystal connected to a two channel gamma 
spectrometer (Nuclear Chieago). We knew from previous 
work? that the thyroid glands synthesize excessive amounts 
of MIT and triiodothyronine after contact with PTU. 
This was again confirmed in this study. The mean radio- 
activity of twenty glands at 0 h (36 h after injection of 
label) was 12-9: 0-6 per cent (S.E.M.) of the injected 
dose. 

The following experiments were carried out to establish 
whether the different release pattern observed with single- 
shot labelling is also found with glands brought to near 
isotopic equilibrium?. Sixteen female rats were kept 
on a low iodine diet. Eight animals were injected daily 
with a solution containing 0-1 pCi of I and 15 pg of 
?[/0-2 ml. (high iodine diet group). The remaining eight 
animals received carrier free 1I only (low iodine diet 
group) Weekly measurements of external neck counts 
under light ether anaesthesia showed that a plateau was 
reached in both groups after 150 days. All animals were 
then given 1 per cent KCIO, in the drinking water and 
neck counts were obtained at intervals as indicated in 
Fig. 2. 

Results of the first experiments (Fig. 1) were as follows. 
In the group on high iodine diet the decline of radioactivity 
apparently followed a single exponential function. This 
is in contrast to the situation with the animals treated with 
KCIO, or PTU, in which case a sharp initial decline of 
thyroid radioactivity was followed by a steadily decreasing 
secretion of radioactive iodine. 

The results of the second set of experiments (Fig. 2) 
were as follows. The difference in release patterns between 
animals fed the high iodine diet (mean thyroid weight: 
7.0 x 0-4 mg (S.E.M )/100 g body weight) and those which 
were on the low iodine diet (mean thyroid weight: 13-0 + 


Radioactivity in thyroid glands (per cent) 





Q 2 4 6 8 
Days 


Fig. 1. Pattern of release of +I from goitrous thyroid glands pretreated 

with PTU and labelled with a single injection of radioiodine 24 h later. 

The total radioactivity aceumulated within the following 36 h is taken as 

100 per cent. The animals were then given an iodine rich diet CK) 

without thyrostatie drugs or KCIO, (D or PTU (A). The decline of 

radioactivity was recorded individually in each animal and expressed 
as a percentage of its own initial uptake. 
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L1 mg/100 g body weight) labelled to near equilibrium 
with 1I was qualitatively very similar to that obtained 
from the groups given either high iodine diet or KCIO, 
in Fig. 1. 

It is generally accepted that the release of labelled and 
unlabelled iodine from a normal blocked thyroid gland 
follows first order kinetics!. We have confirmed this 
again for normal glands (Fig. 2 group on high iodine diet) 
and colloid rich goitres (Fig. 1 group on high iodine diet). 
Hyperplastie goitres, however, released their labelled 
radioiodine in a pattern distinctly different from that of 
normal glands. First, the fractional release of I 
was much larger within the first few days, and second. it 
did not remain constant, but declined rather sharply 
with time (Fig. 1, groups given KClO, and PTU; and 
Fig. 2, group given low 1odine diet). 

If the entire fraction of labelled iodine released from the 
equilibrium labelled gland was incorporated into thyroxine 
and triiodothyronine’, the quantity of hormones delivered 
daily from the gland to the blood can be determined. 
It is shown in Fig. 3.that the secretion declines with time 
in animals with normal glands as well as in those with 
hyperplastic goitres, but the daily decline is much more 
marked after a short time in the second group. Thus the 
pool of extrathyroidal hormone, which is identical in 
normal subjects and in those with compensated euthyroid 
goitres, may shrink rapidly in the latter case and produce 
a strong signal for the release of more TSH. But whereas 
the effect of TSH on the secretion quickly fades (Fig. 3. 
group on low iodine diet), the efficiency of the iodine trap 
steadily increases’. This mechanism greatly favours the 
preservation of iodine stores in growing iodine deficient 
goitres. Even if the assumption that all iodine leaving 
the thyroid is incorporated into triiodothyronine and 
thyroxine molecules is not necessarily true", these findings 
demonstrate that goitres with limited iodine stores pro- 
duce stronger stimuli into the feed-back regulation than 
normal glands when the supply of iodine is curtailed. 
This is supported by the experiments with KCIO, the 
mode of action of which resembles the withdrawal of 
iodine from sites of iodination®™, 

The mechanisms underlying the different patterns of 
release are not yet clear. Preliminary results, obtained 
with ‘Sephadex G-25' gel filtration, indicate that, parallel 
to iodine depletion, a steadily increasing relative quantity 
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Fig. 2. Disappearance of I from equilibrium labelled normal thyroids 
(BD and iodine deficient gottres (€) blocked with KCIO, at day 0. 
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Fig. 3. Total daily 3I released from normal ane goitrous thyroki glands 

in terms of fractions of the original thyroid radioactivity taken as 100 

per cent. The data are derived from the curves of Fig. $. HIT, High 
iodine diet; LID, low iodine «iet. 


of labelled undigestible iodoprotein is retained in the 
gland. It is tempting to speculate that such a relative 
proportional increase of a slow turncver iodoprotein'*-!* 
in goitrous glands could account. at least partially, for 
the peculiar pattern of release demonstrated in Fige. 1-3. 
These investigations provide evidence that information 
about the amount of iodine available for hormone synthe- 
sis is transmitted to the TSH-releasing mechanism by an 
intrathyroidal regulatory system. Its mode of action is 
profoundly influenced by the concentration of organic 
iodine in the thyroid gland. Perhaps similar autoregula- 
tory mechanisms are at work in other glanda which store 
hormones and which depend on feed-back control. 
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Relationship between the Action of 
Monoamine Oxidase Inhibitors on the 
Noradrenaline Uptake System and their 
Antidepressant Efficacy 


MoNOAMINE oxidase (MAO) inhibitors were the first 
clinically used antidepressant drugs. Several tricyclic 
compounds of iminodibenzyl or cyeloheptadiene structure 
which do not inhibit MAO are also effective antidepres- 
sant drugs (refs. 1-3 and unpublished work of J. M. 
Davis. G. L. Klerman and J. J. Schildkraut), and seem 
to aet by inhibiting the re-uptake inactivation of nor- 
adrenaline**? and potentiating its effects in the brain. 

Recent controlled clinical studies have indicated that 
while some MAO inhibitors are active antidepressants 
others are ineffective (ref. 3 and unpublished work of 
J. M. Davis et al.). Some MAO inhibitors impair the 
re-uptake of noradrenaline**. We wondered whether 
clinically effective MAO inhibitors act by inhibiting the 
noradrenaline uptake system as well as by inhibiting 
MAO. Accordingly, we have compared the effect of 
some MAO inhibitors on the mechanism of noradrenaline 
uptake in isolated brain slices and on the activity of 
MAO in the brain. 

Effects of MAO inhibitors on the uptake of noradrenaline 
might be complicated by their actions on deamination of 
noradrenaline, so we used metaraminol, which is resis- 
tant to MAO and catechol-O-methyl transferase, as a 
substrate for the noradrenaline uptake system in iso- 
lated brain slices of rat. Female Sprague-Dawley rats 
(150-200 g) were decapitated and cerebral cortex tissue 
was rapidly removed, chilled and chopped into 0:5 x 0-1 x 
0-1 mm pieces using a Mellwain tissue chopper’. The 
pieces of tissue were suspended in 2 ml. of Krebs-Henseleit 
bicarbonate medium and were incubated at 37° C 
under 95 per cent oxygen and 5 per cent carbon dioxide 
for 10 min with or without the MAO inhibitor; 0-1 uM 
D,L-metaraminol-7-3H. (6:5 Ci/mmole; New England Nuc- 
lear Corporation) was then added and the incubation con- 
tinued for 5 min. The tissue in each beaker was then 
colleeted onto a Whatman No. 540 filter disk in a Gooch 
crucible, washed with 10 ml. of cold 0-9 per cent NaCl. 
and the radioactivity was determined after immersion in 
3 ml. of absolute ethanol and 10 ml. of toluene phosphor. 
The accumulation of *H-metaraminol was caleulated as 
the ratio of tritium per gram of tissue to tritium per ml. of 
medium after subtracting the 5 min accumulation at 
0° C as a diffusional blank. In these conditions accum- 
ulation of *H-metaraminol was linear for at least 15 min; 
the ratios of tissue to medium for 5 min ineubations at 
37° C and 0° C were about 6-0 and 0-8 respectively. Seven 
replieate determinations were made at each concentration 
(10-4 M, 10-5 M and 10-5 M). Drugs used were iproniazid 
phosphate (Aldrich Chemical Company) phenelzine 
sulphate (Warner-Lambert Research Institute), tranyl- 
eypromine sulphate (Smith, Kline and French), pargyline 
hydrochloride (Abbot Labs.) nialamide ( Pfizer) and 
isocarboxazid (Roche). 

We have already described’! the method used to 
estimate the effectiveness of the drugs as inhibitors 
of MAO. This assay depends on the formation of an in- 
tensely fluorescent complex between homovanillie acid 
and the hydrogen peroxide evolved during oxidative 
deamination in the presence of horseradish peroxidase. 
Whole rat brains were homogenized in 10 volumes of 
01 M Na-K phosphate buffer, pH 7-8, and incubated in 
tripheate with tyramine (10-* M) in the presence or absence 
of the MAO inhibitors in three or four concentrations 
ranging from 10-8 M to 10-5 M. 

ID; concentrations for the inhibition of metaraminol 
uptake or MAO were calculated using logarithmie prob- 
ability paper. 

As inhibitors of metaraminol uptake, the six drugs 
could be divided into three readily discernible groups 
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(Table 1). Tranyleypromine was the most potent, more 
than ten times as active as the next most potent compound. 
Phenelzine and pargyline were moderately effective, 
while nialamide, isocarboxazid and iproniazid were 
extremely weak or ineffective, producing no inhibition at 
concentrations as high as 10-! M, similar to results in 
rat heart^*. Similar results were obtained in a few experi- 
ments with slices of hypothalamus. 


Table 1. DIFFERENTIAL POTENCIES OF MONOAMINE OXIDASE INHIBITORS 


Inhibition of mono- 





Inhibition of meta- 








Drug raminol uptake (1D,.) amine oxidase (Z D,a) 
Tranyley promine O-5 x 105 M 
Phenelzine 62% 10° M 
Pargyline 12% 10-* M 1 
Iproniazid Ineffective 16 « 10-8 M 
Nialamide Ineffective 340 x 107 M 
Isocarboxazid Ineffective L0x107M 


Phenelzine was the most potent inhibitor of MAO 
while tranyleypromine, isocarboxazid and pargyline were 
intermediate (Table 1). Nialamide was somewhat less 
effective while iproniazid was the least potent. These 
results resemble those of others!?™, The drugs tended 
to inhibit MAO at lower concentrations than those at 
which they inhibited the uptake of metaraminol. It is 
not clear, however, whether a given degree of inhibition 
of noradrenaline uptake produces more or less central 
excitation than comparable inhibition of MAO. 

Table 2. CLINICAL AND BIOCHEMICAL ACTIONS OF MONOAMINE 
INHIBITORS : 

Inhibition of 

metaraminol uptake 


‘Tranyleypromine 


OXIDASE 
Clinical 
antidepressant 
Tranyleypromine 
Tproniazid ? 
Phenelzine 


Inhibition of mono- 
amine oxidase 


Highly effective Phenelzine 
or potent 


Moderately ef- Phenelzine Tranyleypromine 


fective or po- Pargyline Pargyline Isocarboxazid 
tent Pargyline 
Nialamide 
Weak or ineffec-. Isocarboxazid Isocarboxazid Iproniazid 
tive Nialamide Nialamide 
lproniazid 


In controlled clinical trials some MAO inhibitors are 
effective antidepressants, while others are not superior 
to placebo.  Tranyleypromine in several double-blind 
studies was consistently superior to placebo (ref. 3 and 
unpublished results of Davis et al.) and has been rated 
"highly effective" (Table 2). Phenelzine and pargyline 
were superior to placebo in some studies, although not 
so strikingly as tranyleypromine, and have been rated 
"moderately effective". The “least effective" drugs 
were isocarboxazid and nialamide, drugs that do not 
seem to be effective antidepressants (ref. 3 and unpublished 
results of Davis et al. Iproniazid was the first MAO 
inhibitor to be used clinically but was withdrawn from 
the market before it could be examined in many controlled 
trials. In a few double-blind studies (ref. 3 and unpublished 
results of Davis et al.), it was superior to placebo, and 
some clinicians feel that it is highly effective. In a con- 
trolled study. however. Bates and Douglas" found 
iproniazid to be less effective than phenelzine, which 
suggests that it is moderately or weakly effective. In 
Table 2 it has been rated “highly effective" with a question 
mark. 

There is a striking correlation between the relative 
poteney of the six drugs as inhibitors of metaraminol 
uptake and their clinical efficacy as antidepressants. 
Antidepressant efficacy seems more closely related to 
inhibiting metaraminol uptake than MAO. If iproniazid 
is considered a highly effective antidepressant, its efficacy 
correlates neither with inhibition of MAO nor metaramino! 
uptake. 

A prominent hypothesis explaining the antidepre 
action of the tricyclic drugs proposes that they inhibit the 
neuronal uptake of synaptically released noradrenaline*:7:15 
and presumably potentiate its effects. Our data suggest. 
that the antidepressant action of the effective MAO 
inhibitors may also involve inhibition of the noradrenaline 
re-uptake mechanism and provide a unitary explanation 
for the clinical efficacy of antidepressant drugs. 
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Central Pressor Effect of Angiotensin 
mediated by the Parasympathetic 
Nervous System 


ALTHOUGH there is good evidence that angiotensin 
exerts effects on the cardiovascular system which are 
mediated by the nervous systemi- there are few 
data clarifying the site of aetion, the mechanism of the 
reponse or the efferent pathways. One of the difficulties 











1331 


limiting investigation has been the technical problem of 
isolating the circulation to the head. or of ensuring that 
angiotensin reaches the brain when infused into an 
extra-cranial artery?. 

We have found that the dog anaesthetized with 
chloralose is a very simple preparation for studying a 
central effect of angiotensin. When infused into a 
vertebral artery (but not a carotid) of such an animal, 
angiotensin has very striking and consistent cardio- 
vascular effects. In doses of 0-5 to 32 ng/min intra- 
vertebral angiotensin caused an increase of arterial 
pressure and of heart rate, with a decrease of central 
venous pressure (Fig. 1): the pressor effect was due 
entirely to a rise of cardiac output (measured by dye- 
dilution), with no change of total peripheral resistance 
(Fig. 2). Such effects cannot be caused by the direct 
action of angiotensin on the sy: ic circulation (afi 
passage through the brain) because these doses have 
no effects when given intravenously. 

We have been able to obtain some evidence both of 
the efferent pathways of this response and of the 
mechanism of the effect on the brain. In the intact 
animal the effects of intravertebral angiotensin on 
arterial pressure and heart rate were unaffected either 
by bethanidine or by propranolol, but were greatly reduced 
or abolished by vagotomy or by atropme. After Xtomy 
there was often a small residual pressor effect which was 
now a result of an increase of peripheral resistance and 
which was abolished by bethanidine. These results 
show that the principal effeet of intravertebral angiotensin 
on the cardiovascular system is a consequence of with- 
drawal of vagal tone, and that activation of the sympa- 
thetie nervous system seems to be less important; such 
an effect of angiotensin was previously unsuspected. 
It seems likely that angiotensin activates an integrative 
centre in the brain, and that the precise pattern of the 
response depends on which efferent pathways are 
available. 

By measuring vertebral artery bloodflow (with an el 
magnetic flowmeter) during infusions of angiotensin, 
we were able to determine the concentration necessary 
for this effect of angiotensin; it was easily de eetable at. 
concentrations of 0-1-0-2 ng/ml, and was occasionally 
seen with concentrations as low as 0-02 ng/ml. Such 
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Fig. 1. The effects of angiotensin infusions in the anaesthetized greyhound (wt 27 kg). 


The traces show pulsatile arterial pressure (ART. P.), mean arteri 
central venous pressure (C, V.P.) and heart rate (H.R.). 
at two different amplification factors. The right hand trace shows the typical effect 
infusion into the vertebral artery with a “square wave" pressor effect, which was a e 


pressure (M.A.P). 
The heart rate has been orded 
of an 












ps 





quence of an increase of cardiac output, accorapanied by a decrease of central venous 
pressure and tachycardia. The left hand trace shows the effects of an intravenous infusion 
in the same animal; to produce the same pressor effect a much larger dose had to be given, 


and the changes of heart rate were small and variable. 


In this dog there was tachveardia 


but as often there was bradycardia (see Fig. 2). 
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Fig.2. Comparison of the cardiovascular responses during infusions of angiotensin into a 
vertebral artery (vertebral) and into a peripheral vein (venous) in each of two animals, 
showing the effects on mean arterial pressure (M. A.P.), cardiac output (0.0.), heart rate 


CH.R.) and total 


eripheral resistance (P.R.). 


In each animal the doses were chosen to 


give approximately the same pressor effect, with the two routes of administration, that is 
8 ng/min by vertebral infusion and 333 ng/min intravenously in dog m. 19 (upper two 
panels) and 32 ng/min by vertebral infusion and 250 ng/min intravenously in dog m, 20 
(lower two panels). The mechanism of the pressor response, however, was clearly different. 
with the two routes of administration; vertebral infusions caused an increase of cardiac 


output, whereas intravenous infusions caused an increase of peripheral resistance, 


The 


upper 2 panels illustrate results from the same dog as in Fig. 1. 


concentrations are well within the physiological range 
and would be achieved with infusion rates of 9-20 ng/kg/ 
min intravenously*. 

The central pressor action does not seem to be secondary 
to the vasoconstrietor properties of angiotensin for three 
reasons: (1) sueh low concentrations have never been 
shown to cause constriction of cerebral vessels ; (2) the 
characteristic effects were seen without any reduction of 
total vertebral blood flow; and (3) noradrenaline did not 
have such effects although it did cause a reduction of 
vertebral blood flow. 

Àn important point which we have not been able to 
determine is whether this central action contributes to 
the pressor effect of intravenous infusions. Although 
pressor doses of angiotensin intravenously do produce 
concentrations in vertebral artery blood which would 
have the characteristic effects we describe, intravenous 
infusions always caused a rise of peripheral resistance 
accompanied by a fall of cardiac output, quite unlike the 
effects of intravertebral infusions (Fig. 2). 
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Electrophysiological Evidence of 
Photoreceptors in the Epistellar Body 
of Eledone moschata 


Is 1936 Young! described a structure in several genera 
of oetopods (cephalopods) appearing on the ventral surface 
of both stellate ganglia (near the base of the stellar nerve 
most distal to the mantle connective) whieh he termed 
the "epistellar body". From histological considerations 
he hypothesized that this body might have a neurosec- 
rotory function. Nishioka et al.? reinvestigated this struc- 
ture in Octopus in more detail and, by electron microscopy, 
made the significant observation that the epistellar body 


) 
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contains cells the surfaces of which display microvilli 
suggesting rhabdomeric structures as seen typically in 
mollusean and arthropod visual photoreceptors. Later 
Nishioka et al. extended their investigations to include 
Eledone moschata and presented not only further eleetron 
micrograph data on the rhabdomerie ultrastructure but 
also biochemical data indicating the presence of a rhodop- 
sin photopigment. Thus these investigators argued that 
the neurone-like cells of the epistellar body could be photo- 
receptors. We present here electrophysiological evidence 
clearly indicating the presence of photoreceptor cells in 
the epistellar body. 
evidence for 





There is already electrophysiological 
extracellular photoreceptors in arthr 
pods'-", molluses* and for photoreceptors in the di- 


encephalon of the frog!":!, 





-12 





Fig, 1. Generator potential recorded intracellularly from a cell in the 

epistellar body with light of increasing intensity lasting 2-4 s. Relative 

light intensity, expressed in log units, is indicated at the left of each 
response, 


Although the epistellar body can be seen in Octopus, it 
is more obvious in Eledone moschata, because of its pink or 
pale orange colour. and so we ehose this octopod for our 
investigation. All experiments with 


were carried out 


100 per cent oxygenated seawater flowing constantly 
at 3-8 ml./min through the chamber (2 cc) in which the 
mounted. A lamp 

A conventional microelectrode technique 
Successful impale- 


was tungsten mucroscope 


ganglion 
prov ided light. 
was used for intracellular recording 
ments usually gave resting potentials of approximately 
10 mV which in some cells could be maintained for as long 
as 10 Extracellular were found more 


min. responses 


Fig. 1 


the response obtained intracellularly wit! 


frequently in a given preparation is an example of 

pulses of light 
stimuli of different intensities. The characteristic con 
ponents of the generator potential associated with in 
vertebrate photoreceptors are clearly evident; they are 
followed by the steady stats 


Slow 


the transient 
component or plateau. 
bumps” are also observable during the stead) 


component 
juantur 
state. Witl 


rising 


fluctuations 


a regenerative spike occurred on the 


phase of the transient component of the generator poten 


some cells 


tial. More infrequently, cells fired repetitively Fig. 2). 
Adaptation to light was seen in ail preparations whe! 
successive flashes of light stimuli were presented at 
sufficiently short intervals. 

The sensitivity of the receptor cells in the epistellar 


bodv can be inferred from the fact that the light intensity 
required to evoke a threshold respense of the generator 
potential is comparable with that required for the retinular 
cells m the eye of the honevbe« dro it 

We have attempted to record impulses fron 
fibres in the 


smal 





bundles of mantle connective nerve to ir 


vestigate the possible transmission cf sensory n formatior 


to the brain. So far we can report ro evidence of activity 
in response to a light stimulus. 

Although more electrophysiological and ultrastr 
data are needed for additional 
logical role of the photoreceptor 
body, the results of the preliminar; 
have demonstrated, in terms of electrical responses, that 
molluse 


uctural 
insight into the physio 
»pistellar 


I 


eells in the 





study reported h 


photoreceptors in the 
established 


there are extra-ocular 
Eledone. It 


there are similar responses in certain other molluses in 


remains to be whether or not 
structures which are presumed, from either ultrastructural 
rhabdomeric 


or biochemical analyses, to hav« phot 

receptors. These structures are the “parolfactory vesicles” 
in the deeapods Loligo"*, Sepia'?, Iliex'? and Live 
the “follicle glands" in the 


Helisoma!*, 


anchia™, 
and Lymnaea 
and 

This work was supported by grants from the 
Science Foundation and the Fonds National Suisse de la 
We thank the staff of t! 


zastropods 


Recherche Sek ntifique ° 


WO repone S pA A A T 








sponses to 


intensity of —2:4 log units and 5:8 s for the 
As indicated by the negative potential at the 
of —1:2 log units, the penetration of the 


Fig.2. I 








light with repetitive fring 


"inning of the response to the ligt 
Il with the microelectrode was probably not 


Stimuli lasted 4:3 s for the weak 


stronger intensities of 1-8 and of 
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Melittin used as a Protective 
Agent against X-irradiation 


THe chief component of bee venom is melittin, a strong 
basie polypeptide of moleeular weight 2850 and known 
amino-acid sequence'-?. It has a variety of pharmaco- 
logical effects', principally a very potent direct haemo- 
lytic and a strong cardiotoxie activity®. 

Shipman and Cole* recently found that the resistance 
of mice against X-irradiation increases greatly after 
subcutaneous injection of bee venom. In a single 
experiment they found one fraction of bee venom effective. 
This was identified as melittin. We used highly purified 
melittin and a larger number of animals to determine 
whether melittin is the protective agent in whole bee 
venom. 

Bee venom (from Champlain Valley Apiaries, Middle- 
bury, Vermont) was collected by a method utilizing 
electric shock’, Melittin was prepared according to 
known methods? and its purity tested by amino-acid 
analyses*. The results showed that the sample we 
used was as pure as the melittin prepared for other 
investigations! +, 

LAF, mice (12-16 weeks old) were injected subeu- 
taneously 24 h before irradiation with whole bee venom 
and melittin in isotonic saline solution. The mice were 
placed in a stationary circular lucite cage, directly in 
contact with the end of a 32 em treatment cone of a 
250 kVp, 30 mA deep therapy X-ray unit. The added 
filtration was 0-25 mm Cu+1 mm Al with a half value 
layer of 0-97 mm Cu. All animals received 850 r. In 
two characteristic experiments with a total of 110 mice 
the results were as shown in Table 1. 

Another 110 mice received 100 mg per cent ‘Neomycin’ 
and 840 v/ml. of ‘Polymixin B’ in their drinking water 
throughout the experiment, as before*. "This treatment 
did not influence the results. 

Whereas the effect of whole been venom in the deseribed 
conditions showed inconclusive evidence for protection, 
the results with melittin were statistically significant 
(P < 0-005)*. 
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Earlier experiments with immature Swiss-Webster 
mice did not produce definite results because the resistance 
of such young animals against other influences of en- 
vironment is more variable. For example, it became 
obvious that not more than five animals should be placed 
in one eage. 

Bee venom and melittin have a high toxicity when in- 
jected intravenously or intraperitoneally (LD,,— 4 mg/kg), 
as we and others’? have found. Young and adult Swiss- 
Webster and LAF, mice, however, survived for at least 
30 days after subeutaneous injections with doses as 
large as 60 mg/kg. On the other hand, optimal protection 
can be achieved with doses of approximately 5 mg/kg*. 
This considerable discrepancy between the maximum 
tolerated and the effective dose indieated that the pro- 
tection by melittin is caused by a pharmacological 
process. This opens up possibilities for further studies 
in physiological and pharmacological directions. 


Table 1 


No. of 
Drug No. of survivors Percentage 
animals after 30 days survival 
Experiment 1 
Whole bee venom 15 15 100 
Control 10 5 50 
Melittin 15 15 100 
Control 10 4 40 
Experiment 2 
Whole bee venom 15 5 33:3 
Control 15 6 40 
Melittin 15 15 100 
Control 15 7 46-7 
Total 110 


There have recently been reports in the literature! 
of the radioprotective action of various compounds. 
All these compounds differ from melittin in two decisive 
respects. First, they are relatively simple substances, 
not of protein structure; and second, they are effective 
only when injected immediately, that is within 30 min, 
before irradiation". 

The particular structure of melittin is comparable with a 
detergent?. This similarity may be responsible for the 
slow absorption and diffusion of melittin into the organism. 
This fact may also be responsible for its radioprotective 
effects. 
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Uptake of ?H-glucosamine by 
Osteoclasts 


Previous work has shown'? that labelled glucosamine 
injected intraperitoneally is incorporated very efficiently 
into the glycoproteins of liver and serum. The glucos- 
amine seems to be utilized intact and this makes it an 
excellent precursor for a study of the synthesis of muco- 
substances. In the course of an autoradiographic investi- 
gation of these substances in bone using tritiated glucos- 
amine, an unexpected finding was the appearance of the 
radioactive label in the osteoclast. Furthermore. the 
distribution of the labelled material with time after in jec- 
tion suggested that the glucosamine was being used by 
the osteoclast in the synthesis of some component which 
was involved in bone resorption. Here we describe the 
autoradiographie distribution with time, of the labelled 
material found associated with osteoclasts and the resorb- 
ing bone surface. Its pattern is unique, and it may well 
turn out to be an important precursor for studying bone 
resorption. 

For the autoradiographie studies, 10 day old Dutch 
rabbits were given a single intraperitoneal injection of 
6-*H-glucosamine, 1:5 uCi/g animal, and killed at intervals 
up to 24 h after injection. The rate of disappearance of 
free glucosamine from the blood and its rate of appearance 
in protein-bound form in the serum was investigated 
following an intraperitoneal injection of 1- *C-glucosamine. 
There is a rapid disappearance of free glucosamine from 
the blood within 2-3 h. whereas the protein-bound radio- 


activity inereases to a maximum by about 6 h and then 


falls off slowly during 2-3 days. These results are in good 
agreement with the previous worki. 

The autoradiographie studies were made on a portion 
of the endosteal surface of the mid-shaft of the femur. 
where bone resorption only is oceurring. A diagram of 
this surface is shown in Fig. la. Osteoclasts cover about 
40 per cent of it, as can be seen in column 1 of Table 1. 
The layer of tissue about. 30 microns thick close to the 
surface consists of typical mesenchymal cells presumably 
with osteogenie potential. In good preparations it could 
be scen that the parts of the endosteal surface which were 
not associated with osteoclasts were covered by a layer of 
mesenchymal cells. The part of the surface analysed was 
the portion which lay within 66 microns of the marrow 
cavity (Fig. la). Autoradiographs were prepared from 
5 micron seetions of bones which had been fixed in 10 per 
cent neutral formalin, decalcified in EDTA at neutral 
pH and embedded in paraffin wax, using Kodak AR 10 
film. Exposure times were 10 days. 

One hour after injection the labelled material is almost 
entirely within the osteoclast, though even at this short 
time, it is largely localized in the region adjoining the 
bone surface (Fig. 2a). At 6 h (Fig. 2b) some of the 


Table 1, 
1 2 3 
Average grains in 
Time Percentage of “internal osteo- Average grains 
Rabbit after endosteal surface  clast area" per per 100 micron 
injeetion which is osteo- 100 micron length of osteo- 
th} chast surface length of osteo- clast surface 


clast surface 





DZ 6 0-5 3-8 : 

EG 2 0-5 7-0 : 

EM 1 1 144 - 

DR 6 1 134 . 

DZ 5 1 13-7 4 
EQ 4 1 124 -2 
EG 1 1 23-9 -5 
EG 3 2 16-2 5 
EQ 3 3 30-1 782 
FG 4 3 22-1 76-8 
FO 7 3 37-6 64-2 
EQ 5 6 23-9 87-0 
EG 4 6 23-2 106-6 
FG 5 9 : 516 
FO 3 9 51-5 
EG 5 24 22-5 
FO 2 24 21.3 


Rabbits with the same letter symbols are from the same litter, sections of which were exposed together on the same slide, 
Refer to Fig. 1b for description of resorbing surface. 


of surface length was counted for each animal. 
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Fig. l. «a, Diagram of part of the endosteal surface of the mid-femur 

shaft of a 10 day old rabbit. Osteoclasts are at intervals along the bone 

surface. Cells within 30 microns of the surface are mostly mesenchymal 

cells, The portion of surface counted was that within 66 microns of the 

marrow cavity as shown. b, Diagram ilustrsting the 6 micron band 

along the endosteal bone surface and the thres regions in which grain 
counts were made, columns 2, 3 and 4, Table 1, 





labelled material is on the bone surface which is not 
covered by osteoclasts and almost invariably this label is 
adjacent to an osteoclast. By 24 h the total amount of 
label has greatly decreased. The results have been 
analysed quantitatively in the follow: g way. 

The grains per unit length of bone surface were counted 
in three categories and the results are shown in Table 1. 
The surface area counted was the 6 micron band between 
the dotted lines (Fig. 15). This included a 3 micron 
width of bone and a 3 mieron width of cellular material, 
The grains on the parts of the surface where there were 
no osteoclasts (non-osteoclast surface), colurnn 4, were 
counted separately from those on the surface associated 
with osteoclasts (osteoclast surface), column 3. The grains 
in the remaining portion of the osteoclasts (internal osteo- 
clast area), column 2, were also recorded. AH counts y 
corrected for background. 

The average total grains per 200 mieron length of 
surface, where this comprises 100 microns of osteoclast 
surface and associated internal osteoclast area grains, 
plus 100 microns of non-osteoclast surfa 6, is shown in 
column 5. The total amount of labelled material increases 
to a maximum about 6 h after injection and then decreases, 
reaching less than half the peak value by 24 h. Examina- 














LABELLING OF RESORBING BONE SURFACE AT DIFFERENT TIMES AFTER A SINGLE INTRAPERITONEAL INJECTION OF *"H-GLUCOSAMINE 
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Fig. 2. a, Autoradi ph of labelled material on the endosteal surface 
1 h after a single in toneal i tion of *H-glucosamine. Only 
the osteoclasts are si. cantly labelled and most of the label is in the 


region closely associated with the endosteal bone surface. b, Autoradio- 
graph of labelled material on the endosteal surface 6 h after a single 
intraperitoneal injection of *H-glucosamine, Part of the non-oestoclast 
surface adjacent to the osteoclast is now heavily labelled (arrow H); 
of the non-osteoclast surface remains lowly labelled (arrow L). 

b nd in the region of the 

osteoclast closely associated with the endosteal surface. Ocl, Osteoclast ; 
B, bone; ES, endosteal surface; H, heavily labelled; L, lightly labelled. 


tion of columns 2, 3 and 4 in Table 1 shows that the 
amount of labelled material is maximal by 6 h in each of 
the three categories and also that the relative distribution 
changes with time. The results suggest the following 
sequence; movement of the labelled material from within 
the osteoclast to the osteoclast surface and then to the 
non-osteoclast surface. 

The non-osteoclast surface does not become labelled 
uniformly with time (Fig. 26). Some parts are heavily 
labelled while the rest of the non-osteoclast surface remains 
lightly labelled at approximately the 1 h level. The degree 
of labelling of the heavily labelled portion (the criterion 
for this was taken arbitrarily as 40 grains or more per 
100 micron length) inereases up to 6-9 h and then falls 
off up to 24 h (column 6). The percentage of the non- 
osteoclast surface which is heavily labelled increases to a 
maximum at about 8 h after injection and then decreases 
(column 7). All these results are consistent with extrusion 
of labelled material on to the resorbing surface by the 
osteoclast, possibly as it moves along the surface, and 
disappearance of this labelled portion as the surface 
recedes in the course of resorption. If this interpretation is 
correct, the results imply that a considerable fraction of 
bone resorption occurs after the osteoclast has moved 
away. 

The similarity between the time required (6 h) for maxi- 
mum labelling of the serum glycoproteins and of the 
labelled material by the osteoclast suggests that glucos- 
amine is being used in the synthesis of a glycoprotein-type 
material by the osteoclast. The autoradiographic distribu- 
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tion of the material and the stimulation of its uptake by 
the osteoclast under the influence of aoa extract 
PTE (Bingham, Brazell and Owen, to be published), 
support the suggestion that it is concerned in bone 
resorption, though whether the material is an enzyme or 
some other substance is unknown. An increased synthesis 
of material containing hexosamine after administration 
of PTE has been reported’. A possible explanation for 
this hitherto unexplained result may be the inereased 
production of mucoproteins by osteoclasts. 
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Isolation of Chromatin-free RNA 
Polymerase from Mammalian Cell 
Nuclei 


MAMMALIAN RNA polymerase! has been obtained in 
a soluble form from tumours*?, chick embryo‘, rat testis* 
and rat liver nuclei*?. The extraction procedures used 
involved the disruption of cell nuclei by sonication or 
exposure either to a hypotonie solution or alkaline pH. 
As a consequence, extracts were grossly contaminated 
with nuclear DNA and other cellular components and the 
yields of the enzyme were usually very low. We describe 
here a procedure for the rapid extraetion from liver nuclei 
of fairly large yields of soluble RNA polymerase with 
fairly high specifie activity. 

A polymerase preparation with a specifie activity 
among the highest so far reported for the mammalian 
enzyme can be obtained within 5 h. The procedure is 
based on the facts that: (a) a large quantity of RNA 
polymerase can be retained in the nuclei if liver tissue is 
homogenized in a hypertonic sucrose solution, and (b) the 
retained enzyme, which is not firmly associated with the 
nuclear chromatin complex, can be released at 0° C from 
intact nuclei without concomitant release of DNA or 
lysis of nuclear membranes. This procedure has been 
applied successfully for the isolation of RNA polymerase 
from rat brain prostate, lymphosarcoma and heart 
muscle. 

For the isolation of liver nuclei, 5 g of liver from 10 
week old Long-Evans rats was minced (all manipulations 
were performed at 0-4" C) and homogenized in three 
volumes of 2-2 M sucrose medium containing 1 mM 
MgCl, (hypertonic sucrose medium) in a glass Potter- 
Elvehjem tissue grinder with twenty up-and-down strokes. 
The homogenate was quickly mixed with ice-cold hyper- 
tonie suerose medium to bring the total volume to 25 ml. 
and layered on top of 5 ml. of hypertonie suerose medium 
in a cellulose nitrate tube of a “Spinco SW-25-1" rotor. 
For each Spinco rotor, 15 g of liver can be processed as 
deseribed. After centrifugation for 1 h at 22,000 rpm, 
the sedimented nuclei were separated from other cell 
debris* by a simple decantation. The nuclei pellets were 
resuspended in 1 ml. of 0-32 M sucrose medium containing 
1 mM MgCl, and 0-02 M tris HCl buffer, pH 7:5, and 
allowed to stand at 0-2? for 30 min. No rupture of nuclear 
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membranes or release of DNA from nuclei was observed 
during the standing. The nuclear suspension was centri- 
fuged at 500g for 10 min to obtain nuclear sediment, 
and the supernatant was further centrifuged at 100,000g 
for 60 min to obtain a clear sucrose "extract". One half 
volume of a saturated ammonium sulphate solution 
(ice-eold and containing 0-02 M tris HCl buffer at pH 7-5) 
was then added and the precipitates formed were removed 
by centrifugation. The supernatant was then half 
saturated with the saturated ammonium suphate solution. 
The precipitates were collected and suspended in a small 
volume of 40 per cent glycerol containing 0-15 M arnmonium 
sulphate and 0-02 M HCl buffer, pH 7:5 (ammonium 
sulphate fraction) The ammonium sulphate fraction 
was diluted with an equal volume of 0-15 M ammonium 
sulphate containing 0-02 M tris HCl buffer, pH 75. 
It was then passed through a carboxymethyl (CM-) 
cellulose (30 mg/mg protein) column (2 em diameter) 
previously equilibrated with 20 per cent glycerol containing 
the same ammonium sulphate-tris buffer. The poly- 
merase was not retained by the column and the recovery 
of the enzyme activity was usually more than 100 per cent, 
suggesting the removal of inhibitory substances. 

Unlike all other procedures available, the polymerase 
activity of the initial extract was completely dependent 
on the addition of DNA. The initial suerose extract 
and the subsequent preparations catalyse an actinomycin 
D sensitive incorporation of x'"P or *H-labelled nucleo- 
side triphosphates into polyribonucleotides (RNase and 
KOH hydrolysable*) only in the presence of all four principal 
nucleoside triphosphates and added DNA as template 
(Table 1). These enzyme preparations catalyse RNA 
synthesis for 1 to 2 h without reaching a plateau. The 
specific activity (0-7 to 1-0 unit/mg protein) of the initial 
suerose extract was comparable with that which can be 
obtained from mammalian tumours or tissues after 
several purification steps'c. More than one unit of 
enzyme (Table 1) can be obtained from liver nuclei con- 
taining 1 mg of DNA. After CM-cellulose treatment, 
the specific activity of the preparation reached 4 to 6 
units/mg protein. The CM-cellulose fraction had an 
absorbancy ratio at 280 my. to 260 my of 1-1. The prep- 
aration was virtually devoid of RNase and DNase activity. 
In 40 per cent glycerol at — 20° C, the loss of polymerase 
activity was 20 per cent after 1 week and 60 per cent after 
1 month. 


‘Table 1. NUCLEOTIDE AND DNA REQUIREMENTS FOR RNA SYNTHESIS BY 
PARTIALLY PURIFIED LIVER RNA POLYMERASE 
Assay conditions* upmoles a**P-UMP incorporated 
Complete 179-1 
Omit GTP 0-9 
Omit ATP, CTP, GTP 12-0 
Omit CT-DNA 2-0 
With PEP and PEP kinaset 157.5 
With 26 ug actinomycin Dt 10:2 


* All conditions are described in Table 2. Instead of *H-UTP, a*'P-UTP 
was used. 40 ug of protein of CM-cellulose fraction was used. 

+10 «moles of P-enolpyruvate and 40 ug of pyruvate kinase. 

1 Gift of Merck, Sharp and Dohme Research Laboratories. 


The RNA synthesizing activity (rate and extent) of 
the original nuclear suspension of liver and also ventral 
prostate of rats (not shown) in the absence of additional 
DNA was not diminished by the removal of a large 
quantity of soluble enzyme (Table 2). In eontrast with 
the eurrent belief, only one half of the total RNA poly- 
merase appeared firmly associated with the nuclear 
chromatin complex and/or was participating in active 
RNA synthesis. Therefore, if RNA polymerase protein 
is freely accessible to all available and unrepressed DNA, 
the amount of RNA polymerase protein in nuclei may 
not be the rate limiting factor in RNA synthesis in the 
nuclei of liver or prostate. Much of the excess RNA 
polymerase may, however, be physically sequestered in 
a reserve pool or not in a utilizable form, and the rate of 
activation or transfer of this “reserve polymerase" to the 
selective initiation site may play an important part in 
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Table 2. ISOLATION OF CHROMATIN-FREE RNA POLYMERASE. FROM LIVER 


NUCLEL 
uumoles *H-UMP incorporated Sp. act. 
Fractions Without With units? 
CT-DNA CT-DNA mg protein 

Nuclear suspension 60-8 0318 
Sucrose extract <2-0 (-84 
Nuclear sediment 69-6 0612 
Ammonium sulphate «2:0 141 
CM-cellulose fraction <2-0 428 





The polymerase activity was assayed in a fine! reaction mixture of 0-5 ml. 
containing 40 «moles of £ris-HCl buffer, pH 8-2 gmoles of KCl; jomoles 
of MgCl, 1 umole of MnCl,; 10 gmoles of B-raercaptoethano!; 0-05 smole 
3H-UTP (200 uCijumole); 0-5 umole each of three other complementary 
nucleoside triphosphates; 100 vg of calf thymus DNA (Sigma product, 
refined by RNase, pronase and phenol) The reaction was rried out for 
10 min at 37? € and the cold trichloroacetic a (6 per cent) insoluble RNA. 
fraction was prepared for the measurement cf radioactivity by the pro- 
cedure already described?, The activity was peesented as ggmoles E P 
incorporated per an amount of the fraction obtained from nuclei having 
100 ug DNA. One unit of enzyme activity is defined as an amount of poly- 
merase which incorporated 1 mumole of UMP mto RNA fraction in 10 min 
in the presence of 100 ug calf thymus DNA (CT-DBNA). 


























the regulation of gene expression by factors such as 
hormones. 
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Migration in Aphids: Response to 
Current Adversity 


Johnson!2, Kennedy! and Southwood’ state that 
migration occurs in alate aphids whether the alate 
population is large or small, and this behaviour of the 
alatae is not due to population pressure or to current 
lack of food; in other words, the migration of alatae is 
an evolved adaptation rather than a response to current 
adversity. This hypothesis does not apply to the sycamore 
aphid, Drepanosiphum platanoides (Schr.), in which 
migration is more marked in conditions of over-population 
(unpublished results of A. F.G. D.) The sycamore aphid, 
however, which is a tree dwelling aphid and therefore 
occupies a permanent habitat, does not show the same 
degree of polymorphism as polyphagous aphids. It 
could be regarded as an excepticn to this hypothesis, 
which has been developed to explain migratory activity 
in aphids occupying temporary habitats. 

To test the hypothesis we used the vetch aphid, 
Megoura viciae Buckt., whieh lives on veteh, Lathyrus 
and Vicia spp., and broad bean, Vicia faba L., and thus 
occupies a more temporary habitat. The development of 
alatae in M. viciae is induced by crowding affecting the 
mother’. Apterous parthenogenetic females of M. vicie 
were induced to give birth to alate offspring by crowding 
them in small vials for 24 hê. Alate individuals produced 
in this way were treated in one of four ways. They were 
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raised in isolation from birth on very young broad bean 
seedlings and just before they became adult, (a) the 
plant was transferred to a flight cabinet in which aphids 
flying away from the plants were prevented from returning, 
or (b) thirty-third instar nymphs were placed on the 
plant with them, thus producing erowded conditions as 
they aggregated on the growing point, and the plant was 
then placed in a flight cabinet. Alternatively, the alates 
were reared in crowded conditions and just before 
becoming adult they, were (c) isolated on young bean 
plants or (d) placed on young bean plants together with 
thirty-third instar aphids, in crowded conditions, and 
then placed in a flight cabinet. The results are given in 
Table 1. 
Table 1. EFFECT OF ISOLATION AND CROWDING ON FLIGHT IN M. viciae 


Experience No. of aphids which 


Treatment Nympha! Adult Flew Did not fly 
a Isolated Isolated 6 iT 
b Isolated Crowded 7 3 
e Crowded Isolated 3 7 
d Crowded Crowded 14 3 


Significantly more aphids which were crowded in the 
adult stage flew before they reproduced than did those 
that were isolated. Crowding of alatoid nymphs does 
not affeet their response when adult to isolation or 
crowding. Regardless of nymphal experience, crowding 
acting directly on the adult resulted in three times more 
alates flying before they reproduced than when they 
were kept in isolation. The incidence of füght in a 
quarter of the alates reared in isolation and never crowded 
may be a response to unsuitable plants. Young bean 
seedlings are likely to differ from one another and some 
of them were probably not suitable host plants. Histo- 
logical examination of the adults which reproduced without 
flying revealed wing muscle histolysis. This also occurred 
in those which had flown and subsequently settled on a 
host plant and reproduced. 

The evidence presented does not support Johnson's! 
hypothesis, but it does support the hypothesis that 
migration is a response to adversity. In Megoura crowding 
induces the mother to produce alatae. If the alatae are 
to migrate, however, they need the stimulus of crowding 
when they become adult. In the 2 weeks taken by an 
individual of Megoura to develop from first instar to 
adult, the aphid colony into which it has been born could 
be greatly reduced in numbers either by predators or 
climatic conditions. Thus the conditions of over-popu- 
lation which induced the appearance of alate nymphs 
may no longer prevail when the presumptive alates 
reach the adult stage. If the plant is still suitable, to 
stay would be more advantageous than to fly and possibly 
fail to find another suitable host plant. 

A single hypothesis which explains migration in all 
species of aphid has yet to be found. It is possible that 
in host alternating species the emigrant and immigrant 
alatae, once induced, are committed to leave the host 
plant on which they were born. There is, however, no 
positive evidence to support the hypothesis that migration 
is obligatory in aphid alatae even among the emigrant 
and immigrant alatae of host alternating species. 
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Nocturnal Emergence of Hatchlin 
Sea Turtles: Control by Thermal 
Inhibition of Activity 


HATCHLING sea turtles usually emerge from their nests at 
night. The hatchlings are buried in the sand and so they 
cannot use light as a cue. Hendrickson’ has suggested 
that during the day heat inhibits activity and keeps the 
turtles below the surface until the cool of night. Previous 
work has supported this idea in a general way: green sea 
turtles, Chelonia mydas, tested 2-3 days after emergence, 
gave sharp decreases in the type of photic activity 
involved in the journey from the nest to the sea as the 
ambient temperature was increased over the 21-26? C 
range’. But to show that in nature temperatures actually 
limit the emergence of hatehlings to night-time it is 
necessary to relate the level above which activity declines 
to the temperatures prevailing by day on the nesting 
beaches. Furthermore, in order to check that activity 
tests made in controlled experimental conditions reflect 
activity in the natural situation, information on the 
temperatures of nests from which turtles are in the process 
of emerging is desirable. Accordingly, three new sets of 
measurements were made. 

(1) Temperatures of the sand at various depths were 
taken with mereury thermometers during the hatehing 
season in May and June at Bigi Santi in the Wia Wia 
Nature Reserve, Surinam. All measurements were made 
at one site close to a natural green turtle nest, during 15 
days, some hot and clear, others rainy; not more than 
one temperature at a given depth was taken within the 
same hour on the same day. 

(2) The activity of fresh hatehlings was assess 
function of temperature. Thirty-six green turtles were 
adapted in bowls of seawater for 20-50 min to 2752 1, 
29-04 1 and 30-54 1-5? C (N « 12 per group). They were 
then placed down individually 90 em from a bright 
lantern, Turtles were taken in turn from each of the 
three bowls to match the groups for adaptation times. 
Animals moving less than 75 em toward the lantern 
within 1 min were classed as inactive. These tests took 
place within 5 h of the turtles’ natural emergence. 
Twenty-four 1 day old green turtles and twenty-four 1 da y 
old hawkbills, Eretmochelys imbricata, were tested in the 
same way on the same night after 35-95 min of adaptation 
to the same three temperatures, and in addition to 25-0 + 
1° € (N=6 of each species per group). 

(3) Sand temperatures were recorded in two natural 
nests from which green turtles were actually emerging. 
Depths for natural nests refer to distances below the 
surface from which the turtles were emerging. This small 
area is usually collapsed to about 10 em below the general 
level of the sand in the nest pit. 

Fig. 1 shows the relationship between the three sets of 
measurements plotted on the same temperature scale. 
In the evening the sand cools rapidly. In the hour when 
it gets dark mean temperature 2 em below the surface 
was between 27° and 28° C. A turtle about 6 em long 
in a vertieal position below the surface would be in a 
slightly warmer environment than this because deeper 
down the temperature increases at this time of day, as 
readings taken at 30 em show. Comparison of the 2 em 
and 30 em readings suggests that a turtle just below 
the surface would generally be in sand close to 29? C at 
dusk. Now 29? C was also the level at which newly 
hatched turtles began to become lethargie in the activity 
tests. Green turtle hatchlings can cover several metres 
in 1 min and so even 25 per cent of the turtles not moving 
75 em within this time represents considerable lethargy. 

Taking these results together it seems that photic 
activity is inhibited above about 28-5° C and that, given 
the temperatures prevailing at the Bigi Santi beach, this 
inhibition would usually hold the turtles in the nest until 
darkness. Once this temperature was reached the animals 
would become active. The sight of hatchlings bursting 
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out of natural nests that were within 1° of the 28:5? C level 
confirms this. The three different approaches to the 
problem, physieal measurements of the environment as a 
function of time of day, behavioural measurements in an 
experimental situation where the relevant variable could 
be controlled and manipulated, and physical measure- 
ments made while the behaviour under study was occur- 
ring naturally, fit with each other in a quantitative way. 
and taken together show that thermal inhibition of 
aetivity is a major factor in limiting the emergence of 
hatchling green sea turtles to night-time. This is the 
principal conclusion of the present investigations. 

'The results also raise some further points about the 
behaviour of turtles shortly after hatehing. More than 
83 per cent of the 1 day old turtles of both species were 
inaetive at all temperatures. This corroborates previous 
work on turtles more than a day old?*. The differences 
between animals of the two ages exemplifies the weakening 
of the well known frenzy of freshly hatched turtles, and 
shows that in this type of study it is necessary to make 
tests at the correct stage of life cycle. 

The data reported here refer only to photic activity. 
It is possible that the activity inhibition by high tem- 
peratures is general, for turtles seemed to paddle less 
vigorously in the warmer bowls of water than in cooler 
water, confirming previous impressions?. An inhibition of 
many aetivities by warmth might help explain why it 
takes turtles several days to reach the surface after 
hatching'?. The problem of activity deep within the nest 
and the possible role of social factors have been discussed 
elsewhere?/-5, 

Finally, it should be pointed out that in the morning 
the temperature just below the surface was frequently 
below the proposed activity inhibition level of 28.5" C 
(Fig. 1). This was especially so on rainy days, which is 
consistent with the fact that turtles often emerge after 
rain®, sometimes even by day. It is also possible that the 
sand temperatures taken may not have been representa- 
tive of nests in which hatehlings were actually present. 
The temperature of nests containing turtle eggs can be 
several degrees warmer than that of nearby soil'*£. If 
the same applies to nests containing turtles after they 
have hatehed from the eggs then, given an activity 
inhibition at about 28:5? C, the emergence would be still 
more strictly limited to the night than the present data 
suggest. 
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Fig. 1. 
below the surface (top left) and 30 cm below surface (lower left) at 


©, Temperatures of sand on a natural nesting beach, 2 cm 


different times of day and night. The shaded bar covers temperature 
range at 80 em which in a tropical climate represents more or less the 
average temperature at the surface, A, Temperatures in nests from 
which hatchlings were emerging. The histogram (top right) gives per- 
centage of turtles inactive in tests (see text). Dotted line indicates 
temperature level above which activity is inhibited. 
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The advantages of a nocturnal emergence are probably 
multiple. A tropical beach often becomes es remely hot 
by day and there may be little or ao shade available to 
the hatehlings; exposure to the intense heat of day ean 
easily be fatal to themë. There exists therefore a direct 
pressure for the development of a thermal inhibition of 
activity. Emerging under cover of darkness also provides 
better protection from terrestrial and airborne predators. 
Furthermore, even when daytime temperatures are not 
high enough to kill the hatchlings, but only to slow them 
down, the longer time in reaching the sea gives predators 
a better chance of making a catch. The combination of 
these pressures has developed reactions to temperature 
in green turtle hatehlings during their brief stay on land 
which appear unusual for tropical reptiles: in the 25°- 
31° € range the warmer the environment, the less active 
these turtles become. 

I thank the Surinam Forest Service for providing 
facilities, Dr J. P. Schulz for advice and encouragement, 
and Miss S. J. Shettleworth and Mr P. C. H. Pritchard 
for their help. This work was supported by the National 
Research Council of Canada. 
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Oestrogen, Behaviour and 
Permeability of a Troop of 
Chacma Baboons 


CoPULATORY activity in pairs of oppositely sexed rhesus 
monkeys (Macaca mulatta) is influenced by the hormonal 
status of the female!-?. Whereas the subcutaneous admin- 
istration of oestrogen to the evariectomized partner 
restored the sexual activity of the pair to the high levels 
characteristic of intact females at mid-cycle’, progesterone 
together with oestrogen resulted ir. a decrease in mounting 
activity and in the occurrence of ejaculation’ *. Rhythms 
in mutual grooming activity were also hormone depen- 
dent’. 

A review of the field studies of eatarrhine monkeys 
shows that few investigations have been devoted to a 
quantitative analysis of the physiological conditions 
necessary for the regulation and expression of mating and 
grooming behaviour in old-worid monkeys in normal 
conditions*. Verification and extension of laboratory 
findings require, in particular, extensive hormone implan- 
tation experiments in a feral group. but inherent practical 
problems militate against experimental intervention. 
Field evidence suggests that the maintenance of troop 
integrity in the rhesus monkey and in the baboon may 
represent a factor likely to undermine attempts to release 
for observation treated animals whieh have been held in 











eaptivity for some time. 


In the rhesus monkey, the frequency of antagonistic 
inter-troop encounters? suggests that bands are closed 
societies. Captured baboons, including a receptive female, 
released near a strange troop in Kenya were either driven 
off or killed'*. Reports on the chacma baboon in South 
Africa include accounts of violent inter-troop encounters”, 
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although two young males released near strange troops 
were assimilated, at least temporarily, after a period of 
rejection!?, I report here initial observations on the 
successful introduction, into a strange troop, of ovariect- 
omized baboons, treated with oestrogen. 

Sexual and grooming interactions in a troop of seventy- 
five chaema baboons (Papio ursinus) were observed for 
more than 400 h between March and July 1968 on the 
Honnet Nature Reserve, Northern Transvaal. After a 
period of habituation, observations were possible at a 
flight distance of 12 yards. Observations were made in 
the early morning and late afternoon when social behaviour 
was most frequent, and were recorded on a portable tape 
recorder. Relevant behavioural units of the females 
and the responses of the males were quantified in relation 
to the phases of the menstrual cycle. The perineal 
reaction of the female baboon was used as an index of the 
hormonal status of the animal; oestrogen is largely 
responsible for the turgescence of the sexual skin, whereas 
de-turgescence is stimulated by a substance with pro- 
gesterone-like activity. The data from this preliminary 
survey—-intended to establish a standard to assess the 
effects on behaviour of implanting ovariectomized females 
with specified doses of ovarian hormones— were processed 
by an IBM 360 computer. 

Adult female baboons were trapped from neighbouring 
farms. They were maintained in the open in single cages 
on à diet of fresh fruit and vegetables. Six weeks after 
bilateral ovariectomy female D received a subeutaneous 
implant of oestradiol in silastie, caleulated to release 
approximately 80 ug of oestradiol per day. The sexual 
skin started to turgesce 2 days after implantation. On 
the fifth day, D—marked with a brightly coloured collar 
of durable material—was released as the troop approached 
the sleeping cliffs in the late afternoon. The reaction 
resembled an antagonistie inter-troop encounter. Baboons 
came to a halt, many of the males taking up vantage 
points from which they alarm-barked and carried out 
protracted vigilance activity. D fled, pursued by several 
sub-adult and juvenile males. She was found near the 
cliffs the next morning when the troop was already 
foraging through the dense mopane bushveld. Her 
behaviour was typical of a lost baboon. She wandered, 
barking, seldom pausing to forage. She climbed frequently 
to vantage points and scanned the veld. Checks were 
made twice daily but D was not seen again until 5 days 
after her release when she was found with the troop in the 
early morning copulating and grooming with a sub- 
dominant male. Her sexual skin appeared to be maximally 
swollen. No very marked interest was shown by other 
baboons and the assimilation of the strange female 
seemed virtually complete. 

A second ovariectomized female, M, received a sub- 
cutaneous implant calculated to release 200 ug of oestra- 
diol per day. M was collared and, in order to observe more 
clearly the initial responses of assimilation or rejection, 
was placed in a cage near one of the sleeping sites, and the 
area was baited with fruit. Three days later the troop 
approached the cliffs. Peripheral baboons halted, barking 
and threatening. Shortly, the troop formed a semi- 
circle around the cage and baboons began to take fruit 
from the vicinity. Barking ceased after 15 min, following 
the arrival of the three dominant males, each of which 
approached M individually and looked at her. After 1h 
I ascended and released M who ran off and avoided me. 
No pursuit by baboons occurred. M was seen 20 min 
later moving freely among the other animals. Some 
baboons, particularly young animals, approached and 
sniffed at M but no further physical contact was seen. 
The next morning M accompanied the troop on the day 
range. There was, as yet, no marked turgescence of the 
sexual skin although colour changes were apparent. 

Whereas the assimilation of D and M seemed to be 
conditioned by a familiarization process, the subsequent 
responses of the experimental animals resembled the 
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hormone dependent behaviour of baboons in the turges- 
cent phase of the menstrual cycle. Consort relationships 
with males were established within 2 weeks of release 
and the initiation of mounting and grooming behaviour 
sequences indicated that D and M were both sexually 
attractive and receptive. Although troop integrity is 
actively maintained by baboon troops occupying over- 
lapping home ranges in the area of study, the assimilation 
of the two single females suggests that further experi- 
mentation with varying doses of ovarian hormones may 
be possible without the disruption of troop activities 
which the trapping of female baboons on the Honnet 
Reserve would incur. 

This work was supported by grants from the Depart- 
ment of Higher Education and the South African Council 
for Scientific and Industrial Research. I thank Dr H. B. 
Lambrechts for carrying out surgical procedures and 
the Upjohn Company, Kalamazoo, Michigan, for the 
implant devices. I also thank the Nature Conservation 
Branch, Transvaal Provincial Administration, for its 
assistance, and Dr J. Meester for his support. 
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Control of Totipotency in Plant 
Cells growing in vitro 


CELLS of higher plants often retain their usual potentiali- 
ties when cultivated in vitro. They are able, for example, 
to regenerate organs or whole plantlets. Yet these proper- 
ties are not stable and are usually lost some time after 
isolation of the tissues. The cause of this phenomenon is 
unknown and it has not yet been possible to influence 
or control it. In an attempt to clarify the situation we 
have now been successful in regulating and maintaining 
the totipotency of carrot cells over prolonged periods. 
Callus induction and subeulture were carried out by a 
method already described'. In each experiment explants 
were cut from five carrots, pooled and distributed in equal 
parts. The initial freshweight of the subcultures was 
always 200-400 mg. The cultures were isolated from two 
commercial varieties of carrot (cultivars ‘Rote Riesen’ 
and ‘Lobbericher Futterriibe’). To estimate embryo 
formation the number of tissues producing embryos was 
expressed as a percentage of the total number of cultures. 
Only tissues with embryos which had reached, or were 
beyond, the heart stage were recorded. Embryos and 
roots which had formed were always cut off before each 
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Fig.1. Embryo formation in carrot cultures (cultivar ‘Rote Riesen’). (Wl) Isolated and subcultured on Ms; ( 8) Isolated on M, and transferre 





to Me: (A) originally on Ms; later, after loss of ability to form embryos, on Ms without 2,4-D. The control was M, withaio embryo formation. 
Each point on the curves represents the average value from twenty to thirty cultures. 


transfer. Two media were used: Mw which contained 
White’s nutrient*, 2 per cent sucrose and 5x 10-5 g/ml. 
of 2,4-D; and Ms which differed from Mw only in the 
composition of the major and minor elements. Instead 
of White's salts and trace elements Ms contained those 
of the formula developed by Murashige and Skoog’. 
It also contained the 2 per cent sucrose and 5x 10-5 
g/ml. of 2,4-D. 

Tissues which were isolated at the same time from the 
same carrots developed differently on these two media. 
On Ms embryos started to form shortly after the first 
transfer—that is 4-6 weeks after isolation—and reached a 
maximum (90—100 per cent) after between 16 and 20 weeks. 
Later embryo formation decreased quiekly and disap- 
peared after 30-40 weeks of cultivation (Fig. 1). This was 
the normal pattern on Ms. Only rarely did embryo 
formation continue for longer periods (up to 60 weeks). 
The growth rate of cultures on Ms was relatively high 
with an average increase of freshweight of about 300 
per cent per transfer period. 

By contrast, cultures on Mw grew rather slowly with 
an increase of only 50-80 per cent of freshweight. Al- 
though they frequently formed roots on this medium, 
eultures produeed no embryos during several years of 
cultivation. But when these cultures were transferred 
from Mw to Ms they were able to form embryos a long 
time after the controls growing permanently on Ms had 
lost this ability. This was observed, for example, after 
36, 52, 96, 100 and 116 weeks of cultivation on Mw. 
In this case morphogenetic capacity also decreased with 
time (Fig. 1) and had already disappeared in two strains 
120 weeks after their original isolation. 

Previous experiments* have shown that high nitrogen 
and low auxin concentrations were essential for the 
development of embryos from carrot cells. In the present 
experiments, cultures which had apparently lost the 
ability to form embryos in Ms containing 2,4-D regained 
it when transferred to Ms without 2,4-D. With young 
subeultures (40 weeks old) the recovery of totipoteney 
was high (up to 100 per cent); later it declined slowly and 
disappeared 88 weeks after isolation (Fig. 1). By the 
same manipulation, that is by omitting auxin, it was 
also possible to induce embryo formation on Mw (minus 
2,4-D). The capacity for embryo formation diminished 
with time in this case too. 

These results are pertinent to several aspects of embryo- 
genesis in vitro. They show that the constitution of the 
cultures is not fixed and that the totipotency of the carrot 
cells can be regulated and maintained over prolonged 
periods by making minute changes in the medium. 
There is a correlation between the rate of growth and the 
changes in the behaviour of the cells—they occur earlier 
in the rapidly growing cultures on Ms—and so the question 





arises as to whether the changes are a consequence of 
alterations in the cells or of cel! selection. A strong 
argument against the second possibility is the fact that 
embryogenesis could be restored a long time after it was 
apparently lost on Ms. Therefore the graduai decrease 
of the morphogenetic capacity of the cultures is probably 
caused by the decrease of some stable information or 
substance which is present in the freshly isolated explants 
and which slowly diminishes during growth in vitro. 
These results also extend previous observations’ of 
the importance of the nitrogen and auxm concentrations in 
the nutrient medium for the formation of embryos, and 
confirm that a certain balance between these two factors 
is essential. serves attention is 
the embryo formation on Mw witheut í imably 
this is the "minimal" medium for embryogenesis in vitro. 
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Cytoplasmically Determined Expression 
of Symptoms of Potato Virus X 
Crosses between Species of Capsicum 


We are using Capsicum annuum La and C. pendulum Willd. 
as indicator plants for potato virus X. Capsicum annuum 
develops systemic mosaic symptoms after infection with 
virus X, whereas C. pendulum develops necrotic local 
lesions on the inoculated leaves (unpublished results of 
B. B. N., G. C. Upreti and B. L. Dutt}. We have investi- 
gated the inheritance of local lesion and : nie mosaie 
responses of the two species to virus X infection as identi- 
fied by the behaviour of F,, F, and backeross generations 
inoculated with the virus. 

Reciprocal crosses were attempted using C. annuum 
and C. pendulum as parents. The eross involving C. 
pendulum as female parent was successful and produced 
F, seeds. But the reciprocal cross involving C. annuum. 
as female parent was not successful. When, however, G. 
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annuum was used as female parent. in backcross with the 
F, hybrid between pendulum x anmuum, the cross was 
successful. The plants were raised in the glasshouse. The 
strain of potato virus X used in these studies was obtained 
from infected plants of Datura stramonium growing in the 
glasshouse at the Central Potato Research Institute, 
Simla. The general procedures of virus extraction and 
inoculation were similar to those reported by Nagaich et al. 
(unpublished). Necrotic local lesion response was noted 
4-5 days after inoculation, and for systemic mosaic 
symptoms observations were made 10-15 days after 
inoculation. Plants which showed no symptoms after 
first inoculation were inoculated a second time. The F, 
plants were grown to maturity in the glasshouse to produce 
F, seeds. 

The data on the reaction of the F,, F, and the backcross 
progenies inoculated with potato virus X are given in 
Table 1. 


Table 1. REACTION OF F, HYBRIDS AND Fy AND BACKCROSS GENERATION 


PLANTS WHEN INOCULATED WITH VIRUS X 
Plants showing 








Gener- No.of  Neerotie Systemic 
Cross ation plants local mosaic 
lesions mottling 
C, pendulum x annuum 44 44 0 
C. pendulum x annuum 201 201 0 
C. annuum x pendulum No viable seed-——---—-— 
0. annuum x F, (pendulum x 
annuum) B 33 0 33 


The results clearly demonstrate that the inheritance of 
the expression of symptoms of virus infection in the 
interspecific hybrids is controlled by the cytoplasm of 
the female parent. In the F, from the cross C. pendulum x 
C. annuum all plants had necrotic local lesions because 
the cytoplasm of the female C. pendulum parent continues 
to be propagated. But in the backcross C. annuum x F, 
(C. pendulum x C. annuum) the plants carried the cyto- 
plasm from the C. annuum parent and showed systemic 
mosaic reaction. In the absence of segregation for the 
two reaction types in the F, and plants of the backeross 
generation there are clear indications that symptoms of 
potato virus X are controlled by cytoplasmic factors in 
the two species of Capsicum. As far as we know, this 
is the first report of cytoplasmic control of infection types 
involving a virus, although Pohjakallio and Karhuvaara! 
observed maternal influence on the resistance to rugose 
mosaic (incited by virus Y) of some F, clones descended 
from species hybrids involving Solanum demissum x S. 
tuberosum. Susceptibility to a fungus pathogen has been 
reported to be controlled by the maternal eytoplasm. 
Harland and King? observed that the degree of sus- 
ceptibility to mildew in Frageria was cytoplasmically con- 
trolled and that the cytoplasmic effects persisted in the 
F, and offspring of backerosses. The susceptibility of 
corn to Helminthosporium was found to be associated with 
the “T” (Texas type of eytoplasmie male sterility) cyto- 
plasm’. Al'smik* also observed that in potato the blight 
(Phytophthora infestans) resistant variety 728-44 gave 
rise to as much as 68 per cent of resistant seedlings when 
used as seed parent and only 13 per cent when used as 
pollinator. 
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Evolution of Salt Tolerance in 
Two Coexisting Species of Grass 


ArrHovGH the tolerance of plants to salt is of great 
eeonomie importance and has received detailed attention, 
data for contrasting populations of species that occur 
naturally in saline and non-saline habitats are limited. 
Demonstrations of the significance of salt in the distribu- 
tion of forms of Typha by McMillan? and McNaughton? 
are notable exceptions. We have therefore examined the 
salt tolerance of populations of Festuca rubra L., which 
oceurs in both the lower and upper regions of salt marshes 
and in the adjacent non-saline uplands, and of Agrostis 
stolonifera L. which coexists with Festuca in the upper 
marsh and upland. Five such populations were collected 
from each of two geographically separate but otherwise 
similar sites (Aber, Caernarvonshire and Malltraeth, 
Anglesey). 

The plants, after a period in ordinary soil, were grown 
in a range of concentrations of seawater (0-75 per cent) 
containing a standard nutrient solution background: 
(a) in sand culture where total dry weight was determined, 
or (6) in solution where length of root was determined, 
by a modification of Wilkins’s method? for the study of 
heavy metal tolerance. Tolerances were assessed by the 
relative change in values for total yield, ratio of shoot to 
root and decrease in root length with increasing salt. 

Rooting tests proved a reliable and convenient method 
for comparing the salt tolerance of these populations. 
The degree of differentiation between Festuca populations 
was greater in the rooting measurements than in the dry 
weight values from sand culture and suggests that this is 
a sensitive method for the investigation of salt tolerance. 

The observations showed that there is considerable 
variation in salt tolerance whieh correlated with habitat. 
The upper marsh populations are the most tolerant. Salt 
accumulated in this habitat is eluted only at very high 
tides and its populations are therefore likely to be exposed 
to intervening periods of higher salinity than those in the 
lower marsh which is regularly inundated. In non-saline 
conditions in culture, and in normal soil, however, the 
upper marsh populations of both species are significantly 
less vigorous than the other populations. 

The upland populations are eonsiderably less tolerant, 
although they are the most rapidly growing of the popula- 
tions both in normal soil and in non-saline culture. 
Although they are the least salt tolerant of the populations, 
their salt tolerance compares favourably with that re- 
ported for other species, particularly cultivated plants. 
They seem to possess a potential salt tolerance which, 
although it is not exercised in the conditions of their 
present habitat, may be an important factor enabling 
these species to invade saline habitats. This contrasts 
with the situation on toxie mine soils where the normal 
populations show no special adaptation to tolerate toxicity 
and the species concerned manage to invade such habitats 
only because they evolve tolerant populations!. 

These differences were statistically significant and were 
sufficiently great for the populations to be considered 
distinct ecotypes. A more detailed sampling along 
transects at right angles to the shoreline will probably 
reveal that the populations are segments of an ecocline, 
as had been found for morphological characters in Plantago 
maritima’. The populations are yet another example of 
evolutionary divergence in adjacent populations®, 

A comparison between the two species indicates that 
in the upper marsh the tolerances of the populations of 
the two species are similar, although in the upland 
Agrostis populations show slightly more salt tolerance. 
It seemed possible that Agrostis is not found in lower 
levels of the marsh because of an inability to evolve as 
high a degree of salt tolerance as that of Festuca. But 
this is apparently not so, implying that factors other than 
salinity prevent its establishment in the lower marsh. 
'This agrees with recent work of Pigott'. 
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Climate and Optimum Plant 
Density for Maize 


THE optimum plant density for a crop often decreases 
as the climate becomes drier. The usual explanation for 
this, that wider spacing of plants deereases competition 
for water'*, overlooks the possible effect of other climatic 
factors in the size of individual plants. Thus data we 
have collected from maize density experiments suggest 
that smaller densities are used for this crop in relatively 
dry North-east Rhodesia than in relatively moist central 
England because plants grow much larger in Rhodesia 
than in England, rather than because water is in compara- 
tively short supply in Rhodesia. 

Locally adapted hybrid varieties were grown at densi- 
ties ranging from 4-9 to 14-3 plants m-? in England and 
2-3 to 7-4 plants m-* in Rhodesia. Liberal quantities of 
fertilizer were applied in both countries. The early part 
of the season was drier than usual in Rhodesia and plants 
wilted occasionally up to the time of flowering, while 
there was evidently little moisture stress in England. 
Nevertheless, when sown at similar densities plants grew 
more rapidly in Rhodesia than in England (Fig. 1). By 


12 


10 


Leaf area per plant (dm* x 10) 
a 


fo 


0 25 50 
Days after seedling emergence 


Fig. 1. 
vegetative phase of growth. 
Rhodesia: (A) 4£:8; Gh) 7-4. 
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the time of flowering, when leaf growth ceased, leaf area 
per plant was more than twice as large in Rhodesia as in 
England ; dry weight per plant was also much larger in 
Rhodesia. It is clear from various other studies that these 
results were not atypical. Plants presumably grew faster 
in Rhodesia because mean temperature and solar radiation 
during the period between seedling emergence and flower- 
ing (21? C, about 600 calories cm day-!) were greater 
than in England (15? C, «400 calories em~* day-?). 

In maize, as in other cereals, thers is little movement 
to the grain of dry matter present at the timo of flowering. 
so grain yield depends primarily on the amount of dry 
matter produced by photosynthesis after flowering’, and 
so broadly on the amount of light intercepted by leaves 
during the post-flowering period of growth. Our results 
suggest that for maximum production of dry matter 
during this period, a leaf area index (ratio of area of leaves 
to area of land) of 5-6 is required in Rhodesia, and one of 
about 4 is required in England, at the time of flowering, 
that is, the time at which leaf area reaches a maximum ; 
with smaller leaf area indices light weuld be "wasted" on 
bare ground. The plant densities giving these leaf area 
indices (Table 1) were five to six plants m-* in Rhodesia, 
about that currently considered optimal in North-east 
Rhodesia, and nine to ten plants m-* in England, within 
the range recommended for southern aad central England’. 


Table 1. EFFECT OF PLANT DENSITY ON LEAF ARBA INDEX (I) AT THE TIME 
OF FLOWERING IN ENGLAND AND RHODESIA 


England Rhodesia 
Density (plants m-*) 4-9 0-3 14-3 28 365 48 61 T4 
L at flowering 21 38 55 30 42 58 $9 97 


Thus the results suggest that although the leaf area 
index needed for maximum yields is larger in Rhodesia. 
than in England, presumably because the supply of light 
is greater, optimum density is smaller in Rhodesia because 
plants grow so much bigger than in England. Competition 
for water in crops sown at the respective optimum densi- 
ties would clearly be no less in Rhodesia than in England. 

It seems therefore that the conchision—drawn from 
experiments showing that optimum density increases 
when water supply or soil fertility is increased-~that "the 
more favourable the environment for any reason what- 
ever, the higher will be the optimum population" * might. 
be too broad a generalization. Instead, greater densities. 
may sometimes be needed where temperature and radia- 
tion are less favourable for vegetative growth. Neverthe- 


Dry weight per plant (g x 10) 


75 0 25 50 75 


Changes in (a) leaf area, and (b) dry weight, per plant with time during the 
Density (plants m-?) England: (O) 4:9; 
Arrows indicate time of flowering in the respective countries. 


(€) 93, and 
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less, plants must be spaced far apart in extremely dry 
areas to help the crop survive in the face of drought. 


J. C. 8. ALLISON 
University College of Rhodesia, 
Salisbury, Rhodesia. 


M. Eppowes 
Harper Adams Agricultural College, 
Newport, Shropshire. 
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Freshwater Primary Production by a 
Blue-Green Alga of Bacterial Size 


Locu Leven, Kinross, Scotland (National Grid reference 
No. 145020; latitude 56^ 15' N, longitude 3* 25' W), is 
a shallow productive lake 13 km? and of 5 m mean depth. 
An investigation of its ecology and production of phyto- 
plankton is being carried out as part of a chemical, 
physieal and biological study of the lake as part of the 
International, Biological Programme. A minute rod- 
shaped organism oecurred as an important part of the 
phytoplankton between March and August 1968, and at 
times was present in an almost pure stand, giving a green 
colour to the water. A morphological investigation has 
been made to determine whether it is a bacterium or a 
blue-green alga, and its temporal abundance and spatial 
distribution have been studied, together with measure- 
ments of gross photosynthetie production. 

Cells of natural and cultured material are pale green, 
almost colourless straight rods 6-40 um long and 0:7—0-9 um 
in diameter, shrinking to about 0-6 wm across when fixed 
and embedded. At each end there is a slight trace of a 
calyptra. Commonly the cells appear singly or occasionally 
in pairs linked end to end, although, in cultures, chains of 
up to four cells have been seen. With light microscopy 
little internal structure is discernible either with trans- 











P 


Fig. 1. Electron micrographs of Synechococcus cells from Loch Leven. 

A, Part ofa cell ( « 10,000); B, end of another cell ( x 50,000). a, Alpha- 

granule; l, photosynthetic — m, microtubule; p, polyhedral 
y. 
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Fig. 2. Variations in the total cell volume of Synechococcus per ml. 
(- —), together with the mean chlorophyll a concentration ( — — — ), 
in the upper 4 m of Loch Leven. 


mitted light or with phase contrast illumination. A 
granular and vacuolar appearance is developed to a 
varying extent, apparently associated with various factors 
including the age of the eulture or the natural population. 
No mucilaginous sheath or gas vacuoles are apparent. 

Cells from a water sample containing an almost pure 
population were concentrated by membrane filtration and 
centrifugation, fixed in 2 per cent osmium tetroxide in 
phosphate buffer at pH 7:0, and embedded in ‘Epon’. 
Sections were stained in uranyl acetate and Reynolds lead 
stain. The microanatomy showed conclusively that the 
organism is a blue-green alga of bacterial proportions 
(Fig. 1). In transverse sections there is usually a single 
peripheral photosynthetic lamella, while longitudinal 
sections show most of the inclusions demonstrated by 
Pankratz and Bowen' in the much larger Symploca 
muscorum. In addition, at the end of each cell there are 
cylindrical bundles of microtubules each about 15 nm in 
diameter and 300 nm long, a feature apparently unrecorded 
so far in blue-green algae. A full account of the fine 
structure will be published later, together with a formal 
taxonomie description, for this seems to be an undescribed 
species of the genus Synechococcus. S. plankticus Drews, 
Prauser and Uhlmann is similarly minute, but of a 
different shape, and has been found in quantity growing 
in a pool of sewage effluent?. 

The phytoplankton standing crop has been estimated 
regularly, usually at weekly intervals. Samples used for 
quantitative work were eolleeted with a weighted tube as 
used by Lund?, or with a Ruttner water bottle. Chloro- 
phyll « was estimated spectrophotometrically, after 
filtering water samples through fine glass-fibre filters 
(Whatman GF/C), extracting pigments in 90 per cent 
methanol, and using the abbreviated equation proposed 
by Talling and Driver* to relate chlorophyll a concen- 
tration and optical density measured at 665 nm. Larger 
phytoplankton algae were counted with an inverted 
microscope after iodine sedimentation and smaller ones 
by means of a simple counting chamber** or a haema- 
cytometer, the two giving good agreement in counts of 
the Synechococcus. 

Gross photosynthetic production has been measured at 
fortnightly intervals, using suspended light and dark 
bottles and Winkler oxygen estimations as described by 
Talling?. The euphotic zone was more or less uniform 
with respect to temperature and algal population density 
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and maximum, light- -saturated, rate of photos per unit of 
chiorophyll a (Pma) (-— — 


to a lower limit varying between 1-5 and 2-5 m depth. 
and so the bottles were filled with 0-5 m samples. They 
were then exposed at a series of depths for given Hines, 
from 2 to 3 h, near midday, exposure beginning immedi- 
ately after they were filled. Planimetric integration of the 
depth profiles of photosynthetic productivity per unit 
volume of water, in mg O,/m* h, yields estimates of this 
productivity per unit area of lake surface, in mg O,/m? h 
Changes in the cell abundance of Synechococcus, concen- 
tration of chlorophyll a (=n), the maximum (light- 
saturated) rate of phytosynthesis per unit of chlorophyll a 
(=P) and the gross photosynthetic production per unit 
area (= InP) are shown in Figs. 2 and 3 for the period 
April to July 1968 inclusive. 

Synechococcus was present in small amounts (less than 
0.2x10* um?/ml) throughout the winter and began a 
gradual rise in late April, when it constituted about 3 per 
cent of the total phytoplankton live volume of 36x 
10* um?/ml., the rest consisting of diatoms. The decline 
of the diatom populations aecompanied the greatest rates 
of increase of the Synechococcus in late May and early 
June, and in June and July this alga accounted for more 
than 90 per cent of the estimated total live erop volume. 
At its maximum, on June 26, it represented about 98 per 
cent, with 45 x 10* um?/ml., and then a value of 4 ug of 
chlorophyll a/mm? (that is, 10° um?) cell volume was 
found, while other estimations during June and July 
gave similar values, in broad agreement with the results 
of other workers*?. The only large departure from this 
value is that obtained on July 1, 2-7 ug of chlorophyll 
a[mm? cell volume, and because this occurred at the 
beginning of a period of population decline it may repre- 
sent some true change in pigment content connected with 
this decline, By the end of July the standing crop volume 
of Synechococcus was at about one tenth of its maximum, 
but it still represented 90 per cent of the total crop, the 
remainder being chiefly small Chlorophyceae. From Figs. 
2 and 3 it is apparent that the increase in the rate of 
photosynthesis per unit area in late April and its sub- 
sequent decrease in the second half of June are more 
closely correlated with changes in chlorophyll a concen- 
tration than with those in the maximum specific activity 
of the chlorophyll, which remained relatively constant 
throughout the period reviewed here. 

There is evidence that, with increasing eutrophication 
of the loch, blooms have become more common and long 
lasting, and those composed of blue-green algae have 
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been associated with poor fishing in this famous trout 


"water. Whether the present species formed part of those 


blooms is unknown, for it could easily ave been mistaken 
for a bacterium by the untrained observer. Occasional 
reports from elsewhere of plankton composed of very 
small blue-green algae have appearec?, and some of the 
green bacteria which have been dessribed undoubtedly 
belong to the former group!'*-?. It must, however, be 
unusual for a blue-green alga of this sort of size to oceur 
as à pure stand in conditions where it can be atudied 
intensively. This species is now growing in culture, and 
so further studies may show what influence the unusual 
features of size and morphology have on the rate of 
photosynthesis and on other aspects of metabolism and 
growth, as well as the production and diffusion of extra- 
cellular substances. 

We thank various members of the Nature Conservaney 
and the Freshwater Biological Association for helpful 
comments, especially Mr N. C. Morgaa, Dr J. W. G. Lund 
and Dr J. F. Talling. We also thank Professor 1, Manton 
of the University of Leeds for the use of an eleetron 











microscope. 
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M. E. Bixpioss 
The Nature Conservancy, 
12 Hope Terrace, 
Edinburgh 9. 
J. H. BELCHER 


Freshwater Biological Association, 
Far Sawrey, Ambleside, 
Westmorland. 
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Promising Anti-pollutant: Chelating 
Agent NTA protects Fish from Copper 
and Zinc 


COPPER and zine are surprisingly widespread pollutants 
of water. In wilderness areas they may endanger fish in 
otherwise clean rivers as the resuK of mining ope $ 
In British industrial areas, they commonly contribute an 

average of 23 per cent of total toxicity of mixed pollution 
for fish, and in some rivers a much higher proportion®*. 
Furthermore, trace concentraticns, one-tenth to one- 
twentieth of accepted standarcs for drinking water, 
can be lethal for fish in regions where surface water is very 
softi. In such circumstances, yoar-round pre Wt of 
"spills" of metal pollution can be-difficult. The trisodium 
salt of nitrilotriacetie acid (NT A) seems to be a promising 
"anti-pollutant", to prevent fisan-kills in case of short- 
term breakdown of normal pollrtion controls. 

Bioassays with metals, and netals plus NTA, were 
earried out in the laboratory. Test fish were brook 
trout (Salvelinus fontinalis) of 52 to 11.2 em length. 
There were ten fish in each lxoassay tank, swimming 
against an imposed current of 12—20 cm/s. A continuous 
flow of 0-5 L/min of fresh tert solution replaeed the 
34 l. of solution in each tank. This system produces 
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near constant experimental concentrations?*. Tests were 
terminated after 10 days, and individual times to death 
of fish were recorded. Probit analysis! yielded median 
lethal times and 95 per cent confidence limits. Soft 
lake water (14 mg/l. total hardness as CaCO,) was used 
throughout. Test and acclimatization temperatures were 
15? C, the optimum for brook trout. Metals were added 
as sulphates, but concentrations are given as mg/l. of 
Cu** or Zn**. Concentrations of chelating agents were 
measured as mg/l. of supplied material (nitrilotriacetic 
acid trisodium salt, monohydrate, and a technical bulletin 
on NTA were provided by Hampshire Chemical, Nashua, 
New Hampshire). 

These bioassays of 10 days duration showed that the 
threshold for acute lethal effect was about 0-05 mg/l. of 
copper alone, or 0-75 mg/l. of zine alone. Changes in 
thresholds with season or size of fish are not our concern 
here. Details of all results are available on request’. 
In mixed solutions of the two metals, the lethal threshold 
was governed by simple addition of individual metal 
toxicities, as with other salmonid fish**. The relative 
toxicity of test solutions can therefore be expressed 
simply in terms of "toxic units", 1-0 toxic unit being the 
threshold concentration for lethal effect of the metals, 
separately or mixed’. 

Results of five typical bioassays of copper-zine solutions 
without NTA are shown in Table 1. Metal concentrations 
were from 0-6 toxie unit to 33 toxie units whieh was lethal 
in L8 h. Copper contributed 60 per cent of the toxicity. 

NTA caused a marked decrease in metal toxicity. At 
3-3 toxie units of metal, survival was prolonged from 
10 to 47 h if the weight of NTA in solution equalled the 
weight of metal in solution. Most fish lived when the 
ratio of NTA to metal was 2-0 (that is, 2-2 mg/l. of NTA 
in this example), and all lived for ratios of 3-0 and 5-0. 
At 33 toxic units of metal, a 3-0 times ratio was necessary 
for survival of most fish, and a 4-0 times ratio for complete 
survival. At 330 toxic units of metal, NTA obviously 
lengthened survival, but fish died nevertheless. High 
pH values of 8-7 and 9-3, associated with these strong 
concentrations of N'TA, seemed to be related to the 
mortality of fish. Trout could survive even 400 toxic 
units of metal, with five times as much NTA, if pH were 
lowered with acid. This was shown by static water 
bioassays, whieh confirmed the findings in Table 1, and 
showed that NTA is effective ,against copper or zinc 
individually in the same ratios*. N'TA alone was lethal 
because of high pH (ref. 7) at concentrations of 100 mg/l. 
and greater, agrecing in general with reported toxicity 
of NTA for fathead minnows?*. 

Another chelating agent also protected salmonid fish 
against copper~zine toxicity. This was the disodium salt 
of ethylenediamine tetraacetic acid (EDTA). About 
six times as much EDTA as metal was required, in accord 
with the higher molecular weight of EDTA. Despite the 
stronger chelates formed by EDTA, NTA is of more 
practical interest because of lower cost*. Sodium citrate 
proved to be only moderately effective as an “anti- 
pollutant”, and the polyphosphate Calgon was ineffective. 


Table 1. TOXICITY OF MIXED COPPER-ZINC SOLUTIONS FOR BROOK TROUT 


WITH AND WITHOUT THE CHELATING AGENT NTA 


Total metal Ratio Mortality time 
Copper Zine (toxic NTA (h), and 9595 
(mg/h) (mg/L) units) ERI confidence limits 
metal 
0-018 0-18 0-6 0 No mortality 
0-032 0-32 Ti 0 36 (23, 57) 
0.056 0:56 19 0 16 (14, 18) 
Od 1-0 33 0 10 (9, 11) 
Ot 1-0 $3 i 47 (30, 74) 
0:1 ro 3-3 2 10% mortality 
0:1 1-0 3:3 3 No mortality 
01 1-0 3:3 5 No mortality 
1-0 10 33 9 1-8 (1:5, 2-2) 
r0 10 33 2 7-7 (7-1, 8:3) 
10 10 33 3 10%, mortality 
10 10 33 4 No mortality 
ro 10 33 5 No mortality 
10 100 330 4 33 (30, 36) 
10 100 330 5 21 (16, 28) 
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It is generally accepted that one molecule of NTA 
chelates one ion of metal, and that NTA selectively 
chelates all copper first, then zinc afterwards. For the 
most part, this adequately explains detoxification of metal 
for trout. Calculations show that seven out of eight 
bioassays in Table 1 which test NTA against 3:3 and 33 
toxie units of metal are explainable on this basis. Cal. 
culations used the actual ratios of the molecular weight of 
NTA to the atomic weights of copper and zinc, 4:3 and 
42. Survival of trout in the eighth test (33 toxie units 
and an NTA ratio of 3-0) is not explained. Perhaps a 
molecule of NTA may complex more than one ion of metal 
strongly enough to prevent poisoning of fish. 

Use of NTA against slugs of metal pollution seems 
practicable. (A patent application has been made for 
use of NTA against pollution of water by metals.) Al- 
though NTA chelates a number of cations, including 
desirable constituents of natural waters, it shows selec- 
tivity towards metal ions. Thus it could be used as a 
temporary treatment for metal pollution, or to carry a 
slug of pollution harmlessly past a critical section of river. 
It is not a cure-all, however. For example, the NTA 
complex is biodegradable in natural waters in a few days?, 
at which time metals would be released back into solution. 

Use of NTA as an anti-pollutant is a new suggestion, 
but is similar to many proposals for chelating traces of 
metals in industrial processes. Bizzi et al.'? have shown 
that injection of NTA and other chelating agents can 
prevent eopper poisoning in mammals. 

I thank Gordon R. Brown of the New Brunswick 
Research and Productivity Council for stimulating and 
orienting this research, and Stanton J. Eriekson of the 
US Federal Water Pollution Control Administration for 
suggesting NTA. William G. Carson, W. Vietor Carson, 
W. Peter Vass and Roger J. McNabb provided technical 
assistance. 

Jouw B. SPRAGUE 
Fisheries Research Board of Canada, 
Biological Station, 
St Andrews, New Brunswick, 
Canada. 
Received October 14, 1968, 
1 Sprague, J. B., Elson, P. F., and Saunders, R, L., Intern. J. Air Water 


Pollut., 9, 531 (1965). 


* Lloyd, R., and Jordan, Dorothy H. M., J. Inst. Sewage Purification, part 2, 
167 (1963); Herbert, D, W. M., Jordan, Dorothy H. M., and Lloyd, R., 
ibid., part 6, 569 (1965). s 


3 Sprague, J. B., and Ramsay, B. Ann, J. Fish. Res. Bd, Canada, 22, 425 
202). 
* Litehfield, jun., J. T., J. Pharmacol. Exp. Therap., 97, 339 (1949). 
è Sprague, J. B., Carson, W. G., and Vass, W, Peter, Canad. Manuscript 
Rep. Ser., No. 992 (1968). 
* Lloyd, R., Ann. Appl. Biol., 49, 535 (1961). 
? dir LO H. M., and Lloyd, R., Intern, J. Air Water Pollut., 8, 405 


* Pollard, R., R., Soap and Chemical Specialties, 42, 58 (1966). 
? Thompson, J. B., and Duthie, J. R., J. Water Pollut, Control Fed., 40 (2), 
part 1, 306 (1968). 


? Bizzi, L., Garatini, S., and Mor, C., Boll. Soe. Ital, Biol. Sper., 31, 867 
(1955). 


Clonal Multiplication of Nicotiana 
rustica L. from Shoot Meristems in Culture 


WHEN meristem tips of the orchid, Cymbidium, are cul- 
tured, they do not give rise to one plant, but usually 
produce a mass of protocorms, each capable of developing 
into a plant'. Growth of meristems in shake culture 
increases the rate of multiplication of the protocorms?:?, 

We have used the shake culture technique for the 
culture of Nicotiana rustica L. during virus studies. 
Axillary bud tips, 400 to 600 mierons in diameter, con- 
sisting of the meristem dome plus one or two pairs of 
primordial leaves, were aseptically dissected by the 
method described by Stone’. Each tip was placed in a 
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100 ml. conical flask containing 25 ml. of culture solution 
consisting of Linsmaier and Skoog's* nutrient medium 
without the optional constituents and with the indole- 
acetic acid concentration at 8 mg/l. and kinetin at 2:56 mg/l. 
The flasks were fixed horizontally onto an illuminated 
vertical wheel which was rotated at 8 r.p.m. Within 3-4 
weeks each tip developed into a mass of callus bearing 
several terminal leaf initials (Fig. 1). After a further 
3-4 weeks, protrusions of the callus developed below these 
initials, each bearing several small green leaves. The 
protrusions became detached and “budded” profusely 
into a ball of callus units (Fig. 2), many of which also 
became detached and continued to proliferate. This 
process was accelerated if the cultures were grown on a 
horizontal shaker operating at approximately 80 cycles/ 
min. 

The proliferation into callus units continued if portions 
of the culture were transferred to new flasks and the 
shaking was maintained. If, however, the callus units 








Fig. |. 3-4 week old culture showing callus mass and terminal eaf 
initials, (x15.) 
Fig. 2. 5-8 week old culture showing “ball” of proliferating callus 
protrusions. (x3.) 
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Fig. 3. Young N. ransfer to still culture 


rustica plant produced after 
( x 2/3.) 


were removed and placed on filter peper bridges in still 
culture*, each developed roots and shoots and grew into 
a normal plant (Fig. 3). 

This method of culture enabled very large numbers of 
clonal plants to be raised from one apical tip. It 
to be the first occasion on which propazation of a dicotyle 
donous plant from a meristem by this particular means 
has demonstrated, although similar 
cultures have been made from single cell and callus tissue 
of carrot and other plants?-!?, It has also been shown! 
that carnation meristems can be induced to form multiple 
apices in culture from which numerous explants can be 
grown. 

The possible application of the shake culture method 
for the multiplication of other dicotyledonous plants is 
being investigated. 


seems 


been somewhat 
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Rubella Haemagglutinin prepared 
in BS-C-I Cells 


STEWART et al.! described procedures for the preparation 
of rubella virus haemagglutinin in monolayers of BHK21 
cells. Others expanded these studies to include extraction 
of haemagglutinin with high pH buffers from BHK21 
suspension cultures infected with rubella virus?. Produc- 
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tion of rubella virus haemagglutinin in an established 
line of African green monkey kidney cells (VERO) was 
recently reported?. We deseribe the production of 
haemagglutinin in the BS-C-1 line of African green 
monkey cells by two different strains of rubella virus 
and subsequent establishment of a chronically infected 
culture which continues to shed virus and haemagglutinin 
after serial passage. 

BS-C-1 cells in the forty-ninth passage and rubella 
virus, strain Putnam, were obtained from the Division of 
Biologies Standards, US National Institutes of Health, 
and rubella virus, strain Baylor, was received from 
Dr W. Rawls, Baylor University. Virus titrations were 
carried out by the ECHO 11 interference test and are 
expressed as tissue culture interference dose-50 per cent/ 
0-1 ml. Titres and passage histories of virus pools 
used were as follows: Putnam, 105-5, RK13/12, MA104/1, 
BHK21/2; and Baylor, 10*^, BHK21/6. Haemaggluti- 
nation and haemagglutination inhibition tests were 
carried out with erythrocytes from 1 day old chicks by 
methods previously described?. 

BS-C-1 monolayers were prepared in 4 ounce glass 
preseription bottles and inoculated with rubella virus at 
a multiplicity of 5. After incubation for 2 h at 36? C, 
the cells were rinsed three times with saline and fed a 
measured volume (15 ml.) of medium 199 containing 
2 per cent kaolin-treated foetal bovine serum. Infected 
and uninoculated control cultures were incubated at 
36° C and observed daily for cytopathic effects (CPE). 
Maintenance medium was replaced daily and harvests 
tested for the presence of haemagglutinins without 
prior treatment. 
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Fig. 1. Production of haemagglutinins in BS-C-1 cells by the Putnam 
(x) and Baylor (©) strains of rubella virus. 


Results from a typical experiment are summarized in 
Fig. 1. Haemagglutination antigen was detected 2 days 
After infeetion and reached maximum titre within 3 
days. Between 6 and 8 days the haemagglutination 
titre dropped 8-16-fold in cultures infected with both 
Putnam and Baylor and then gradually increased to 
previous levels. The sharp drop in titre coincided with 
extensive cell destruction. Haemagglutinin was present 
in all harvests throughout 18 days. Harvests from Putnam 
infected cells usually contained 4-fold higher titres of 
haemagglutinin than cells infeeted with Baylor. CPE 
was first observed in cultures on the fourth day after 
infection and progressed to involve most of the cells by 
the eighth day. Cells appeared granular, pyknotie and 
loosely attached giving a “peppered” appearance to the 
culture. CPE did not progress completely to destroy 
the cells and by 10-12 days it became increasingly 
diffieult to distinguish infected from uninoculated control 
cultures. By 18 days a light monolayer had once again 
formed which was indistinguishable from the control 
culture. 


NATURE, VOL. 220, DECEMBER 28, 1968 


It was of interest to determine whether BS-C-1 cells 
that had been infected by rubella virus and showed 
extensive CPE and then sheeted out again could be 
passaged. We therefore chose a culture infected 18 
days with Putnam and dispersed the cells with 0-25 
per cent trypsin and subcultured at a 2:1 ratio in medium 
199-20 per cent foetal bovine serum. Cultures were 
spht 2:1 every 5-7 days thereafter. When cultures 
became confluent they were rinsed twice with saline 
and refed medium 199-20 per cent kaolin-treated foetal 
bovine serum. The following day the medium was 
harvested and titrated for virus and haemagglutinin and 
the cells subcultured. Results after five serial passages 
are presented in Table 1. The cells are chronically 
infected as shown by the continued shedding of low 
levels of virus (0-7-2-3 log,,) and moderate amounts of 
haemagglutinin throughout each of five passages. 


Table 1. PRODUCTION OF RUBELLA VIRUS AND HAEMAGGLUTININ IN 
CHRONICALLY INFECTED BS-C-1 CULTURE 


Interval after Infectivity titre* Haemagglutination 


Passage No. infection (days) — (TCI D,4/0-1 rl.) titre 
1 28 l7 16 
2 33 0-7 8 
3 40 r5 904 
4 45 17 16 
5 50 23 32 


* Titre of overlay fluid on day of split. 





Table 2. RUBELLA HAEMAGGLUTINATION INHIBITION TITRES IN RANDOM 
HUMAN SERA TESTED WITH THREE DIFFERENT  HAEMAGGLUTINATION 
ANTIGEN PREPARATIONS 

^ rm ——- Haemagglutination antigen souree ——— — 
Sera Putnam prepared Baylor prepared Commercial pre- 
identification in BS-C-1 in BS-C-1 pared in BHK21 
6 <8 <8 «8 
65 «B <8 <8 
66 <8 <8 <8 
73 <8 <8 <8 
25 16 32 32 
163 64 64 64 
60 64 32 128 
59 198 128 128 
68 128 256 256 
7 256 256 512 
160 256 1,024 512 
158 1,024 1,024 2,048 
159 1,024 4,096 4,096 


Rubella virus haemagglutinins produced in BS-C-1 by 
the Putnam and Baylor strains and a commercial antigen 
prepared in BHK21 cells were used to measure haem- 
agglutination inhibition antibody in thirteen human 
sera (Table 2). A titre of less than 8 was obtained in 
four sera with each of the three antigens. Rubella virus 
haemagglutinins prepared in BS-C-1, similar to haem- 
agglutination antigen prepared in VERO cells. were as 
sensitive in measuring haemagglutination inhibition 
antibody as antigen prepared in BHK21 cells. 

These results further establish that production of 
rubella haemagglutination antigen is not unique to a 
particular virus-host cell system but rather a common 
occurrence requiring only infection of cells at a high 
input multiplicity and initial replication of virus to 
relatively high titres. Continued proliferation at high 
titre does not seem necessary because haemagglutination 
antigen was shed from chronically infected cells producing 
relatively small quantities of virus. It has been reported*? 
that low levels of infectious rubella virus were obtained 
from chronically infected human foetai tissue and LLC- 
MK, cells, but no data were available on haemagglutination 
production. 

This work was supported by a contract from the 
Vaccine Development Board, National Institute of 
Allergy and Infectious Diseases, US National Institutes 
of Health. 
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Effect of Preliminary Irradiation of 
Mice on Radioresistance of 
immunologically Competent 
Spleen Cells 


RESISTANCE to radiation is increased in animals repeatedly 
exposed to ionizing radiation'-*. We know of no quantita- 
tive studies of radiosensitivity of haematopoietic or 
immunocompetent cell populations from previously 
irradiated animals. 

Our aim has been to compare the radioresistance of 
immunologically competent cells from intact and pre- 
viously irradiated animals by counting the affected cells. 
The plaque technique’ has made possible the determina- 
tion of a number of single antibody-forming cells’. 

The animals were (C57B x CBA)F, female mice which 
weighed 18-20 g, and were 3-4 weeks old. The principle 
of the method used to obtain antibody-forming cells has 
been described before***. Spleens of intact and previously 
irradiated (500 r.) donors were removed and suspensions 
of spleen cells were prepared in TC 199 medium 1 (ref. 10) 
7-21 days after irradiation. Samples of the cell suspension 
were irradiated in vitro with doses varying from 0 to 
1,000 r. The cells were then washed two or three times 
with TC 199 medium and, after washing, sheep red blood 
cells were added to each sample. The treated cells were 
injected into lethally irradiated (850 r.) syngeneic re- 
eipients. Each recipient received 0-5 ml. of mixture. 
consisting of 25x 10* spleen cells and 2 x 10* sheep red 
blood eells. Because preliminary experiments had shown 
that maximal accumulation of cells producing antibody is 
reached in the spleen of the recipients on the sixth day 
after the transfer of the cells the recipients were killed 
6 days after injection. "Their spleens were removed and 
suspensions of spleen cells were prepared. Antibody-form- 
ing cells were counted by the Jerne plaque technique’. 
Mice and suspensions of cells were irradiated with **Co 
X-rays in an EGO-2 apparatus, at a dose rate of 641—587 r./ 
min. 

The injection of spleen cells stimulated by antigen from 
normal mice into lethally irradiated recipients resulted 
in the accumulation in their spleens of ~ 2,500 x 10-5 
antibody-forming cells. Use of the same quantity of 
transplanted cells from previously irradiated donors 
(500 r.) led to a significantly smaller accumulation of 
cells producing antibody. There were about 150 x 10-5 
cells if the donors were irradiated 7 days before the spleens 
were removed, and ^ 170 x 10 if spleens were removed 
21 days after irradiation. 

Cell suspensions from intact and previously irradiated 
donors were radiated in vitro. The results (dose response) 
for three groups of the cel] populations are summarized 
in Fig. 1. In each case inactivation of antibody-forming 
cells was calculated as a percentage with respect to the 
value obtained in each experiment with a non-irradiated 
in vitro cell suspension. Curve 1 characterizes the dose 
response of spleen cells from intact donors. Using the 
exponential part of this curve, the D,, was calculated to 
be 125 r. and the extrapolation number (n) is 1-0 (LD,,— 
95r.). The dose response curve of mouse spleen cells 
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irradiated 7 days before the beginning of radioresistance 
studies was characterized as D,,-325r. and a= i0 
(LD,,=235r.). The greatest difference in accumulation 
of antibody-forming cells, in comparison with the normal 
cell suspension, occurred when the spleen cells were iso- 
lated from the donors 21 days after the preliminary irradia- 
tion. The inactivation curve of antibody-producing cells 
then gave D,,- 180 r. and n=23 (LP; = 680 r.). These 
results indicate that the population of immunocompetent 
spleen cells in the body of previously irradiated mice is 
significantly more radioresistant than that in intact 
animals. 
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Effect of irradiation of spleen cell suspensions on the aecumula- 
tion of antibody-producing cells after antigenicstinulation, ©, Inactiva- 
tion curve for spleen cells from intact mice; $8, inactivation curve for 
spleen cells from mice irradiated (500 r.) 7 days and, ^, 21 days before 
irradiation in vitro. Every point represents data obtained frota at 
least five mice. Curve 1, D44 125r, n=l; curve 2, Dac 82 p, ned; 
curve 3, D, « 180 r., n= 28, 


Fig. 1. 






One possible explanation is that there are a few radio- 
resistant stem cells or immunocompetent cell precursors 
in the body of a normal animal. Preliminary irradiation 
damages a radiosensitive cell population and could be a 
selecting factor for the pre-existing cell population of 
radioresistant cells, so that the ratio of the two cell popula- 
tions changes in favour of radioresistant cells. Theoretical 
analysis shows that curve 1 agrees most closely with two 
possibilities: (1) there is 1 per cent of radioresistant cells 
which are six times more radioresistant than the remaining 
99 per cent of cells, and (2) there is 5 per cent of radio- 
resistant cells, which are four times more radioresistant 
than the remaining 95 per cent. 

This may be correct!, but there is another possible 
explanation for our results in another way. "The radio- 
resistance of immunocompetent cells which has been 
demonstrated in previously irradiated mice is probably 
only a relative phenomenon. The spleen cell population 
is very heterogenie. The most typical form of cell inactiva- 
tion occurs when cells are able to divide one, two or more 
times before death!*?, The generation time of such cells 
is longer than usual. If the number of cells capable of 
limited division after exposure to ionizing irradiation is 
the same in both normal and previously irradiated 
populations. it is simple to calculate that the percentage 
of such cells in an irradiated norma: spleen cell population 
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is relatively low whereas in a previously irradiated cell 
population this percentage may be significant. 
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In vivo Antibody Production by Spleen 
Cells after Incubation in vitro with 
Heterologous Antilymphocyte Plasma 


Some heterologous antilymphocyte serum (ALS) and 
plasma (ALP) preparations have immunosuppressive 
properties!-5 while others, produced in an identical 
manner, completely lack this aetivity*. At present, no 
in vitro standardization test correlates well with the 
immunosuppressive poteney of ALS or ALP as determined 
by its ability to prolong allograft survival?-. The series 
of experiments reported here could provide a rational 
basis for the development of such a test. 

It has been shown? that exposure of lymphoid cells in 
vitro to ALS significantly depresses the immunological 
competence of these cells, as indicated by their sub- 
sequent failure to mediate graft-versus-host reactions. We 
have ineubated mouse spleen cells in vitro with different 
dilations of eight rabbit anti-mouse lymphocyte plasma 
(RAMLP) preparations with dissimilar immunosuppres- 
sive potencies. After washing, the cells were mixed with 
sheep erythrocytes and injected into syngeneic mice which 
had been rendered immunologically anergie by earlier 
treatment with cyclophosphamide. Determination of 
haemagglutinin titres 7 days later showed that in vitro 
ineubation with RAMLP significantly depressed the ability 
of a spleen -cell population to produce antibody in vivo 
against sheep red cells. The decrease in titres varied 
according to the RAMLP used. This variation correlated 
well with the immunosuppressive potency of the RAMLP 
preparation being tested, as judged by its ability to pro- 
long allograft survival; the more potent the plasma the 
greater the depression of haemagglutinin titres. The 
variation in titres did not correlate with the anti-mouse 
lymphocyte agglutinating and eytotoxie antibody content 
of the plasma preparation being examined. 

For the preparation of RAMLP rabbits were sub- 
cutaneously injected at weekly intervals with a suspension 
of 1-2x10* cells from the lymph nodes and thymus 
(except as indicated later) of male C57Bl1/6J mice (20-2 g 
body weight) The rabbits were heparinized and bled a 
week after the third injection. Plasma was stored at 
~20°C in aliquots of 2 ml. Eight different RAMLP 
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preparations were used (pools 6, 12, 13, 14, 15, 17, T9 
and 89). Pools 12, 18, 14, 15 and 17 each contained all 
the plasma from one immunized rabbit. Each of pools 
89 and T9 contained plasma from two immunized rabbits, 
and pool 6 the plasma from four immunized rabbits. For 
the preparation of pool T9, rabbits were immunized with 
C57Bl/6J thymus cells and for the preparation of pool S9 
they were immunized with C57Bl/6J spleen cells. To 
determine the ability of an RAMLP preparation to prolong 
allograft survival, groups of eight male C57Bl/6J mice 
(20£2 g body weight) were grafted with skin from male 
CBA mice (20 £2 g body weight) and given subeutaneous 
injections of plasma (0-25 ml. each time) on days +1, +4, 
+7 and +10 after grafting. The titres of agglutinating 
and cytotoxic antibodies directed against mouse lym- 
phocytes were determined by a previously described 
method, . 

Table 1 shows the results obtained. On the basis of 
their immunosuppressive potency, the eight pools of 
RAMLP fell into three groups. Pools 13, 14 and 89 did 
not prolong allograft survival significantly beyond that 
found in eontrol animals. Somewhat better results were 
obtained with pools 12 and 15. "The third group con- 
tained pools 6, 17 and T9 and these three pools were fairly 
potent immunosuppressive agents. Within each group 
the results obtained with the RAMLP pools were com- 
parable. When the ability of an RAMLP preparation to 
prolong allograft survival was compared with its eontent 
of agglutinating and cytotoxie antibodies directed against 
mouse lymphocytes, the correlation was poor. 


Table 1. PROLONGATION OF ALLOGRAFT SURVIVAL BY ALP 


Titres of 


aggiutinating 
and cytotoxic 
ALP pool No. of animals with grafts surviving at: antibodies 
used «121 12-15 15-20 20-25 25-85 against mouse 
Iymphocytes* 
Aggiu- — Cyto- 
timating — toxic 
No plasma 39 
Normal rab- 
bit plasma 8 2 2 
Pool 13 7 1 4 6 
Pool 14 8 6 T 
Pool 89 8 7 T 
Pool 12 4 4 5 7 
Pool 15 3 5 5 g 
Pool 6 1 3 3 1 T 10 
Pool 17 2 4 1 8 9 
Pool T9 3 1 2 2 6 T 


Male C57 BI/GJ mice (20+2 g body weight) were grafted with skin from 
male CBA mice (20€ 2 g body weight) and given subcutaneous injections 
(0-25 ml. each time) of ALP or normal rabbit plasma on days +i, +4, 47 
and +10 after grafting. 


* Titres expressed as reciprocals of loga. 
* The figures represent the number of days for which grafts survived. 


In the next series of experiments mice were given 
cyclophosphamide and 7-8 h later were intravenously 
injected with a mixture of sheep erythrocytes and syn- 
geneie spleen cells, the latter having been ineubated with 
RAMLP before mixing with sheep cells. Before incuba- 
tion with spleen cells all RAMLP was heated at 56? C 
for 30 min and then absorbed with an equal volume of 
packed sheep erythrocytes (previously washed three times 
in 0-9 per cent NaCl) to remove natural antibody directed 
against sheep red cells. 

The experimental medel which was used derives from 
the work of Santos and Owens*. They showed that sera 
from mice injected with cyclophosphamide, given sheep 
red cells 4 h later and bled after 5 days, had significantly 
depressed haemagglutinin titres compared with titres in 
sera from mice given sheep cells only. If eyclophospha- 
mide-treated mice were injected with a mixture of sheep 
erythrocytes and normal syngeneic spleen cells, haemag- 
glutinin titres were restored to the levels found in animals 
given sheep cells but not cyclophosphamide. Thus the 
injected spleen cells seem to be in some way essential for 
the production of antibody to sheep red cells, though it is 
possible that a host component is also involved. 
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In a typical experiment thirty-two male C57B1/6J mice 
(23-27 g body weight) were injected intraperitoneally 
with 250 mg/kg body weight of cyclophosphamide 
(Proeytox', Horner) Five hours later the spleens were 
removed from seven other male C57B1/6J mice (18-22 g 
body weight), cut into fragments on a stainless steel mesh 
and irrigated with TC199 (Difco). A volume of cell 
suspension containing 18 x 10’ nucleated cells was placed 
in each of four test tubes and after gentle centrifugation 
the supernatant was discarded and 1 ml. of TC199 was 
added to one of the tubes. Each of the other three tubes 
received 1 ml. of undiluted RAMLP or 1 ml. of 1:8, 
1:32 or 1:64 dilutions in TC199 of one of the eight 
RAMLP pools used. After resuspension, cells were in- 
eubated at 37? C for 30 min, and TC199 (5 ml.) was then 
added to each tube. The suspension was centrifuged and 
the cell sediment was washed once with 10 ml. of TC199. 
After the supernatant had been discarded 0-9 ml. of a 
10 per cent suspension of sheep erythrocytes (previously 
washed three times in 0-9 per cent NaCl) in TC199 was 
added to each tube and the contents were then made up 
to a final volume of 4-5 ml. by addition of TC199. Each 
of a group of eight mice was intravenously injeeted with 
0:5 ml. of this cell suspension. These mice constituted a 
single experimental group. All mice were injected between 
the seventh and eighth hour after receiving cyclophos- 
phamide, and injections were randomized to prevent 
discrepancies caused by deterioration of cell suspensions 
with time. In all experiments the proportion of cell 
numbers to the volumes of suspending media was constant. 
On every occasion but one, the four experimental groups 
contained a control group of eight mice injected with 
spleen cells incubated in TC199 alone. Mice were bled 
from their carotid arteries 7 days later and, after separa- 
tion of serum, haemagglutinin titres to sheep red cells 
were determined as previously deseribed?. 

Table 2 shows the results obtained. Comparable 
haemagglutinin titres were produeed when spleen cells 
were incubated in either TC199 or normal rabbit plasma 
before injection. In contrast there was a significant 
depression of haemagglutinin titres if cells were incubated 
in RAMLP before injection. Incubation of cells in dif- 


Table 2. 
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ferent dilutions of plasma allowed the eight different 
RAMLP preparations to be placed into three groups 
which correlated with their abilities to prolong allograft 
survival. Depression of in vivo antibody production by 
spleen cells after their incubation in vitro with RAMLP 
was most marked with pools 6, 17 and T9 and least evident 
with pools 13, 14 and 89. Pools 12 and 15 gave inter- 
mediate results. Within the groups the RAMLP prepara- 
tions gave comparable results, though there were occasional 
discrepancies. As an example, pool 17 at a dilution of 
1 : 64 depressed haemagglutinin titres to a greater degree 
than did either pools 6 or T9 at that dilution. 

Antibody production was not inhibited if the RAMLP 
used for incubation had been previously absorbed with 
C57BI/6J spleen cells (Table 2). This suggests that the 
ability of RAMLP to depress antibody production by 
spleen cells is a result of the functicnal inacti ation of 
these cells by agents directed against antigenic moicties 
contained in nucleated spleen cells or, alternatively, some 
specific portion of the nucleated spleen cell population. 
Results obtained when RAMLP was absorbed with 
257Bl1/6J erythrocytes before incubation with spleen cells 
suggest that mouse red cells contain insignifieant amounts 
of these antigens. Hence it is unlikely that immuno- 
suppression by RAMLP could be a result of antibody 
directed against mouse H-2 antigens?" The functional 
inactivation of spleen cells by RAMLP could be a result 
of any of several processes; for example, their blindfolding 
or actual destruction by antibody. Alsernatively, it could 
be the result of the induction of a non-specific prolifera- 
tion! or some other as yet undefined process. 

With a few exceptions, there was a good correlation 
between the ability of RAMLP tc prolong allograft 
survival and its ability to depress im vitro the antibody 
forming capacity of a spleen cell population. Our results 
are compatible with the following rather simple hypothesis 
concerning the action of ALP as an immunosuppressive 
agent. We feel that the ability of ALP to prolong allograft 
survival is directly proportional to its content of an 
immunosuppressive antibody whieh :s distinet and dif- 
ferent from lymphocyte agglutinating and cytotoxic 
antibodies. This immunosuppressive antibody depresses 

















HAEMAGGLUTININ TITRES AFTER INJECTION OF A MIXTURE OF SHEEP ERYTHROCYTES AND SYNGENEIC SPLEEN CELLS INTO MICE PREVIOUSLY GIVEN 


CYOLOPHOSPHAMIDE 


Haemagglutinin titres*. Before injection spleen cells were incubated in 


ALP pool used for 
incubation and number 
and type of cells injected 


TC199 
Mean 95 per cent 
CLMT 


Undiluted ALP 
Mean 
CLM 


Sheep erythrocytes only 
(no cyclophosphamide) 
Sheep erythrocytes only 
5 x 10° spleen cells 
107 spleen cells 
2x 10° spleen celis t 
Inactivated spleen cells§ ) 
Normal rabbit plasma 90 (15) 8 -10 
Pool 13 LL (9 01-21 
ed y 0 (3) 0 
ool 8 19 (8) 05-33 
Pool 12 A 
Pool 15 
Pool 6 
Pool 17 
Pool T9 
Pool 12 absorbed with 
spleen celle; 
Pool 12 absorbed with 
red cells% 


- 


TIMES M 
EFE 
DRO m OD 


cescoo 
MO MeO 
es aS 


ovecce 


1 


Male C57BI/6J mice (2042 g body weight) received eyclophosphamide intraperitoneally (250 mg/kg body weight). 
was intravenously injected with 0-5 ml. of TC199 containing 0-1 ml. of a 10 per cent suspension of sheep erythrocytes in TC/99 and Zx1 


C57 BI/6J spleen cells. 
prior to mixing with sheep erythrocytes. 


* Titres expressed as reciprocals of log,. 


95 per cent 


ALP diluted 1:8 ALP diluted 1:32 ALP diluted 1:64- 








Mean 95 per cent Mean — 95 per cent Mean 
CLM CLM 
73 (8) 64- 8-2 
7-9 (14) 6-3- 9-5 
45 (8) 22-68 
10:4 (7) 9-9-10-9 
0-5 (14) 0 -12 
05 (8) O - 14 
05 (8) 0-12 
0-5 05 0 - 1-6 
02 (6) 0 — 06 
10-1 (8) 9-3-10-9 
2.6 (8) 13- 3-9 


Between 7 and 8 h later each mouse 
* nucleated 








Spleen cells were incubated for 30 min in TC199 or in different dilutions of the various ALP pools used anc then washed with TC190 
Haemagglutinin titres were determined on serum obtained from the mice 7 days after injection. 


The figures in brackets indicate the number of animals in each group. 


T 93 per cent confidence limits of the mean (mean + "t" (standard error of the mean)). 


1 In all subsequent experiments animals received this dose of spleen cells. 


$ Cells inactivated by heating at 56? C for 30 min. 


1140 x 10* nucleated C57 BU6J spleen cells were added to 1 ml. of a 1:8 dilution of Pool 12 in TC199. After incubati B7° € for 30 mi a 
mixture was centrifuged and the supernatant used for incubating with spleen cells as in the other experiments. IM Snos in 


* 5x10? C57BUO0J red cells were added to 1 ml. of a 1:8 dilution of Pool 12 in TC199. The mixt ras ineubated af 37? C f 0 min ¢ 
after centrifugation the supernatant was used for incubating with spleen cells as in the other EDS AES RE uates oan un for- pee And 


1352 


immune responses by functionally inactivating the cells 
or, alternatively, some portion of the cells which are 
involved in antibody production. This inactivation results 
from direet contact between cell and antibody, and the 
degree of inaetivation is directly proportional to the 
amount of immunosuppressive antibody contained in the 
ALP being tested. Knowledge of the proeesses involved 
in antibody production is incomplete at the present time. 
Thus it would not be possible to indicate precisely how 
ALP inactivates the cells involved in antibody production 
or to define the cell types involved. 

In vitro methods are available for inducing spleen cells 
to produce a primary immune response to sheep erythro- 
cytes. Application of our findings to one of these methods 
could result in a satisfactory in vitro test for standardiza- 
tion of ALS and ALP in terms of immunosuppressive 
potency. 
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Cellular and Humoral Immunity to 
Different Types of Human Neoplasms 


Most experimentally induced animal neoplasms contain 
tumour specific transplantation antigens (TSTA), against 
which immunological reactions can be detected both in 
vivo and in vitro, 

The colony inhibition (CI) technique*? has been exten- 
sively used for the detection of immunity against TSTA 
of both transplanted*:* and autochthonous!® 11 neoplasms. 
In principle, a decrease in the plating efficieney of tumour 
target cells oceurs after they have been incubated with 
serum (and complement) or lymphocytes from specifically 
immune animals. 

Recent studies have shown both cellular and humoral 
immunity to human neuroblastomas, reflected as a decrease 
in the efficieney of tumour cell plating after exposure to 
blood lymphocytes or plasma from patients with neuro- 
blastomas"?, No inhibition occurred with lymphocytes 
and plasma from a total of fifty control donors. The find- 
ings therefore indicate that neuroblastomas have TSTA. 
Evidence which suggests the presence of specific antigens 
in certain other human neoplasms has been presented!*-?”. 
Tt is, however, unknown in most of these cases whether 
the immunological reactions can lead to death or inhibition 
of the tumour cells. Because neuroblastomas sometimes 
undergo spontaneous regression?!, they represent a unique 
type of neoplastic disease. It therefore seemed important 
to study whether inhibition of the formation of tumour 
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cell colonies could be detected with human neoplasms 
other than neuroblastomas after these neoplasms had 
been exposed to autochthonous lymphocytes and plasma. 
The results of this study are presented here. 

Tumour specimens of different histological types (details 
in Tables 1 and 2) were trypsinized, explanted and 
propagated for 7-30 days in vitro. Subcultivations were 
made only occasionally, most studies being performed with 
primary cultures, consisting of cells which grew in several 


Table 1. INHIBITION OF COLONY FORMATION BY PLATED CELLS OF VARIOUS 

HUMAN TUMOURS AFTER EXPOSURE TO BLOOD LYMPHOCYTES FROM THE 

AUTOCHTHONOUS PATIENTS AND FROM OTHER PATIENTS WITH TUMOURS OF 
THE SAME HISTOLOGICAL TYPE AS THE TARGET TUMOURS 


Reduction (%) of 





Donor Donor of colony formation 1 
of Iymphocytes* Normal cells 
Type of target tumour target Exp. Control Target — from the 
cells* — groups groups tumour target 
cells tumour pat.$ 
Wilms’s tumour RD, ee 2 controls 46-24 
R.B. 0 
Wilms's tumour ES. E.S. 1 neuroblas- 6238c 0 
toma 
1 control 
Wilms's tumour R.D. E.S. l neuroblas- 8SI:3e 0 
toma 
2 controls 
Sq. cell carcinoma, lip V.B. 4 controls 55 2a 
Soft tissue sarcoma M.P. 3 controls 348a 
Malignant melanoma E.N, 2 controls 70-0¢ 
26-24 

Medullary carcinoma, 

thyroid S.C. 3 controls 32-90 0 
Sq. cell carcinoma, 

larynx B.L. B.L 2 controls 52-24 
Sq. cell carcinoma, 

larynx MA. M.J. 15q.cellea. 53-56 


skin 
1 ca. breast 
1 eontrol 


Neurilemoma, face T. Me. T.Mc. 1 control 62-00 
C. C. Lea. colon 
Mixed tumour, parotid P.C. P.C. 2 controls t — 47-7h 0 
1 ea. colon 
Ductal carcinoma, 
breast P.L P.L 2 controls 15:4a. 0 
1 ca. lung 
Undifferentiated car- 
cinoma (giant cell 
type), bronchogenic G.M. G.M. 3controlst — 15:5 0 
J.M. 52:15 
Adenocarcinoma, lung A.B. A.B. 3 controls 82:0e 20-5 
J.M. 1a. pancreas 23:2b 95:8 
Myosarcoma, neck S.S. 8.S. 2 controls 37-2a 0 
Adenocarcinoma, colon L.W. L.W. 4 controls+ 0 0 
M.L. Pea uterus — 74-45 0 
Adenocarcinoma, colon L.W, R.G 5eontrols t. — 76-36 39:2 
1 ca. larynx 
Adenocarcinoma, colon M.M. M.M. 2 controls 61-6e D 
Adenocarcinoma, colon E.P. EP, 1 ea. lung 6r5b 
1 eontrol 
Adenocarcinoma, colon T.C, LP. ica. prostat, 76-05 28:5 
E.G.  2controlst 18-9 0 
T.C. 32.6 0 
Adenocarcinoma, colon F. E. F.E. 2 controls 61-55 0 
Adenocarcinoma, colon F.E. T.C. 1 ca. prostat. 52.5e 0 
E.G 2 controls a 0 
REL 45-0b 24-6 
Adenocarcinoma, colon F.E. E.P. 1 ca. lung 542e 0 
REL 2 controls 47-6¢ 0 


* Experiments were performed in which both autochthonous lymphocytes 
and lymphocytes from other patients with the same type of tumour were 
tested against the same farget cells. Ten patients (S.C., T.C., A.D., RD., 
E.G., M.J., P.L., M.M., E.S., 8.8.) showed evidence of persistent or progres- 
sive disease, while the other tumour patients had no symptoms at the time 
ofthe tests, Controls included patients with tumours of types other than the 
target cells (the tumour type being indicated in the table), patients admitted 
to surgical services for non-neoplastic diseases and normal volunteers (the 
last two groups being referred to as “controls” in the table). In each experi- 
ment different control donors were used. 


+ One of the controls gave strong inhibition (> 30 per cent) of both tumour 
and normal cells, 


į The percentage reduction in experimental groups compared with control 
groups is given. Both groups received 5x10* lymphocytes. Each group 
consisted of 1,000-2,000 target cells plated onto each of two to five Petri 
dishes, the number of plated cells being chosen so as to give 50-100 colonies 
per dish in control groups. Percentage reduction in experimental groups was 
calculated by comparison with pooled data from all controls in the same 
experiment, with the exception of data from controls (denoted +), which 
inhibited normal cells to at least the same extent as neoplastic cells and were 
therefore excluded. The number of colonies in controla with lymphocytes 
from patients with tumours of another histological tvpe than the target cella 
closely paralleled colony numbers with lymphocytes from patients who did 
not have neoplasia. 

§ Skin fibroblasts from patients with tumours were used as normal controls, 
except in most experiments with colon carcinomas, in which normal epithelial 
cells from colon mucosa were used. 

a, b, c. The probabilities that differences between colony numbers in 
experimental as compared with control groups were due te chance were calcu- 
lated. a «0-05,5 «0-01, e « 0-001. 
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Table 2, INHIBITION OF COLONY FORMATION BY PLATED CELLS OF VARIOUS 
HUMAN TUMOURS AFTER INCUBATION WITH PLASMA 


Reduction (95) of 
Donorof Donor of plasma* colony formation t 
Type of target tumour target Exp. Control Plasma Plasma 
cells groups groups dil. 1:2 dil. 1:4 
Soft tissue sarcoma MP. MP. 1 neuroblas- 
toma 38-2a 18-8 
6 controls 
Adenocarcinoma, colon L.W. L.W. 1ca.uterus 31-0c 29-2c 
M.L. 2 controls 32-8b 32-2b 
Adenocarcinoma, colon L.W. L.W. lea lung 20:5a 0 
M.L. 1 ca. uterus 24:84 46:3e 
2 controls 
Adenocarcinoma, colon L.W. M.L. 1 ca. larynx 173 279b 
R.G. 2 controls 9-4 14 
Adenocarcinoma, colon L.W. L.W. lea. lung 36-8e 0 
M.L. 2 controls 37-5¢ 
Adenocarcinoma, colon E.E. F.E. 1ca.lung 283a 138 
T.C. 2 controls 0 16:5 
Adenocarcinoma, colon F.E. F.E. 1 ca. lung 53. 24a 
E.P. 1 control 0 36-45 
R.L. 0 217 


Plasma came from the autochthonous patients and, in some experiments, 
from other patients with tumours of the same histological type as the target 
tumours. Controls received plasma from patients with types of tumours 
other than the target cells (the tumour type being indicated in the table), 
from patients with non-neoplastic diseases and from normal subjects (the last 
two groups being referred to as “controls” in the table). 


* See asterisk footnote to Table 1. 


+The percentage reduction in experimental as compared with control 
groups is given, Each group consisted of 1,000 tumour cells plated on to each 
of three to six Petri dishes. Percentage reduction in experimental groups was 
calculated by comparison with pooled data from all controls in the same 
experiment, The number of colonies in controls with plasma from patients 
with tumours of another histological type than the target cells closely paral- 
leled colony numbers with plasma from patients who did not have neoplasia. 
No reduction was seen in experimental groups, if heat-inactivated Instead of 
active complement was supplied. 


a, b, c. The probabilities that differences between eolony numbers in 
experimental as compared with control groups were due to chance were calcu- 
lated, a «0:05, b « 0-01, e « 0-001, 


layers forming criss-cross patterns. Slides from the 
tumour eultures were studied histologically and cultures 
that were heavily contaminated with normal fibroblasts 
were discarded. Normal skin fibroblasts were explanted 
from those patients whose tumours were studied and 
explants were also made of colon mucosa as controls for 
experiments with carcinoma of the colon. Colony in- 
hibition tests? were subsequently performed in which 
the tumour cells were exposed to either blood lymphocytes 
or plasma from various donors, and were plated onto two 
to six Petri dishes in each group. The following types 
of lymphocyte and plasma donors were included: the 
autochthonous patients, other patients with the same type 
of neoplasm, patients with other neoplasms and patients 
with non-neoplastie diseases or normal healthy subjects. 
Lymphoeytes were collected by sedimentation of heparin- 
ized blood with plasma gel and were then incubated in 
glass bottles with glass beads at 37^ C for 45-60 min. 
'This gave 60-90 per cent pure lymphocyte suspensions. 
All plasmas were heat inactivated at 56° C for 30 min. A 
pool of fresh human serum was added as a source of 
complement in all tests of humoral immunity; no com- 
plement was supplied in experiments with lymphocytes. 
The number of colonies in each Petri dish was determined 
after ineubating the dishes for 3-5 days; the percentage 
reduction in experimental groups was calculated by com- 
paring the colony numbers in such groups with the 
numbers in groups which had received the same dose of 
lymphocytes or dilution of plasma, derived from controls. 
Student t tests were performed to determine the signifi- 
eance of differences in colony numbers between experi- 
mental and control groups. 

Table 1 summarizes the findings on cellular immunity 
to a variety of human neoplasms. Autochthonous lympho- 
eytes from patients with tumours inhibited colony forma- 
tion of the respective tumour cells, whereas lymphocytes 
from control patients did not, irrespective of whether 
these patients had tumours of another histological type 
than the target cells or had non-neoplastic diseases. The 
inhibition was detected both when the patients had evi- 
dence of persistent or progressive neoplastie disease and 
when they had not. Normal fibroblasts or epithelial cells 
from the same patients were not inhibited, except in a 
small number of cases when the same lymphocyte sus- 





1353 


pension inhibited both neoplastic and normal cells. No 
differences were found in this respect between lymphocyte 
suspensions that were 60 or 90 per cent pure. There were 
no cases in which control lymphocyte suspensions im- 
hibited tumour but not normal cells from the same 
patient. 

It ean also be seen from Table 1 that lymphocytes from 
patients with adenocarcinoma of the colon inhibited 
colon carcinoma cells from other patients as well, but did 
not inhibit other types of tumour cells. This implies that 
colon carcinomas probably have a common TSTA, as 
indicated by previous studies“. Data presented in 
Table 1 suggest that other types of human neoplasms may 
have common antigens, as allogeneic lymphoeytes from 
patients with malignant melanomas, jung carcinomas and 
Wilms's tumours inhibited tumours of the respective 
histological types. Too few experiments were, however, 
performed with these tumours to permit any firm con- 
clusions on the existence of common antigenicity among 
them. 

It was also possible to detect a humoral immunity 
against specific antigens of certain human tumours (Table 
2). Experiments were performed with plasma from some 
of the patients whose lymphocytes had been st udied. All 
tests but one were performed with adenocarcinomas of 
the colon and showed a complement dependent inhibition 
of colony formation after incubation with plasma from 
the target cell donors and from other patients with adeno- 
careinomas of colon, but not after incubation with plasma 
from other patients with tumours er from patients with. 
non-neoplastie diseases, or normal eentrols. One experi- 
ment was performed with a soft tissue sarcoma and showed 
an inhibitory effect of autochthonous plasma. 

These findings demonstrate celiular and humoral 
immunity to several different human neoplasms, and 
indicate that the tumours which were studied had TSTA. 
For several reasons, the data cannot be attributed to 
non-specific toxicity of certain samples of lymphocytes 
and plasma, neither can they be explained on the basis 
of immunity to normal isoantigens. First, immunological 
reactions were observed to all of nineteen autochthonous 
tumours. Second, normal cells from the patients in which 
the tumours had originated were not inhibited. Third, 
no specific inhibition was detected with control lympho- 
cytes and plasma from patients with neoplasms of types 
other than the target cells, or from patients with other 
diseases or from normal controls. It cannot be concluded 
whether the immune reactions which were observed were 
directed against TSTA induced by somatic mutation or 
virus infection, or against antigens which were of & 
"carcinoembryonie" type! shared by tumour calls and 
certain normal embryonic cells. Neither can it be deter- 
mined whether those neoplasms which were found to have 
a common antigen also possess individually distinct TSTA, 
as are found in chemically induced animal tumours”. 
A slight non-specific inhibitory effeet of allogeneic as com- 
pared with autochthonous lymphocytes can be seen when 
target cells of normal origin are studied!^?*, and it there- 
fore seems likely that an immunological reaction against 
individually specifie tumour antigens and mediated by 
autochthonous lymphocytes may net have been detect 
able when the neoplasms studied had a common antigen. 

It may seem paradoxical that lymphocytes from patients 
with tumours destroy (inhibit) autochthonous neoplastic 
cells in vitro. One explanation of this finding seems to be 
that tumours ean grow in vivo in spite of an immunological 
reaction against their antigens, which may destroy many 
of their cells but not be potent enough for tumour eradica- 
tion. It may also be speculated tha» certain factors, such 
as enhancing antibodies, are present in tumour patients 
and counteract the destructive effect of immune lympho- 
eytes. 
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immunological Restoration of the Locally 
Irradiated Spleen with Circulating 
Lymphocytes 


ALTHOUGH the production of haemolysins by normal rats 
after a single intravenous injection of sheep red blood 
cells (SRBC) occurs almost entirely in the spleen, heavy 
local irradiation of this organ can drastically reduce the 
capacity of the animal to form haemolysin only if com- 
bined with sublethal total body irradiation. Irradiation 
of the spleen alone, when. performed shortly after adminis- 
tration of SRBC, results in an apparently normal haemo- 
lysin response which derives almost completely from the 
activity of the irradiated spleen?. There is little doubt 
that the doses of radiation used (about 10,000 r.) kill all 
lymphoid cells in the spleen at the time of irradiation?, so 
it is clear that the restoration of the response to an anti- 
genie stimulus must derive, in these circumstances, from 
a cireulating cell population?. This cell population has 
been investigated in two ways: first, by limiting the time 
available for the appropriate cells to migrate into the 
spleen, and seeond, by supplementing the radiation 
depleted circulating pool with suitable cells. 

Adult female albino rats from a colony bred strain were 
injected intravenously with a standard inoculum of 
3-5 x 107 SRBC a few minutes before their spleens were 
surgically exteriorized and subjected to 10,000 r., the 
remainder of the body being carefully shielded. Antibody 
titres were measured after the injection of SRBC (ref. 1). 
Two modifications of this basic schedule were made. In 
the first, 4 ml. of blood was collected from individual rats 
by cardiac puncture at the start of the experiment. The 
blood leucocytes were separated by sedimentation for 1 h 
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in 3 per cent gelatine (two parts blood : one part gelatine) 
and stored at 5? C until required. Three hours after the 
animals had been bled they were subjected to 600 r. total 
body irradiation. "They were then injeeted with SRBC 
and their spleens were locally irradiated. Three hours 
later the autologous stored leucocytes were returned to 
the animals by intravenous injection. Groups of rats 
received inocula adjusted to contain various numbers of 
lymphocytes (estimated by differential counts on the 
injected total leucocyte population). The haemolysin 
response of these animals was determined. In the second 
modification rats were subjected to total body irradiation 
(600 r.), with the spleen shielded, at various times after 
immunization and local irradiation of the spleen. Again 
their immune response to injected SRBC was determined. 

The results of these experiments are given in Tables 1 
and 2. When more than 3 million autologous blood 
lymphocytes were injected there was a significant restora- 
tion of immunological responsiveness and injection of 
larger numbers of cells led to the production of a bigger 
immune response (Table 1). A regression curve fitted by 
the method of least squares showed that the relationship 
between log peak haemolysin titre and the log of the number 
of inoculated blood lymphocytes was not linear and had 
a slope greater than one. A possible interpretation of 
this is that more than one cell type is responsible for 
immunological restoration. There was, however, no cor- 
relation between the immune response and the number 
of injected large lymphocytes or monocytes which inevit- 
ably contaminated the inocula. The tentative conclusion 
must be drawn that if there are two or more cell lines or 
types responsible they are morphologically indistinguish- 
able small lymphocytes. 





Table 1. ANTIBODY RESPONSE IN X-IRRADIATED RATS* INJECTED WITH 
AUTOLOGOUS BLOOD LEUCOCYTES 
No. of lympho- Mean log No. of rats 
Group No. of — cytes in inocu- titre responding/No. 

rats lum ( x 10-9) E) inoculated 
1 9 None 0-00 0/0 
2 3 LŠ 0-00 0/3 
3 5 2:3 0-26 + 0-26 1/5 
4 4 2-6 0-78 0-44 2/4 
5 3 3:3 1:20 + 0-42 3/3 
6 4 5-5 2:11 40-40 4/4 
7 3 6-2 2-32 + 0-33 3/3 
8 4 TA 2:63 * 0-12 4/4 
g 7 9-0 2-76 40-12 TÍT 


* 600 r. total body and 10,000 r. to the spleen. 
+ Between days 7 and 10 after immunization. 


Table 2. ANTIBODY RESPONSE IN RATS GIVEN TOTAL BODY RADIATION* WITH 

SPLEEN SHIELDING AT VARIOUS TIMES AFTER LOCAL IRRADIATION OF THEIR 
SPLEENST 

Time between spleen and 


Mean iog Length of the 





No. of subsequent total body peak titre latent period in 
iroup rats irradiation with spleen (ES.E.) days (£8. E.) 
shielding (h) 

1 5 031 1-03 + 0-41 9-002 

2 5 ro 2-74 £ 0-10 4740-2 

3 6 2-0 2.99 + 0-20 4 01 

i 5 3-0 3-67 +0-14 4440-1 

5 6 45 4152023 T4 x04 

6 6 6.0 3-72 + 0-03 $3402 

7 5 12:0 3:574 € 0-26 3740-2 

8 10 Only spleen irradiation 3:78 € 0-04 3-8 £01 

9 8 Total body irradiation just 

before spleen irradiation 0-00 — 

* 600 r. 


+ 10,000 r. immediately after antigen injection. 


The second experiment illustrates the rapidity with 
which the restoration is achieved (Table 2). Within 1 h 
of local irradiation of the spleen, sufficient cells can migrate 
into the injured organ partially to restore its ability to 
respond to SRBC, and within 4 h sufficient cells have 
migrated to produce complete immunological restoration. 
Immune responses potentiated by cells immigrating for 
4-5 h were higher than values recorded after longer periods 
of immigration. No explanation can be offered for this 
phenomenon. 

These experiments demonstrate the usefulness of local 
irradiation of the spleen* in attempts to determine the 


NATURE. VOL. 220, DECEMBER 28. 1968 


nature of circulating cells which can effect an immune 
response and their site of action. Histological observa- 
tions were made on the spleens in our experiments and, 
although they are not reported in any detail here, the 
cellular pattern of the immune response in terms of its 
constituent cells was clearer than is usually found in the 
normal spleens. 
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Antibody Synthesis in vitro by Lymph 
Nodes from Hamsters bearing 
Adenovirus 12 Tumours 


AwrIBODY synthesis in vitro has been demonstrated with 
a number of different antigens, but few studies have been 
earried out on the relation between antibody response 
in vitro and viral carcinogenesis. We describe here the 
synthesis of antibody to adenovirus type 12 viral antigen 
by lymph nodes from hamsters bearing adenovirus 12 
tumours. 

Adenovirus 12 was grown and purified as described 
previously^?. Newborn Syrian hamsters were injected 
subeutaneously with adenovirus type 12 (Huie) within 
12 h of birth. After the tumours had reached 5-8 em in 
diameter, the animals were killed by exsanguination and 
the mesenteric lymph nodes, inguinal lymph nodes and 
spleen were removed for culturing. The primary tumours 
were minced and transplanted subeutaneously to weanling 
hamsters. Hamsters which did develop tumours were 
used as controls. 

Spleen and lymph nodes were washed in balanced salt 
solution (BSS) and minced into fragments 1-2 mm in 
their longest dimension. After three more washes, frag- 
ments from each animal were divided into two groups: à 
control group and a group exposed to the viral antigens. 
Exposure to these antigens was carried out in either 
Petri dishes or 2 dram vials containing approximately 
1,000 TCID,, of 'Genesolv-D' ‘Freon’. Allied Chemical 
Company) extracted virus. After incubation for 2 h at 
37° C in an atmosphere of 95 per cent air and 5 per cent 
CO, the fragments were washed with BSS and placed in 
eulture. Methods of cultivation were similar to those of 
Ortiz-Muniz and Sigel. Six to eight fragments were 
placed on 0-5 per cent agar disks 2-5 cm in diameter, and 
two disks were added to each Petri dish (60x 15 mm). 
Cultures were fed every 3 days with 2 ml. of growth media 
consisting of Eagles MEM containing 20 per cent inac- 
tivated foetal calf serum and antibioties. Culture fluids 
were harvested at intervals of 3 days and saved for 
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antibody assay. Chloramphenicol was added at a concen- Y Ux 


tration of 50 pg/ml. growth medium te certain eultures in 
order to show de novo antibody synthesis‘. 

Sera obtained from tumour-bearing hamsters and 
culture fluids from organ cultures were assayed for anti- 
body to viral antigens. Culture fluids were concentrated 
four to five-fold by pressure dialysis before assay. Micro- 
titre complement fixation (CF) methods as well as passive 
haemagglutination (PHA) methods! were used. The 
principal antigens used for these tests were either ‘Freon’ 
extracted adenovirus 12 or DEAE-~cellulose purified 
viral fractions eluted with 0-15 to 0-2 M. NaCl. 

The following methods were used to demonstrate the 
specificity of antibodies synthesized 4n vitro: (1) absorp- 
tion of culture fluids with equal volumes of antigens and 
(2) the coating of these antigens direetly on erythrocytes. 

Results obtained with sera from  tumour-bearing 
hamsters were similar to those reported previously’. 
Seven out of ten hamsters bearing aGenovirus 12 primary 
tumours had detectable serum antibody to a viral antigen 
using either CF or PHA methods. With hamsters bearing 
transplanted tumours, three out of ten had detectable 
antibody using either of the above methods (Table 1). 


Table 1. In vivo AND in vitro ANTIBODY RESPOESES OF HAMSTERS BEARING 
ADENOVIRUS 12 TUMOURS 


No. of No. of cultures 
Tumour animals No. with serum antibody synthesizing 
tested CE PHA antibody £n vitro 
Primary 10 6 (6095) 7 (7090) 10 (100%, 
Secondary 10 2(205) $305) 9 (009) 


CF, complement fixation. 
PHA, passive haemagglutination. 


Table 2. SPECIFICITY OF ANTIBODY* SYNTHESIZED in vitro 
Antigens coated Antigens used to Antibody 
on erythrocytes absorb culture fluids titre t 

Ad 12 (F) — 32 
Ad 12 — 32 
Ad 12 Ad 12 EI 
Ad 12 Ad 5 32 
Ad 12 xe n 32 
Ad 12 KB 32 
Ad 12 FCS 32 
Ad 5 — <4 
FCS — <4 
KB — «4 
pe L c4 


+ Assayed by passive haemagglutination. 
1 Expressed as reciprocal of dilution. 
Ad 19 (F), adenovirus type 12, ‘Freon’ extracted. ] 
Ad 12, adenovirus type 12, DEAE purified fraction eluted with 0-2 M NaCl. 
Ad 5, adenovirus type 5, ‘Freon’ extracted. 
FCS, foetal calf serum 1 : 100. 
CT sonified Ad 12 tumour cells 2-5 x 107/ml. 
KB, sonified cells 2-6 x 107/ml. 


Fragments of lymph nodes from tumour bearing 
hamsters maintained in vitro were able to synthesize 
antibody only if exposed to viral antigen before being 
placed in eulture. Antibody could be detected 9 days 
after the culture was started, with responses decreasing 
after 3 or 4 weeks in culture. It can be seen in Table ! 
that all isolated lymph nodes, with the possible exception 
of nodes from one animal which did not develop serum 
antibody, were capable of synthesizing antibody ín vitro 
after exposure to virus. Fragments of lymph nodes 
obtained from the hamsters bearing transplanted tumours 
also synthesized antibody in vitro comparable with those 
bearing primary tumours. Spleen fragments did not 
synthesize antibody detectable by these methods. Lyra- 
phoid tissues from animals which did not develop tumours 
were also negative. 

Antibody synthesized in vitro was specific for the viral 
protein and not to tissue eulture or tumour antigens. 
Typical results obtained using heterologous antigens are 
shown in Table 2. This was demonstrated with all the 
samples tested. 

The presence of chloramphenico! at 50 ug/ml, medium 
completely inhibited antibody synthesis. Cells from the 
cultures ‘containing chloramphericol remained viable 
throughout the period of observation and testing, as 
determined by staining with trypan blue. 
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From these data it seems that lymph nodes. from 
hamsters bearing adenovirus 12 tumours have been 
“primed” to respond to viral antigens. After exposure to 
the antigen in vitro, the lymph nodes are capable of 
synthesizing specific antibodies to a viral antigen eluted 
from DEAE cellulose with 0-2 M NaCl*. It can be-con- 
cluded that lymph nodes from animals bearing primary 
and early passage, secondary adenovirus 12 tumours, have 
the ability to synthesize antibodies in vitro which may 
not be detected in vivo. 

This work was supported by a grant from the US 
National Institute of Allergy and Infectious Diseases. 


STANLEY S. LEkFKOWITZ 
Ruopa ANN REDDICK 


Department of Microbiology, 
Medieal College of Georgia, 
Augusta, Georgia. 
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Scientific Training and the Persistence 
of Traditional Beliefs among West 
African University Students 


Iv is often taken for granted that education in general, 
and especially scientific training’, can eliminate the 
traditional supernatural beliefs widely held in African 
cultures, The outcome of extensive anthropological 
studies in this sphere, as discussed, for example, by 
Horton’, lends little support to this; on the contrary, 
it shows that such beliefs are deeply rooted in systems 
of social relations. If, as has been suggested‘, a magico- 
taythical world view is an obstacle to the emergence of 
creative scientists (as distinct from competent practitioners 
of scientific techniques), then the issue is an important 
one. There is some evidence regarding primary and 
secondary schooling*9 which indicates that education is 
far less effective in this respect than is usually assumed. 
Little seems to be known about higher education in this 
context, so a study was carried out at the University of 
Ghana. 

Two hundred and eighty male students were given 
tests and questionnaires, including ten questions dealing 
with supernatural beliefs which are widespread among 
the population at large. On the basis of the responses a 
scale was constructed ranging from 0 (total unqualified 
disbelief) to 20 (total unqualified belief); this provides a 
measure of the extent to which each individual subject 
maintained such beliefs. Results are shown in Fig. 1. 

The overall mean of 6-67 represents a substantial 
degree of acceptance. Because it is difficult to appreciate 
this from the summary data, an example concerning one 
of key items will be given in Table 1. 

In order to find out how far such beliefs are affected 
by the experience of university life, the sample was 
divided according to the length of residence and the 
type of course pursued. Table 2 shows the mean belief 
scores for these sub-groups. Analysis of variance of the 
data in this table gave no significant differences for length 


Table 1, ANSWERS TO A QUESTION ABOUT WITCHCRAFT AS A POWER 


N Per cent 
Certainly does not exist 39 14 
Probably does not exist 27 10 
Probably does exist 116 41 
Certainly does exist 98 35 
280 100 
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Fig.1. Distribution of belief scores. 


of residence, nor was there any interaction effect. There 
was, however, a significant (P « 0-01) difference between 
courses. Unexpectedly, the students taking social 
studies had the lowest mean score, while arts and science 
students were not significantly different from each other. 
At the same time, a simple causal interpretation in terms 
of the influence of course content is ruled out, because 
social studies students at all stages of their course had 
low scores and if anything the trend was for the score to 
rise after the first year. It therefore seems that those 
with fewer traditional beliefs on entry were more likely 
to select a course in social studies, and background 
factors analogous to those described by King? for English 
sixth form pupils may have influenced such choices. 

It should be added that the persistence of traditional 
beliefs was quite unrelated to level of intelligence as 
assessed by the "perceptual maze test"*, the value of r 
being 0-06. 


Table 2, MEAN BELIEF SCORES BY COURSE AND YEARS OF RESIDENCE AT 
UNIVERSITY 
: Third or 
First year Second year more years All years 
Arts 6:94 7:45 7-23 7-20 
Social studies 5-00 5-81 6-09 5-80 
Science 6-45 TRL 6.74 677 
All courses 6-44 6-89 673 6-67 


In summary there was no evidence that either university 
education in general or any particular type of course, 
including scientific training, had any discernible impaet 
on the magico-mythical beliefs entertained by the students. 
If the prevalence of such beliefs is an obstacle to the 
growth of scientific activity in developing countries, 
then more direct methods of reducing them might have 
to be explored. 

This work was supported, as part of a broader study, 
by a grant from the Nuffield Foundation. 


Gustav JAHODA 


Department of Psychology, 
University of Strathelyde, 
Glasgow. 
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Book Reviews - 


IDEAS FOR ARCHAEOLOGISTS 


Analytical Archaeology 
By David L. Clarke. Pp. xx+ 684. 
October 1968.) 147s. 


ARcHAEOLOGY has reached a most exciting stage of 
development; contacts with other disciplines, especially 
with the physical and biological sciences, have been 
increasing steadily and the whole conceptual framework 
of the subject has expanded as a result. Mathematics and 
statistics are at last beginning to add their weight to this 
liberating process, so that archaeology is developing into 
a real discipline where statements may be validated and 
not simply pronounced. It is still possible to read des- 
pairing pleas for the good old archaeological days in the 
popular press, but this book appears at a time when most 
professional archaeologists have welcomed the need for a 
fresh, objective approach to their subject, and when they 
are seriously trying to find the best methods to achieve 
this. Analytical Archaeology airs many of the possible 
approaches that are being intensively debated, especially 
by archaeologists in the United States—mathematical 
and statistical procedures backed up by the high-speed 
computer, models taken from machine systems theory 
which may suggest fruitful ways to interpret past societies, 
techniques for studying spatial distributions that are 
being developed by geographers. Clarke has read widely 
in these fields and draws on them to elaborate a hypo- 
thetical system of "central archaeological theory”. He 
does not pretend that this system as a whole or even that 
parts of it are definitive in any way, but it is his chosen 
way of linking a wide range of speculations into a con- 
nected account. Some aspects of the construct are less 
speculative than others—quantification of archaeological 
data and their analysis by numerical techniques are of 
established practical value, and Clarke describes some 
published analyses of this type where convincing results 
have been achieved with actual material. Although 
these methods are not described in sufficient detail for the 
text to serve as a practical handbook, and although 
references to some standard multivariate techniques like 
principal components are misleading, a good idea is given 
of the general scope of these procedures. 

The greater part of this long book, however, is more 
speeulative. Its starting point is the claim that ‘“‘archaeo- 
logists do not agree upon central theory although they 
employ similar tacit models and procedures based upon 
similar and distinctive entities". Much of the book 
attempts to make more explicit such “models, procedures 
and entities" as Clarke currently sees them. Previous 
writers on method, like V. G. Childe, and many contem- 
porary archaeologists prefer to regard “central theory" in 
archacology as fairly concise and basic, little more in fact 
than a few general assumptions like “patterns in archaeo- 
logical data reflect patterns in the societies and processes 
that produced them". This particular general principle 
is then applied at the specific level by searching for 
and interpreting patterns in artefacts and in assemblages. 
Clarke proposes, first, to replace the generalized pattern 
concepts of type and culture by arbitrary, discrete levels 
of them (for example, subculture, culture, culture group, 
techno-complex), although this sacrifices the generality of 
the basic concept. Second, he seems to advocate studying 


(Methuen: London, 





patterns or structure in archaeological material by referring 
direetly to a series of predetermined general models of 
human behaviour, rather than by exploring the data by 
more general structure-seeking technicues: “It is not so 
much a search for regularities in our data as the deliberate 
organisation of our data into powerful regularities” 
(page 637). This is a rather dangereus approach for a 
subject like archaeology where one of the great failures of 
its praetitioners recently has been the overspecific inter- 
pretation of non-specifie data. Clarke's own practical 
examples are not very reassuring in this respect. For 
example, he has used the famous Robinson seriation 
model to analyse attributes of British beakers. The data 
turn out not to fit this model (Fig. 127b), but the procedure 
seems nevertheless to be used to provide a seriation and 
clustering of beakers. 

It is clearly not the purpose of this book, however, to 
provide a praetieal manual but rather a storehouse of 
ideas, and as such it is of great interest. 

F. R. Hopson 


UPLAND REVOLLTION 
The Inviolable Hills 


The Ecology, Conservation and Regeneration of the British 
Uplands. By Robert A. de J. Hart. Pp. xix + 2444+ 8 
plates. (Stuart and Watkins, in conjunction with the Soil 
Association: London, October 1968.) 42s 6d. 


Mr HaRnT has a message, important for all of us, which 
becomes more relevant as years go by. Unfortunately it 
is so obscured by mysticism and non-science that it may 
not get through to the people who need to receive it. The 
book has many irrelevancies and is too repetitive. A 
shorter, crisper book would have had much more impact. 
He will be dismissed by many as a crank, and this is a pity, 
because behind the folksiness there is much good sense. 

Hart’s case rests on two premises: that this country 
will be forced increasingly on to its own resources in food 
production as the demands of increasing world population 
become more urgent, and that the British uplands con- 
stitute a misused or unused land resource of tremendous 
potential. One cannot disagree with these premises. 
Further, he argues that agricultural development of our 
uplands by the ecologically most meeningful methods will 
enhance their appearance as well as their productivity. 
For much of our upland country, turned into unproductive 
desert by generations of overgrazing Dy sheep, this is true. 
The creation of shelter belts, forests for water conservation, 
and productive agricultural land could well enhance the 
beauty of much (but certainly not all) of our upland 
country, and by increasing its veriety would almost 
certainly produce greater floristic and faunistic variety 
as well, particularly if Hart’s advocacy of “organic 
husbandry” is followed, with its firms eschewal of the use 
of artificial fertilizers, herbicides and insecticides. 

The first section of this rather expensive book deals 
with the history of our uplands and their steady imi- 
poverishment. Next comes a section entitled “The 
Conservational Imperative", a brief summary of the ideas 
of some leading conservationists ranging from Aldo 
Leopold to Sir Arthur Tansley, amd of those he calls 
“writer prophets” such as D. H. Lawrence and H. J. 
Massingham. Part three, "Ecology. Wholeness and 
Health", is an extraordinary mixture of science, pseudo- 
science, mysticism and mumbo-jumbo, which does his ease 
more harm than good. Finally, ie his "design for the 
hills" he makes some suggestions as to how Britain could 
increase the productivity of the uplands. 

While Hart is practical in realizing the need to increase 
home food production, he is an idealist. concerning the 
upland revolution that he advocates. The time may 
come, sooner or later, when it is eccnomically possible or 
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when it becomes economically necessary for our marginal 
lands to be resettled, but at present the population trend 
is still towards the town and away from the country. 

One last point—Hart appears to accept without 
question that Britain's population will go on expanding 
rapidly. He does not realize, or will not acknowledge, 
that one of the best ways to become self-sufficient is to 
restrict our population growth. This may seem to be as 
much erying for the moon as is his vision of a well- 
managed vista of productive uplands, but in twenty 
years' time both may be well on the way to fulfilment, 
from necessity rather than choice. S. R. J. WOODELL 


LANGUAGE IN ACTION 


Words, Meanings, and Messages 


Theory and Experiments in Psycholinguistics. By 
Ragnar Rommetveit. Pp. viii+328. (Academic Press: 
New York and London; Universitetsforlaget: Oslo, 


1968.) n.p. 


“EXISTING fragments of psycholinguistie theory and data 
resemble brieks in a puzzle, the solution of which is as 
yet unknown. As a consequence, we are left with a 
multitude of fragmentary insights and with a challenge to 
bring such fragments together into a theoretically coherent 
picture of human language in action. This book is a 
response to such a challenge." Judged in terms of 
this—the author's avowed aim in writing it—-Professor 
Rommetveit's book must be accounted a failure. But, 
then, given such terms, this is hardly surprising. “A 
theoretically coherent pieture of human language in 
action" may, perhaps, serve as a general (in faet, a far too 
general) deseription of what psycholinguists hope one day 
to produce. Very few of them seriously believe that it is 
about to emerge. The trouble, as far as Rommetveit’s 
summary of recent work in psycholinguistics is concerned, 
is that judged by this impossibly high standard much 
of its interest and significance tends to be obscured. This 
tendency is increased by the large amount of space 
Rommetveit gives up to very general discussions of areas 
of research which most psycholinguists are content for 
the moment to leave unexplored—in particular those 
covering the relationship between speech and context. 
It is, of course, perfectly true that nearly every time we 
speak what we actually say is to some extent influenced 
by factors in the situation in which we find ourselves. 
But no one, and this includes Rommetveit, has the first 
idea how to go about constructing a systematic account 
of these relationships. Nor is it the case, as Rommetveit 
sometimes seems to be implying, that most contemporary 
psycholinguists are unaware of the phenomenon. It is 
simply that in omitting consideration of these factors 
at this time they are deliberately following out a research 
programme which puts the study of what language is 
before the study of how we use it. 

The reasons for concentrating linguistic studies on the 
discovery of the formal structure of language were 
clearly set out by Noam Chomsky in his review of B. F. 
Skinner’s book Verbal Behavior (Language, 35; 1957), in 
which he also demonstrated that stimulus-response 
models were quite inadequate to account for linguistic 
behaviour in general and the structure of linguistic 
events in particular. In the same year, Chomsky published 
a formal description of language structure meeting 
reasonably strong conditions of adequacy (Syntactic 
Structures (Hague: Mouton, 1957). Since that time 
considerable advances have been made by Chomsky and 
other linguists in refining and extending models of lan- 
guage structure. The speed of this advance has caused 
problems for psycholinguists who have found themselves 
constantly in danger of testing hypotheses which the 
linguists have already abandoned. At the same time it 
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is very easy to find structures that linguists have dealt with 
inadequately or not at all. Rommetveit makes both these 
points, but he also makes criticisms of this work of a funda- 
mental nature. On page 43 in a discussion of the relation- 
ship between what he terms "message" and “utterance”, 
he argues that the existence of synonymous utterances 
indicates that “The message is thus not of a linguistic 
nature". Again on page 83 he talks of “criteria of cogni- 
tive synonymy" as being "extra-linguistie considerations 
of a psychological nature". It is difficult to be sure what 
it is Rommetveit means by these and similar remarks seat- 
tered throughout the book, but it seems that he is claiming 
that no relationship exists between the linguist/s abstract 
accounts of the meaning of a sentence and our under. 
standing of it. If this is in fact what Rommetveit is 
claiming, then it is à very important claim indeed, because 
it amounts to saying that much of the psycholinguistic 
research done over the past ten years is groundless. It is 
all the more puzzling, therefore, that Rommetveit nowhere 
makes these points clearly and never tries to substantiate 
them. JAMES PETER THORNE 


ELUSIVE FLIES 


Ecology of Insect Vector Populations 
By R. C. Muirhead-Thomson. Pp. vii-- 174. (Academic 
Press: London and New York, October 1968.) 50s; $9.50. 


Tus book provides a useful review of the various trapping 
methods used in the study of the insect vectors of (mainly) 
human diseases. The words “ecology” and "populations" 
in the title are misleading because the body of the book 
concentrates almost entirely on a comparison between 
different methods of capturing or sampling the adult 
insects. There are chapters on tsetse flies which transmit 
trypanosomiasis, the anopheline mosquitoes implicated 
in malaria, the culicines concerned with filariasis, the 
simuliids which carry onchocercosis, and the fleas which 
are involved as vectors of plague from rodents to man 
and vectors of myxomatosis among rabbits. AH these 
inseet veetors have complex life histories, with larval 
stages whose environmental needs are quite different from 
the blood sucking adults. An aecount of the ecology of 
such insects should include a detailed consideration of 
these stages, which is lacking in this book. Although an 
assessment of the adult population of the vector is im- 
portant, the author makes the defeatist assertion that it is 
“never possible in nature to refer trap figures to a known 
population”. Yet methods which have largely overcome 
this difficulty for tsetse flies and other insects are dis- 
cussed briefly in chapter eight. These methods are a 
refinement of the Lincoln Index method and involve 
marking and recapture. The basic difficulties are inherent 
in the use of traps which rely on visual or chemical 
attraction. This varies with the physiological state of the 
msect so that different sorts of trap capture different 
proportions in relation to age and sex. The area from 
which they come is hard to define. 

In the last chapter, headed “Summary and Discussion", 
the author mentions a meeting held in Geneva in 1966 
where mosquito ecology was discussed. There it was 
agreed that “there was still a serious lack of quantitative 
information about many aspects of mosquito ecology", 
and that “better methods for the measurement of numbers 
of mosquitoes would provide a better understanding 
of population dynamics". 

Life-table studies, which form no part of this book, 
were also recommended. When they are available for the 
host, the parasite and the vector, we shall be in a position 
for the next big advance in the understanding of these 
complex interrelationships by the use of a population 
model based on measured values. Clearly there is à very 
long way to go before a satisfactory model can be made for 
even the best known interactions. The question needs to 








P-R 28, 1968 


Pres has been so slow, considering that 
m population dynamics was Sir Ronald Ross. 
ü napter five of his book, The Prevention of Malaria 
(London, 1910), Ross used a population model which 
expressed in algebraie terms the way in which infection 
rate was related to the properties of the human and 
mosquito populations, represented by six symbols. Recent 
developments of Ross's ideas will be found in The 
Epidemiology and Control of Malaria by G. MacDonald 
(London, 1957). This promising line is not followed 
here. Neither Ross nor MaeDonald appears in the biblio- 
graphy and no attempt is made to assess even one of 
Ross's six factors. 

Ecologists interested in population dynamics will be 
disappointed in this book. Those concerned with the 
deployment of effort in medieal entomology should 
consider whether the present strategy is likely to provide 
an understanding of these ecological problems. 

G. C. VARLEY 


PALAEARCTIC DRAGONFLIES 


Les Odonates de l'Europe Occidentale, du Nord 
de l'Afrique et des lles Atlantiques 

By P. Aguesse. (Faune de l'Europe et du Bassin Mediter- 

ranéen, 4.) Pp. 255. (Masson et Cie: Paris, 1968.) 

80 francs. 


THis book is one of a series devoted to the systematics of 
animal taxa in the western Palaearctic Region. Publica- 
tion is sponsored by the Centre Nationale de la Recherche 
Scientifique. This volume, on dragonflies, encompasses 
western Europe (excluding Denmark, Poland, Romania 
and Yugoslavia), north-western, Africa (Tunisia, Algeria 
and Morocco) and Madeira, the Azores and the Canaries. 
Mediterranean countries east of Italy or Tunisia are not 
included. 

The book is lavishly produced. It contains four 
beautiful colour plates and a half-tone sketch by the 
noted illustrator and naturalist P.-A. Robert. 

The text is arranged in two parts: general and system- 
atic. The first deals with the morphology and bionomics 
of dragonflies as a group. It presents, in 67 pages, a 
selection of published information, and includes some 
unpublished findings known to the author. Material is 
not critically reported; terminology is not always con- 
sistent; authors are sometimes misquoted; and the source 
of a specific fact can seldom be traced unequivocally. 
To some readers the most interesting part of this general 
section will be that devoted to seasonal regulation because 
of the detailed treatment given to little-known work by 
Schaller and the author on dimorphic growth rate in 
Aeshnidae. These findings are likely to have considerable 
influence on future work in this field. Here as elsewhere, 
however, the author's treatment of his subject fails to be 
authoritative because other relevant studies (for example, 
those by Lutz and Jenner) are omitted and their implica- 
tions are not taken into account. 

The second, systematic part, occupying about two 
thirds of the book, contains separate sections on adults 
and larvae. It combines taxonomic information for 
European species, which are well known, with that for 
the north-western African species. This part is adequate 
and useful, although some pertinent references are 
omitted. Keys and accompanying illustrations by the 
author are clear, and easy to find and use. Distribution 
maps are given for some species. 

There is a bibliography of some 300 titles and an index 
to the 40 genera and 109 species treated. The value of the 
extensive bibliography is reduced by the omission of 
certain key references (including several cited in the text), 
and by the fact that many entries lack page numbers. 
Mention of a reference in the bibliography does not mean 
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that its contents have been cited, or allowed for, in the 
text. 

People requiring a manual, in one cover, for western 
Palaearctic Odonata will find the systematic part of this 
book useful. Pamir 8. CORBET 


LYMPHOCYTE STIMULATION 


Lymphocyte Stimulation 

By N. R. Ling. Pp. 290. (North Holland: Amsterdam, 
1968.) 1175. 

Tr is perhaps hardly surprising that many experimental 
observations are neglected until their real significance can 
be evaluated against an appropriate backcloth. Such was 
the case with immunological tolerance. the consequences 
of which were known to experimental embryologists long 
before its existence as an important biological phenomenon 
had been demonstrated; and, as Dr Ling points out in his 
scholarly book, the same could be seid of lymphocyte 
stimulation. Thus Maximow at the turn of the centur 
described the occurrence of blast cells in inflammatory 
exudates and he contended that at least some of them were 
derived from blood lymphocytes, and with the benefit of 
hindsight it is clear that Bloom's later descriptions of cell 
transformations referred to the development of blast cells 
from lymphocytes. 

It was, however, the discovery in the middie fifties of 
the plant agglutinins (or lectins)—notable among them 
those of the red kidney bean Phaseolus vulgaris—and the 
realization that lymphocytes play a vital part in graft 
rejection and in delayed hypersensitivity that set the 
stage for carefully conducted and controlled in vitro 
experiments on lymphocyte stimulation. Among the 
morphological and biochemical changes that occur when 
lymphocytes are cultured in the presence of phytohaem- 
agglutinins (PHA) or other stimuli are cell and nuclear 
enlargement, the development of an ample cytoplasm, the 
appearance of numerous free ribosomes, greater pino- 
cytotic activity, increased RNA and subsequently DNA 
synthesis, and finally cell division. Ling is undoubtedly 
justified in giving pride of place to PHA, which has been 
used go extensively in the study of lymphecyte stimulation. 
but sections of the book are also devoted to the stimula- 
tory effects of tuberculin products, staphylococcal filtrate. 
smallpox vaccine, heterologous antibodies and cell contact. 
Perhaps least satisfactory is his treatment of allogeneic 
inhibition which, although it is concerned with cyto- 
toxicity, deserves closer scrutiny in the context of lympho- 
eyte stimulation. 

Ling makes the reader fully aware of the complex 
technology that has been applied to the study of lympho- 
cytes, and his chapter on lymphoeyte culture will be most 
valuable to those embarking on work or already working 
in this field. What also emerges is that in many respects 
we are still remarkably ignorant of the immunological 
X of cells stimulated in vitro; the Lterature on the 
présence of specific immunoglobulins is still somewhat 
confused, and it would seem that little is known about the 
immunological performance of stimulated lymphocytes. 
On the question of how stimulation comes about there is 
room for argument too, but Ling favours the presence 
of specific cellular receptors which bind the stimulant 
rather than agglutination per se, or nutritional factors, or 
miero-injury. If this is so, lymphocyte stimulation, 
which in any one culture occurs in a high proportion of 
cells, would not be easy to square with the clonal selection 
hypothesis. 

This timely book, which is written with great lucidity. 
will be most welcome to those working in the field. But 
because it encompasses so many facets cf the subject- 
biological, biochemical, immunological and clinica 
appeal will be not only to those interested in lymphocytes 
but to cell biologists of every hue. LESLIE BRENT 















ts 


1360 


CAUCASIAN MAMMALS 


The Mammals of the Caucasus 


A History of the Evolution of the Fauna. By N. K. 
Vereshchagin. Edited by A. A. Strelkov. Translated 


(Israel Program for 
Distributed by 


from the Russian. Pp. iü--816. 
Scientific Translations: Jerusalem, 1967. 
H. A. Humphrey: London, 1968.) 235s. 
Tus important volume by one of the leading Russian 
workers in the field of natural sciences is an English 
translation; the original work in Russian was first 
published in 1954, after which a revised edition was 
produced in 1959, containing much new material. First 
reactions on reading this book were a mixture of amazement 
at the enormous detail of the work entailed in producing 
over 800 pages, and alarm in the knowledge that the 
assimilation of so much information would be a major 
task in itself. A very extensive bibliography (only a 
fraction of works consulted by the author) took up 100 
pages; this alone gives some indication of the wide scope 
and varied subject matter of the text. 

The book is divided into three main parts, all of which 
are profusely illustrated with many maps, graphs, tables, 
figures and photographs. The first section, ‘“‘Palaeonto- 
logical and. Archaeological Background of Fauna Forma- 
tion", opens with a description of the geological background 
and processes relating to mammalian fossil deposits in the 
area; the Palaeogene is represented only by the Middle 
Oligocene, in which land mammals are rare. A far more 
extensive land mammal fauna occurs in beds of Middle 
Miocene age, which can be related to faunas of the same 
age in Eurasia and North America; the Quaternary faunas 
of the area appear to originate mamly from the Upper 
Miocene. The glaciations and climatic fluctuations in the 
Caucasus had an important influence on the make-up of 
the fauna during the Pleistocene, as in Europe and North 
America at the same time, although the author stresses 
that attempts to correlate the glacial and interglacial 
stages in the Caucasus with those of the Alps were far 
from proved. 

The faunas of the area throughout the Quaternary are 
extensively listed, site by site, with non-mammalian and 
floral remains having an important place in the interpre- 
tation of the palaeo-ecological and palaeo-climatological 
character of each area at any one time. The effect of the 
advent of man on the land and landscape, and the 
subsequent changes (mainly detrimental) to the flora and 
fauna, are also considered. 

Part two is entitled “Analysis of the Origin of Caucasian 
Quaternary Mamunals in Relation to their Distribution, 
Ecology and Morphogenesis". This section gives taxono- 
mie coverage of the mammals found in Caucasian deposits 
during Pleistocene and Holocene times; a second chapter 
covers the phylogeny, and stratigraphic and geographic 
ranges of the mammalian groups living in the area since 
the Pleistocene. 

The third and final section, “Geographic Zonation and 
Latest Evolutionary Trends of Mammalian Fauna of the 
Caucasian Isthmus’, concerns the variations and trends 
to be found in faunal complexes of the present day, in 
relation to evolutionary trends and changes in land form 
that are presently occurring. The principal difficulties 
in any aceurate estimation of these trends are those 
caused by man and his activities since “Acheulean times". 
'The author sites many examples, with photographs, of the 
effects on fauna from hunting, changes to habitat and 
indireetly to the introduction of alien species either 
deliberately or aecidentally; examples of the latter 
include the rabbit, the nutria and Rattus norvegicus. The 
author has several suggestions on the maintenance of a 
natural faunal balance and how this could be obtained by 
careful conservation. 

A concluding chapter summarizes the content of this 
very detailed study, and ends with ideas for further study 
and immediate investigation. 
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The greater part of the book pe 
history during the Quaternary. "Tertiary evi 
area are little known, and are described as a backgrounk 
to the developments of subsequent times. 

The English translation tends to lack idiomatie phrase 
and to be rather literal, making reading a little stilted 
and lacking smoothness. Certain terms and phrases 
which have clearly been translated literally could make for 
confusion and ambiguity, such as the use of the word 
"burial" to describe Oligocene fossiliferous sediments; 
these diserepancies, however, are rare, and the translation 
as a whole is a very remarkable achievement. 

Although the maps and charts have reproduced well, 
unfortunately the same cannot be said for the photo- 
graphie reproductions and to a lesser extent the line 
drawings. Some photographs of landscapes in particular 
are so dark as to be almost unreadable. 

These criticisms of reproduction do not, however, detract 
from the admirable and very detailed coverage of mam- 
malian history to be found in this book. It is the first time 
that the history of this fauna has been examined from the 
point of view of many diseiplines, and the content will 
be of interest not only to mammalian palaeontologists 
but also to eeologists, geomorphologists, zoogeographers 
and many others. 'The incentive that the book will give 
to further research in any of these related fields must be 
of very positive value, not only to workers in tho problems 
of the Caucasus, but to many scientists whose interests 
border on the many facets, disciplines and geographical 
areas that Vereshchagin has brought together in this 
remarkable and important volume. —. S. C. Corynpon 





FUNGI FROM SOIL 


The Genera of Hyphomycetes from Soil 

By George L. Barron. Pp. xii--364. (Williams and 
Wilkins: Baltimore, Maryland. Distributed in the UK by 
Livingstone: Edinburgh, 1968.) 140s. 


Tms book should prove outstandingly useful in any 
mycologieal laboratory. While the title suggests that the 
genera described have originated in soil, the second 
sentence of the preface makes it clear that the fungi which 
are described are not necessarily natives of, or growing in, 
soil. It is seldom that such a well illustrated book on 
taxonomy has become available to the student and the 
research worker. The author is to be complimented on the 
wise way in which he has used excellent photomicrographs 
and line drawings to illustrate the text. From time to 
time there has been criticism of the use of photomicro- 
graphs for illustrating taxonomie features, but with the 
Hyphomyoeetes photomicrographs of the quality published 
in this work are of great value, because they place before 
the reader the real appearance of the fungi which he may 
examine under a microscope. The line drawings are 
of the highest quality and interpret the struetures of 
particular species in genera clearly and simply. 

The book has another outstanding claim for the atten- 
tion of laboratory mycologists. In an introductory 
chapter the criteria for classification of Hyphomycetes 
which are available to mycologists are critically reviewed, 
the major part of the chapter being a recapitulation of 
the system of classification outlined by Hughes in 1953. 
Thereafter a second chapter deals with ten series of 
genera segregated upon the method of development of the 
conidia. In itself this chapter should be most warmly 
welcomed by mycologists as a unique attempt at a modern 
classification of the Hyphomycetes. 

The fifth chapter consists of keys to genera which are 
based upon the developmental characters accepted by the 
author mainly from the works of Hughes and Tubaki. 
Trial of these keys has shown that it is easily possible, 
once the developmental type of a particular species has 
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been determined, to identify with reasonable assurance 
the genus to which it belongs. 

The bulk of the book consists of generic descriptions 
of selected genera. In each instance these follow -a 
precise pattern, setting out the type species, then a concise 
and clear generie description followed by those diagnostic 
features which particularly characterize the genus in 
question. These two sections are most useful. Then 
follow notes on certain species within the genus. As one 
reads through the text, it is interesting to see how wide 
has been the author's search for information about the 
occurrence of a particular species. He has not confined 
his attention to records from soil, but occasionally 
mentions species growing on substrates outside the soil. 

'The book is elearly printed and the illustrations are 
of the very highest quality. The author is to be con- 
gratulated on having prepared an outstanding work of 
reference for general mycological laboratories, and 
particularly for those laboratories dealing more specifically 
with fungi isolated from soil. The publishers are to be 
congratulated on the excellence of the format of the 
work. I recommend this book as one of the most out- 
standing mycological texts in recent years. 

C. G. C. CHESTERS 


TITANIUM AND VANADIUM 


The Chemistry of Titanium and Vanadium. 

An Introduction to the Chemistry of the Early Transition 
Elements. By R. J. H. Clark. (Topics in Inorganic and 
General Chemistry Monograph 11.) Pp. xi--327. (Else- 
vier: Amsterdam, London and New York, 1968.) 1555. 


In writing this monograph Dr Clark has brought together 
a considerable amount of information in what is generally 
a pleasing and authoritative manner. 

‘After a brief introduction the halides and oxyhalides of 
titanium and vanadium are discussed (chapter two). The 
emphasis is on the preparative routes available, and many 
physical data, including thermodynamic functions and 
structural parameters, are included in tabular form. 

Chapters three to six inclusive are concerned with the 
coordination complexes of titanium and vanadium, the 
primary classification of which is made according to the 
formal oxidation level of the metal. This is without 
doubt the most useful part of the book, especially the 
description (chapter six) of the spectroscopic and magnetic 
properties of these compounds. 

The remaining chapters are devoted to a discussion of 
the oxo species (chapter seven), organometallic compounds 
(chapter eight), oxides and chalconides (chapter nine), and 
other topics (chapter ten, which includes sections on the 
alkoxides and analytical methods). In these chapters the 
author was faced with a considerable task in effecting à 
distillation of an extensive literature, partieularly that 
appertaining to Ziegler-Natta catalysis and the alkoxides. 
By referring to more comprehensive works the author has 
sueceeded in producing a very clear account of these areas 
without the loss of too much necessary detail. At times, 
however, the text does become somewhat vague, such as 
when the author states that siloxanes “of the type 
VO(OSiR,); may be prepared by at least eight different 
methods starting from VOCI,, V,O; or orthovanadates" 
without further explanation. 

On the whole the typographieal layout is good and 
errors are few. In the earlier chapters there is a tendeney 
to quote references referred to in tables directly beneath 
the table. This leads to untidiness and in some cases 
repetition; for example, four of the references quoted 
beneath Table 18 are repeated, with different numbers, in 
the collected bibliography at the end of the chapter. 
References to the 1967 literature are included. 

This book maintains the general high standard set by the 
previous works, but unfortunately the price will restrict it 
to libraries and rich chemists only. K. A. Hooron 


yet 


ESSAYS ON GEOMAGNETISM 


Sydney Chapman—Eighty—from his Friends 

Edited by Syun-Ichi Akasofu, Benson Fogle and Bernhard 
Hourwitz. Pp. xiii+ 230. (University of Colorado Press: 
Boulder, Colorado, 1968.) $2.95 paper; $5.95 boards. 


Physics of Geomagnetic Phenomena 

Edited by S. Matsushita and Wallace H. Campbell. 
(International Geophysics Series.) Vol. 1. Pp. xvit+ 623. 
252s. Vol. 2. Pp. xvii-- 625-1398. 270s. (Academic Press: 
London, 1967.) 

I scsPECT that many eminent old gentlemen have been 
embarrassed on their eightieth birthdays by the 
presentation of Festschrifien containing essays by clever 
young men whieh are supposed to be conneeted with half- 
remembered work of their own, but which are largely 
unintelligible to them. Professor Chapman is doubly 
protected from this embarrassment: at eighty he is still 
the leading authority and the most learned man in his 
field, and his Festschrift is of a new kind. It contains a few 
brief essays setting out his work in relation to what has 
happened since; three fascinating autobiographical 
pieces, some pictures, a bibliography and about two 
hundred reminiscences and anecdotes written by his friends. 
No more charming tribute to a great scientist and a 
humane and distinguished man can be imagined. Chap- 
man's life spans the whole period of the development of 
geophysics from the great Victorians, including Schuster 
and Osborne Reynolds who were on the staff at Man- 
chester when he was a student, to the present age of 
alphabetical agencies, NASA, NERC and the rest. 

One of Chapman’s most influential achievements was 
the 1,000 page treatise, Geomagnetism, which he and Julius 
Bartels published in 1939. This book gathered together 
and systematized all that was known about the Earth's 
magnetic field and its relations with the Sun. Now, after 
thirty years, there are gaps, a new book :s clearly needed 
and this Matsushita and Campbell have attempted to 
provide. They have not replaced “Chapman and Bartels’; 
they do not repeat all the basic developments to be found 
there, they build on them to show the present state of the 
subject. Inevitably, they did not write the book them- 
selves; there are twenty-four chapters by twenty-three 
authors. 

The first volume opens with a historical review by 
Chapman; the earlier part covers well knewn ground but 
later, dealing with events in which he participated, is of 
considerable interest. Following this are chapters on 
instruments, geomagnetic indices, palacomagnetism, the 
main geomagnetic field and induction within the Earth, 
which occupy about three hundred pages. This material 
provides a background for the main theme of the book 
which is the short period variations of the field and their 
relation to the ionosphere, the aurora, the radiation belts, 
the magnetosphere, interplanetary space and the Sun. 
The article on palaeomagnetism by Nagate and Ozima is 
notable for a detailed and useful discussion cf the magnetic 
properties of rocks; the recently discovered relation 
between reversals of the field, the magnetic pattern at sen 
and spreading of the ocean floor is not mentioned; pre- 
sumably its importance was not appreciated in the 
United States until after the work was in press. Price’s 
review of electromagnetic induction is an accurate and 
thorough treatment of a subject of growing importance on 
which misapprehensions are common. 

The rest of the first volume is concerned with the daily 
variation (by Matsushita), variations in the equatorial 
zone (by Onwumechilli) and the ionosphere at times of 
small disturbance. 

The second volume is concerned with magnetic dis- 
turbances and their relation to phenomena in space, 1t 
includes a review of geomagnetic storms and auroras by 
Akasofu and Chapman. The main influence has shifted 
from the description of events at the surface ef the Earth, 
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which predominated in earlier books, to their interpreta- 
tion in terms of the phenomena discovered by instruments 
in satellites. The theoretical articles by E. N. Parker, 
Piddington, Axford and Dungey are particularly welcome. 

As a whole, the book comes at an opportune time. 
There have been great advances in observation and in 
theory which need to be reviewed, but the subject has 
not reached a plateau; it is still lively and is likely to 
remain so for the next ten or twenty years. Those 
coming fresh to it as young men, and their elders who have 
failed to keep up with current work, will be grateful. 

E. C. BULLARD 


PROBLEM SOLVING IN PHYSICS 


Problems in Solid State Physics 
Edited by H. J. Goldsmid. Pp. vi+466. (Pion: London; 
Academic Press: New York, 1968.) 84s. 


PROBLEM solving is recognized as being an important 
aid to understanding any branch of physies, and this 
book is an attempt to formalize the activity for solid 
state physics. The contents, which contain solutions as 
well as problems, are aimed at the final year undergraduate 
or the postgraduate, and are designed to guide him 
through the basic topics in the field. 

There are sixteen chapters in the book, arranged 
roughly in the order of increasing complexity, and each 
topic is covered by an expert in that particular field. 

In many ways this book resembles a standard text- 
book. The actual posing of the problems takes up less 
than a quarter of the space, the remainder being devoted 
to discussing the solutions. Except for the inevitable 
jerkiness of the question and answer technique, it is 
possible to read the book in the conventional fashion. 

One of the dangers of being confronted with a set of 
questions as presented in this book is that a student 
might be bewildered by the relevance or level of the 
problems. One or two chapters do have introductory 
passages, partly to counter this objection and partly to 
define the notation, but the editoy claims that a standard 
textbook on elementary solid state physics should provide 
the material required. This may well be true, but in a 
book eosting eighty-four shillings it might have made it 
more complete to include a page or so of introduction to 
each chapter. It must be admitted, however, that the 
scope of the problems is very wide ranging, and provided 
the reader is willing to be somewhat selective (the more 
difficult problems have been marked as an aid) there is 
plenty to benefit all levels of student. 

The style of the book is direct and unpretentious, and 
it should be a useful aid to teachers. It may also serve 
the valuable purpose of making students aware of the 
real as well as ideal problems that have to be solved in 
solid state physics, for the topics include a refreshing dose 
of practical or applied material. The main criticism of an 
otherwise useful book-—both as an aid to learning and as a 
reference source—is whether it can fairly claim an outlay 
of over four pounds for what it is trying to achieve. 

ANDREW MILLINGTON 


PLANNING UNIVERSITIES 


A Theoretical Basis for University Planning 

By Nicholas Bullock, Peter Dickens and Philip Steadman. 
(Report No. 1. Land Use and Built Form Studies.) Pp. 
276 +xxxi. (Cambridge University School of Architecture, 
April 1968.) n.p. 


"Pug first kind of responsibility (of the architect) is as a 
ereative artist interpreting needs and creating forms." 
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This quotation from the introduction to the office hand- 
book of a distinguished firm of architects deseribes a 
widely held view among architects of the nature of their 
role in society. It serves, by contrast, to introduce this 
interim report on a form of architectural research which 
appears to have sprung from a quite different philosophical 
base. The research described here goes well beyond the 
eolleetion and analysis of information on the needs of 
universities, and attempts to provide an information 
processing and procedural strategy by which it can be 
brought together, with studies of the physical character- 
istics and rules of buildings, to indicate explicit and 
reproducible statements about building form. 

'The report deseribes, in great detail and with constant 
theoretieal justification, eurrent studies at the research 
associate of the Cambridge University School of Archi- 
tecture. These will lead, all being well, to the construction 
of a computable model of the operational and physical 
nature of universities. The authors’ first conceptual 
structure for their task takes the form of a simple network, 
in which a set of hypothetical variables and their inter- 
actions are set out. This forms a classification and pro- 
gramme for the work. The authors’ intention is to show 
how it is possible to trace the repercussions of projected 
decisions on the operational aspects of the university, 
through into the building forms that result, and thus to 
their capital costs. A decision about the location of a new 
hall of residence can similarly be worked back into state- 
ments about the demands arising for new transport 
facilities, or about the adequacy of existing catering or 
cloakrooms. 

Each group of variables is considered in turn. The 
authors set out to determine its internal rules and thus its 
behaviour with respect to others, when subjected to a range 
of contextual assumptions. The groups are dealt with in 
an order which corresponds to conventional concepts of 
the sequence in which design decisions are properly to be 
made—-analysis of the client’s brief, synthesis into a 
design proposal, evaluation by client and designer. Here, 
of course, the order is used for convenience only. 

The earlier sections thus look at the operational identity 
of the university; descriptions of possible course struc- 
tures, timetables or teaching week lengths are combined 
with UGC and other floorspace standards to build up a 
picture of the amount of building a department might 
need. Later sections show how this might be distributed 
into alternative generie building shapes, and they explore 
the nature of the structural and servicing systems these 
require, and the constructional costs to which they give 
rise. 

The authors themselves obtain new information only 
when existing sources fail them; their energies are thus 
devoted to the development of synoptic methods of 
viewing the designer’s tasks. Yet clearly these methods 
are for the use of building officers, academic planners or 
policy-makers in government just as much as they are 
for the designer or researcher. If the staff/student ratio 
were to be improved, how much more or less floorspace 
would be needed in the new department? How much 
larger or smaller should the refectory kitchen be if the new 
hall of residence were sited off the university campus ? 
All those who have been involved in these questions know 
how difficult it is to find reliable answers to them, especially 
when more than a very few new conditions are hypo- 
thesized, and intuitive methods collapse. It is not only 
the number of interacting variables that confuse the 
decision; inability to predict theoretically how physical 
building form responds to interventions in the operational 
form of its occupying institutions makes it difficult 
to see how one decision interacts, even conflicts, with 
another. 

The need for this sort of mechanism is to be found in 
design and research in many other building types. Like 
the university, the large teaching hospital presents formid- 
able planning problems. These often require the designer 
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gut tremely specific operational policies and 
Nl" Sunents of functional content to appropriate and 
economical building forms. While the capital cost 
penalties of misguided choice of form may not be as great 
as in other building types, the operational strains may be 
very damaging, even to the extent of influencing the 
hospital's success in care and therapy. Running costs 
of hospitals are very sensitive to badly distributed 
medical and logistic functions. Design difficulties are 
also caused by the speed with which hospital techniques 
change, linked to extended periods of time between the 
making of a design decision and its final physical com- 
missioning. 

Again, in higher density housing for local authorities, 
mathematical structures of the kind outlined could offer 
the designer and researcher great opportunities to explore 
the physieal and eost consequences of & projeeted new 
design standard, or to describe and evaluate theoretically 
attractive forms of site layout against a particular brief 
and site. The relative absence in housing design of 
design information about the operational, that is to say 
the social, systems to be accommodated makes it at once 
important and difficult to search out quickly the im- 
plications of new standards and the way they interact 
with the old. An inappropriate choice of dwelling or 
layout form carries with it relatively greater cost and 
social penalties than in a university or teaching hospital, 
yet design methods of a comprehensive kind are less 
developed. 

This is a unique and remarkable document, not only 
because of the wide range of sources of information and 
method that have been tapped or the theoretical fluency 
with which these have been applied, but also because of 
the rigour of the research process and of the care and 
frankness which have gone into the authors’ descrip- 
tion of it. It differs sharply from most academic building 
research, which is often narrow in scope, increasingly 
scientific in method and carried out by non-designer 
specialists for largely academic motives. This research, 
on the other hand, is broad in scope, technological rather 
than scientific in nature, and is specifically useful to the 
practising designer. In these respects, it approaches 
closely the type of research that could be expected within a 
large designer-elient organization, such as a government 
department or a large local authority. Here its expend- 
iture on non-project-oriented design research can be set 
directly against savings in the capital and running costs 
of its own buildings. 

Although widely used in planning and transportation 
system design, computable models of buildings and their 
relations with the institutions they accommodate have not 
been available at all to the designer. Many individual, 
unrelated techniques using computers have been devised 
to tackle small parts of the designer's problem, however, 
and this report refers to many of them, as well as deseribing 
the authors’ own efforts in this field. Existing computer 
applieations to buildings have been as much in the cost 
control, managerial and administrative functions of 
building professionals as in their role as designers. Tt is 
good that this first attempt should be one that is so theor- 
etieally articulate on the design process, and one that 
indicates such clear procedures for the designer and 
client. 

In the attempt to show how information about “needs” 
can systematically be interpreted into information 
about “forms”, the authors may well be seen by some 
artist-architects as invaders of their special territory. 
The more explicit, external and reproducible a cycle of 
design becomes, the less call there must be for the exercise 
of internal, personal and subjective judgment, which 
is what an artistic role implies. It will be interesting 
te trace the impact of this book on the course of 
design of universities and other complex buildings, and 
on research methods and objectives in design. 

Jouw BUNNEY 


1963 


Correspondence 


Battery and Free Range Eggs 


Sin, —Dr Dennis Jones claims, after fuil investigation, to 
have shown that there is no basis for the preference 
shown for free range eggs. In fact, all he did was to 
compare the cholesterol content of the yolks of six pairs 
of eggs, and the fatty acid ratios of 1l pairs, from one 
breed of hens. His investigations of embryos, chicks and 
earthworms, though interesting, are not really relevant, 
and he made no observations on the whites or on flavour. 

He found appreciable differences in the cholesterol and 
fatty acid content of free range and battery eggs, but he 
concludes that these differences are only of academic 
interest on the grounds that battery eggs sometimes hatch 
better and that “essential fatty acid deficiency has never 
been demonstrated in man, or in adults of any other 
species". 

Thus his conclusions are based, not on his findings, but 
on the a priori grounds that such differences are of no 
importance. With this approach to the problem, it is 
diffieult to see why he carried out the investigation, 

The most serious criticism, however, concerns his 
dogmatic statement that “there is certainly (my italics) 
no reason why they (free range eggs) should have more 
flavour”. This is the point of most general interest, and 
yet it is one on which he has absolutely no evidence. 

I personally have no views onthe matter, but there 
are many people who have, and if they are to be told 
they are wrong on such evidence as this, they may well 
say "You can prove anything with statisties”. 





Yours faithfully, 


B. M. Wricat 
Seots Hill House, 
Croxley Green, 
Rickmansworth, 
Hertfordshire 


SIRA healthy scepticism is a valuable product of a 
scientifie training, but I find disturbing the tendency to 
read confirmation of one’s doubts in limited and in some 
cases almost irrelevant investigations. 

In his article in Nature, on battery versus free range 
eggs. Dr Jones finds positive differences even in his 
experiment and dismisses these as ‘academic’ which 
sounds more dogmatic than scientific. Furthermore, for 
most free range birds the diet is probably different from 
both that of battery birds and that of his experiment. 
Thus the distinction may be only ecincidentally asso- 
ciated with the housing arrangements or alternatively i$ 
may be that it is largely one of freshness because free 
range eggs are often obtained from small suppliers after 
very brief storage periods. In addition, the experiments 
reported concerned only one type of bird and controlled 
conditions, very different from those of typical free range 
birds. Whatever the reason, I can assure Dr Jones that 
there is a distinet difference of taste between the free 
range eggs which I and my family and associates consume 
and the battery products normally available commercially. 
Tf it is of any help to him, I suspect that there are other 
differences also, such as a tendency for free range eggs to 
have a deeper and more "orange" coloured yolk and a 
rather less fragile shell. Whether t effects are real 
and if so whether they correlate in any way with flavour 
1 am not certain, but T would suggest that the experiments 
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reported hardly form a scientific justification for the 
statement, ‘There is therefore no basis for the preference 
shown for free range eggs". 

Yours faithfully, 

L. C. WALTERS 

134 Park Road, 
Chandlersford, 
Hampshire. 


These two letters refer to an article “Point of Distinction 
between Battery and Free Range Eggs” by Dennis Jones 
(Nature, 220, 921; 1968). : 


New Materials make their Mark 


Sig,—The following comments are relevant to the letter 
"New Materials make their Mark"! 

It seems that we have now established that several 
groups contributed to the refining of the art of pyrolysis 
of textile fibre to carbon fibre that enabled the.achieve- 
ment of current high specifie mechanical property figures. 

As a participant on one of the groups involved, I can 
affirm that we had no knowledge of the methods used by 
Mr Watt and Mr Johnson until July 12, 1966. At this 
time, after we had submitted our paper for publication?, 
we received a note from one of our colleagues outlining 
his interpretation of the methods used by the Royal Aircraft 
Establishment. This note was based on a meeting between 
our colleague and Mr Watt and Mr Johnson on July 8, 
1966. 

The methods of Mr Preseott and myself, based on our 
original, entirely independent research, do not necessitate 
mechanical restraint of the textile fibre at any stage of 
the process. 

Our patents*-5 are consequently independent of those 
granted to Mr Watt and Mr Johnson. 


Yours faithfully, 


EDWARD STANDAGE 
Research Institute, 
University of Dayton, 
Dayton, Ohio. 
! Watt, W., and Johnson, W., Nature, 990, 835 (1968). 
* Standage, A. E., and Prescott, R., Nature, 911, 169 (1966). 
$ Belgian Patent No, 678,679. 
* French Patent No. 1,471,993. 
* Canadian Patent No. 790,509 (Priority date April 6, 1965). 


Erratum. In the communication “Evidence for Order 
in the Structure of a-Elastin" by M. Mammi et al. (Nature, 
220, 371; 1968) the last sentence of the fifth paragraph 
should read as follows: “The extended 8-strueture should 
be ruled out because it would show!*14 strong amide I and 
Il bands at about 1,630 and 1,530 em-!. This conclusion 
is supported by the absence of bands in the 1,688. to 
1,700 em“ region". 2 


Erratum, In the article “Implications of Shock Effects 
in. Iron Meteorites” by Anant V. Jain and Michael E. 
Lipschutz (Nature, 220, 139; 1968) thé second sentence 
of the tenth paragraph should read “The matrix of the 
unshocked meteorite seems somewhat altered (Fig. 2a) 
as noted previously!*", 

Erratum. In the communication “Short Caesium 
Half-times in Patients with Muscular Dystrophy” by 
Ray D. Lloyd et al. (Nature, 220, 1029; 1968) the fifth 
sentence of the seventh paragraph on page 1030 should 
read “(EC) and (EP) are sisters, and (EC) has had more 
than one dystrophic child". 

Erratum. In the article ‘Metabolic Approach to 
interpreting Animal Exploratory Activity" by Henry 
Moellwain (Nature, 220, 889; 1968) the first sentence under 
the heading “Proposed Mechanism" on page 889 should 
read "Mechanisms interpreting change in EA in terms of 
depletion and competing metabolic processes . . .". 
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International Meetings 


January 6-8, Sonically Induced Vibration of Struc- 
tures, Liverpool (Mr M. J. Crocker, University of Liver- 
pool, Department of Building Science, Liverpool, UK). 


May 6, Crop Protection, Ghent (Professor R. H. Kips, 
International Symposium on Crop Proteetion, Rijks- 
faculteit, Der Landbouwwetenschappen, Coupure Links 
235, Ghent, Belgium). 


June 9-13, Clean Air Congress and Exhibition, 
Dusseldorf (Verein Deutscher Ingenieure, Postfach 1139 
4 Dusseldorf 1, Germany). 


June 9-13, Air Pollution Problems, Dusseldorf (Kom- 
mission Reinhaltung der Luft, Verein Deutscher Ingeni- 
eure, Postfach 1139, Graf-Recke-Str. 84, 4 Dusseldorf 1, 
Germany). 


June 10-12, Non-Destructive Testing of Concrete and 
Timber, London (The Institution of Civil Engineers, 
Great George Street, London SW1). 


June 10-20, Marine and Shipping Conference, London 
(Institute of Marine Engineers, 76 Mark Lane, London 
EC3). 


June 15-20, Data Processing, Montreal (Mrs Margaret 
Rafferty, Data Process Managing Association, 505 Busse 
Highway, Park Ridge, Illinois 60068, USA). 


June 16-19, American Nuclear Society meeting, 
Seattle (Octave J. du Temple, 244 East Ogden Avenue, 
Hinsdale, Illinois 60521, USA). 


June 16-21, Automatic Control, Warsaw (Organizing 
Committee, Ul Czackiego 3/5, POB 903, Warsaw 1, 
Poland). 


June 22-23, Application of Mathematics in Engineer- 
ing, Weimar (Professor H. Matzke, Weimar College of 
Architecture and Building, Karl-Marx-Platz 2, 53 Weimar, 
Germany). 


June 22-23, Nephrology, Stockholm (Dr F. Berglund, 
Postfach 272, Stockholm 1, Sweden). 


June 23-25, Shock Tubes, Toronto (Professor I. I. Glass, 
Institute of Aerospace Studies, University of Toronto, 


;Toronto 5, Canada). 


June 23-28, Food Congress and Exhibition, Madrid 
(Llosent Maranon, c/o Federacion Nacional de Alma- 
cenistas de Alimentacion, Paseo del Prado 18-20, Planta 
LI, Madrid, Spain). 


June 24-28, Aerosol Congress, Nice (Secretariat, 
Federation of European Aerosol Associations, Waisen- 
hausstr. 2, Zurich 1, Switzerland). 


June 30-July 3, Computer Technology, Manchester 
(Conference Department, Institution of Electrical Engin- 
eers, Savoy Place, London WC2). 


July 1-5, Physiological Sciences, Belo Horizonte 
(Professor W. 'T. Beraldo, University Federal of Minas 
Gerais, c/o Sehool of Medicine, Belo Horizonte, Minas 
Gerais, Brazil). 


July 2-4, Concrete Pavements, Paris (European Cement 
Association, 2 rue St Charles, Paris 15, France). 


July 2-10, Protozoology, Leningrad (Dr I B. Raikov, 
c/o Institute of Cytology, 32 Pr Malinka, Leningrad F-21, 
USSR). 

July 7-11, Structure and Properties of Solid Surfaces, 
Paris (Professor J. Benard, Ecole Nationale Superieure 
de Chimie, 11 rue Pierre-Curie, Paris 5, France). 

July 7-12, European Orthodontic Society, Edinburgh 
(Dr W. Russel Logan, 8 Chester Street, Edinburgh 3, 
Scotland). 
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July 12-19, Welding, Kyoto (Japan Welding Society, 
1-11 Sákuma-Cho, Kanda, Chlyoda-ku, Tokyo, Japan). 


July 13-19, Clinical Pathology, Montreal (Dr D. W. 
Fenner, Winnipeg General Hospital, Winnipeg 3, Mani- 
toba, Canada). 


July 14-18, Pharmacology, Basle (Dr Frank J. Bove» 
Postfach 30, 4000 Basle 4, Switzerland). 


July 14-18, Atomic Absorption Spectroscopy, Sheffield 
(Atomic Absorption Spectroscopy Group Society for 
Analytical Chemistry, 9-10 Savile Row, London W1). 
July 14-20; Chemical Control of the Human Environ- 
ment, Johannesburg (D. Maude, Organizing Secretary, 
clo South African Council for. Scientific and Industrial 
* Research, POB. 495, Pretoria, South Africa). 


July 15-19, Study of Fertility, Bristol (Dr M. W. H. 
Bishop, Conference Secretary, c/o Department of Animal 
Husbandry, University of Bristol, Langford House, 
Bristol, UK). 

July 16-17, Polymers in High Performance Applica- 
tions, London (The Plastics Institute, 11 Hobart Place, 
London SWI). 


July 16-18, Ion Exchange in the Process Industries, 
London (The General Secretary, Society of Chemical 
Industry, 14 Belgrave Square, London SW1). 


July 20:25, Medical and Biological Engineering, 
Chicago (Dr J. E. Jacobs, POB 1969, Evanston, Illinois 
60204, USA). 

July 21-25, Analytical Chemistry, Birmingham (D. M. 
Peake, c/o Research Department, Imperial Metal Indus- 
tries Ltd, POB 216, Birmingham 6, UK). 


July 25-31, Anatomy, Caracas (Dr Jesus Yerena, Insti- 
tuto Anatomiea, Ciudad Universitaria, Caracas, Venez- 
uela). 


July 27-August 2, Psychology, London (Secretariat, 
19 International Congress of Psychology, c/o Department 
of Psychology, University College London, 17 Gordon 
Square, London WC}). 

July 30-August 3, Psycho-analysis, Rome (Dr M. 


Montessori, 2B, Prins Hendriklaan, Amsterdam Z, 
Netherlands). 


August 10-14, Otorhinolaryngology, Mexico (Dr F. H. 


Orozeo, PON 19-136, Mexico DF, Mexico). 


August 13-21, Crystallography, Stony Brook, New York 
(Mrs M. Fiess, Congress Headquarters, c/o State Univer- 
sity of New York at Stony Brook, Stony Brook, NY 
11790, USA). 


August 15-20, Tropical Dermatology; Kyoto (Professor 
Ka Ito, c/o Department of Dermatology, National Univer- 
sity of Gifu, Gifu City, Japan). 

August 18-23, General Assembly of International 
Scientific Radio Union, Ottawa (ISRU, 7, Place Emile 
Denco, Brussels 18, Belgium). 


August 24-29, Congress of Neuropathology, Copen- 
hagen (Professor E. Christensen, c/o Universitets Psy- 
kiatriske Lab, Rigshospitalet, Copenhagen, Denmark). 
August.24-29, Congress of Gerontology, Washington 
(Professor N. W. Shock 9650 Rockville Pike, Bethesda, 
Maryland 20014, USA). > 

August 24-31, Soil Méchanics, Mexico (International 
Society of Soil Mechanics and Foundation Engineering, 
c/o Institution of Civil Engineers, Great George Street, 
London SW1). 


August 24-September 2, Botanical Congress, Seattle 
(Dr R. S. Cowan, c/o Smithsonian Institution, Washing- 
ton, USA). 


September 1-6, Water Supply Congress and Exhibi- 
tion, Vienna (Secretary General, 34 Park Street, London 
WI). 





BRITISH DIARY 


Wednesday, January |—Friday, January 3 


SOCIETY FOR EXPERIMENTAL BroLocy (at Queer Mary College, Mile End 
Road, London, Ei)—Sessions of papers in the fellowing fieida: "Photo- 
synthesis"; "Plant Hormones’; “Active Transport"; “Plant Develop- 
ment”: “Transport in Plants"; “Metabolic Pathways"; “Histochemistry”; 
Photosynthesis”; “Enzymes in Plants"; “Fine Structure”; "Experimental 
Zoology"; “Germination”; "Photocontrol"; and à Symposium on ‘The 
Endoplasmic Reticulum”. 


Thursday, January 2 


INSTITUTION OF ELECTRICAL ENGINEERS (ai Savoy Place, London, Wed), 
at 5.30 p.m.— Discussion meeting on ‘Harmonic Generators Using Varactors 
and Step Recovery Diodes". 


Thursday, January 2—Friday, January 3 


UNIVERSITY OF SURREY (at Stag Hill, Guildford)—International Sympos 
m on “Radio and Microwave Radiations-—Apglications and Potential 
azards”, 


Thursday, January 2—Saturday, january 4 


INSTITUTE OF Puysics and the PuvstcAL SocrETY (in collaboration with 
the Royal Institute of British Architects, at the Uriversity of Laneastet)— 
Conference ón “The Design of Physics Buildings". 


Friday, January 3 


BRITISH SOCIETY OF AUDIOLOGY (at the Institution of Mechanical Engin- 
eers, 1 Birdcage Walk, London, SW1), at 5 p.m. Scientific Papers. 





Monday, January 6 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.—Dr K, W. Plessner: “Dielectrics for Energy Storage". 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.—Mr L. L. Freris and Mr A. M. Sasson: “An Investigation of the 
Load-Flow Problem". 


INSTITUTION OF MECHANICAL ENGINEERS, NUCLEAR ENERGY Group (at 
1 Birdcage Walk, Westminster, London, SW1), at 6 pan.— Diseussion meeting 
on "Numerical Estimation of Reliability of Engineering Equipment". 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION; and the Heavy 
ORGANIC CHEMICALS GROUP (at 14 Belgrave Square, London, SW, at 
6.30 p.m.— Dr R, J. Morley and Mr J, M. Swinstead: "Coal Chemicals, Past, 
Present and Future", 
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Building Research Station. Current Paper 54/68: The Free Degradation 
of London Clay Cliffs. By Dr J. N. Hutchinson. Pp. 118-118. Current 
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STAINS t REAGENTS FOR BIOLOGY 


Acridine orange, Aquamount, Fluormount, Lipid crimson, Matamount, 
May-Grünwald, Leishman, Giemsa, Toluidine blue, Cresyi fast violet, 
Papanicolaou stains, Thioflavine S, Brilliant cresyl blue, Nile blue, 
Pyronin Y, Trifalgic acid, Rhodanile blue, Hapio, etc. 


EDWARD GURR LTD 


42 Upper Richmond Road West, London, $.W.14 
Cables: Micromlabs London SW14, Telephone: 01-876 8228/9 





Protein chemists and biochemists! Consider the 
advantages of a part subscription to... . 


BIOCHIMICA ET BIOPHYSICA ACTA 


PROTEIN STRUCTURE 


.... for your own desk or departmental library: 

= immediate access to papers at the forefront of 
research on protein: fine structure, conformation, 
subunit dissociation and interaction, active sites, 
immunochemistry and spectroscopic analysis. 

= [n every issue a listing of current papers in other 
sections of BBA that could be of relevance to 
research on proteins. 


a Airmail delivery every 6 weeks. 


À sample of forthcoming papers: 


Biosynthesis of abnormal collagens wit» amino acid 

analogues - T. Takeuchi, J. Rosenbloom & D.J. Prockop 
(Philadelphia, USA) 

Obtention de la FSH de mouton de pureté biologique 

élevée par la technique du recyclage sur gel Séphadex - 
C. Hermier & M, Jutisz (Paris, France) 

Peptide pattern studies on bovine rhodopsn - P,G. Millar 
et al. (Cleveland, USA) 

Partial reduction of bovine fibrinogen by seme sulphydryl 

compounds - A.Z, Budzynski & M. Stahl (Warsaw, Poland) 

The release of Fc' and pFc' fragments from human IgG 

following enzymic digestion: a time study - H, Bennich & 
M.W. Turner (Uppsala, Sweden) 

isolation and properties of y chain from human fetal 

hemoglobin - A, Kajita et al (Tokyo, Japar} 

The tertiary structure of clostridiopeptidase B - W.M, 
Mitchell & J.J. Schmidt (Nashville, USA) 

Limited molecular heterogeneity of plsnt histones - 
D.M. Fambrough & J, Bonner (Pasadenz, USA) 

NMR study of the interaction of sodium dodecy! sulfate 

with phycocyanin - R.M. Rosenberg, ILL. Crespi & 
J.J. Katz (Argonne, USA) 

Conformational changes of catalase caused by ligand 

molecules - T. Samejima & M. Kita (Tokyo. Japan) 


Subscription details for 1969: 
BBA-Protein Structure Vols. P7 - PIO: 8 is- 
sues; total price Dfl. 260.06 (post-free). 
Airmail surcharge for USA & Canada Df. 4.00 
total. 

Back volumes (1967—1968): 
BBA-Protein Structure Vols. PI - Po (Bío- 
chim. Biophys. Acta, Vols. 123, 140, 147, 
154, 160, 168): Dil. 72.00 per volume 
(post-free). 


Send orders to your regular bookseller or to: 
ELSEVIER PUBLISHING COMPANY 


P.O. BOX 211, JAN VAN GALENSTRAAT 335 
AMSTERDAM (THE NETHERLANDS) 


Elsevier 
Publishing 
Company 









Classified Advertisements 


All copy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion. 
The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers’ errors, 
although every care is taken to avoid mistakes. 
Semi-displayed £6 per single column inch, 
Minimum £3, each additional 1/12th of an inch 
10s. Full page £158, Half page across £80. 
Colour (orange) £20 extra. 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number. 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T.G, Scott and Son, Limited, | Clement's 
inn, Strand, London, W.C.2. Telephone: 
geri 4743. Telegrams: Textualist, London, 
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APPOINTMENTS VACANT 


annann 


AUSTRALIAN NATIONAL 


UNIVERSITY 
INSTITUTE OF ADVANCED STUDIES 
RESEARCH SCHOOL OF BIOLOGICAL 
SCIENCES 
CHAIR OF BIOLOGY IN THE FIELD OF 
GENETICS 


Applications are invited for the above- 
mentioned Chair in the Research School of Bio- 
logical Sciences. The School is devoted exclu- 
sively to research and postgraduate training. The 
Professor appointed would be Head of the 
Genetics Group in succession to Professor D. G. 
Catchside, F.R.S. who is now the Director of 
the School, The genetical research in the School 
is at present in the general areas of biochemical 
genetics and microbial genetics, for which it is 
well equipped. The normal salary for this post 
is $A13,000 per annum; superannuation is on 
F.S.S,U. pattern with supplementary benefits. 
Reasonable appointment and travel expenses will 
be paid to the successful applicant and his 
family, and assistance with housing is provided. 
A Professor is entitled to twelve months" study 
leave on full salary, with up to $43,200 towards 
expenses, in every four years of service. 

Further particulars may be obtained from the 
Association of Commonwealth Universities 


(Branch Office), Marlborough House, Pall Mall, 
Applications will close on 
(2027) 


London S.W.l. 
January 31, 1969. 





UNIVERSITY OF NEW SOUTH 


WALES 
LECTURER /SENIOR LECTURER 
(APPLIED MATHEMATICS) 
SCHOOL OF MATHEMATICS 


Applications are invited for the above- 
mentioned post. Salary: $45,400 range $47,300 
per annum (iecturer), $47,600 range $A8,750 per 
annum (senior lecturer). Commencing salary ac- 
cording to qualifications and experience. Appli- 
cants must have high academic qualifications and 

referably a strong interest in a branch of solid 
or fluid mechanics. The successful applicant will 
participate in constructing courses in continuum 
mechanics for the honours degree in applied 
mathematics. A senior lecturer would be ex- 
pected to supervise research students. 

Details of appointment, including superannua- 
tion, study leave and housing scheme, may be 
obtained from the Association of Commonwealth 
Universities (Branch Office), Marlborough 
House, Pall Mall, London, S.W.1. Applications 
close in Australia and London on January 31, 
1969. (2026) 


DALHOUSIE UNIVERSITY 
DEPARTMENT OF PHYSIOLOGY AND 
BIOPHYSICS 
HALIFAX, NOVA SCOTIA, CANADA 
Applications are invited for teaching and re- 
search position — in GASTRO-INTESTINAL 
PHYSIOLOGY with an academic rank of assist- 
ant or associate professor. The Department is 
located in a new building and has excellent re- 
search opportunities. Salary range $11.000 to 
$14,000 per annum depending on teaching and 
research experience. Assistance for moving ex- 

penses can be obtained. 

inquiries shonld be addressed to Dr. J. €. 
Szerb, Head, Department of Physiology and Bio- 
physics. Q072) 















PORT ARTHUR. ONTARIO, CANADA 
PROFESSOR OF INORGANIC 


Applications are invited for the post of 
full professor of Inorganic Chemistry at 
Lakehead University. The interpretation of 
Inorganic Chemistry is wide and includes 
such areas as Physical-Inorganic and X-ray 
Crystallography. 
rently under review but the salary 
would be not less than $16,500. A wide 
range of modern 


computing facilities is available. 

Applications, as soon as possible, should 
be sent to the Chairman from whom fur- 
ther details of the department and its 
research interests are available. 





CSIRO PLANT 
AusmauA PHYSIOLOGIST 


(PLANT-WATER RELATIONS) 


DIVISION OF PLANT 
INDUSTRY 


RIVERINA LABORATORY 


GENERAL The Riverina Laboratory, Division of Plant Industry of the Commonwealth 
Scientific and Industrial Research Organization, located at Deniliquin, N.S.W., is approxi- 
mately 180 miles from Melbourne and 300 miles from the Headquarters of the Division 
of Plant Industry at Canberra. It hasa professional staff of thirteen and is well supported 
by assistant staff, laboratory and field station facilities. Research is concerned with the 
maintenance and use of the Biological Resources of Arid and Semi-arid lands with 
special reference to the Riverina plain of South-East Australia. Deniliquin has a popula- 
tion of 6,500 and is served by air, rail and bus services. Secondary education is available. 
Suitable housing may aiso be arranged. 


DUTIES The appointee will be responsible for initiating a research programme into 
one or more of the following physiological aspects of plant water relations: (1) the 
ability of semi-arid and arid zone plant species to tolerate desiccation, (2) the fundamental 
relationships between water stress and growth of these species, (3) mechanisms for 
restriction of water loss. Such a programme could be associated with the work of other 
staff who will be studying the behaviour of dryland communities and related soil water 
problems. 


QUALIFICATIONS Applicants should have a Ph.D. degree or relevant postgraduate 
experience of equivalent standard and duration, supported by satisfactory evidence of 
research ability. 


SALARY Depending upon qualifications and experience, the appointment will be 
made within the salary range of Research Scientist, $A5,321-- $A6,693 p.a., or Senior 
Research Scientist, $A6,963— $A8,045 p.a. Consideration of appointment at a higher 
level would be given to applicants with an outstanding record of research achievement. 
Saiary rates for women are $A428 p.a. less than the corresponding rates for men, Pro- 
motion within CSIRO to a higher classification is determined by merit. 


CONDITIONS The appointment, which is subject to passing a medical examination 
will be for an initial period of three years, after which an extension of tenure or appoint- 
ment for an indefinite period would be considered. An indefinite appointment carries with 
it Commonwealth Superannuation Fund or Provident Account priviliges. Fares paid 
for the appointee and his dependent family. Further particulars supplied on application. 
Applications, (quoting Appointment No. 132/169), and stating full name, place, date 
and year of birth, nationality, marital status, present employment, details of qualifications 
and experience, together with the names of not more than four persons acquainted with 
the applicants academic and professional standing, should reach: 


Mr. R. F. Turnbull, 
Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
64-78 Kingsway, 
LONDON, W.C.2. 
by the 31st January, 1969. 
(2078) 


LAKEHEAD UNIVERSITY COLUMBIA 


DEPARTMENT OF CHEMISTRY 
GRADUATE TEACHING 
ASSISTANTSHIPS 


Graduate Teaching Assistantships 


CHEMISTRY 












ranging from  Bio-Organic Chemistry 
Chemical Physics. 
mum) per annum. 


The salary scale is cur- 


instruments including 


Professor C. A. McDowell, 
Department of Chemistry, 
University of British Columbia, 
Vancouver 8, British Columbia, 
Canada. {2 


(2018) 





UNIVERSITY OF BRITISH 


available for candidates with high academic 
records who wish to pursue further studies 
towards the Ph.D. degree in Chemistry. 
Excellent research facilities are available in 
ali areas of modern Chemical Science, 


Stipends $3,500 Gnini- 


Application forms and further particulars 
may be obtained from the undersigned. 


005) 
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BIOCHEMIST 


required for Research in Biochemical 
Pharmacology. Applicants should be Post- 
Doctoral Fellows. The Research will in- 
clude aspects of Drug Metabolism, Clinical 
Chemistry, Toxicology and Enzymology. 
Publications of Scientific Papers encour- 
aged, 


Write with full details to Director of 
Research, Biorex Laboratories Ltd., Biorex 
House, Canonbuty Villas, London, N.i. 


(2055) 


SCIENTISTS AND 
ENGINEERS 
are you an entrepreneur ? 
Do you want: 


to start your own company 
close links with a modern university 
to live in attractive surroundings 
good communications 
advice on marketing and business 
administration 
premises on lease or mortgage 

or 
are you an industrialist looking for a 
new site 


IF SO WHY NOT LOOK AT 
LANCASTER 


Write to : Industrial Co-ordinator, 
cio Town Hall, Lancaster, Tel: 65272. 


(2079) 





FLINDERS UNIVERSITY OF 


SOUTH AUSTRALIA 
LECTURER IN EARTH SCIENCES 


Applications are invited for the  above- 
mentioned appointment in the School of Physical 
Sciences. This is a new position in a discipline 
which it is proposed initially will devote its main 
interest in hydrology, meteorology and oceano- 
graphy, Applicants should preferably have had 
experience of research and/or teaching in geo- 
_ hydrology closely related field. The success- 
ful applicant will be expected to take an active 
in a programme of water resources research. 




















" Conditions of appointment, information about 
the development of the University and details 
" required of applicants may be obtained from 
the Secretary-General, Association of Common- 
wealth Universities (Branch Office), Marlborough 
House, Pal Mall, London, 8.W.1, or from the 
Registrar, The Flinders University of South 
Australia, Bedford Park, South Australia, 5042, 


with whom applications should be lodged by 
January 31, 1969. (2028) 





UNIVERSITY OF DURHAM 
CHAIR OF CHEMISTRY 

The University wishes to make an appointment 
to the established Chair of Chemistry which has 
become vacant on the resignation of Professor 
G. E. Coates, The University would welcome 
the opportunity to extend the rescarch fields in 
the Department of Chemistry in one of the 
following directions: synthetic inorganic chem- 
istry, catalysis and surface chemistry, thermo- 
chemistry, inorganic equilibria and kinetics. and 
structural chemistry. The appointment will be 
made from October 1, 1969 or such other time 
as may be arranged, and the salary will be in 
accordance with the Professorial scale (£3,675 
per annum by £210 every two years to a maxi- 
mum of £4,515 per annum), together with 
F.S.S.U. 

Applications (three copies), together with the 
names of three referees, should be sent not later 
than Februaty 14, 1969, to the Registrar and 
Secretary, Old Shire Hall, Durham. (2080) 





JUNIOR POSITION IN: ENVIRONMENTAL 
toxicology. Academic position open at Univer- 
sity of California, Davis. Duties research and 
teaching in environmental toxicology. Educa- 
tional prerequisite Ph.D. in chemistry, bio- 
chemistry, chemical engineering or closely related 
discipline, Experience in field desirable but not 
essential. Prefer person under 40 years of age.— 
Send curriculum vitae to Dr. G. F. Stewart, 
Agricultural "Toxicology Laboratory, University 
of California, Davis, California, U.S.A., 95616. 
(1600) 


Pharm acologist 


An experienced Pharmacologist is required to join the expanding 
Pharmacology Department of the Company's Research and Develop- 
ment Division which has special interests in drug action on the 
cardiovascular and central nervous systems and drugs with anti- 
inflammatory or smooth muscle activity. 

Applicants, qualified in Pharmacology or a related discipline, must 
have had two to three years previous experience in this field oreferably 


in industry. 


Working conditions in modern fully equipped laboratories near 
Maidenhead are excellent. The salary offered will be commensurate 


with qualifications and experience. 


scheme is operated. 


Applications should be directed to: 


Personnel Officer, 


A non-contributory pension 


John Wyeth and Brother Limited, 


Huntercombe Lane South, 
Taplow, Maidenhead, Berks. 


G.K. BUREAU 
SCIENTIFIC APPOINTMENTS 


are seeking Veterinary Surgeons, Chemists, 
Physicists, Applied Biologists and Geolo- 


gists. TECHNICIANS for animal houses, 
colleges, hospitals, research centres or in- 
dustry.—Miss J. Hortin, 196 Oxford Street, 
London, W.i, 01-636-6858. No fees to 
pay. (1776) 





GRADUATE IN 
AGRICULTURE, 
AGRICULTURAL SCIENCE 
OR VETERINARY SCIENCE 


required for the past of Research Assis- 
tant in the Medical Research Council's 
Environmental Radiation Unit. 


The successful candidate will work 
on a joint project, being undertaken 
in collaboration with the Department 
of Agriculture, University of Leeds, to 
study potassium and fall-out caesium- 
137 in piglets. 


The appointment will be up to two 
years on the salary scale £1,050 to 
£1,340 per annum. 


Applications, stating age, qualifica- 
tions and experience, and naming two 
referees, should reach Professor F. W. 
Spiers, the Honorary Director of the 
Environmental Radiation Unit. The 
General Infirmary, Leeds 2, by January 
11, 1969, (2077) 


UNIVERSITY OF HULL 
DEPARTMENT OF PHYSICS 


Applications are invited for appointment 
to a LECTURESHIP or ASSISTANT 
LECTURESHIP IN EXPERIMENTAL OR 
THEORETICAL PHYSICS, tenable from 
October 1, 1969, or such earlier date as 
may bc arranged. Preference will be given 
to candidates with an interest or experi- 
ence in Spin Resonance or Radiation dam- 


age work, although applicants with other 
interests will aiso be considered. 


Salary scales: Lecturer, £1,470 to £2,630 
per annum; Assistant Lecturer, £1,105 to 
£1,340 per annum with F.S.S.U. benefits. 


Applications (six copies), giving details of 
age. qualifications and experience, together 
with the names of three referees, should 
be sent by January 6 to the Registrar, The 
University, from whom further particulars 
may be obtained. (2076) 
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UNIVERSITY OF BRITISH 
COLUMBIA 
DEPARTMENT OF CHEMISTRY 


POSTDOCTORAL TEACHING 
FELLOWSH:PS 
Applications are invited fer a number of 
Postdoctoral Teaching Fellowships. These 
Fellowships, which carry a basic stipend of 
$8,000 per annum are designed to enable 
Postdoctoral candidates to gain university 
teaching experience (maximem four hours/ 
week) while carrying out research scholarly 
work. Candidates must have high academic 
ability. The Fellowships are tenable in the 
first instance for one year trom September 
1, 1969, but are renewabic. They also 
carry a travel grant. Married fellows with 
one or more children are sligible for an 

additional stípend. . 

Applications consisting of a curriculum 
vitae, and the names and adüresses of three 
referees, should be sent immediately to the 
undersigned from whom further particulars 
may be obtained. 

Professor C. A. McDOWELL, Depart- 
ment of Chemistry, The University of 
British Columbia, Vancouver 8. British 
Columbia, Canada. (2008) 





MICROBIOLOGIST 


Male applicants should in their early 
twenties, qualified to H.N.C. standard and 
experienced in basic Microbüological tech- 
niques, The person appointed will be based 
at the Bass Charrington Group Research 
Laboratories, Burton-on-Trem. and will be 
mainly concerned with yeast analyses tech~ 
niques. The company operases à contribu- 
iory pension scheme. 


Apptcation forms are obtainable from: 
The Chief Research Chemist, 
Bass Charrington Exd., 
High Street, 
Burton-on-Trent, 
Staffs. (2062) 
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HEAD OR SENIOR 
TECHNICIAN 


Applicant must have a wile experience 
in Pharmacological Techniques, some His- 


tology experience an advantage. Position 
offers good opportumities with excellent 
conditions. 

Apply in writing to Research Director, 
Biorex House, Canonbury Villas, London, 
N.L (2087) 











FRESHWATER BIOLOGICAL 
ASSOCIATION 


Vacancies TWO SCIENTIFIC OFFI- 
CERS (£1,020 to £1,740): (a) at Winder- 
mere research biology, ecology, physiology 


or behaviour fish; (b) at Wareham (Dor- 
set) ecology invertebrates, perhaps Chiro- 
nomidae. First- or second-class honours 
degree.  F.S.S.U. 

Application forms from Director, The 
Ferry House, Far Sawrey, Ambleside, 
Westmorland, before January 31. (2061) 


COMMONWEALTH 
AGRICULTURAL BUREAUX 


Vacancy for 
SCIENTIFIC INFORMATION OFFICER 
COMMONWEALTH BUREAU OF PASTURES 
AND FIELD CROPS 
HURLEY, NR. MAIDENHEAD, BERKS 


Qualifications: Degree in agriculture or botany, 
with experience in tropical grasses and annual 
field crops. Ability to write good English essen- 
Mal, Knowledge of languages desirable. 

Duties: Member of team preparing abstracts 
from world scientific literature on grasslands and 
annual field crops for publication in Herbage 
Abstracts and Field Crop Abstracts. 


Salary: In scale £1,020 to £2,675 according to 
age, qualifications and experience. Provision for 
superannuation. 

Application forms and details from the Secre- 
tary, Commonwealth Agricultural Bureaux, Farn- 
ham House, Farnham Royal, Bucks, to whom 
completed applications should be submitted in 
duplicate by January 21, 1969. (2025) 








KING’ S COLLEGE HOSPITAL 
MEDICAL SCHOOL 
DENMARK HILL, LONDON, S.E.5 


RESEARCH ASSISTANT required for work 
in cell biology or experimental pathology con- 
cerned with radiation. Higher qualification pre- 
ferred, Salary up to £2,000 per annum accord- 
ing to experience. 

Applications to Professor E. A. Wright, De- 
partment of Morbid Anatomy, King's College 
Hospital Medical School, Denmark Hill, London, 
S.E.5. Closing date January 11, 1969. eris 
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UNIVERSITY OF 
NEWCASTLE UPON TYNE 
CHAIR OF BOTANY 


Applications are invited for the Chair of 
Botany which has become vacant through the 
appointment of Professor J. H. Burnett to the 
Regius Professorship of Botany at Glasgow. The 
successful candidate will be required to take up 
appointment as soon as possible. Salary in ac- 
cordance with the professorial scale (£3,570 to 
£4,225 with possible extensions to £4,990 per 
annum), 

Further particulars may be obtained from the 
Registrar of the University, Newcastle upon 
Tyne NE! 7RU, with whom applications (fifteen 
copies), giving the names of not more than three 
referees, must be lodged not later than Monday, 
February 3, 1969. (Candidates from outside the 
British Isles may submit one copy only. pM D 
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~ CRYST ALLOGRAPHY GROUP 


UNIVERSITY CHEMICAL LABORATORY 
CAMBRIDGE, ENGLAND 


There is a vacancy for a postdoctoral crystallo- 
grapher or a Senior Visiting Fellow to join in 
work on organic/biological structures and the re- 
trieval of crystallographic data. A background 
of organic or theoretical chemistry or computing 
would be helpful. 

For further information apply to Mrs. Olga 
Kennard at the above address. (2082) 








HISTOLOGY TECHNICIAN 


Required for Modern Research Labora- 
tory with experience in Animal Tissue His- 
tology. 

Apply in writing, with all particulars of 
education, to the Research Director, Bio- 
rex Laboratories, Canonbury Villas, Lon- 
don, N.L (2056) 








GRADUATE ASSISTANTSHIPS IN 
BIOCHEMISTRY AND 
MOLECULAR BIOLOGY 


Teaching and Research Assistantships leading 
to M.Sc. and Ph.D. degrees available for 
academic year 1969-70. Modern laboratories with 
excellent facilities. Wide variety of research pro- 
jects. Stipend for Teaching Assistantships 
$4,000 pius travel allowance and remission of 
fees. Stipend for Research Assistantships $3,000 
for 12 months. 


Apply Head, Department of Biochemistry, 
University of Alberta, Edmonton, Alberta, 
Canada. uid 





“UNIVERSITY OF SOUTHAMPT ON 
LANGUAGE CENTRE 

Applications are invited for the post of ASSIS- 
TANT LECTURER in the Language Centre. 
Candidates should have a University degree in 
German and recent experience of teaching the 
language at University or Vith form level. A 
research interest in language teaching method is 
essential, Salary scale: £1,105 to £1,340. The 
initial salary will depend on qualifications and 
experience. 

Further particulars may be obtained from the 
Deputy Secretary, The University, Southampton, 
SO9 SNH, to whom applications, quoting Refer- 
ence N (7 copies from United Kingdom appi- 
cants), should be sent not later than January 20, 
1969. €2066) 


DEVELOPMENT AND 
CONTROL 


PHARMACIST required, well qualified, 
for research in Pharmaceutics, Develop- 
Modern well equipped 


ment and Analysis. 


Laboratory. 

Apply in confidence with full curriculum 
of qualifications and experience to the Re- 
search Director, Biorex Laboratories Limi- 
ted. Biorex House, Canonbury Villas, Lon- 
don, N.1. (2058) 





UNIVERSITY OF BELFAST 
RESEARCH ASSISTANT 
DEPARTMENT OF MICROBIOLOGY 


This post, for which a good honours degree 
in Microbiology is an essential qualification, is 
concerned with research in the immunology of 
"farmers' lung." Salary range: £580 to £945 
per annum, according to age and qualifications. 
Suitably qualified candidates may register for a 
higher degree, 

Applications, giving the names of two referees, 
should be sent to the Professor of Microbiology. 
The Queen's University of Belfast, Belfast, BT7 
INN, Northern Ireland, by January 31, 2024) 
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UNIVERSITY OF WESTERN 


ONTARIO 
LONDON, CANADA 
DEPARTMENT OF ZOOLOGY 

A CHAIRMAN is being sought for a well- 
established Department of Zoology of 19 staff 
members. 

Applications, accompanied by three copies of 
the individual's curriculum vitae and the names 
of three referees, should reach Dr. A. E. Scott. 
Dean of the Faculty of Science, University of 
Western Ontario, London, Canada, before Febru- 
ary 15, 1969, (1980) 


UNIVERSITY OF > ABERDEEN 
LECTURESHIP IN BACTERIOLOGY 


Applications are invited for above post vacant 
from April 1, 1969. Some experience in Electron 
Microscopy is necessary. Salary on scale: £1,470 
to £2,630: Gf medically qualified) £1,470 to 
£2.995. Initial placing according to qualifica- 
tions and experience. Superannuation (F,S.S.U.) 
and removal allowance. 

Further particulars from The Secretary, the 
University, Aberdeen, with whom applications 
(en copies) should be lodged by January it. 
1969. (2075) 











UNIVERSITY OF LEICESTER. 
INORGANIC CHEMISTRY 

RESEARCH ASSISTANT to work in the field 
of Carbonyl Fluorides of the Transition Metals. 
Salary £1,150 to £1,250 according to experience. 

Applications by March 1, 1969, should be ad- 
dressed to Professor R. D. Peacock, Department 
of Chemistry. (2062) 





UNIVERSITY OF BRADFORD 


Applications are invited for the post of 
EXPERIMENTAL OFFICER; 
SENIOR EXPERIMENTAL 
OFFICER 


in the Nuclear Science Building. 


The successful candidate will be responsible, 
in the first instance, to the Chairman of the 
Management Committee of this building for day- 
to-day organisation and maintenance of facilities. 
Applicants must have experience in some fields 
of nuclear science research. This is a permanent 
and superannuable post, An appointment will be 
made either as Experimental Officer or Senior 
Experimental Officer. The appropriate salary 
ranges are: £790 to £1,420 (Experimental Offi- 
cer); £1,180 to £1,650 bar £1,740 to £1,830 
(Senior Experimental Officer). 

Further details may be obtained from the 
Bursar, University of Bradford, Bradford, 7. 

(2083) 


THE AGRICULTURAL RESEARCH COUN- 
CIL invites applications for the post of 
LIBRARIAN/ABSTRACTOR at the RADIO- 
BIOLOGICAL LABORATORY. Duties include 
scanning and abstracting scientific literature. 
Qualifications: A.L.A. or degree in biology or 
equivalent; a reading knowledge of foreign 
languages desirable. Age limits 23-40. Appoint- 
ment either on Librarian IV salary scale, £941 to 
£1,610; or on Assistant Experimental Officer 
scale, £960 at age 23 to £1,385, maximum start- 
ing salary at age 26 or over, £1,150.— Apply with 
names of two referees to the Secretary, Agricul- 
tural Research Council Radiobiological Labora- 
tory, Letcombe Regis, Wantage, Berks, by Janu- 
ary 3, 1969. (2069) 


FOR SALE AND WANTED 
WM. DAWSON & SONS LTD. 


Back Issues Department, 
16 West a ferabamn, Surrey, 
lani 


Tel: Farnham 4664. 
Offer top prices for : 
BACK RUNS OF JOURNALS 


IN SCIENCE AND THE HUMANITIES 
a 





Wanted and for Sale 
Scientific and Technica! Reviews 
SANTO VANASIA, 58 Via M. Macchi, 
20124 MILANO Q2 





FELLOWSHIPS AND 
STUDENTSHIPS 


UNIVERSITY OF 
MANCHESTER 


TURNER AND NEWALL 
RESEARCH FELLOWSHIPS 


Applications are invited for the above 
Research Fellowships founded by Messrs. 
Turner and Newall Ltd. tenable in the 
University and available for research in 
Inorganic Chemistry, Physics 
allied subjects. Appointments will 
1969, for 


Engineering, 
and 
normally date from October 1, 
two years. The value of the Fellowships 
will normally be within the range of £1,155 
to £1.365 per annum according to qualifi- 


cations and experience, with membership 
of the F.S.S.U. in appropriate cases, Fur- 
ther particulars and application forms (re- 
turnable by February 11, 1969) from the 
Registrar, the University, Manchester M13 





SPL. Please quote Ref, 218/68/Na. 
(2053) 
FRESHWATER BIOLOGICAL 
ASSOCIATION 


NERC Research Fellowship (two or 
years) offered Windermere, mathematical aspects 
ecology fish, invertebrates or plankton. Scale 
Scientific Officer (£1,020 to £1,740) or S.S.O. 
(£1,925 to £2,372). Doctorate, M.Sc., or first- or 
second-class honours with research experience. 
F.S.S.U. Start September or October, 1969. 

Particulars Director, The Ferry House. Far 
Sawrey, Ambleside, Westmorland. (2060) 


three 



































NATURE. DECEMBER 28, 1968 


^EUROPEAN MOLECULAR 
BIOLOGY ORGANIZATION 
(EMBO) 


j SHOR: T- AND LONG-TERM FELLOWSHIPS 
IN MOLECULAR BIOLOGY 


Fhe European Molecalar Biology Organization 
giends to award to scientists working in labora- 
aries within the European area both short-term 
from a few days to several weeks) and longer- 
term. Fellowships for collaborative research or 
dvsneed training in molecular biology, 
[The short-term Fellowships are intended for 
io other laboratories for the purpose of 
catrying out experiments with special techniques 
ör of other forms of scientific collaboration or 
vanced training, and especially of meeting 
evelopmentk arising at short notice. 
‘The longterm Fellowships will be awarded to 
ung.and promising research workers so that 
hey mày spend prolonged periods in other 
laboratories working under the guidance of 
leaders in the field of molecular biology. Awards 
l:usSually be made for a period of about one 
ar. 
; Applications should be addressed 10 the Execu- 
‘tive Secretary, Dr. R. K. Appleyard, c/o Uni- 
versity cof Brussels, 67 Paardestraat, Sint- 
Genesius-Rode, Belgium, from whom application 
forms and further details may be obtained. 
Applications for Fellowships may be madc at 
(Amy time. | Applications for long-term Fellowships 
gre, however, best. made six months or more 
before: departure : in 1969, those made before 
oo Pebraary 1 will be decided not later than May 
53 and those made before August 1 will be 
decided not later than November 30, Decisions 
€x ncerning short-term Fellowships will be made 
eceipt of application. 
zation is also able to award a few 
tments to help institutions wishing 









appoi 


senior 
iv receive visiting professors or other established 
workers in order to. develop their own efforts. 
Interested. institutions may obtain further infor- 


from the 
(2065) 


mation about these appointments 


Executive Secretary, 


«UNIVERSITY OF BIRMINGHAM 
E DEPARTMENT OF MICROBIOLOGY 


Applications are invited from Biochemists and 
Microbiologists for a Post-Doctoral Research 
Fellowship/Senior Research Fellowship (vacant 
October, 1969) for work in an M.R.C. group 
‘studying mechanisms of Microbial Pathogenicity 
especially the chemical basis of tissue specificity. 
Experience in^ Virology useful. Salary in scale. 
os. “to £2.630 plus F.S.S.U. 

















“Applications. (three copies), naming — two 
referees, to be sent by January 15, 1969, to 
Assistant Registrar (S), P.O. Box 363, Birming- 


ham 15. from whom further particulars may be 











RESEARCH FELLOW- 
dm. Dental Materials and techniques. 
Applications are invited. from either dental or 
ence graduates who wish to undertake an ap- 
proved. project of their own choosing and/or 
assist in existing projects. Clinical facilities will 
available to a. dentally qualified Fellow. The 
watd wit be for one year in the first instance 
be. on the seale £1.650- rto £1,950 per 
um -Further particulars from the Secretary, 
nstnte of Dental Surgery, Eastman Dental 
Hospital, Gray's Inn Road. W.C.1. (1996) 





MEMORIAL UNIVERSITY OF 


NEWFOUNDLAND 
DEPARTMENT OF CHEMISTRY 


Several graduate studentships in chemistry, 
mostly in fields of physica! chemistry related to 
spectroscopy. are available. Values are about 
$3.000 per vear, depending upon teaching duties. 

Interested applicants who have. or expect to 
receive, an honours degree in chemistry or a 
graduateship of the R.LC.. or equivalent qualifi- 
cation. should write to: Head. Department of 
Chemistry, Memorial University of Newfound- 
land, St. John’s Newfoundland, Canada. (2001) 





GRANTS & SCHOLARSHIPS 





DALHOUSIE UNIVERSITY 
DEPARTMENT OF PHARMACOLOGY 
HALIFAX, NOVA SCOTIA, CANADA 


Applications are invited from students with 
training in chemistry, biology, biochemistry. 
physiology or medicine for graduate training and 
post-doctoral research in pharmacology. The 
Department provides opportunities for advanced 
study and research leading to the degrees of 
M.Sc. and Ph.D. in addition to post Ph.D. and 
post M.D. research. The interests of the depart- 
ment include adrenergic pharmacology, drug 
metabolism, cardiovascular ciectro-pharmacology, 
CNS pharmacology, and the subcellular localiza- 
tion of  pharmacologically active substances, 
Graduate Scholarships are available in amounts 
up to $4,000. Izaak Walton Killam Memorial 
Scholarships are offered to outstanding students 
in amounts up to $5,500. 


Address all inguiries to: Chairman, Depart- 
ment of Pharmacology, Dalhousie University, 
Halifax. Nova Scotia, Canada. (2068) 





LECTURES AND COURSES 





NORTHERN POLYTECHNIC 
HOLLOWAY ROAD. LONDON, N.? 


A COURSE OF SIX LECTURES ON HIGH 
RESOLUTION MASS SPECTROMETRY 


7.00 to 8.30 p.m. 
January 21, 1969 


LECTURERS 
Dr. A. J. B. Robertson 
Dr. W. A. Wolstenholme 
Dr. R. I. Reed 
Dr. B. J, Millard 
Dr. B. R. G. Johnson 
Professor A. Maccoll 


SCOPE OF THE COURSE 
Introduction to High Resolution Mass Spectro- 
metry 
Instrumentation 
Fragmentation Processes 
Mass Spectra of Organic Compounds 
Mass Spectra of Inorganic and Organometallic 
Compounds 
Carbonium lons in Mass Spectrometry 
Fee for the course: lis. 


Apply now. enclosing fee, to the Head of the 
Department of Chemistry. (2074) 


Tuesdays commencing 
























JNIVERSITY COLLEGE OF 
NORTH WALES 


DEPARTMENT OF ZOOLOGY 


ADVANCED COURSE IN 
EMBRYOLOGY AND 
MAMMALIAN 

REPRODUCTION 


Applications are invited from graduates 
with an honours degree ie Zoology, Physio- 
logy or Anatomy or wth a Medical or 
Veterinary qualification. The course will 
last twelve months and lead by examina- 
tion and dissertation to the M.Sc. degree. 
The course has been approved by the 
Science Research Council for Advanced 
Course Studentships. 

The course is designed to cover the prin- 
ciples of vertebrate embryology and repro- 
duction, descriptive and experimental, with 
particular reference to mammals, breeding 
cycles and their endocrinological control, 
placentation, the physickwy of foetal life, 
transmission of immunity, reproduction of 
the male mammal. 

The course wil commence in October 
1969 and will lead to am examination in 
Jane 1970 and the presentation of a die 
sertation in September 1970, 

Applicants should writs immediately to 
the Registrar, University College of North 
Wales, Bangor, Caernarvonshire, from 
whom application forms and further par- 
ticulars may be obtained, o 












UNIVERSITY OF VANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


A short course on 
MECHANICAL BEHAVIGUR OF METALS 
will be held in the Institute 
from March 24 to 28, 1969 


The purpose of the coume is to provide a 
broad appreciation of the way metals behave 
under load and should be ef interest to engine 
eers who wish to understand the role of internal 
structure and dislocations in deformation, to 
Physica! Metallurgists and Materials Scientists 
who desire an introduction to stress-strain rela. 
tionships and the analysis of working processes 
and to graduates in other disciplines who desire 
an introduction to the subject. 

Further details and form of application can be 
obtained from the Registrar, the University of 
Manchester Institute of Science and Technology, 
P.O. Box No. 88, Manchester, M60 1QD. 

C2089) 





BOOKS 


ALL THINGS NEW BY ANNE BIEZANEK, 
the young mother of seven and a devout Roman 
Catholic telis of her agonizing struggle to match 
faith and practice, conscience and birth control, 
and how she came to be the first catholic to 





establish a family planning clinic, 30s. post free 
from: H. Pordes, Bookselier, 5298 Finchley 
Road, London, N.W.3. (20468) 


SPORES : FERNS : MICROSCOPIC ILLUSIONS ANALY ZED 


Volume | 


C. S. HIRES 


An exceptional book for nature lovers, artists and scientists in many fields. 


Living ferns beautifully illustrated, cell structure. 


Development—spore to maturity. 


Unique, 3-dimensional studies with models, line drawings and photomicrographs clarify basic spore structures; 


their wall arrangements organized for easy reference. 
Simple, accurate terms. 


572 pages, 1,150 illustrations, 14 in colour. 


MISTAIRE LABORATORIES 
“(52 Glen Avenue, Millburn, N.J. 07041 U.S.A. 





New approaches to details and microscopic illusions. 


Price: $22.50 


UNIVERSITY OF BRADFORD 


UNDERGRADUATE COURSES 


Courses are organized in the following subjects: 


BOARD OF STUDIES IN ENGINEERING 


* Chemical Engineering 
* Civil Engineering 
* Electrical and Electronic Engineering 
* Industrial Technology 
* Mechanical or Production Engineering 


BOARD OF STUDIES IN LIFE SCIENCES 


* Applied Biology 
*** Pharmacology 
** Pharmacy 


BOARD OF STUDIES IN PHYSICAL SCIENCES 


* Applied Physics 
* Chemistry 
* Colour Chemistry and Colour Technology 
* Materials Science and Technology 
* Mathematics 
+ Mathematics and Statistics 
+ Ophthalmic Optics 
* Statistics 
* Textile Technology (Textile Design Option is available) 


BOARD OF STUDIES IN SOCIAL SCIENCES 


+ Administrative and Business Studies 
tt Applied Social Studies 
tt Modern Languages 
t Social Sciences 


* Sandwich courses leading to a B.Tech. award. 
** Course leading to a B.Pharm. award. 
+ Courses leading to a B.Sc. award. 
tt Courses leading to a B.A. award. 
*** Subject to Senate approval. 


For individual course leaflets and further information apply to the Registrar, University 
of Bradford, Bradford 7 

















































Homopolymers:* 


5 Poly A Poly 
bee Poly C Poly U 
Copolymers:* 
Poly AC Poly ACU 
Poly AG Poly Al 
Poly AU Poly Cl 
Poly CU - Poly UI 


+S.» values range from 8.0 to 13.0 


P-L Biochemicals is a basic producer of poly- 
nucleotides. We make all cf the polymers 
listed and every nucleoside diphosphate that 
goes into them. We even produce our own 
polynucleotide phosphorylase enzyme. All of 
this gives us more control in the production 
of polynucleotides and assures you of a high 
quality product. But we don't stop there. Each 
product batch is carefully analyzed and a 
complete report accompanies each shipment. 


Polynucleotide Phosphory ase for “do it 
yourselfers.” Our new Research Enzyme 
Group is proud to offer polynucleotide phos- 
phorylase (Cat. No. 0302) for basic research 
and for polynucleotide “do it yourselfers." It 
is modestly priced at 100 mg./$30.00; 1 gram/ 
$200.00. This is the same enzyme we use our- 
selves and it is guaranteed suitable for poly- 
nucleotide synthesis. We are also working 
toward a purified primer dependent enzyme 
and invite your inquiries. 


Complete information will be found in our 
new Catalog No. 101—free on request. 


P-L biochemicals inc. © 


(formerly Pabst Laboratories) 
1037 W. McKinley Ave. Milwaukee, Wis. 53205 


United Kingdom : Charles Druce Ltd. 
94, York Street/London. W.L/England 
Tel: 01-262-1600 
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The JLC-5AH 
lets you load it 
and leave it 
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d in Great Briun by FISHER, KNIGHT & € 
t 4 Little Essex St London, W.C.2—Saturday, Dec 


JAPAN ELECTRON OPTICS LABORATORY co., LTD. 


New Tokyo Bldg., 3-2, Marunouchi, Chiyoda-ku, Tokyo 


hber 28 
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specification p s 
e High sensitivity: better th 
10-? mole 


e Excellent reproducibility: 4-296 
e Stability: 4:295 / 10 hrs : 
L7 Quantitative accuracy: +2% 


and exclusively designed 
capabilities . ... . 
@ 48 hour tape programmed 
analysis through..... automatic 
12 sample loading, 8-step buffe. 
exchange, column temperature / 
exchange with dual built-in water 
baths and variable sensitivity. 
For further information, write to: ` 
JEOLCO(UK)LTD. Delviljém House, 


4, Shakespeare Road Finchley, 
London N-3. 


Phone: VIRginia 9241 


0. LTD., St. Albans, and publishe iby M 
Street 1 
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